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I

I'uefa(;k to tiik tiiiiid kdition

CiiicujirtTANcKs lieyonil my control Imvo dolayed tlio re-
vi»ioii of this iimimiil. DiiiiiiB the twtlvu yeiirs which
have elapsoil siiKo the hist u.lilion was piihhsheil coii-
siiloiablo uililitioim liavo been made to our knowledfie of
phjHioloBy. This haa nocossitated the manual beinR
practically rewritten

; only tho chapters on the Senses,
Locomotion, and the l''oot stand nearly as they were ; the
others have been partly or wholly rewritten.

This book is essentially a veterinary, and not a com-
parative, physiolo-y. It treats of physioloKy not only from
Its theoretical aspect, but from the point of view of clinical
util-ty. The requirements of the student and practitioner
hr consequently not been lost sifiht of, and every oppor-
ti ..y has been taken in the text to point out the clinical
application of physiological facts. To several chapters a
special pathological appendix is added, in order to enforce
the lesson that pr ology is only physiology out of health.
In the chapter o- he Nervous, System the appendix has
been omitted, not because the pathological side is wantingm interest, but for the reason that it is at present so
defective in exactitude.

As in previous editions, the horse has been taken as the
tyiw. Though liu offers so many physiological peculiarities
and differences from other animals, still his physiology
among quadrupeds must always be of the first importance,
and of the greatest practical interest.

% the process of elimination and cumpius.sion, room has
lieen found for much more material than existed in the
previous editions, without adding unduly to the bulk of
the book. The digestive system, owing to its extraordinary
importance in herbivora, is dealt with very fully.
My cordial thanks are duo to Professor Sherri. ;toii,

i.li.S., who has again very kindly read the Nervous



PHEFACE TO THE THIRD EDITION

System, and contributed some new matter on the
' Scratch Keflex ' and ' Stepping ' in the dog.

My friend Dr. Sheridan Lea, F.E.S., has taken a deep
interest in the iiroduotion of this edition. As an old
teacher of physiology he was able to advise me of those
points which most students find some diflSoulty in grasping,

and he has rendered the text of these portions clearer and
more accurate by his careful revision and additions. He
has kindly read all the proofs, amplified the chapter on the

Muscular System, and brought the final chemical chapter
up to date. I am glad of this opportunity of thanking him
for his criticism and invaluable assistance.

Mr. Goodall, F.E.C.V.S., Christchurch, and Mr. Leeney,
M.Ii.C.V.S., Hove, have both been good enough to supply
me with information for the chapter on Generation and
Development, based on their special experience. For the

information contained in the footnote on p. 008 I am
indebted to Mr. Leach, F.E.C.V.S., Newmarket.
As a rule no references have been made in the text to

publislied works and papers, excepting where such appeared
desirable. The literature of the subject is immense, but I

must not omit to mention the help I have obtained from
the Manuals and Text-books on riiysiology published by
Professors Halliburton, Howell (of Baltimore), Starling,

Stewart (of Chicago), and from Dr. Leonard Hill's ' Eecent
Advances in Physiology and Bio-Chemistry.'

The number of figures in the text has been considerably

increased, some of them being new and original. I am
indebted to Professor Stewart for permission to use many
of those illustrating his ' Manual of Physiology,' to Pro-

fessor Cossar Ewart, F.R.S., for the figures illustrating the

early embryos of the horse, and to Messrs. Macmillan for

the use of certain figures in Foster's ' Text-book of Physi-
ology "and Huxley's ' Les.sons in Elementary Physiology.'

My thanks are also due to Messrs. Stahel of Wilrzburg, for

permission to publish Fig. 159 from Dr. Michel's paper ' Zur
Kenntnis der Gilrber'schen Serum-Albumin-Krystalle.'

F. S.
London, Altt/uat, 1907.
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PREFACE TO THE SECOND EDITION

I OREAiLv regret the considerable delay which has occurred

Lble tCw "t"!; "'k*"'
'''"'?" •'"' '' ^^' been uuavoid

able
,
the work has been rewritten in order to admit of its

SVated'
^°'*^«^'' ""^ '^" "- '»"- l-g- '••- I

In the revision of the sheets I have received creat
assistance from Professors M'Kendrick, Hallilmrton, Hay-

r«v ««d f.1:""^^?' "f.]^'-
y''"^^- P™f«^«« Sherrhigton

jwf ^ "p°'f
°'

"iJ?
.^^'^-^ ^y«'«'" ""d applied

ronZ P^- ,P™'fr if""™' "f *e Koyal Veterinary
College, Edmburgh, kmdly wrote the chapter dealing with

,f Vv,rT T^.'r"/ '^« Ovum, while to Professor Macqueen.

uLm »^™ T Veterinary College, I am indebted for man;
useful suggestions and valuable criticism,

lo all these gentlemen I offer my cordial thanks; their

Zit'^Tr^^T'""'- '""' •=""<=«"« have been of thegreatest help, and cannot fail to enhance the value of the

As in the first edition, I have avoided dealing withhistolop, excepting where such was necessary to hf cTearunderstanding of the subject under consideratfon

iht^H
due deliberation, I determined not to introduce forthe present the me rical system of weights and measuresThe number of illustrations has been doubled, and for

Cambr
£"'

P
''^''' I ''^.indebted to Professor Foster, ofCambridge; Professor M'Kendrick, of Glasgow; ProfessorHamilton, o Aberdeen

; and Dr. Waller, of London

taMy*"''"^ °'
'xu'

^'^"'''° ^^^ unfortunately necessi-tated an increase in the size of the book.

Woolwich,

September, 1895.





PREFACE TO THE FIRST EDITION

have omitted all special rerer^"'oth"p5ll',orPrrh

o^-^ettroi^r^^^^^^^^^

Zl°V:fT '^f"™}"""" "l-out this anfmalls com!

I pn^uJ^=t;j°,S"'^rhSSS
5^f«i?----t-3^2
for which purpose this book is not intended

^ '

XX;tX^ '-' '-'' -^' whereverr^/^^eclaf

It was my original intention to publish nothino ..ntn T

Of use to the student and practitioner The wnrbX. ^

ImI """"" ""' -"P-''''ve physiology wCh'aA



PEEFACE TO THE FIB8T EDITION

Incomplete as the work is, it would have been atill more
io but for the assistance I have received from my friend

Dr. Sheridan Lea, F.B.S., of Caius College, Cambridge,
who, at great personal inconvenience, has kindly read and
revised nearly all the sheets as they passed through the

press. In saying this, and expressing to him my very

great indebtedness, I :n no way wish to shift the respon-

sibility for error or inaccuracy which may exist, but I feel

that whatever merit the book possesses is entirely due
to him.

I have to thank Professor Michael Foster, F.Ii.S., for

the loan of many of the woodcuts which illustrate this

manual, and elsewhere I have acknowledged how much I

owe to bis encouragement.
To my friend and colleague, Assistant-Professor Butler,

A.V.D., my best thanks are due for assistance in revising

the proofs, and in the preparation of the index ; to Mr. W.
Hunting, F.B.C.V.S., for suggestions on the chapter dealing

with Locomotion; and to Professor M'Fadyean for the loan

of two woodcuts illustrating the chapter on the Foot.

To facilitate the study of locomotion, I have had the

plates so arranged as to face as nearly as possible t^ir

letterpress describing the movements.
I have laid under contribution Colin's invaluable ' Traitii

de Physiologie compar6e des Animaux ' ; EUonberger's
'Physiologie der Haussiiugethiere

'
; Fosters, M'Kendrick's,

and Landois and Stirling's Text-books of Physiology;

Gamgee's translation of ' Hermann's Physiology '
; the

same author's ' Physiological Chemistry of the Animal
Body ' ; Halliburton's ' Text-book of Chemical Physiology

and Pathology
' ; Bunge's ' Physiological and Pathological

Chemistry
' ; Meade Smith's ' Physiology of the Domestic

Animals,' and othern nentioned in the text. With reference

to Dr. Meade Smith's work, I regret to find that on page 105

I have inadvertently given the title as ' A Text-book of

Comparative Physiology.'

I have endeavoured to acknowledge all sources of in-

formation, though it is possible that in drawing from such

a wide area I may have omitted in places to do so.

Army Vktehinary School, .\ldek8Hot,

Augutt, 1B92.
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A COMI'ABISON OF SOME BRITISH AND METRIC
UNITS.

Lenf^h

Degrees Fahrenheit's
Degrees Centigrade =

1 inch = 20-4 millimetres =
1 foot = H04H „
1 yard

1 mile = lB09-8 metres
5 miles . =

1 metre= 1,000 millimetres =
1 centimetre =

, Jf, metre =
1 kilometre ^1,000 metres =
H kilometres - =

SC.°+82.

8 (i'.°-a-i).

2'M centimetres.
«0-4H „
Hl-44

I -eOU kilometres.
N kilometres (nearly)

8987 inches.

089 inch.

0'B2 mile.

!> miles (nearly).

1 grain = 0064 gramme.
1 ounce (avoir.) = '28-35 grammes= 457-6 grains
pound „ 4..H.B0

„ =lkiCamme(approx.).

Weight ii ton ;: - ; ifoiV'"*',';'""""-

1 kilogramme =1,000 grammes
1 gramme
1 milligramme= ,„i„„ gramme

2-2 pounds (avoir.).
15-482 grains.

OOl.M grain.

lHuid ounce = 2H-4 cubic centimetres
1 pint =,0(»-O „

,

1 gallon = 4-,'i4 litres. '

1 peck = 9-08 „
1 bushel = 8682 „

Capacity i} ""'"'"'
i""''

= 16'3» dbio centimetres.
•^ •'11 „ foot = 28-81 litres.

'
"finlli^ell,"

''»'"»^"-= ""'= decimet,c= l-76

1 cubio centimetre= 0061 cubic inchU eubic metre= 1,000 cubic decimetres= 35-8 cubic feet.

I footpound= 0-188 kilogramme-metre.
1 foot-ton =309-12Work

1 kUogrammc-mctrc = 7-2fl footpounds.

'™'.'hr°oug'hpi?"'"" =
'''"' "'"""'^ '" "«'' 1 Po^d "' water

1 calorie (Metric) = heat necessary to raise 1 gramme of water through

Ifeohanical equivalent of heat-unit =772 foot-p ,u. ds.
calorie =424 gran- ae-me'tres.
kilo-calorie =424 kile,,ramme-metres.



COItRlGENDA

I'age 19, top lino, /or 'notion' read 'diHereiice.'

59, line 7 from )x}ttom,/or 'all' rend 'flurinj^.'

94, line 17 Iroiii bottom, /or • occupy ' reail ' occiipyinK.'

140, lino 10 from top,/o*- ' Api^ndix ' reful • Chapter XX.'
171, footnote, Ml. J. Itrown ' altoultl be ' II. T- Brown.'
18r>, line 10 from bottom, the semicolon to be a (:omm«.
225, line 9 i'roni top, n/hr * suuh ' insert * imwor.'
337, bottom line,/or 'come' rend 'comes.
429, lino 5 from bottom, /u/- 'dilatation ' rca/f- 'dilating.'

439, lin<! 2 from iKittom, /or ' cofjhk-a ' n-atl ' cocldear.'

47J, line 8 from bottom, for ' revolver ' raut ' rotates.

'

584, line 18 from top,/or ' kreatine ' rnul 'creatine.'
tiStI, line 15 from top, delete comma (t/trr ' albumin,'
636, line 2'2 from top, <U'iote hyphen after 'blood.'
6:J7, lino 10 from top,yf*r 'ftlhuniose' reail ' ulbumoaea.

'

637, line 14 from top,/*/* 'alchol' r-(id ' iilcoliol,"



A aLVNUAL OF \'ETERINARY

PHYSIOLOGY

4-

CHAPTEH I

THE BLOOD

The special functions of the blood are to nourish all the
tissues of the body, and thus aid in their growth and repair

;

to furnish material for the purpose of the body secretions,
to supply the organism with oxygen, without which life is

impossible, and finally to convey from the tissues the pro-
ducts of their activity. To enable all this to be carried out
the blood is constantly in circulation, is rapidly renewed, is

instantaneously purified in the lungs and, by means of
certain channels, is placed directly in communication with
the nourishing fluid absorbed from the intestines, by which
it is constantly repaired.

Physical Characters.—Blood is a red, opaque, rather
viscous fluid, the tint of which depends upon whether it is
drawn from an artery or a vein ; in the former it is of a
bright scarlet colour, whilst in the latter it is of a purplish
red. The colour is due to a pigment called hwmoglobin
contained in the red corpuscles. Whether the colour is

scarlet, as in blood from an artery, or purplish, as from a
vein, depends on the difference in the amount of oxygen
with which the hemoglobin is combined.
The reaction of blood is alkaline; as thi^ process of

coagulation occurs this alkalinity diminishes. The alkaline
reaction is due to the phosphate and bicarbonate of soda
found in the fluid; the decreasing alkalinity observed on
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tanding in proliably due to the formation of an acid. The
alkalinity of the blood in reduced by muscular work, owing

to the production of an acid by the muacles.

The odour of blood ia believed to he due to a volatile

body of the fatty acid series. The blood of the cat and dog

bus a peculiar and decidedly disagreeable smell ; this is

not observed in the blood of the horse and ox, though it is

said that the odour of butyric acid can always be obtained

from the . lood of the latter by heating it with sulphuric

acid. The taste of blood is saltish, due to the amount of

sodium chloride it contains.

The specific gravity varies in different animals : in the

horse, ox. and pig, lUtiO; sheep, 1U5U-105H ; dog, lU.'iU

(Colin). According to Hopiie-Seyler the specific gravity

of the liquor sanguinis of the horse is lU'iT tu 1U'2H, uiid

the specific gravity of the cells 11U,'>. This considerable

difference between the si)eciiic gravity of the cells and

the liquor sanguinis in the horse, accounts for the rapid

manner in which the cells sink in horses' blood when
drawn from the body, producing during the process of

clotting the so-called * buffy cont.'

The ocmpwition of the blood is almost absolutely uniform

so far as the presence of various substances is concerned

;

the amount of these substances, however, varies in animals

of different classes. The source from which the blood is

taken also affects its composition ; the blood from an artery

does not represent exactly that found in a vein.

Blood consists of

:

1. A fluid part, Liquor sanguinis or Plasiua, containing in solution

proteids, extractives, mineral niattbt' and gases, the latter in a

state of loose chemical combination.

2. Corpuscles. a. Red corpuscles.

fi. White corpuscles.

>. Platelets.

The Liquor Sangoinii, or Flanna, forms about 66 per cent,

of the total blood ; it is an albuminous fluid containing a

small and variable amount of a yellow colouring matter of
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a Mtty nature. It hold, in solution three proteid.-vij
fibrinr m ,erum globulin (,«raBlobalin), and s.rum
« bum.n. Recent renearoho. have shown that what hai
a w,,y, been regarded as serum globulin consiats in realty
of two proteids, to which distinctive nHmes havo been given

It 18 II jimple matter to Beparate those proteids from
plasma, as tney are differently acted upon by neutral salts
For example, fibrinogen is precipitated by half saturation
with common salt, serum globulin is precipitated by
saturation with magnesium sulphate, serum albumin may
be wholly precipitnted by ammonium sulphate.
During the life of the blood the li,,uor sanguinis is termed

the plasma, but after it has been shed from tl,« body and
coagulation has occurred, the li,|uid residue is called serum
Serum is, therefore, plasma which h modified as the resu't
of coagulation, and «8 this latter process is attended by the
production of fibrin, we may say that serum is piasma
minus the fibrin-forming elements. Ptirhaps the nearest
approach to pure plasma is the Huid found in the peri-
cardium and abdominal cavity.

The fluid effused into the pleural cavity during pleurisy is
plasma to start with, but if the fibrin in it becomes thrown
down (forming the so-called false membranes), the remain-
ing fluid IB serum which is no longer capable of clotting

Ihe Proteid. of Seram are serum globulin, serum albu-
min, and a ferment produced as the result of coagulation
As hbrinogen is used up in the procesn of coagulation it is
not found in serum, but a proteid known as librino-globulin
ap|.ears, though in small quantities. Fibrino-globulin is
produced from fibrinogen during the process of fibrin
formation. In the following table a comparison is made
between the proteids of the plasma and serum :

I'roleUs of llie Plasma.

Fibrinogen.

Serum globulin.

Serum albumin.

Protciih of lite Serum.

Serum globulin.

Serum albumin.

Fibrin ferment (nucleo-

proteid).

Fibmia-globalin.

1—2
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It hM been tbown that the proportion in wbiob lernm

globulin and Mram albnmin exiit in the blood vkriei in

different MiimBls. In the born end ox the globulin! are

in exceii or the albuminn ; in man and the rabbit tbi*

ie reverted. Analyaei ibow that the amount o( total proteida

ii lather more uniform than ii that of the different

albumini o( which they are compoaed, aa may be eeen from

the following table, wbiob repreienti the weight of proteid

(grammes in 100 c.o.) of blood plaema of different animaU

:

Total Serum fara-
Pmlndt. Albumin. globulin. Fibrinogtn

Dog . 6-08 8-17 H'M o-eo

BhMp - - . 7» 8-HS 800 0-46

Hona sot !l'80 4-7B 0-4S

Pig • - - 80S 4-43 2'88 OM

Fibrinogen is the preon: ' of fibrin, a substance of

which we shall have more to say when dealing with coagu-

lation ; it ie found in blood plasma, but not in the serum,

since it it converted into fibrin during the process of

clotting ; it also exiits in the fluids exuded into the cavity

of the chest, pericardium, etc.

Corpnielet.—Blood examined under the microscope is

found to consist of an enormous number of bodies termed

corpuscles floating in the liquor sanguinis. These corpuscles

are of two kinds, red and white ; the former are the more

numerous, the latter are the larger.

The Bed Corpuscles constitute 33 ger cent, or one-third of

the total blood. Viewed under the microscope, they are

found to be biconcave discs, cLcnlar in shape, and possess-

ing no nucleus (Plate '.) ; they are soft, flexible, elastic

bodies, capable of having their shape readily altered by

pressure, which enables them to pass along the finest,

capillaries. The colour of a single corpuscle is yellow, but

when heaped together they are red, iind thus give the

colour to the blood.

In all mammals excepting the Camel tribe the red cells

are circular ; in all vertebrates below mammals they are bi-

convex, uval, and nucleated. The curpuscluH vary in size
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in differant •nimali, as may be wen in the diagram (Fig. 1 ).

When a drop of blood is iihed, the red oelli at flnt move
quite freely each over the other. In a ihort time they
tend apparently to become iticky, and when thia nUte in

reached they have a tendency to lie in long rows, with their
flat surfaces in close contact, resembling the apiMarance
of a pile of pennies. This condition is not marked in
horses' blood.

A red blood-cell is composed of a wingy stroma, holding
in its meshes the red colouring maiter? The stroma or

Flli. 1.—niiOSAM »HOWI!lu RkIATIVK 8izk OF RkD CnKPUBCLM 0>
V'ARIOUM AKIMAL8 (StKWABT).

framework of the corpuscle consists chietly of nucleo-
dlbumin, and also cor fine lecithin, cholesterin, and salts;
the red colourinp mutter consists of an albuminous crystal-
line substance, hfcmoglobin, which forms no less than 90
to 94 per cent, of the total solid matter of the dried
corpuscle.

The number of corpuscles in the blood is determined
approximatelv either by the method of Gowers or Malassez.
The principle on which these methods are based is the same
—a known quantity of blood is diluted Tith a known bulk of
artificial serum and thoroughly mixed ; of this r small drop
IB placed in a counting-chamber, which is ruled ito squares,
and examined under the microscope. The blood cells occu-
pying the squares are counted, as may readily be done,
and the mean of them taken. In the horse the mean
number of red blood corpuscles per cubic millimetre is

7,212,600, and in the ox 5,073,000. Taking the amount
of blood in the horse as CO lbs. (50 pints or 29 Utres),
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this gives 204,113,7.')O,O0O,00O as the approximate number
of red cells in the body (Ellenberger).* It is evident that
a loss of water from the blood means a larger relative pro-
portion of red cells present, while an excess of water by
diluting the blood would show a loss of red cells j thus the
number of the red cells is increased by sweating, by the
excretion of water from the bowels and kidneys, and by
starvation, while it is diminished by pregnancy and copious
draughts of water. But apart from these conditions, it

is undoubted that an actual increase or decrease in the
number of red cells may occur, this numerical variation
being especially marked in some diseases. The shape of

the red cell is afifeeted by the amount of fluid in the
plasma—if the latter be artificially concentrated water
diffuses from the corpuscle to the plasma, and in conse-
quence it shrinks and becomes wrinkled. If the plasma be
diluted the red cells swell. A !) per cent, solution of sodium
chloride causes the corpuscles neither to shrink nor swell

;

this strength is known as ' physiological salt solution,' and
may be employed for the purpose of transfusion.

Each red cell offers a certain absorbing surface for oxygen,
which, if calculated on the total number of corpuscles, is

something enormous, being equal for the horse to a square
having a side of 180 yards. The opacity of blood is due to
the red cells reflecting light as the result of their peculiar
shape; if the cells be destroyed either by freezing and
thawing the blood alternately, or by the passage through it

of electric shocks, or by the addition of certain agents such
as chloroform, ether, bile salts, water, tannic or boric
acids, etc., the hiemoglobin becomes liberated from the
broken-up cell and stains the naturally yellow plasma of a
red colour. Further, the destruction of the corpuscles
leads to the blood becoming transparent or, as it is termed,
' laky.'

The greater part of the red cell consists, as already
slated, of hsemoglobin, a substance possessing a remarkable
affinity for oxygen : this it obtains iit the lungs and leaves

* ' I'h^'siologie der Hausaaugethiere.'
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behind it in the tissues. The hemoglobin of the red cells
therefore, exists in two states, one in which it is charged
with oxygen called oxy-ha,moglobin, and the other in which
It has lost Its oxygen and is known as reduced hsemoglobin
The process of oxidation in the lungs and reduction in the
.Bsues IS constantly occurring at every cycle of the circula-
tion, with the ultimate result that the red blood disc getsworn out and dies. In this condition it is cast off from the
system, being got rid of through the medium of the liver

When the red cells die their haemoglobin is set free, and
decomposed mto an iron-free residue from which, probably

the bUe^^'""
°' ""' '""'^ "' ^°"^'^- ''P'"''"y """'^ "'

rJI'A ^'"^"'^'Z
°' '"' "'"' '' " ""«"«' "f Mtreme

rapidity as may be witnessed, for example, after hsmor-
rhage

;
the seat of their formation is in the red marrow of

bones, where they are formed from certain nucleated cells •

there are several varieties of cells in the red marrow, and

tlT. °t M^"
°'^"' ''"'' °' ^''™''«°" "« doubtful.hough It should be mentioned that the formation of red

cells from blood platelets in the blood stream has been putward as possible occurrence. In the embryo thefuture red cells for a certain period are nucleated andcontam no hemoglobin, but these are gradually replacedby non-nucleated h^moglobin-holding corpuscles before
birth. It ,s interesting to observe that both in the embryo

JrecursS'
''"' ''"' "'"' "'' '^'"""^ '™'° "" ''"'''«'"«<'

Blood Plateleu are small bodies one-quarter the size of

blood I ' f ;""
''''" "'"^^^^'^ ^" '^' "r-''"""?

Mood, but can also be seen immediately after the blood isshed. They have been supposed by some to be the pre-cursors of the red cells, but this point is not as yet settledWe have mentioned that the red colouring substance
hemoglobin IS retained in the pores of the stroma of "hered cells, and with this we must now deal
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Hemoglobin is a moat remarkable substance. It is a
proteid, distinguished from the majority of the other mem-
^rs of its class by the comparative ease with which it may
be obtained in a crystalline form, whilst, on the other
hand, its behaviour in a dialyser is not that of a crystalloid
but of a colloid. Il is one of the most complex substances
in organic chemistry, containing C, H, 0, N, S, and Fe,
and its molecule is an enormous one, the molecular weight
being quoted at 13,000 to 14,000. Crystals of humoglobin
when seen in bulk are of a dark-r^d ot bluish-red colour

;

they are extremely soluble in water, the solution being
dichroic—viz., green by reflected and blui"'i-red by trans-
mitted light. Hfcmoglobin is remarkabib as being the
most important proximate constituent of the body contain-
ingiron, the amount being about -4 per cent. The source
of the iron is not settled, but there is an organic iron-con-
taming substance in food known as k,emalii,,,n, belonging
to the nucleo-albumin group, which possibly furnishes it.

Its formation from inorganic iron is probably of doubtful
occurrence.

The total amount of hemoglobin in a horse's body is
about 8-8 lbs. (1 kilogrammes), anil the amount of iron
contained in this is about 257 grains (17 grammes). This
calculation is based on the assumption that the amount of
blood in the body is ()(! lbs.

In the dried red blood cells hiemoglobin exists in the
proportion of !)0 to 94 per cent., in the corpuscle under
normal conditions it represents 32 per cent, of its weight,
while in the total blood of the horse it forms 18-15 per
cent., in the ox 9-90 per cent., sheep 1034 per cent.,
pig 12-7 per cent., and dog 977 per cent. (Ellenberger).*
The younger the animal the less haemoglobin ; males have
nore than females, and castrated animals more than
entires {G. Miiller).t " —

Hicmoglobin has a remarkable affinity for oxygen, and
the ordinary laws relating to the absorption of gases by
fluids and solids do not apply—us we shall see later when

* ' riij siologie dcT Ilausbiiugethiero.' f Ibid,
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dealing with liespiration-to the absorption of oxygen byh^moglobm According to Bohr, haemoglobin can absorb

We have mentioned that when hemoglobin is charged

h dSTJ-r ^^°'*^" "' "^ oxyhemoglobin; when'ihas discharged its oxygen, which it is capable of doing withconsiderable facility, it is described as reduced h.-mogloh „or simply as hemoglobin. As oxyhemoglobin it is chTrSwith oxygen in the capillaries of the lungs, brought back to

Se7u;u
'"^"''"*«^''" -r the body; inlhl tLue!

It gives up Us oxygen, nnd as partially reduced hemoglobin
« brou ,H back by the veins to the heart for distrSL
to the lungs, where it renews its
oxidized condition. Hemoglobin is
never completely reduced in the body
excepting in the last .stage of asphyxia.

0.xy- hemoglobin crystallises in
some animals, horse, cat, dog, and
gumea-pig, with facility ; in others
ox sheep, and pig, with difficulty.
Ihe crystals are generally rhombic
plates and prisms, "nit the form
differs according to the animal
(*ig. 2). Reduced hemoglobin can
only be crystallised with great difficulty
in an atmosphere free from oxygen - v-«>^t,.

be readily recognised To m.f tK T ^ "^^

solution of ferrous tartrate)
^ '''" '''"^''''"«

Oxygen and hemoglobin are so lightly bound together

Fni^ 2.- Crystals OF
H.tMoiiLoniN — tt

Human; 6, Hwm-
""•

; C, GUINEA-
I'lc. (.Stewart).
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that they are readily separated ; oxygen is given off if the

blood be placed in a vacuum or boiled, or if it be brought

into contact with indifferent gases such as nitrogen and
hydrogen ; it is the facility with which hiemoglobin parts

with its oxygen which enables the tissues to obtain it.

Hfemoglobin forms certain compounds with oxygen,

carbon monoxide, and nitric oxide :

With oxygen it forms oxy-hsmoglobin and methsmoglobin.
'

,, carbon monoxide it forma CO hiemoglobin,

„ nitric oxide „ NO „

Oxy-hre-
irogloblii.

Rlobiit

(roduied). s
Fio. 3.—Blood Spectra (Wallke).

Oxy-hiemoglobin we have dealt with ; the otherb, in a

work of this kind, can only receive a short notice at our

hands, though the subject is fuU of interest.

Hethffimoglobin is produced by allowing blood to be ex-

posed to the air until it becomes brown in colour and acid

in reaction ; or it may be prepared by the action of acids or

alkalies on oxy-hcemoglobin. This substance separates

from its oxygen with difficulty, and gives a three-banded

spectrum. Methmmoglobin does not occur normally in

the body, but may be Jound in the urine whenever a

sudden breaking down of red corpuscles occurs, as, for

example, in the so-called azoturia of the horse.

Carboxy-heemoglobin.—In this compound the oxygen i

replaced by carbon monoxide, which forms a stable com-
pound with the ha-moglobin and is not displaced on breftth-

jng oxygen ; hence the rapidly fatal results of this form of

poisoning. The blood of people who have died from CO
poisoning is of a cherry-red colour, and j iolds the spectrum
of CO-hsemoglobin—viz., two bands very much like those
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lhU;''nT°*"f
'"' """"Kh Bomewhat darker and situated

two bi^n^ '" ""^ "'"'«' «"<> »' "'« spectrum. Thte

hZ„ >

"^ "'P«'='» "Be-^bles CO-hiemoglobin

thfaSS::c:^er"^°'^^ t^^ '^
'°"^"^'-

it splits UD .nfn k".
'• "^ """' '*"': '" ""l'^' ^ise

riobin W» "
*• '^ "^

substance or substances termed

^„1n„.
*PP^*'^»'«=e

;
't has a metallic lustre, a blue-black

k b ",r
"y^'-^'i-ble, and yields, when pul eri.ed a

J^ mat n is7'"
-•><=" contains 882 per cent, of iron

colourinLl
'^^'""'''"'ly stable substance, and the

d a"/Xrn?T?'^ " "'^""""^^ 'P*'''-- '""h - "
can take .. T ""'"• ^"""'°« '"'"''on^ "f h^matin

saltitLdVh»l Jv .^'r'
""^"^ """J «"" common

is found fn ; .
°''' '*>'«'' «='amined microscopically

by wa^m n« the d^,J'n"^'""° "'^ ''* '^'"^"y P'°<iuced

acid onTshd tht f ^'"^ " '"""P °' glacial acetic

" said that f^m L ro. "t 1 -'""^-P'-l test, but it

only be ob'ainedl tl! .
' "^ """^ P'« •"«"''" ^^^

Wher rlT V u ^ irregular crystalline masses.

a^MonCmati :;":h ^ "j^
r''°"

"' «'-"« -'Pburic

removed; it is ison^eric with bilirlE
'"' '""^

HydTobilirnbin is obtained by the antfnn , j •

agents on hamatin it verv n)L u^
reducing

pigment found in urine
'' "''"''''' "'''""''"• «

the^:::rr:t*'t 'l Vr'^" °'' •''-''-'«'« and in
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acid BB bile pigment, viz., a play of coloura. Hitmatoidin

is, in fact, chemically identical with bilirubm, and the

name is now of interest merely as

indicating the close genetic relation-

ship of the pigments of bile to the

colouring matter of blood. Not-

withstanding this close relation-

ship, it has not as yet been found

possible to convert hiematin into

bilirubin. The nearest approach

to bilirubin is iron-free hicrantin

(hffimatoporphyrin). Again, both

hiematin and biUrubin may be made to yield an identical

product (hydro-bilirubin) ; this product closely resembles

urobilin, a pigment found in the urine, and urobilin beyond

all doubt is derived from bilirubin in the digestive canal,

under the influence of putrefactive organisms.

The White Corpuscles, also termed leucocytes, are found

in blood, lymph, pus, connective tissue, etc. ;
they exist in

blood in the proportion of 1 in 300 to 1 in 700. the propor-

tion varying according to the vessel from which the blood

is examined. In the splenic artery there are very few, in

the splenic vein they are exceedingly numerous. Blood

which has been removed from the vessels contains but few,

for the reason that they atj probably broken down during

the formation of fibrin.

The white corpuscle is somewhat larger than the red
;

it

consists of a granular-looking protoplasm, within which is

a nucleus ; the nucleus shows no sign of a nuclear network,

which is a distinguishing difference between the white cell

and its very close ally the lymph cell. The granular

condition of the corpuscle is due to minute particles of fat,

proteid, and probably other substances, which are on

their way either to or from the tissues, probably both.

There are at least five varieties of colourless corpuscles

:

(1) The polynndear, which are very numerous and consist

of a cell containing two or three nuclei united by fine

threads ; (2) liyalmc kucoeytea, relatively few in number.
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containing a gingle nucleus and more protoplasm; (8)
m»inophile cells, consisting of large masses of granular
protoplasm with a simple or lobed nucleus : the granules
stain deeply with eosin

; (4) lymphocyte* derived from the
lymphatic glands containing a large spherical nucleus and
limited protoplasm

; (5) hamphile Uumcyh% which are very
rare and distinguished by staining with basic dyes and a
methylene blue (Plate I.;.

The white corpuscles are capable of undergoing changes
in shape

; the movements known as amiebaUl are exhibited
by projections shooting out from the surface and being again
retracted (Fig. 5). The amcuboid movements are destroyed
by heat or by shocks from an induction coil. These

li!

Fio. 5

—

Am(eboid Movkmekt.
A, B, C, D, Successive changes in the form of an amoeba (Stewart).

changes in shape assist materially in the passage of the
corpuscles through the walls of the vessels into the tissues-
The process is termed diaimhsin ; within moderation it is a
perfectly normal phenomenon, though under inflammatory
and other disturbing influences it becomes greatly ex-
aggerated. The white corpuscle has the power of taking up
into its interior small particles of colouring matter, bacteria,
etc., the importance of which will presently be alluded to.

'

The white corpuscles contain about 10 per cent, of solids.
The cell protoplasm consists of proteids belonging to the
globulin and nucleo-proteid groups, while the nucleus con-
sists of nuelein which is remarkable as being a very stable
aubstance and also as containing phosphorus. The nucleo-
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proteid oMnined from the protopUsm in probably the pre-

curBor ol the fibrin ferment. Besides these we have the

complex fatty body lecithin, cholesterin, filycogen (especially

in the horse), salts of potash and phosphates, the latter

being probably derived from the phosphorus-containing

compounds.

The origin of the white corpuscles is from the lymphatic

system, from which they enter the blood stream through

the large lymphatic channels opening into the vena cava at

the junction of the two jugular veins. The hyaline corpuscles

,vre derived from the lymphocytes, the polynuclear and

cosinophile produce themselves in the blood stream by cell

division. The white corpuscles, as well as the red, are

constantly being used up and as constantly replaced.

They also possess the power of passing through the walls

of the vessels into the surrounding tissues, from which th«y

lire removed by the lymph channels, and so find their way

back to the blood. No doubt many corpuscles leave the

blood the dest- otion of which we are unable to account

for, but it is suggested ' * by their death they influence

the composition of the blood plasma, as in this fluid their

component parts must become dissolved after their death.

During the life of the whi',e corpuscle great activity

prevails; it is constantly giving uj and taking in material

which must affect the comiiosition of the plasma. It is

known that the white cell possesses the power of digesting

certain substances, both solid and liquid. The researches

of Metschnikoff have paved the way towards a better under-

standing of the probable manner in which protection against

certain diseases is obtained. He has shown that the w'-lte

cells take up the bacteria into their interior and digest

them ; it is really a fight between bacteria and leucocytes.

The protection afforded to the system by the w'-ite blood

cells is, therefore, not the least important of the functions

performed by them, and whether they accomplish this duty

thoroughly or imperfectly depends largely on the composi-

tion of the blood plasma (see p. 26).

Coagulation,— We are now brought to a consideration



THE BLOOD IS

of the BuLject of hlood-clottinR, ,i proceRS by which the
naturally tluid blood becomes converted into a solid.

If blood be drawn from the body and left at rest, it will
be found within a few minuten to have undergone the process
of clotting. The fluid first becomes a jelly and then a firm
clot or erassamentum, taking ii complete cast of the vessel
in which it is placed, and so «rm in consistence that it may
be inverted without any blood being lost. In a short time
the clot begins to contract, and by so doing squeezes out a
fluid known as serum (Fig. (!). This gradually accumulates,
and as it becomes abundant the clot sinks. The blood of
the horse is remarkable for the slow rate at which coagulation
occurs, and the red cells, being
specifically heavier than the

plasma, have time to fall in the
fluid before the process ia com-
pleted. The result of this is

that the upper solid layer is

considerably decolourised, form-
ing the so-called buffy coat,

which though nature' to the
blood of the horse, is indicative

in other animals of the presence
of an inflammatory process in

the system.

We have here closely followed

the account given by human physiologists of the coagnla-
tion of the blood in the horse, but the appearance described
18 by no means invariable. Coagulation in this animal is
often complete ii. less than five minutes, when, of course no
buffy coat forms, and we are inclined to believe that rapid
coagulation and non-buffy coat are the rule rather than the
exception

;
we have repeatedly observed the blood of the

horse clot so rapidly as to be almost instantaneous. One
thing in connection with horse's blood is undoubted, and
that is that coagulation is more easily slowed or prevented
by cold and neutral salts than it is in the blood of any other
warm-blooded animal. May it not be that some confusion

Fio. 6

—

Diagram of Clot
WITH Buffy Coat
(Stewart).

r, Lower portion of clot with
red corpuscles ; w, white
corpuscles in upper layer
of clot : c, cupped upper
surface of clot ; «, serum.

^f
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baa thuM arisen, and we have come to regard thii abnormally

eiiBy slowini; of oIottinR by cold and »«lts, aa if it were

markedl}' w charncteriatic of liorae'a blood aa it clota

naturally ?

According to Naaae, the average time occupied in coagu-

lation is ua follows

:

I'ig

sheep

Dog
Ox -

HorM

} to 1^ minute*.

1 ,.
il .

r. „ 11) „

6 „ 1.1

In our experience the extreme time mentioned for the horae

is ex'pptionally long.

II .lie clot be examined microscopically it is found to

consist of fine fibrils, entangled in which are the blood

corpuBclea; if the fibrin produced be washed completely

free from blood, its appearance is well described by its

name.

If instead of allowing the blood to clot spontaneously

it be whipped with a rod or bunch of twigs, or, as we say, is

' defibrinated,' the fibrin separates rapidly and coats the

rod, while no coagulation in the remaining fluid can occur.

The power of spontaneous clotting lies, then, in the pro-

duction of fibrin.

These changes may be graphically represented thus

:

On Clotting.

I Plasma.

Hlood.

t Serum.

(.Fibrin.

I

lied.

' CorpuBclea. •[ White.
^Clot.

hload.

( Hlood platelets. I

When W'hipprJ.

/ Fibrin.

\ Serum. i

1
( Red.

[

vCorpuscles. \ White.
j

(Blood platelets. I

(' Plasma.

Defibrinated blood
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Fibrin h » yellowi8h-wliite, strinRy-looking, bulky mau.
It may be diHso'ved by dilute liydrm^bloriu acid, forminR
Boid-Blbumm or «yntonin, aUo by dilute alkalies witli the
production of alkali-albunnn, and by the prolonged action
of neutral Bttlln. with the formation of Rlobulins. Its bulky
appearance would lead to the belief that it exiHtn in blood
in large quantities; it m found, however, to be by weiuht
relatively H„,all. In human blood itH proportion io -J per
cent.; sheep, -L- to -.1 per cent.; ox, a to -1 per cent. •

horse. -4 per cent.
; pig, • ( to -r. per cent. ; dog •-' per

The Cauw of Coagulation has kept phyeiologints busy formany years, and even at the present time the matter has
by no means l«en settled. The theory most generally
accepted is that of Hummarsten-viz., that clotting is due
to the conversion of a fluid fibrinogen into a solid fibrin
under the influence of a ferment.

If blood be prevented from coagulating plasma can be
obtained and this plasma, depending upon the agents used
in Its production, will teach us the main facts of coagulation.
If It be obtained by cooling the blood, then the plasma
will clo spontaneously by allowing the temperature to rise

;

If the plasma be obtained by previously mixing the blood
with a definite amount of magnesium or sodium sulphate
or common salt, clotting can be obtained by diluting it If
1 be obtained by actii.g on blood with oxalates, thendo ting can be brought about on the addition of a lime
8a

,
and if it be peptone plasma (see p. 20), simple dilution

will cause it to clot. The clot formed by the plasma coagu-
lating 18 precisely the sa.-. as tliat formed by the blood
coagulating

; it is of course colourless.
If the above plasmas be acted upon by adding common

salt to saturation, a precipitate of fibrinogen occurs; it is a
proteid belonging to the globulin group, and has previously
been alluded to. If this precipitate be re-dissolved by
diluting the fluid and allowed to stand, it clots spon-
taneously. If a solution of pure fibri«ogen be prepared.
U Uoea not clot spontaneously, but it may be made to do so

I

1
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>iy tlie Rdilitioii of a >lro|i <>( wirum or tli« wttHliinR" ol k

blood-clol.

The ii.terprBtiition ol all lliU i* timt tlie nubhtante which

hrini?* aliout coiiKultt'iun '>' 'hn lilowl in contained in

the plasma. Thin siilwtance in flIirinoRon, hut fibrinoRen

will not work aloiio ; it requirei a very small (|imnttty ot

HomethinK ulae, aiul this something has benn termed the

fibrin ferment. It in calleil a ferment inasmuch an a very

small amount of it is ciipable of acting on nn indefinitely

large amount of fibrinogen, and that its action i» cloBely

dependent on temiiernture.

The ferment is known as thrombin ; it does not exist as

such in the living blood, but can readily be obtained from

blood which is shod. Thrombin can be injected into the

general circulation without producing any ill effect. Kx-

perimental inciuiry shows that there in in the blood a

precursor of thrombin spoken of as pro-thrombin, and that

under the '•.fli '. =e ot c ilcium salts the pro-thrombin is

converted into thrombin. In fact, under he influence of

calcium salts, any ol the tissues of the body, especially

lymphatic glands, will provide a thrombin. The substance

from which this thrombin is obtained is known as nucleo-

alliumin, and if nueleo-albumin bo injected into the blood-

"tream clotting at once occurs.

Chemically very little is known of the blood ferment

beyond the fact that heating to V.iV !•'. (.'5.'-.'' C.) destroys

it. The substance from which it is formed, pro-thrombin,

is rich in phosphorus and contains nuclein. Histologically

pro-thrombin appears to be identical with blood platelets,

and the latter may be observed, when repairing the

damaged wall of a bloodvessel, to plug it with a substance

resembling fibrin in appearance. It is, in fact, by this

means that hemorrhage gradually tends to cease.

Cironmitances inflaencing Coagulation.—It is a matter ol

common observation, that after death the coagulation of

blood in the vessels is a slow process, though by exposure

to air clotting is almost at oncp produced. At one time it

was supposed that the air in some way influenced this, but
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it ha. b««n Bhown that the action i. due rather to the
mfluenoe on the blood uxorte.! hy the wall of the ve8.eU.
The jiiRHlar vein of « l,oi»e may I* included Iwtween liRa-
lures and exc.Hed (Fi«. 7), yet th., hlood will remain H.»d
in It for one or two .lays, thoufih «UK|»nded in »uch a way
as to he loft freely oxiTOsed to the air ;

neverthelesd on removal from the vein
clotting at once occurs.

jl

'

When bloodvesselB are injured during
|

life, or when pathological changes occur Jj
in the Mood, coagulation inside the '^^
vessels will take place : this is due to
the influence exercised over the blood
by the injured vascular wall which acts
as a foreign body.

Clotting in shed blood may be retarded
or hastened by certain conditions. The
blood of a horse received into a vessel so
oonst.ucted as to ev„oge jj to ^ freezing
temperature jjay be kept Huid for an
iiidefin.te period, though coagulation
will at once occur when the tempera-
ture is allowed to rise. Clotting is

delayed by the addition to the blood of
the neutral salts of the alkalies and
alkaline earths, and of ammonium.
The addition of dilute acetic acid or the
passage of a current of carbonic acid
entirely prevents it, by precipitating the
fibrinogen. On adding to blood even
a weak solution of potassium oxalate,
calcium oxalate is formed and clotting p ,„,

the calcium salt no tibrin can be proauced. It has been
shown that the administration of citric acid to the living
animal renders the blood uncoagulablo, and this it eflects
by binding up the lime salts. Conversely, the addition of
lime salts to the blood increases the ..ongiilability of the
num.

Fl(i. 7 'uiiULAR
V K I N O I THE
ilnltsii; LIOATURKD
A N l> K K M O V K. D
miiM THK lldliv,

K N U W K AS T li K
l.lVlNii TbsT-
Thiik' Mxpebi-
MKNT.

1. I'lasmu; 2, red
corpuscles which
have settled, and
in tile upper layer
uf which the wl'iite

corpuBcles arc en-
tangled.

inted, as without
i'i

2—

a
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In the curdliriK of milk by the addition of rennet,- the

presence of a cnlcium suit is also absolutely essential. The

similarity between milk curdling and blood clotting has

been recognised for many years. If peptone be injected

into the blood of the dog such blood will not clot, and

much the same eftect is produced it, instead of peptone, an

extract of the ordinary medicinal leech bo used. The

peptone blood refuses to clot not on account of the peptone

as such, but for the reason that the peptone causes a

secretion from the liver of a substance which prevents

coagulation. The leech e.\tract acts by destroying the

ferment.

By rapidly heating blood to ViS" F. (.'>6° f.), the fibrin-

forming substances are precipitated, and clotting is pre-

vented. It is also considerably retarded if the blood as it

is shed from the livuig animal is collected in a vessel the

walls of which aro thinly coated with oil. The layer of oil

apparently acts as an ' inert ' substance towards the blood,

thus resembling the inner wall of an uninjured bloodvessel.

The shape of the collecting vessel has an influence over

coagulation, clotting being much slower in a smooth deep

vessel than in a rough shallow one.

The Extractives of the blood are fats, cholesterin, lecithin,

creatin, urea, hippuric acid, uric acid, and grape sugar, all

in small and varying (luautities. Fats occur as neutral

fats, olein, stearin, and palmitin ; the peculiar fat lecithin

occurs only in very small proportions. The amount of fat

in the blood during digestion is '4 to -6 per cent. ; in fast-

ing animals, '2 per cent. ; in dogs fed on a fatty diet it may

reach I'^'i per cent., and may give the serum a milky

appearance. There is twice as much fat in the serum of

recently fed horses as in the serum of those kept starving.

Other extractives such as soaps are found to the extent of

•0.5 to •! per ci.xit. ; urea, -Oi to 04 per cent. ; sugar,

•1 to •1.') per cent.

The characteristic Difference between Arterial and VenouB

Blood is that the former contains more oxygen and less car-

bonic acid, though there is always, in fully arterialised blood,
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ii'uont i-vice as much carbon dioxide as there is of oxygen
(sen ',. 24). Arterial blood also containa more water,
fiiirimgen, extractives, salts, and sugar, fewer blood-

cuif iscles, and less urea; its temperature is, on the
average, V C. lower. The dark colour of venous blood
is not due to the greater amount of CO.. it contains, but
to the diminution of oxygen in the red blood-cells. The
alteration in colour effected by the addition of reagents
and gases to blood is proliably due partly to alterations in

the shape of the corpuscles themselves, which become more
concave on the addition of oxygen and less concave on
its removal, and also to the fact that oxy-hromoglobin is

brighter in colour than reduced liivmoglobin.

The Salts of the blood are divided between the plasma
and the corpuscles. The distribution of these is not the
same in all animals; in the horse and pig, for example,
sodium only exists in the plasma and none in the corpuscles,

whereas in the ox and dog both corpuscles and plasma
contain it. Sodium chloride is the most abundant salt

of the blood, potassium chloride and sodium carbonate
come next, and lastly phosphates of calcium, magnesium
and sodium. The chief inorganic substance of the cells is

potassium phosphate. Iron is found in hemoglobin but
not in the plasma. The following table from Bunge bears
on the question of the salts of the blood in different animals

:

Horse
(h -

Kg

1,000 f/rnwmrn of Cor-
pusclfs contain

K.

•747

Nh.

•209il

t'l.

l-9:i

IT.W

1,000 grammrs of Strmn
conttiin

'A
1TA

Na.
4-48

4-,s.';i

4-272

(1.

;i-75

8-717

3-611

The use of the salts is to assist in secretion, repair, and
disintegration. The growth of the solid tissues of the
body absolutely depends on the inorganic material supplied
by the blood. Water free from salts is destructive to pro-
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toplaam
; no doubt, therefore, one important function of the

salts in the blood is to maintain the vitality of the tissues.

Sodium chloride is here espci'ially valuable, and its exten-
sive presence in blood ((JO per cent, to ilO per cent, of the
total amount of ash) corresponds to its importance. As
the blood is simply the carrier of the salts, and the only
means by which the tissues can obtain them, it by no means
follows that all the mineral matter found in it is essential
to its own repair and constitution.

The Temperature of the Blood in the different domestic
animals varies from 100° F. to 10.")° F. (37-H° C. to
40-,'i4° C), the warme.st blood in the body being found in
the hepatic veins.

The ftuantity of Blood in the Body cannot be determined
by mere direct bleedinp; iilone. After all the blood is

drained off, the vessels require to be washed out, and the
quantity of blood in the water estimated by the colour
present

;
the body has then to be minced and macerated,

and the quantity of blooil in this e.stimated by the colour test,

comparison being made with a standard solution of blood.
By Haldane and Lorrain Smith's carbon monoxide process

the amount of blood in the living animal may be calculated.

The essential steps in this process are to estimate first

colorimetrically the percentage of hsmoglobin in the blood,
and then the extent to which this is saturated by breathing
a measured volume of carbon monoxide. In this way the
total capacity of the blood for carbon monoxide may be
ascertained, and the carbon monoxide capacity being the
same as the oxygen capacity, the volume of the blood may
be readily calculated.

Sussdorf * puts the proportion which the weight of the
blood bears to the body weight as follows :

Horse -
,', = 6-6 per cent, of the body welRht.

Ox . ,',= 7-71

Sheep - ,',=8'01 „ ,,

Pig - 5',=4'0

^o&
I'l

to ,v - .'i-j to 9"! per cent, of the body weiglit.

* EUenberger's ' Physiologic der Haussiiugethiere.'
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About one-fourth in tlie heart, h.iiR,

" liver.

" "Iteleliil muscles,

other organs.

large vessels, and veins.

muscles «ot,ld contain more. I'nder eertmn conditionB

-Mkasurkmknts (Wtkwabt) "'""' '""^" ''^""•^

The numbers are percentages of the total blood.

more blood than when in a staL of r^/'fv ' " ''"'''''

been vanous,, esti.atedVt tt ao 1 '^^ e'er""
'"^

:=ci:dS:s-rr£r V:are then collected and analysed
^'''''' "''"''^

oxygen is present in larger amottnt Ihan' i ffl IT" ""'

the carbon dioxide is less Thl „ f
^ '""" ""''

practically the same ' ""'°°"''"
'^ '" '^°*'' ™^e«
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At a pressurij of 30 inches (760 mm.) of the 'larometer

and a temperature of 32° F. (0° C), the following gases are

found in ICT volumes of blood :

ArleriaL Venout
Oiygen 20 12

Carbonic acid 40 45

Nitrogen '2
•i

The exact amount of gas varies ; the above can only be
taken as convenient averages.

Oxygen exists in arterial iilood in the proportion of about

20 per cent, per volume of the blood, whilst in venous blood

it is found to vary within wide limits, depending upon the

vessel from which it is taken, and the activity of the part

at the time of its collection. In the blood of asphyxia it

is nearly absent.

It will be remembered that by far the greater part of

the oxygen was stated to be in combination with the
hemoglobin of the led blood-corpuscles; in fact the pro-

portion of oxygen i-i the blood bears a definite relation to

the amount of iron contained by the hremoglobin. It has
been determined that luj gtains (1 gramme) of hasmoglobin
are capable of absorbing •00.') cubic inch (155 c.c.) of

oxygen. Whatever oxygen the serum of blood contains is

simply absorbed ; the amount held i.i solution is therefore

small. Oxygen chemically united with hemoglobin is quite

independent of the laws which regulate the absorption of

gases (see Respiration).

Besides the vacuum of the air-pump, various chemical

substances have the power of deoxidizing the blood-cells

;

such reducing substances are ammonium sulphide, sul-

phuretted hydrogen, some : 3n salts, etc. Blood exposed
to the air loses ox>gen, due to the production of reducing
substances formed as ihe result of decomposition.

The Carbon Dioxide in arterial blood is about 40 per cent.

;

in venous blood it varies, depending on the vessel from
which the blood is drawn. The COj is principally combined
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tLhLT^'"'"' -T^T'^
'" "« P'"™" of the bloodZ Nit, """^l-^^"

'he h^mogloLin is also a carrier

2 Jol ; eenl
'">"/ "°°' '^ '"""' '" "»-"'' '"'out

blood as in both'; r "°' ""^ '" "'«"" °' ^«"°"»Diooa, as m both oases it is simply absorbed by the nlaamaComponfon of th, Blood.-Eeviewing the varlus analyseswhich have been published of the blood of animals thefoUowmg represents the average composition o"
"

fl 'id

The Plaema,

Water

Protejds

Fata -

Extractives

Salta

i'O parts per cent.

H or 9 parts,

1
4

The Corpuscles.

JoSldTnr ol™"
'''''''' '" "^" "'« -•="•" 0^ '»«

Water -

Solids -

Salts .

64 parts per cent.

«•"'
,.

Mnsirfing of 32 per cent. Iiitmo-
globin, -1 per cent, proteids.

Taking the blooJ as a whole tbo f^ii •

approximately its compositijilTeS;SZ "'"""'^

Water

Solids

SI parts.

( Hiemoglobin

I
Pruteida -

.Salts

[ Extractives

l-'l parts,

4 ,.

) ..

B „

Defsnsive Mechanisms of the Bodv— Tf m.
be injected into another of a differenTspecie, t tl 1 ""^ """""'
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certnin b«cleria ib„rhnol!i>,», .nd the effect on the«e U RreaU.V

increase,!, i( the animal furnishing the scr.nu ha» previously been

treated with an intravenous injection of similar bacteria. Thcee tacts

have opened a field of therapeutics still in its infancy and endowed

with great possibilities.

The substance produced in the blood which acts as a protective is

known as an nnlilmh, : it is a defensive mechanism of the greatest

importance. An antibody is not necessarily the result of bacterial

activity, it rosy be produced in a blood by the injection of almost any

proteid, and the serum so obtained is capable of precipitating that

particular proteid from solution and no other; such a body is known

iifi ti tiKeripitiii,
,

,

An animal may, by carefully graduated doses of vims, be rendered

completelv immune to a dose sufficiently large to kill many hundreds

of unprotected animals. The blood serum of the one so protected may

be employed in the treatment of others naturally mfected or unpro-

tected ; such a serum may be both curative and protective, an example

of which is rinderpest serum, or it may only be protective, as in

tetanus. .

Another defensive mechanism of iihysiological value is l>lia;io-

cylosia. No one can possibly doubt the diilerence in the resisting

power to disease of 'fit' over 'unfit' animals, nor the greater

protection afforded by maturity as compared with youth. These

facts assure the perpetuation of the species and are probably

inlimatelv connected with this question. When referring to phago-

cytosis (p. 14) we stated that the thoroughnces with which the

phagocytes did tlieir work depended upon the composition of the

blood plasma. It would appear that it does not matter much from

what source the leucocytes are derived, they are all capable of

turning out equally good work it the blood plasma contains sufficient

of a substance which acts upon the bacteria, and renders them more

easily eaten by the leucocytes (Wright). The nature of the substance

is unknown, but it would appear to act chemically on the bacteria, and

render them an easy prey to the leucocytes ; it does not act upon nor

stimulate the leucocytes. This substance is known as an opsonm, and

it is probable that there are several varieties in the plasma, each

having its own particular inicrobic infection to deal with. Opsonins

must not be confused with bacteriolysins, agglutinins (anti-bodies which

agglutinate bacteria) or antitoxins, from which they are quite distinct.

The Blood in Disease.—The blood plays two distinct parts in

disease, it is a carrier and distributer of infection to the body cells,

and further it may itself undergo profound pr thological change.

All the specific infective diseases of animals are spread through the

body by means of the blood stream. It is true that ^e initial source

of entry may be an alhed passage—the lymph stream- but it is by
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raeiuis of the blooil tlmt the final and complete invasion ol the hody is

efVected. Nor does the observation apply to specitic diseases only ; if

wo take two such opposite conditionH a« anthrax and poisoning by
arsenic, tt is the blood in each ciice which is responsible for the dis-

tribution of the infecling iij^ent.

The blood tissue itself miiy bo the seat of disease ; micro-organisms
may Uvo and multiply in the plasma iind infect the whole body as in

anthrax. Some of the orKunisms may be .'o sina as to be ultra-

microscopic, and in connection with tliis (juestion some of the moat
acute and fatal infectious diseases of animals are caused by organisms
of this class, of which rinderpest, fojt and mouth disease, rabies, and
African * horse sickness

' are examples. Still, in spite of the fact that
these microbes liavo not been seen their existence is undoubted, the
best evidence of which is that some of them are sutficiently larRe to

be caught in the pores of a tiltcr, leaving the filtrate sterile. Other
organisms attack tlic blood cells, for example the important group of

Trypnnosomes, the malaria parasite, the organism of Texas fever, and
such like. In these cases the product of red coll destruction may show
itself by the discoloured urine and is evident in the tissues, for example
the liver and spleen.

Compared with the red corpuscles the white are seldom affected with
disease, but tliere are certaui iitrections of the spleen associated with
a great increase in tlicir number.
There are otlier conditions affecting the blood, for instance Purpura,

which cannot be attributed to parasitic agency. In this diseiise. either

from defects in tlio blood or vessel-wall, htemorrhage takes place into

the tissues. No organ appears to be able to escape, though probably
the subcutaneous and muscular tissues are the most frecjuent seat of

the haemorrhage.

Quite as strange and obscure is the dieteuc disease of equines
known as hfl}moglobinuria, in which the animal in the middle of

work suddenly falls 'paralysed, the urine becomes coffee-colouied and
loaded with meth^moglobin, in consequence of the destruction of the

red cells. What the destructive agent is, is at present unknown, but it

is probably one of the poisonous products of proteid disintegration,

which will be found dealt with in the chapter on digestion.

Blood-letting in the treatment of disease was at one time so

universal that it came to be regarded as the 'sheet-anchor' of life,

and animals were regularly bled in order to keep them well. ' Blood-

letting ' was killed by abuse ; it is a question whether the pendulum
has now travelled too far in the other direction, and the employment
of a physiological means in the treatment of disease been too long

neglected.

'9

rl^



CHAPTER II

THE HEABT

Thr blood in tho lioily has to lie kept in constant motion,

so that the tissues which are depending upon it for their

vitality may be continuously supplied, and also in order

that the impure fluid resultiiif! from the changes in the

tissues may be rapidly and effectually conveyed to those

organs where its purification is carried out.

The heart is the organ wliich pumps tho blood over the

body, not only distributing it to tho tissues, but forcing it

on from these back to the heart again, to be prepared for

redistribution. It may bo described as a hollow muscle

divided into two compartments, usually known as right and

left, but in (juadrupeds really anterior and posterior, each

compartment being divided into an upper half or auricle,

and a lower or ventricle. Opening into the auricles are

large veins which convey the blood back to the heart, while

from the ventricles other vessels, arteries, take their origin

for the conveyance of blood from the heart. The auricles

and ventricles are separated by a valvular arrangement,

and the two sides of the heart are separated by a muscular

partition (Fig. 9).

So far the general arrangement of both right and left

sides is much the same, each having to receive and then to

get rid of a certain ijuantity of blood sent into it. But the

blood sent into the right side of the heart is very different

from that received by the left, and with this difference we

must for a moment deal. The whole of the impure or

venous blood in the body is brought into the right side of

the heart for the purpose of being distributed to the lungs,

28
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where it is piiriBed
; into the left heart this arterial or

puritieil blood ia brought back from tlie liingB for diBtribii-

tion to the body. The passage of the impure or venous
blood from the right aide of the heart through the lungs to
the left side ia known an the I'lilmoiii,- circulation ; that of
the blood, thus purified, through the body and back to the
right Bide of the heart is called the SjiKlnnk circulation
(Fig. 10).

Mention has been made of rah-ex in the cavities of tliii

heart; they are found on both sides separating auricle

1

Fi(i 9

—

Diagram of the Circiilatio.n thrciuoh the Heart.
•2, The venie cavic ; 3, right auricle; 4, right ventricle;1 and 2, The venie cavie ; a, right auricle; 4, right ventricle;

a, pulmonary artery; 6, B, pulmonary veins; 7, left auricle;
H, left ventricle

;
U, aiirta dividing into anterior and posterior.

1 he arrows represent the direction taken by the blood stream.

from ventricle, and are known as the right auriculo-ventri-
cular or tricuspid valve, and the left uuriculo-ventricular
or mitral valve. Besides these, valves are found in the
vessels arising from the ventricles, viz., in the pulmonary
artery and the aorta ; these valves, pulmonary and aortic,

are known as the semi-lunar valves. No valves are found
guarding the entrance of the vessels (veins; into the auricles.

i
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In order to iinderHtunil the (unction of these valven, which
play Hucii HI) iiiiiwrtnnt part in tlie phyiiioloKy of the heart,

it iH Mei'onHary that we Hhoiild hrleHy detail the coiirHe which
the hlood takes from the time it enters the riijht auricle,

until it eompleteu the round of the circulation and finds

itHelf at thiu auricle »(;»>»

CourM of the Circulation.- The venous blood from the
whole of the body (tows into the right auricle hy means of

the anterior and posterior vemr cavii- ; it passes from here
through the tricuspid valve into the right vjntricle ; from

Fir.. 10.—DlAIIRAH OF THK ClRliaATION OK THE HlOOI).

1, The heart; 'J, anterior, ;l. posterior aorta; 4, anterior vena cava;
.'>, pulmonary artery ; (I, pulmonary veiuH ; 7, mesenteric arteries;
M, intestinal eapillarics

; l>. portal vein ; 10, the liver, the veins
from wliicli open into (I'J) the posterior vena cava; 11, tlio
eireulation tlirou^li tlie hind extremities; l.'l, the circulation
through the kidney.

the right ventricle it travels to the lungs by means of the
pulmonary artery, where, having been exposed to the action

of the iiir and become greatly changed in its gaseous com-
position, it returns to the heart by means of the pulmonary
veins, emptying itself into the left auricle. It now passes

through the auriculo-ventrieular opening into the left

ventricle, ixnd thence into the aorta to be pumped all over

the body, being distributed by means of the arteries and
capillaries

; it is then collected by the veins, and eventually

brought back to the heart to undergo afresh its distribution

to the lungs and body (Fig. 10).

The use of the valves is to allow of and to innure the
transference of blood from auricles to ventricles, anii from
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the ventricles to the i»oit» unci pulmoriiiry iirtery without
any chance of ro({iir(>it»tit)n. TIiIh they ilo in ••irtiie o( the
f»ct that they iire so conBtriicted imd iirriiiiKeil ub to open
only in that direction towarda which the lilood Imh to l>e

sent.

Potition of the Heart.— Tlio heart occupies a position in
the middle line of the chest, beinj- oncloned in a sac, the
pericardium, and su8|)ended from the spine by its aortic
vessels. Its base is upiwrniost, its apex nenrly touches the
sternum, and the organ occupies in the horse a position
correspondinR to the third, fourth, fifth, and sixth ribs. It
is between the fifth and sixth ribs, at their sternal insertion,
where the imimlHr or ' beat ' of the heart niiiy bo felt in the
horse. Its other relations are with the diaphragm which
is just behind the apex, but with which it has no structural
connection. On its right side is the right lung, and on
its left part of the left lung ; there is a triangular notch in
the left lung of the horse which exposes the left ventricle,
and allows it to make its impulse felt against the chest
wall. The anterior face of the heart is formed by the right
auricle and ventricle, the posterior by the left auricle and
ventricle.

Heart Muscle.—The heart is iin involuntary muscle, Iput

does not conform histologically to the involuntary muscular
tibres met with in other parts of the body. The muscle is

red in ajjpearance; microscopically its fibres are short,
striated both in a cross and longitudinal direction, jrossess
no sarcolemma, and anastomose freely. The network
formed by the fibres of the heart ia a most distinctive
feature of cardiac muscle. The contractile tissue, though
spoken of as a fibre, is in reality a quadrilateral nucleated
cell. In some animals, sheep and ox in particular, cells of
a peculiar kind are found immediately beneath the endo-
cardium

; they are polyhedral in shape, containing proto-
plasm and a nucleus, and are surrounded by striated fibres

;

they are called the veils o/ I'urkiiije.

The arrangement of the fibres of the heart is peculiar

;

the fibres of the auricle are quite distinct from those of the
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ventricle, and both are arraiiKed in layem. Two layers exiet

in the nurit'le, circiilitr and limgitudinjil, tb« circular fliirea

IwiiiH (Dntinuuil around tliu entmnce of thu vuina, whiUt in

tli« ventrit'le Rev«riil layers exixt o( obli(|Ue, longitudinal,

and circuliir librvti. Owinx to the |N'vuliar direction in which

the obli<|UH tibreH run » xomewhat npiral arrangement

reHultu. It hni< lionn shown that thii auricles and ventricles,

though separated by a llbruuH ring, are ylt connected by

''^^^"^d^

I'lii. 11.—l-KH VkNTIUCXK OV Horsk BXfOSKD To SHOW MlTRAL
V'alvb.

1, rortion of valve ; "i, columns earnetr, on the upper surface of which
are fuuml the mtuculi iiajnUarea^ to which the rhonhr teniiinetr

are attached.

bands oi altered muscular tissue which pass through the

ring.

The cavities oi the heart are lined by the endocardium
which is retlected over the valves ; this membrane in the

left auricle of the liorse is of a peculiar grey colour.

Certain fibrous rings are found in the heart where the

valves are situated, and to which these obtain a firm

attachment. The ring surrounding the aortic opening in

the ox bus constantly in its substance one or more pieces of

bony tissue ; this is also common in the horse.



THK UK.MIT HM

m»<Je up of fihrou. ....mhrnno, in which » ,b,„|| proiwrlion
ol mu»e..lur ah™ i, foun.1 clo8« to the Bttache.1 hor.l.rIhe m„n,l or l,i.uH,,i,l valve in the horse oo„.i8t« „f nmaWMlmtmct HeRment. ,,„,1 several ,m,iller ones unite,! t„
l"rni ,1 „,,c.„„.l

;
th„ iricu-pi,l ..onsistH of lhr,.„ HewumtH

one, much l«rKcr than the „th.,rH, !«,!„« p|,u...,l opposite to

v.\M

vent.

contraclini!, mitral viilve d,,,,., , i >
"^ '» diluted, v.iuriolo

auricle; ve„l.. vrtricl.
,':''7''' ;;'!'','""« valvcn .,p..„. .|,„.,

•., •enii-lunor valve N,',to''rl.,',„.I' L '
'""',"

i
"' '"'""I valve

;

iipproiimatinK.
'"Pcnsati f„r the ventricular walU

that^^portion of the ventricle which leada to the pulmonary

The free edges of all the valves are held in position hvarge and small tendinous cords (../,„.,. ^.«.,•„Xmpo. d

und on the mternal surface of the ventricle; he cords

uttoT:
P""' ''""'"°' "" P-« ">one segment o the vljat to two or three (Ftg 11). The function of the napite kto restrain the valves from flapping back into the aurLe
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8 1:1

during the contraction of the ventricle, and this they

accomplish by gradually shortening as the walls ot the

ventricle approximate ; compensating by their shortening

tor the movement of the ventricular wall and thus exerting

traction on the cords (Fig. 12). Other bands pass from one

side of the ventricle to the opposite wall ; they are called

moderator bands, and their function is to restrain the ven-

tricular wall from undue distension.

The valvular flaps meet in the most perfect apposition

when the ventricles contract, their edges are inverted, and

the sides of the valves curl

in and lie so close to their

fellows that nothing can

escape upwards into the

auricles (Fig. 13). This may
be readily demonstrated in

the dead heart by tying the

aorta and pulmonary veins,

and introducing into the left

auricle a tube which admits

a powerful jet of water ; the

left side of the heart dis-

tends and hardens, and at

last water forces its way out

of the hole in the auricle

through which the tube is

inserted. If the auricle be now opened, the ventricle is

found cut off from view by a tense membranous parachute-

like dome, convex towards the auricle, which is the

mitral valve in position ; not a drop of water will escape

from the ventricle, though the heart be turned upside

down, and it requires some little force to depress the

valve.

The semi-lunar or sigmoid valves, which guard the

entrance into the aorta and pulmonary artery, are com-

posed of fibrous tissue, and possess at the centre of each

segment a small hard body, airpm Araiitii, which is

particularly marked in the aorta.

Fm. IS.—Triccspid Valve in-

closed Position seen from
THE Auricle.

Note the cracks in the surface,

which represent where the

margin ot the valves meet and
fold in against each other liite

the lips of a toothless mouth.
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be JIZ? ?•"'-" "'^ '^'"'"^ mammalian heart

action. It will be observed that both anriclea contractogether and both ventricles together; further that ce atchanges in shape occur. The contraction of either aurfcleor ventricle is spoken of as its .y,tole. while the ,, seZnrelaxation is described as its dla.tole
subsequent

veinslte°rin"/th'"'
"7""*"' °™'"-""^ "^« ^""'^ »' ">«veins entering the auricles contract through the mediumof he circular fibres surrounding them; this contac ionnext sweeps over the auricles which are drawn dow'^wa dstowards the ventricles, the auricular appendage taking anactive part m expelling its contents. The ventricles fhencontract, but more slowly, and as they do so they shortenbecome more circular in shape and owing to the obi lue'irec ion of the muscular fibres above described, the eia twisting or squeezing of the ventricular wa Is. Thecontraction of the ventricles does not begin at the apex asmight be supposed, but at the base, and extends from therethe apex. Further, there is no apex beat, for Te apexdoes not move unless the pericardium be ope;;ed

^
The contraction of the ventricles is succeeded by a pumeduring which the heart is in a state of relaxation

'

A Cardiac Cycle is the term used to describe the changeswhich occur in the heart, during the time which elapses
e ween one contraction or relaxation of the auricle, andthe one which immediately succeeds it.

We may take the moment when the blood is entering the
auricles from the vera- cav. and pulmonary veins as hemost convenient point to start from. This flow is brought
bout by the pressure of blood in the veins, which though
iowisyet higher than that in the auricles. Further, the How
into the right heart is assisted by gravity, particu arly t^.ebod in the anterior vena cava, while even in the poster
>ena cava this is by no means a negligible quantity. There
IS likewise an aspiration in the veins produced by a relaxa-
on of the walls of the auricle after the previous contracUon

and an aspiration in the thorax the result of inspiration,

3—2
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which gives rise to a negative pressure in the veins leading

to the heart (see p. 91).

The auricles being now full, a wave of contraction which

first appears at the vessels leading into them, passes over

these chambers, which by a sudden sharp and brief contrac-

tion empty their contents into the ventricles. The systole

of the auricle produces a backward positive wave in the

vessels leading into it, and this wave passing through the

anterior vena cava, shows itself in the jugulars of the horse

by a distinct pulsation at the root of the neck.

The auricular contraction forces the blood into the

ventricles, which have been partly filling during the time

the auricles were distending, and the final filling of the

ventricle by the auricular systole forces up the aurioulo-

ventricular valves, which bulge into the auricle under the

increasing pressure to which the ventricular contents are

exposed. The ventricles give a prolonged contraction, and

owing to the spiral arrangement of their muscular fibres

exhibit a peculiar movement. The pressure which now

exists in the ventricles is greater than that in the vessels

leading from them, and as the auriculo-ventricular valves

cannot be thrown open upwards into the auricles owing to

their chordse tendinea), the semi-lunar valves are forced

open, and the stream of blood passes into the aorta and

pulmonary artery. At the moment the ventricles contract,

the heart slightly rotates around its vertical axis from left

to right, while the left ventricle hardens and makes its

impulse felt against the chest wall. The impulse is syn-

chronous with the closure of the auriculo-ventricular valves,

and the forcing open of the sigmoid valves. The systole of

the ventricle produces a dull, booming, prolonged sound,

which is brought about by the muscular contraction of its

walls, and probably, at the same time, partly by a vibration

of the auriculo-ventricular valves ; the sound is known as

the first sound of the heart.

The blood now rushes into the aorta and pulmonary

artery, and the elastic resistance of these arteries being

brought into play, the fluid has a tendency to regurgitate
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towards the ventricles; by this process the semi-lunar
valves are closed, the closure being accompanied by thesecond ,o,„,d 0, the heart, which is short and sharp. Thissound >s due to the sudden tension of the membranous
flaps of the valves at the moment of their closure, which
gives rise to vibrations.

The semi-lunar valves are mechanically most perfect,rhe hm margms on either side of the corpora A,-antii are
closely pressed together, the corpora Arantii filling up the

ventricles. These valves do not lie back close against the

hT^LT\ '7 ''^ "" °' '"""'^ ^-^ the'ventricle
but stand out m the stream, probably being kept there bv
reflux currents. They form a triangular orifceU curved

The arterial trunks which during the systole of the

and holt"'t
'",'*"'"^' ""'^ ^' *« 'l'-'"'^ shrinkand shcten and so l-,ng the base of the heart back to

Its former place. The force of aortic reflux is not wholly

;rofi;U!:^cr "
""^^ '--'- '•>- ">« "^-^-^

thJf i'
"°\"",''' ""' »emi-Iunar valves are firmly closed

hat the ventricles begin to relax ; this they now do, and the
relaxation of the walls produces a negative pressure, v"
a pressure below that of the atmosphere, whfch in the do^has been measured at from 1 to 2 inches (25 to oO mm.) 0Imercury. This negative pressure opens the auriculo-ven
tricular valves the blood flows in from the auricle, w^ehe auricle and ventricle, neither contracting nor diatingume a passive condition during a period'known as th'epaa.e Throughout the pause blood is flowing into theuncles from the pulmonary veins and ven/cavt andmo the ventricles from the auricles; towards the close of

irr """'" '=°°'""='' "" '"« "'^"'^ P--- i'

We have thus the contraction of the auricles, the con-
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traction of the ventricles, and the pause. The time each

of these occupies has been determined for the horse, by

Chauveau and Marey, by means of a card c sound. The

value of the periods they give us is as follows :
auricular

systole, two-tenths of a second, ventricular systole, four-

tenths, and pause, four-tenths of a second. We cannot

accept the value of these periods as correct, owing to the

fact that they cause the horse to have a pulse of 60 to the

minute, which is distinctly abnormal ; 36 to 40 beats per

minute is the normal rate.

A complete cycle of the horse's heart occurs, on an

average, once in every 1-5 seconds; but the time value

of the various phases which make up this period can-

not be exactly stated. No matter how fast the heart is

beating, th-i frequency depends not on the duration of the

ventricular systole, but on the length of the b :bsequent

pause.

Summary of Ecents occurring tlurimj a Cardiac Ci/i-le.—
Dividing the events into three periods, and starting with

the contraction of the auricles, the following is a summary

of the changes occurring in the heart

:

1«( Piiioil—The contraction of the auricles completes

the filling of the ventricles.

2iid Period.—The ventricles contract, the auriculo-

ventricular valves are closed, the aortic and pulmonary

valves open, blood is pumped into the aorta and pulmonary

artery, the impulse of the heart is made against the wall

of the chest, the f "it sound is produced, the auricles fill

with blood, and the whole is followed by a short pause.

3rd Periorf.—The aortic and pulmonary valves close, the

auriculo-ventricular valves open, the second sound of the

heart is produced, diastole of both auricles and ventricles

occurs, followed by a long pause, during which blood flows

into all the chambers.

The impulse of the heart, to which we have previously

referred as being felt externally between the fifth and sixth

ribs, is not given by the i pex, but by the lower half of the

left ventricle. There is no such thing as an apex beat

;
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the apex practically does not move as long as the heart is
retained within the pericardium, but if the latter be opened,
the apex is tilted forward with each contraction. The
U.. of the Pericardium is to prevent over-distension of the
heart.

The Action of the Valve, of the Heart during ^ cardiac
cycle IS peculiar and interesting. We have described how
the auricnlo-ventricular curtains are floated up as the
ventncles fill, and how with increased pressure they come
together, bemg prevented by the chords tendines, and the
muscular pillars to which these are attached, from being
pushed back mto the auricle. Further, experimental in-
•luiry has determined that when the ventricular systole is
at Its height, these valves bulge upwards into the auricles
assuming a concave surface towards the ventricle; this
appears to be especially the case in the horse
The pulmonary valves, and probably the aortic, not only

meet at their free border but actually overlap. Chauveau
states that he has tried experimentally to hold back one of
the pulmonary valves, but the others have applied them-
selves so closely around the finger that it was impossible to
produce a patent opening. In the aorta it is probable that
overlapping does not occur to the same extent, and here
the corpora Arantii are of value. When the sigmoid valves
are not actmg they still lie in the blood stream, and not
against the wall of the vessel as was at one time supposed •

InetL
'" "'^ ""'* """^ ""^ °'"°'"^' °' ** ""'""^'y

It is generally believed that both the aortic and pul-
monary valves are closed by the regurgitation of the blood

;

but It has been pointed out that as the blood is leaving both
ventricles, it is streaming through orifices which at that
ime are mere chinks, owing to the pads of muscle which
take their origm from all sides of the mouth of the vessels.
\ortices are thus created in the space between the arterial
root and the edge of the valves. These vortices tend to
press the edges of the valves together, and the valves con-
sequently close the moment the blood actually ceases to
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stream through the narrow crevice. In this way there is

no regursitation, as the valves are closed before the recoil

of the aorta. If this explanation bo correct, the second

sound ot the heart must be considered as due to the sudden

triiHioii, and not the closure, of the aortic valves at the

time of the aortic recoil.

The Cardiac Soundt are really four in number, but as

they are in pairs we recognise only two. The first sound

is a long booming one, due to the muscle-sound of the con-

tracting" ventrielo, assisted, probably, by the simultaneous

vibrations of the auriculo-ventricular valves. The second

sound is due to the sudden tension of the aortic and

pulmonary valves at the moment of their closure, which

gives rise to vibrations. It is a short sound, and its source

has been clearly proved by hooking back the valves, which

causes the sound to cease. The two sounds are reproduced

by the words ' IuIjIi ih'qip.'

"

Intra-Cardiac Pressure.—The internal pressure exercised

by the w.ills of the heart on the blood, is ascertained by

means of an instrument termed a cardiac sound, first used

by Cbauveau and Marey. It is a double tube having at its

extremity two elastic balls; the air in these is compressed

when the cavities contract, and the compression moves a

lever placed in connection with a recarding surface. The

instrument is passed into the right heart through the

jugular vein, one ball being in the auricle, the other in the

ventricle. It is stated that its presence causes no in-

convenience to the animal, due to the fact that no sentient

nerves are supplied to the lining membrane of the blood-

vessels or even to the heart. A tracing so obtained from

the heart of the horse is shown in Fig. IJ :
the curves do

not indicate the force of the stroke, but only the differences

in intra-cardiac pressure at each instant of one contrac-

tion. It is seen from the tracing that the auricles contract

first, followed by the ventricles. The contraction of the

former is sharper and shorter than of the latter, which is

slower, maintained for some time, and then falls.

Observations on the intra-cardiac pressure show that it is
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greatest at the befiinning of contraction, and then gradu-
ally falls; whilst a negative pressure occurs during the
period of diastole, and is brought about by the relaxation
of the walls of the heart during the long pause. This
relaxation causes a sucking action which assists in filling

the heart with blood.

Though both ventricles deliver the same amount of l)lood
the pressure in each cavity is diiTerent, owing to the

'I'/: l}'-^""^'-™^-"^^
Tha, IN„S tHOM THK IktKKIOB OF TlIK IJliiHI

llhAl.T Of TlIK HOK^K, AFIEK CllAl-VKAf AND MaREV I M'Kk.VDI.ICK).
iiach horizonlHl linn t,,u,il» ,'„ secomi, Hie vertical lines indicate

fnovemcnlsl"'
'' ''°"°'' ""''' """''' '^°'""'J""' »»•"= '" ">e three

The auricular curve is „, /,, ,-, the ventricular curve is ,, rf', c' f Tlieauricle contracts sharply, relaxes rapidly, and is followed by thecon raetion of the ventricle which is maintained with certain
oscillations or about tlirce-tentl.s of a second, and then relaiesi
tne pause follows at,/, /',

The OBciilalions seen at li, ,l\ ,1", and i

vibrations of the tricuspid valve.
, are believed to indicate

diiferences in the resistance to be overcome in the systemic
and pulmonic circulations. The systolic pressure in the
left ventricle of the horse is equal to a column of blood
from !) to 14 feet (2-4 to 4-3 metres) in height, or 178 to

i

f

I

- ' 1
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818 mm. of mercury, and in the right ventricle ia equal

to li feet of blood (°4ti metre), or 84 mm. of mercury in

height. In the dog the intru-cardiac pressure has been

estimated as follows

:

Loft ventriclu

AortB -

Itight ventricle

7 inches (180 mm.) of mercury.

UJ „ (160 mm.) „

q „ {is mm.) „

The Cardiograph.—The impulse of the heart against the

chest wall is graphically obtained by means of the cardio-

graph, of which there are many forms. Their essential

construction consists of a button applied externally to

the chest wall, which is pressed upon by each impulse of

the heart, and so conveys the movement to an elastic air-

chamber, which transmits it to a recording lever. By

this means we obtain a graphic representation of the heart's

impulse, but there are many difficulties in obtaining

reliable records with this instrument.

The cardiograph demonstrates that the aortic valves

close slightly before the pulmonary.

Capacity of Heart—The quantity of blood in the heart

can only be ascertained approximately ; measuring the

capacity of the chambers is no guide. Munk states that

the capacity of the ventricle in a horse weighing 880 lbs. is

about l'7t) pints (1 litre), equivalent to 2-26 lbs. (1 kilo) of

blood ; each ventricle contains one-thirtieth of the total

blood, so that when both contract one-fifteenth of the total

blood is ejected. Colin gives the capacity of the left

ventricle of the horse at 1'76 pints, and states that at each

systole two-thirds or three-fourths of this quantity are

injected into the aorta, viz., 1'17 pints (670 c.c.) to

136 pints (772 c.c.) ; the left ventricle at each contrac-

tion, according to this observer, forces into the aorta about

one-twenty-fifth of the total blood of the body. It is said

by Colin, that in the horse the ventricles do not empty

themselves completely at each systole, and this appears to

be the case in all animals.

Each side of the heart must hold the same quantity of
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is in front of it in the vesiela eBoape» into the veins. If

the arteriolea are contracted nc that the amount pauing

into the veins is reduced in quantity, then a larger bulk

of blood will be between the pump and its outlets, and the

blood pressure rises ; if, on the other hand, the blood is

passing rapidly through the relaxed arterioles into the

veins the blood pressure falls. When the amount poured

into the venous system in any given time is equivalent

to that pumped into the arterinl system during the same

time (which is the normal condition), the pressure is

described as being constant.

The above facts may be tubulated as follows :

When the heart ie more active the blooil preuure ri»e«.

less „ „ ,t 'alls.

When the arterioles contract the blood pressure rises,

dilate ,. „ falls.

The heaviest work the heurt performs is in overcoming

the resistance offered by the minute bloodveeaels or

arterioles ; only iv very small part of the heart's work

is expended on producing blood velocity. This question of

peripheral resistance will shortly be considered in detail.

The number of heart beats in different animals, and the

conditions influencing it, are more conveniently considered

in the next chapter, see p. 70.

Xerrous Meohanitm.— The heart is said to possess no

sensory nerves ; it may be handled, pinched, pricked, or

otherwise injured without provoking the least sign of pain

on the part of the animal. Colin's experiments in this

direction on horses appear quite conclusive. Not only is

it considered that the external surface is insensible to pain,

but the internal surface also ; for, as previously noted, the

experimental introduction of foreign bodies into the cavities

of the heart appears to produce no pain. Under patho-

logical conditions the results are otherwise ; foreign bodies,

so common in the heart of the cow, cause great suffering,

therefore, there must be sensory nerves, though normally

their excitability is probably low.
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Fia. 15.—DlAORAMMATIC Rxi'RKilEKTATION OK THK CARDIAC INHIBITORY
Adohentor Fibrb!^ in tub Dou (Fostrr).

The upper portion of the figure shows the inhibitory, the lower the augmentor
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creswd in Irequency ii tlint the inhibitory action of the
VBgut u removed, and the antagoniatio nervo, the .ympa-
thetic, hail things nil its own way. If now the cut end of
the vagus be stimulated impulses are sent out which call
mto existence the inhibitory action, and the heort beats
become fewer and more feeble.

If an artery be placed in communication with a recording
apparatus and the vagus stimulated, a tracing such as that

'
'.I.'

/
/•'

IHK Heart. From a Rasb.t ^Fost-r"
""" °*'

off the current. The notche. in .he .racing „r. the be"tro( IS!

seen in Fig. 16 is obtained. The inhibitory effect is not
ohtamed immediately the sti.nnlus is applied ; at least one
beat may occur before the heart stops, and in the same way
the beats do not return immediately the stimulus is with-
drawn The effect of this on the blood pressure is seen inHg lb, where the drop in the curve is due to a fall in blood
pressure the result o! cardiac inhibition, while it rises by
leaps and bounds shortly after the stimulus is withdrawn
The inhibitory power of the vagus is lost if atvopin be

applied to the heart or injected into the circulation, owing
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to ita nerve endings in the heart being paralysed. Minute

doses of this alkaloid are sufficient to prevent stoppage of

the heart's beat by stimulation of the vagus. The action

of atropin is counteracted by muicarin or phj»ost„jmm, both

of which produce a remarkable slowing effect on the heart,

even causing it to stop, behaving, in fact, very much like

vagus stimulation.

The inhibitory action of the vagus on the heart is under

the control of a centre in the medulla; the exact extent

and position of this is not known, but it is situated close to

the origin of the vagus. The centre is spoken of as the

rarJh.i„hil>itn,;,, it is bilateral, and from it the inhibitory

fibres which pass down the vagus obtain their origin. This

centre is in action during the whole life of the animal
;

its

constant action is known as t,mi.- actUity, and its function

is to keep a rein on the heart ; the tighter the rein is held

the slower the heart beat becomes, the slacker the rein the

quicker the beat. As to whether the rein shall be tight,

moderate, or slack, depends upon the afferent impressions

carried to the centre from the periphery, and impulses

carried in this way and passed out through another channel

are described as irftcx impuhe*. If the central ends of

sensory nerves be stimulated the heart may slow down;

painful stimulation of any sensory surface, a blow on the

abdomen, an accident, sudden fright, or in the human sub-

ject a sickening sight, may reflexly slow the heart through

the above centre. The centre is also excited by carbonic

acid since venous blood circulating through it slows the

beat It is probable that the tonic activity of the centre

throughout life is a rep.,- tonus, viz., is not due to impulses

originating in the centre, but to the centre always bemg

stimulated through a continuous inflow of sensory im^

pressions. A rise in blood pressure causes a slowing o

the beat (Marey's law), which is a good example of

reflex inhibition effected through the cardio-inhibitory

°™n tiie dog, cardiac inhibition is slightly increased during

expiration, so that in this animal the heart beats slower
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during expiration than during inspiration; the effect is
abolished by section of the vagi (see Figs. 18 and 19).
The Sympathetic nerve is the augmentor nerve of the

heart
;

it accelerates the beat, and is consequently the an-
tagonist of the vagus. When stimulated the rate of beat is
increased, and in some cases not only the rate of beat but
Its force. Finally in a third group of cases the force and
not the rate is increased. The explanation of these differ-
ences on stimulation is considered »o be that the sympa-
thetic contains two sets of iibres-(l) the n.celemtor,,
which increase the rate of beat, and (2) the angmentor^,
which produce a more forcible beat. These may act sepa-
rately or in combination.

If the sympathetic nerves on both sides be cut, the heart
rate is decreased owing to the influence of the uncontrolled
vagus. This view of the effect of the divided sympathetics
has not always existed

; at one time it was held that division
of the sympathetic led to no effect upon the rate of the beat
from which It was reasoned that the influence of the sympa-
thetic, unlike the vagus, was only occasionally in operation.
A centre in the medulla controls the operations of the
sympathetic

;
it is known as the an-elemtur rcntn; and it is

heheved that, like the inhibitory centre, it is in a state of
tonic and constant activity.

The two antagonistic forces above described are con-
stantly at work on the heart : the inhibitory through the
vagus slowing the rate, the accelerator through the sympa-
thetic quickening the rate. Whichever of these effects is at
any given moment most needed, is brought into play bv
impulses from the centres in the medulla.
The vagus is the protecting nerve of the heart. It is

commonly observed after its stimulation and the consequent
inhibition, that on recovery there is an improvement eitherm the rate or force of the heart beats. Gaskell concludes
from this that inhibition is due to a building up, anabolUm,
of the muscular tissue brought about by the vagus, and
resulting in an improvement in the condition of the
teart. Conversely, he regards the sympathetic as a katabolic

4
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Cause of the Heart Beat.—The nervous mechanisms con-

nected with the heart, which we have just considered, only

deal with the rate and force of contraction and have

nothing to do with causing the rhythmical contraction

;

the same may be said of the nervous ganglia which are

found in the substance of the heart. The proof of this is

very simple, for the heart continues in cold-blooded

animals to contract rhythmically when all the nervous

connections are divided. Further, a strip of tissue may be

BO cut from the ventricular wall as to be apparently free of

all ganglionic structures, and such a strip may, under

suitable conditions, be made to contract automatically and

rhythmically.

Accordingly, it is in some peculiarity of the muscle tissue

that the cause must be sought. As the result of many
observations it is laid down as an axiom that the heart is

automatic, viz., that the stimulus to activity arises from

within and is not brought to it from without. The nature

of this inner iitimiUiiii cannot be regarded as solved, but it

is probable that it is to be sought largely in the composi-

tion of the blood or lymph circulating through the heart

tissue, and with special reference to the inorganic sails

these fluids contain.

The automatic rhythmic action of the heart is most highly

developed at the venous end and least so at the apex; it

begins at the veins, courses over the auricles, and runs

down the ventricles. Whatever may be the rhythm, the

venous end of the heart sets the pace, as it is expressed,

for the whole organ. The wave of contraction passes from

chamber to chamber through the muscle substance, but

the muscular ring between auricles and ventricles has a

lower rate of conduction than the general substance of the

heart wall. This fact has been utilized to explain the short

pause between the auricular and ventricular contraction.

Normally, the rhythm of the ventricles follows that set it

by the auricles, but this may be destroyed or altered by

compressing the connections between auricle and ventricle,

either by specially arranged clamps or by ligature. By
4—2
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correcting this, viz., the depressor mechanism, and the

cardio-inhibitory centre.

Ooronary Circulation.—The nutrition of the heart muscle

is brought about by the blood supplied to it through the

coronary arteries. Unlike any other arteries in the body,

the coronaries are filled during ventricular diastole. During

systole the muscular pressure on the arteries becomes

higher than the pressure of the blood in the vessels, and in

consequence the vessels are emptied, while during diastole

they are filled. Cutting off the coronary circulation rapidly

produces fatal results.

Action of Drugs on the Heart.—If acimitin, muscarin, phy-

mmtifimiii , and piloearpin be applied to the heart, they cause

a gradual slowing of the heart beat, and finally stop it in

diastole as in vagus stimulation. This result is attributable

to the stimulating effect these drugs e.<cert on the endings

of the inhibitory (vagus) nerves in the wall of the heart.

Atropiii and iiicoiin increase the frequency of the heart

beats, behaving very much as it the vagus were divided.

In fact, if stimulation of the vagus be made after the

application of atropin no inhibition follows, the nerve end-

ings of the vagus in the heart being supposedly paralysed.

If atropin be injected into the circulation the same results

are obtained, including a dilatation of the bloodvessels.

Atropin is able to remove the inhibitory action of physos-

tigmin and muscarin.

Adrenalin applied to the heart augments and strengthens

its beat, while if injected into the circulation it caupna con-

sL-iotion of the vessels and a rise in blood pressure.

Digitalin reduces the frequency of the heart beat, and

later excites the cardiac muscle to a stronger and prolonged

systole. It is described as a heart tonic.

1i

Pathological.

Disease of the heart of the lower animala U tincommon. It might

have been thought that the horae would be exposed to this class of

trouble, bearing in mind the enormous strain placed on his heart

during labour, and the utter want of consideration shown by the vast

majority of those who ride and drive horses. But it is not so. The
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CHAPTER III

THE BLOODVESSELS

The use of the bloodvessels is to distribute the blood over

the body, to bring it in contact with the tissues, and return

it to the heart. To accomplish this purpose there are

arteries, capillaries, and veins.

The Arteries arise from one common trunk, the aorta,

which by the process of dividing and subdividing like the

branches of a tree form the arterial system. This system,

measured by its total cross section, is very much latger

than the parent trunk, in fact its sectional area, and hence

its cubic capacity, has been estimated as several hundred

times greater.

The large arteries differ somewhat in construction from

the small ones. The microscope shows that while the

large vessels are principally elastic the small ones are

mainly muscular. This latter fact does not preclude the

small vessels from exhibiting the elasticity possessed by

the large ones, for muscular tissue is itself highly elastic.

This elastic property of arteries is an essential feature

in their construction ; it admits of a vessel stretching both

in its width and length, and at the same time ensures

its recovery to its original dimensions after the stretching

force ceases to act. When we remember the intermittent

force exercised by the left ventricle on the arteries, we have

no difficulty in understanding the necessity for this elastic

property. The arteries are always full, every contraction

of the left ventricle, for example, in the horse during rest,

throws into them one and a half pints of lilood which must

be accommodated, and this is provided for by the distension

of their walls. For every one and a half pints of blood
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of blood which has to pass through them : in consequence

they are larger during active exercise than during rest.

If they be observed microscopically in the living animal,

the capillaries may be seen as a network enclosing small

islands of tissue. These are the areas where the inter-

change between the blood and tissues occurs.

The Veins receive their blood from the capillaries. They
are thinner-walled than the arteries, and their walls collapse

when empty. Though some variation exists in their struc-

ture, yet, speaking generally, they contain less elastic and
muscular material than arteries, and more fibrous tissue.

In certain veins, such as the venie cavoe and those of the

pregnant uterus, there is n considerable development of

muscular tissue in their walls.

The venous system is larger than the arterial, and its

capacity is therefore greater. The abdominal veins are

capable of holding the whole blood of the body, as we see

for instance at post-mortem examinations. The veins as

they pass from the capillaries towards the heart become
reduced in number and increased in size, and they

terminate in the right auricle of the heart by means of

two trunks, the united areas of which greatly exceed the

aorta.

In the veins valves are found. These are well-marked

in the veins of the head, neck, and extremities. The
valves look towards the heart and supply a simple and
essential means of ensuring the return flow of the blood

along the veins to the heart. In certain places such as the

bones, intestines, foot, and brain, the veins have no valves.

Veins are normally pulseless, but an exception must be

made to this statement in the case of the lower extremity

of the jugulars, just where they enter the chest. It is quite

common in the horse to observe pulsations in these vessels

for an inch or so along the neck, due no doubt to the contrac-

tion of the right auricle. It is, however, distinctly abnormal
for these venous pulsations to extend a great distance up the

neck. The presence of a marked jugular pulse is frequently

associated with heart trouble.
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HtcUnlM of th. OlrcuUtlon.-At each systole oJ tlio

ventricle » certain amount of blooil i« forced un.lor Rrent

pressure into an already full aorta, and irapri.->ned there

by the closure o( the aortic valves. The aorta dilate, to

receive this extra bloml, because, owing to the (riction in

the smaller vessels, or, as we shall speak of it, the ,w-,pherat

,,.,«(,(».•^ it is impossible for the amount pumped into the

aorta at each systole to pass out at once at the periphery

;

in this way h.Rh blood pressure is produced in the arteries.

The increase in the size of the aorta to accommodate this

extra blood commences near tin heart, and runs .is a wav«

to the periphery ; this wave is the i»ih,:

The two important iioints in the circulation which we

have now to consider are blood pressure and pulse, and to

understand these it is necessary that we should study

briefly the laws which govern the flow of HukIs through

tubes. If water be pumped through a rigid tube or pipe,

at every stroke of the pump as much fluid passes out at

the farther end of the tube as enters it at the other.

Between the strokes of the pump no fluid issues from the

pipe, the jet is only produced at the moment the pump is

in action. No more water can enter this rigid tube from

the pump end than can leave it at the outlet. If now

water be pumped through a «/"»( elastic tube, the outlet

of which is in no way obstructed, the current of water

through it behaves just as if it were a rigid tube, viz., a

stream of water issues from the outlet during the action of

the pump, and nothing more happens until the next stroke.

An important alteration can, however, be made to the

current through the elastic tube, by offering an obstruction

at the outlet to the free passage of the water. The effect

of this obstruction is that the elastic tube expands to

accommodate the contents, while a stream pours from the

partly obstructed outlet which no longer corresponds to the

stroke of the pump, but is a continuous stream which issues

so long as the pumping is continued. This continuous

stream is produced by the elastic recoil of the tube keeping

up the pressure which the pump imparted to the fluid, and
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the medium of alterationB in the arteries which supply the

splanchnic area, by means of the splanchnic nerve.

Blood l.ro..ttro.-rrom what has been said, it .s hardly

necessary to define blood pressure as the pressure exercised

upon the blood in the elastic vessels, resultmg from the

action of the heart and the peripheral resistance.

The penpheral resistance is great through a contraction

of ihe arierioles, the amount of fluid passing 'nto«ie
^""^

is reduced in quantity ; a larger buXVoM^^n in cons^^

,,„ence exist between the pump and its outle s and the

ilood pressure rises. If, on the other hand, the blood is

FlU .,. -DlAUR»M OK liLOOD PBKSSURK (IoSPBH).

. . . '
1. I'.rioheral Kouion fminutP arteries, capillaries, and

^•''X^- v'Vens The cfrdinateB represent the difference .n

btfpre--eln the several regions of the vascular system.

passing freely through the dilated arterioles the blood

IZZ falls' When the heart is more active, or when

he arterioles -ontract, the blood pressure rises; when the

heart is less active or the arterioles dilated the blood pressure

falls. The mean pressure in the arteries is highest clc.e to

the aorta and lowest in the region of the periphery ;
the fal

in pressure from the aorta to the periphery is gradual. At

the minute arterioles the fall in pressure is sudden, and in

the veins gradual and very slow : in fact, owing to causes

to be dealt with in the chapter on Respiration, a negati«

pressure may exist in the great veins near the heart.

Fig. 17 exhibits in a graphic form the fall in blood pressure

in the different regions of the vascular system.
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In the carotid of the horse the pressure may be fromn mches to 123 inches of .Bercury (21fl to 325Z' orenuMo a column of blood from n feet to 13^ feet in heigh iSdog 4 mches to (ij inches of mercury (100 to 170 mm ) or

of 3 ftt of .

.'
°'
"r''

"""^ '''" "' "- r-t'tit a pr"s ure

experiment made was on a Iiorse ; the tube was placed in

In the following table is given, according to ^olkmannthe mean pressure in the aorta of different animals
'

Horse

Dog -

Sheep

P J'

12 inches (821 mm.) to 6 inches |150 mm ).

6j mches (172 mm.) to 4] inches (104 mm )S mches (206 mm.) to 6i inches (156 mm )'

Vy^^'V/\w"^'\;
IV.. ia-TR.U.N. O. .\BX„R,.. r,KSS„„H WITH ,, ,!,«,„„, „,,„

.

METKR (tosTKH).

''^Tr'spr'O t'o '"izr'^ '""- ^•^' '- "- '--'•"-'
trying i taken from „ dol Jh ,h1 '''^"T'y ""^"'^^on. The
.hose La„et>tl"/m"t ;i?h1n^ti,ttimT'""'^^ ™""'' '" " -"

oil . '^I"'"'"'
•'"' '''"''^^^ ""-^ 'here are also

ecords of blood pressure, which are not due to the heart-beat
but are caused by the respiratory movements (Fig 18)Thus a. every inspiration the blood pressure rises and at

h ulh'ir*:
°" " /^"" 'P^'"''''S S-««"y 'his is truethough the tracmg (Fig. 19) shows that the pressure do.not rise immediately inspiration commences, nor does it falas soon as expiration begins. The cnuse of this will beexplained when dealing with respiration

t ,«J-
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The blood pressure in the capillaries is very difficult to

ascertain ItI probably 5 to ! of that in the large arter.eB

or lies between 20 to 40 mm. of mercury.

Blood pressure in the veins is A or ,'-, of "'»''"*; '''8^

Mteries The areater the distance the veins are from the

"ear the gi^ater the pressure, so that the highest pressure

?s" the peripheral veins and the lowest in the jugular. In

a sheep the following values were obtained :

' " " inch lO-J luin.l.

; inch (3 mm.).

. „ inch (12 mui.).

- ' inch 14 unu.;.

Fl.i. 19.- EaMIT. InFLUENCK ok liKSHRAlOHV MOVEMENTS U.-ON

ABTEK.AL Blood Pi.essuhe (Waller).

1„ the large veins just as they enter the heart the

,,vesBure is very low, and here the manometer may show

even a negative pressure at intervals : in the anterior vena

cavaof thedog a negative pressure of i inch of mercury

rmn.) may be registered. This is due to mspirat.on,

whiXbi producing a negative pressure in thn thorax assist

The loci to reach the right auricle-, it is this negativ

p'
ssure which in the human subject renders operations a

Ihe root of the reck dangerous, air being aspirated into
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the heart should the vessels be wounded Fr„n, .k
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">-
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to the physical .act that the ^2:^::;f^ll
the vessel ie ,.eater

f^ ';;^'^;„,i:f;;;t , on'the white

that, there appears to >"> »' .^"™°''°" '
\.^ ^^y, as pre-

be seen the blood P'"'*!*'^' ^^' ^^„3l„e „, the vessel

with the red ^-od cell
^

I

^^^ ^^^^, ,,,„ i„

„hi.e cells
'e'''rl°^^^^^Ji^^,^; yomM out, by their

large numbers, aided, as
!^f

^J"'";
^ ^

^i.t; between the

vessel, and ttte passaB
. „5tu„ ^ed may also pass out.

limited solely to the ^vh.te, b"'
'^-^^^/a^e to the con-

recoil owing to their «!«»"'/
;^;Xi„^ the ventricle,

arterial wall «°'"«''^f/f;\rpl corresponds with a

''"V°So'thVa t"\tisttellnte.pUnoH

Sr;aai:^reomes less n^- a ^tance .ro^



THE BLOODVESSELS
67

the ela,tu properties of the arterial wall, together with th«peripheral resUtaiwe in the smallfi.f l,l„„j 7
*

the i„ter„.ittent flow starJ b^the S it'th:""'

for he cause of the disappearance of the pulse we find ^"^Z ""* '*'"''" P^P^^'y »' '"« art'era^Zlf Iirtue of this property each inch of the arteries is enL.!lby means of its sudden distension after !ach bZT^ Iand .ts more gradual elastic recoil befo eJhe ne "t t»he enng the capillaries from the effect of hat beat Th«osc.llat,ons of pressure which give rise to the pute «re Lto say. -damped- by the elastic arterial walls or L otherwords converted into a steady pressure, a fradn oft„pulse bemg thus actually destroyed by each inch nf It
arter es. When all the fractions t'hus dLtro^Ti ad Idtogether we can readily understand why the initial Merk^to which the pulse is due, has entir«lvT J '

before it would otherwise h^ve'erh^d'^he'lTE '^ithe arterioles dilate considerably, when in fact ll !T ,
recoil of their walls is called i^to pUv bv th^l

'."

peripheral resistance, it may be posSet '
he 'f

^

to pass not only through the arterioles but also thecapillaries, and appear in the veins • in tb;<.
pulse may be produced. An elample "f th % ",

'""'""'

When .lealii., with the influe:rofce a", J'^vessels of the submaxillary gland of the ^0.11^
^^

dilatation of the arterioles a^d throl!.';^:^
''"''

This intermittent expansion of the arteries, caUed theI'Kh.; produces a wave in the arterial system wmI
spoken of as the pulse-wave. Prom whaTwe hL saidt 18 evident that the lieiKht of th,, „ .^ ^*«'™ the heart, and .alfs^^^o^^.raMhe IpCf
30 felt
" T '=°"«''J«™ble velocity; C 5

Xte^nt:r;itw™:zr"c:i-^
'i» of two levers, resting consecutLy n^ "1'
.rery,at a measured distance apart. The length of th!pulse-wave i. also considerable-viz„ about fs fS Vhi!

5—

a
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is arrived at by noting the time each single P»l»tio".

traXg with ihe previously determined velocity takes o

pass ompletely under any ..-.- lever. Putting these data

Together"? i« evident that the beginning o -h PUU-^
is lost in the arterioles before its end has leJt the aorta.

No mental confusion should exist as t<> 'he d.fferenc ,

Jd the causes of that difference, between the rate of trans-

iSn of the pulse-wave and the velocity of the onward

floTof the blooS. The factors which give nse to them are

JuUe distinct. The pulse-wave runs alon^ the surface of

he blood-stream ; the blood-current runs, ae .t were, withm

„.„ The perioa of ve„t™..aj ,v.to,e , .. the p.nod of ,.n^eu,a.

w»ve ; .,, second tidal wave.

thepulse-wave; the former travels at a high speed the

latter comparatively slowly, at most some 1.5 mches per

second The case is similar to that of a wave seen mov.ns

rapidly over the surface of a slowly flowing stream.

The pulse-wave can be studied by means of the gnvph.c

method ; it is obvious that a lever placed on a pulsa mg

vessel will be moved up and down, and may be made to

IracTa curve which will record the passage of the pulBe-

wave under the lever at that particular spot. A trae.nfi

thus obtained, known as a ^phynmograw ,
simply registers,

the expansion and recoil of the artery while the wave .»

passing- it will not give a tracing of the pulse-wave itself.

Thich as we have seen, is 18 feet in length. But we maya

once say that unless the proper degree of pressure ib kepi
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obtained are du ' iSCn'tl^"'
'"""" °' '"" '''«'"'«''

true pulse-wave
'°''''"°«'"«1 errors, and not to the

J'^isrrss'v^^t-jirr"'^-^"'^'
anacroii,. li^b) and an „W. .

"°'"°''e'' "Pstroke (the

limb), whic" is broken fT '^°^^"'"™''« ("'« ,«(«,,•„„•.

oneof the; wwhielt^wur'' ''"^""'"'^*'«• ^"' '^

-the.W,,.wave;he:lrrH' ";'!.•''"' '^''""^

notch, and . eaused ^'Zll^fTt'-t:^

FlO. 21.-TRALIN,, KROM THF Fi,,., A„
(h" M,„o;."-

^''""" '" ''" Hob-
A before, fl .,.„ rt.Btructio„ „, „.» .ortio v»lve».

rassesfromreelJovrtrh7' ."^"''"'^'' "'^^

smaller waves in the L^ '"" "''°'« "•'«"«' system. The

*e arterial wa" r Xt 7^" 7""^'"""°"^ ''^

periphery towards the hea ^ Th' ..""i'"-"""'
^™'" "'^

reflection from tULT ,

""^ '^'"""'^ ™^« '^ "

1 before and iJafJ'T
/'.''"="" "^^'^ °' ">« horse!

dicrotic \::e fa "j!l";^°"l'''«-'^^^
I" Z, the'

Nse gives a doubI« r^ f .u
* «'«"ma'*ed dicrotic

traction of the heart
"' ^"'" '°'- ^'^ «'°g'« o""-

4lo;^°r'nlf'.''"'"^ ""^ '^^^ *«^» has been

-n^t-r.;';r-t.:Stts°^:

i''l
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made to distmguish between '^\V^'^°^°f''l'rj,Z^^
the phy»iologi»fs preB«ure. H tenB.on be df"«^ »" "^^

elastk force exerted by the artery on the Wood «'thm .t «

evident that this bears some d stinet "l"""" •".«!«
'^

distending the artery, viz.. the blood pressure
;
a high blood

pressure and high arterial tension describe the same cond.-

Son? In an aftery giving a high tension the d.crot.c .ave

is nearly extinguished, the vessels m fact are so ull that

the recoil «ave makes very little impression on the tense

Fio, 22.-S™V«MO.RVM> ..> I...W TkNM,.N NOHMAL, AN.. H..;H

Tension Pilsiss iWallkb).

arterial wall; «hen blood pressure is low and the a.no«nt

of movement in the artery gre.t, tho .ecod or d.crotH. wave

is very marked (Fig. 22).

The pulse varies in character, depending upon i^e,

condition, and state of the system ; it also differs accordms

to the class of animal. The following table shows the

pulse-rate in different animals .

Klephnnt

Camel

Horse -

Ox
Sheep

I>og

2r, to

2« „

86 .,

4!) ,.

70 „

70 „

90 „

2» lieatH per minute.

32

40

50

HO

80

100
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heart of « foal ..t bir. ,
"1, 'm ,V,"

""^ "''""• '•>«

'ha' "« a calf !k, to 130Tor i"^ ^? ''"' '""""«• ""^
creaBM in age the p, I," raL H

"^^ ""* »'"""" '"'

PuMion»are„„to„;
a,:Itl' «""'" "''' "«« ">«

The condition of the ,r 1! V ^
"'^"' ''"' ^^^-^er.

havo a «lo,ve. puke rate than s). .
"" '"""'^ '»" »'«'•

-ich a» excit«mB„t or fear 7," '""" ""'^i'loi-'luence

'"•.Me the .uuberof\:, "?":.";""" '" '««-'-• "earj
i"J"--.v the pulse is i, sta^ tv /

'• '^" ''^'"'«^-'' "^
cardinal ai.L both i

"
, -^""''"r"''

"'"' '" "'"^ <" 'he
-" l-u>- .-ato follow ;St'.::,:";' '"r-- \adatio„.s

"'-ease in the number ^Z'^^^^T """ " "'"'^'
amount of l.loo^l i„ circulation Z I \

""""'' " '"'ee''
activity, and which eons, u i'^t 7"? '"

^l

^'"'« °'
rej-au- an.l Hushin- I„ tL, ^ ^ '" "'S^"' "eed both of

'hat it i.. the Hub:ta„ceZlhed'out'''nr'"
''«''"'«

''""''t

work which »timulates thp I , .
"" """^^'es during

'hou... other e.^:2^^:^-'^^'fy r
™''«^'^-

stimulation of the sympatl,etie,
"'' ""^^'' "" '^^^^

f'tntt3;r::;:c':,j^i;- -" "« --
ow. the heart rate ft,crea«era t I't o;":"

'"^"'°'"'

';on. by which means the o,„„ut „fTi V
'''"^'"' ''"""'"

'he temperature of the mZ ,,"' '''*1 '" '"'^"^^ed. if

increases in fre,uenc/ln T, '""^"^ ""* '"«'"' heat

'hat one cause o\ the'^^n .i puir":'
•'"" ''"'^ """'"

actual temperature of he
,•.•'""''"'"''« 'h"

temperature' of the id be rile"
"' "'"'' " "'«

|o'.ndthatapointisre:ld atShTeT":*"^' " '^

l^at
;

in tlie cat this has l.«.n f if ^^*''' "'"^es to

'» 113" F. (41^ to 4.'° CO
''""""" 1'1° !"•

*^
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The V«loclty of «M Blood varies in the arteries, capil-

Uriea, and veins. beinR greatest in the former, least in the

capillaries, and rising again in the veins.

The velocity of flow is inversely as the sectional area ol

the tubes ; the total sectional area of the capillaries is

greater than that of the .^rta, therefoi« the velocity is

reduced ; from the capillaries to the heart the area becomes

smaller and the velocity increases. The velocity ol blood

flow dei)ends on the width of the bed formed by the vessels

;

as the arterial system expands, the velocity diminishes
;

ii.

passing through the capillaries, with their immense network

the velocity is at a minimum ; in passing towards the heart

the vessels are reduced in number, hence the be.l i» smaller

and the velocity accordingly increafied. The cause of the

flow throughout the entire system is the contraction of the

left ventricle, and the gradual fall in pressure which occurs

from the aorta to the right auricle.

The vascular system has been compared to two cones

placed base to base, the apex of one being tli left ventricle,

of the other the right auricle ; where the bases of the two

cones meet is the capillary network. The sectional area of

this has been estimated by Volkmann as 500 times greater

than that of the aorta, whilst the passage of blood through

it is 500 times slower than in the aorta, owing to the width

of the bed. According to the same authority, the velocity of

blood in the carotid of the horse is from 118 inches to 15-7.-)

inches per second (30 to 40 cm.) ; in the metatarsal artery

of the horse i-l inches {.'>-6 cm.) per second, and in the

jugular vein 8-85 inches (22 cm.) iier second. A horse

which gave a carotid velocity of 12 inches (80-5 cm.) per

second gave a jugular velocity of 9 inches (22-75 cm.) per

second. Chauveau found in the carotid artery of the horse

a velocity of 20-47 inches (52 cm.) per second during systole,

8-66 inches (21-75 cm.) per second at the beginning of

diastole, and 5-9 inches (15 cm.) per second during the

pause.

The mean velocity in the carotid of the dog is lOJ mches

(2t)-5 cm.) per second: at the end of diastole 8i inches
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for, ir^^eZ ^1. ^yZl'Z'l'''
"'!

.""r'
" "'-

frL it. cu?e„dS;;„ :"'*"'"';"« ""^ ""•"•^ " '•'<•«<'

clu.ion., furore veloe! in
.'*''''; ""'' '" «"°"«°<'« eon-

Phera. resistance See. / fe^' ifi' r^-, 'l'"

"^"•

the peripheral resistance largelTdT»p;«"l;!f'' T'^
'» five or ten times greater rth^l ,"" '*''^"y

does not bleed with a 'll^d'tv of n ^''
V"™'"' "' » horse

nearer 160 inches pe: eS Or tolt'it""
"""" *""

way. if the caroti!i „» <i u . '
"' '' '" » I'factical

same vessel be diviZi . .
" ' """"^^ "''''« 'f "'e

1 pint per sectd
" "• "" '™' "' ''""^ -"'<' •-« "early

point andleu: t i^^T ^ Lr^'^'
'""" * «'-

paths it can take FW . . " "™ """^ "^'ferent

coronary vess Is to rSt Tt"''/'"'"". '*" *«"'' ""rough

would o'cu7 a BhS S ,?
"""" "'"''' '° '«" ''«"'

electrical conductivity of.ho bll b^in" T"'"^ ^' '""™«'"'' "">

"olution.
-^ '"°°''

''J' "ijecting into it a neutral aalt

I
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lie

horse with a pulse frequency of 42, the average complete

circuit is performed in !)l-!t neconds (Hering), and is

eijuivalent, according to the latter observer, to about

28 beats of the heart. In the rabbit with a pulse frequency

of 11)8 per minute, the time occupied in completing the

round of the circulation was 7'7!l seconds, or again in

28 heart beats ; witli the dog 16-7 seconds or in 2(j-7 heart

beats.

Aids to the Circulation.—The contraction of the left

ventricle is sufticient to drive the blood all over the body,

but in the veins this force is assisted by the muscles com-
pressing the vessels from without, while the presence of

valves within prevents regurgitation. This is especially the

case in the veins of the limbs where the fluid has to flow

against gravity. The circulation in the large veins near

the heart is assisted by the process of inspiration and the

dilatation of the right auricle, both of which have an
aspirating effect on the blood in the larger veins. The
sucking action of the left auricle assists also in drawing the

blood in the pulmonary veins towards the heart.

Influence of the Nervous System.—The bloodvessels are

under the control of the nervous system acting on the

muscular elements in their walls, by which means a reduc-

tion or increase in their size is produced. Such alterations

are essential if a mean blood pressure is to be maintained

;

a rise in pressure in one part of the system may be com-
pensated by a fall in another, and this is entirely brought
about by an alteration in the diameter of the small arteries

or arterioles. The evidence that the nervous system does

possess this power over the bloodvessels, is furnished by the

simple experiment of dividing the cord below the medulla,

and maintaining life by artificial respiration. The imme-
diate effect of division is an enormous fall in blood pressure

;

in the dog it will drop two-thirds below the normal, and
this is due to the vessels dilating as the result of paralysis,

their tone having been lost through the injury to the cord.

From this experiment it is quite certain that structures

above the section are responsible for the nerve control of
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the vessels, and these can be further localized Ijy making
a section above the medulla, the influence of which on the
blood pressure is nil. It may, in fact, be readily shown
that in the medulla, in the region of the fourth ventricle,

is a small area the function of which is to produce and
maintain the contracted condition of the bloodvessels

defined as tone, and to this area the name raao-mntitr i-nilrc

has been given. By means of it the calibre of the blood-

vessels throughout the body is regulated.

Experiment shows that in addition to the head centre,

the medulla, there are subcentres for vaso-motor action

in the cord. If, for example, the cord be divided in the
lumbar region, the vessels of the hind limbs dilate, and the
blood pressure falls ; but if the animal be kept alive

the blood pressure gradually returns to normal, the Bub-
centre in the cord carrying out the work. This pressure
is again at once lost by destroying the already divided cord.

Other, and perhaps more obvious, evidence of the influence

of the nervous system over the bloodvessels is furnished by
the ear of the rabbit, for if the sympathetic be divided in

the neck, the ear on that side suddenly becomes flushed
with blood, hot, and congested, and vessels not previously
visible to the naked eye now become very apparent ; and if

the upper end of the nerve be stimulated, so as to imitate
roughly the impulses passing along it in an intact condition,

the vessels at once contract, the flushed appearance disap-
pears, and the ear becomes cooler.

Since, in the above experiments, mere severance of the
nerves which connect the bloodvessels with the central

nervous system leads to a dilation of the arterioles, it is

evident that impulses are, under normal conditions, being
continually sent out along the nerves from the vaso-motor
centres. These impulses keep the arterioles normally in a
state of medium or partial constriction, and this condition
is, as we have already said, known as arterial ' tone.' Now,
inasmuch as the function of the vaso-motor nerves is to

regulate the blood-supply to any given area of the body in

exact accordance with the varying needs of that area.

'l.lll' 1
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l<

' tone ' becomes a factor of the utmost importance in this

regulative mechanism. Without it all the arteries of the

body would, in the ordinary passive condition of rest, be

dilated to their full extent ; hence no increased supply of

blood could be provided except by an augmented activity

of the heart, which would, of course, affect the body as a

whole, and not any one limited part of it. ' Tone ' ensures

that an arteriole may both dilate and contract, according

as it receives less or more of the continuous constricting

impulses, and thus the regulation of a varying blood-supply

is made extremely perfect.

Hitherto we have only spoken of the constrictor influence

over the bloodvessels, but the nervous system likewise

exercises a dilator effect. In contrast to the constrictor

influence, the dilator is not Umi,- in its action. It might be

supposed that a dilator effect would naturally follow as the

result of removing a constrictor influence from a vessel,

without the intervention of a separate or antagonistic nerve

supply ; and this is exactly what does happen in most

cases. But it is equally certain that special vaso-dilator

nerves exist, of which perhaps the chorda tiinqmni is the

best example. This nerve supplies the bloodvessels of the

submaxillary gland with dilator fibres ; if the nerve be cut

no evident change in the bloodvessels occurs, but if the

end in connection with the gland be stimulated the vessels

dilate, the arteries throb, and the blood passes through the

gland with such rapidity that the venous blood becomes

arterial in appearance. Much the same phenomenon

occurs when the dilator nerves to the vessels of the penis

are brought into activity. It is by no means certain that

all vessels have both a constrictor and dilator nerve supply,

in fact there are vessels in the body where no vaso-motor

nerves of any kind can be demonstrated, such for example

as the brain, heart, and lungs, while it is pretty certain

that muscles do not contain any vaso -constrictor nerves.

It is here convenient to notice that the vaso - motor

supply to muscles, which we have said is essentially

dilator in effect, is brought into action reflexly when the
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fibre, now non-n.edul.ated, arise and proved toSold

the cervical svmmthflf;; !,! ^f"^'f"'
«°<' ^y means of

chain
; issuing from these a l fi,"

.."^^ sympathetic

Bacral plexus, andTuppv all tt^'J. T' 'A? T' '"'° '^«

The a,,o,Lu> Z't4rne;rte t'rsf 'i"'^-8-ter and lesser, the former To^Z£ sSntorS I

i-
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the latter from the first two or thee lumbar roots. The

fibres pass to the semilunar g»nglion of the solar plexus,

and from this they issue as non-meduUated fibres, supply-

in" all the bloodvessels of the abdominal organs, ihe

BpTanchnics are the chief constrictor nerves of the body

;

section causes a dilatation of the vessels they supply and

a considerable fall in blood pressure, especially in those

animals where the alimentary canal is largely developed as

in herbivora.
. , . ^ • i.v,„

It will be observed that the essential feature in the

distribution of these constrictor nerves is that they pass

thrcngh the sympathetic system before going to the blood-

vessels; and from being meduUated spinal nerves they

become non-medullated sympathetic.

The dilator nerves in their distribution behave very

differently to the constrictor; they leave the brain or cord

by any cerebro-spinal nerve, they may or may not pass

into a sympathetic ganglion before distribution, and in

contrast to the constrictor fibres they pass direct to their

destination, instead of taking a roundabout course
;
.mally

they do not lose their medulla until near their termmation.

Examples of typical dilator nerves have previously been

Riven, viz., the chorda tympani to the submaxillary gl-nd,

and the nervi erigentes, stimulation of which causes

erection of the penis ; the former passes in company with

a cranial nerve, and the latter with a spinal nerve to its

destination. , ,-, t

Some spinal nerves contain both constrictor and dilator

fibres, for example the brachial and sciatic nerves. On

section of these the loss of constrictor influence is at first

the most prominent feature, as shown by the hot flushed

limb, but later, as the constrictor fibres degenerate, the

dilator fibres become apparent, as on stimulation the con-

strictor nerves fail to react while the dilator nerves respond.

From what has been said, it is evident the nerve supply

to the bloodvessels i elaborate and complex.

The vaso-motor centre both in the medulla and cord are

extremely sensitive to the varying amounts of carbonic

I I
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The depressor nerve of the heart (see p. 50) is the best

example of its class ; by means of it impulses are conveyed

to the medulla, and from there transmittea through the

spinal cord and sympathetic system to the splanchnic area.

The effect is to deprnss or lower the blood pressure by

causing the abdominal arteries to dilate (Fig. 23)

Depressor fibres also exist which cause similar reflex

vaso-dilator effects which are, however, too local to pro-

duce any general fall of arterial pressure, such as results

( /

m
A.

Wfk
/M

m I i.

Fio,

The

24 -Blood Prebsork, Curve of a K*b»"-
5''-^°*f^.fj!.

*

SMWI-V MOVINO SURFACK, TO SHOW TraUBE-HeRINU CUR^KS

(Foster).

heartbeats are the clacly situated up and down strokes, readily

seen bv means of a lens. The next curves are those of resp.r.

-

rion • theTarxe bold undulations boinR Traubc-Henng curves. In

eth'Traube Her?ng curve there are about nine respiratory ,=urve,.

and in each respiratory curve about nine heart-beats.

from stimulation of the depressor nerve. Such a mechanism

is in operation in erectile and other tissues.

Under certain conditions, such as asphyxia and hcemor-

rhage, the vaso- motor centre transmits to the vessels

rhythmic constrictor impulses, which result m the appear-

ance on a simultaneous record of blood pressure, of

undulations, known as Trsiube-Hering curves (Fig. 24).

Such of course, can only be detected by taking a tracins

of the blood pressure. The existence of these waves is

indicative of abnormal excitation of the vaso-motor centre.

When vessels are robbed of all nervous connections, they

do not necessarily lose their powers of contraction
;
the

muscular tissue of the arterial wall responds to the exciting
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the vessel wall.
^^"""^ 1"''"""'« ielax«tion of
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"'' "''"^'' " """«
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''"'"8 8™^'°='

ruminants. It has probab v thf ?" ""*" '" "'« '^''^e with
t" perform.

^
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iiiK tliB lutiiin (.f l>loo(l, wli.l«t iiiBpimtioii ciiiiBii« it to full

liy fttcilituliin; tliu How.

Tlie venoUH iiriiiiigemeiit of the biiiir. in very iniiiiiikiihle

;

the wiilU ol the veiim iiro composed of lajers of the dura

mater, and even portions of ttie oriiniBi liones may enter

into their formation. Tlie veins or himiseH of the hrani

are larwe uavities, which from their arranRument are most

unlikely to sutler from compression, and from the riRidity

of their walls are not cai>able of hulBin« as most veins do

when obstructed ; in this way th^ easy return of the venous

blood is provided for.

The cerebral circulation is considerably assisted by tlie

presence of lluid within the ventricles of the brain. This

rtuid readily passes from ventricle to ventricle, and from

ventricle to spinal cord: in this way, as tlie external

pressure becomes greater the internal becomes less, and so

compression of the hrahi substance is avoided. It will lie

remembered that no vaso-motor nerves have been satis-

factorily demonstrated in the brain.

The singular arrangement of the venous plexuses of the

corpus cavernosum penis, admits of this organ attaining a

vast increase in size, a condition which in the brain every

measure is adopted to [irevent. The considerable si/e

of the venous plexuses of the penis, their fre(iufnt inter-

communication, the muscular pressure to which the veins

leading from the sinuses are exposed, produce under the

direction of the vaso-motor nervous system a eonsiderallt

increase in the volume of the part.

In some other organs the distribution of the bloodvessels

is also peculiar. It is not known why the spermatic artery

and plexus of veins should take such a remarkably tortuous

course ;
possibly, in some way or other, it may be con-

cerned with the secretion of the glands, but its use is far

from clear. On the other hand, tortuous vessels m the

walls of hollow viscera, such as the stomach and intestines.

perform a very evident function. We have only to thmk of

the size of a collapsed and full stomach in the horse, to

recognise the necessity for some arrangement existing to
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ClIAPTKl! IV

RESPIRATION

Ski 11 UN 1.

The Lungt,

TiiK liiiiKB occupy the whole ciivity ot the thoriix ; duriiif;

life no Kpiice exists between the pulmonary aiul costal

pleuiM, so that tlie case i« an air-tight one. So loiiH an

tlii.- air-tight condition is maintained, any movi,jient wliicli

tends to increase the size of the case, Huch as tlie retreat of

the diaphrafim and the advance of the ribs, causes a disten-

sion of the sacs and the air rushes in : by a reversed process

it is pressed out, viz., by a collapse uf the chest wall, 'f,

however, the cavity of the chest bo opened to the external

atmosphere the lungs collapse owing to their elastic recoil,

and the fact that the atmospheric pressure within and

without them is now the same. Such a condition would

lead in the horse to asphyxia, as the pleural cavities com-

municate, but ill those animals where tlie right and left

pleural sacs are distinct, the lung on the wounded side only

collapses.

The process by which the chest is tilled with air, known

as Inspiration, is a purely muscular act. The diaphragm

as the chief muscle of inspiration contracts, and thereby

recedes ; the ribs are rotaiod, being drawn forwards and

outwards, their posterior edges everte''
, aud the intercostal

space widened. By this means the cu, „3ity of the chest is

increased and the lungs tend to till the space thus created.

By doing so they rarefy the air already within them, so

that a difference in pressure occurs between the air in the

84
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(SOSSDOEF).
.

expiration ; c, liver to'"8
'J?^? leeo expiration. 2. Position of

deep expiration; »• ,«Pl;™/,3o^".''v.!''^Sn of Uver; d', of

Sre- Ts^l-dSrp 'in's^i/ation ; /, posterior vena

cava a, ii passes through the diaphragm.

to Which the Bides of the diaphragm move - ^-P^/f

^Fir^e' gives a side vie. of the horse's chest, the dia-
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phragm is attnchcd around the mai-f^in AFE. Tlie dotted

line AK indicates the convexity of the muscle and the

extent to which it I>ulj<es into the chest. The effect of

this bulKin^' is that the lungs rest on or wrap around tlio

diaphragm, and, as it were, envelop it. The lungs do not

reach as low as the cartilage of the false ribs, but about the

Fig. 26.

—

Diagram of the Extent of the Chest in the Horsf,
AND Position of the Diaphragm.

The area BCDE is under the scapula and its muscles, anil practically

not available for auscultation : the surfatL' ABKF is the available

area of the cheat wall. The lung readies to within a hand's-

breadth of the false ribs. AF represents the last rib ; BE runs

parallel to the posterior edije of the triceps. CD corresponds to

the position of the first rib.

The diaphragm bulges into the chest centrally, thus separating tlie two
lungs ; the curved dotted Hne falling from A to E represents thr

Central Hne of the diaphragm, and shows the extent to which it

encroaches on the chest.

1. i

breadth of a hand above them. The cut edges of the ribs

in the above figure from F downwards indicate the lower

and posterior margin of the lung : the sections of the ribs

from A to C indicate the upper border of the lung. It is

only the circumference of the diaphragm which is muscular,
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and this muBCular margin is widest at the sides and runs

up to less than ha» the width above, where it ,s attached

to the last ribB. The central portion of the dmphragm s

a felt work of tendinous fibres, running from the muscle to

the centre and in other directions. Filling m the upper

and central portions of the diaphragm are large muscular

pillars, attached to the spine, which support the con-

siderable weight hung on the diaphragm, vi.., the liver

with the stomach and contents. The diaphragm extends

several inches behind its suspending pillars. Ne. her the

muscle of the diaphragm nor the supporting pillars are

markedly responsive to electrical stimulation as compared

with voluntary muscle.

Explration.-The chest having been filled with air, the

next process is its expulsion, and the mechanism here con-

cerned is not fully agreed upon by physiologists Whilst

some hold that it is a purely non-muscular act, others con-

tend that certain muscles share in the process. AH are

agreed that the elastic recoil of tl.e lungs is the important

factor- there is also the elasticity of the cartilages of the

ribs, which are seeking a return to their position of repose ;

and further, the elastic pressure of the displaced abdominal

organs acting on the diaphragm; added to which is he

contraction of the abdominal muscles, which presses the

viscera still more firmly against the diaphragm. The

factors named are sufficient in themselves to ensure that

air is expelled from the lungs, though certam muscles

attached to the ribs may facilitate their return to the

position of repose. • •

The PoBtaJ Lung contains no air and therefore smks in

water. The first few inspiratory gasps at birth distend the

alveoli, but for some time the conditions present m the

adult, viz., the negative pressure in the pleural cavity, and

the collapse of the lungs on opening the chest, are not

found in tt. very young animal. Such only occur when

the cavity of the thorax is larger than the lung m a state

of collapse. In the f(*tus the lungs exactly fill the chest in

the condition of expiration, and it Ih not until the chest
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advancing the ribs directly or indirectly is luousht into

plav. This is well marked in dyspnoa.

After the expiratory act there is a pause before the next

inspiration. In the horse at rest the period "expiration

is as a rule longer than that of inspiration though the

proportion between the two is not invariable. During

work the value of the inspiratory and expiratory acts is

about ec|ual. . . ,,

During inspiration a slight negative pressure exists m the

trachea, and during expiration a slight positive pressure.

In the pleural cavity a negative pressure is always present,

due to the tendency of the elastic lungs to collapse. The

value of this pull of the lungs on the chest wall has been

ascertained for the sheep to be about 1 inch (3 mm.) of

mercury, and during dyspn<Ba i inch. In the dog during

inspiration the negative pressure in the pleural sac is

1 inch (6 mm.) of mercury, whilst during expiration ,
inch

(3 lam.) has been observed. In the horse i inch (C mm.

has been registered during a powerful expiration, and

l- inches (28 mm.) during a powerful inspiration. Tho

negative pressure can be recognised post-mortem by tl-e

rush of air immediately the chest is punctured

The number of respirations varies with the class of

animal; as a rule, the larger the animal the slower the

respirations

:

Horse

Ox

- H to 10 per niinn

- 1-2 „ 10 „

Sheep and Goat

rjo-

Pig

- 12 „ 20 „

- 15 „ 20 „

- 10 „ 15 „

Rumination increases the frequency of respiration, ami

muscular exertion in all animals at once causes it to nap.

In experiments on respiration this is most marked
;
walk-

ing a horse will nearly treble the number of respirations,

but the breathing begins to fall immediately the horse

stops, though it does not reach the normal for a few

minutes.
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of the dog, it is observed that the pulse frequency is

increased during inspiration, and reduced during expira-

tion ; this reduction in the frequency of the pulse is due to

the stimulation of the cardio-inhibitory centre, whilst the

increase is caused by a diminished activity of the inhibitory

mechanism (see p. 48).

In speaking of inspiration raising blood pressure we must

not forget the mechanical advantages of a contraction of

the diaphragm couipressing the liver and posterior vena

cava, and so forcing more blood towards the heart
;
this

no doubt is another cause of the rise of blood pressure

during inspiration.
_ _

The NostrUs.— Before the air reaches the lungs it is

warmed by passing through the nasal cavities, so that it

enters the trachea at nearly tlie body temperature. The

incoming air also becomes saturated with watery vapour

;

this saturation likewise occurs in the nasal chambers. In

the majority of animals air may pass either through the

nose or mouth to enter the trachea, but in the horse, owing

to the length of the soft palate, nasal respiration alone is

possible; we therefore find in this animal the nasal

chambers with their inlets and outlets well developed.

The opening into the nostrils of the horse is large,

funnel-shaped, and capable of considerable dilatation ;
it

is partly cartilaginous, and partly muscular. Immediately

inside the nostril is a large blind sac, termed the false

nostril, and one of its uses appears to be to increase the

capacity of the nasal opening by allowing considerable and

rapid dilatation. Another use is in the production of the

peculiar snorting sound made by a horse either when he is

alarmed or very ' fresh.'

During forced inspiration the nostril expands, especially

the outer segment, viz., that part in communication with

the false nostril, and the air is rapidly drawn up through

the nasal chambers ; during expiration the outer segment

of the nostril collapses, but the inner segment, composed

principally of the cartilaginous ala, dilates. TIus the

movement of the outer and upper part of the nostril is
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Th. 01.tti..-The air having been warmed by P^^J
over the septum and turbinated bone., enters the g oM.b

Z arytenoid cartilages being separated to a greater or

:TK^rtrrvi='sr«

sMeS fh! diameter of the tra.hea and the s,.e of the

nasal openings.
^^^^^ ^,i ^tly

During inspiration the larynx an"

descend while they ascend during expiration This is

movement of the laryngeal region and ba.e of the

'"Traeial Sinuses are cavities in the face

----f"^";
.ith the nasal chambers; they are of '^T^^''^^^
occupy nearly the entire facial region, and they g ve tne

needful bulk to the head without addin. to its ->ght
;

they

are lined by a membrane which is continuous v|ith that o

the nose These sinuses are tilled with air which ente s

Sem through a foramen at the posterior part of the middle

mel' during every act of respiration air -V^^^^^^^?^^

Z,t nf them At first sight it would appear that air ougnt

; ente' the sinuses during inspiration, but the reverse is

he ca^e; it is only during expiration that 'hey ^M^^^^

whilst during inspiration air is sucked out. C°°"<»«'"°

The position of the common mlet to these sinuses, it is

Srifto understand why they ^^ou'd tiU durmg expin.^^^

tion, though the advantage of hot instead of cold air enter

'"li:«-C.a.e, 1„ tUe Air and Blood -The chang^

.vhich the air undergoes on passing into the lungs must

now be considered.
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The proportion of carbonic acid is small ; it is a natural.a.p«nty .n the air, though essential to plln U7e Satmosphere also contains moisture the amount oT whichdepends upon the temperature; the higher the temper^tS

irmlv . « / '' "'^ '«"?«««"« tl'e less the amount.

that ,t contams as much vapour as it can hold at he

enT^f'moTsr'""' '' ^^"^""^ «""'»'- ""i - -cent, of moisture, and is spoken of as dry if it contain.

When an- is taken into the lungs it alters in composition •

acid, as may be seen m the following table :

Composition of inspired air

" expired air

Nifruf/cn. Ojiiacti (-'irbonic

Acid,
79-01

79-01

20-06

1802
003
4-8S

-4-94 +4-36

The volume of oxygen absorbed is slightly greater thanhat of the carbonic acid which takes its place so thlti"dried and reduced to standard barometrfc pLsure and

^ua.^w.rmerthani5:?;J:^-;rlrSc::

i
<;

li.
'•t
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The proportion which the votume of oxygen absorbed

brsra to the volume ol carbonic acid given off is termed the

respiratory quotient, and is expressed as - "' The quotient

varies with different animals, and depends upon the nature

ol the diet. On a carbo-hydrate diet less oxygen is

required, tor the reason that the oxygen and hydrogen in

ilie molecule exist in the proportion to form water, so that

oxygen is required for the carbon only. On a fat diet

oxygen is required for lioth t)ie hydrogen and carbon in the

molecule.

Ill herbivora the reBpiratory <|uotient is '9 tu I'O

In carnivofft ,. „ „ '7.*> „ 'H

In omnivora ,. ., .. 'H7

That is to say, for every 1 part ol oxygen absorbed by

herbivora there is produced •'.) to 1 part of carbonic acid,

and for every 1 part of oxygen absorbed by carnivora

•75 to -8 part of COj is produced. In carnivora it will be

observed that the amount of COj produced is considerably

less than the amount of oxygen absorbed, for the reason

that the latter instead of being devoted to the oxidation of

carbon and reappearing as ( 0-., is employed in the oxida-

tion of hydrogen and returned as water. The value of the

respiratory (quotient lies in its being a measure of the com-

bustions occurring in the body as a whole ; as a rule the

amount of carbon dioxide formed is less than the oxygen

absorbed, but there are exceptions, and a respiratory

quotient may be above unity as in hibernating animals in

storing up fat tor the winter, and it is not unknown among

other animals alter a diet rich in carbo-hydrates. In such

cases the CO., discharged is in excess of the o.tygen

absorbed, the necessary oxygen contained in the CO, being

obtained from the intra-molecular store, of which we shall

hear presently. These high quotients are only observed

where the conversion of carbo-hydrates into fats is occurring,

as in the fattening of animals.

There are other gases returned from the lungs besides
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action in this respect. If a comparatively stable oxygen-

holding substance such as methylene blue be injected into

the circulation and the animal destroyed, it is found that

although the blood is dark blue in colour, yet the tissues

are normal in appearance until they are exposed to the

air, when they turn a vivid blue. The explanation is that

the tissues have robbed the methylene blue of oxygen and

formed a colourless reduction product, which on exposure

to the air takes up oxygen and again forms methylene

blue.

Fate of the Carbonic Acid.—In the Bystemie capillaries

tbe partial pressure of the carbonic acid is lower tiiun the

partial pressure of this gas in the tissues, the result of

which is that it is hurried into the blood I)y the process of

diffusion ; but here, as with oxygen, simple absorption of

the gas by the plasma would not be sufficient for the

purpose of carrying off the whole of the CO. resulting from

tissue activity, so that there must be some substance in

the blood capable of fixing CO., until the lungs are

reached.

If the serum of blood be exposed to the vacuum of an air-

pump, it is found to yield little oxygen but a quantity of

CO^, ; it yields little oxygen because, as we have already

learned, this is combined in the red cells ; but the fact that

it yields large quantities of CO.^ points to the blood plasma

as the chief means by which this substance is carried.

It has been determined experimentally that blood plasma

will absorb more CO2 than the same quantity of water, and

it is evident, therefore, that there is something in the

plasma which assists in carrying it. What this ' something'

may be is doubtful, but it is generally believed that the

sodium carbonate of the blood unites with a portion of the

carbonic acid, though other substances may assist. Between

the amount absorbed by the plasma, and that held in

chemical combination by certain salts of the plasma, the

total amount is carried along in the venous blood-stream,

the partial pressure of the CO , in this fluid being high. On

arriving at the lungs the venous blood circulates through the
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).« mere passive witnesBes of these remarkable changes but

like the cells in other parts of the body are capable of

taking an active share in local matters, n other words

there is a vital aspect to this question, as well as a physical

and chemical one. An experiment of Haldane-s -ath carbon

monoxide is very suggestive in this respect. Ho found that

though he could, outside the body, get 31 per cent, of

h«.moglobin to combine with the gas, yet when a.r con-

taining the same percentage of CO as th:.t to which the

hismoglobin had been exposed, was inhaled for even three

or four hours, no more than -26 per cent, of the temo-

Blobin of the blood combined with it. In other words, the

cells of the pulmonary alveoli would appear to possess

that same selective power which may be seen elsewhere,

as, for example, in the kidney, and preferred to allow oxygen

rather than carbon monoxide to pass.*

The respiratory exchange is influenced by age being

more energetic in young than in adult animals; this may

be due not only to actually increased metabolism but also

to size It is a well-known fact that the metabolism in a

mouse is relatively much greater than in a horse
;

i. is a

question of weight and surface. The larger an animal the

smaller the proportion between its weight and the extent of

it, surface. In other words, body weight and surface do

not vary in proportion with each other, and a mouse m

relation to its weight has a larger body surface than a

horse, and therefore loses, and has to make more heat.

Muscular work has an import-.nt influence upon the

respiratory exchange, and this will be eo^'^^'^-l '"
'^;

chapters on Nutrition and the Muscular System. Broadly,

it increases both the CO, discharged and oxygen absorbed,

* The question of tho absorption of oxygen and the disehnrge of

carbon dioride « by no means so Mm„le a., n.ight appear fron. these

pages. Physiologist- are not agreed as to whether the process is one

of dTffasion or a seeretion into the blood and an exeret.on from .t.

So d^^cZ indeed, is the problem, that those who have "evoted year.

,0 it, study declare it is beyond explanation m the present state of

physical and chemiciil linowledge.
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though in experiments on the horse (Zuntz and Lehmann)
it did not influence the respiratory iiuotient.

The influence of food on the respiratory exchange is very
marked

; during starvation it at first undergoes a marked
decrease, and then remains constant. With food the
exchange rises, the absorption of oxygen increases, and
the output of CO., rises. Proteid food is much more
energetic in this respect on a fasting animal than is a diet

of fat.

Temperature has a marked influencd on respiratory ex-

change, and thip will be found dealt with in the chapter on
Animal Heat.

Deficiency in Oxygen.—When an animal is compelled to

breathe the same Ir over and over again, there is a
gradual loss of oxygen and an increase in carbonic acid,

iind though death will ultimately ensue unless the air be
renewed, it is remarkable that before this occurs nearly the
whole of the oxygen will have been consumed from the
atmosphere. This is further evidence, if any be needed,
that the oxygen is not simply absorbed by the blood, and
that its absorption does not obey the ordinary laws of pres-

sure. Experimental inquiry has proved that animals may
live in an atmosphere containing only 14 per cent, of oxygen,
but that distress appears at 11 per cent., and rapid asphyxia
follows when the oxygen falls to 3 per cent.

In poisoning by carbon monoxide the latter gas turns the
oxygen out of the blood-cells, yet although the whole of

the red-cells are converted into carriers of carbon monoxide,
the animal may still be kept alive in an atmosphere of pure
oxygen under pressure, the amount of oxygen dissolved by
the plasma at an oxygen pressure of two atmospheres
being sufficient to carry on the functions.

Hyperpnoea is the term applied to the slightly increased
amplitude and frequency of the respiratory movements,
such as occurs in gentle exercise, as the immediate result

of any commencing defective oxygenation of the blood, or
other cause which acts as a stimulus to the respiratory
centre (see p. 108). When the stimulus is strong or

I i!
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continued, a further increase in the force and frequency

of the respiratory movements takes place, and this condi-

tion is known as dy.pnoa. The later stage of dyspnea is

characterized by the respiratory movements becommg

'convulsive- in their activity, and this finale to dyspnoea

marks the onset of true asphyxia.
, , ..

If the air supply he entirely cut off, asphyxia and death

rapidly ensue. A»,nyxU has been divided in o three

staizes. In the first the attempts at breathing are laboured

and painful, deep and frequent, and all the respiratory

muscles, including the supplemental ones, are brought

into play; convulsions occur, and the blood pressure rises.

In the second stage the inspiratory muscles are less active,

the expiratory still powerful, and the convulsions cease

In the third stagn the animal lies unconscious, occasional

violent inspiratory gaspings occur, the mouth is open (even

in the horse), the pupils dilated, the pulse barely

perceptible or absent; during this stage the blood pressure

rapidly falls. Death occurs in from five to six minutes

from the commencement of the first stage. Young animals

are less easily asphyxiated than adults for the reason

that their tissue respiration is much less; the length ol

time necessary to drown puppies and kittens is evidence

of this, and they may recover even after prolonged

immersion. .

Excess of Oxygen.-When the excess of oxygen is con-

siderable, viz., equal to a pressure of five atmospheres,

warm-blooded animals die with convulsions. By mcreasmg

the amount of oxygen above that contained normally m

air the blood cannot be made to take up much more

oxygen than if the normal amount only were present; a

pressure of ten atmospheres only causes an increase of

3-4 per cent, absorbed, so that the biood contams 2.1 4

per cent, of oxygen instead of 20 per cent. The pract.ca

Lplication of this fact in the treatment of cer am disea

by the inhalation of oxygen is interesting. It we doubl

the amount of oxygen in the air, less than 1 per cent, o

the extra addition is absorbed. Either the small amount
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of
. ,a oxygen thus absorbed mnst be very valuable or

we mnst find some other explanation of the undoubted
advantage of oxygen inhalation in disease.
The physiology of the matter is, in effect, this: The air

contems 20 per cent, of o.xygen which is more than enough
for the needs of the body ; even the venous blood is return-
ing to the lungs with from ten to twelve volumes of oxygen
per cent, unused, while if the oxygen in the air be doubled
less than 1 per cent, of the extra is absorbed. It may
however, be that the excess of oxygen in the alveolar
a.r (see p. 99) of the lungs during oxygen inhalation,
enables the tissues to obtain their normal amount more
easily.

By apnoa is understood a standstill of respiration, no
movement whether inspiratory or expiratory being made
Apnceic pauses may be produced experimentally by
blowing air into and sucking it out of the lungs at a
more rapid and forcible rate than the ordinary respiratory
rhythm of the animal.

> r
j

Something similar in appearance is witnessed in chloro-
form poison:ng, and the term apno-a is frequently used
climrall!) as synonymous with asphyxia. The physiolor-ist
uses It in another sense; apna.ic pauses may be produced
under conditions absolutely the reverse of asphyxia, as by
rapidly and forcibly blowing air into the lungs. Under
these co-.aitions some observers suppose that a diminished
irritability of the respiratory centre is produced as the
result of hyper-oxygenation of the blood, though it is
difficult to see how this condition is brought about. There
IS, on the other hand, good reason to think that repeated
expansion of the lungs causes stimulation of the inhibitory
hbres of the vagus, and so acts on the centre, and this view
IS supported by the fact that apncea is difficult to produce
after the vagi have been divided. A final view of the
cause of apnu'a assumes the normal stimulus to the
respiratory centre to be CO, (see p. 112), in which case
rapid inflation of the lungs would result in a more
efficient removal of this gas, and thus to a diminution

!.!
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!
!

in the stimulus to inspiration. PossiWy both this view

and that of the inhibition of the centre by stimulation

of the vagus fibres is correct, the two working con-

currently.

The Nervous Mechanism (oveming Beapiration is presided

over by a centre in the medulla, the position of which in

certain animals is very accurately defined, but which in

general terms may be spoken of as being situated close to

the deep-seated origin of the vagus and in front of the vaso-

motor centre. The reBp>atory centre was at one time con-

sidered to consist of an in.iiratory and expiratory portion,

but the present view is to regard the expiratory centre as

doubtful ; at any rate it cannot be localized, and though

there are certain facts which su ;!gest its existence, such as

the act of straining in parturition, micturition, or defeca-

tion, still as compared with the inspiratory centre it occupies

a very subordinate position. Hence it has been proposed

to call the respiratory centre the ' inspiratory centre '

;

inspiration can only be carried out by rhythmical impulses

from this region of the medulla, while there seems no

doubt that expiration may be a purely passive act. It is

believed that the respiratory centre is connected with every

sensory nerve in the body, for the centre may be readily

stimulated reflexly through sensory nerves, as an example

of which may be quoted the sudden inspiratory gasp given

when cold water is dashed on the skin.

But besides these there are special motor nerves wholly

or almost wholly concerned in respiration with which this

centre is closely in touch, for instance, the facial supplying

the nos* ils, the recurrent of the vagus which dilates the

glottis, , e phrenics which stimulate the diaphragm, the

dorso-lumbar nerves which supply the intercostal and

abdominal muscles. All these are interested in the pro-

duction of that perfect and rderly sequence of events

which lieginning at the nostiils pass to the Hank, and are

so intimately concerned in tiie production of the mapiratory

rhythm.

The respiratory centre is uiilomutic, that is to say, it is
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P««Bing up the vagu. which maintain the normal re-

dvided. the cut vagUH be .timulate<l, uning thatorUon »t.ll m connection with the brain, the respirationmay be affected m at least two different way,; either all

Tthe rl^

"ovement, may partly or completely cea«e.
or the rate of mspirat.on may be increased, and if the
8l.mulat.on be powerful the respiration may stop in in-
«p.ratory tetanus. The interpretation of the results of

exist .n the vagus which act on the respiratory centre;

ThyXiZ ''-' -' '' "" '""^ ««-^ ""p™ ^y

Stating the case broadly the two kinds of fibres areregarded as inspiratory and expiratory, vi... fibres stiiuu-

e Zr .'"'""'."'^ "'"' "'^'""'"'y P"""°« «' "'« centre
respectively, and this view is necessary if it be held, a!some authonties do, that respiration is a reHex act andno

,
as we have so far assumed, an automatic activity.Both sets of hbres are in alternate activity, and the

question IS, What is their normal stimulus/ Ais labeen determined to be due to the alternate distension andollapse of the air-vesicles, for experiment shows that if a"rbe pumped into the lungs expiration i« excited, and if t besucked out inspiration is excited. Accordingly distension
of the air-vesicles by the normal process of inspira

Z

excites expiration, and contraction of the air-veLtsin
expiration excites mspiiatiou. If, however, the respira o ycentre is regarded as primarily automatic, the inspiratory
et of fibres may be considered to increase the rate o^
espiration, the expiratory fibres as inhibiting or con
rolling inspiration, and thus producing expiration. Ifhis view be adopted the act of inspiration proceeds fromhautomaUc centre which requires no o«ier stimu u"han that ^vhich it generates within itself, while expiration

airvesSes™'"
""""''"'°° """^ed by distension of the

The nature of the internal stimulus to the -espiratory
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centre haa led to much diacamiion : it uppeura now to b«

Renerally Accepted that the moHt important htimulux to its

BUtoDiBtic action in the gaaes in the hlowl. Vonoim blood

circulatinK through the centre cau.-iea the respiration to

increase in force and rate, while blood containinf; a full

amount of oxygen lowem the excitability i the reiipiratioiiit

slow down, ur even become Bus|)ended. Carbonic acid

may lie accepted as the chief Ktimulux to the respiratory

centre.

CaiiM, „f l-'iril lii»i>iiaii(>ii.-~M this point it is eonvenitiil

to consider a question previously deferred (p. H!i)—viz.,

\V)iat is the cause of the llrst h> of inspiration in tlir

fii'tus? When the placental < irculation is cut olT, tlio

respiratory centre of the fdtus heconies stimulated through

the increased venous character of the blood nowcirculutiiij;

through it. As u result of this, inspiration is automatically

produced, but it is also assisted by rellex impulses carried

from the surface of the skin due to handling and dryini;.

Handling the skin of the fdtus while still in idrm with the

placental circulation intact may provoke respirations, and

in all animals the very first act of the mother is to drv

the fa-tus and stimulate the skin by licking.

hiiitmn n/ tin' I'hicmv Sen-en.—We have referred to the

cutting off of the respiratory centre by dividing the cord

above the ph.enic. If the cord be divided below the point

of exit of the phrenics, the channel between the re-

spiratory centre and lungs via the spinal cord is not

interfered with, but the resulting paralysis of the abdominal

and intercostal muscles necessitates that the action of tht;

diaphragm should be more powerful. If one phrenic nervi

be divided half the diaphragm is paralyzed, if both be

divided the whole diaphragm is paralyzed and eventually

undergoes fatty degeneration. Sussdorf Ktates that division

of the phrenic nerves in the horse leads to difficulty in

breathing, increased heart action, and the collection ot

ficces in .the rectum. In about twenty-four hours these

symptoms pass away, and if the animal be worked no

appreciable difficulty in breathing is subsequently observtil.

t' . (1
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^* Axnount of Air v

oxpTimentH have heen m^e"^n'^Iii^""'""°'" wpimtion
the amount of air they rZire and th

""""*'' '" ''*"«™'"''
The horse is of all other h„ ^ ""''*'• "' ™''P'>«tion.
«reate.t practical intereratarheTn'rh"'"'''' '"'""P' '""

;r"^«e 0' u in ™n„ee.s:ir;rh::riro^

'^- iii::"^- In;;: ^rr-^-''' -'''«'-
ordinary repone he draw" ,nt

^ '""P'™"""
= '•""''«

;;0
cubic feet (2.265 to'.Ls" re^Tf

'""'."" "° ""'
though considerable varia ion T .

"" '" *« hour,
wme animal.

'"" """^ '-« '"""d even in the
An ov ige insjiiration in thB J,„. ^ .

"mountB to about 260 cubi inches Mm' rf
'"'"'' '"'^'"^

"mount of air which flows in and o,,t i '"*'^' """^ "'«
r-p.ration is known as the"2 „"'

^T''°"''^'''y I"'*'
'8 only one-tenth of what Vh

SP^aking roughly it

^-iningnine-tenthL; mat; "„;«' 7 -"'-
=

the

and above the tidal wWchTan" en"'
• \ """ "^^^

mspiration, while the reserve is H.nJ u
'" ^^ * '""'^d

which can be expelled by a ore^-^"'.''"''" ""<""'
powerful expiratory effort is u3e tr""""-

^'"' »<""
'wgs all the air they contain »nHfh

'*'"°^* ''°°> ">«
»« the m,rf„a, air. The "^.Tf"

" "'"'""" '« ''"own
observed in the amount ofrtlr''''^" ''^^^ *">-« been
under apparently iden" cj condt'"

'° ^' '^' »"»« an>n,als!

^plained
;

the Vht^d sTurS^^^^^^^^^
"' '"'^^"'"^'^

*" rhythm and depth of he
° '.'"'" *"*'» '"'"'

'nfluence of work the amou^^ ofT™ '°"'- ^"''«' ""e

-^ - * rule the faster he pa/ heT™' -'^ «'^"'--
pace the more air needed;

8

i
4

lit
^ li::

! r



n4 A MANUAL OF VETEEINAKY PHYSIOLOGY

on this subject very eontradictoryJ P
^^ ^ ^^^^^^^

greatest variation, ^urmg severe wor
^^^^^^ ^^

a horse is taking air into h'» '""^ ^ and probably
850eubicfeet(24,067Utre^perh-al^^^^^

„,ore; the respiration '"-^J'^l^e ^^^^^ ^^ ^„, ,^
during repose may now be inyth. g ^^.^ ^^^^^ ^.^ .^

per minute. The effect of '"Ir^S '"
j ^^ ;, calculated

that in man a deep '"»P''''''°" "T^ In such paces

capacity of t^e alveoli by distending t^en.
^.^ ^^^^ .^

as'the canter, trot and .alk the amoun
^^ ^^^

under natural conditionB
^^^^. ^^ z„„tz and

A horse in a state ol repose
^^ j^^„^_

Lehniann produces 3 cu^Je^C^^^^^^^^^
^, ^^y^^„ ., ,,,

and absorbs nearly o4 cubic teen
.^^ ^

expired air is found to have lost 4 l»r ce^^^^
^^^^ ^^^.^

and gained ^i Pf ««f-"'^^y^^, ^.etty closely ^ith the

than we found,* but it agrees i j
^^ ^^^

observations made on other— s and
^^^^ ^^^

he noted that even «~ J^t' exactitude in experi-

or other causes, 'end themselves
obtained,

mentation, the most d'^ergent results hav

and the same thing is observed '" ^^"- j^ considerably

There are cert un evident

^^^J^j\, «, absorbed,

influence the amount of W,J ^^^ ^^^^ ^„

and of these muscular ^vork and th^na
^^^^^^^ ^^

the most prominent. As the resuU
^^^^ ^^^^ ^^^

* -The Chemistry ol EeBpir»t.on m the^a
^^ ^^ ^^^ „„„,idered

Work,' Journal
"//"^'^'"f^;^ lent" to determine respiratory e.

that samples of air are °°';™;'™„„„„ute in the tissues, and an

ehanges, the CO, has a '-»» -™m^.„Uon is necessary sucl> a,

apparatus whi^ii a,
m.t^0P-lnged^^

The apparatus employed u,

was employed by ^untz ar

our observations in shown m Figs.
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t,e production of CO.
^^^Tetler^^Il^^^^^^

amount 0. o^'yeen

^J^^;-!.;^^^^^^^^^
^utionship between

failed to prove a 'l«fi"''2rt,,d and the amount o! work

the amount of o'^JS^" **'"°3, (earbo-hydrates)
increases

produced.
^^^^^l^'^T^^f^^^^'^'^^^^'^ -'

^tn:
the amount of CO, ?«'!"'=;"'

,ji,e respiratory quotient

marked effect i. *ib direct. nTh« P^
^ ^.^^ ^^y, ,

(p. 96) approaches uni y m amm
^^^^^^ ^^

carbo-hydrates, y^"' 7™,,;^ ;, „li the case with animals

«,bl. bj B«"™B'°"-, "!La .i„.l».l hull *••'"»

Horse
Cow ...

Ass .-

Pig -
Sbeep
Dog .

1
Cubic feet.

1 r4: i
^9»

cubic feet.

150
122
50
54-7

82-4

14-0

Cubic feet,

161-0

122-3
50-4

65-1

22-l->

10-:i

tbe air-Bacsdoes all the wk^^^^
^^^ . ,,,a space' of the

ftom the air-saca *« *^no«t
.^.^^ ^, ^^e air at any t«

reE'^atory tract, and the <'°^V progressively

parts of this space IS no toJ^me
^gr

^^^ ^,^^^^

poorer in oxygen ^^^^'^^,^,, the first air to leave

in carbon dioxide. D»"°S « /, _^j^^„,^, ^i^ tollo«
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distends the alveo'i !» th.S .
"^ *" "''"=''

h alveoH
'^''^'^

''"'^T-"^
""' ''"""'^'' "O" occupying

position' of tr'"
'"" 'r ""'' '" ''--'-" 'he com-liusmon ot the air m the alveni; nf ti, i

carbon dioxide in the V^lr^oZy7:;ZCirZ!
foe he «ame as the pressure of this gas in alveolar airdiffusion would account for the exchan™ Zl .

'

« a very difficult one, but easier to 5: frol ts'^r

Mr eL 7" "' ''"^' '^"''^y *°"°™d. found inweir experiments on alveolar n.v n,„i j ,

dioxide regulates the ventilation in the lunTan^ f^

Ttfti '';.r"^
'°' ^«"'°^ "" °' " e" 'heis.n the blood the greater the alveolar ventilation

'

^ie« :"r:rrruses ririi; tt
"^

-b
'-^'^".^

aiss^h^^--^-"^-----„as stimulating the respiratory centre has been urged

I
I'
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as a reason, but does not stand the test of experimental

inquiry, for it is found that the blood leaving the heart

during work is normal in composition. On the other hand,

the evidence that the panting respirations of work are due

to a 'sos.ething' produced in the muscles is very strong,

for if the spinal cord of a dog be divided and the hmd legs

stimulated, increasad respiratory movements are caused,

just as if the animal had beep running some distance:

What the substance is is unknown ; some observers have

regarded it as sarco-lactic acid or acid phosphates, but

noti^-- . definitely kmwn, though it is interesting to

observe tho. dilute acids injected into the blood give rise

to the same condition. But hurried respirations may also

be produced through the circulatory system. In an animal

in training the breathlessneas which it is one of the objects

of training to get rid of, is due to the fact that more

blood is brought to the lungs than can be disposed of. If

the right heart pumps into the lungs move blood than the

lungs can return to the left '.leart breathlessneas follows

The gallop by which an animal gets its 'wind' and

'staying- power, operates through the circulatory system.

Fortunately, the vessels of the lungs are capable of con-

siderable adjustment, they hold more blood durmg

inspiration than expiration, and in this way may be re-

garded as a safety valve to the heart. The important

practical questions of work, ' condition,' and fatigue are

again referred to in the chapter dealing with the Muscular

System.
.

Air vitiated by Respiration was at one time believed to

be poisonous, either on account of its deficiency in oxygen,

its increase in carbon dioxide, or to the organic matter

uixed up with it. Some modern investigators attribute

the ill-effects of vitiated air mainly to the absence of free

ventilation and the warm and humid atmosphere, by which

the respiratory exchange and body metabolism are affected.

Even the number of bacteria in the air is no gmde to

purity ; there may be fewer in respired air than in the

same air before respiration, in consequence of their being
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'".punty to the excess of CO a„d Ifi
««l''«'ory

on that snbjecf '
'*''""*=« "'"""'' '« «ade to works

The air-sounds bo'th ofTnTpi ! t on" f
'" ""* ""y^'"""'

be heard all over the che"t tl «
""''. ''P'™"™ «'>°'"d

•ouderand better n.artd ttl
^'^^-y -"rmur being

n^any perfectly healthy chests thl
'".P'™'"'-^

= '" f«et, in

--ely be heard. The'nl i^^iS""™" ''"
or expiratory i« soft in charac^P .

' '"'''""'"y

The sound is be«c represenTd h \t
""'

•' "" '"'"''"«'^«-

stream of air which'^ Z fl ^ "°'''' """^'' "^^ ">e

v.hen gently blown
""^ " P""" "' '>«"J ''e"ows

«™:iS:::irr;;i:^-^7--e-"-
alveoli. In t^ose portions otl , ?

^" ""'""8 'he

bronchi ar.d larger tubes t

,

'"? '^'"^ "'"^^ *° 'h«

vesicular murmuf a sound -^ ''-" "'"'"'''"
'" "^^

Slottis. This is «; distinct Z 1^ ''' ''^ '^''='""' """l

is added to it, the r s„lb L fW t ''''""'"^ '"""^ but

over the tub. i^.oSrtar it ^r^hr'""?-sound IS weaker and shorter thaTth!'

'

«^P'™'ory

'8 to say the sound is not
™° .'^« ^"'P'^atory, that

-Piration but dies aw^ eLrHhaTfs
'"

f/"'
°'

expiratory murmur immediatelv ^u 1 "^^ ^"«
»i'hout a pause, but tZ t fmirkeT ''\'"^P'™'<"7
--ne expiation and rS-nnirrS

ness ot muscle the sou. d mal be en T,""^
«'''" "'''=''-

'"Portant to note that tr;:rrre^;- /-:;;;

i i:
!!'

: )

Ij "If
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healthy «here. for no apparent reason, the respiratory

murmur is obscure or even undetectable.

FatbologicaL

.- ,r,A Plemlnv in the horse are very common in early

of fluid into the cavity of the thorax is a common sequel to pleurisy

;r^i^::::J rc::;:::^^--.^" <" which ^ve t^ir si...

!St:^:J*tr::i::r::t:;i-^::-;

iMirilrn of blood to the left heart.

Bronchitis is probably rarely a disease distinct fr„n> pnoumon..

'Broken Wind' is one of the most interesting of tne various cl.t

,• !r.he horse- it is a condition peculiar to this animal, hal.lc

clgh bLmcs established, and the animal unfit for anythms but

"'

Rol^ is a nervous affection, to which sufficient allusion is made

in the section dealing with the larynx.
ff„M;„„ a„,. to

R„«.m of the Diaphragm is another rcspn-atory affect on due to

S^~^^o=^trr:3ta:^^

:

""^uX^e'oMhe'Dla^hragnt is a cotnmon 'e.on 're.uently aue to

disorders of the digestive canal, the gas generated m the mtestn

bZ suft-lnt to burst the diaphragm. Falls are by no means «.

'ZnlT cause; for example, an animal falls on to ..s head, aad
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logical interest.
muscular. Tins point is of phvsio-

o/p^t Ztr:C'' '''''^"*""'''''''----''• -o.,eo"tion

or^old' "itprnTst'l "'T.'" "™«"- ""-"0". or of
In the o. pneumon : U ™re 'rith't^"'

'''""^' "' "'--''

none of the other diseases men L.V k
'''''«"^'' Poetically

found.in any ruminant
''^°"' "^ "^""'"X ""e horse are

The ^LVXHl'-r^if"T,^
'°?'-!;::°""^'^ "-='-- 'he cric^oid

«pace between these two musele, inj*^ f'"'^ 'a»e'™lu8. The
ventneleof thelaryn.. 8,Cricoarv,. i™ ','"' P™"'™ of the
thyroid muscle, the bulk ofwS r^ "''I'""

'a'eraliH. 5, Crico
and cannot, therefore be sre^ tcT'^' *f

"'^•°« ^rtlC
V, Portion of cricoid c^rtila'eihes'h^.l"!'"'^

'""''''"" Posticus

«_^^^;
.presents where it "Sd t^^^tht^^''Cl:°V/X:^the
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Section 2.

Th« larynx.

placed at the Buramit <''.*«"*':"',;„
;„ ^ize. and 8o

being capable o! in"^''^'"^
"^^^^J^J o" air to enter the

allowing a larger or «>"''"«' ;",,;;, eords arranged

lungs. Within '»>« "y"^:™'';,
onnected solely «ith

V-shaped, the «-«'-";'
"^'tf Both the respiratory

the production o! sound (^'8- »^'-
^^„, .ts of the

and vocal functions '«'!"''«

^f^^*^' ^outh o? the organ

larynx should move, v.z., that "^«
"°"

^„^j, should

should be widened or ""'o^ '

'hten ^ or slackened.

it are known as the a'^/"'''"';^
j^g^.to^e be divided into

The Muscles of the Larynx "-^y*™ ^, the mo.t

those of respiration and P«°";f^'f 't'„i„g or dilating

iniportant feature in respiration « the open g ^^
^^^^

of the glottis, the term respirat^y -«-'«
l,,,,n,^rs

fined to the dilator of the gl""';- ""^^
\-^^^ constrictors

would represent ^^J^f^^'io" function, as, for

are included under this head.

Bespiratorij Mwcks.

Crico-aryimoideuB poalicns.

Dilator or abductor,
crico-arytemideu, lateralu. Ar,j-

Constrictor- or aaductor, of the ^nc^^^^./^^^
^^^ Thyro - ar,jl>-

gl"""' mideut.
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anI«„„T,r th!TT 'r
'!'*"'"' ""'' P"'"""" »"• direct

the a vtJn1 ™"''^'"'° "* «'°"'''' "« P°^'«« -^^S

wder the epigloUi, is than the opening fhal .„ cover.
'""°''

;)!; :l

:^t

Phonatory Muickt.

Mu.le which relaxes the vocal T/.,.o-„.,,™„-,„„, ,„,,^„ „,
Muscle which renders the c„,ds cZ^Vor'^""

'^"'"'""-

tense, ^

'Xtber'"'
'""'' "" '"'' The respirator, adductors.

Muscle wmch n^oves the cords The respiratory abductor.
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The entrance to the larynx U formed ..y the tw" -y^noid

..tUa«eH. the epi«lottiB. an., the aj^'"
f^^^^^gEeU

the«e is the glottis proper, viz., the \ -nhapeu oi^"" B

,vlhe vocal cords. When the laryngeal opening dilates

th« mrds are approximated and the space renaereu

narroTe! (Fig • sTand B«). Buring ordinary respiration

Ire U iv little i. any alteration in the shape and

-->^.v\

'
i

4-1! with Fig. 82.

Bize o! the glottis; but during exertion every inspiratory
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of the tongue vreoZtL T. """"<"»;"« the base

'B carried backwards by tl e bte o,1 .'''"''*'" '""''*• "-- t>.e ar,tenoid.;\;::;7/'' .7- -'pressed
advances, with its arytenoid pl^i ,

'"""' """"6"'
After the act of swalWW the

^'' '''°"*'^' "('"""imate,!,

-cedes, and the epigM sVet rrfo"?'"*"""'
'"^ '""-^"^

of its elastic recoil. It I2 !"'?'. '""'"''" ''^ •"«""'
««1U condition of the larynx Itth" 1 " '"'"' "' '"''''

" has ''eenremoyedS by di^^^'^''^"'"
'•'''"'''«"«':

and its place is then taken h^t^T" "f «-^P«"°>entally.
'•» an arytenoid carWal e"senti^

'"''.'" ""' '°"8"«- Nor
The Nerrou. MechXIm ''''*^ '" "wallowing.

«"" to the mucousS 1!', "^"'V'*''"'''''-
Sen'a.

the crico-thyroid m s2 i^lXd ' •"'
.r'"

'"'^«' '"
"nimals by the superior lartn^n u"

"'" ™J''"'y «'
nerve containing bo h senfoT

/'*""'' "^ "'« -"Sus. this
horse the motor fibrelrunnn?- T.

'"""" '"'''"'• J" "'«
derived from the first cerWcaIn T'""' '"'^^g^o' "«
All the other mu^ie^^iTrf ""''"'""« ^"g"'-
applied with moto ;,oi

\;'''":'°'-/"'^ "•'"-'or are
laryngeal b.anch of the va„„J i!

•°'*"'"' "' «<""•«'"
aWuctor and adductor ausCes IZuT^' """ '"'»'

source of nerve supply rndorl "".^^^ ""« »""»«

- which detern^ineZliZlTlT: ' "^''^ "•">' "
elosmg muscles shall act at anv

'''"'"« ""^ ""'^ *he
actory explanation of h! fact I,"'""."'""'"'

' ^^ »"««
l^now is that both dilato ^nd contic ""fi;;*'"^'^-

^" ''^

I li li

Tff
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i 1

Bbductor paratyiig, and injury to the fibres going to thn

musclcH which cIoho tlio larynx producing adductor

parnlyeis.

If the recurrent laryngeal be cut and the peripheral end
trongly atimulated, the glottie iilinoBt invariably ia found
to close ; in other words only the adductor fibres appear to

be acted upon. If a irniA' stimulation be applied the glottis

opens, viz., the abductor muscles are affected.

Another curious tact in the history of these recurrent

nerves is furnished by pathology. In the disease of horses

known ns • roaring,' there is paralysis of the left al)ductor

muscle of the larynx, viz., the crico-arytenoideus posticus,

the wasting and fatty degeneration due to paralysis being

very marked. It is not unusual to find the adductor

muscles normal in appearance, or presenting very little

sign of disease, and even if pale and wasted the degrui.

of degeneration cannot be compared with that furnished by

the abductor muscle. This is a difficult fact to explain

;

one would think that as both abductor and adductor

muscles receive the same nerve supply, equal wasting would
occur in both groups. Again, it is obser\'ed when the

recurrent has been divided experimentally, that the abductor

muscle loses its irritability long before the adductors, and
the same fact may be observed in post mortem stimulation

of the nerves. If the recurrent laryngeal nerves be divided

under ether, and the peripheral ends stimulated, adduc-
tion of the larynx is obtained ; but if the ether narcosis

be pushed to a dangerous extent and the nerves then

stimulated the larynx dilates, that is abduction follows.

These and other observations have furnished a law which
is of clinical significance, viz., that ia functional disturbance

of the larynx the adductor muscles are first affected, but

that in changes accompanied by organic lesions the

Bbductor muscles are the first to suffer.

When one recurrent laryngeal nerve is divided the vocal

cord on that side remains immovable and therefore cannot
approach its fellow ; the healthy cord endeavours to com-
pensate for the weakness of its companion by passing
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cor<l Happing il^ut o til '^ " ""'""y"'' ^O""'

i"»piration. which .. 1 e
'

,»„'.
'"":"'' «'""'"'" «'"=h

accompanie. the d Lai
''*'''"'"'""

''''.V 'he noi,e which

expiratory.
^"^ " "'""y'' '""Piratory a„d never

I-oduced by the te^L of t'h
*:!"'' ,"' "'« ^i"" '-«'"«

due to the «^.ape ortircofd ' i^ h'ift'

J'."'^ """'"^ '«

ness. The position of the reeon!,:. I ?'"^"'"' " """•

»outh, pharynx. posterrnZ "'/"''*" '"='' «" "-e
a'- importantly 'rffeetltle^' rVe""'

"'"?""
obvioHH that the chief alt«rJ; • ,

'^°"'«- '' '»

Phonation refer to thocS^ '"^^"^ ''"""«

(y the adductor muBclerlT ""^'V" "PP™"™'**!
n-cle. whiUt th:;S idTvT^^ 'he abductor

and tightened by the cricot^roid '
The Iat?""'''"°''""'a peculiar action, it lowers Z\ ^''V*"'''

muscle has
cricoid and swing, the wZ of thl^ -f'""«* °" ""e

rendering the cords tense Thl l'""'^
""'""^'^ """

cord produce changes L the shaSoftrVs" ''/ T"opening; in a high note the riT;.. • ^^^^'^^^P^^ glottal

slit, in deeper notes the cord!
" "'^'""'^ '° * "«™

'oreed through th larynx of a deTd T""*''- " "'' ''«

of the cords altered a sound r . \T' """ ""« '«"«°n

•^
produced. Th:VntS o7Z l^td "^^^ -"^

'he mouth, nose, pharynx etc Zt ^ ^ "^"'^'^^ °'

filled with air, they effect' ft .f°
^'^a'ore. Being

'i-hty of the'voroTan?!^;^";!"' '"^''"°"= '"
'^'

character; thus the false noBrl. f?." "' ''"""<=«^«

'he frightened or 'fresh' h^. *.
""'^ "'^ ' =°°" ' °f

-hinnyandneighof pleasure the "^r'
'='""»''«" '^^

-«h Of ^^Patfenee. tre;:;'::rere?Te';:
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not consider that the guttural pouches act as resonators,

and Colin obtained no alteration in the character of the

neigh by opening them.

The voice of each class of animal-horse, ass, ox, sheep,

and pig—ia so distinctive that we may recognise their

presence without seeing them; yet though the larynx m

all these animals differs more or less, the difference is not

sufficient to offer any explanation as to why the sounds it

emits are so entirely distinct. The voice of male and

female animals differs in intensity. The wild neigh of the

stallion is very different from the neigh of the mare, and

the bellowing of the bull is distinct from the Mowing of

the cow. The operation of castration has a remarkable

effect on the voice, the neigh of the gelding resemblmg

that of the mare.

In the horse the voice is used during sexual and ordinary

excitement, also during fear or especially loneliness, dunng

pain, anger, and as a mark of pleasure. It is not possible

to convey in words the difference in the notes produced, but

they are easy to recognise. The horse is essentially a

sociable animal ; when accustomed to be in the company of

others he dislikes separation, and shows it by persistent

neighing, which is perhaps more noticeable amongst army

horses than any others. The neigh of pleasure is often

spoken of as the ' whinny"; the word rather conveys an idea

of the sound made. Sounds which can only be described

as 'screams' are often evoked during 'horse-play' and

temper, or by mares during oestrum. It is not a scream

as we know it in the human subject, but no other word

conveys an idea of its shrillness. If a horse cries from

pain (which is very rare), as during a surgical operation,

the cry is a muffled one and short; it is a groan rather

than a cry.
, , . xu

In the cerebral cortex voice is represented in the prie-

crucial and neighbouring gyrus of the dog, and corre-

sponding regions in other animals. Stimulation of this

region leads to bi-lateral adduction of the cords; it is

curious why stimulation of one side of the brain should
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lead to movements of both vocal cords. There i» no region
of the cortex of the dog v,hich leads to abduction of the
cords, though such a region is found in the cat. The
cortical centre communicates with a subordinate centre in
the medulla situated in the region of the fourth ventricle
and stimulation of certain parts of this centre leads toabduction and of others to adduction of the cords

Neighing in the horse is produced by an expiration
partly through the nostrils and partly through the'm th
ra..n. in he ass is both inspiratory and expiratory,'
nos Ills and mouth each taking a share in it The
ventricles of the larynx are large in the horse and relatively
still larger in the ass and mule; they act as resonator;and allow of free vibration of the vocal cords. According
to Chauveau both ass and mule have the subepiglottic
s.n„s provided with a thin membrane capable of vibratin

"

In the ox, sheep, and goat, the larynx is very simple, ther^
are only rudimentary vocal cords and no ventric es ThebeUowmg of the ox and bleating of the sheep are expiratory
efforts through the mouth. The dog and cat have a larynxsomething hke that of the horse, but the ventricles are-hallow; the voice is produced almost entirely through themouth hough both growling and purring may oc urthrough the nostrils. ^ ""^

Yawing is a deep slow inspiration followed by a short
expiration

;
the air, even in the horse, is taken in by themouth, which ,s widely opened and the jaws crossed

Sneezing and Coughing are expiratory efforts. The former
occurs solely through the nose and, excepting in the dogand ca

,
IS unaccompanied by the peeuliar' soimd at^dS

t ns act m the human subject. If snuff be introduced intohe nostrils
0^^

the horse, a pecuhar though well kn wlbration of the nostrils occurs as if the animal wereowing Its nose, and this is. in fact, what it accomplisrs
IS an entirely nasal sound, the mouth takes no share in

„ I f"
• ,^°"8l"ng occurs through the mouth, the Ion-

pulate m the horse being raised for the purpose. lllZlcoughmg can occur the lungs must be iilled^ilh air and
•J

mm
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the glottis closed; a forcible expiration follows the glottis

hrecough. and has been referred to more fully on p.
120.



CHAPTEE V

DIOESTION

Section 1.

DlgeBtion in the Mouth

»pper one inBignificant.
PO'nted and the

Iipe\'^rfn^"^-"'
'*' '"'"« """^^'^ '•'^ 'ood with thelips, but in grazing cuts off the erasB wifh fi,

•

teeth, drawing the lips back in order thalh. '^T'
closer to the m-nnn^ T^ «. T "' *''^y ""*? bi'e

oental pad. In the sheep the divided upper lip allows ofthe mciBors and dental pad bitinc close to «,! ?

undergo a more or less compll*jL"4" ' "" "^

In the ox and sheep the incisor teeth move freely in their
1*1 9-2

.;.^mkk^^
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BOcketB, the object of which i8 to prevent injury to the

dent^ P«d, for which purpose aUo they "«
P"";lrin

obUmiely in the jaw. In the horse the mc.sor teeth in

Ste are very upright hut become oblique with ^ge^

The molarB in all herbivora are compound teeth
,
in the

Lrttey are very large, especiaUy t|>o-j \be

^^^^^^^^^^

:irialtoth/grinajg.dcru^^^^^^

„"cir::atolara;e crstaX. though slowly, bein«

IA M.
1 1 1

1

Best and Mastication.

„J „ppe, jaw, U {owe. iaw EM right^nioW, LM .^^

right lower ""If•
i'^^"'SXe ^ 'he lower row in .pposilion

teeth during rest, the
""''f'^"",. The iawa foUy crossed

r't-TniaTtirESe^ute^hSof^hhower teeth wearin,

against the inner haU of the upper.

pushed out of the sockets which hold them; m this way

TeS and tear is compensated for whilst the fang o th

tooth becomes correspondingly reduced m length. It >

owtag to this fact that the incisor teeth alter ,n shape an

arrecWon and so enable the age to be determmed Ih

Ses of'the molar teeth are not flat but obl«iue ;
tb. .
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especially well seen in the ho.ce where the cutting surface
is chisel shaped, the upper teeth being longest on the out-
side, while those of the lower row are longest on the inside
(see Fig. 34). This arrangement produces sharp teeth,
which are a constant source of trouble and loss of condition
in horses.

The movements of the tongue are important. In the ox
and dog they are very extensive, the former animal having
no difficulty in protruding the tongue and even introducing
the tip into the nostrils. It is not a very common habit with
horses to protrude the tongue except when yawning, but they
have considerable power in withdrawing it in the mouth.
A great difference exists between the tongue of the horse
and that of the ox; the former is a«!)by, broad and flat at
the end, constricted opposite the frenum, and swells out
at the apex; it is comparatively smooth on its surface.
The tongue of the ox narrows from base to apex, the
latter being pointed

; it is very rough, which prevents it

from losing its hold on the food, protects it from such
injury as might be inflicted by coarse grasses, and is also
of value to the animal in cleaning its body. The tongue is

supplied with motor power by the hypoglossal nerve and
with sensation by the lingual branch of the fifth, which
supplies the anterior two thirds of the mucous membrane,
the posterior third being supplied by the lingual branch
of the -losso-pharyngeal

; the same nerve also supplies
the senjo of taste to this part of the organ, while taste
for the anterior two thirds is supplied by the chorda
tympani of the seventh pair.

The inside of the mouth of the ox is covered with long
papillffi, which look backwards

; these would appear to be of
use in preventing the food from falling out of the mouth.
In the horse no such papillse exist, in fact the lining mem-
brane of the part is remarkably smooth. The majority of
animals have irooves in the palate ; they are well marked
in the horse, ox, sheep, and even in the dog. Their func-
tion is probably connected with assisting the tongue to pass
the food back in the mouth.

'I

•

- »
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the liDB at the same time being cloBed all round, e^'ceP^K

the nipple and curls it in from each Bide
;
by ^ « "«»"^
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simply turning on its centre, whilst its fellow describes an
are

;
this is why the movement can only occur on one side

at a time (Gamgee). During mastication the contents of
the orbital fossie are observed in the horse to be alternately
ascending and descending. This movement is due to the
coronoid process of the lowei jaw, the fossa being pushed
up as it comes forward and depressed as it recedes. The
muscles which bring about this important lateral move-
ment of the jaws, which in the ox, owing to the freedom
of the articulation, may be termed rotatory, are the two
pterygoids, especially the internal. The herbivora can only
masticate on one side at a time ; when tired on one side
the process is reversed and the opposite molars take
on the crushing. It is surprising the length of time an
animal will carry on mastication on one side ; even as long
as an hour has been observed in the horse by Colin.
Gamgee noticed that in the ox the first stroke of the molars
is in the opposite direction to the regular action which
follows; thus if masticating from right to left the first

stroke is made from left to right. It is important to
note that in those animals where a single-sided lateral or
rotatory movement in mattication is necessary, the upper
jaw is always wider than the lower ; this we can under-
stand, for if both were the same width the molar teeth
would not meet each other when the jaws were crossed
for lateral mastication. This extra width of the upper over
the lower jaw, in conjunction with the peculiarity of masti-
cation, explains why the molar teeth of the horse and other
herbivora wear with sharp ehisei edges (see Fig. 84).
In the horse mastication is slow and as a rule well per-

formed
; he takes from five to ten minutes to eat one pound

of corn, and fifteen to twenty minutes to eat one pound
of hay. In the ox mastication is imperfectly performed to
start with, but the material is eventually brought back to
the mouth by the process of rumination, and undergoes
thorough re-mastication. In the dog mastication is imper-
fectly performed ; after a few hasty snaps of the jaw the
material is swallowed.

<' '

1 ^g:
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|!li|

Opening the month is equivalent to depressing the lower

jaw, for the upper takes no share in the process. The

muscles which open the mouth are comparatively small,

lor very little effort is required, the xtertw- and ntyln-

maxiUarit and iliiiastriciia perform this function. On the

other hand, the closing of the jaws in mastication is a

difficult task, and for this purpose very powerful muscles

exist, they are the inaHfteterH, tciniioral» and jiteriiijohU.

In the dog the temporal muscles are considerably developed,

whilst in herbivora the masseters are the largest.

The nerves employed in mastication are the sensory

fibres of the fifth which convey to the 1 rain the impulse

resulting from the presence of food in the mouth, while

the motor fibres of the same nerve supply the needful

stimulus to all the muscles of mastication excepting the

(hfiaHtiicua, which receives its motor supply from the

seventh pair.

The process of Deglutition i» usually described as occur-

ring in three stages. The first stage practically compriaes

carrying the food back to the base of the tongue and press-

ing it against the soft palate ; it is a simple process and

readily understood. In the second stage the act is complex,

for the bolus or fluid has to cross the air passage and must

be prevented from falling into the nasal ch.tmbera, or finding

its way down the trachea. To accomplish this the soft palate

is raised and so closes the nasal chambers, the tongue at

the same time being carried backwards, while the larynx and

pharynx are advanced. This movement causes the base of

the tongue to press on the epiglottis and close the larynx,

which is further secured by the arytenoid cartilages and

vocal cords coming close together. The bolus or fluid can

now safely pass towards the pharynx, being grasped tightly

by the pharyngeal muscles and pressed into the oesophagus.

In the third act of swallowing the food is carried down the

cBsophagus by a continuous wave of contraction, which

starts at the pharynx and ends at the stomach. Chauveau

points out that owing to its extreme length, the soft palate

of the horse passes completely into the pharynx during the

III. I
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second act of deglutition. The length of the soft palate
prevents food or water being returned by the mouth when
once they have entered the pharynx, so that in vomiting, or
in cases of sore throat, the food, water, or other material
is returned by the nostrils.

The action of the epiglottis in the closure of the glottis
has been much discussed. We have described it as being
forced over the opening by the base of the tongue and the
advancing larynx

; but the epiglottis is not essential to
swallowing, for an animal can swallow when it lias been
removed, and even when one of the arytenoid cartilages
has been excised. With a finger in the larynx it can easily
be demonstrated that the part tightly and forcibly closes
during the second stage of swallowing, the vocal cords
and arytenoids being brought so close together that the
glottis is perfectly air-tight. It has been pointed out that
animals usually swallow with a flexed neck, as in this
position the epiglottis is behind the soft palate and in the
most favourable position to be applied over the glottis ; it

has also been shown that when the head is extended the
epiglottis is in the mouth, viz., anterior to the soft palate.
We have found it in this position in the horse, and judging
from the fact that in a state of nature the horse and ox
swallow with an extended and mt with a flexed neck, it is

probable that in feeding off the ground the epiglottis is

anterior to the soft palate. During the third stage of
deglutition the bolus can be seen slowly travelling down
the channel of the neck ; if liquid however be passing, the
movement is very rapid, for as many as sixty swallows may
be made in a minute. Koth in eating and drinking the third
act of deglutition can occur against gravity ; this is because
it is a muscular act. The whole proctss of deglutition is

considerably assisted by the salivary secretion. When this
has been experimentally diverted swallowing only occurs
with difBculty and very slowly.

The (EBophagus of the horse is found to differ consider-
ably from that of most other animals. It is composed for
the greater part of its length of red striated muscle,

'l:i
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while at and near ita termination the previouBly thin

muBCular coat becomes very thick and rigid, and tlie red

gives way to pale non-Btriped muscle i
further, the lumen

of the tube becomes very narrow. The thick terminal en.l

of the (Tsophagus of the horse is always closely contracted,

BO that if cat through close to the stomach no material can

escape ; this is one explanation why horses vomit with such

difficulty. In the ox, sheep, and dog, the tube is com-

posed of red muscle throughout ; it terminates in a dilated

end at the stomach, and owing to its thin distensible walls

even bulky material can pass along it ;
what the ox and

dog can swallow with ease would certainly 'choke' the

horse.

The first stage of deglutition is voluntary, but the re-

maining processes are quite involuntary, and are brought

about by the stimulation of a centre in the medulla known

as the swallowing centre. By mep.ns of ingoing or afferent

nerves supplied by branches of tne fifth and the superior

laryngeal, the centre is made acquainted with the fact that

food is present in the fauces. A reflex act is now set up

in the centre and an impulse conveyed to the muscles of

the part by outgoing or efferent nerves, furnished by the

pharyngeal plexus (composed of the vagus and glosso-

pharyngeal) to the constrictor muscles of the pharynx, by

the hypoglossal to the Uingue, and by the recurrent laryn-

geal to the muscles which close the glottis. The glosso-

pharyngeal is the inhibitory nerve of deylutition
;

if the

central end be stimulated it is impossible to produce the

act of swallowing. Swallowing may be induced without

the presence of food in the fauces ;
touching the rim of the

glottis will produce it, as also will pouring tluids into the

trachea, or even touching the interior of the trachea as far

down as the bronchi. The swallowing centre also presides

over the a-aophagus, and the perista' -. wave from the

pharynx to the stomach is produced hy impulses sent out

from" this centre through the vagus. This wave is, there-

fort not due to the nerve handing on a contraction by

direct conduction from one layer of the muscular wall of
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the ifsoplisgua to tlie next. Henee, wlien oiiee atiirted it is

not arrested either by ligaturing or dividing the cesophagua,
though aection of the oesophageal nerves prevents it. It

is not uncommon in watching a bolua paaa down the
neck o( the horse to see it auddenly come to a atandalill,

and then slowly pass on again after probably an attempt
to ascend. This is generally due to absence of saliva.

In rumination and in vomiting the wave runs upwards
from the stomach to the pharynx.

The SaliTO.

During the process o' mantication the food becomes
mixed in the mouth with a fluid known as saliva, the

secretion of which occurs in three distinct pairs of glands.

The method by which it is formed is important to under-
stand, as much the same process occurs in other secretory

glands which we have not the same opportunity of watch-
ing during their activity.

Olasalflcation of Salivary aUads.—The three glands which
secrete saliva are the parotid, submaxillary, and sublingual

;

these are structurally divided into two groups, mucous and
serous (or albuminous) glands, the submaxillary and sub-

lingual being types of the first, the parotid the type of the

other. The salivary glands in the herbivora are of con-
siderable size, the submaxillary and sublingual being well

developed in the ox, while in the horse they are rudimentary.
According to Colin, there is no relationship between the

weight of the glands and the amount of fluid they secrete ;

the parotid in all cases secretes more thon the oth rs. In

the horse it is only four times heavier than the sub-

maxillary, but it secretes twenty-four times as much
saliva ; in the ox the parotid is not so large as the sub-

maxillary, but its secretion is four or five times greater.

Amount of Secretion.—Colin places the daily secretion of

saliva in the horse nt 84 lbs., and in the ox at .12 lbs.,

though the amount will depend on the dryness of the food

consumed ; thus hay absorbs more than four times its

I . I
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weiBht ol mliv». oat. rather more than their o«n weight,

and green fodder hall its own weight.

„,u"L. opa.e.cent. or .lightly turbid «"'» 'h.';
-J''^

froth, when .haken. On .landing expoeed 'o the a.

throw, down a deponit of carbonate ot hme due to the o .

of it. carbonic acid. It ha. a .pec.fic gravity »' 1«»» >"

the hor.e. and 1010 in the o.. Exammed m.cro.copu!ally

aiva i^seen to contain epithelial ncale. and .ahvary

orpuHcle.. The latter are .mall ™»"'» «™"" " /«"

whfch seem to be altered leucocyte, and "'«
P™J»J^y

.lerived Irom the .olt p«late. About r, per cent of the

„aliva consist, of mineral matter, and "2 per cent., more

Tr le... of organic matter, the latter consisting of mucin

Iwhi'h gives 'saliva it. well-known viscidity and ropmes.

and small amount, of proteid substance, the nature of

thich ha. not been exactly d«'«"°'"'"^- .*'""'"
^tcarbl

a peculiar group of proteid bodie. combined with a carbo-

SrZ .or which '«>e Appendix. I'tyalin or .ahvary

dLta.e i. the mo.t interesting organic ';0'"'"»«"' ;'

s^va in man, but it i. doubtful i« it exi.t. m the herb.vora.

and under any circumstance, its amount has not been de-

termined. Ptyalin i. also absent Irom the saliva o the

doT The salt, of saliva are principally carbonate of lime,

alkaline chlorides, and phosphates ol lime and magnesm

A .ub.tance known a. sulphocyanide ol Po'--"- *>-

'^^J
lound in minute quantities in the saliva ol '^e human

subject, bat i. absent from that ol the »?--•
.

T^^ «
-

nf the saliva are principally carbonic acid, with traces of

'xytn and nitrogen ; there i. no body fluid which contains

so much carbonic acid as saliva (65 vol.. P«>-.
<=«"'•>•

J^'^
three salivas have different physical P™Pe'"f^^""^
saliva is watery, clear, and free Irom mucm, but contam

a small quantity ol proteid; submaxillary and subhngu

saliva are viscid, especially the latter. In man the parotid

saliva is rich in ptyalin.
. . ,. i- „

Colin has observed certain peculiarities in the secretion

of saliva in herbivora which deserve carelul attention.
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He demonrtmted that the Mention from the parotid, i.
unilateral, the glund on that aide of the month on which
the animal ,» maBticatinR KocretinK two or three times aa
much ai lU fellow

; the eubmaxillary and aublingual glanda,
on the other hand, necrote 0(|ui.lly, no matter on which
aide mastication ia being performwl. Further, the parotide
aecrete during rumination, the unilateral aecretion atill
bemg maintained, whilat the aubmaxilUry and aublingual

KlO. ,S,1,--ApMHATU>. KMPUIVED by CotiN ,N EX1.KI.IMENTS ON TH,hKcRBTloN OF Parotid and Mdbmaxiuabv Saliva.

glands are during this process in a atato of rest. In a
fasting horse the parotide are quiescent, while in the ox
they are active. Observations tend to show that in the
former animal during fasti,.g the mouth is kept moist by
secretions from the aublingual, palatine, labial and molar
glands. The glands of the mouth are extenbively developed
in the horse, particularly the palatine, and some large ones
close to the epiglottis; their secretion is extremely viecid.
Neither the sight of food nor the introduction into the
mouth of sapid substances, produces any effect on the
salivary secretion from the parotid of the horse • sapid
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substances, however, stimulate -bmaxiUary Bec'etion^

The apparatus used in these experiments .» «hown

^'-rh! ». of th. saliva in herbivora is to "-'"";"
7;'|;'„*,

tion nd swallowing, stimulating the -'-« °*

'^'"t;^
„ ruminants assisting in ruminat.on. A-^^^^J "8j°J„";
observations on the horse, saliva has no chemical action on

sir. !:.;•* :i'"i..°V»- -'--'•
because they can digest cellulose

I, boiled starch be mixed ^"^
filtered human

and kept at a temperature "« "^J .,
n « ^^o

the characteristic reaction of a blue colour wi

disap^ars,and a reddish -lou-s ormed »
^^^^^^^^^^^^

0, this reagent, -"^ ^e
^^e the fluid which

known as erythrodeitrln. At «°'8 ""|
ovidence of its

found tl"*' ^o;*^
°7,;, „=,,, evidence of containing a

disappeared, and the f^^^
^^l But analysis shows that
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substance present besides sugar, which is produced as the
result of the action of the saliva, and to this the name
achroodextrin has been given ; it is formed from erythro-
dextrm. The sugar formed from starch by the action of
saliva IS not grape-sugar but maltose

; glucose (dextrose or
grape-sugar) only being found in small quantities if at all.
This action of the saliva on starch is described as the
Amylolytic action

; it is due to the presence of Ptyalin which
plays the part of a ferment. The process is permanently
destroyed by a high, inhibited by a low temperature, re-
tarded by a slightly acid or alkaline medium, and destroyed
by free hydrochloric acid. If starch be boiled with a dilute
acid, conversion into sugar occurs. The difference between
the action of boiling acid on starch and of saliva is that
the latter can only produce maltose whereas the acid pro-
duces dextrose.

The view we hold us to the non-amvlolyi,u action of
saliva in herbivora is not supported by other observers:
Ellenberger* distinctly states '.hat both the parotid and
submaxillary secretions of the horse and ox can convert
starch into sugar, but in the case of the horse it is only
the sahva first secreted by the glands after a rest which
possesses this property; as secretion proceeds the power is
nearly lost. In the pig, according to this observer, all the
salivary glands are starch converting ; in the rabbit the
submaxillary has no action while the parotid is energetic •

in the cat, dog, horse, sheep, and ox the action is very feeble
or entirely absent. Meade Smith t states that the saliva
of the horse will convert crushed raw starch into sugar in
fifteen minutes, and that the process is continued in the
stomach

; he further adds that the saliva of the horse will
convert cane into grape-sugar. In ruminants he believes
starch conversion takes place both in the month and rumen
Though we do not accept these views, we shall shortly
endeavour to show how starch is converted into sugar in
the stomach of the horse. It is interesting in this respect

* ' Physiologic der HansiaugetHere."
t ' Ph}«iology of the Ilomestic Animals.'

m
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to note that in man starch converBion, brought about by

the action of ptyalin, is also now recognised as taking plac«

in the stomach from the swallowed saliva, in fact, that ohe

bulk of the conversion takes place there, and not in the

mouth. , . ,,

Secrrtlon of SaUv».-The mechanism concerned m the

secretion of saliva deserves careful attention, for the

reason that it throws considerable light on other secretory

processes. The subject has been worked out by so many

competent observers that the leading points are beyond

all doubt; the submaxillary gland of the dog has afforded

the desired information, and there is reason to believe that

the same process holds good for the parotid and other

glands, both of this animal and of herbivora.

The chief point in the secretion of saliva is that it is

controlled by the nervous system, and is not directly

dependent upon any mere increase in the blood pressure ,n

thfaland. Afferent nerves, viz., the gustatory division of

the fifth and .ne glosso-pharyngeal, convey from the mouth

to the medulla a certain impulse, which by means of

efferent nerves is conveyed to the gland and secretion

results The efferent nerve of the submaxillary gland of

the dog is supplied by the chorda tympani, a small branch

given off by the seventh cranial nerve, which enters lie

Sand at its hilum and supplies the vessels with dilator

and the cells with secretory fibres. The second nerve

supplying the submaxillary gland is a branch of the

sympathetic, which spreads out and invests with constric or

fibres the walls of the artery supplying the part (Fig. .10).

Thus the chorda tympani supplies the glana with secretoi-j-

fibres and the walls of the vessels with dilator fibres, while

the sympathetic supplies the vessels with constrictor fibres,

and only a few secretory fibres.

If the tongue or the lingual branch of the fifth or glosso-

pharyngeal nerves be stimulated secretion of saliva resu ta

;

if the sympathetic nerve be divided and the tongue then

stimulated secretion follows, but if the chorda tympani be

previously divided no secretion follows on stimuUtioi. oi
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red. the bloodTot^^' ^J^''
'•'"""• "^« «"""> l^^ome.

the veiDB pulBate Tn .,JhV !T° " "'"'«"''' '" ''n'. and
secretion of wat„ saS'l" ^ "".'•i'^" " "» """"J""'

pathetic i^stiStedeLrth^ "'""
•

^"^^ "^« ^y-
the vessels consult i^.^''^''^"°^'^"^^~^'^-

•

'T'- /k
consequence of which the gland

n^ear.

(The diMection has been made with th« .

The submaiiUgry Bland r«n, ,;j i

«e 8een on the left, whibt thTHll?" "if
"'"•""'' "'"y a.c„
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becomes pale, only a small ([uantity of extremely viscid saliva

flows which is rich in Bolids, the hlooil in the veins becomes

very dark in colour, and the blood-stream slows to such an

extent that il the veins leading from the gland be cut, the

flow from them is less than from a gland at rest. That

the increased flow of blood to the gland produced by

stimulating the chorda is not the essential cause of the

secretion, is proved by the fact that the pressure of the

saliva in the duct of the gland is higher than the blood

pressure within the vessels. Further, if before stimulatins

the chorda some atropin be injected, stimulation of the

nerve still produces to the full all the vascular changes,

but not a trace of saliva is secreted. Hence, secretion is

not due merely to increased blood pressure. This atropin

experiment proves the existence in the chorda of two sets

of nerves, viz., secretory and vaao-dilator ; owing to the

action of atropin the secretory nerves are paralysed, vibilst

the vaso-dilators are not. And in the sympathetic two sets

of nerves can similarly be demonstrated, secretory and

vaso-constrictor, though it is most likely that in the

majority of animals the secretory fibres in the sympathetic

are few in number. Pilocarpm is antagonistic to atropin

and produces a profusf* flow of saliva.

A peculiar phenomenon is observed in connection with

salivary secretion after division of the chorda. Though

the gland is cut off from its secretory nerve, yet one or two

days after section a secretion appears, and may continue

for some weeks until the gland undergoes atrophy. Thig

is known as ' paralytic secretion."

Heidenhain's view of the action of secretory nerves is

that a gland is supplied with a trophic or nutritive nerve

which excites the formation of the organic constituents of

the secretion, and a secretory nerve which controls the

secretion of water and inorganic salts. The cranial nerres

are chiefly secretory, whilst the sympathetic are trophic,

hence stimulation of the chorda gives a watery saliva poor

in solids, whilst stimulation of the sympathetic gives a

scanty saliva rich in solicis.
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The method by which secretion in the parotid gland is

carried out differs in no essential respect from that of the

submaxillary. The nerves supplying the parotid are the

glosso-pharyngeal (the action of which corresponds to the

chorda of the submaxillary) and the sympathetic. In the

glosso-pharyngeal are dilator fibres, and in the sympathetic

constrictor fibres for the bloodvessels, while both trunks

contain secretory nerves.

It will be observed that no reference has been made to

the nerve ganglia in connection with salivary secretion.

Ganglia are a collection of cells in the course of a nerve.

FiQ. 87.

—

Changes in the Culls of the Living Pabotid (Serous
Oland) oubing Sbcbztion.

A, At rest; B, in the first stage of secretion; C, after prolonged
secretion (Foster, after Langley).

If these cells be paralysed by nicotine, as was first shown
by Langley, stimulation of the nerve does not produce

a secretion.

The changes oecurrinc in the cells of the salivary glands

daring secretion depend upon the type of gland. We will

therefore describe separately, from Langley's observations,

the changes in the cells of a serous gland such as the

parotid, and in those of a mucous gland of which the sub-

maxillary is a type. We select Langley's observations,

since he examined the living gland and not one simply

hardened and stained. During the stage of rest in a living

serous gland, the cells are found to be filled with a quantity

of granular material, and the outline of each individual cell

is indistinct ; the lumen of the gland is also occluded, and
no nucleus can be observed in the cells ; in other words, the

glftnd is charged with its secretory products (Fig. 37, A).

10—2
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A .hLt the lumen U now dUtinot and large, and

SfUltarrcler/Been occupying a central posifon

^^if'a' mucous gland at rest be examined under like con-

diLB.Ie cells are found filled with granule, much larger

than thoee of ^ serous gland, and a nucleus is seen occu-

pyW one edge of the cell (Fig. 88. a). During activity the

See are passed into the lumen of the gland but they

do no leave behind them in the cells the same clear space

lent the serous cell (Fig. 38. b). If the cells, while in n

alve condition, be acted upon by water or dilute ac t.

Tc d the granules swell up and become transparent owing

to the mucin they contain, and a delicate network is seen to

to the mucin va y
appearance is pro-

Etl—KiFi^^ 38. h). excepting that less

trnswent mucin is seen and more granular substance,

w^rrhenucrusof the exhausted irrigated gland is seen

;»It owardB the centre of the cell instead of remaining
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close to the outer vail. Though ve have spoken of these

granules as macin, in the gland they are not really mucin,
but the mother substance o{ it, viz., mucigen, which during

the act oi secretion is converted into mucin. The same
holds good tor the serous type ; the grannies in the resting

gland are the precursors ot the ferment or the zymogen of

the secretion, from which the secretion is actually formed
at the moment it is poured out.

The outcome of the changes above described proves that

the organic elements found in the salivary secretion are

manufactured by the cells in the glands ; the inorganic

constituents are either the result of filtration or secretion.

Experiments made by Langley and Fletcher go to prove
that even water and salts are the result of an act of cell

secretion, and not of mere transudation.

\ 'U

l'!l!

\ r

Section 2.

Stomach Digestion.

Important digestive changes in the food of the lower

animals take place in the stomach. It is not a matter for

surprise to find that the size and shape of this organ varies

with the species of animal ; we should expect to meet with

a simple stomach in the dog, and complex arrangement in

vegetable feeders. It seems remarkable that any animal
should possess a laboratory capable of converting grass,

hay, and grain into muscle and fat ; and it is evident that

the conversion of vegetable into animal tissues must be a

more complex process than the conversion of animal
tissues into the living structure of an animal body. But
it is curious to observe that a complex stomach for a
vegetable feeder is by no means a necessity ; the stomach
of the ruminant and the simple stomach of the horse
could not be in greater contrast, whilst the resulting

laboratory processes are practically identical. So far as

vegetable food is concerned, it does not matter whether

•fl
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siderahle. It is perfectly true that food does pass out early,

it in eijually true that it is long retained, these opposite
conditions being the result of the periods of digestion. When
food enters an empty stomach it passes towards the pylorus,

where it meets with a fluid of an alkaline or neutral re-

ttction which has come from the mouth. As more food is

consumed an acid fluid is secreted in the stomach, and
material commences to pass out at the pylorus into the
bowel, the amount passing out not equalling at present the

amount passing in. Thus the stomach becomes gradually
distended, and when two-thirds full, which is the condition

in which the most active digestion occurs, the amount
passing out will, if more food be taken, equal the amount
being swallowed, so that we have a stream of partly

peptonized chyme streaming out of the right extremity,

while a corresponding bulk of ingesta is entering the inert

left sac. In fact, the stomach may during feeding allow

two or three times the bulk of food to pass out which
remains in it when the meal is finished. Let us now
suppose that the ' feed ' is finished. At once the passage
of chyme into the duodenum ceases, or becomes so slowed
down that only small quantities of food pass out, and
80 gradually does this occur that it will be many hours
before the stomach is really empty, though had the process

continued as it commenced, it would not have contained

anything at the end of an hour. This condition of stomach
digestion in the horse may be variously modified, depending
on the nature of the food, the quantity given, the form in

which it is given, the order in which one food follows

another, and whether water be given before or after

feeding. All these are points requiring our attention,

but before giving it we must briefly look at the stomach
itself.

The mean capacity of a horse's stomach is, according to

Colin, from 25 to 30 pints, or from '.5 to •63 of a cubic

loot
; these figures were obtained from a very large number

of observations, and give the extreme size of the organ
then distended ; the viacua is under the best conditions for

i I
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Cphsgu., thi. end. abruptly and .. .ucceeded by rte

nvi

If

lif'S-^'!"

FUND

;. J the1 ourmembrane of the Btomaoh of the horse

;

the position of the m et an<l °ut e ,

^^„„„j
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and forms over the inner inrface ol the viscus a thick

gelstinoui firmly adherent coating like white of egg, which
cannot be washed away even by a powerful jet of water.

The pyloric orifice of the stomach is nsually largo and
open, and there is a dintinct pyloric ring ; behind this the

duodennm is dilated, and the gut comports itself in such

a singular manner (which has a very important bearing

on the pathology of the organ) that mention must be made
of it here. From the pylorus the duodenum curves down
and then up again, forming a letter U ; so much does this

Fio. 40.—LoNonuDtNAL Sectiok of thk Stomach or the Horse.
8BOWINO TUK Syphon Trap of thf Duodenum.

'f, (KsophagUB
;

pi/,, pylorus ; ft, left sac ; r, fundus ; duo., duodenum.

remind one of a well-known form of trap used in drainage,

that we have described it as the syphon trap of the duode-

num (Fig. 40). The use of this trap appears to be to

regulate the passage of material from the stomach into the

intestines. Our observations have shown that its presence

in all probability influences rupture of the stomach, for the

more distended the large bowels become, the greater the

pressure exercised on the duodenum, and in cases of severe

tympany the passage from the stomach to the intestines is

completely cut off. Should fermentation still continue

in the stomach, the contents can neither escape into the

CBSophaguB, nor into the bowel, and the coats of the viscus
I r;. : II
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aour tobBcco. The yellowneai ii due to the gaitric juice,

and is uonBequently more marked towards the pylorus ;
the

portion coloured green ia the part aa yet unacted upon by the

juice. The entire aurface of the atomaoh and ita oontenta are

now acid, excepting at the cardia, where it may occaaionally

be alkaline from awallowed aaliva ; the acidity ia greater at

the lundna than at the cardia. This general acidity ahowa

that a diffuaion of the gaatric juice must have been going

on. There ia no evidence of any churning motion, the

cake-like condition into which the hay ia compreaaed, in

apite o( ita tour equivalents of aaliva, ia due to the com-

preasion of the material by the atomach walls.

The duration of atomach digestion of hay ia variable, but

we quote one or two of Colin'e experiments. A horse

received 5} lbs. of hay which he took two hours to eat

;

at the end of that time he was destroyed, and the stomach

contained 2-2 lbs.; thus in two hours he had digested

8-3 lbs. Another horae received 6^ lbs. hay, and was de-

stroyed three hours from the time of commencing to feed

;

in the stomach were found 1-54 lbs., so that in three hours

this horse had digested 3-06 lbs. In the third hour (during

which time he was not feeding), judging from the first

experiment, he had digested only -66 lb., whereas the

previous rate of digestion for the first two hours was at the

rate of I'B.') lbs. per hour.

To return to our previous statement, when the animal is

no longer feeding the rate of digestion at once becomes

reduced, and it is probable that several hours must elapse,

assuming no further food be given, before the stomach

completely empties itself. This period may be fifteen,

eighteen, twenty-four or even thirty-six hours. We starved

a horse for twenty-four hours, and at 6 a.m. gave him

6 lbs. of dried grass ; he was destroyed at 3 p.m., and the

stomach still contained 2i lbs. ; in nine hours, therefore,

only 31 lbs. had been digested. In another observation

carried out under similar conditions, only 1 lb. had been

digested in four hours and three-quarters. Of 4 lbs. hay

given only 1 lb. 11 ozs. were digested in six hours; of m\

I '1
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81 lbs hay 2i IbB. were digested in five and a half hours

;

while in Lother observation, ol 4 lbs. hay. 2 lbs. 12 ozs.

To£rbottlieslurnish„swithver.co^^^^^^

data on the question of hay digestion in the to"«- ««

,ed fourteen horses on hay, and destroyed two o them »t

regular intervals ; each animal received 55 lbs. «« hay and

digestion was counted from the time they were fed. Hero

are the results

:

Amoi'NT or Hav orvEN 6-5 Lbs.

Iht.
''"•

Alter 2 boure, the fir-t h.ree had digested 3-87 ;
the Becond, 3-08

3

4

5

6

7

B'88

4-04

4-82

410
4-01

4-87

4-24

3-56

5-08

4-55

4-85

4-44

i rom V.is it is seen that the rate of digestion during the

fir t tw. h.urs is rapid and then falls off. so that even at

fhe end of eight hours there is still something left m the

Imach The second horse in the five hours' observation

had very nearly digested the whole of the rat on. but this

IL«ntion There is no doubt that it is extremely

aimrul :Sthe Itomach to empty itself. ^Ve«ed ahorse

on dried grass and destroyed it eighteen houis later
,

the e

was till a small quantity of food in the stomach I

rnother ca.e the stemach, after fifteen hours, was found

eriy In a third case a horse was given grass twice at

Zrvals of twenty.four hours ; he was destroyed eighteen

"„«:!' eating'his last feed, and a handful of grass was

atill found in the stomach.
, ,. i-

DigeZn .f Oats.^ We have now to consider the digestion

of ^ts and here again we still observe the same fact noted

under that of hay, viz.. that the stomach commence to

pass ts\ontents into the intestine during feeding, and that

?h s s^lcUens considerably when no more food is entermg

11 i
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the viscns. Colin fed six horses on 5-5 lbs. of oats each,
and destroyed them at certain intervals.

»». lh».
After 2 hours, one horae had dtgcstcd 2-7

; a second, 2-'i

" * .. .. „ 3-1 „ 8-4

.. 6 .. ,. „ 3-0 „ 30

We have observed in a horse which had received 2 lbs.

of oats, and was destroyed twenty hours later, that the
stomach had not completely emptied itself. In another
experiment four hours after feeding on one pound of oats,

6 0Z8. were recovered from the stomach.

A horse received And was destroyed in
lis. oat8. huurit.

4

4

4

4

«i

4

4

Amount digested

0.7«.

2 3

1 lU
2 4

2 2J

1 181

2 6J
3

II 12

The last horse is included to illustrate a point of some
importance in the feeding of animals. For eighteen months
this horse had never tasted corn, having been fed on ii

patent food
; a sudden change in diet is the explanation

why he only digested 12 ozs. of oatu in four hours. It

will be observed that the fifth horse in this series digested
nothing, even at the end of four hours ; we can only account
for this by the fact that the animal was in a strange place
where the feeding experiment was ca-ried out, and was of a
very nervous disposition.

Arrangement of Food in the Stomach.—An interesting
practical and physiological study is the effect of fecdiiig

horses on different foods in succession. When hay is given
first and oats afterwards, the hay is found close to the
greater curvature and pylorus, and the oats in the lesser
curvature and cardia ; no mixing has occurred, both foods

it
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may eummariBe these facts by saying that in a succession

of foods the first consumed is the first to pass out. That
does not mean to say that the vhole of it passes out

before any portion of the succeeding food enters the bowel,

I .1

I
1

Fui. 41,—Longitudinal Section of the Horse's Stomach, showing
THE Arrangement of the Food according to the Order in

WHICH IT WAS RECEIVED (ELLENBERGER).

In each case tr is the oesophagus
; py, pylorus ; d, the lefL sac ; v, the

fundus. I. Hay first, followed by oats : 6, the hay ; a, the oats ;

the latter arc passing along the less«r curvature and escaping with
the hay at the pylorus. El. Oats first, followed by hay : a, the

oats; fc, the ha.y. III. The order of three successive feeds ; c, the

lirst feed ; 6, the second ; o, the third.
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for wo have shown that after a time, at the pylorus, they

mix and pass out together ; but the actual influence of

Riving a food first is to cause it to pass out first. The

practical application of this fact, according to Ellenberger,

is that when foods are given in succession, the least

albuminous should be given first. This appears to dis-

tinctly reverse the English practice of giving oats first and

hay afterwards, but perhaps only apparently so, for experi-

ment shows that the longer digestion is prolonged, the

more oats and the less hay pass out, so that some hay

(under ordinary circumstances a moderate quantity) is

always left in the stomach until the commencement of the

next meal. The presence of this hay from the previous feed

may prevent the com of the succeeding meal from passing

out too early. According to Ellenberger, in order that

horses may obtain the fullest possible nutriment from their

oats, hay should be given first anil then water ; this carries

some of the hay into the bowel and after a time the oats are

to be given. The remaining hay pow passes into the bowel

and the oats remain in the stomach. This does not accord

with EngUsh views of watering and feeding horses, which

have, however, stood the test of prolonged practical

experience.

The appearance of the food after it has been in the stomach

depends upon the period of digestion. We have previously

drawn attention to the fact that an hour or two after hay

has been taken the material is found in a finely chopped

condition, firm, one may almost say dry, in places, though

towards the pylorus it is liquid. This hay contains between

four and fiv. parts of saliva ; it is yellow in colour where

the gastric jui e has attacked it, but of rather a greenish

tint elsewhere, and it has a peculiar odour. Several hours

after feeding, the stomach is found to contain a variable

quantity of watery fluid discoloured by the hay whicli is

left behind, part of which may be found floating on the

fluid. At other times, when the stomach is empty, the

fluid is viscid, contains numerous gas bubbles, and is of an

amber or yoUow tint; this particular fluid is no doulit
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saliva and macin, with poHsibly a little bile, the result of a
reflux from the l)0wel. When oats alone have been given

the contents of the stomach are found liquid, the fluid

being creamy in consistency and colour; the oats ai'e

swollen, soft, and their interior exposed ; towards the end
of digestion the creamy fluid is replaced by the frothy

yellow one. With both hay and oats, and also other foods,

there is a peculiar sour-milk-like smell from the contents

of the stomach, more marked with bran and oats than with

hay, the latter, as previously mentioned, smelling like sour

tobacco.

The reaction of the contents of the stomach is strongly

acid ; this acid reaction may be obtained on the cuticular

as well as the villous portion of the lining, and is very

persistent ; the cuticular membrane even after prolonged

washing gives an acid reaction. The acidity is derived

entirely from the juice secreted by the villous membrane of

the fundus. Our observations on this subject do not agree

with those of EUenberger, who says that during the first

hour of digestion the contents of the stomach may be

alkaline ; acidity, he states, then commences in the fundus
and extends to the cardia, though for some time the pro-

portion of fundus acidity is three or four times greater

than that of the cardia ; in the course of five or six hours
the proportion of acid throughout the stomach is equal.

When the stomach is empty, as after a few days' starva-

tion, its reaction is neutral or alkaline. We have observed
extreme alkalinity towards the pylorus under these con-

ditions, due no doubt to the regurgitation of bile and
pancreatic fluid.

The Stomach Acids.—It is not necessary here to enter into

any detail as to the nature of the gastric acids ; both

in the horse and man a considerable amount has been
written to prove that the acidity depends upon lactic or

hydrochloric acids, and it is possible that both these views
may be reconciled. EUenberger and Hofmeister are of

opinion that shortly after a meal lactic acid predominates
in the horse's stomach to be replaced by hydrochloric acid

11
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^^^^^^ ^^^

t- latter

-."'-f^^^^r^-^' tnd iSe acid is found, ,n

HC'l pre^o™w**«''/''P"?
v,r,",l«rR lactic «cid at first

™all ciuantities In

JJ ^^J*J^^.t p-ent in Bm«ll

predominates, -4 P«;
^«"^^;"J^^^^^^^^^ the whole stomacl,,

quantities ;
lac^c -"

«™J
*;;"«

i,,t sacs, whilst hydro-

but predominates m the "g*"^^^" , -^^ Lactic

chloric acid principally exists n the ^du^^eg.
^^

is the first digestive
f'*

«'"?'°y
tUtSout the whole

wnU, we wn only
»?J"^''^ ^ „g have enly i«o

structure but a ««?«''*«
'"""\'°"J°„ee of the cuticular

^rb:t^;rb^rs^wrtUt^CZus coat contain.

coat; butithasoeens
^^^ principally

«rt%Tr"Xte -SrL, at the fundus of the

m^nd'eXding over a '-t^fJ- ^^^^^^^^^^^
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jmce are both found in the villous coat, the one in the
fundus, the other in the pyloric portion, though Ellen-
berger states that he has found fundus glands in the
pyloric region. They are simple or divided tubes lying side
by side, and opening, generally in groups, on the surface of

2CALE mOJi

Cardiac or Fundus Gland.
Pyloric Gland,

Fio. 42.-THE Gasteic Glakds aftes Heidenhain (Wali»).

the mucous membrane by means of a shallow depressionm the coat. These depressions can readily be seen studded
over the tumc of the fundus, giving it a rough appearance
owing to the elevation of the mucous membrane between
Uie openmgs of the glands ; in the pyloric region the mem-
brane is as smooth as that found in the intestine. Each

11—2
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helal Inular. and nucleated, and line the lumen of the

aland ^ey are called the principal, central or chrefn^.

Scattered amongst the principal cell., but ex.Bt.ng m larger

S^rfttheUonheB^^^^^^^^

irtffi e^;^ ?he£ U lined, above the neck, by the

£"r—" Becld. The important distinction

herein th^ iundus gland with its principal "nd paneta

ceits^d the pyloric gland .ith only its P""='P''!;«»'';.

'

ha 'the former secretes both the pepsin and ac.d of the

lastrcUce (the acid b«ng separated '^om 'he bl<»d by

fhrnlrietal cells), whilst the pepsin only .s formed by the

p'Sfcel" ihe pyloric glands, on the contrary, only

^nrhC"1or;te„tioned that the cells of the

saUvary glands undergo certain changes .n appearanc ,

u :;« rBRt iind activity ; the same remark applies to the

r1 ECtn w^ch the general type of changes dur.ng

TsS Cle bis «ound that in the active state the

ill! I ^1
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secrete both the pepain «nd rennin ferments, but in neither
case do these exist as such in the cells, but as a mother
substance or zimm» of the ferments. The formation by
the panetal cells of a free acid from the alkaline blood L
Lr"^

«he"^'c«l change, the result of selective power.
^Messed by the eel .. In those animals, such as the dog,
yielding hydrochloric acid, the cells very possibly form itby an inter-action of the sodium chloride and sodium
dihydrogen phosphate of the blood.
Mucin is secreted by mucous glands found in the deep

syers of the villous membrane, especially in the region ofhe fundus; the epithelial cells lining the excretory ducts
of the gastric glands also take part in the pr- ass Theamount of mucin formed in the stomach of the horse is
remarkable; it adheres to the vil.ou, coat like unboM
white of egg. and cannot be washed away even by a

but mast be considerable; l«ss is formed during hunger
Iha^during activity, and there is less in ruminant, than in

Outric Jalc.,-It is only lately that a pure sample of
Kastric ju.ce (but not from the horse) has been ava lable

have been a mixture of saliva, gastric juice, and perhaps
other substances Pawlow devised a method by which the
.tomach of the dog ,..uld be rendered availaUe for ph,r

S'SV"' ^ '"" ^"'^""" ^'^ "^'^^"^'^ <-
Pure gastric juice in the dog is as colourless as water.hn transparent, and of strongly acid reaction. Chemically

vdr^h r r' "f
""^•""' ""- ""O''^' '""ieh is due tohydm^hloric, bein« about -46 or -5.; per cent. The en.ymes

are pepsm and rennin; the former is unable to act excepting.nan acid medium, and furnishes the only example in the

£ o^h
"'"'^7 "O'"'''"''"'"'- How far the gastric^ice of other animals resembles that of the dog in com-^sition and appearance we do not know owing to the

d.ftculty m obtaining it pure, but in all cases an acid and

1

1
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long time; '* ""^y •« ""P', „ ^".u herbivora ; the mixed

any important change; not bo with nerDivora.

US gtttrieua
poittrior ¥sgi-

Fio. 48.-P*wi^W» STOMACH Pouch (Btewaet).

. • „ . r flao (or forming the rtomaoh pouch. Al the

A. B, Une ol inemon ; C, flap '"''''";""»,„ „»„ are preserTeil, and

X^''^--V'rrrrtS ^^^^^^ b?-h. 0. .he

vSgu. going to the pouch are not .evered.

,a.ric«aia.^the^.-^i^P2L/;:r1S:

^T'^V'ttl^:i^^-^mon.^ evidence against

°'vZltoi a proteid nature, though very little i« kno,.

n.!t c^mla ly It best exhibits ite action at a tempera are

ol it chemically. "
. ,,,0704 40° c.); a low temiierature

of the interior of the body (»7 10w v>.;
,

»
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retard. i», activity, while it ie d9,troye<l at a high one

Starch or m,Ik sugar hae l,«en added. In phvaioloaical

"tomach suffice, to which is added some dilute H(TOlyoenne has the pow«r o. extracting the ferment. Sh

Flo. 44. -Pawlow's SioMAcu I'oucu (Stkwabt).
i'. the completed pouch

-.J,
c.vi.y of the sto„,ach A. A theabdominal wull.

'

from the stomach and other portions of the di-estive tractsuch as the pancreas. The action of pepsi^ talmos

?£ T «""-;y -"«-'' 'o the proleM co::ti Zof food. It converts the insoluble proteids into solubleones not by d.rect transformation but by several agSThe products mtermediate between proteid and peptonehave received certain names suggestive of difference in

oubVa
7'"' ??"' '"' "« '° "" °' '"- " goodTe

1 ofdoubt and speculation exists.

iif
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In the foUowiBg table the various stages of conversion

are indicated in the order in which they are found to occur

as determined by small differences in the "hf
""'""l

*«fj;
such as solubility or colour reaction, yielded by the

peptonized product. The table is the one drawn up by

Kiihne.

1. The proteid as consumed, or native albumin.

2. Acid albumin or syntonin.

8. Primary proteoses.

4. Secondary proteoses.

5. Peptones.

The proteid having reached the stage of peptones is now

capable of being absorbed, but the conversion from proteid

to peptone is a most complex one, during which the large

proteid molecule is converted into simpler products of an

infinitely smaller molecular weight, while so great is the

complexity that the resulting product, peptone, is m alt

probability a group of compounds, rather than a smgk one,

which only resemble each other in their solubility and their

definite reaction to certain chemical tests. Rennm is the

second en;iyme present in the gastric juice. Commercially

it is used in the manufacture of cheese, an mfusion of the

mucous membrane of the stomach being sufBcient to

produce the needful change in the milk. There appears

no necessity for adult animals to possess this ferment in

their juice after weaning, as milk does not form an article

of diet unless we except the chemically altered milk given

to the pig. In the young animal rennin plus acid causes

milk to clot rapidly. The clotting under rennm resembles

blood-clotting. The clot contracts after a timo, squeezing

out a yellowish fluid known as whey, and furthermore i is

definitely known that, as in blood-clotting, a calcium salt is

necessary to the process of milk-clotting. In fac two

distinct steps are recognised as takmg place, first he

formation of a substance known as paracasevi, by he

action of rennin on casein, and secondly the action on the

paracasein of the lime salts of the milk forming a curd.
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If milk be deprived o{ its calcium salte. no clotting occurs
on the addition of rennin. from which it is considered that
he calcum salts are of more importance than the ferment,
lienmn takes no part in the digestive process; once the
curd IS formed its digestion i« carried out by pepsin
Other ferment actions of the gastric juice have been

described, such as fat- and starch-splitting, but of their
existence there is very little evidence. Proteid digestion is
he essential duty of the stomach, while in all vegetable
feeders maceration of the vegetable fibres is begun in the
stomach as a preliminary measure. Still in all animals
a stomach is not essential to life ; in the dog f ,r example itmay be removed experimentally, for as we shall see later
on, proteid digestion is provided for elsewhere. But in the
herbiyora, especially ruminants, a stomach is essential.
Ihe cnief value of the stomach in those animals which can
be proved to live without it lies in the preparation of the
food for subsequent digestion in the small intestines, for it
18 quite undoubted that proteid previously acted upon by
gastric juice is far more thoroughly handled by the
pancreatic fluid than proteid not so previously acted upon,
ihe secretion of gastric juice has but recently been proved

to be under the control of the nervous system, and the
secretory fibres are contained in the vagus.* Stimulation
of the peripheral end of the divided nerve causes after a
Bhort delay a flow of fluid. The cause of the latent period
IS unknown. It can be shown in the dog that mastication,
swallowing, taste, odour, etc., are direct excitants of the
secretions, for they cause a copious production of gastric
juice, though not if the vagus has been previously divided.
If thej^sophagus of a dog be divided and the upper section
brought outside the wound, the animal may be indulgedm a meal which never enters the stomach, but which
nevertheless, produces a profuse secretion of gastric juice.
Mechanical stimulation of the mucous membranes of the
stomach has no effect in producing secretion. Certain

Thl'pT„'„°7i9or'
^^'°* o' 'he Digestive Gland,.- Translated by
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,ood« in the case oi the dog.
"^^ri^ofe^rCnl

taste, iinaliy, rawiuv.,
„,,„i:t„ of the caBtric juice

believeB that the quantity ""^J^i^y^f^^be food, bo

will be found to depend on *^« "^"^^^ oduction Ib

*^' t^S^ rronre/oTrSfl^uid is pou.ed

which IB probably a specific action on .he pan

"tch. brie«y. is the case as "— ^^1 altt

Xre are other changes occurring in the— md^

pendently of V^^^^^^^^ Cine^it ^m b!

fed on oatB and the stomacn um

r To rvSntte°resuH^ of the acUon of . n^

==edrrSXs-ert£LUed.

Lugar?
f ''-f-X^vtwtt^rgrl provides

converting *«-
"''^^^^to^ erli- of starch into sugar may

t:;ro:sx"r-sthe.p^^^^^^^^
sence of sugar in the

^'^-''tteVlrdst-nct evidence of

the Btareh is not thus
'=-;f''^'^:Xfi" portion of the

unaltered starch can be obtained in he we P

..all intestines. Further.
^Jf

°'

*Jc"of his acid i,

converted into lactic

^f^^^^^^^^y way inhiUt

the proportion o 2 ?«' "^"^ ^ j^^;, „„„ etarch-



hkjestion
J7J

OeUnlose fermentation is considered h^ T.., •

hi.ow .. . „„.,<„.a'~ i„~t" «'

SITT "' ^'r
^''"' j'-'*^''~SiS

me a.-rH r. ^T*^ °"'y P™'^''* 'i'g««'i''° tokes place

After a .„a„..e feed digestio,. i, .. ,. h,;,,. ;„ , „, ^ ^^^^^

^nim„.odcrate;; _ ;; _Jd^yedrtmi„„gr°
' "

* '"7'« ««»«h for a Cellulose-dissolving Bnzymo~B~l^^^^'F.K.b., /„«,„„; „/«,« Cfc«iea( Society, 189a, p 362
°'
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1.. TViB Eumen or first

Stomach DUestlon In
*.™^"*"7„t„ proportions,

gastric reservoir •\^;'"°";oll" It is divided into

lv'^^>^^ini^^o^°[^'it:!^£Z.r.^.r pillars, .nd

Jour sacs by means "'
J^l? J

. 4 mucous membrane,

the whole is lined by a Wl developea ^^^

n part covered by leaf-Uke papiUs. in
^^^ ^^^

Lne. it is said, -'^^^^e eSn. The rumen

considered ^ provid? any d'ge=^;;
^„^ ^y means of the

i, in connection '''*^*\~aBum. All solid food on

cBsophageal groove with *« ""^^
; ^^ by the rumen and,

first coming from the

-°fJ/^^^^^^Unt, much of the

judging by th» contents of this comp .^^

fluid whic>. is swallowed i^";' »'^°
j p,„„,,„a that fluid

has l«.on proved by *« «^P—
*»« "to all four stomachs

„>ay find its way from '^«°^|\^o„„t of fluid in the

at one and the same tmie. The a
^^ ^.^^^ ^.^^^

rumen is important from "^'S^*^^^^^^^

rumination i. ''X'thVfltrfoS'heVmen consists

erists in this
«'r.''y-J^eonsumed, of the amount of

oi the water which ^» ''^^"^^^^^t ..^ting in the food;

SrrhtittilSwhich the 0. secretes enormous

-Sfttents.the—^™;;^^--^:;:
bably owing to the saliva injpe

^^^^ .^ ^,„^,,j.

,ood which has been coarsygound ^.^^^

and deliberately no W™,
^„, being gradually

8tomach,the ""''''fl*' ^^rind so a complete mixing

forced upwards and
'"'""^^^^Ji^Uught about by the

occurs. The churmng ^TC^^fthe organ, which are

extremely powerful muscular piUa 8
^^^^ _ ^^^^^

«o arranged as to
^^f^'fj^^^^^^rnrner. in its two

pillars, when they
-"*'f;„^fiV^ the opening of

rrartsrnirr^r^^^^^
Lnd in the rumen of cattle, are formed.

-1
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Th^ eeeential function of the rumen is to retain the food

for remastication, to macerate all fibrous substances and

to fit them for cellulose digestion, which here takes place

possibly under the influence of ferments contained in the

food itself- The amount of cellulose digested in the

rumen has been estimated at between 60 and 70 per cent.

Ellenberger is of opinion that in addition to the functions

named, other digestive changes occur ; he says t.'iat carbo-

hydrates are digested by means of enzymes contained in the

food, and in this way starch and cane sugar are converted

Fig. 45.

—

The Gastric Compartments and True Stomach of Rumi-
nants (Colim)-

C, The (esophagus ; A, A, B, B, the rumen ; D, the reticulum ; E, the
omasum ; F, the abomasum.

into maltose. Froteids are also slowly converted into pep-

tones, not through any true poptic ferment but by some

enzyme provided by the food. The result of the decomposi-

tion of cellulose is the production of a considerable quantity

of gas. The rumen never empties itself; even after pro-

longed starvation it contains food. In young ruminants

digestion occurs principally in the fourth stomach, the

other compartments being rudimentary ; when the young
animal is placed on solid food it is remarkable how soon

these compartments develop, and tho process of remastica-

tion is established.

I

i
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I"!':** it receive, the overflow o. floid ,ro. that co.-

^1uel;t"uMlSon that the reticulu. regu.at.
iUenberger w r

j^ ^j^j^.^ compart-

=srL=|. . ^., -.IS- -r

™ n„l .•.ll.l » ,.mll«llo», tok. —"'1 " » • ''"f

»>.! rumiiAtion was not interlered witU.

; r
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remaxtication, or from the first or Becond compartments. It

is probable that its chief source of supply is directly from

the (psophagus, the omasum being drawn forwnrds towards

it by a contraction of the pillars of the a'sophageul groove,

by which means communication with the rumen and reti-

culum is cut off. Normally the reaction of the contents of

the omasum is neutral ; if found acid it is due to regurgita-

tion from the true stomach. It is peculiar in possessing a

separate source of nerve supply, stimulation of the pneumo-

gastric producing contraction of all the other compaitmentj

but this.

The Abomasum is the true digestive stomach, and is the

only compartment secreting gastric juice. In the abomasum
proteids are converted into peptones, the region of the

cardia being in this respect more active than the pylorus.

EUenberger states that starch is also digested, and that

this precedes proteid digestion. In the fourth stomach of

the calf a milk-curdling ferment (rennin) exists, which has

already been dealt with.

Stomach Digestion in the Fig.—The stomach of the pig is

peculiar ; it is a type between the carnivorous and rumi-

nant, and is divided by EUenberger and Hofmeister into

live distinct regions, which do not all possess the same

digestive activity.

The gastric juice of the |)ig contains for the first hour or

two of digestion lactic, and afterwards hydrochloric acid

;

pepsin is present, and, it is said, a ferment which converts

starch into sugar. In the pig, according to the above

observers, the process of digestion is not the same in all

regions of the viscus ; one may contain hydrochloric acid,

another lactic ; one may be abundant in sugar, while this

may be absent elsewhere. The first stage of digestion is

one of starch conversion ; the second stage is the same
only more pronounced ; the third is one of starch and

proteid conversion, both processes occurring at the cardia,

bat only proteid conversion taking place at the fundus

;

lactic acid is present in the former and both lactic and

hydrochloric acid in the latter. In the fourth stage starch

W

1

1
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^*«lich DUntlon in th. D«.-Very complete knowledge

to digest an ''«°»"\°'r",;; di'estion are tendons and

?* tt?v"a eTon is .Sid by boiling ;
liver

i'n'Si be* Jv n rawas cooking interferes .ith their

J- fiWlitr The gastric juice of the dog contains pepsin

rendered fit for absorption.
^^^^

.frtttJeVh: ell^treSaintosugal^b^^^^

~Hix^tri:rr:ir^:^e

In ruminants P^J^^^ *«J\ttoi, compartments and

rm:ch:ie:lVeri^tW^^«e - ^-'— '"

""™-'*^atrtSi=^^-rr::
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u»ele»» to recapitulate all hi» ex,*riment»; they were
generally „erfarmed with Htryuhnii.e. an.l he found, that
so long aH the pylorus «a8 »ecurciy tied, no »ympton>s of
.o.8omnK oceurr^rt when the alkaloid «a» introduced into
he .tomach no u tier how long it wa» left there, hut
hat when the liK..ture wa, untied, and the content, of
he stomach parsed into the intestineH, poisoninB rapidly
ollowed. Th3Be remarkahle results were obtained by"m so often, and under such vuryiuK conditions, as
to leave no doubt as to the accuracy of the observations,
htryc n.me experuiionts are not altogether free from obiec
t.on, but as matters stand we can only surmise that no
absorption of .ugar or peptones occurs in the stomachU .s certainly very remarkable what becomes of the pen-
tones; we have nev.r found any in the stomach contents,
no matter at what period of digestion the examination was
made, and if they are not absorbed in the stomach they
must pass very rapidly into the intestines and enter the
vessels at once, as no peptone can be found in the small
mtes mes. Colin attributes the ..l.senceof absorption from
the stomach of the horse to tl .mail area of the mucous
membrane, which, he says, cannot be secreting gastric
juice and absorbing at the same time. In the empty
stomach he attributes the non-absorption of poisons to the
thick layer of tenacious mucus which, as we have previously
mentioned, covers the villous stomach of the horse. Colin's
experiments also show that there is little or no absorption
from the abomasum of ruminants. On the other hand
there is absorption from the stomach of the dog and pig'
Recent experiments on the dog show that absorption does
not take plac-. readily from the stomach. Water taken
alone IS practically not absorbed at all; sugars and peptonesm absorbed only when in sulHcient co.xentration, while
'MB are not absorbed.

Self-digeation of the Stomach.-A question which for a
long lime gave rise to an energetic diicu.sioii, was the
reason why th,; stomach during life does not digest itself«ig that the action of its secretion is so potent that
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.he di«6Blive action on the Uvmg wa K

J""
"^ "

,,„

have never

^fj;"';'^^^^ ^^s be .lue to the ho.»H«

rtn« InT^r ZhoUy lactic cannot be Uetinit...,

'"S'OM.. or th. 8t.m«h.-The nature of these largely

l.roductive of gaB owing lu

tjj qJ carboiiir

i. obtained by the decomposition of cellulose.

The aases f om the intestines of the horse and rumen

iTh„ ofare very commonly inBammable, and burn «.tl u

"
,1, ZZ This is due to marsh.gas. which may l.e

?iri«nt^^'- -'"^ ^'"^ ' ''' ^"'^'"°"

"'Cting-Vomiting amongst soliped. and ruminant, i.

rare, but the act is --«-'"
'J^ SsedJs'not o,-.( .',„

The reasons B^n as - wjy th^^^^^^^^^^^

:r„rr«et *Vctt?l'd lardia^so that compresJn o,

the stomach contents forces them into the duodenum (4
th

SfX coat thrown into folds -«
^J^J^ , '^

cardia; (5)
muscMar loops ^n"^"''"?. '^ "

'a *«' ""

traction of ^"ch keeps the openrngtighttyclo^^^^^
^^^^

Btomach not being in contact with e abaom
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All thii»e iind other reaitonii have l-sen UHHi);neit iw the
niUHo of iioii.vomitinK '» th« horne. Yet on tuii.iuK '«
rumiimiili., which uIho noriimlly do not vomit, wo Hnd the
Htornuch, K»»tric comimrtnien i, imd oHophiiKus freoly
loiumunicaliiiR

; the larKent reHervoir lioH in contiict with
the iihdominal wall, tht, cardia ia freely o|)en, the lUBophaRUii
18 of i-reat size, and, «till Htranyer, the aninnil [lOHHeBseH the
Bl.ility, under the control of the will, to hring up food from
the stomach BB a normal condition, and yet cannot vomit

!

It 18 evident, therefore, that all theite theorieo are not Biifti-

eiently satisfactory to account for the ahsence of vomitiiiK,
and we are hound to suppose that tliu vomitinu centres
in the medulla of hoth horse and ox are either only rudi-
mentary or very insensitive to ordinary it pressions.
\omition in th« horse is no douht seriously interfered

with by the thickened ..so liagus, contracted cardia, and
the arrangement of the usoular fibres. The folds of
mucous membrane filling up the orifice could offer no
serious obstruction to a distended etomaoh, for we know
that even when this membrane is dissf;ted away (mst-
mortem, a stomach will burst rather thar low fluid or air
pumped in at the pylorus to escape at t cardia, unless
the muscular fibres surrounding it be partly divided.
Vomition in the horse is generally indicative of ruptured
stomach, and much has been written as to whether vomit-
ing occurs before or after rupture. From no inconsiderable
experience of these cases, we have arrived at the conclusion
that it may occur at either time, and that a horse may
vomit though a rent seven or eight inches long exists in
the stomach wall.

Dilatation of the cardia and (esophagus is essential to
the act of vomition in the horse, and iu all cases where
vomiting occurs daring life, the eurdia is so dilated that two
or three fingers may readily be introduced into it. It is
perfectly possible for a horse to vomit and recover (show-
ing that it had not a ruptured stomach), and it is not

j

iinusaal to have attempts at or actual vomition when the
mall or large intestines are twisted. Vomiting in the

12—2
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toms; the ingesbi dribble aj^y «°
^ „f the patient,

occasionally an effort .b -;^« ^ .

J^ ^^p^i^ion, but more

the head being depressed to taciutaie

than this is very rarely seen
^.^j^ tj,e subject

It is important to

f' «V";~e>"et''=- ipe'"«=»«"'"''

of vomiting that
''gf^ vl^t^S ng by their action on

and apomorphia, «h.ch ^^'^^^tJ, horse or rami-

one is a fact we '=a°"°'j''P''""'
•,;„„ u a natural process,

In those animals where vmrngis a
^^^^^^^.^^ ^^ ^^^

the three important
«»f"""{,;,o„git„dinal

abres of

eardia by active contracUon o
^^^^\^ ^,^^,,^ ^, ,

the (esophagus, pressure
°°Jf^ ^^^dominal muscles, and

contraction ol the diaphragm and ^Mo
^^,^^^^^ ^^

closure of the pylorus^ Bu there
_ .^ .^ ^^^^^

show that the stomach itsrft is J ^^ ^^^^ j,„

Maiendie P-^-^^.J-^^^U „<«mal conditions there

stomach by a bladder but unow
^^^^^^ _^^^^,„

appears no
-^f
-"J ^

tt haTbeen observed that during

quiescent, and m the cat '^as bee
^^^ ^^ ^^^

vomiting a strong ^°°"X^^rm 'he cardiac portion.

TrntrratrS-ln of ruptured stomach.

*«^°'^«-
Eumination.

The physiology
ofruminationh^beenP^^^^^^^^^^^

out in France by
^'"^^^.^i^^^Wy on their observa-

thissingularproceBs.based^-oBt^^^^^^^ .^ ^^^.^^„,

tions.
<Esophai,calO,oo,e. F

„,„ „-

sembled that pre«med b, *e h>u-» J ^„ ^j, „h«t . 1.

Ua a Bouudaccompamed the effort.
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enters and passes through the rumen, forming a singular
groove or channel known as the oesophageal, which on the left
communicates with the first and second compartments, and
by an opening on the right and interiorly, with the third
compartment (Figs. 46 and 47). In this way food coming
down the tesophagus may enter either of the first three
reservoirs, the choice being determined, as we shall presently
point out, hy the condition in which it is swallowed.
The oesophageal groove possesses two lips or pillars, the

Fla. 46.-DIAORAM OF THK (ESOPBAOTAL GROOVE (CaePENTEE).

^£T ™'"'"8,«'"= »'»""«^h ; c, its cardiac opening; ep, rightpilar of esophageal groove ; lp, left pillar of the BameT o, opening

Lh™, 7- T"°','^''V™°P''V'^ groove extending from c too!

.trelSte'r^tiS: ^^ '^^ "'"' "' '"^ ««""'» "" "-"'

anterior being formed by the reticulum, the posterior by
the rumen. The lips are thin above, and thick below where
they overlap

; normally they lie in apposition in such a
way as to conceal the groove, but in both Figs. 46 and 47
they are intentionally separated in order to show the
an'angement. These pillars are composed of involuntary
muscular fibres arranged longitudinally and transversely,
by which means the groove can be shortened and con-
stricted. By a contraction of the pillars the omasum may
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be shut off from the firBt and second compartmenta, and

t:S^ nearly in apposition with the -"1*;«- ;;^'2>-

their relaxation the first and second '""y ^« ^^''"X
municatewith the third compartment When he p.Uar^

are relaxed the .osophagus communicates more dir tly «.th

the n men and reticulum. Another function of t groov

was said to he to cut off a pellet of food pressed jn it b a

Tont a tion of the rumen and reticulum, the pellet or bolu.

Living Animal.

left pTar : both held ^videly apart to show G, the Rroove. 0»,

opening leading to the omaaum.

being then passed into the resophagus for '^mastication^

Colin has shown that if the Ups of the canal be stit 1

together rumination may still occur, so the theory that tl

boius is formed between these lips '« "<>''=""'>'"''?"''' ,'

view is supported by the stomach of the llama, which only

possesses one pillar.
.

.

Colin's description of the mechanism of rummation m a.

I i
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follows Diirins the churning movement the food is eentlv

01 tne ii,,uid from the reticulum and some of the solid fromthe rumen .s carried up the ccsophagus, while the1^
the bZ" anf,"

°\ "^ ^""-'-"apfd ^tremity 'cu^ tffhe bolus, and by ,ts reversed peristaltic action convevsto the mouth. In passing under the velum pa ati h

travellmfi to he third compartment, while the solid massundergoes grinding. After the bolus is reswal mveTmay either return to the rumen, or, it in a finely com

i"to"t« .v";
"""• " '"''"' "' ""- f™" 'he Jophag"sinto the third compartment. The reticulum appears to beonly a convenient accessory to rumination, for, as Zi 1 vmentioned, Flourens excised it without interf ring wUh h^

Rumination is a refiex nervous act, the centre forwhich probably lies in the medulla. The process clnonte performed by means of the united acLn he di

'

HencfifTh \h ''•' ?T'/"' "'""'""'-' --
•wence, If the phrenics be divided rumination is carriedu with great difficulty, and only by an extra eJrt ofSbdommal muscles; if the vagi be divided the waUs olh stomach are paralyzed and the process cannot go on

abdominal walls are paralysed and rumination can no

nt'tsXe ''' ""''"'°"
•" '^« »'--h and 2contents also exercises an important influence • mminof« only take place when the'organ contls a f h alS

ne food in the oesophagus can be distinctlv seen in ih.

:i7lr:i\ t' -^
i:^"'"

"- --.ta';^Snre
as age of the bolus with its fluid admixture and th!fnction of the rumen against the diaphragm The amo.mt

»' each bolus has been estimated by Cohn at lilTZ.

' ml'' !l

m

\y. ii
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its formation in the stomach and ascent occupies about

three seconds, and its descent after remastication one and

a half seconds: its remastication occupies about ifty

seconds. On theoe data Colin has calculated that at least

seven hours out of the twenty-four are required for the

process of tumination.

Movements of the Stomach begin very shortly after fond

is received. Waves of peristalsis travel from the middle

of the organ towards the pylorus; these waves become

stronRer as digestion proceeds, and their function is to

press the peptonized food against the pylorus. Tbe

pylorus is kept tightly closed, and only relaxes to allow

a stream of chyme to he ejected, which occurs with con-

siderable force. The left or osophageal end of the storaiv.ti

in all animals plays but a passive part, and may be re-

garded in animals with a single stomach more in the liglit

of iin (psophageal dilatation, a characteristic particularly

indicated in the horse. There is very little movement in

the left end of the stomach, and this permits starch con-

version to go on undisturbed, especially in the last portions

of food swallowed.

It is probable that in all animals with a single stomach

churning movements are unnecessary, and it is certain

they do not occur in the horse, for in feeding on three or four

different foods they are all found arranged in strata in

the stomach, in the order of their arvival. In ruminants,

on the other hand, other movements are clearly mdicoteil:

the immense muscular pillars of the rumen are capable

of rotating the contents, and the formation of 'lalls in the

rumen, from hair swallowed when licking the body, is most

suggestive of rotatory movement. Eher of Dresden says

that in the ox tue rumen normally contracts a little more

than three times in two minutes.

The relaxation of the pylorus is a distinct mechanism; it

only occurs when material is ready to pass out, and not

with every contraction wave which passes over the orRan.

Yet this statement must be modified in the case of the

horse, where, as we have shown, owing to the small size of
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passes out at the pylorus equal to that received at the

Z L,qu.d foods readily pass the pylorus, and probably most hqu.ds pass rapidly out of the stomach It isespecially so m the horse, in which animal the water aconsumed sweeps directly through the stomach, aLly
ir^e-sr: '--' -''-« ^-^ "^^ "-^-^^
The movements of the stomach are excited bv the

membrane These movements are rendered more energetic
l.y st,mu afon of the vagus, but even when all the Servesgomg to the partare divided, the stomach can still contractwh ch s probably due to the ganglia contained in its walThe stomach ,s in fact an automatic organ. Bothpneumogastr.es supply the stomach, the nems hZl
from the solar plexus, to which the right vagus also sendssome fibres (see Fig. r,5. p. 20fi). I„ the wal ofThestomach are found ganglia with which both the vagus andympathefc communicate. The vagus may be regarded asthe motor nerve of the stomach, while the svmpletTc ima.nly.nh.b.tory; stimulation of the vagus 'leads to conraction of he stomach walls, stimulation of the sympatheUc
auses dilatation of a contracted stomach and reUtnohe pylorus. The vagus supplies the bloodvessels ,rithd later fibres whilst the sympathetic supplies them w th

constrictor fibres. Section of the vagus in the horse cares
paralysis of the stomach and in other animals if the movments are not abolished, they are certainly diminUhedThe result of stomach paralysis is that nothing passeson to the intestines, so that in the horse evfnTilposonous doses of strychnia may thus fail to caufedeath by lying inert in the stomach. This experiment
Jmons rates the uselessness of giving mediciT ; h

the Lr Tl ""''' "^ '^'«''""* """•"« » 'he horsehe material lies in the stomach owing to paralysis
of the organ, and is never absorbed. ^The 'eerety

'''

1
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nerves of the gastric glands have l)een dealt with on

p. 169.

The nermuK meehaimm of the utomach of rumuianti, w

derived mainly from the vagus, excepting for the third

compartment, which has a separate and, at present, un-

known sonrce of supply. Stimulation of the vagus was

found by Ellenberger to produce energetic conti action of

the reticulum, slow kneading movements of the rumen,

and slower and later-appearing peristaltic contractions of

the abomasum, but no contraction of the omasum. Section

of both vagi was foun>l to paralyse the crsophagus, rumen,

and reticulum, followed by tympany of the rumen. Ellen-

berger could not obtain any effect on the stomach move-

ments by stimulating the sympathetics.

Section 3.

Intestinal Digestion.

The chyme which is poured from the stomach into the

small intestines meets there with three digestive fluids,

viz., the succuB entericus, the bile, and the pancreatic juice.

The Succus Entericus is prepared by the glands of the

small intestines; in the duodenum the glands of Brunner

are found, whilst the follicles of Lieberkiihn are met with

throughout the whole of the small and large mtestines.

Lieberkuhn's crypts supply a considerable proportion of

intestinal juice, while the secretion from the glands of

Brunner is scanty. Brunner's glands, which are very

large in the horse, are arranged on the same prmciple

as the gastric glands, while those of Lieberkiihn are

tubular glands, amongst the cylindrical epithelial cells of

which numerous mucus-forming goblet cells may be found.

At one time it was considered that the succus entericus

was a comparatively unimportant fluid, the chief function

of wl >ch was to neutralise the acid chyme ;
Colin, however,

showed that in the horse it had a distinctly digestive effect.

It is now known that though a pure secretion of Lieber-

kuhn's crypts has little or no digestive action excepting
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on Btarch, an extract of, and juice squeezed from the
intestinal wall has a most important function. The Lieber-
kuhn fluid is quantitatively small in amount, and alkaline
in reaction due to carbonate of soda. The intestinal extract,
on the other hand, contains three enzymes, and in addition
a peculiar chemical substance of remarkable properties.
The enzymes are

:

1. Eiiterokinaie, which converts the trypsinogen, the
mother substance of the pancreatic proteolytic enzyme, into
trypsin.

2. Eiepgin, also a proteolytic ferment, which supplements
the work of trypsin, acting on deutero - albumoses and
peptones, breaking them up into amido-acids and hexone

3. Inverting ferments, converting double sugars which
cannot be utilized by the tissues into single sugars which
can. Of inverting ferments there are three :

Maltase, converting maltose and dextrin into dex'rose.
Inrertane, converting cane - sugar into dextrose and

levulose.

Lactase, converting milk-sugar into dextrose and galac-
tose.

Finally, the intestinal fluid contains secretin, which is not
a ferment but a chemical substance found in the walls
the small intestines; this when taken into the bloo
possesses the singular property of causing the secretion
of pancreatic juice.

Enterokinase and secretin will be dealt with in our
consideration of the pancreas.

Intestinal Digestion in the Horse.—The contents of the
stomach are neutralised by the pancreatic and biliary
secretions immediately or shortly after they leave the
stomach. So much is this the case that on the duodenal
side of the pylorus the reaction of previously acid chyme is
neutral, and a few inches along the duodenum it is alkaline
this alkaline reaction is at first taint, but becomes mure
marked as the ileum is approached. Ellenberger describes
Ihe contents of the small intestines as l»ing acid in the

m
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first two-thirdB ot their length, then neutral as Ur as th„

ileum, where they become alkaline; we have only once

found them otherwise than alkaline throughout. He lurther

states that in the fasting horse the contents are alkaline,

but that in the digesting animal, whether horse, ox, (n-

sheep, they are acid, the acidity decreasing alter pas9.n«

the common duct, and becoming decidedly alkalme at tlie

posterior portion of the small intestine. This, as we have

said, does not agree with our experience in the horse
;

it ,9

usual to find the contents of the duodenum next the pylorus

neutral, and from this point the bowel is faintly alka me.

the reaction increasing in intensity up to the ileum, ^vhele

the contents are always markedly alkaline. We have only

once found the small bowels acid in the horse, no matter

what diet has been given, or at what period of digestion the

examination has been made; a neutral or faintly alkaline

reaction in the anterior part of their course and markeil

alkalinity in the posterior portion, is doubtless the rule

rather than the exception.

The arrangement of the small intestines snspended or

dangling in festoons from the spine through the medium

of a very delicate membrane is a construction the ad-

vantages of which are not very apparent. It appears to

invite trouble. The long mesentery is considered to favour

volvulus, but no doubt the chief cause of this latter trouble

is tympanv. If the bowels be artificially distended w. 1.

air, loops of them behave in such a way as would lead to

twist in the living animal.

Physical Characters of the Chyme—The chyme having

passed into the bowel its appearance at once changes for

the acid albumin is precipitated by the alkaline secretion

found there. It is now observed that the material conaiste

of clots floating or suspended in a yellowish fluid extremely

slimy in nature, and resembling in appearance, th™"gl. its

precipitated albumin, nasal mucus suspended in fluid, the

proportion of mucin must be considerable judging from its

ropiness when poured from one vessel to another, and this

mucus is probably largely derived from the stomach.
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Throughout tl,e small inte«ti„eB tl.e churacter of the chyme

In i havW a"™ T "' "?'""" l"*^' "' '»•» '"^-'i""'tanai havmg a peculiar mawkish smell, whilst that frn,„

Lrrii T'T

"

"'

"
'^""-" '-"

^
^latter IS due to mdol and skatol formed ..utrefuctivBlvdurmg pancreatic digestion. 1„ the ileum tCTropoSn

: e'dl^rt'th' """^"'^ "'"'''^ inLlZZ
.rSu^-iirp'orii""^ "^ '-"-'-o- ^^'-^«"

F»i.ctioa .f the Ileum.-As the flow of material into the

out of t. The ileum is a remarkably thick and Dowerfnlbowel, It ,s vlways found contracted and containfngmater
"

2n':fSTr' I,'""
""" '-°^ inrr.1™

Mo control th'"'- ?"' "' "^^ '""""""^ 0' «>« i'eum
18 to control the passage of material into the c«)cum Colin

S^;^.3r=st=2t-:
:rno^:rt:::d'r£r:.-^^^^^
uid through the small intestines is ve;y rapid/ I wouldave been impossible to reason out that'the flu d maZll
tomach and the ileum, exposed, as Colin expresses itwenty times over to the absorbent surface of h? owe

'

This observation must have been made as the result 0"^,

:~:Ze?"^^^"-"''"^''-^'*^---^el?o.s

t ryTthe'"-^' ™'^ *'''°"«'' '''«^"""

fact that the small intestines are never seeu full, in
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fact, are olten practically empty, from which we jiiJRe

either that material pftssee very rapidly through them, or

that only small amounts of chyrae are propelled into them

at a time. The contents are always in a liquid condition

excepting at the ileum, the fluid being derived from the

secretions poured into and those originating in the bowel.

That active absorption goes on in the intestines is proved

by the difference in the physical characters of the contents

in their several parts. Th« rate at which the chyme pasi«»

through the small intestines varies with the nature of the

food, and the frequency with which the horse is fed. Ellen

berger says it reaches the ciecum six hours after feediiiK,

but has not entirely passed into this bowel for twelve

or even twenty hours ; we have known it reach the ca-cum

in four hours.
u ui i

In the small intestines the chyme meets with the bile ttiitl

pancreatic juice ; the action of these on food is described in

the chapter dealing with the liver and pancreas. The

absorption of chyle, and its elaboration before reaching the

blood, are points which must be reserved for the chapter ou

' Absorption.'

Large Intestines.-There can be no doubt that in solipeds

digef'jon in the large intestines is a very important process,

at least, we judge so from the fact of their enormous

development. In many respects they present a consider-

able contrast to the small intestines ; for instance, they are

always found filled with ingesta, the contents are more

solid, the material lies a considerable time in them, and

there are no juices other than the succus entericus poured

into the bowel. These are conditions exactly the reverse

of those found in the small intestines. The bowels which

are spoken of as the large intestines are the esecum, double

and single colon, and the rectum.

The 0«BCum has been described by Ellenberger as a second

stomach ; its enormous capacity and fantastic shape have

always rendered it an intestine of considerable interest

(Fig. 48). To our mind its most remarkable feature la

that it is a bag the openings into and out of which are both



mOESTION
101

X:':'Z7zr;'rr"*' "- «"• "™- -
»«»in.t gravity in or J'i,.""

'"'"'•'"*" '"'^'' '" ""'k

i..te,ti„eM'l ;r„l "
"S:

."" -''1 '"" "•« next

four muscular b»ndH on tl^
'" brouRht 8l,out by the

the bowel, forcinB the
"
!l T'""""

"'«• '"^^ *'""'' »•'"''«"

The ileum Z^^/J^TihT'T"t '°"»"''' ""^ '"'»''-'

colon (Fig. J) * "'^' "'* ""'•'' "*'"''''''<' ""'let » into the

Several q„e..ic„» .„gge.t ihemKelve« re«ardin« the com-

1. The first colon
; 2, tho ileum.

everything must pa«s tto 7r at aT 'fr"'°"
the cfficum. vet we ar» Zl a 1 ^ ™'^' 'trough

remain the etng Could t.
*'"''""'*«"'" does not

0' the ileum a^ihat o 't \lCtt '" ^ °''^"'"«

gether that material might pard^rJf r

°° ""«•" '"
«*er? (Fig. 50) Noth^„ .

''°"' ""« ''"° ">e

Tomtheca.'um-thefeL"fb"i;t"'' "'" '"« ''«"-

Hin« the ileum e.oJd:t\rZ~m^S^

¥\
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materi.1 munt cro.. the openinfi of the »«»"»'"
"f^,';

reach the colo... Thi. »1*7'«' '» . '",7'"' 1'
thickened condition of the w.U ol he 'l'""-

7,,7J;;
difficulty in l^lieving that the r.B.d end of '^ '"^

-»

p... it. content- practically direct mto the 'o ""• »"^

^ghtly f..nnel.«ha,K,d arranRement of the latter «..nW

readily admit the rigid nozzle ol the .leum.

The contentH ol the ctcum .>re .ilwayB flmd, «.n,

tiJel .."te watery. occ,.»ionally of '^e colour an con.,

ence of i-ea-Boup. in which condition they are lull of .
>^

Ao^.KviTMi'vT nr THK Li'SOiTOiiiN.a MuMim
Fio. 4».-M.Hfa

^^^^^ ^^^ ^^^ cxirn.

band 4 '»"%•'"" '™/'°"i„ubtle».inlimat<!lvco.uu.cti..l >ulh

cucmu to colon,

bubbles; «hen watery the tiuid is - nerally l-rownisl, m

colour with particles of ingesta Heating about m it. U

rSn of the contentB is always alkaline; all ob^er.er.

%r:t>u! JLSmirably arranged .s a rece^^^^^^^^^

fl.Jdt and hough abKorption undoubtedly occurs from .t,u"

SstfonofcelMosetaLs place inito-et we believ.,^

STU the storing up of water for the wanb>^
tl.^

and the digestive requirements, as ;t .s .bsolutelj ..rt,a„

* Wti ouce found ihii i-icum iiciil.
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The di«e.tion oi -Ualo^e;J f^f;;;j:'i:Zft
matter, espeeially as we Uv»v th.t

^^1 ^^^^^^^ ^^

more cellulose d.geBted .
but «e

^^^^^^ ^^^ ^^.^

that food
neeeBsarnyremam^mtl^^^^

believe that celluloBe 'I'S'^ '""
°^"; '^'4,'^,^ ^ is not absolutely

entirely, in the colon,

'J"^ J J ;„V„
;„ the c»cum. but

necessary the material ^""""^,„„. Our experiment,

that it may pass or^-^o.^^^ „ay reach the c.c,™

on disestion have show that m
^^^ ^^^ ^^^^^^

3 to 4 hours after entenng t^
-;^^j'^„„, eonsiderablo

clear on the point that °^^^/"^ j^„„ the time of bo,n«

distance along the
-^f

".'"
^.arded as exceptionally rapi.l

consumed, though ti^- ^^^^e and hadnot tasted oats

A horse ^-hieh had
n^-^-^J^f 7^^,^ ^.th 2i lbs. of ma,/...

tor t^-o or three ye«B, was f d n
^^^ ^^.^^^, ^^.^^

and 17 hours later «ith 4
J^«^°J commencing to eat tbe

destroyed 4 hours «™-
*^ ^^were found in the pelvic

oats. Much maize ""^ a few oa
^^ „,,,„ an

flexure of the colon, and a certam p P
^^^^^^ ^,^^ ^,^^^,„

a quantity of oats - the —
•

^^^^.^^^^^, ,,t,cen tb.

ration of 21 lbs. °* '"''''\,
^j,. colon, which is a very

.tomach and pelvic «-«7^ ^^^^ched the same point

Urge area. In 4 hours the o^t« ™
^ ^, . this is excep-

i„ i, howel that the maize .^^^ "^ ;;*„^.t, two points it i.

tio„.Uy rapid, but th.^per.mentn^^^^ .^ ^^^ ,

r^i'^or^elHoietely., and the rapid tran.t

r:t:^*.^VitheBn.Umt.Un^^

assimilable -"atters occur.
^^,^^ ^j ^,,, hov,c

The Oolon.-The
'^^"'=''°";;;'",,f„„ „nder the spine «»

is remarkable. It commenceB h ,b up
.^ .

^^^^^^,^.

The right Bide, its ""S- -^«;- ^^ :,,„aB towards the

ately becomes of l'"";;^ '.ye. rests on the onsifovm

.ternum, and curving to t^^je^^^^^^
..^^,_ ,,, eolon no.

:Stic^'™u^-"^---^'^^^^™^^''
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bowel becoming very narrow in cnlibre : the pelvic flexure
having been formed, the intestine retraces its steps towards
its starting point. Eiinning on top of the previously
described portion it descends towards the diaphragm, gradu-

Fii-,. 51._TiiK D01111.K Colon lookkd at prom Auove (modified
l-Ko^l MilLLKll).

1, The (Irst colon, Ihe circum being removed ; 2, the pelvic flexure the
bowel bemg narrow

; :!, tlie colon suddenlv enlarges • 4 il,
diaphragmatic Uoxiire ; 5, tlie single colon. Several of the bands
are Been

; note also the sacculated and non-sacculated portions of
the bowels.

an,y growing larger in calibre, and then ascends towards the
lorn, being here of immense volume—in fact, at its largest
•liameter

;
it then suddenly contracts, and forms the single

colon (Figs. r,l and 52). The object of the difference in
tlie volume of the double colon appears to be for the

18—2
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convenience of its accommodation in the abdominal

cavity.

The double colon may for the purpose ot description be

divided into four portions: the ingesta in the first and

third descend, in the second and fourth ascend. It is

found that the physical characters of the contents are not

Fig. 52.

—

Position of thk C^cum and Double Colon on the Floor

OF THE Abdomen seen from Below.

The point of the ceecum is directed towards the sternum.

the same throughout. In the first colon the food is fairly

firm, and the particles of corn, etc., can be readily recog-

nised ; in the second colon the material is becoming more

fluid, whilst at the pelvic flexure the contents are invariably

in a liquid pea-soup-like condition, and the particles of

which they are composed are not readily recognised. In
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reaBOi. for Hie extensive preparations made for its disostion

in herbivora, viz , the cellulose encloses the pro o.d, starch

and fat of veKetable substances in a franie-work, and unl.l

this is broken down these substances cannot be acted upon.

We know that considerable cellulose solution must occur

before the material arrives at the large intostines others isu

neither in the stomach nor small intestine could d.Kesli.m

.rcunv the prominent position it does. The digestion of

proteid. fat and sugar are largely, though not entn.l.v,

dealt with in the stomach and small mtestme, but there

must be a certain amount of these substances so hnulv

locked up in their cellulose envelope "nU they are not

liberated until after prolonged maceration and digestion n,

the large intestines, We may, therefore, safely assume t u

proteid. fat, starch, and cellulose are capable of being actc,!

upon and absorbed from the large bowels of the horse

As the result of cellulose digestion carbonic acid and

marsh gas are formed in equal volumes. We have m our

description of the large bowels drawn attention to the

appearance of the ciecum and fourth portion of the double

colon, with their pea-soup-like contents, on the surfae« u

which -as bubbles are constantly breaking. It may wel

be that these two places are the active seats of the Una

transformation of cellulose, the ciicum dealing wiJi tluU

which has already been acted upon in the stomach ami

Bm 11 intestines, and the fourth colon bemg concerned with

the more refractory cellulose, which has required prolonseJ

maceration in the large intestines before becoming capa e

of solution. This is rather supported by the reraarkab y

rapid change in the character of the contents in the suij^le

colon, the pea-soup-like condition giving way, in the space

of a few inches, to the appearance presented by orcliimr;

normal fieces.
. , , ,, i ,f;„„

The large intestines cannot exist entirely for the solnt on

of cellulose. There are other processes going on clue o

which is the bacterial attack on the unabsorbed protei.l

products of the small intestines. The small intestine ma,<

be regarded as tree from putrefactive processes, m fael u

11 -I
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of this ml t aetiald h ' r"?'""- ^''^ r«''>=«on

in tlie othei at the posterior part of the
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digestive tract, but this difference in the arrangement for

digesting cellulose depends upon one being capable ot

rumination and the other not. The rumen of the ox

corresponds to the large intestines of the horse. The

intestines of the ox are of extreme length but small in

calibre ; they are half as long again as those of the horsf

,

and it would ap: ;ar that their chief function is that of

absorption. Their arrangement, especially that of the

large intestine, is most singular. The small mtestines

are hung in convolutions on a mesentery; they lire

Fig. .'ia.-ScHEMATic Aer*noement of the Intestines of the (i^.

1, The small bowels ; 2, tho ciccum ; 8, the ' spiral
'
colon

;

-1, the single colon.

narrow in diameter and about 120 feet in length. The

large intestines are about 30 feet in length, also narrow

and without muscular bands or puckerings as ni the

horse ; the colon is arranged in a remarkable spiral manner

between the folds of the mesentery (see Fig. 53). It is m

this immense length of absorbent surface that the food

sr.bstances capable of being utilized are taken up. It is

clear, however, that certain digestive changes occur in the

small intestines, into which, as in other animals, the

pancreatic and biliary fluids are poured. Here the proteids

which have escaped the stomach, and the fats and starches
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TSfV^''°'^^'"'^
rendered fit for aSBimilation

; the

wh«nl7 r'
'"."" P'°'«'''""y only finds it, wa/herewhen fit tor absorption after its digestion in the rumen.

Inte.tta.1 Dl,„ilon in oth.r Anlmal..-Ia th. pi« intestinal

very rapid. In th. do, the material passes out of the
s omaeh slowly and only in small quantifies into the maU
.nte tmes, which are usually found collapsed. It is in the
small mtestines of this animal that the chief digest on
occurs, as the large bowels are rudimentary.
In the sheep, ox, pig, and dog, the reaction of the

contents of the small intestines is acid anteriorly and

contents of the large intestines are alkaline in reactionMunk gives the following statistics respecting the in-tetnal canal. In the tiger and lion the whole digest ve
tract IS 3 times the length of the body, in the dog 5 Um s

toes The comparative shortness of the intestinal canal

whi h • Z' " '=°'"P«"«'"«'J by its enormous capacity,

4 pmts. Ihe area of the intestinal tract is also given byhe same observer-horse 550 square feet, o.x 160 square
fee^ P.g 32 square feet, and dog 5J square fe^ (M'KenS
Movements of the Intestines.-The movements of the

.ntestmes are brought about by the involuntary muscleomposmg Its wall. This muscle in the small intS
^

arranged in two sheets in a circular and longitudin!mnner, while m the large intestines narrow bands ofpalemu c e of considerable length take the place of the ordin'lry
gitudinal layer, and may be found on all parts whe ee tube IS sacculated. In fact, one function of the Lnd

bring about the sacculated condition of the canal
" .mpor ant arrangement whereby economy of spaceteffected with no loss of surface.
Tl,e sacculated condition of the double colon is confined
ncpally to the first and second and fourth portions The">Td portion especially at the pelvic flexure is free fror^

!:;i^
!
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Bacculations. and tl.e fourth iK.rtion h not so llbomlly

puckered as the first and Hecond. On the lirHt co on the.,:

„re four h.ndH, on the second colon there are » so o,:,-,

three of ^vhich disappear at the pelvic tlexure, on the tl„r„

portion there is only one band, .hile on "-'«";"'';"•

there are three (see Fig. 51. also F.RS. 51 and 52 •

,a,.«e intestines the longituainal layer of hbres .s co Im

to the muscular bands, so that the great bulk of th «, II

consists of circular muscle only. The long.tudnml b.ml-

Bhorten the bowel, but the main work m prcssnig t ,-

contents along is performed by t''"

'="^'f '"^TJ ,„
,!'

bands, in fact, are numerous where the mtestn.e is la.„..

STCRMhi.

FLcxunea

3**
COUON COLON

FlO 54.-SCHEMATIC AnRANOKMENT <.l , IIF. MUSCUWR BaNI.S ..^

THK DnL'iiLK Colon.

Tho colon i» HunpoMd to be opened out inm a straight tube, r.^.iul.

r™u.d™r.m fro.n tho first colon to he pelvic llcxure
:
u„o ^f

the three actuall.v ooines from the ape. ol *« c.ecum No .;•

he onlv band runnins the whole V-oBtli of the b «'^-J" ;
;

and 6 oriRinate in the region of the third colon, and hnall> .u..

on to the single colon.

and reduced in number where the bowel becomes smaller.

This arrangement suggests that they may under suitable

conditions produce an irregularity of pull, and we can toe

no other explanation of displacement of the large intestines

of the horse (a matter dealt with more fully at the en.l of

this chapter) than through the medium of these mus^'ih,,-

bands.
, . ^ ,

The muscular movements of the large intestnie aie

slower than those of the small bowels ;
possibly one remn

for this may be that the food has to remain a lonf-ei- time

in contact with the absorbing surface, viz.. for at It;'-

forty-eight hours, and for as long as four days. H'^
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periBtultic move,ufl„t of tho nnmll i„t,„ti,„« „ ,,„it„
.»t>nct fr„,„ tl„a of the largo ; tl.o o„„ e.uls at tl.e ilium

the other hoKins ut the ciuciim.
The mu«ele of the intoHtinal wall causes the movementKnown as ,„,.,«.,/.,/., ,vl,ieh nor.nally ,,a»se» i„ tho ,lircc"io

.t hecomes s ower and m„ro .lelihorato in the larf;e, hut thowave haH always tl,e one ohject in view, vi.., to ,res e

:rw;' :':; r t" '" •'""'"''''"' ""-'"« "« --L:
«..J, vi/., „, the ,hroct,on of reetun, to Htomaeh, i» Known
^' ;>''-''''•'''' -ch a moven,ont is considered ahnornuli"..n tie horse. aec.ordins to the ohservationB of Colin
antu-enstals.. o the small intestines is a natural eo,,:Jmon. Some physiolofiists roeogni.e antiperistaltic move-
ments of the large intestines as heing normal in certlh,
amu^als produemg a to-and-fro movement of the contents,
but t s generally thought that in the small bowels anti
enstalsis,s only present under abnormal circumstan o
ant.penstals,s be admitted for the large bowels, we s»o
difficulty m extending it to the small, especially n view

ot tolm s positive statement that it occurs. The peristati!wave depends upon a something peculiar to the bo'l wS"
for If a piece of small intestine has been experimentallv
everse

,
so that the portion originally nearest the stoma h

' made to occupy a position farthest away from it it isoun t at the per staltie wave in tho reversed segm n

? •

"'g"'al direction instead of in tho new direction.
Tie actua mechanism involved in a peristaltic contraction
»ccoi-dmg to Starling and Bayliss, is as follows: The droZv
muBcle on the stomach side of the bolus contracts whl

t on the far side is relaxed for some distance, so th
e a^ ancing wave drives the bolus into a relaxed portion

r ; ! ^'°'"'""> 0* ™<=ain6 or nicotine be appliedhe intestinal wall these movements cease, from wSt -^argued that they are probably due to local ganglia
Another movement quite different to tho above is the"'., which shows Itself by a gentle swaying to and fro
the different loops of bowel, caused by a simultaneous

r
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contraction o( both musoular coats. This movement in n(;t

stopped by cocaine or nicotine, Irom which it is reasonuil

that the nervous ganglia have nothing to do with it.

These pendular n ivements, which are rhythmical and ii>

regular as the heart-beat, are regarded by Starling mid

Bayliss, who first described them, as being of the greatest

importance, as they cause the material under digestion tu

be mixed thoroughly with the secretion, and bring it in

contact with the wall for absorption. While these rhythinit

contractions are in operation the food is not pressed on-

wards, but remains in the same region of the bowel, under-

going, however, rei)eated divisions. We have not succeuded

in observing the pendular movements in the horse.

In the first and third portions of the colon the inKusta

travel by t' r own gravity ; in the second and fourth

portions they travel against gravity, as in the cmcum. As

the first and fourth and second iind third portions of the

colon are united, the curious results follow that material

is passing along each section apparently in two opiiohite

directions. The frequency of intestinal affections in the

horse causes the canal to be of exceptional practical interest.

When the caiciim is found completely inverted into the

colon, as if a hand had passed through the colo-ciccal oiwn-

ing, laid hold of the apex of the ciecum and drawn the

entire bowel within the first portion of the colon, it ia ilien

that the question of muscular movements so strongly pre-

sents itself. Or take what is far commoner and eiiiially

fatal, viz., displacement or actual twist of the large bowel,

or a complete twist of the small intestine, leaving the

bowels in such indescribable confusion that the parts

cannot be unravelled, even when removed from the bodv!

It is impossible to believe that muscular action of the

intestines is free from all blame in the production of the>e

lesions. It is easier to understand a twist of the smidl

intestine apart from muscular action than it is to under-

stand displacement or actual twist of the large intestine.

A loop or coil of small intestine may be so distended hy gas

or ingesta as to become twisted, but it is more difficult to
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muscular bands of the bowel m.v J.

''°"°" °' "«
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".e tract the former f,m tion Tsm .

" ""'*"'" •"»'' "'

™t by the vagus, e.,iml"«t on nt T^ °' *""'"'"y """'<">

active contraction o.' The mall Lr;"''
'" '"""'' '° <=»"»«

"e large intestines is effectml . u T" ^'°"'«««on of
"hid. iHsue from tl e !!cral

'
r""^ . u™""'"" "' "«"="

with the nervi erigente to u, ' ""'''' ""'^ P""
">iB plexus fibres run i„ thi ''f'T""" P'*^""' *>om
i"°<'"eing on "timuTat on mucrtVe'

s''* '"'' '"'-«-'

Sta;r-™"'-°-"H^e-rit:j^

Cor'-Si2rt!s::?2^T-'''««--
«' 'he vagus, hence the term rhfhf'"'?''

''^ stimulation

"erves of the small inte t™ '"^T°"^-'
"^^^ ^Wbitory

i-bar portion of the ^ pals b "lb"
""" "'^ "o-"

Mtea (re, Fig. 551 .. ..
"' P*."' "•' ""e rami communi-

•"0 'roL t'henfe So^ ' heX^nr ^'';; '''"'^' ^"
nerves to the solar plexus from ^M wu ?"" 'P'^nchnic

'0 the intestines is maJ; Th! ?-!^' ^°'''
'^"'"''"''•on

,

l«ge intestines are derived ^^ '".'*• '"'"'y fibres for the
't'ongh re. and 4 pj SSMo't

'°°' /'^ '"""'« <=-"

f I
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Fill. 5,1.—DiAORAM TO II.LUSTRATR THF. KwHTRfi OP THF. Af IlMAir,

Canal ok tiik 1>o(i (Komtkh)-

(Till' (iyuro is very (liajfriHiimatic nnil Joph notruprescntthe ftniiIoiiiU!i!

rt'lfttiooH.)

<h: to I!ct. T}io alimentary eantil from the (iBoplmBUs lo tlip nctnm.

LV. Jjpft vajjuB niTVo ciiiliiiK on ttie front of the «tomacli. il. Ui

currrntlarynKfHlHUjipl.viiig upper paitof iisopluiKUH. /.'.I'. iiii,'lit

vngll.^ joining left vuifUH in tluMi'soplia(,'eal plexus Of. j>l, auiipl^iu;-

th. lostiiiior part of tiio Htoinaoh, continual att IVA''. to juiii tin

8olar plcxuH, Sot. j)l., Iirrv rrprcHtntril l»j a nintjlr t/avyh'-ii. iim^I

connected throu<,'h x with the inferior mcscnterio j;an<_'lii'n ov

plexus). (I, til. i n, rt, ", branches from the solar ploxiin to >io!iiiiili

and muall inteatinos, and '» from the inesentoric ganglion m thi

lar^e intt-HtincH.

Spl. Largo splanchnic ncrvo arising from the thoracic ganj^-liii of ilie

sympathetic Sy. and rami communicantes r.c. of the dornal nervt^s.

Spl.mi. Small Bplanclinic nerve. Itoth the largo and small Hplnm-liniii

join the solar plexus and thence make their way to the aliiiK iitiii'v

canal, supplyintj the small intestine with inhibitory inipulsi s.

G.m.i. Inferior mcBcnteric fjanylion formed by nerves running' firm

the dorsal and lumbar cord. I'rom this ganglion inhibitory iitrvi^

are given otV to the large intestines.

v.c. Nervi origentes arising from the sacral cord and procecdiiiL,' to ilie

hypogastric plexus. I'l. Ju/p. From this ploxun inipiiWo* of '

motor kind are supplied to the large intestines.
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small intestines naturally contain very little, frequently

none, whatever is formed there being probably rapidly

passed into the large bowels. In the large intestines

marsh.gas commonly exists, forming with carbonic aeid

the bulk of the gases present. The pathological conditions

arising in the large bowels of horses, and in the rumen of

cattle as the result of fermentation—particularly of grcdn

food—and the enormous size to which these animals may

in consequence be distended, are matters of common

clinical experience. In both horse and ox the gas may

generally be ignited a short distance away from the

cannula which has been passed to give relief, the marsh-

«as i<Tiiting readily on meeting with the proper proportion

of ox'y^en. The whole of the chemical changes in the

intestinal canal are carried on in the absence of oxygen:

the gases which are produced depend mainly on the nature

of the food, green material producing marsh-gas ami

carbonic acid, leguminous matters producing sulphuretted

hydrogen and hydrogen.
. „ , ,

The Faeces—The faces consist of that portion of the food

which is indigestible, together with that part which though

digestible has escaped absorption; mixed with these are

water, colouring substances, mucin, organic matters m

great variety, inorganic salts, bile pigment, volatile fatty

acids, remains of digestive fluids, organisms, etc.

The composition of the fasces depends largely on the

diet. The following table from Gamgee* can only give a

general idea of their nature :

ApPBoiiMATB Composition of the Fsces of the

Water
Organic matter

Mineral „

Horse.
760
21-0

8'0

Cow.
840
18-6

2-4

58-0

360
60

Fill.

80-0

n-o
3-0

lOO'O 100-0 1000 1000

Considerable difference^ exist amongst animals in the

consistency of the faces ; they are moderately firm m the

• 0"r Domestic Animals in Health and Disease,' p. 233.
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-"o-tot water whiel, I u'™ wV'.t'
'''"'"'' "'"" "'"

"f "'" food, tho activity „ if ,'''""
"''''-•''''^'''-•'^r

energy vith wl.ich abson.^onil f''^''''^^'
«"' the

™nal. Succulent JentoTinT"""'^ "" '" "" '"«-«™

i-e a e„„.tipati„: e^^, tl:t„:^ """, ^•"^'^-

excess of niti-oL'enous mat..,. f, ° '"""S^ ""'' "rm
;

' P"ti-efactive ,„.o esLV W ^ """"' ''"'^"'''y ^ue

:^r:ssrt/:.;^-n^i;rt;-is
»l'olly on corn they becomf ve ^ ™ " ''°"« '« *«'!

'" appearance, 'i^.e Xr r'n 7 ""'' '"'^ «"' '^r«"

living hay or -ra ! is , .
" '""'' "' '""""'^ re-

'*"• They are alway. ajd i r
'" "'^ ^'"^le

probubly depending upon tl^ ,,
" /'*'''°"' ">« ""^ity

'- the carbo-hydLn; the fid
'"'"'"' "' ^""'^ ^^

*« downy hair found oHhl l'""'"^"'
'»"'''« of grains,

f«
and spirals, starch an! fat

° "/ °''^' ^^^^'^^-'^

''"»™pliyll, etc.; unahsorbBd
^"^ S''^"''^' K™«- '-eBins,

''".vnatters; produ" s o dtit™ f "'"^'«'-''y<J«te and

^«». malic, butyr," suecif f" r'™""'""""' ^""^ as

^-•'-in.i;sS:irs:;rb!su:s-
14
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and altered bile pigment-Btercobilin-which gives t!,e

colour to the dejecta in the dog but no! m herbivora
;

un,t,

lastly, mineral matter in varying proportions. In the uoc;

portions ot muscle fibre, fat cells, tendinous and hbrous

tissue, are found in animals fed on flesh.

Of the woman,,- r-alln- sHica exists in largest amounts

in herbivora.' then potassium and phosphates; sod.un,

calcium, magnesium, and sulphates, form »/"»"«
f

still important proportion. The horse excretes but h tie

phosphoric acid by the kidneys, but considerable quant.t.es

pass with the fa^ees in the form of ammomo-magnes.um

phosphate. This salt is derived principally from the oats

and bran of the food, and it frequently forms raM

through collecting in the colon and becommg mixed with

organic substances. Other intestinal calculi are formed

from lime deposits in the bowel, while collections of the

<\ne hairs from the kernels of oats become encrusted w,h

ammonio-magnesium phosphate and form oat-ha.r calculi

In the Persian wild goat and certain antelopes intestmal

concretions are found known as Bezoar stones, fornierly

much used in medicine and as antidotes to poison There

are two varieties of calculi, one olive green, the other

blackish green. The first melts when heated em.U

aromatic fumes, and consists chiefly of an acid allied o

cholalic acid. The chief constituent of the second vavietj

is an acid derivative of tannic acid, which indicates their

origin from food substances. Stomach calculi have no

been unknown in the horse, while in cattle, as the ve.nlt

of licking each other, ' hair balls ' are common objects.

The following table by Koger gives the mmeral composi-

tion of the fiEces in every 100 parts of the ash :

'

Sodium chluride

roUssium

tiodiuui

I time

Magautfiuin

Horse.
03

iiao
1»H

4G:i

aw

Or.
Hi

2U1
•98

.'-,71

11-47

Shrr/,.

II

isi:,

.v-l'.

Quoted by Ellenbergor.



Oxide of iron

I'liosphoric acid

Hulpiiiuic lu-id -

'Silica -
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Roger observes that the ash of fl,. ,
containe searcel, any alUH„:tarW^^" "^ ''«^'''--

The amount of feces produced in w h!
quantity and nature of'therod '«„ wVh"" T" "^^

ll>at on a diet consistinR of 12 m. ',
..

*''" "''"«"«''

and 3 lbs. of bran the averll
"^^ " "'^- »' o«ts,

fifteen horses du ing aTew""??' '""''^ P''»««d ^^
amounted to 2» lbs 'ifo/s ^2/ H '""u^

^^^«" "^"^^

weighed in their natural cIhv
''°'"-»' '^e f»ces being

cent, water; the dryZer ^l of tT V'/^-'-^-S 76 pef

P
lbs. More U,L a nLldl'f V^"''' '« "'"""

during the day; in the ahZ ^ *''" "'8^' «J"">

l^l.ours(6pito6l^ tr.'"'''™'"''
<""""« *«

P- horse was 18 lbs 3 oTs whilstT^' T"""' "' '-"«»
the amount was 11 lbs To' ozs ^1?.

""" '" " P-"""
feces we have iinown a hnJ / "«''' ''«°'"" of
3-3 lbs. (weighedrtheirTatu'rlfsT:T "" "^""^^ °'

^iet consisted of 12 lbs. oat 3 h„ f^ u
''' ''"'"• "^^

«' hay. In an e.xperimen carried „„ f

""' ""' '' "'^•

«h different horses all r celw 12 Ibrh*''''™^
"^""""^

proportions of bran and oats, Kerlte d^V"' ''''^'"S
fwes was 24 lbs. A horsn Ull ^ daily amount of

"e bowels about ten or tX 2'"'- "' """"'' "'

*e food he consumes takes' '" ^' '^' '^'•""' ^"d
P«« through the body

'° ''^^"^^ '°" d«y« to

-I'tVe'rhri'/rr
i;^'^^^-

^« '^^- -^
-ll>s.to« lbs di;i„ ^ '''««P " varies from

»«thena;u!i"of:£ii::
'"" ' "'^- '" ' ''-' "^Pend^"

pit'i:'d:r::d'sSor.i r^^^"'-
^-

'° '••«

-t of d.f.oation is performed by a contraction of
14—2

:: ? )

't

.1
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the rectum assisted l.y il.e ulKlouiinal muscles, tlie t!l"tl.^

being closed. In the norse ll.e contraction of the rc.Ui ,

alone is sufficient to exi^el its contents: this is proved l.y

the fact that this uiinml can defacate while trotting, s ,c;u

i,„. tliere is no necessity to fix the diaphraKn. and hold t n

breath, though at rest this doco occur. In consequenc,. 1
,r

rectum of 'he horse can exercise extraordinary power; lli.

hand and arm may be rendered al.nost m.mb by the press.uv

it ca-i exert. The mass driven backwards under tins lorn

causes the sphincters to dilate, sometimes lo an astomslui.:.

de-ree, and as the last trace of n.aterial is exuded, ll,>:

contraction of the rectur' is so t;reat that it forces som. uf

the nmeous membrane externally, «hich may be teniporar.ly

imprisoned by the contractinK sphincters, ihe mus.lu M

the rectum receives both motor and inhibitory hbr,:s, a-

r-.eviously described. Its extraordinary power ui tl,.^

rectum in the horse may partly be due to the horii'.<.ntal

position of the body; no crouching of the body <,ccu,.

durin.' the ace of detiecation, such as occurs, more or le.s.

with lUl other domesticated animals. The rectum has Iht

whole work to perform single-handed, even as we liiU.;

shown above, without tiie assistance of the diaphragm ur

abdominal muscles.
,

Two sphincters close the rectum in all animals, .1.

external of voluntary and an internal of mvolunUirv

muscle; they are presided over i.y a centre in the c'"-'';

If this is destroved the rectum remains uncontracted, iimi

the sphincter flabby ; in the dog the cord may be destroy.:

in the lumbar region without interfering with the art i^t

defamation, which is then carried on by a rellex meclm.ii.ai.

Meconium is the dark-green material found in the ml...-

tinea of the f..'tus. It consists of biliary acids and ]V-

ments, fatty acids and choleaterin, while salts of mi-

ncsiuin and .-Jciom, phosphr.tes and sulphates so.linm

chloride, soda, and potash are also found m it. Mecomuui

is the product of liver excretion.
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Pathological.

The disrasrs of r;irK- lif^ ;„ *i i

.l.o»t, whil,. ,!,„»„ „f tiVl '"- r" '™ """'"'^' """"'^'' '" '!'«

»^" "' vi..., pH^o;t'
, rC'^rr"' ^°f

-" '- '"«

<^«- ..-test praci^ut; ;^ 'i ;^::;::" V'^™'"""
- """" '

Tlur,. „ro certain „bvi„,„ .'',„"'', "'"' "' ''"1"''"'1.V .",„ ,al.

".y-l..ios »urr„„,,J ;,;,;'', '-f Mr' '' "' "^P''""'"" """^ "f -li'

»f - colic; in n,iv" h, "r'?'''"'''''''"''™"'''''-'!'"'''"

the .naiorit, of i,,,.,,,,,, 'Z!!:^ .rr^J'
?'"""""• ^'"' '^ ^"

!pa»]ii» of ,i„,„c part of |1,„ ,li„p ,i,. ,
' ""' """'''" '"""'•"^'r

•««-"lv ignorant T* i, bv , , "
.T''

';'" "' "'"''' ""' "' "-

«hicl. enable a p„,i,i,, ,ii„„„„, , „,
" " '"" """ "" ''""nit.' s,vn,p,on,s

i...po.-tant ,0 boar in „ h^^f u n ;^', " '" ^" """"''-I""'- It is

l>"l<.'l,an,l tbc. int.. ,in 7 ''"""" " '" ^"'"nlly over-

i-a,Tor.Io,, b.v „„. ,„,,„„„,, „f
;'';;,''''' -'""'-' '-'i-,l,.r

<>on>«cl, fronble, th,. rup.nro follou'i, a
'';"'"" •""™' ''^

'-;-."Phasi./.hofao.:'':r;
"n'^rnroVt,:'™'- r'---""f tbo horse to vomit an,] ,1„. , ' " *>'''"'-'™' '"ability

™* .0 that it i. !,»: '/; , to :::: . m"^' r^"' '" '^'^'^

»

™.»it -upturod ato.nac.1^ lo W or! i
'

, I
"'"', " "'" ""™"' ""'i

^™*e .-norally a n.tter ore™ ^^^ l^J 2™; ""' ^"'""^*

'"connection with ' estinal t,o„n ^ '"""'

Pr«p,,rtion,.,eoa.o,affectini Ta, t"';"''*^™''''''
'" "^ ""»'

^'S tho lar.-e. We cannot ,h,-
."''""""'"<=« '"''"s to those affect-

* 01 th; other Si .:;:.''::''f
''*>'"* ™"" "^ "« ^ne fro™

K-e bowel, are „,ore . uentry aS f?r'-\'°''
"™'''"« "'"' "-e

"lowing reason,
"'I''™"y »«™'<=d than the sumll, and for the

-c-So:d!r~'—-^^^^^^^
'"»in there 'on, t," , w „ l^T

"""''""^ '" »"""»« """ »>ey
-»">

:.. the anierio;;::':^ :: ,h:::;;:'tt.^''""^'°-
°' "-^-^

!
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2 On the other hand, the Urge mtesttoeB always contain inRf..a,

(or the material p.».e, along it very slowly, .0 that of th" tl>ree or

four days occupied in accomplishing the journey from mouth to »ny

all but I few hours is spent in the large intestines. It .. reasonsW.

therefore, to assume that in cases of pure uncompl.cated d,.ord to,

muscular action of the bowels, the large intestme m the majomj of

"^Colic u'no't''fatal, though Percival described such a case. Uur

experience leads us to believe that death from pure spasm o the

bowels is unknown, and we would emphasize the pomt not on .v for

the sake of accuracy, but as of value in prosnosis. We behove .l,a, „,

Inv case returned as dying from colic, a more e.tens.ve -«"h -.^

ha;-e revealed some fatal lesion. There is no reason for belK.m.

that the pain of colic per u is capable of causmg death.

If this be accepted, and it is fortunately capable of proof, .t oo„.

siderably narrows the causes of death from intestmal •^ffee'ton, an,,

groups tLm mainly under two heads : (a) Inflammat.on of the bo.ch,

and (I) displacement of the bowels.
. , , ,•,.„„„

Enteritis, by which nauw inflammation of the bowels .s k™»„.

is sToken of as a common disease of the horse, but here agam ». ion,

issue with accepted doctrines and urge that .t is an uncommo,,

dTease Further, that in the large majority of so-called case, o

enteritis, some displacement of the bowels with mterference to the

TJ^Uon has occurred. That uncomplicated ententts may e.,.. ,.

notlsputed, but we urge its relative infrequency, and P"- .he po,,

that what looks like inflammation is more o*;^/'-"'^'^''™^,,
'

a deep purple thickened coil of intestine is found on open„g .he

abdomen, such a case is not en^ritis. The colour md,ca.es that ,h

bbod supply has been imprisoned as the result of strangulat,™ ,>

an identical appearance would have been obtained by hgaturmg.h

towel, men half the double colon is found purple, thtckened CI d

Jh blood-stained fluid ingesta, the wall of the "owel bemg fnab

Tnd its mucous membrane purple, then however much we ma, b

tempted to speak of it as enteritis, it certainly is not th.s d.sease b«

—ialLn' Enteritis must be reserved for that condttton of owe

rXeh the mucous membrane alone is inflamed. Such a bo«

mavl^ve no external indication of trouble; the genera ™ ula

Tpply .. not interfered with ; the full intensity of the trouble faUs^

he mucous membrane, and such a condition may be e^P--™*
produced by the administration of an irritant poison. '* is P b W

SatTn the'horse the majority, if not all the cases, of pure en^»

met with, are due to a poison produced during the P'°=-
^^X^

metaboUsm (see p. 281). That the P--nce o an irri. n . h .,

a ooison has no such effect, is .ibundantly proved by ne p

of Zd and gravel horses may carry in their intestines for month.,
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!,,fr/'""' ""I'™'
'""'"'''"« ""^ "PP"'""' "' "ff""'. cortainly with-

:Lr fz^.^irrir
""^'^' «-""- -"""-- "- ™^-

Our object in the .bove remark, i, .„ t„cu, attention on he detect,m h„,cal observation, and to atteu,pt . phjsiological analv i' of Themost frequent, the uiost fatal and bv far ih„ „,„..
"' "°»'38is of the

au.res»in« group „f disea., Jhat a' t.7 pdo'""Th
' '""

nothing in the whole range o, .n^arative ^ thob^ in -lud^nnh':

Ph^olog, is eapabie of enablin;:, t^stlTai: r^t'dr iTe':::-

What ,s the n,ost cownion cause of death among horses fromMestmal a lect.ons, whether aflecting the large or na oJelsTh^e ,s only one answer to this, and tin.e and careful en ,ui y Wllprove Hs accuracy. The answer is Strangulation of the bowlpm,al or co„,plete. This strangulationT^^pabTe „ p "i'C^^'i.n.y.,s The most unobservant person cannot overlook a bunch o.nmll .ntestmes so t.ed together as to defy all attempts at unraTc lin/» n when out of the body, but it takes a little careful obser a ion toJrtec. d.splacements of the large intestine* The si,e weilh „nd

«e for any forL .^^l '^^f^^Z potro VZZmtluence the position of the bowels vet we know ,),„ f.« ..M - ..», . i, ,>„ .„;C'. "r„""s r"'z'^™ porUon nmy t« ihni.t Into «„«h„ inT„„ ,h„
^"™ ^"

tiT£ti"r,rr::sri,rf.r::S

i! F il

'!;•
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for tilc«copln;; intp«inp« i» ilinordcri'il inUKCUhir action, nml <li«nrdirul

..lUHOuliir r-ctioll i« the n.i.lt i.t ilisonliro.l .wrvou. aclioti. lur

tpli'scopinu t(i occur, oiin portion of l«>w<l mn»l 1 'st contract mmIiI u

lipconies l.ut n mere »hft.lo»- of it. former »clf; llio co.itriiclcil pmr

inu«t tlun be drawn within ihc .liliUcd. A ilifVcrent can».. is «l w,nk

to iirodnco a twist of tlii^ small intestine; thi» as wc prcvioii-l;

inaicateil i. tvmpan.v of the liowrl. whili' in Ihn case of the larv..

intestines the nmsculiir action inu.t he capalile o( causniK the !.„«. I

to pertorni a revolution more or lesa compl.'te. anil in this «

n

reversins its position. We cannot attempt t.i in.lii'ate the exu.t ,li.^

ordered action which occurs; tliis iiuestion would rcipiire to be w.nk.il

out on tlie iivint! suliject. Tli .Ion and cecum are most lil.en.ll

supplied witli bands I l^'iRs. IK, I'.l. .-^1, .Vi, and .14 .
and it .hies not ai.|..-H

to us to he hevond the boun.ls o( reasonalde prohabiht> lliat tliesi- |.liu

a most imi.ortant part ii. tlie production of di»|.lacements of tlie lai -.

intestines. Tlie cause of the disordered nervous action wlncli lead, to

this may, from its ph.vsioloKical interest, be brietl.y dealt with. Afiol

from such obvious explanations as errors in leedinR isee in tlii. rmi

ncction pp. 170. •2:171, tlie most coinninn cause of deranReinent of llie

muscular action of the .llRestivo canal is work. It is this ulinli

accounts for the ina.iorit.v of colic cases occurring towards theiuilNt

the day, the frequency with which the seizure occurs at or .linrtly

after work, especially that of an exhaustiuR nature, and the pram.:.:

absence of colic among non-working horses. We have ev.'ii kn.mii :.

horse in a cavalrv charge rupture the ileum as completely as if tlu

parts had been torn asunder by hand ; and this, it will be renieml»i..l,

is the thickest and stoutest portion of the small intestine, aiul lli.'

least likely to suffer laceration. Tlie connection between such a I. -wii

and an exhausting gallop is at present not very apparent, but the f.cl

Ib undoubted.

The whole subject is of profound practical interest, and more l.as

been said on the matter than commonly falls to physiology to .leal

with, but the basis of exact clinical knowledge is sound anatomy an.l

physiology, and we consider the physiological aspect of di.;estiv«

disorders has not yet received adequate attention. We iiiuvt I.Mr

in mind that the whole length of the digestive tract is a cliemical

laboratory concerned in the analysis of food-stuffs, isolatms au.l

retaining those which are of use, getting rid of those which are unless.

and rendering harmless those substances capable of acting injunouslv.

Not only is it a laboratory where the above analytical opcnu.oiis

are carried out, but it is also a factory where the chemical riag™i>

necessary for this process are prepared beforehand. So thoiuiisih

is the analysis performed, that the most complex bodies are broktn

down into the simplest products. Can it be wondered at. tli.'.t ih.

chemical processes iray sometimes tail, and disorder result '.'



DKiKSTION
ai7

»"''" "•" "•"
" < < .• I :,,;;':; ;:"7V''^

'-potion
'""""':• ' -" tympany whi'i,^ •';'"'"/"""""' "-
111- rupture wliini, i,„ii,.„,„, ,|,^ ,,, .

"'"""""- '•'"v.- f.inwni„ti,.,i.

" •"." ".I..T, t,„. n ,, ,r ';'",:'''"r'''""'
" <-:

- "™-«' i4;,;r, :,;;,"
^;"'f -"''V'^

'""- '-

H II') nninml in «Iit,.|, th,.,.
, r "

"'™"
'''""' ''"'''"• ''''"''''

Warn.
'"'''" °' -"'I' '" Iv painful „„,l ,n„,„,|

-":nr;;:;i:r';:;::::;;::'-;"-r- -: •™.
paction, paralysis, .„„ inaamltC"',:;"; :,;::''';;;„.'^T"^'

">"

impwtion i, fr<.,|„ent, in niarli,,! ocnir,., ,,"",
' "'" " ""P''"!-'""

....».nn,„n. whil,. calculi, ,. »p„i„| f.^, n,!'" l"""'','"

"'''''''
'' '^

huiNo, ,in. found in ti„. s,„n„,rl „f I
,

iM(.<(,n,. „| i|,„

v.'rv,liirHr.„t ,.,MK,.s StrTr,
"'' """'"'' '"-""sl't al,,„„ I,,.

""k-«", I.... iin,,;:, uXzT" "'.""; '""* " '"^ -^ ^ -'
'-H. Parasitic t,o„bl. i„T.il animl i*'

' "" '" ',""""""'"1 """.li.

*-.ion wi.hC ™ ™™;. t':""'''-'''
'

^ '"•"'- "'"'^ ';'

'•^"--""
^^'^'•'-"i^;:'h::;:::;::;';;;:.;:,,t''°"-'-''

I ,1!

H

'

1

i'

•'!

1

1

1

'



CHAl'TKIt VI

THE LIVER AND PANCREAS

S K c r 1 s I

.

The Liver.

In considering the (unction of the liver it h neceBsary to

bear in mind its peculiar hlood-Bupi.ly. Moit glands oi

the body which are called upon to produce a Becretioi, are

furnished only with arterial blood for the puri^se, but the

liver is an exception to this rule; the entire venous bloo,l

returning from the nplanchnic area, viz., the bouels

stomach, spleen, pancreas, etc.. constitutes the ma ena

«ith which the liver is flooded. Such a mixture of blood

derived from a peculiar and considerable area must l«

charged with many products, some the result of secretory

activity, others the soluble constituents of the elementB

of food ; or again, substances absorbed from the intest.na

canal, which are bye-products produced during the gia.bml

breaking-down of the food substances. It is from this

blood that the liver performs its various functions, and

one of the most evident, viz., the secretion of bile, will l«

dealt with first.

BUe.

The bile is a fluid of an alkaline reaction, bitter taBle,

a specific gravity in the ox of 10?,2 to 1025. in the sheep

from 1025 to 1031, and in the horse 1005. The colour is

vellowish-green or dark-green in herbivora, reddlsh-bro^

inZ pig, and golden-red in carnivora. These difference

in colour depend upon the character of the pigment present.

Bile taken direct from the liver is relatively watery m

21S
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the Utter receptacle T^ °-»" '^°"'> •'""ng it. ,tay in

which i, somewh %e^; uT",",-
°"'""" "" """^''^

«oi.l», fats, aoaps lecithk^ Ih„. V "'' P'R^ont,, l,ile

l'la.lderthe .o^^;«',rr''r-,
»y''»"''in8 '" the «all.

latter its ropy charaTtenH n \ '

'"'"='' '"'"'''"«'' °" ">«

3-.^« per cent, of sulphur 1° , T "\ '" ""^ "^

3!) n,T cent Tho „ . ,
' ^' P^"" "^nt-, and pig

o( and N tL chtMnr ';'" "" ''''- """^ •-™'

and Phosphatt ^e c7rt,n7 t'''T
^"'"""^

magnesium, l-otassium, iron with nhn. ' *?'
"'"'=''""•

acids; the sodium satalCeS''J:''irr
"''''''""'=

liorlion. The iron whinh ,^T ^ V ''* '"Sest pro-

derived from The h.I !
"^ f P'"«P'""e. '« Prohal.ly

'or«.ationTt,.fJSr "' ""^ ""'°'' "-'»« '-«

»-r£^is;:;^--acr:'-
Home Or n

Water or '''''•
iJi7«.

Solida . : \"
i^"

fl.V8 ««.«
- 1 B« 4.7 JJ.J
Bile acids- \

^
'

BUepigmcnti
Fat . - -
Mucin J

Salts

Sodium chloride

Potassium

Sodium

Calcium carbonate

Magnesium

Iron oxide

8-8 4.1

- 1-8
-e

Percentage Composition „/ the Ash of Oz Bile.

277
4-8

367
1-4

•08

•28

Manganese peroxide

Phosphoric acid

Sulphuric „

Carbonic „
Silica -

!•!

12

lo-4r.

6^89

1128
•86
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The (lilT.rfinct'H (mincl in the <i)m|K)iiitii)ii of I'il'i imilpullv

ihiiH'iid iiixm whBther il l.« tiikpn (mm ih« KiiU hliidilpr -;

frnin ii fmlulft. the former luitiR thn morn coiiPMitmtw!

The 01iolerit«rin« timml i" hile liiiiHl I'O reKiirdml in IK.

Ii«ht, of iHi cMTi'tion ; the liv.M' Ih mi-ri'ly ii eonv..iii. ir

chftiinel (nr sfillhiK lid of IhiH • tr. ino.iu.t, whiili i-

mllectwl from the umny ti,jsm.s of which ii forms ii ibhI,

l.roiiHlit to the hviT. nml .•hmiiiiited ttiroii'.'h tlie hilc 1a

111.. UmwIh. Ii i« found in very ri't;"hir iiii""''''''"- ""'

forniH the principiil iMmstitm.nt of certiiin Kiill»toi\(H ;
,i

is kp|it in solution in the hile l.y menus of the hile hhII-.

Lecithin i« another wnsti' i.rodiii-l of th(( Imdy f.^mt.^

from the Hystem throii^;h tin; medium of the hiln.

The BUo Pigments lire two in ninuher, bilirubin iiml h\V.

verdin; the hitter is prodneod liy oxidiitioii from the fmnK i.

liiliruhiii is the eolourinK miittor of hnmiin liile iind llial

nf eiiriiivorn, whilst liiliverdin is the pijjment of the l.ile nf

lierhivorft. It is not Hncommon to linil hoth piKnieel v,

tlie aiime speeimeii of liihi. These pij-meiits are insoliiMc

in water hut sohihle in iilkalies ; In the hile they .in li. 1.1

in soluti.m hy the hile iieids .md iilkiilies. liiliruhiu miy

lie ohtiimed frmii the eiiU-stones of the ox in the form ot :ii>

crange-coloured powder, which can he made to crysliilli/.'

in rhomhic tahlets and prisms. If an alkaline 8i>lnllim of

liiliruhin he exposed to the air it hecomes hilivenlin liv

oxidation, and this hitter pigment hy appropriate treiit-

ment may he ohtained as a «reon powder. Both uoloiuiii-

matters of the hile hehave like acids, forming soUihle c.nii-

pounds with metals of the potassium group, inaohihlc oms

with those of the calcium group (bunge).

On the addition of nitric acid (containing nitrous iiculi

to the hile pigments a play of colour is ohserved; tliis in

known as Gmelin's test. In the case of hilirulun Hi"'

colours pass from yellowish-red to green, then to liUie,

violet, red, and yellow ; each of these colours is indlc^itive

of a different degree of oxidation of the original hiliruhin.

Biliverdin gives the same play of colours exceptin;^ il'c

initial yellowish-red, which is ahsent.
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!,,,,„,,.

''"'"•/'"" '"'"' tl,i. is U,., H„,„™ „r tl i,

"; ''T',"."'
'"'" I""""',"" "H •ill llu, „n„,.; fnrt ,

' '"""""'"lifthi m,ui„l,...,.,,,,iv, fin'n.tl,..

'
1>I"">-. Uo lw'y„,„..,v,„u.ly„,„„ti.,„.„, „,,,,„„„

»' I' l"l""l'"i. Who., ro,l W..c„l n.ll« ,|isi,.l„,,,,a.' i„ U,..
"H IH.W7 „..,„., „t il„i,. „.„,, „„, i,,,„. i|,„ |.,_^^^.^^^^^| ,^^^ _^^^^

""t
'7'"''''"''';' ''^'''' ''"''"''''- '''"i"lluom..,,,f

"' ".'; 1-* '•;;"v...-to,l .„„, thn i.-,m f,-.,„ huUh,,..,, l,ili-
''""-'I'v-,.,. I>a,-t of tl,.,i,„„s„,il™a...l....,.,„.
'"" I'- ""l.vtl,r„nKl. il.o l,i|,, |,ut tl,„ |c„f it .•«,,..

;""-! '""• "Win. „„.d i„ tl,„ to,-„„aio,. .,f l,„..„„f,|„|,|„ |„

TlinUKl, i.iliver.lin is tl.o e„l„»ri„,r „„ut„r „t tl.o l,il,. „r
"il'i-n. .v«t the ,-Hll.Hio„.„ f„„„., i„ ,!,„ „, ^.„„^i^j ^,,^

hi'-Myot l,il,n,l„„ ,.„ml,ii,n,l will, clmlk ; i., tli,. „].. ik',.sun. ™,,,i,i„.,i„„ is „|,„,,,„|. |;i|i,.„|.„ ;^ J^.^
ih>»umv.U:n to I,., ...onHU„tly preHe.,! i., tl,. s.,-,.,„ f,„,;,
lim-s.s ,l„„, tl,o„.l, „.,t i„ tl„u „f tl.H ox ,1 s,.lk„wski
-Ut,.H tluu ,t ,H a .lorroul co„stitUf.,t of tlio ,ni„n of tl,.,
'loj,' "".«,« tlu, M„.,u.e,-. (., the l,u-o i.,te8ti„us l,olh hih-
ul.,M and h.hvenlh, M„do,-,-o .eduaio., .esuUin,, i„ the

tonnutu,,, of stercobUin, the eolo,>,.i„,- „„at.,- of the h,.,,
'" some ,uii.,ml«. It is poHsil,|e ,.lso that so,.,e of the pi,,,
lueut IS ,-oal,so,-he,l fro,., the intesth.ul e,„,al, ..ar.ied to the
l.iti-, and ii(,'aiii eliu.iijuted.

Tl,e Bile Salts are two i., ,„.mi,er, glycocholate and tauro-Mato Of soda; they .tre forn.ed in the hver by the union^^olahc acid «.th Glycine or taurine, and exist L .omuZ
;o„ « th sod,t. These suUb are found in varying propor--s i„ different .uimals; thu., glyeoeholato of Ldi L^Ke^ fou,.l ,n herbivon, .a,n-och„late principallv in
U'iitvora. while n. the pig hyoylyeocliohc and hjotauro-

|( iii
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oholic acids -e found. Both salts are soluble in watar,

have a markedly alkaline reaction, rotate the plane (it

polarized light to the right, and may be obtained in ii

crystalline form as highly deliquescent acicular needl.is.

Glycocholic acid is the chief bile acid in herbivora, it is

produced by the union of glycine with cholalic acid
;

it is

diminished by an animal and increased by a vegetable

diet. Taurocholic acid is produced from taurine and cho-

lalic acid and exists principally in carnivora, though smiill

quantities may be found in the ox. This acid differs from

the first characteristically by containing sulphur, by whicli

it shows its proteid origin. Glycine or glyeocoU also owes

its origin to the proteids of the food, and if administered it

reappears externally as urea. It cannot be traced in the

free state in the body, but occurs in the urine combined

with benzoic acid, in the form of hippurie acid. Petten-

kofer'B test for bile acids is performed as follows: A drop

of the fluid is placed on a white earthenware surface, and

to it is added a drop of a strong (10 to 20 per cent.) solution

of cane-sugar, and a similar quantity of strong sulphuric

acid ; a beautiful purple-red colour forms. The colour is

due to furitarol, and is produced by the action of the acids

on the sugar and the subsequent reaction with cholalic

acid.

The origin of the bile acids is involved m obscurity;

taurine and glycine are probably formed from the disinte-

gration of proteid, the precursors of cholalic acid ate

unknown. Nor do we know why glycine should predominate

in some animals and taurine in others, but it appears clear

that the bile salts are formed in the liver cells. In the

intestines a portion of the bile salts is reabsorbed, carried

to the liver, and again excreted ; or they may be split up in

the intestines into their constituents, the glycine and taurine

being carried to the liver to be reutilized, while the chohihc

acid is excreted. This economical measure has a twofold

advantage, for not only can the glycine and taurine be used

over and over again, but the bile acids are the best of

cholagogues, and stimulate the production of bile.
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Bile is secreted under a very low pressure, «h.>h i, the

"irinl:^"'
°"""\ ".' "'« -'"•'" '- - 'he pressure

tf„ n .

"'""""^}- '* " ''e''^'- "^'"' that of the blood

Bed th«
?/""•

"u""*
P'*'^'"« '" "•« '^''« duct be

raised he bile .s reabsorbed, being taken up by thelymphatics o the liver and so conveyed to the blood
-tream. It ,s probable that the majority of case of

irrhsT;:'" '7^""="^^ eauses,\hou'gh erpi:
to this rule occur. The secretion of bile is a continuous

Tholh T '"*""""«"' «« in the case of the salivaThough contmuoas, it is not uniform; it reaches i^smaximum in the dog between the second and four h hou
a ter a meal

;
this is followed by a fall, and again abo"he seventh hour by a rise. A similar curve is given Sthe pancreatic secretion, and it can be shown that a specific

.substance sea-etu.. which stimulates the production ofpan
creatic ju.ce, also hastens the secretion of bile

is l*d r.b rri' ^"'""'r^
" gall-bladder this receptacle

filled with bi e during abstinence, or if it be empty it ised even during digestion. The reHux of bile from heWiary duct to the gall-bladder in caused by a spWncter

liTCZ 1."'«'
P"'r "' '"« "-' Penetrattg hewall of the intestine, by which means the bile is drivenack through the cystic duct to the gall-bladder The bUe

171" "T"''
""•"« '"' "'« "-'« by a contraion of the muscular coat of the tubes, but doubtless both

e forcing onward of the bile and the drculaS h ough

Lent T f^t'^
"'''^'«'' ^^ *•"« respiratory movi

abdomilr'
"''"'\*! '"'^^ " '"-"P^-'d between theaMommal viscera and the diaphragm

wMe Z' f '

''
r''*''"'"'

*"' "° ''"« «°'«r« the bowel

imeion^r. "T"'''
'"' *'^'" '»>« P--ge of acid

Kllldd ^ T'""'"
"""^^^ " ""^^ contraction of

Th ^j !' Ttr '"^''="°" °^ "-''^ '"to the intestine.

If I
•

"'"""'"'' ^"''"'^ experiments gave himtbe followmg amounts as hourly secretions :

^ ^
""^

l,i llIM

i

t

S i

j;

f^
:
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Horse

Ox-

Shucp

I'ig

I'og

0/8. to 10

OZ8. to 4

[ o/.. to r>

OZ8. to r»

0/9. pe

0/8. ..

0/S. ..

o/s. ,

! o/. to }> oz.

hour (250 to :110 gnuumes .

(9:S to 120 {^raniliiesl.

(K to I'lOgriimmrBi.

I()2 to I'lOgramiucsi.

(H to 111 grauiiuvs;.

Tli« Use of the Bile from iv (ligentive point of vkw is

disitppointing, inasmuch as it does not digest in tliu sbii.e

tliat pepsin and trypsin do. It is intimately cmmettnl

with the function of the pancreas, with whicli object tlu.

secretions are poured out either close together in the liuuil,

or, as in some animals, by a duct practically commo,, m

the two glands. As the horse possesses no gall-l.la.Mti

the secretion is poured into the intestine as fast as a ,s

prepared ; not so with the ox, sheep, pig and dog, Nvlit-i«

the bulk of it is stored up in a capacious receptacle imlil

renuired. The reason offered for the horse having nn j-nll-

bladder is that as digestion, under ordinary circumstioiies,

never ceases the bile is poured into the bowel as fast its it

is secreted, but that in the case of other animals it la only

poured out when the contents of the stomach are passing.

out into the intestine. This explanation, however, does not

meet all the difficulties of the case. The following an.m.ils,

like the horse, have no gall-bladder-the camel, eleplmnt,

rhinoceros, tapir, and deer.

The bile being alkaline its first action on the chyme is tn

neutralize the gastric juice and precipitate the aUuim...H

and peptones. One effect of this is probably to delay the

progress of the chyme along the bowel, by which m«n,s

absorption is assisted.

Bile has a solvent and emulsifying effect on fats, heinR

more active in the presence than in the absence of l»i..-

creatic juice. Bile cannot split up fats into fatty acids and

glycerine as the pancreas does, but if free fatty aculs are

pi-esent the bile salts are decomposed, their soda set fwe,

and soluble soaps formed ; the soaps so formed assist in

rendering the emulsifying effect of the bile permanent anJ

the absorption of fat much easier. Fat will not iesa.lv

pass through a membrane, but if the latter be M
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moistened with biln tha ,,»„-

Voifs experiment on dn^T " ^^'"'y '"""Wed. I„

off the flow oT^e to thf• 1 T ''"'°'' """ ''? "««««
'e" 'ro. .« pe^et:^rCrtnV'Thr^^^^^^ °' ">'

of bile on fat is th« „», . j-
^''* '°'^8°' act on

t^;.wor.in,i::itiet^^^^^^

the bil'e of the pig a„d dHr ''""' '"'" '"«"' "''"»'

limited extent. 'itVa: bee/saTtlTbr
1'""' " "'''^ '» "

effect on the intestinal !! ?
'»"' '''a' b'le has an antiseptic

faction and priiT f^'''''''"^
*'^«'" from puL-

that when it'is prevented f^"' f""-
'' '"^ "««" '""-^

''ipation and exfZe ffj ^f Th '"Vl' "r*''
''°"-

result. Bile, however is „nT
.'°''''"'''' '=°"'«°'^

coloured faces obtZl!, ". "^ antiseptic. The clay-

*h putrefy, henfe1 luf TheSlt "^ ^'"'^''^'

purgative and keens nn ,„*. . , :
*°'^ "^ a natural

"hurries theS out^f h r ^'^'^ = ""^ ^ ''""g

putrefactive decompo,^on '"'''" "^'"''^ " """-Soef

Olycogen.

»• •*' .. .1,. .o«,, „a .1.. a.3 ,„. .^,^.
16

i' lifi

•|#
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converBion, finds its wfty by means of the inteBtin»l vessels

into the portal vein, from here it passes into the hver

;

under ordinarv circumstances it is stored up in the hver as

Klycogen, being, ir fact, reconverted into a kind of starch,

and gradually doled out to the system as sugar wlun

required. The liver regulates the amount of sugar which

should pass into the blood; so much and no more is ad-

mitted to the circulating fluid, the amount varymg between

•05 and -16 per cent. The sugar in the blood of the ox

was estimated by C. Bernard at -17 per cent., in the calf

•1 per cent., and in the horse -09 per cent. When the

liver fails to regulate the amount of sugar in the blood

AFTER FOOD.

Fio 66 -Liver Cells f»om the Doo dobino Fasting a>.d ahm
Food (Waller, aftbk Heidenhain).

DurinE tasting the cells contain no glycogen ; alter receiving food they

become swollen with this substance.

diabetes is produced, anu this occurs when the amount of

sugar rises to more than 2 per cent.

The glycogen which is thus stored up in the liver for

future use may in two days be made to disappear by

starving and ico./anff the animal, the material in this way

escaping from the liver as sugar, and passing into the

general circulation through the hepatic veins. If food,

particularly carbo-hydrate, be now given the store of

glycogen is rapidly replenished, and the sugar-liberating

functions once more establishel (Fig. 56).

The storing up of glycogen by the liver and lis subsequent

utilization is very closely allied to a similar process in the

vegetable kingdom; the starch in the leaves of plants may

pass down the stem as sugar for the purpose of nour-h-

laW!?^''i



THE LIVER AND PANCREAS
337

f'aite;atjrsnr'^'^-
.

'--^-^^ ^" «>«

liver once more converted inroL' " "P" 'l'*" *" 'he
-g«r before being C; ue7bvT'

?"' '""^ ''«''- «'''
formed from starch in the h„ T

"'" ''"'"««• The augar
'ormed in the liver Zrl^^yZ^ I T"-'

"Me tfat

=-ss^/---^"rp:sr:f

animals is less. We'lnow a
'

a fact .Tf^ '""' '" °''>«'

"ten up all the sugar .t ca^fro™ '.^
'"'"' liver having

converted it into stored-upXi ^u
P"''"' "«^««'" ""d

P- through the bepiSlr;f"'^^ '''^ •>="-- to

^""gar, and that it is deZL^ '^-^f
°eral circulation

P«lly tho muscles, as IcoZtr'""^ °''^'"''- P""""
»' well-fed animals cSin /ht"

""• ^'^^ -»--"-
quantity of glycogen; even after 1 ?^ " "^"""iderable
te horse from

1 per;eTto 'rprcllt' ^'r*"""
"'

O'dmaniy it may be stated that the ,7 , 'I
''''° *°"°''-

S'ycogen as the liver but > fi, ,

"'"'•" ''<'''' as much
;na starvation to frTe' fh" m2eVfX 'f

~ "^ ""'^
clear the liver.

""uscies from glycogen than to

iCrtLfa^muir"'''^ " "°' --'-' '0

|-^ -d yet in which acZl'tir'^ ^ «'^-«- '«

'
e muscles of the embryo befnr-??°

'"'"' P'""^' I"
'te amount of glycogen exL;n

"'""'° '"'^ ""^^rred,

" -"nch as 40 per ce*" of fhV '"""''""S considerable

7«lemaycon'lt of h s ital""':"'" "' "« ^-l-^o
;'« glycogen leaves the muse el « f""""^ "PP*""

-t:;-™~on-^
'""-ryonicmuscfeStsl

tsTs
"' "' ''"^'''^ ^ 'J^'

-^«--Xr.it!:;ir.VeX"ntts
15—2
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is used for the nouriBhrnent of the f^tue, and aleo in

IX developing cells, »ueh as Bome found in cart.hge

aSe .hite'c^lB of the blood; in all these and other

Places it is simply stored for future requurementB In the

£t the chief use of glycogen is to facilitate the metabohc

production of muscular energy and animal heat, and this .t

does in its glucose form as the result of oxidation.

The .cure., of glycogen have been a fertile cause o!

discussion and object of experimental inquiry It vva»

natural to considei, as we have so far done, carbo-hydrate

Material as the chief contributing agent ;
it was less certam

whe her proteids contributed, while the consensus of opinion

was against fat taking any share in the process. We must

examine each of these in a little more detail.

We have learnt that starch is not absorbed as sta ch,

bu^ depending upon the nature of
»!>«/'»«"'''V'^nJ

converted into maltose, or maltose and some dextrin, and

sublequently dextrose. These sugars are readily converted

into aWcoKen by the liver cells by the process of dehydra-

tlt' CaTsugar and milk-sugar are not readily converted

nto glycogen, but since these double sugars undergo inver-

rion in the ^testinal canal before absorption-cane-sugar

nto dextrose and levulose, and milk-sugar into dextrcs

and galactose-they may in this form be readily converted

into gWcogen. The effect of proteid on glycogen formation

isnotoeasUy settled. It is observed that in diabetes, thou^

all carbohydrate food be withheld, yet sugar may app a

^ the urine on an exclusively proteid diet ;
t^e same hin

is observed in the experimental glycosuria which mab

woduced by the administration of phloridzm, and, furthe

Lre that sugar may be produced even when the anima

BtarvU. The conclusion appears uresistible th**
PJ"^

can produce sugar, and this is explained by saying th

rtalproteidBsVtintoanitrogenouBandnon^«n^

portionfthe former being converted mto urea, while the no

nitroge;ous residue is converted into sugar and m^ h

oivP rise to Rlycogen. Proteids, such as casein, whicnao

lotcontainacay-hydrate group, may take no share in ih.
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production of glycoeen Th--
regard fat aa a source of J " ''' °'''«'^«" ^ho
evidence to show that it if"Tk ""'' "'^^^ " «°°>«

»M that «l.eeri„ttiTir fori'" fr ••^^"

the conversion of fat intn „i,.
«"" ""^™er. it this is so

'" the intestinal cirntottr /""'J'
"' "P"'""« "P

not be a difficult ma e On L
'-V.

'"^ "^""'" ''""''^

ehows that when an animi^
'.''«''*«'• hand, experiment

glycogen disappears from he iveVl "'t'f
"" ""' ">«

starvation. The questZ T^l .
'^""'^^^ »' " ^°^^ in

settled.
^ °"''° "' "'^'^'O'^e. very far from being

appropriatelyL. it eoS a iTi'tro if
"' '" ^^^»

18 allowed to stand tho M™ l^ant'ty of glycogen
; if it

jamountJZX^:r;i:sc7^c r-^disappears. This chan£ro ;» k
'

, ^ "°* 8'y<=ogen

'erment in the ii:ertrwL^crn' tth'e '^ " '''*^''"''

sugar. If the liver on removal f,?^ 1 f
^'^""Sen into

minced and boiled, the ferment LdH V""^ "" '"P^'^
not formed. " "^^^troyed and dextrose is

Cra:xirvuryif;'^rr«'^-«- «

»

as required to the system in th, ""f""' ^^'"^ '= "»"«d
process Of oxidatio^Sarhrrn"2'TT' ^'^.'^
used up in the interval hof„„ .

®"^'8y- It is read y
The sugar in h blooS mlr^''''

'"^ ''"'''y ^'-^-^^

Percentage,
1 to 2 p cenT an. ". T"'"""^ ^««"'«

fc)the gradual supply of "L'sm f"° f?""
""'^ '« ^ff*'"^'!

-ve stored in '^e SrL^TZl^^^st'^T'"'rentage of sugar rise in ih. v., ^^""P"- Should the per-

'tro»gh the Wdne;r(dTabet s) and'l r ^T '^ «°' "^ «*

liver itself does not app ar toL «h> f
'° *' '""^y- ^he

«»tput to the blood tn! u ^ *" ""^S^'ato its sugar

'tepancreas, the Mnterna.
.''''" '" ^' °«« '"""""n of

*h is not 1 a Iv nlr
''^'*"°" ' °' "'>'"'' « «<"»« way

" glycogen :; s'Soo S;'~ '^ '^ «'^'"« °^

-"--Bhowl^er,isK,,fSs"X= »!^{
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pancreatic and expreBBed muscle juice be mixed together

an active glycolytic subetance resultB, and it is considered

that as neither of the above are capable of acting alone,

the internal ferment of the pancreas acts upon a ferment

in the muBcles and makes the decomposition of sugar

Diabetic Puncture.—Bernard discovered that if the floor

of the fourth ventricle be punctured at a certain definite spot,

temporary diabetes resulted, the urine contained sugar, and

the liver possessed no glycogen. This spot is known as t!ie

diabetic centre, and the effect of the puncture is to stimulate

it and temporarily destroy the glycogen-holding capacity of

the liver, in consequence of which the material is liberated

as sugar. The evidence of this is that if the animal be

starved before the puncture is made no sugar appears in

the urine. Stimulation of the central end of the vasua

or of the depressor nerve produces glycosuria, though

stimulation of the first causes the abdominal blood-pressure

to rise, and of the second causes it to fall. From this circum-

stance it is considered that the effect of the puncture is not

to produce mere vascular dilatation, but rather that it

stimulates some secretory nerve. The diabetic centre is a

reflex one, the afferent or ingoing nerves being most of

the sensory nerves, the efferent being the spinal cord,

sympathetic and splanchnics. It has been suggested that

the muscles at the moment of contraction set up afferent

impulses which are carried to the diabetic centre and sugar

thus liberated. This would place the muscle in the position

of not only using up sugar but of being able to call forth

its production as required. If this be proved to be true,

it is easy to understand how the heart, the most active

muscle in the body, is able to regulate the production of its

energy yielding substance.

Further Uses of the Liver.

We have studied two uses of the liver, viz., the formation

. of bile and the storing up of glycogen, but there are other

junctions of this gland to consider.
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">« food, which in the nrl .^?'*"' """"""ent of
certain amido-acid, such HIT- ''"""«S™«'"> yields

.ubstaneee may be fo^ J " ?'"'• '^"'''"«' '^l'*'"'

result o( pancreatic d^1^ "'\'"'«'«"'" ««"«• ae the
'he living cell .. ZllZl ZT T',

'' '"'"""^ '"

Proteid. Under any c'rclln 1 '"'"'""8 down of

-eriesof oxidative'^^hlrtJnlV '/r?"*
"""-«-'

united with sulphuric acTd̂ 7 /'^ ™*''
'
'^«'« "^«

»» conjugated sulphlc lid" f 7f.<".''y
'he kidneys

originally ^o,>„„„„, ^„,^,., ;,,£,;"'' ™"''i"»tion the

non.poiaonous ones, and this I "Averted into

liver (Bunge). In this we hi "^^ " '^'"'^^ i" the

0' the liver demon 'rated 5,7
'""^ ""P"'""' '"""""n

introduced into the S 17;^^!
"?'"""• °' '»'--

worthy fact that many metaL n„
''• " " " »<='«"

'he liver, for exampie'mr^r ~'c "'" """'*' "°

f~r^t=;ifPV^.edhythe
;t^^.::i:i:t:;£-r^'ierc:
circulation against the inloduction of^"'f * '^''''°'''

poisons, such as ammonia bvtr'n, """ "i'™«°nou3
and against other pTon^ ^ TJT- """" '°'° "*«'
'torn into harmless products '^v ^ '^J" ^y converting

•ulphates.
Pfooucts, by conjugation with alitaline

™!.
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Section 2.

Tb* PuicTMi.

The fluid secreted by the pancreas performs certain

important functions in digestion. It has been remarked

that there is scarcely any animal which does not iKJssesB a

secretion allied to the pancreatic ; even those invertebrates

without a peptic or biliary apparatus are in possession ul

one. From the resemblance of the pancreas to the salivury

glands, it has been termed the abdominal salivary gland.

The pancreatic fluid from herbivora can only be obtained

with extreme difiiculty ; to establish a pancreatic fistula

in the horse is a formidalile operation, necessitating an

incision from tne sternum to the pubis and the turninR

back of the bowels. Colin has eatabliahed these iistuh?

both in the horse and ox, but the profound impression on

the nervous system produced by such extensive inter-

ference must considerably affect the character of the

secretion and the amount manufactured.

Pancreatic fluid is an alkaline, clear, colourless fluid like

water, and though viscid in some animals is not so in the

horse. It has a saltish unpleasant taste, and a specific

gravity of about 1010 ; the viscid secretion of the dog lias

a specific gravity of 1030. The following analysis of the

fluid in the horse is given by Hoppe-Seyler

:

Water

Solids 1-74

lOOOO

Organic matter

Saltp

•88, containing '86 of fer-

ments.

•86, .. much sodium

phosphate.

Ill "f

Schmidt found the fluid of the dog to have the following

composition

:

Water - 90-00

{Organic matter - 9'04

Salts- - - -88 containing mucli

sodium cUoride.
SoUds
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The nalta pre.ent are sodium chloride in .K apotassium chloride in traces sodium Mk'^""""'

phosphate, calcium and m.!! • ,

carbonate and

quanUties.' The organic soS':" """""iT
'" '«""'

amount of proteid nfesent in th
.["""'«»'''«' '<" the

in different animals examuir ' """ ""' '" ""O""'
9 per cent, in the horse ' "*' """• '" "•« ''°8 ""d

.ion Ts'^nrelri^'reirir^^^^^^ '—""—
of .he vagus or epialre m;"re7a7ori\'"""''''''"
give rise to a secretion tboZhl, ! ^ ^ *'*"' ?*"'«'-

these fibres produce
"

dur f V ""' ^'' "'"^-^ "''«'»'er

outpouring of the I i 'c 7^, o^ The°'t"'r°"-
"'"'

duodenum at once gives nZ toT. .

°"'°'' '"'" '*"

juice, and it was supposed that thT°,"
°' "'""'^«''"=

secretory nerves and produced ». .

"""' "'='''' "" ">e

.nd Starling, ho7eyerTeTLlTf'T """^'y- D-^""'

.!>«. if an^extrlc of he l:
"'"""""''' '""'

duodenum or iejunum be made h°"° r»'--"« <" the

acting on it by weanvdroli •
^ '""^""8 "'^ '«"'«'. ""d

ol^tain'ed whicV: n fnifLr -^ •-«

profuse pancreatic secretin To tLtt''? '"'"''"=" »
the intestinal cells they gave the na .

""' '^^^'i"" of

0' "hich has not been'dTtm'ned ;':??' ''^ ""'"^^

established, first, that it is^rt
/''°

'f"''
"'' "'early

destroyed by boiling,Id 3eeo„d,vtb!r".'
•

'' '' '^ "»'

l«t of the proces^Tfor if the i„l
"'

"t""
''''"""

bowel be extracted'wth eith r wat'eror'r""'
°' ">«

ecretin is not obtained. It fs the „,/.'"' '°'""°"

«ing on the mucous memb Le of he T;-'''™''"-^'
produce, secretin; this is absorhe/l, lu

!"!'"'''"" ^^'"^

P^^^ces its specific acli^nttJan^;;:.
^'°''^' -" '•-

-Jopen within a short dilrn^o eTchXr ""'
''—ntially a digestive fluid, andMl the three

U:
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olaBiMW of food stuffs, viz., proteids, fiits and cml..-

hydrates; to enable this to be effected, it contains lli ic

ferments or their precursors, viz.

:

A Proleoljtic Knzym« which Mt» on prnlelcU {Tri/iitin).

A l)iatt«llc Enzyiuo which act» on carbohjdratui (.lmj//ivi« i »

A Lipolytic Enzyiuc whicli aol« on tatu (f,i/M»f or ,'ilrap>iti\.

Observations appear to show that the proportion of laili

of these ferments in the secretion depends on the chnructer

of the food ; if, for example, the food is rich in (iit tlui

secretion would be rich in lipase. It is also probable lli.vt

not only does the nature of the food determine the pre-

dominance of each enzyme, but also the amount ol lluid

to bo secreted. This, as a rule, reaches its maximum in

the dog between the second and fourth hour alter tuliiiij!

food, and corresponds to the greatest activity ol the liver.

In dogs which have been starved active secretion ol l>ile,

pancreatic juice, and intestinal fluid, takes place, it is said,

every two hours, and lasts for twenty minutes. The cause

ol this is by no means clear. All the fluid thus poured out

is reabsorbed.

Trypsin.—It has been observed that pancreatic juice

taken direct Irom a fistula in the duct may have little or no

action on the proteids ol lood, but il the same fluid lie

allowed to become contaminated by the intestinal contents

it at once becomes active. Evidently the addition ol a

something Irom the bowel has brought about a marked

change in the proteolytic character of the secretion.

Investigation shows that though the secretion taken direct

Irom the pancreas contains the precursor ol trypsin, viz.,

trypsinogen, yet in the latter form the ferment is unable to

act on the proteid of lood until it has itsell been acted

upon by another lerment. This ferment is derived from

the mucous membrane of the intestinal canal. A ferment

acting on a ferment has been described as a kinase, rnd as

this one is derived from the bowel it is called enterokiMse,

a very small amount of which is capable ol converlmg

inactive trypsinogen into active trypsin. It is remark-
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condition. Pawlow conJe,; jh'Ltt '" '" '"""'''

.fat if trypsin wereactive ,,« ,
,'",''"'."' ^ '-'

d..troy it, fellow.fermentH, but hT ^ ^''
'T'"''

ferments are protected. " " '~**' ""ese

by .he addiL of a ut\"i,i"::r::ifr^^
imply that th« acid ha. converted th.' "*' ""' """
trypsin, as ha, usually beersu^posed T^''''"''**'"

'"'°

in the preparation of the eUracH air / """"""' "'"''

with minute quantities of «„?« 'l ^ contaminated

greatly increased Jne traU L'T' T^T ."""^'y «
extracts. If a pancreas I „^lT • !

""'"''""y °' ">«

which ensure the absen™ "' '- ""'''"' ™"'^'"'""'

traces of enterokfnaL e" acts o7' "f""'"""'''
"''" -«"

l^ rendered more t;;p^ .Hv acti? ,

*
'V*"''"*^

"="""<"

dilute acid (Starling)
^^ '"" ''J' "^« "ddition of

mucous membrane of theinf/r ,

*"™'^ '"" ">«

I* taken to avo"d co„Lin^th T"''
"""^ '"" """"

'erment, the latter is The fuSion^ T '''™" " "<" «

'be production of pancreatL u e °"hat";""" 'l'°
'"''"'«

to endow one of the tetmZJM ^n'erokinase is

i';ren,arkab.e
proteV^ptpe'l'tifs^

''~"= ^"^ '"'

Tbeplo^lrmotSS "c'^r^ " "°=' »'«-'-«•
'" -Plit it up tto simnl? J'"-'

"' "^« •" '^yP'in i«

MitatingitVabsorntTon i" ""u-
''"^ *''« '"'^=' ofW Bubsfance is taTeHp eteX " T' °"' ""«'• ""

-^ the proteids of oa^s, bar^J'C "o" 1 ^T" "'"'
;.e<;Or.structed in order t; form parf'ofthr. '

"'' '° "^

I'vmR animal. To enable thirfni f '"'"^" °' ''"^

;i 1

I
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prooesB of synthesis construct the form of proteid needed

by the body. It can be easily shown that the action of

trypsin on proteid is much more satisfactory and thorough

if the latter has previously been acted upon by peps.n.

Trypsin like pepsin produces albumose and peptones ;
but

the process does not stop at peptone, no peptone can be

found in the blood, and none remains after a prolonf-ed

pancreatic digestion. The action of the trypsin is, m fact,

to produce a large number of simpler end-producta, of

which the amido-acids leucine and tyrosine are the best

known and most easily obtained: besides these aspartic

and glutaminic acids, tryptophan, and the hexone bases

lysine, arginine, and histidine. Should any proteid or

peptone have escaped the action of pepsin and trypsin, it

may be attacked by another enzyme found in the intes-

tinal mucous membrane, known as erepsin, which also has

the pov.er of breaking down albumoses and peptones into

leucine and tyrosine. Erepsin is found in most of the

tissues of the body, so is not specific to the mtestine.

Under the influence of bacterial action aromatic bodies

are formed-phenol, indol, and skatol, the latter being

responsible for the fffical odour of a pancreatic digestion

mixture These substances are produced from tryptophan,

one of the end products of the primary decomposition of

^"^A^Vlopsin, the diastatic ferment, has au action on starchy

food similar to that of ptyalin, but more rapid, the final

products being maltose and achroodextrin. The hydrolytic

action of amylopsin stops at maltose and achroodextrine,

but these are in turn attacked by the maltaso of the succus

entericus and converted into dextrose.

Lipase or steapain, the fat-splitting ferment, acts upon

neutral fats, splitting them into tree fatty acid and

glycerin. The splitting process is followed by 'm^^^'^-

tion, viz., the liberated fatty acid combines with be

alkaline salts to form soaps; as the result of this tie

production of an emulsion becomes possible. 1"
f""f";

cation the oil globules are rendered extremely small without
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«i.w«miunh„ mill i„,»(..r .? *" ""' ""'

"b.. 0.1; tb.Si'sJ ','.'' ""' ''"•"' "'

ditions it is greatly aided «nrlT "" ""''""''' "o"-

quicker by th! iftKthe ble
"™"" ""'"«' '"-'"

,iy iz ;a,t:;r;tL^r':
'°''' °" ">«

by« speeifi action on the parfouTe o d 'it^^Tthe same observer has shown thaf fhT f
Similarly,

the pancreatic juice are ad "ted thfT' ?"'^°'^ °'

diet; adefiniteindconstanSleadstther T"'
''^

•Meedingof abatis SlrM 7 Jltfof
''" ^"

™^Sr:::ir^srSs£;rr
'o:ie\CT °V? "^- ^ ''"°"- h- beeT 2"

^i'tincT tS uleno LT"? ''•'"* '^"'^^'^'^ -^^ -•
•heir -oUen Zd" t n L The^^ir'^

"""""'^'^ "^
^t" grannies; thesl aie s ar anS TatTh

""'"'*'

presents a clear or fairlv pI..,
""^^Sed that the margin

" -"intensely ;aSrto:7;^r57^rT"hr '^T

When activity commences the granules appear

i

I'i.
hi
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to t,a=i, centrally towards the alveolus, leaving the cell

comparatively clear excepting that portion unmediately

abutting on the alveolus, which even in the exhausted

condition remains granular. These changes result m the

cells becoming distinct and clearly defined, and moreover,

as they have emptied their granular contents into the

alveolus as pancreatic secretion, they have consequently

become much smaller. The narrow clear zone seen in the

resting gland has now become broad, the previously choked

U,^ VI -k POETION or THK PaNCRBAS OF THE EaBBIT lluHSt

"^'"il' 8h««dS L.A). A, AT ek»t; B, .n a stat« or act.vtv

(F08TIE).

„, The inner ^.nuja. -e in A U^^r and3 olo^^^^^^^^

"'^
e^ nS^out^t an!p«en. .fne T, s'mall in X larger in B,

'^^T^^^^. 'tAniS^^T-f^
•n\Ton;".\e1e£trt'?he'^«tiv'e bu. no. in .he re.tir,

glands,

alveolus is readily defined, whilst the nucleus of the cell,

which was hidden in the charged condition can easily l«

seen in the exhausted gland (Fig. 57, B). These changes

have been worked out on the pancreas of the living rabl.it

by Kuhne and Sheridan Lea.

Amount of Secretlon.-From the investigations Colin

and others we know that in most animals the secretion of

pancreatic juice is continuous though not/°f™' '"

ruminants the largest secretion is ^""'Is the end

rumination; in the dog the maximum is reached bet«e

he econd Ind fourth hours after feeding, this maximum
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daring Btarvation, but immedrtelv 1^^? "" ''"'''""'

of the stomach the paneraS aotT^4^" •""

nection, however, it is dfiHimhi^ f

"""" »""e. In this con-

to so., ob.erve;:V:ttr^orwTaSr' T'^'-^creatic juice for twenty minutes eervt„ T"' '"""

continuous secretion of the Rland n h?^l
"""• ^''^

for by all the lobes not hi! l
'^«'^h.vora is provided

the ox the amount of •!,> "^^ "' ""' '""« "'"« 1°amount of juice secreted is betwenn 7 .„j n
(265 grammes per hour in th« h

""'"^een 7 and 9 ozs.

i" the sheep / to ^ o" f7 to 8
" " '""'='' ""« «'"°«.

S oz. (5 to ll iramme" Jer ho^'1^7!V'^ "•""" ^ '°

(2 to 8 grammes). There « nl'
** ''"^ ='"' '«««

the size of the animal the 1 i.f'T""'^
™"° ''^tween

a^untofpancrearaiifseclS' V''
^'^"''""^ '"«

lively more than herbivora ' "'"""' '*•=•«'« «'»

'»;ery little greater tha^rthat^of tlS/'
'"^^""'^' -'>'«»

pie% LtortrrI" ? ~"'°'
^ ^°« ^«

—

-the ti..ues,al:d^L\irrr
tt''"

«'^'=''^-

"jonth or less with diabetes, since the 1 ?"'''' "' "

BlucoBe is lost. The 0ln.ll
^"'^'' °^ oxidizing

'he blood, and s separa edblTTr""^ accumulates in

'[- being sugarTtheli ^ 'tlttZ '° "'''''"" '"

">e amount of fluid produced and «
"" '""'""'^ '°

'ke depancreated animarbe nl^ .
'"=''' °' "«"• "

iet, no difference occu« in lb!
°" " P"™'^ P™teid

="- if no food be dven
'"°""'''* s«gar excreted

;

removal of the Ind t ^? " '"" '"^e^- " the

r V"' -i?"ntel;rrm tt^tH'^ ^"" "-"-
Vnding upon the amonn/.f ° transient effects,

'k« ie -plLed by th "act thaT"""
'"'' '"'''"'' """^
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from proteid. In fact, it is possible by experience to leave

behind just sufficient o! the gland to prevent diabeteB

arisins In any case fatal results may be avoided by graft-

ing portions of pancreas beneath the skin, the presence of

these preventing diabetes.

Evidently, therefore, in some way pancreatic tissue is

intimately mixed up with the sugar question, and it has

been assumed that the pancreas produces an internal

secretion- (see p. 229), the use of which is devoted to pre-

serving the organism from an excess of sugar, either by

regulating the amount which is to be liberated mto the

blood from the seats of sugar production (liver and muscleB),

or by stimulating the sugar-splitting action of the tissue

cells (p 230)., Very little is known of the subject; it

certainly appears that the acting agent is not an enzyme,

for its property is not lost in a pancreas which has been

boiled- further, the internal secretion cannot act alone it

requires the presence of a ferment formed in the muscle,

and the combination is then capable of rapidly decomposmg

^Thrblood, as pointed out previously (p. 226), will not

tolerate more than -2 por cent, of sugar in circulation any-

thing over this is rejected and got nd of through the

kidneys; in pancreatic diabetes there may be double tms

amount of sugar in the blood.
, , , .„

Histologically, the pancreas is a compound tubular

Rland like the salivary glands, but there are certain groiips

of cells peculiar to it which form spherical or ova bodies

capable of being seen with the unaided eye. These ar

known as the Island, of Langerhans ; each is surrounded

by a rich capillary network of bloodvessels, and the vie»

has been advanced that these islands are the seat ol the

internal secretion of the pancreas.

Pathological.

The mo.t common pathological condition of the liver is Janndi".

and the majority, if not all, caee. of jaundice are obBt^u™,

there ie some obstruction to the free pourmg out of b.le, in w
t^^eL there i. a backward prepare, which bring g-"- th.. .b.
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low blood-presfure under whi^h kii •

.nd -Uin, the tijl^'tt TheVeT't'
''^ ''"'

" ™''"''^<'.
•ffecting the horse and doR in South A, 7 ' '°"'' "' '""*«
Wood, but in these e,«. the v^ow Itt T"' r,

'° " "'"""« '" "»
of red eorpuecles.nd the libeWion o th. T'^

'"^ ""' ''^'"'"Ction

Clcull, consisting large.; 'Thole .el™™ ^°"""- ^"'«''
n.mmants, but rare in the horse r»t!"' xT

""^ """"""on in
"toals over.fed and under-worked In th^ I"

"common in all

Buptsre of the liver during woAEnL "' " ""^ '«»^ '»
very common as ,he resul.'of v«cul!^f'?'"*' °' ""^ »™' "«
not uncommon as a sequelMT ''""''»>" elsewhere; it is

prolonged febrile chan^TAtacesroTtt'
,''""'*'"' '"' °«--

"-known. Parwltlc disease of tl.e h1
"" " ""«• •>"' "»'

di»«es of sheep, and common in the o b,
." °™ "' "" '•"^»«-=

I»nu..te occupies the bUe duct, whLh 11 '"° '" "" ''°™- The
In India, calcareous degenerattn ofTT """""^''-V o™'»ded.

common aifections of this orgl"td th ' ^" 'j '""' "' "-e most
Uv« disorders are very frequent'

"'""«'>™' ""e tropics generally

.?S"rh7Cs" l^ttl'^'''"'''*'™'
^"-'--- " ™.

conditions are unrecognisable dS^;"' " '^'""= ^'"•"'. but such

iitoifpimji

i

16



CHAPTER VII

AB80EPTI0N

Section 1.

Lymph.

Lymph may be regarded as the material by which the

tissues are dirsctly nourished, and by which effete material

is collected from them and taken back to the blood
;
there

are certain non-vascular structures, such as the cornea,

cartilage, etc., where the lymph circulation is the only

means by which the part is supplied with nourishment.

Speaking generally, however, the lymphatic system may he

described as the drainage system of the body, in contra-

distinction to the blood or irrigating system.

The Lymph Spaces.—The tissues are bathed in lymph,

which is contained in the lymphatic spaces existing between

the capillary blood-vessels and capillary lymph-vessels.

There is a constant passage of material from the blood into

the tissues, and from the tissues into the blood.

The lymph spaces are irregular passages in the connec-

tive tissue, the larger ones being lined by epithelioid plates

of a peculiar irregular outline; these spaces exist outside

the bloodvessels, and the lymph finds its way from the

bloodvessels into the lymph spaces. From the lymph

spaces the fluid reaches the lymph capillaries, but the

means by which it gets there is not clear, for it appears

certain that excepting in a few cases there is no direct

communication between the space and the capillary. In

the vessels of the brain a peculiar arrangement is present,

the lymphatic vessel surrounds the artery and obtains us

Hi
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epithelioid plates withTrre^^' n ''u'"^
°' "'^ «"»«

the spaces, and it is b ef J C ar.:''""
"'' '°""'' '"

plates, crevices or intervl Iv ' ^ J""''"''" °' ">«

m- find its „ay by the simi
^°"^^ "''*'"' '^"''^

From the lymph cao uLv7 ^T"' "' "-aosudation.

which in addftion to a„' SS"? .'''^'^'''-«« V.„.,,

coat, more marked in the larL1 °'* '"'' '"^° " »""="1«
and also a connect^^e 'sue^cnv

" '" '^^ ™»" ^««'«''.

these vessels valves a^ZVrT^' ^" ""« '"'«"°' "
i- structure, arrangeme„rand m!^ 7 'T^""""^

^'"''"^

the veins. ImmediatelvL! ^ t°'
*"""" '" 'hoM in

tation of the veTsetthL^fT "!" *''«'« '« » «'•"''

when the lymphatic 'dtend'd " '"'^•' "PP*—

wai\tntr:;:irrir'°'
's^

"^^^ --«« 'o.

'*eideof theheadl'dtJ r'^?"^^ "'"'^ f'°« '"e

•Mominal cavity anThind .' k
'".'''™ ""'''• "'e "best,

Merent points andit f
'' "°"* "'"^ *•>« <'»'=' «

eava: from the righsfde of theTV"'",'''*
'*'''«"--"''

'ore limb, the vessel elc 'and I'r tT'
""'' """^ "«"'

-eparate duct into the aal vein TheTh"""-"*,'
"^ "

nothing more than a large lvmnhTH„
,'"*""' ^»=' '»

«»me structure as the IvlW ''*'°*'' Po^'easing the
the muscular colt bail? ° T'"' '"^"^ '^'''''ribed!

thoracicduct recefves tZI 'T''''^
"*" "-"ked. The

I'-hutaisor^rLiacf^tj^^^^^^^^^

Wd is replaced byVSd Ih t« fl f
^''"°° "^" <='««

this period the la^tea^^ve sel; e
1" °^" "' '='"^'«= >'

^t also the products ofIJe tion the3 °°' ?'^ '^'"P''

i v:°crLf ^'^"™' ™'^-- -^ pen-
though even th s"ZhyZ" " 'T ''"P"'"''' 'r>Zs.

---onta.i:^S:r;----^.^^e
16—
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munication with lymphatic vessels, especially those of the

Lphragm. In the diaphragm slits or stomata exist, and

iZ these the lymph readily finds its «ay. being asp.rae.l

nto the vessels during the respiratory movements ol tins

organ; so readily is this effected that the diaphragm may

FlO. 68.-D.AGEAMMAI.C S.CI.OK OP LYMPHATIC OlASD.
riu. uo.—j^»«"""

V. 1 ft f

a^ Adenoid ti»ue eontaining 'ymph corp^^^^^^^^^^

r;;fh~/ S^ouTdinl'the whole i, the .^beoular fr».

work t.

be injected in a recently dead subject by placing some milk

on it surface and establishing artificial respiration

The lymphatic vessels in their course pass throu

Ji: iTwn as lympl^tic glands, entering at one s.de^a

emerging at the other. Experience shows that in
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m bands of tiaaiiB r*r„)
'"""«fa««o. The capsule sends

compartment orVSrto "'":.''"'* ""^ S""''^ -'"

larger than those Ite led.UU Th:T v"'"'
"""''

efferent Wn^w- '^ f'
"'°'^'"' """^ ""»" extensive. The

"""'' »"•• "' »«. lb. Md to IS

I >
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these are contained is spoken of ai lymph plasma. The

gases consist principally ol carbon dioxide, w'-ose amount

is greater than in arterial but less than in venous blood.

a small quantity of nitrogen, and only traces of oxyKen.

Amongst the extractives some observers have found urtn,

a substance which exists more largely in lymph than in

blood, and which is said to be always present in the cow.

The salts are distributed much as are those in blood, viz.,

potash and phosphates in the corpuscles, and soila in

the plasma. It is evident tliat the composition of tba

lymph cannot be uniform but must depend, among other

causes, upon the nature of the food supply, and the source

of the lymph.

The lymph cells or leucocytes exhibit amcrboid move-

ments and are, identical with white blood-cells; they are

more numerous in those vessels which have passed through

lymphatic glands, for it is in the gland that the leucocjteB

are manufactured and added to the lymph. The cells

consist of proteids, lecithin, cholesterin and fat, and their

nuclei contain nuclein. Owing to their power of move-

ment they are able to pass through the bloodvessels nito

the tissues and rk« versa. The proportion of lymph

corpuscles to fluid is about the same as the proportion of

white corpuscles to blood.

The Quantity of Lymph in the body is difficult to arrive at,

and varies considerably. Colin obtained from a lymphatic

in the neck of horses between 1 to 4 lbs. (i to 2 kilos) in

24 hours; the mean amount was 2 lbs. 6 ozs. (2 kiloB,

for the same period, but he notes that the variations are

very wide, and that herbivora secrete more than carnivora,

and young animals more than adults. The amount of

material collected from the thoracic duct of a cow m

24 hours has been found to be 209 lbs. (91 kilos), hut this

is no guide to the quantity of lymph in the body, as the

material in the thoracic duct is mixed with the chyle from

the intestines. It is usual, however, in this vessel to

consider two-thirds of the contents to represent chyle and

one-third lymph. The quantity of mixed chyle and lympH
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Ih« Fomutlon of Lnniiii —Tk .1.

i» l-y no means settled ,he riva,"^°'
'^'°'"' ''"•°"'«°"

»e physical and secretory Th? T ' T' ^ "'""8'"'

upon the laws of fiUSn dfff
^^ '""" "'^"^ '" '«'«'"'

.he secretory or vita SiltT' ""' '"""'"' ''''''''

the .ving cells of the My 'vLf "'T.u'"'
"""'^"^ "'

claim our attention, and Ui, f^*";

'"'^"™/ theory will first

time finds, perhap morl 1 ,
' **""'' "' '^^ P™"""'

to this the;r? lyZh kTcLZ t'"'''^"''"''-
Ao^o^ding

b/o!,'';:to\i;:r ifr"^ *" ""> -""'"- *- the

o( blood in th cap , arie 717""^.' '"'^" ">« P'--"
in the tissnes. It ^1!^i^ l^'tatt "' "^ '"'-^

decrease in capillarv DrB».nJ ^° increase or

amount of filtration
'"''""'^'' "^ "'"'^^s^" the

rUfmion and (hmos's —Tho ,!.»
the composition of the blood 1! '"°f f""'"8 '"'tween

'issnes outside the capHlarv I'^T-*"''
'^e liquid in the

»d osmosis. Suchdiffe elJ ,
" ' """^^ •" ^^^^'^'^

^^r every period 0, dSraTd the 7';^
'""""""«•

Pos.'ion can easily be re»tor„^'l .u
"J'"''''"""' <>' eom-

«nd osmotic ounenl I^r' ""'"'^^

-e not only bet:^ the £?::<,' theT""? ""^
"^es and the blood, and in both cases are a" "* .

"' "*
«»me way. Diffusion in i.„ -7 adjusted m the

'heresuU ofZcTntoLr °''"'' "= '" S'''^^. to be

'tat two liquid mS e butTr,'
"'

''r"'-"'-. -
i»to contact will graTually' fnl "f^

""'"'« '' ' ™"«ht
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brane U known ». oimcU. Bul..tance. which ate diffu«il.l«

are known as cry.talloid.. those which are non.diff».,.Ui.

are called colloids. Sugar or salt are good examp ex «l

diffusible bodies, proteid and starch are examples o collo.dB,

the large size of the molecules ot the latter preventm« their

passage through an animal- or other membrane. Tlu.

difference in the behaviour ol these two classes ol substa.K-eK

as regards their osmotic properties affords a useful un,l

ready means known as dialyi, o« separating the crystallonU

from the colloids.

H two masses of water be separated by a membrane the

diflusibility of each being equal, as many molecules «!

pass into one chamber as enter into the opposite, thoush

to all appearances no change in the fluid is taking place.

H one chamber contains salt solution and the other plam

water, it will be found that much more water passes .nt.

the salt solution than salt solution into the water, the rate

of transference of the salt depending upon the coneeritra-

tion of the salt solution ; the force which brings this »l.out

is known as the o,m.<tic pn>.u,e. It can be shown that the

osmotic pressure is proportional to the number of molecule,

of the crystalloid in solution. .....
If a strong solution of common salt be injected into the

blood, an osmotic current is created proceeding at first rom

the tissues into the blood; in course of time the salt mil

diffuse out of the vessels into the tissues and an osmotic

current will then be set up in an opposite direction v,z.,

from blood to tissues. The diffusibility of proteid substance,

is very slight or entirely absent, their osmotic properties

are correspondingly small and by some have been denie .

It is therefore difficult to explain the passage of the pro-

teids from the blood to the tissues, excepting on the ground

°'a picto"e °' ^^^^ '« •"==""'"8 in the tissues under

ordinary functional activity is probably as fo lows
:

Th

tone efements are nourished by the lymph thereby effec >n

an alteration in the composition of *e latter, «h>ch

made good by diffusion and osmosis from the blood. Asm
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rhe» pa., into the 'rphfl'l''''?-''
"y""""*'' '^^""

concentration; bv.odZthlvH """"' ""-^ "'"'> "»

i. le.. than that of the bJoJ d^"-"'™"""
'" "'" '"««'

10 blood.
'°'^' ^'^'""»" O"""" 'rom lymph

-.5 SSI;,!!:,r^r,"•'-'" ^"

(hat whereas the cap.il,. ,.ls „. .. 'f u
'"«• "« ^''-^^

twues general! w.s ,,t", v.,v !
' *"'' """"ective

the filtration ,„ ,„„,''*' """-'"^We resistance to

large portion ,r tl,t nr, .

'""
"'f'"'

"""^ "<««? back a
intestinal cai,il.,„os „',

'.i,^
';''^ " " blood-plasma, the

1-ermeable, while iho ,. ,.. ,,°
i

' "™ '"'"='' """w
permeability, a veiv bm,„p „" "' °' ""» greatest

large transudation ot I ru'ti'l'.
„,"' '*''"™ P^ducing a

«» the plasma itself. «o li„ht i.'T* I"
'""'"' P^'"^''*

pressure on lymph Drodu.Jl 1 ^* **=' "' "'"Pi'lary

ti..ues, that i^ ofherTar s Of th"h^' Tu'
'"''' ''°""«'='"-«

0 explain the produotLl a
"^^ " •"" ''««" "<"=««««rv

»««osis. Constant osmoLntrH^ '"k
'° •''^'"''°" "^

'«ue.eell occurs throS thetf/"^' ^.'T"
'''°^ ""•^

with remarkable rapidTty tLsT'h
"" "' ""' '^"J'''' ""''

I* disturbed by inject mr' a !»' V ' °°"""''= «'l"''iWum

-culation. wit'hL'hSVie'T '" '"'"^« '"'» «"«
•%ht influence of capil ary p II' ", "''^»'«'^- The
-ent oned above, only holds JZTol ^1"°"^ f^^^tion.
«"y impaired nutrition of the v

°°™''' '=''P'"'"y =

«««ily arise, increases it»n. T,"'" """• "''''='> May
"-crease of iapiialprl^^''''''''^; ""d the slightest

'jmph producLn
^ "''" P'°'''"=«« ""> increase in

^trnrfrv;:c.rr
h'''^'

- '^""'"' -
movements of it at once cau a flow°"f^

""'^ °' """"^^

S:'aS;:Stirir7'--":"S
^----^'b;x:stni.rthJSi-
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changes in the tiBBue are stiU occurring, oxygen .a being

absorbed, carbonic acid and other waste products go r,d

of but their channel ot excretion is effected by the blood-

The secniory theory of lymph production is based on he

knowledge of the secretory activity of epithelium generally.

It was natural, therefore, to regard the endothelial lining

01 the capillary vessels as the possible seat of secretory

activity. Heidenhain, the exponent of this theory, showeJ

that certain bodies [Lympha,jo!n,ei) when injected into the

blood-stream caused an increased flow of lymph and he

regarded these as direct excitants of secretion. The oppo-

nents of this theory show that these substances act by their

deleterious effect on the,capillary wall, or by their causing

water to be taken up from the tissues ; the effect of taking

up water is to raise the total volume of blood m the vessels,

and so cause a general rise in blood-pressure, and in

consequence a transudation of lymph.

At present it is not possible to decide between the rival

theories of lymph formation ; it may be proved that

under given conditions both play a part in the process. It

seems in: o. iible to exclude the living activity of the cell-

body, so strongly urged in the matter of other secretions,

while it is equally certain that there are other conditions

which are only possible of explanation on a physical basis.

We cannot suppose that the condition of the cells orming

the capillary wall is invariably the same. This wall is he

membrane across which the physical factors have to p ay

their part. Even if the latter are the chief agents in the

whole process they must still be more or less subject to

the changing states of the cellular capillary wall. And in

connection with both these views, it is well to bear in mind

that no lymph-secretory fibres have been discovered,

though their existence is possible, and further we do not

know positively in which way the '-«"« ^P''"'^
""""f

""

'

with the lymphatic vessels, or whether, like the blood-

vessels, the latter form a closed system.

As fast as the lymph finds its way mto the spaces it i»
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mte of output is equivalent to the rate of removal; whenhowever the output is greater than the rate of remo;aHheymph accumulates in the tissues and (Edema results it
. conceivable that the rate of removal need no nece"sanly always be at fault, but that the rate of secretionmay be so grea«y increased that the outgoing channels
are unequal to the demands made upon them Such an.ncreased secretion of lymph lies on the shoulders o"the vascular system, and experience shows that in themajority of cases increased formation of lymph is a morecommon cause of a.dema than defective drainage

well known that interference with the venous circula-
.OD IB productive of a-dema ; disease of the right side of

o'ube'th"
7""/''1"-«'- - » fruitful'source of

trouble, the explanation being that there is not only an
increase of pressure in the capillaries as the result of

uS^T^ ''T'°"'
''"' ^^'° " '»'='' fl'"' «f venousWo d which IS kept in contact with the wall of the

apillary, and induces changes in the epithelioid cells resultmg m increased lymph formation. The swollen legs socommon m horses kept idle in the stable are practical fdueto the same cause. The venous blood ascends the Hmbs
against gravity and exerts on the capillaries of the W
S? r.f 1°' ^'"'' " P^^^="^« -'"i^h is neariy equ vano the height of the vein ; as a result the cells of the
api lary wall are the seat of an increased exudation, andthe Isgs accordingly • iil],- a condition removable by exe else

muB l^T"".*"''?™'* " '"^''^ brought 'about by

Ty wh ch ZT T '" '"' "^'«''''°"^<""^ "f 'he vessels'

IL "';"\*''«y «« compressed and their contents

Sent "k 'JT '^^ '"'""' ^""''^ "'^ -««««'« <'o2nprevent a back flow. The obstruction caused by themphatics passing through glands is not serious, while the
luntary muscle fibres in the capsule of the g and m rean compensate by their contraction for any lesistanrL

'te gland itself. The pressure of the lymph in the Tvr^nhspaces IS higher than that in the jugular ve^. so the Col

m^

^ ')ii:

nil
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lymph from the tissues to the vein is assisted by the fact

that the fluid is passing from a region of higher to one o!

lower pressure. The movements of the dmphragm tendons,

and fasci«i produce an aspirating effect on the lymph

circulating through them. In the case of he diaphrusm

the lymphatic vessels drain the two large lymphatic s.cs

the pleura and peritoneum. Owing to the direction taken

bv the fibres of the diaphragm, compression is exerted on

the lymph spaces during its contraction, while a suckin?

action is produced when it relaxes. This pumpmg arrange-

ment exists in tendons, fascite of muscles, etc., and is a

valuable aid in lymph circulation.

Once the lymph from the abdominal viscera and bind

quarters has found its way into the thoracic duct, its

passage into the general circulation is favoured by gravitj-^

by the muscular contraction of the coat of the duct and

by the negative pressure produced in the anterior vena eav.

vein by the process of inspiration, while the aspiration o

the thorax keeps the duct fiUed; the combined resul o

these forces is that the lymph is aspirated out of the duct

into the vessel. This aspirating influence has been proved

on the horse by experimental inquiry, a negative pressure

in the thoracic duct having been observed during mspua.

tion, and a positive pressure during expiration. In a

manometer placed in the thoracic duct of the ox. Col

states that mixed chyle and lymph rose m five minutes t

a height of over three feet; this pressure is one third of

the blood pressure in the aorta, and appears exeess^e^

The lateral pressure in a lympH vessel in tne neck of tli

horse was from one half to three quarters of an mob of

weak solution of soda; in the dog the lateral pressure was

half that found in the horse.
,

The thoracic duct terminates in the anterior vena u«

at the jugular confluent in a variety of ways
;

its most

usual method is that it dilates before entermg the « ,

and from the dilatation either one or two very sho

vessels are formed which enter the anterior cava, th

entrance being guarded by a valvular arrangement.
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right lymphatic channel also opens into the anterior .ava

cava vein i. prevented from papainJtoh'.h" T"
by the presence of these ^^C::^1TZ^Z;fC
S"^;^cr:^t;if;;'r"^"°^

^eto£.£«:s:;:xr£rt^

a large lymphatic in the neck of the horse .rthT f •

.n the small vessels is very much less
""'^

Section 2.

Chyle.

In the thoracic duct the Ivmoh frnm fi,« u j
the lymph coming from 2 """P" .'™" '*'« body meets with

chyle'is'deri "dTm fhe V m and
""' '""*' '=''^'*- '^'^'^

amount of this fat in dl ^ appearance. The

•^percent, or e n mo'r ThT;^''""",'
^'' -"'• '"

•iition of measurall l!, J ,
' " P^^''^ '° '''^ <=<>"-

milk, butX b„ k ^f'^:^^ ."^rP'^''-
^^-^h ''^ «« seen in

particles; hence L «!«' 'f «f
«''"Ji"''rily minute

*.tothe^^.r^-^,--.- Which is

'i-'-r-rldlLoTth'T'^f '"" •""'^ -'^'-y
spaces, buti^tX the Zn""rf "* '"« '^""P^
'fce lymph.vessels ar„

',*'.\7»".'°'««'"'«« the origins ofin vessels are highly differentiated structures.
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known OB villi and solitary glands. The villi (Fig. ,59)

are innumerable projections from the inner surface oi

the mucous membrane shaped like mmute fingers
;
tluv

are only found in the small intestines, and have been

calculated by Colin to amount to forty or fifty millions in

the horse and ox. In the interior and central part of the

villus is a vessel termed the lacteal; it may be smgle

or multiple, straight or branched, and at the base of

the villus it opens by a valvular arrangement mto the

lymphatic system. Surrounding the lacteal is a network

Fig. 59.—Vkrtical Section of a VlLLoa : Cat. x 800 (Stewart),

a, Layer o( columnar epithelium covering the viUus-thc outer edge

of the cells ia striated; h. central lacteal of vUlus; c, unslriped

muscular fibres ; d, mucin-forraing goblet-cells.

of capillary bloodvessels, while filling up the finger of tlie

villus not otherwise occupied by vessels is a peculiar

structure found especially in lymphatic glands and known

as adenoid tissue (p. 245) ; this tissue is relatively larger m

amount m the villi of carnivora than of herbivora (Fig. tiOi.

Covering the entire villus is a basement membrane on which

is set a layer of columnar cells, placed so that their narrowest

end is next the basement membrane and their broadest next

the interior of the intestine. The cells at their narroweet

part are in touch with the adenoid tissue of the villus.

Each cell contains a nucleus, and on that edge next the
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their shape are spoken of « n"''
°"'*™ *''''='' '™a

means of a pore they ext,I ^ '" '='"''
<^'e- «») ^y

a transparenLatS kno^n
''°°'''"^' '=''"^'««"« »'

Within the villusTe bZ ,"""'"' '"'° ""« ^'«««°e.

-nged parallel to the ^ "ofT'T^ ,"""='='«-^''-

traction of which, combined wLr/"": ^^ '*" '=™-

ments of the intestine the!! .
?' Peristaltic move-

altered i. suchT:;',tatTT'^ """"" ^«'-'

»

DOO.
Fig. 60. -Transverse SprTrnw .. -t-

"'"'"^^-

S^tJistrss't^''^ '"-"' '»--"-
provides an important frctrLirf""' "' ^•'""^- «"<J

'lyn^ph) toward' the thlra "c due!
""'"" "' '^« "''y'*

««i^:^h::ht izr t
:!:^^"'^^"—>>«

'he mucous memUneo, theIn !
''•'^'"^ '^« ^h'"^ "^

'»"ie'es are at cert^pL^rin th I'""
^
these solitary

»;ases where they are know^a"4 .'
',.; .^

"^^'^-^ -'"

r-r-S'h£rs^t^^-ture
^™-food. itconsirsjtL^ts^^,::^;-
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network of which is filled with leucocytes ;
within the net-

work are capillary bloodveBseU, and surrounding the whole

is a space across which branches of the adenoid network pass.

This space is known as a lymph tpwe or sinus
:

it is lined,

like those previously described, with epithelioid plates,

and opens into a lymphatic vessel. As the lymph passes

through the adenoid tissue, some of the corpuscles founj

in the meshes of the network are added to it and become

lymph corpuscles.

Chyle is a turbid fluid of alkaline reaction and a speciilc

gravity of 1007 to 1022. In starving animals it is trans-

parent owing to the absence of fat, and it is, in fact, at

this time practically pure lymph. Colin observed that

the chyle of herbivora was yellowish or yellowish green

;

it is possible that this colour may be due to chlorophyll

taken up from the food. In the horse, as collected from

the thoracic duct, it is often reddish, due, no doubt, to a

sUght leakage from the vena cava, such as has been

previously noted (p. 253).

In the small intestines of the horse, it has been observed

by Colin that almost immediately after food has been given,

waves of chyme are passed into the duodenum from the

stomach; in consequence the laoteals in the mesentery m

connection with this portion of intestine become opaciue,

though previously they were filled with a colourless f^uid.

As the chyme passes along the bowel the other lacteals in

their turn become opaque, until at last the whole of them

are filled with this milky fluid. Colin draws ef.pecial attention

to this regular invasion of the lacteals from the duodenum

to the ileum.

The movement of Oi.vle is due to the muscular contrac-

tion of the intestinal villi forcing it onwards, while the

valves in the laoteals prevent its return.
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Section 8.

Abiorption in General

Ab..rptlon from the af.'w
'^'"'°'"'' »' ^'°1«-

rapid. Colin showe<l thaT noT.
/"*" "' ^"'"'"'bly

detected ,n the blood lllr!^::^^^'''"''' '=°""' "^
'te trachea, and that it anJL.7- i ^'°« '"J'<='«<' i"*"

found in the chyle ft eTell^ ^* '"°°'' ''^^°'« " ""^
urine eight minu'^^es a rbe^L T !''" '•"""• '° ">e
A solution of nux vom cain I^t r'

'"'° "'^ '''"=''^''-

tetanic ayuiptoms in thrle m^l,
° '?' "'"=''^'' P^-'J^'^ed

and ether were alao rap d y arortV . 7'f'"« "''="'""'

-^en up and .as .Jt^Z^no'strnl
"" """'' ""' ''^

-:"Sis:-l!:-tf^-.- «-•
H-g to our observations nrod, .!

"^"P'*'^*8««.'' a>'d accord-

™ a shorter ti«e than^ht"ilT
P''/"'"°«'=''' effect

^^- The lun,a also have fhe i::efo/'ir''K-
"""^^ "^«

poisons like curare, which areST t
*'''"h,ng certain

'"'<= the digestive cana The absornt' r'""
'"'™''-«'»

bronchial passages is very rapid ^''"'l."'
!''"«'• ^"-^ 'he

quarts of water per hour into the trA ?'"'^'"="^ «'^

-™l was destroyed at the Id ""3!" "'""^ '"«
u'd was found in the bronchi L', "" ""'' "°

' «
-r passages one pint of water ata'r"

'°"'*'' '"'"
h« ^vuhout intern..ssL, he pl^ed L 74™'; ""''"'"«
Wore he caused death. So lanid 1 , T^' °* ^*'"«'

™"'h, that a horse may be 1 L''"''7"°"
*"" "'e

almost mstantaneousiy by /n Ltra tl "? " '•^'°'-"'"™

---erapidityofalL^r-S:;-----

'"° -wallowing, probablv iueZZlu iT "^"'^» ""^ -««
' 1' » not intended l,«re to r!

"'""'^"<"' "' ""e rerurrent nerve
=««ot chi„,.ofa„n, WW h °Tor";1 "^ -'™-'™eheal „d.ni ,

'

.

^'«"te.ci.eu.e„t .; .hep.t,e„t ' ^""'"""^ ''"' ""^^ces the
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in Bpite of the facility with which drugs are taken up, tlw

lining membrane of the bronchial tubes ib remarka'.ly

tolerant of Buch irritating agents as turpentine, «tr(.iiK

liquid ammonia, acetic acid, etc., and offers m a statt of

health an almost impassable barrier to putrid orfianic

infusions, or at any rate these do not appear to prduce

any local irritation when injected.

Absorption from tho OoUuUr Tissue is very active, and

both the bloodvessels and lymphatics take part iii tli.-

process ; ferrocyanide of potassium injected into the tiict

has been detected in a carotid lymphatic in seven minm(.>.

The rapidity of cellular tissue absorption Ib hasteiiea hv

muscular movement.

Absorption from the Conjunctiva is very pronouined fov

some drugs such as atropin and certain organic v"-™'^.

but there are others which are not absorbed so reiulily.

Curare is not absorbed through the conjunctiva, and Tolm

could not infect horses with anthrax by pbicing nnthriu

blood and fluids in the conjunctival sac.

Absorption by the Skin, if the surface be unbroken, is slow

even for those drugs which will pass through it, whilt

there are manv oig*«ic and inorganic substances which

refuse to i>as9 through the unbroken epidermis, toliii

kept the lumbar region of a horse wet for 5 hours with

a solution of ferrocyanide of potassium ;
the salt was

detected in the urine in 4* hoars, although tho skin

was quite unbroken. From a wound or abraded su'face

absorption will occur rapidly with some agents, slowly with

others. Colin placed a horse's foot with a wound on the

coronet in a solution of ferrocyanide of potaHsium; m iO

minutes he detected the salt in a lymphatic of th>' tliigh.

In connection with absorption from a wounded suikce, he

found that the poison was taken up quite as readily by the

lymphatics as by the bloodvessels.

The mucous membrane of the vagina is found by expeti

ment to absorb very slowly.

Experiments made on Absorption from the Pleur»l «»«

Peritoneal Cavities showed that such drugs as strychnin
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the thoracic duet 5 to 8 41", Jj. "V «- detected «

»c'ivea«e„,.i„
.bBorp

" «^hown^ however, that the
vesMls. and that the share tat' T ?."' "* ""« Wood-
-.m^cant. I, methylene blue U '* ^^'"'P''''''''^ '«
pleural cavity the dye apnea"! in th

^.""''"^^ '"to the
tr.ce of colour can be percl .

"
'^!

"'"* '""« '«'<'« "»?
the thoracic duct. ' '" "'^ '-^"l* flowing from
Stomaok abiorption or -.fi, •,

has been dealt with ;t p m F
"'•''"'* '" '>«r'"'vom,

a^imitted that absorption Tby nfl '" ""' "^"S " '^ ""w
»= one time supposed. Water f„r /

' '" ™'"''" «« was
t e stomach and undergoes ^1 ?""' ^"'''^ ""^-^h
at*>rbed with difficulty^Tugars °7 °"; ""'= "'« «4
"P, but only if in sufficiw ,

" ?'',.P«P*<»'^« are taken
»« absorbed with diffiTuu"

'•°'"=*"'™"°''
-• """inarily they

hrtMtiaai Abioiption -Thn „k
ta in the horse and ox points toTnT 1-

'""^'"^
'"'»°rP-

*^."gof eonsiderableimporCelTI'""' '"'^"'P""" »'
;^»orption is very rapid i proveVlvrl

'•"?''''• ^'"' '"-
Hydrocyanic acid injected [Zth ,

' *'^P«'''"«nt«.
0"e caused death in I to iV ™'"' '"'*'^""« "i a

fe"ocyanide injected into the ^-7''' ""^ P"'"'''"""

«Bentericlymphatics.wasdetcteS°n k\^ '''"<' ''>''

•fterwards.
"elected in the blood 6 minutes

n,- Path o/Ahsnrpt,o„. -Th« n^fh K
«b«orpt,on occurs are (1) t|,rou^h ^h .^^

"^'"^ '"'«''«m1

;^ ® through the lood rsels ?n"t
"

i'

'"'" '"« '•"='««'«.

I

,^'» points to the possbli i tlV ' ''"°"« «^«««»
*nupfr„^,^^ P -W,J t,,t some substances
"• the thoracic duct (FigW. I',

^"^ '"'° 'h« Wood
7/ed to the liver by the j' II

' """^ ""»' fi"'

«^b„n.ti„uMoree„terin'gt ^^^^^'^ '^ '"'her
I '""^—"-'ehat the villi are found only i„
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the tmall intoBtine«; in the Urge inteitine|. there ur., no

villi. Umo.t not, however, be .uppo.ed that abjorpuon

in the latter i. exclu.ively carried on by the bloo.lveH.eU,

for remembering the large chain o« glands, along the «, on

in narticular, it ia probable that the material ab«orl,ea

paeeee through these glands to a greater or less e.ten
,
as

in the mesentery, before entering the circulation, lli.ro

is at any rate, a well-developed lymphatic system .i, the

Fl« 61.-Loor OF Sm*i.l Intestine or the Hobse i.milNO

ACTIVK ABSOBPTION, WITH DISTENDED LacTEAIS.

walls of the large intestine, and it is certain that material

is taken up from this bowel both by the bloodvesBola and

lymphatics. The amom.t of this must be cons.deraWe,

when the size of these bowels is borne in mind and the

character of their contents.

Substances can be taken up with extreme rap.ditj from

the large bowels. Colin observed that 18 minutes after

injecting a solution of nux vomica into the ca;cum of tb

Lorse convulsions began, and 8 minutes later the animal
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formerly most prevalent. On the other hand, bile has, in

virtue of its hile-salts, an extremely active solvent action on

both fatty acids and soaps : hence the possibility that fat is

split up so as to give rise to variable relative amounts of

fatty-acid and soap, which then pass iii iolution into the

cells of the villi, as do the proteids and carbohydrates.

If the intestinal mucous membrane of an animal in full

fat absorption is stained with osmic acid the epithelial cells

are found to be crowded with minute particles of varying

size, whose blackness shows them to be fat (Fig. 62). This

fact provided the chief support for the view that fat reaches

Fia. 62.—Mucous Membrane of Frog's Istestine duiiing

Absorption of Fat (Schafeb).

ep, EpitheUal cells; sir. striated border; c, lymph corpuscles
;

I, lacteal.

the lacteals in a state of minute mechanical subdivision not

necessarily involving much chemical change. If this were

BO we should expect to see some of the fat-particles in

transit through the striated border of the epithelial cells,

and this is never observed. But if we hence discard the

first possibility and accept the more current view that fats

are absorbed in solution, we must assume that there is a

rapid reconstruction of neutral fats inside the epithelial

cells after the absorption of the dissolved soaps or fatty-

acids, inasmuch as the cells still cdwayii give with osmic

acid the appearance characteristic of the presence within

them of minute fat-particles. This synthetic reconstruction

of fat may possibly be brought about by the reversible

activity of the lipase ferment to which we referred on p. 237,
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though it is mor. probably due to the constructive activity
he cell-protoplasm. This second ^iew of the mechanism
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CHAPTEE VIII

DUCTLESS GLANDS ASD ISTEETAL 8ECEETI0HS

The dnctlem glands of the body are represented by the

spleen, thyroid, thymus, adrenals, pituitary, and pnieal

bodies. The function of these is either imperfectly known

or entirely unknown, but within recent years experimental

enquiry has thrown some light on their use as glnnds

producing an internal secretion, viz., a something earned

away by the blood or lymph stream and utilized elsewhere

by the body.
, j n

Internal secretions are not limited to ductless glands, it

is now known that the pancreas, liver, and other glands

produce, in addition to the visible secretion passing away

by their duct, another or internal secretion passmg away by

lymph or blood channels, and quite distinct from the

ordinary fluid secreted by the gland (see also p. 285).

The discovery of secretin (p. 238) by Starling and Bay-

liss opened up a field of the highest importance, possessing

possibilities the extent of which cannot be forecast. In

secretion we have a specific chemical excitant, or horm.me,

and it may yet be shown that secretions which have been

regarded as due to the influence of the nervous system are

in reality produced by a chemical stimulant furnished by

the body itself. Edkins, indeed, considers this is so o

the gastric juice ; while Starling and Bayliss point t;

the specific chemical excitant theory as offering some

explanation of the sympathy between the uterus and

the mammary gland, the occurrence of menstruation, and

periodic sexual excitement in the lower animals. Ihe

264
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ovary has been suggested as the seat of production of
such chemical excitant. The corpus lutenm is regarded

vi.th the fertihzation and implantation of the ovum. The
.nfluence of the ovaries on the development of the external
genital organs may also in this way be explained, for the
arrested development which occurs as the result ofremoving the ovaries in the young animal is prevented
by implanting them in a distant part of the body. The
sympathy between ovaries and mammary glands is further
Bho«n by the remarkable fact that a cow ovariotomised
when m full mM remains in milk for two or three years.
Tlie influence of the ovaries on psychic conditions is well
recognized: some forms of vice in the mare are cured or
improved by removal of the ovaries. It is to be noted that
apparently the complete removal of all trace of ovarian
tissue in the cat and dog may not invariably prevent periodic
sexual excitement (Leeney). It has been stated that the
remoya o the ovaries from the dog affects metabolism,
especially the consumption of oxygen, which falls off, and
that this may be neutrali: by the administration of an
extract of ovary; this cause, the metabolism to rise above
the normal, but does not affect the un-operated animal.

bimilarly, there can be no doubt as to the testicles forming
an internal secretion. It is fair to assume that among other
functions the implantation of the characteristics of the
male especially the aggressive characteristics, must be
regarded as part of its duty. Otherwise it is difficult to
account for the alteration in character which occurs as the
result of complete castration, and the modifying change
ihich follows from leaving some of the epididymis attached
the cord. The influence of the testicles on the growth of

bone 18 recognized in man; the long bones continue to
grow, due to the delay in the ossification of the epiphvses •

the same is said to have been observed in animals
'

The
effect of castration on tlie eating properties of flesh is well
known The influence on the thymus gland is very
marked

;
instead of disappearing at pulierty. castration
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causee the gland to become larger and more perBiatent.

The eff ct of removal of the testicles and ovarieB, on the

Lg, cat deer and birds, may be conveniently considered

in the chapter on • Generation and Development

The adaptation of the digestive fluids to the nat»'<^ «'

theLha's been referred to(p.l70) Tins andthe.^^^^^^^^^^

of a fixed diet in producing a more effective d^^^'";
^'^

tion and the harm resulting from sudden changes in die

p 2a7), may possibly be regulated by a specific chemical

Ixcit'nt. These are matters of the highest prac leal im-

nortance in the feeding and management of animals.

'
The chef lesson that the present work on internal secre-

tions teaches is that an organ apparently funct.onless may

be perform ng some oBice of the highest importance, while

ev,' those actively employed in the Vr^^^^^onot^

obdous secretion may. in addition, be carrying out im

po ant chemical activities-the liver, for example vMtl

Us external secretion of bile and its interna secretion of

„ rind glycogen; the P-creas-ith its digest., i^

and its invaluable internal secretion, which regulates he

destruction of .ugar. Even the kidney, m al probability,

losses es an internal secretion affecting metabolism. T.e

speeron the other hand, would appear to possess neither

In internal nor an external secretion, for it has frecjuent^

been removed without ill effects ; but the question mu.t be

dealt with in a little more detail.

The ien. in spite of the numerous observations to

which it has been subjected, is still a physiological enig™..

S vascular arrangement is P-->-r in that it is cap

of holding a considerable quantity of ^ood, and i h

nnrnose readily lends itself to change of size. Further,

fsth onStlue in the body where the cell elements ar

directly bathed in blood without the intervention of even a

SI wall. The spleen contains a considerable amount

i-
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a iliythmical expansion and contraction occurring in certain
animals, such as dogs and cats, at intervals of about one
minute. It is believed that the latter movement is for the
purpose of assisting the circulation through the organ,
to which the splenic pulp offers considerable resistance.
That the movement is brought about by the bands of
involuntary muscular fibre is undoubted; the spleen is

liberally supplied with motor nerves, and stimulation of
these leads to a reduction in the volume of the organ. It

is even believed that there may be nerves to the spleen,
which produce dilatation.

The me of the uland is largely based on conjecture. By
Bome it has been considered the seat of formation of red
blood-corpuscles, and that this function is present during
intra-uterine life and shortly after birth is undoubted ; but
there is no evidence of this function in the adult. It has
been claimed to be the seat of destruction of the red celis
and of phagocytosis, and on this point there are some telling
facts; for instance, certain large amn'boid cells found in the
spleen are capable of ingesting and destroying worn-out
blood-cells and other solid matter such as micro-organisms,
while the richness of the splenic pulp in iron is regarded
as due to the hiemoglobin of the destroyed red blood-cells.
The theory is very plausible though by no means definitely
proved; at the same time there is great difficulty in getting
away from the fact that the spleen appears in every way
to be admirably suited to act the part of a blood filter.

The lymphoid tissue of the spleen, like that of lymphoid
tissues in general, is capable of forming a substance from
which uric acid may be readily produced, and the spleen
has in consequence been regarded by many as the seat of
active metabolic changes with the formation of uric acid. The
evidence, however, is not sufficiently conclusive to warrant
our regarding uric acid as a special product of the spleen.
Some physiologists have suggested that the spleen

produces an enzyme which converts trypsiuogen into
trypsin. There is no reason why the spleen might not do
80, but it by no means follows that this is normally its

I ;
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function, nor would there appear to be any neeesgity (or

this action in (ace ol the (act that it ia one ol the special

(unctions o» the intestinal juice.

In connect.cn «ith all the»e theories it is well to remem-

ber that the Hpleen may be removed completely and no .11

effects (oUow.
. ,

ThTroid.-Some o( the nust interesting work on the

ductless glands has been carried out on the thyroid, and .t

is largely to thi^ body that such little knowledge an «e

as yet possess ot internal secretion is mainly due.

For years it had been observed that atrophy or absence

ot this gland in the human subject was associated with

arrested development both mental and physical; the man

so affected remained a child both in mtelligence and

appearance. This stimulated experimental enquiry, and

the thyroids were removed in many animals the major.ty

ot carnivora dying as the result, while hal( o( the 1
orb.vora

recovered (rom the operation. So contradictory were the

results obtained by different observers on the g.and and its

uses, that the vvhole question was submitted to very clos

enquiry, which revealed the fact that the ordmary thyroid

consists of two distinct portions, one part the ,l„iro"l

proper, the other the parctlnjrokl' In most animals much

[he sime results are obtain i when both parts are

removed, but when the parathyroids alone are exci«e<l

death rapidlv ensues, preceded by convulsions. The

removal of ti,e thyroid only gives rise to a train of symp-

toms accompanied by chronic wasting, much slower in

development than in the case of the parathyroids, feuch

are the broad lines of distinction between the t^ ^ portions

of the combined thyroid body. The colloid Bubstance con-

stitutes the internal seer, ion of the *yroid but forms

part of the secretion of the parathyroids ; and hiBtolog cal 5

while the former consists of vesicles lined by af"g^^-^"

of cubical epithelium, the parathyroid is composed of columns

of epithelium-like cells. The gland contains a nuceo-

proteid and colloid substance ; the latter is not a nue -

proteid, and is remarkable for containmg lodme m organ.c

ri
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combination with the proteid. The iodine- containing sub-
stance is termed mUh/Hn ,- it is a brown amorphous
matermi, containing phosphorus and 10 i)er cent, ol iodine.
As to the uses of these bodies little is Itnonn. That they

produce an internal secretion which finds its way into
the system by the bloodvesselH or lymphatics is certain-
It 18 probable that this secretion is mainly directed to the
nutrition of the body, e«i.ecially of the central nervous
system. Some have considered that the gland j.roduccs a
substance which neutralizes poisons formed during meta-
bolism. The consensus of evidence is that an internal
secretion is produced which is essential to the body It
appears beyond all doubt that when from any cause the
gland fails to supply the secretion, the symptoms may be
relieved by the administration of an extract of the thyroid
body, or even by feeding the patient on the prepared gland.
Thyinas.—This body, composed of modified lymphoid

tissue, is mainly of use in fatal and very early life; later
on It atrophies. Nothing is known of its function, though
1

IS observed that castration appears to have an effect on
Its disappearance, as the process of atrophy is much slowerm the castrated as compared with the uncastrated animal
while Its early removal has been observed to be associated
with a rapid growth of the testicles.

The experimental removal of the Adrenal, in any animal
8 rapidly followed by death, preceded by symptoms of
great muscular prostration and diminution of vascular tone
in Addison s disease in man these bodies are affected and
g™ rise to much the same symptoms as above, and in
addition bronzing of the skin is present. Like the thyroids
the adrenals consist of two distinct tissues, a medulla
which can be shown to be derived during the process of
development from the sympathetic nervous system, while
the cortex is formed from the mesoblast. While nothing
8 known of the function of the cortex, the medulla yields
under experimental enquiry some remarkable and charac-
teristic results.

An extract of the medulla of the gland when injected

ml\m
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into the blood causes a marked increase in blood pressure
;

even extremely small doses produce this effect. If .he vasi

are intact the heart-beat is simultaneously slowed, if cut the

beat is quickened. The active a(,ent is known as adreimli,,,

and its effect on the circulation in causing constriction of

the small vessels is so marked as to be turned to account

in minor surgery. The result of the constriction of the

vessels is a rise in blood pressure, and this is not necessarilj

central in origin, as it may lie obtained after the con»trittor

centre in the spinal cord has been destroyed. Adreniilin

acts upon all plain muscle and gland cells which receive

sympathetic fibres, and it is distinctly noteworthy that the

effects, whether they be augmentory or inhibitory, are

identical with thoee produced by stimulation of the sympa-

thetic fibres (Langley), of which system the medulla of the

gland is, as pointed out above, merely an outgrowth.

It is probable that the function of this gland is con-

cerned in the provision of a substance intimately connected

with muscular metabolism, especially ' tone,' not only of

the skeletal muscles, but also of the muscular fibres of

the circulatory system. There is also considered to be some

connection between the adrenals and the sexual system. In

rabbits the cortex of the gland becomes twice the normal

thickness during pregnancy ; and it is believed that in man

a connection exists between the adrenals and the growth of

the body, the development of puberty, and sexual maturity.

Very little is known of the function of the Pituitary Body.

The part has been experimentally removed, and in such

cases muscular weakness, twitchings, and a lowered tem-

perature have been observed. The pituitary is oloselv

allied to the adrenals in the effects on the circulation of

extracts made from it, while in its general metabolic

functions it is considered to be related to the thyroid.

In man the singular disease acromegaly, characterized by

an overgrowth of the bones of the face and extremities, is

associated with disease of the pituitary body.

Nothing is known of the uses of the Pineal Body. It is

regarded as the dorsal eye of a remote ancestor.
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THE SKIH

Js ihat if^V'!,'
""" ''""'""'""' '""<=""" 'he .kin performs

.or«e8, ,s a. m„ch a« a quarter of an inch in h ckneTh face and muzzle are a good example of the -att r vaHetVhe skm m some part, beir . thin as paper. In Icfe'regions not exposed to viole.,ce it is also thin „» .1!

:;'",:;•„"r "*. •""•"' ''•*-'

ihe 8km as an organ of touch is of great importance Allannus s appear most sensitive to even slightsk ^Lit

abS- asSei'bv'the T"'"'",' f '^"'' """ ""'" " --'d-"') assisted by the layers of fat found beneath m- „f .,
great distance from it, as in the abdominal regi^ "V:subperitoneal fat which protects the viscera of animals•-g m the open and lying in wet places. TheepS

271

! m



•2U A MANUAL OF VETEKlNAllY PHYSIOLOGY

covering of Die iikin relieve! the parta beneath from exctn-

aive aenaitivenem ; throui;li the aebuceoaa aecretion it i>h»ist^

in preventing loaa of heat, while tlie greiiay covering liel|.H

^he hair tu throw off rain, preventH the penetratlun ul

water, iind ao aavea the epidermia from diaintegniticm.

Horn iH Hkin which huM underf'onc a niuditication.

Hair.—Not all parta of the liody are covered by Imii'.

There ia very Uttle on the muzzle and lipa, and it in wry

acanty on the inside of the thlgha, inside the cartilu^'o of

the ears, and on the mammary gland and genitals. My

Fig. 68.—Skctio.v of Mucous AIkmuha-.e of the House's Lii',

SHOWING THE NkKVE E.NDINOS IN THE ToUCU PaI'ILL.K.

means of the hair the hent of the body is maintnineil and

prevented from passing off too rnpidly. The thickness of

the hairy covering varies considerably with the class of

horse : the better bred the animal the finer the coat,

Draught horses yield between 7 lbs. and 8 lbs. of mi.ved

hair, dirt, and dandruff by clipping ; in a well-bred hoise

this would be reduced to 10 oz., or even less ; the amount

of hair of the mane and tail is about IJ lbs. It is a well-

known fact that, excepting the hair of the mane and tail,

that of every other part of the body hae only a temporary
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generally regarded 8» no l„
^""7.,""" ''*''°'' ''°"«'' «re

•he coat i. alway, urged 1 , cal^M ^'' ""'' '^'"'"8'"«
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"'«o the long tactile l.airfin tl.„

^ f''
"* P*rm«ne>.t.

hair, on the horse are of two li„. ? *: ^'"' '^^'^'-^y
'i'-gui-hed by their ru e 0, growth iT" "'." °"'^ ''« •"'
preferably, .haved and thegrow.h 'wallJ"" ''*.'''''"^''' "'

,

'**"'"»''=ned. ma short time it
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Section or Horse'. «„,„

"" ''°"' "« '»"«'"« fro- tho »me follicle
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"Pidly growing ha
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0. numerouB,'being about 27T0 "th
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' '"^^ ""'
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temperature ; if horses in the depth of winter are placett in

a heated atmosphere, such as a horse deck en hoard Bhip,

the majority commence to shed their winter coat in a few

days, though the temperature of the outside air may be at

freezing-point ; similarly, if taken from a warm to a cold

locality the hair responds by becoming longer. Speaking

generally the above statements are correct, but there are

exceptions and modifications. Some horses do not shed their

coat after 'passing into a warmer latitude ; the mechanism

which regulates the periodical shedding of hair refuses to

respond to the changed condition of affairs, so that in

passing from north to south of the Equator with its reversal

of seasons, the animal may grow a summer coat in winter

and rici' rnsa for at least a year after entering the new

latitude. The permanetit hair of the body, viz. the mane

and tail, may grow to almost any length, but the temporary

hair of the surface of the body only grows to a definite length.

The full length having been attained nothing will make it

grow longer, yet if the horse be clii)ped hair at once grows

rapidly, but only to its original length ; in other words,

everything is present for the needful growth to occur, but

there is a restraining influence present which determines

the length of hair according to the season.

Of the pigment in Iiair which gives colour to the coat

our knowledge, until quite recently, has been of the scantiest

kind. The active investigation now being carried out of

Mendel's theories of heredity, when applied to the special

case of heredity in coat-colour, made it essential to knovr

more about the origin, nature, and behaviour of the hair

pigments, and so we now have some information which is

both interesting and promising.*

Using the name in its generic sense, three different

forms of ' melanin ' are found in hairs—black, chocolate,

and yellow. Of these the black is extremely insoluble, and

hence very difficult to deal with ; as also is the chocolate

pigment, though to a less extent. The yellow, on the other

* Florence JI. Durham (Proc. lioy. Soc, vol. Ixxiv., p. aiO, liHM),

and further researches as yet unpubUshed.
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".e black and chocolate pZ. rin'.H
'''"' ""^'^ '™-

'« now no doubt that theifvarvL " ^' '"'' "' ""'"o 'here
presence in their hairs of o^e or Jn ? T ""« *° 'he
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""">« 'i''
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orme from tyrosine correp nj^^^ ^'T °' '''« Pigment
M.mal from whose skin the aSIf ?' ""'""^ »' 'he
pigments are produced when anill

""' '' '"'"'«• B'act
contams black pigment, and yell w sub?

"''' "'"'^« "''ta
wien the skin contains orangeSe " 71'T '"'"'°«'J
0' lack and grey horses which^e^l/f *« ««eption
*te, all other colours are n7 "*, '^hle to turn grey or
°'^ age. We do tnoThoTevrtf-'.P"'"''"-' even o
™es, even of a slight ch a 'te, ar?""'

'" '"' '^^^ of£;.o^ Of perfect, whir^-^-^^^.

j'nxr:7::iS7--eoatgrown^— practice Ofch^r^rSd
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Of its value there can be no doubt ; it considerably reduces

the risk of cold and chest diseases, for animals on coming

in from work may be readily dried and thus protected

from chills. Horses which sweat freely at work soon lose

' condition '
; our observations have shown that lis is due

to the proteid lost by the skin, for, as we sha presently

see, proteids are regularly found in the sweat of ihe horse.

Clipping largely pievents this loss. The influence of clipping

on temperature is dealt with in the chapter devoted to

' Animal Heat.'

In some animals, as for instance the dog and cat, the

hairs are rendered erect under excitement such as anger or

fear ; this is due to the involuntary muscle attached to the

hair follicle, and the process is under the influence of the

sympathetic nervous system. The fibres for the body hair

emerge from the spinal cord by the inferior roots, pass to

the grey ramus of the sympathetic chain, and run to the

skin by the dorsal cutaneous nerves ; the fibres for the head

and neck are in the cervical sympathetic. Under the in-

fluence of cold the hairs on the horse's body may become

erect, but there is no indication of this under physical

excitement, as in the case of the dog and cat.

It is possible that the prescience of a coming storm or

change of weather exhibited by cattle may probably be due

to the highly hygroscopic properties of their hair. Hair is

one of the few organic substances which elongate instead

of shorten as they grow moist. The effect of movement of

every hair on the surface of the body may cause a mechanical

stimulation of the hair-follicle nerves, and so gives rise to

an uneasiness which presages the coming change.

Sweat.—By means of glands in the skin a fluid termed

'sweat,' and a fatty material known as 'sebum,' are

secreted. Sweat, or perspiration, is not found to occur

over the general surface of the body in any other hairj

animal than the horse. There are certain parts of the

skin which sweat more readily than others ; the base of the

ears in the horse is the first place where sweating begins,

the neck, side of chest, and back follow, lastly the hind-
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hoiy. Mules and donW. * ''*"*'"' ^''^'aoe of the

pHneipany:: SbtfJCr;"?.?""^' ""^ '•>-

on the muzzle, and sweating even from th
°'

""'T
^""'^^

of the body has occasional!, k T ^^ 8*"«™' '""-fece

.aid that /hee7persprSleT°''°T.''- " ''" "-^^n

dog and cat. espedaHhe S e
" Tf'" ,*''' """^ *^«

pads as also on the muzzle LT f"^ '"' *''« '°°'-

surface of the body The ,1 V *
.
?' "» *''« ««"«"!

to the snout.
^ °''*'""'8 "' «>« P^g " confined

J-uZutvLirLraTf-r"'-- .^-- --'«^ '°

off as the inaensibi TplriSh" "r
'°™^''' P''^^'"^

the surface of the skin V„T • ,
' ^''^'^^ "^'"8 ^o™

spiration.' When the s'enrj- "
"""" "' '

'"^«°^''''« Pe-
.urrounding atZpher c cond-r

'"'"' "'" <=°Pi°"« or the

evaporation it collect on fhl°?-
"' ""'"^""""'le to its

material which LordLrilv f ?
'' ""** ^^""« ""id

-ious numeric:."trLfXi:'; '"'" «*^*^

perspiration, from which we itre-Tat ^.'^.^ '"r''"*
probably represeut this loss Tn L T,

.""• °' ""*«'

Much depends upon the hZ;^ f .
°"' '^ ^^ '•°"«-

atmosphere; the to/ aJh^ ''"t
'^'"P^™'"'' °* 'h«

'tSrr
'•>" ^"-Xlp ra^'on^"*"'"

-''^'"

'-i and drLkSitiS' :Te
"""'"1 '° *«

"rived at the amount of vanour 1 "* "'"' ''"''««

ttd perspiration The mi" ^ .^ """"^ '° '•« '''«''*'>

% by these two channer„„7°°.l°'
^"'^^ evaporated

wort was as follows
'" ^'^"'""^ """•'"ion' of

At rest .

Walking ejerciso -

At work walking .

Trotting -

At work trotting

.
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In each case the distance walked and trotted and tlie

load drawn were the same. It is unfortunate that we have

no means in the above experiments of determining the

proportion which the water of respiration bears to that of

perspiration.

Evaporation from the surface of the skin is a most im-

portant source of loss of heat; so marked is this in the

horse that the resulting fall in temperature may even carry

it below the normal, if the sweating be very profuse or the

wetted area a large one.

The compensating action existing between the kidneys

and skin observed in men exists also in the horse, viz., when

the skin is acting freely less water passes by the kidneys,

and rice versa.

Sweat obtained from the horse is always strongly alkaline

;

after filtration it is the colour of sherry, which is probably

accidental, and due to contamination with dandruff, which

contains a pigment, chlorophyll; it possesses a peculiar

horse-lika odour, and has a specific gravity of 1020. We

found horse's sweat to have the following composition :•

Water

Organic matters

Aih

Containing.

94-38

[Serum albumin

0-52 - „ globulin

^Fat

- oio:.

- 0-M7

- o-wa

fConsistinR -irincipally of potash,

,.
I

and BOda, chlorides, some mag-

i nesia, a little lime, and traces

\ of phosphates.

The proteids are thus seen to be serum-albumin and

globulin, and th<)ir constant presence has been determined

by a number of observations ; the mineral matter is very

high and consists principally of soda and potash, especially

the latter. It will be observed that the mineral matter

greatly exceeds the organic matter ; in horses which have

sweated freely the matted hair (which is due to albumin) is

often seen covered with saline material, lookmg like line

• • The Sweat of the Horse,' Journal of Phynology, vol. %l, 1890.
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dfficu t to Bee why horses should excrete afbumin by thkm
;
the loss thus produced accounts for the Rreat reducUon of vitahty and strength in animals wh ch fweat freelv"

^°J^;>: J°l
"'"' '^"PP'''^ '« '^« -'y P'-even fve "^

Hervon» Keohani»m of SweatiiKr a i
•

under ,„ite opposite eonSMM^wTlf a'^h:!flushed ekm and a bloodless cold ekin in others words anan,mal may sweat when it is hot or when it is coW The

^tj: ii'iTr' "°"'"'°" ""^ -guiati -as

;

shall see, the body temperature; the latter is abnormal

elTdetnf
'™"' "' °""^ ""^ ""*'- »'-S

vessels of the sk,n. Experiments show that most of thefeatures of sweating can be accounted for t^gh theagency of the nervous system. Though we are "gtrintthe m.nnerm which the nerves terminate in the sTeaglands, sWl It IS certain that there are special branches o

weat, and these are qu.te distinct from those which regulatethe vascular supply. If the peripheral end of theTided
proo hat this reaction is a .specifically nervous one is easvap rt from the fact that stimulation of the sciatic causes anclent constriction of the bloodvessels in the legT thesweating occurs when the leg has been cut off orl'he lol.ed and it is absent under the influence of atropin Theeff^ of atropm on the sweat glands is very clos7y alSdto Its ac ion on the salivary glands (p. 1465; it paraW esthe secretory nerves which produce sweat.

^

As with the salivary glands, so in the present caseec etion ,s not due to any increased supply of b o".) it

2
rue that in normal sweating, as is so rLdily Teen innan, the skin is flushed as the increased secretL ak ^

ill

!1F
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place, but the increased blood supply which the flushing

indicates is merely the necessary adjuvant, not the cause

of the secretion ; it supplies the glands with the extra

material they now require, the secretory nerves causing tlie

gland-cells to utilize the increased supply.

The secretion ol sweat may be induced in man, Ae cat,

and the dog, though not in the horse, by the injection of

pilocarpin. In this case the action is peripheral—that is

to say, on the glands themselves—since it occurs when the

sciatic nerves are cut previously to the injection.

As we have seen, secretion is ordinarily brought about

l)y specific efferent nerves, and these originate in the central

nervous system, from which the necessary secretory im-

pulses are directly supplied. But secretion may also be

readily induced by the stimulation of afferent nerves, as in

the all-important case of a rise in the surrounding tempera-

ture. These facts lead at once to the belief that 'sweat

centres ' must exist in the central nervous system com-

parable to those of the respiratory and vascular mechanisms,

though they have not as yet been so definitely localized.

There seems to be no doubt that the spinal cord contains

sweat centres. The existence of a similar centre in the

medulla is less certain, though probable, since in some men

perspiration over the face and neck results from merely

smelling a pungent substance, such as curry-powder, and

becomes profuse if the latter is introduced into the mouth.

The sweat-nerve supply to the fore and hind limbs passes

out of the cord by means of the rami eommuiiicaiites of the

sympathetic system, and so reaches the brachial and sciatic

plexus respectively ; the sweat fibres for the head and neck

are in the cervical sympathetic ; those for the face in the

horse, the muzzle in the ox, the snout in the pig, run in

branches of the fifth pair of nerves. Division of the

cerviffl sympathetic in the horse produces profuse sweat-

ing of the head and neck, limited to the side operated upon

;

this may be due to vaso-motor paralysis, though a different

interpretation has been placed on it, viz., that the sympa-

thetic cf .ries inhibitory impulses to the sweat glands of the

I I
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head, go that on division the secretory fibres act »;.h.„.

.rtr-,
'""^ °^ ^""'"S »- Bho/n hat irsionthe cerv cal sympathetic causes the muzzle on tZ sameside to become dry; stimulation of the cut end o» tTnerve IS followed by secretion, but this is not so when J

p"Zrti~'^''
''""'' -" ">- ">« 8'andsVsSdt

As previously stated, a high temperature favours the

mb'o? : r^f
'"'"° ""'"« "'^ -«"' glands, for f telimb of a cat be kept warm a larger secretion o sweat i!obtamed on stimulating the sciatfc than in a Umb ken«:ld. m which latter stimulation of the sciatic marproduceno secretion whatever. Further it » „ot • {?,

"""^

.iatic has been divided l.e platTin^hoTchlbtir
^refon will occur on the foot-pads of the limbs no sub

as Deen divided no sweatine occurs T»,;= ;= t ^i.

..of of the existence of a fe^rmechS m' o'S
tit th?, 'f' 'r? ""*°"'">- " '"" "^e n thoughthat the sweatmg which takes place at death is due tfa<Iy»pn<Bic condition of the blood and in many cases hismay be so, but it is difficult to account for the pro ue comting m ruptures of such viscera as the stomach aru,testines,orthe localized hot sweating which is often s„«11 marked in horses between the thighs immediatelv after

ri 1. r"".'-
""^ ".""''^'"^ ^y'^P'""^ "f this troubleM the peculiarity m the accomi.anvina sweating fj.!

worked out!
"' "" ^'''""""'^ '"'^ °°' ''««°

In comparing the sweat glands with the salivary we must

etam features they agree, in others they are very differed

irthl . ^ T '"'"'"y ''°^' '^"'' """ke its action on

Zt '"« ''"•^ "^'' " '^ - «ff-' whatever in producing

i!i
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The peculiar breaking out into sweats which occurs in

liorsea u/ta- work has no parallel in man; some animalh

will break out two and three times for hours afterwards, even

after having been rubbed quite dry. This may be connected

with the necessity for a discharge of body heat, smcc the

internal temperature rises above the normal dirmg work,

in some cases, it is said, as much as 4° Fahr. to 5 Faht.,

and remains so for some time afterwards. Another

peculiarity in sweating of the horse is the patchy perspira-

tion observed occasionally, such as a wet patch on the side

or quarter which dries slowly, or may remam for days or

weeks in a wet or damp condition. Finally, there is no

drug so far as we are aware, which produces sweatmg in

horses : this is perhaps an explanation of the common use

of nitre in veterinary practice, the kidneys berag made to

do the work of the skin. „ . ,. ,

The changes occurring in the secretmg cells of the sudo-

riferous glands of the horse have been described by Renault.

When charged the cells are clear and swollen, the nucleus

being situated near their attached ends ; when discharged

they are smaller, granular, and their nucleus more centrally

^' Sebaceons Secretion or Sebum is a fatty material formed

in the sebaceous glands of the skin, which in the horse

are freely distributed over the whole surface of the body.

Though it is spoken of as a secretion, yet the process

involved is not secretory, inasmuch as the cellular elements

of the gland are not actively employed pouring out material,

but are themselves shed after undergoing fatty metamor.

phosis. The greasy material thus produced saves the

epithelium from the disintegrating influence of wet, keeps

the skin supple, and gives the gloss to the groomed coat,

from its greasy nature it assists in preventing the

penetration of rain, and thereby saves to an extent uudue

°
Dandr^.-The material removed from horses by groom-

ing consists of a white or grey powder which can readily b.

moulded by pressure into a dough-like mass. It consists
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of epithelial scales, fot, largely in the form of lanolin,
colouring matter, salts, and a considerable amount of silica
and dirt, the two latter depending upon the cleanliness of
the animal. The amount of dandruff lost in an ordinary
grooming varies from 20 to 60 grains for clean horses, and
170 to 200 grains for very dirty animals. An analysis of
dandruff from the horse gave the following composition :•

Water

Fat

Organic matter

Ash

17-96

12'40

56'22 coataining 107 ot urea.

_18-42 „ 2-45 of sUica.

lOOOO

The fatty matter in the skin proves to be lanolin, the
same as that found in the fleece of sheep ; it explains the
reason why horses living in the open should not be too
freely groomed, and supports the prejudice which lias
always existed against this practice. It is evident that
with free grooming the loss in fat alone is something con-
siderable, and the animal exposed to chill. The amount of
fat depends upon the diet ; on hay alone there is very little
m the dandruff, whilst on oats there is a considerable
amount. The urea shown in the analysis is no doubt
derived from the sweat.

l)andruff contains a colouring matter found to be
chlorophyll, which has undergone modification by passing
from the digestive canal to the skin. The use of this pig-
ment is unknown, in fact, the horse is the only vertebrate
in which chlorophyll has so far been found as a constituent
01 any cutaneous excretion.

In certain places, as in the prepuce, considerable
quantities of sebum are found. The sebaceous secretion
Of the prepuce of the horse consists ot 60 per cent, fat,
and also contains calcium oxalate. The ear-wax and eyelid
secretions are also of a sebaceous nature.

In the sheep a considerable quantity of fatty substance

* ' Dandruff from the Horse, and its Pigment,' Journal of I'Hsi-
««>9y, vol. IV., 1S98.

i',!!
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ii found in the wool ; it exists in two forms, (1) »« a fatty

acid united to potash to form a soap, and (2) a fatty aci.i

combined with cholesterin instead of glycerin ;
the latter

is known as lanolin, and is largely used as a basis for

ointments. It is also found in hair, horn, feathers, etc.

The fatty substance in the wool is known to shepherds

and others as ' suint.' In merino sheep it may amount to

more than one-half the weight of the unwashed fleece, but

in ordinary weather-exposed sheep it may be 15 per cent.

or less. The large amount of potash in unwashed wool is

very remarkable ; a fleece sometimes contains more potash

than the whole body of the shorn sheep (Warrington).

Sespiratory Function of the Skin.—Certain vetebrates such

as the frog can respire by the skin in the entire absence

of lungs; in this way they absorb oxygen and excrete

carbonic acid. Observations made on animals and men

have demonstrated that similar changes occur through the

skin, but on a very small scale.

Varnishing the skin rapidly causes death in rabbits, and

more slowly in horses. Death is due to loss of body hent,

and not to the retention of poisonous products as was iit

one time supposed. Bouley* states that horses shiver

when varnished, and the surface of the body and the

expired air become colder, the visible membranes respond

by becoming violet in tint, and the animals die alter

several days. According to EUenberger, if only partly

varnished they do not die, but exhibit temporary loss of

temperature, and show signs of weakness. The elTsct oi

varnishing the skin is to cause the capillaries to dilate,

and so produce a great discharge of heat.

For absorption from the skin, see ' Absorption,' p. 238.

FathologicaL

The chief pathological conditions of the skin are those doe lo

parasitic invasion; they may produce widespread disease in "U

animals.

* Colin's * Physiologic.'



CHAPTER X

THE VBINE

The urine is eometimeB spoken of as a Hecretion, but this
IS not strictly correct; speaking broadly, we may say a
secretion is something which is formed in a part for the
purpose of being eventually utilized by the system. This
does not apply to the urine, the chief constituents of which
are not even prepared in the kidneys but only separated by
them

;
.uoreover, the urine having once been formed is of

no further use to the body and is excreted. An excretion
therefore, is something removed from the svstem as beine
no longer re-inired, and the retention of which would be
harmful. This removal is effected by the kidneys, which
may in a sense be regarded as the filters of the bodv
regulating the composition cf the blood by removing from'
It waste and poisonous products, and maintaining, as will
be later explained, its proper degree of alkalinity
In consequence of the discoveries which have been made

of mternal secretions, physiologists have forecast that the
kidneys may yet be shown to take some important part in
nitrogenous metabolism. This forecast is based on the fact
that in the dog, with only one-quart«r the normal amount
of kidney substance left, double the normal amount of
ursa IS excreted. We have seen how both nourishment
and waste materials are poured into the circulation, and
have studied several of the channels by which the latter
are removed, viz., by the lungs, skin, and intestinal canal •

Mne r
""^ '° ^""""^ ""* '""' ««™'ory path, viz., the

28S
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Tbe vaicular Brrangemenli of the kiUiiey are intinmlely

connected with the Junction of tlie orRiin. The reim'.

artery ia short, it comei off cloie to the iKxterior aoitii,

and tlie pressure within it is practically the presnure i i

that vessel ; the pressure in the renal vein on the otli«

hand is low, nearly as low ax that in the posterior venu

cava. It will l« observed that the same amount of bloil-

pressure a« is required to fill the vessels of the Uimbui

region and hind limbs is expended on drivmg the bloo.l

through the kidneys.

At every increase in the amount of blood in the ki(lii«-

the organ swells, at every decrease it contracts. Tbce

movements on the part of the kidney huve been carefully

studied by means of Roy's oimmieU;: An oncometer .s u

metallic capsule in which the living kidney is eiiclo...e.l, uii.l

so arranged that the expansion and collapse of the orj;Hii

can readily be detected. A tracing given by the use of

this instrument shows that the volume of the kidney is

affected by every beat of the heart, and even the re-

spiratory undulations in the blood-pressure.

Structure of the Kidney.—The kidney consists of a central

part the medulla, surrounded by an external pail, the

cortex ; the boi ndary of the two is easily visible in a sliced

kidney. The branches of the renal artery break up at the

boundary of the cortical and medullary portions; the

cortex of the kidney is the essential secreting region, unJ .

it is here that the iUilphjhim, tujio or «.y.»W.'« ure fmind,

These consist of small balls of capillar' >B, ihe ,jhmur„h.

derived from the renal artery ; the artery entertn^ 1he

Mttlpighian tui. is Imger than the vein leaving it, the

result is that a high blood-pressure is maintained m the

glomerulus. Tl e vessel which supplies these tufts alsu

sends branches to form a plexus around the <m,ujn:.m

tubulei; these branches do not enter the Malpighian body.

The whole glomerulus is contained in a capsule in whiih it

is suspended by its afferent and efferent vessel; y,hen the

vessels are dilated the tuft fills the capsule, when they

are collapsed there is a space between them (Fig. bo).
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The minute vein or etTerent vsimI leaving the tuft
l.rf kii up into capillariei around the uriniferou. tubule-
thus the Wood in the j.lexuH of capillaries around the
tubule IB derived from two aources, viz., from the tuft imd
dirertly from the renal arterv.

'

The capiule of Bowman which surrounds the tuft ia
lined l>y cells reeembling the epithelioid pl.itei seen
in ciipillarieH

;
they are flat polygonal cells containing a

nucleus. The capsule is practically the dilated beginning of
> urmiferous tubule, and the latter is continued from the

Flu 6-,,_DlA<.«AM 8H0WINO THK RtLATION Of THE JIalPMHIAV
I!0l.V TO THE LR.Mrei.OUS TlBtL.8 AND BlOOD(i,"iis

.1. An inttrlobular artery; a', branch of artery passini: into the
glonierulu,; r, cap-ufe o( the Malplghi,m boi;- C'n* ho com'luencement of, and continuou» witfi I. the urinifcrous tube ,W
vM.el.leavinif the tuft, formins a ploM.y, around the tube andanally termmating m c a branch of the renal vein.

capsule, taking a course of extraordinary complexity in order
to reach the pelvis of the kidney ; further, the cells found
m the tulmle are no longer the flat polygonal cells of the
capsule, but a something special to the tubule and even
to different parts of it.

If we briefly follow the rourse of a uriniferous tubule
(Eig. 66), it is found that on leaving the capsule it becomes
twisted m the cortex forming the eomohite,! tide; it then
forms a »i,irul tuhe, and leaving the cortex runs straight
into the medulla, forming the >lf>cemUn-, liml, uf n.i,h

m

,, I.

;:|r
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Fig 66.—Diaobam of the Cookse of the Ukiniferocs Tubules

(Klein and Noble Smith).

A Cortex of kidney; a, subcapsular layor not containing glouicruli;

,i', inner structure of cortei also without glomeruli; B, bounJary

layer of medulla; C, papillary part of the medulla ; 1, Bowman*

capsule of the glomerulus ; 2, neck of capsule ; 8, proximal convo-

luted tube ; 4, spiral tube ; 5, descending limb of Henle ; b, loop of

Hcnle; 7, thick part of ascending limb ; 8, spiral part of ascending

limb; 9, narrow ascending limb in the medullary ray; W. '™

irrcsular tubule ; 11, distal convoluted tube ; 12, curved collecting

tube ; 13, straight collecting tube ; 14, collecting tube of boundary

layer; 15, large collecting or discharging tubule of papillary layer,
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back to the cortex, m the same way that it left, by theascauhng l,n,„ „f Uenle. The descending limb is straisH

Z7'2^ -ending hmb is wavy'in chararand
larger. Hav ng reached the cortex the ascending limbbecomes distinctly wider and twisted, forming the ., .t
or ,rn,ular tuMe .- from this a tubule is contLued wh hresembles in its contortions the first convoluted portion ,t
IS termed the sccnul conroluteJ Mule. This now leaves he
cortex and enters the medulla as a straight tublkTr a

nd joins other collecting tubes; by so doing it becom sarger, and on reaching the apex is known as I MsZl^,^
tube or duct ofBellmi.

""Ji'>!l

The epithelial cells lining the tubules are not of thesame character throughout; broadly, they may be dividedmo a striated cell staining readily, and a clear transparent
cell stainmg with difficulty. The first epithelium isHel
t.ve of secreting cells, the latter, on the other hTnd
possesses more the characteristics of the epithelial lining

The amount of blood passing through the kidney ia

rSZ\:7,rfT''''-- " •^^^ "een calculated thll in
24 hours 146 lbs. of blood will pass through the kidneys
of a dog weighing G(! lbs.

•'

Ta.cnl«r Mechani.ni.-The vascular arrangements of thetidney are under the control of a rich suppfy of vaso conncto, nerves, while dilator nerves are also known "exist.the general blood-pressure be constant, dilatation of threna vessels means an increased secretion of urine whL
eon^triction of the vessels means a reduced secretin. Anncrease m the general blood-pressure produces an increase

trV7 1 °? '"« °' '^' ""^S"" ^ '^' ""•'""'eter andne ased production of urine. If the increased generallo-ressure IS accompanied by a c„«.*„rt;„„ instead ofNatation of the small arteries of the kidney, such for"Stance as when the
. vaso-constrictor nerves are ^mt

19
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lated, then the increased blood-presBure cannot lead to

nlrea-d secretion, hut on the contrary the amount o

urine becomes less and the kidney »''''»^'-
. ^,,';" ;"

Tneral hlood-pressure, such as is caused hy dividing theS cord, hr ngs about a reduction in the flow through

Ck dney and the blood-pressure becomes so low that the

secretion o'f urine is entirely suspended^ It s thus eviden

hat the vaso-motor influence over the kidney is of the

grelt* importance, and largely regulates the -.mount o

fr ne manufactured. If the renal vein be obstructed, the

n essure of blood in the kidney rises, but no urine >s

eceted; evidently therefore an increased flow of blood

through the kidney is ,as essential to secretion as «

TwrJieo^rr;, .eoreti.n have hence been put

forward, one being based on the physical condi'ons which

are favourable in the kidney to filtration, while the othe ib

based on the supposition that the cells are secretory. It i,

obv ous that there are two portions of the kidney engaged

Tthe manufacture of urine, viz., the glomerular and the

tabular In the former the conditions for filtration from

he bloodvessels of the tuft into Bowman's capsule e™ ,

ye the experiment of obstructing the renal vem. referre

above, has impressed on physiologists the influence o he

aSy of the endothelial cells of the glomerulus, !o if

fiSn pure and simple could obtain water from the

Sriian tuftl more 'urine should have been secrete

^ZLtely, though not continuously, after hgatunng h

renll v^in ihan before. As a matter of fact we know that

^^^Thfe"vidr:-of secretory activity in the tubules oMhe

kidney is based on the foUowmg experiment. If su ph

•iota" of soda be injected into the blood of the o^

wSa short time the urine acquires an intensely U.

:£, though the blood may be only sUghtly^J-^.

the kidney be removed and exammed, all l>a'ts but th

Malpifihian bodies are found stamed blue. In orde

Strmine what portion of the tubule excretes the dye it.
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necessary to stop the secretion in the elomeruli nft,. •

the dye gets carried through the whole£Xi'thtubr

granules. *rom this experiment it is clenrrtctfi,. ^- ,

tubules elected to turn out the indt^lhL the mT"'"

other constituents of the urine.
Stating these points briefly in connection with secretionthey amount to this, that in the glomeruU the JliTTll-e, and perhaps the salts, are' passed outehtfl; L'reult of varying glomerular blood-pressure wh;i„ • *u

u ules the organic matter is excreted as tkeruifof:
distinctly secretory activity of their ceHs. These subl"
are carried along by the fluid whi.i -trSltTZtubules mto the pelvis from the kidney and so h!»
urme. Under pathological conditions th^e glom ruli aZ?of the exit of both albumin and sugar

«'°'""'^"'' '"'•"'

The secretion of proteid in the tuft and its reabsorptionm the tubule was at one time believed to be true but in.?Much as no proteid is found in the normal urf^S of anvanunal,! is safe to assume that in an undamaged state ^h«ep.t elial cells of the glomerulus allow none to'pass

'

rhere are no secretory nerves to the kidney; 'the inue e 01 the nervous system is confined to is actionn he bloodvessels. The action of diuretics has beenstudied in connection with the question of urinary secretirand moat observers find that though these deterZe"'may increased flow of blood to the kidneys w^eval-o e«rt a directly stimulating effect on the s c;;ory cellT
Jho func ion of the cells of the tubules does not end w thft^emoval from the blood of the substances pres^SeltS

19—2
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them ; they are also capable of originating material on their

own account. Thus the union of glycine with benzoic ac.i

resulting in the formation of hippurio acid, takes place in

*he cells of the tubules, and observations have shown that

providing the benzoic acid be presented to it, the kidney is

capable of providing the needful glycine. It can hardly be

doubted that whai is true of glycine and benzoic acid may

also be true of other substances, and that transformations

may occur in the ceilj leading to the production of colour-

ing matters, etc., our knowledge of which is at present

obscure.
, i, i <

The Comporition of the Urme depends uv. n the class o!

animal ; in all herbivora, with certain minor differences

the urinary secretion is much the same: not so with

omnivora or earnivora which possess a distinctive urine,

especially the latter. AVhen herbivora live on their own

tissues, as durmg starvation, they become earnivora and

their urine alters completely in character, correspondins

now 1,0 the urine of flesh feederr ; the young of herbivora,

if still sucking, have a urine possessing much the same

characteristics as that of earnivora. But apart from this

general statement, it is necessary to pomt out that in

animals of the same class the composition of the urme may

vary within very wide limits, depending upon several

causes, of which diet is, perhaps, the most important.

Uriue consists of

:

/Nitrogenous end-producta : urea, uric acid, liippuric

1 acid, creatine, creatinine.

Organic matter
-' Aromatic compounds : benzoic acid, ethereal sulphate.

of phenol, cresol, etc.

' Colouring matter and mucus.

/Sulphates, phosphates, and chlorides ot sodram,

1 potassium, calcium, and magnesium.

The HitrogenouB Substances taken up into the blood, either

from the disintegration of proteids in the digestive cans

or from the metabolism of the tissues, supply the total

nitrogen of the urine. A distinction is made between the

Salts
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nUrogen from without, viz., that supplied by the food,
and he nitrogen from within, viz., that from the tissues
and this IS more especially of interest in connection with
nrea and uric acid.

The total nitrogen of the urine consists of:

1. Urea nitrogen.

2. Uric acid nitrogen.

3. Ammonia njtrogen.

i. Creatinine nitrogen.

Speaking generally, the nitrogen varies directly with theamount of proteid taken as food.
Urea.-It is by no means decided how urea is produced.

t must presumably arise from the disintegration of pro-
teids derived either from proteid food or proteid tissues.
As he result of their destruction it is extremely probable
that ammonia compounds are formed which are discharged
mto the blood, and are then subsequently converted into
urea in some organ, which is probably the liver. Some
.appose that the proteids undergo hydrolytic cleavage with
the formation of amido-bodies, such as leucine, tyrosine,
aspartic acid, glycocoll, etc., and that these bodies undergo
oxidation m the tissues yielding ammonia, carbonic acid.
nd water. The ammonia and carbonic acid unite toorm ammonium carbamate, which is carried to theWer, and by the loss of a molecule of water is readily
n rted mto urea. The oxidation of the amido-bodies

ential as a preliminary step towards urea, in ordergetrd of some of the carbon they contain ; in amido-Ml' th.3 IS in excess of the nitrogen, whereas in ureae. averse is the case. It seems fairly clear that the

poan and m this form the nitrogen of the proteid food

th e „ r '? "' ''"''"' '"'''' "'« "°°'' °f "'•'=1' """'-"B

uZl^ .r\ T "' "'"='' """"""'* compounds as does

w"
' '

™7!"''' \' 1"^^ "'° '''« Po^te"" vena cava«thout circulating through the liver, the ammonia com-

fM

¥ i!
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pounds in the arterial blood become equal in amount to

those in the portal blood. The ammonia in the blood is

considered by some to be in the form of carbonate
;
by

others, and perhaps more generally, as carbamate, though

ammonium carbamate is readily produced from the car-

bonate by the loss c" one molecule of water. The sub-

sequent disposal of the ammonia compounds is evidently by

means of the liver, this gland standing between the jiortal

and systemic circulation, and converting the poisonous

ammonia compounds into the less poisonous urea.

In the urine the urea exists in a free and uncombined

Fio. 67.—Cevstals of Nitute of Ueea (Fdske).

state, though it is capao'e of forming salts with acids

(Fig. 67). It is a substance very soluble in water.

The proportion of urea in urine varies dependently on

the nature of the diet. As a rule the larger the amount of

nitrogen in the food the more urea excreted, but this is not

invariable, for some observers have stated that on a diet

consisting principally of hay more urea is excreted than on

one of oats and hay. Urea was at one time considered to

be a measure of the amount of work performed by the

animal body, but this view has long been known to be

wrong, though there can be no doubt that under the

influence of work rather more urea may be excreted than

during rest.
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Judging from our observations on the horse, great varia-
tion in the amount of urea may be met with even when the
conditions as regards uiet, rest and work are identical. It
is probable that this applies also to other animals. The
percentage of urea present in urine may broadly be stated
to vary between 3 and 4 per cent., but it is obvious that
the percentage present is influenced by the total secretion
for the twenty-four hours. If this is small in amount, the
percentage is higher than when an average production of
water occurs.

Creatinine has been regarded as another source of urea,
but the physiological history of this substance is imperfectly
known. In flesh-feeding animals part of it, no doubt, is
derived from the food, while another portion is produced
withm the body, probably originating from the metabolism
of muscle. Though the conversion of creatinine into urea
may be brought about as a laboratory process, there is no
definite proof that the conversion occurs in the body •

if creatine be injected into the blood it does not lead to an
increase of urea but of creatinine. It is possible that under
physiological conditions creatine before it leaves the muscles
may undergo a further change, being decomposed into urea
and sarcosme, the latt«r passing to the liver and there
being converted into ammonium carbonate and subsequently
into urea.

Uric Acid.—The origin of uric acid is not clearly deter-
mined m mammals. In birds it is known to be formed in
he hver from ammonia compounds, and probably from

lactic acid. In mammalia it is known that in herbivora
the amount of uric acid is extremely small, or this substance
may be even entirely absent ; in carnivora and omnivora it
1! present, though only in a small proportion of the total
nitrogen excreted. The influence of diet in flesh feeders is
very marked, meat causing a rise in the uric acid output,
wbie ,,.ii„,„ organs, such as liver and sweetbreads,

tb? ',
;

^'"""" ""'= "^'^ ^'"=' '"'= «ff°'-'i«d
<^ clue

the probable origm of uric acid in the bodv. vi... fromth» nucleo-albumins and nucleins, both of which largely

nnp!"w
I:
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exist in the cellular organs. Pathologically there is an

increase in uric acid in the disease known as leuc,--

cythitmia, in which a great increase in the white blood-

corpuscles occurs. These corpuscles contain a quantity of

nuclein, and the work of Emil Fischer has shown the close

chemical relationship between the nitrogenous bases so

easily obtained by the decomposition of nuclein—the purm*

bases- and uric acid. The purin bases are hypoxanthine,

xanthine, and adenine, and from these uric acid may arise

by the process of oxidation. For example, one atom of

oxygen allied to purin (C,H,N,) gives rise to hypoxanthine

(CjHjNjO) , two atoms of oxygen to x inthine (CjH^N^O,)
,
and

three atoms of oxygen added to purin lands us finally in

uric acid (CsH.NA). ^ ,
If hypoxanthine or uric acid be given to dogs the uric acid

is not increased ; if adenine be given the animal dies from

suppression of urine and crystals of uric acid block the

renal tubules. It is evido.it that very little is known of the

subject of uric acid formation. Even ii. seat of production

is not definitely ascertained, though the liver will prol)iilily

be found to play no small part in the process, as it «

already known to do in the case of birds. The spleen has

been pointed to as a probable seat, though possibly it is

not relatively more so than other lymphoid tissues.

As previously stated, the production of uric acid is

affected by diet, being largest on animal food and smallest

on vegetable. The acid is therefore present in the dog fed

on meat and in the pig, but entirely absent, so far ai our

ol)servations go, in the horse in health, and probably i" all

herbivora unless still suckling at the mother. It is important

to note that during sickness, especially when there is fever

and the animal is living on its own tissues, uric acid may be

readily found in the urine of herbivora. The explanation

is simple : the animal for the time being is practically

carnivorous.

Purin is the name given by Fischer to the nucleus common to the

uric acid group of substances from which, by simple transformatiom.

the several members of the group may easily be oblomed.
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Inc acid does not occur free in the urine, but in com-
bination with soda and potash. Its crystalline formation is
shown in Fig. 68 ; it is a substance very insoluble in water,
but soluble in alkaline solutions.

The ammonia talu present in urine are an inde.x to the
neutralization of acids in the body. The acid substances
are produced as the result of metabolism ; when they are
in excess there is an increase in the ammonia of the urine,
the formation of ammonia in the muscles being the natural
protection of the body against acid poisoning. When, as
occurs in herbivora, there is already an excess of alkali in

Fie, 68.—Ceystals of Umc Acid (Funke).

the diet, a sufficiency of bases is present to neutralize the
acid, and ammonia is absent from the urine. With flesh
lesders the amount of ammonia is kept at a minimum
owing to its poisonous nature; on a vegetable diet it all
disappears from the urine, being converted into urea.
The mjoction of dilute mineral acid into the veins of a

dog does not alter the reaction of the blood, but the
ammonia is increased as a natural protection and appears
in the urine, with a resulting decrease in the urea. A
similar injection of dilute mineral acid in herbivora reduces
the alkalinity of the blood, after having used up the store

vegetable alkaline salts. In consequence of the reduced
a-kalreity tho carrying power of the blood for carbon

jii'il

I 'i

Mi I
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dioxide is reduced; it is retained in the tiseues. and kIv-s

rise to BvmptomB which may prove fatal. H ammoiuun.

carlK.nat; be given by u.e mouth, it does not appear ».

Buch in the urine, but as urea.

Hlppnrio Acid.—This acid, oharacteriBtic of the unnu ol

the herbivora, may arise in two or three different vvays. It

u known that hay, grasB, and grains, contam m tlieir

cuticular covering a substance which yields hippuric «c.d

in the body ; if these foods be extracted with caustic potash

the hippuricacid-forming substance is removed, and if

animals are fed on forage so treated no hippuric acid is

formed in the body ; even, it has been said, if the husk be

removed from grai' the latter is incapable of giving rise to

hippuric acid. .... ,

The chief source of hippuric acid in the herbivora is trum

the above hippuric-acid-yielding body. Benzoic ac.d .»

derived from various aromatic combinations contained in

nlants, and this combined with glycocoU, derived from the

decomposition of proteid substances, yields hippuric acid.

The Bynthesis occurs in the kidney, and is brought abou

by the cells of the gland in conjunction with the oxygen of

the red corpuscles. Outside the body the syntheBiB may be

produced by using ground-up kidney tissue mixed «.th

blood, and kept at the body temperature. It is probable

that the active agent in the synthesis is an enzyme. A

second source of hippuric acid is the aromatic (benzoic)

products formed in the intestinal canal as the resu t of the

putrefaction of proteids ; lastly, it is believed that hippune

acid may be formed from the aromatic residues of tissue

proteids. .

Hippuric acid never exists in the free state m the urine,

but either as hippurate of lime or potash, probably the

former. Crystals of hippuric acid are shown in ligs.bJ

and 70. The amount of hippuric acid excreted varies with

the diet ; it is increased by using meadow-hay and oat-straff,

and decreased by using clover, peas, wheat, oats, etc.; as

the urea rises the hippuric acid falls.

Liebig many years ago stated that benzoic acid «a-
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ound m the urine of workinR horse., and hippurio acid in
«ie unne of tho.e at rest. Oar observation, .how that
h.ppuric acid >. generally found in the urine of working
horBe. and .eldom found m the urine of horse, at re.t-in
fact, the reverMi of Liebig'. view. Owing to it. ea»y and

Fio. 69.-Crv«iai8 or Pci,ir«D Hifpuaic Acid (Fckm).

Fia. 70,-Cry8tal3 of Impcrr Hippdrio Acid.

1 nT
-J^^-^POsition hippuric acid is .arely to

e found m urine twenty-four hour, old; in iifty-fours«mens we only found it eight times. This decoioTi-

0. milk of lime, and then boiling the freshly voided urine

* I

ii;
^:
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Btnioie Aold is the antecedent ol hippurio. Ai jiut

mentioned, it is derived from the benzoic- acid -formiig

ubBtanoes in vegetable lood : iti cryitalline formation in

Bhow i'.i Fig. 71.

Sulphuric Acid in the uriue of carnivora and omnivor.i la

almost wholly derived from the decompoiition of proteiJ

bodies undergoing digeetion, and iti amount is employeil aa

a measure of proteid disintegration in the system. Ths

sulphur is derived from the sulphur of the proteid body, und

the acid is united with iiuhl, phenol, ikatol, creiol, all ol

Fio. Cbvbtals or liKSZoic Acid.

which are V'Oducts of proteid disintegration in the intea-

tinal canal. In herbivora indol, phenol, and skatol may be

derived from the benzene compounds in food, so that the

amount excreted is no measure of proteid disintegration.

Phenol, skatol, and cresol are poisonous bodies
;

imrt ol

them are got rid of by the feeces, part are absorbed into the

blood, and after oxidation are conjugated with sulpluu-ic

acid and eliminated by the urine. By this conjuRation the

poiBonouB aromatic compounds are rendered harmless.

From the conjugation between indol and sulphuric acid

imlican is produced, which may be made to yield iiuUgo, a

substance common in the urine of herbivora. From the

conjugation between phenol and sulphuric acid a cnlouring
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mitler is formed which i. found in .tale urine- „h-„ i.ul,.hu„c^id undergoe. oxidation in the n/ernie'of the.ir.and y.ald. ,,yroeal.rhin, to which the hrli!!, i

the .tale urine of the horw I, due
*"''""" '"

Some of the indol and .liatol may be unite,! -i,^ i

curonic acid, a .ub.tance co-related [o dextroee anf I!'"pre«,nt in the urine of the dog. It exert a reT '"'"
on salt, of copper " reducing action

inrunrof7e£;r.ltl'r '" "°""*""^ '-""

i..ic microscopical apTe^ai;^^^^^ «f-e'er-
hoen produced in con.Ulerable quaniity by flfnTon

"'

ac.
;

It. origin i„ the herbivora i. doub e.. L" th!oialate. contained in the food
""»"«9» from the

woSd"ou7lhf"v ,°' '?*' """* " ""' yo' -»P'«tely

SS;:oS:tiX:£r:;;;:,r':-'^',f
treatment a pigment i. nUail^ u- u ' " °" ""''*'''«

identical withTbilin" SS ?'„t r"/-
'^"'""

arine, but there ia vroU 7 t
'" "°''"'"'

-ubstaace, whicĥ Ld'su o ili^n Th?"''"* °\
"""""

I'

'rom bile pigmL; thT.teobi^fo^rd t ^''^
Mines is identical with it

'"* '"•

raminants the JdumLi. T '""""' ""«' *"

rnt:
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omnivora, are in the horse almost wholly excreted by the

intestines.
. , ^, , .i.

Calcium.—More lime exists in the urine of the horse than

is soluble in an alkaline fluid, so that both suspended and

dissolved lime exists ; the former increases with the age of

Fio. 72.—Ckystais of Oxalate of Lime (Funke).

—Crystals of Carbonate op Lime (Fhnke).

the urine, owing to the development of ammonia, until

nearly the whole of the lime ' precipitated. The lime

exists in combination with oxalic, carbonic, hippur.c, and

sulphuric acids; all these combinations do not necessarily

exist in one specimen of urine, the salisi formed depending
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on the vayng relative amounts of the acids formed in
metal -.-ou, The .uxount of lime in the food does not
indue. .0 the elioiin..ion through the kidneys, but more
ime . „,und iu 'he urine of horses at work than of
those u: ic„t. Oxrtlate and carbonate of lime crystals are

(Fi^rTa^nr"'"
'^''""'" '" '•'* """' "' "'^ •>»"«

Under any condition the urine of a healthy horse is
turbid from suspended lime; this may be got rid of on
the addition of acid with profuse evolution of gas, while a
clear transparent urine results.

MasmeMum in the urine is also suspended and dissolved,
the amount which is suspended being increased by the
ammonia generated in the urine on standing
Potafflimn exists largely in the urine of herbivora, derived

from the potash of the food; it forms numerous combina-
ions, the one with carbonic acid being the cause of the
fixed alkalinity of the urine in the horse. There is more
potash found in the urine of horses at rest than of those at
work, which is explained by the considerable amount of
potassium excreted with the sweat. Sodium only exists in
the urine of herbivora in small quantities, which is due to
the fact that very little sodium is found in vegetable food
Sulphanc Add in its organic combinations has been dealt

with previously; the inorganic sulphur is combined with
alkalis as ordinary salts.

Chlorine is supplied by the chlorides of the food The
proportion of chlorides in the food of herbivora is not
very high; the amount excreted by horses, combined with
sodium, was found by us to equal a daily excretion of
Ho, grains of common salt. Salkowski places it much
higher, viz., about i oz. daily.

Pho.phorio Acid, though existing largely in food such as
oats, passes off almost wholly by the alimentary canal •

sometimes only traces are to be found in the urine of
herbivora, at others the amount is marked, but never con-
biaerable. Work does not influence its production. In the
"rme of carnivora the phosphates are an important con-

t 'I

III
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Btituent. They exist in the urine in two !ormB, viz., alka-

ne phosphate! such as phosphate o! Bodiuu> or potaasmrr-

and earthy pho;phates, such as phosphates of calcium and

maZium; these triple phosphates are eommon as a

SoBcopickl object in the decomposing urme of the horse,

To h t'ifling in actual amount (Fig. 74). The phospha es

are derived from the food and tissues. ,
According to Man

it there is an abundance of lime salts m the

^f ;
-

-

•ec^etable food, the phosphates are not eliminated to anj

e'terby the kidneys, tor the reason that they combine in

fl

Fio. 74.-CBVSTALS OF Tbiple Phosphate (Fvnke).

the intestinal canal with lime and magnesia and pa- oS

iTthat channel- if, on the other hand, there is but little

?fme an risia'in the intestines, the phosphates are

Sed to sod'a and potash, pass into the blood, and are

eliminated by the urine. . ,

'
Zmonia.-Free ammonia exists in the «-« »' *

horse. It may be owing to
-^^°-'<'f'''^^^Z

the bladder, but it is quite certain that
V^'i^f^J^f

nrine mav give marked evidence of the presence of free

rmont' On standing a short time outside the body

'rp" ially in summer weather, the urea decomposes and

carbonate of ammonium is largely formed.

The Reaction of the urine of herbivora is alkaline, the
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alkalinity being due to carbonate of potash. The urine of
a vegetable feeders is alkaline, owing to the excess of
alkaline salts of organic acids contained in the food, such
as malic, citnc, tartaric and succinic. During their passage
through the body these salts are converted into carbonates,
and appear as such in the urine, where they produce con-
siderable effervescence on the addition of an acid The
nature of the food influences the reaKion, for if hay be
withheld from the diet, the urine of the horse may be
rendered acid by feeding entirely on oats; this is probably
aue to the formation of acid phosphates from the food A
considerable quantity of the alkalinity present in the stale
urine of the horse is due to the exceedingly rapid fermenta-
tive change which occurs in it on standing, leading to
the breakmg up of part of the urea and the formation of
ammonium carbonate.

In the dog the urine is acid, due to the acid phosphate of
soda, and not to any free acid; no free acids exist in the
urine of any animal. In the pig the reaction is either acid
or alkahne, depending on the diet : an animal diet producing
an acid and a vegetable diet an alkaline urine.

XTrine of the Horse.

Specific Grmiti/.-lhm varies considerably dependently
on the diet and the amount of dilution. The mean of a
large number of observations was 1036, the highest regis-
tered was 1050 and the lowest 1014.
The Quantity ot urine is liable to very considerable varia-

tion dependmg on the season and the diet; the more
Mtrogen the food contains the larger the amount of water
consumed and the greater the bulk of urine excreted. The
mean of a large number of observations was 8h pints
ii'HUtres) in 24 hours, the diet being moderately nitrogenous
cut in mdividual instances very much more than this may
l« met with, viz., 12, 15, or even 20 pints (11-3 litres).
Horses at work excrete less urine than those at rest

probably owing to the loss by the skin. In winter, owing

20
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to the reduced action of the skin, more urine is excreted than

during summer.

The Odour of urine is said to be due to certam aromatic

substances of the phenol group. Perfectly fresh urine has

commonly a most distinct though faint smell of ammonia.

This may be due to fermentative changes occurrmg m the

urea before the urine is evacuated.

The normal fluid is always turbid, some specimens more

so than others; very rarely is it clear, and *hen only for a

short time. The turbidity is due to the amount of sus-

pended carbonate of lime and magnesia it contains; as

the urine cools, particularly if it undergoes ammoniacal fer-

mentation, the amount of turbidity becomes intense.

The ConmU-nce of the fluid depends upon sex, and per-

haps on the season. It is certain that some mares excrete

a glairy tenacious fluid which owing to the amount of

mucin it contains can be drawn out in strings; it is very

common to find it ab thick as linseod-oil, and very rare to

find it fluid and watery. During a-strum the urme is of

the consistence of oil. On a diec of oats and no hay, we

have seen the urine so mucinous as to pour like white of

*^The Colour of urine is yellow or yellowish-red, rapidly

turning to brown, the dark tint commenotig on the surface

of the fluid and gradually travelling into its depth. The

cause of the colour on standing is due to the oxidation of

pyro-catechin (see p. 301).

The Total Solids consist of organic and inorganic matter,

of which on a mixed diet 6 ozs. are organic and 3 ozs.

inorganic; the quantities are liable to great variation,

sometimes being found greatly in excess of that mentioned.

The total solids are considerably affe.ljd by the diet;

E Wolff* found that when he reduced the hay and in-

creased the corn ration the solids in the urine decreased

whereas on a diet consisting principally of hay and but

little corn the solids increased.

The composition of the mineral solids is given in .ne

* EUenberger.
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In every 100 parts of salts there

86-8S per cent.

8-71 „

21-92 „

4-41 „

17-16 „

15-36 „

Rest.
8'69 pints

1086

8*11 0Z8.

5-lS „

2-94 „

8-47 02.

•46

Work.
7-88 pints

1086

8-19 ozs.

6-87 „

2-82 „

following table by Wolff,

arc found

:

Potassium -

Sodium

Calcium

Magnesium
Pliosphoric acid

Sulpiiuric „

Chlorine -

Silicic acid

In the following table are given the results obtained by
OS m the examination of the twenty-four hours' urine ofhorses at rest and work :*

Quantity

Specific gravity •

Total solids

Organic solids

Inorganic solids -

Urea

Ammonium carbonate as urea
Ammonia

Benzoic acid

Hippuris acid -

Phosphoric anhydride -

Sulphuric „
Other sulphur compounds
Chlorine -

Calcium oxide -

Magnesium oxide

Potassium „

Sodimn „

Salkowskit examined the urine of the horse, wd givesthe followmg as the composition of one specimen

:

Water . o.= _:_, ^,
Plienol

. . 87-89 grains
Organic sulphur - 208-69

Inorganic „ . 85-77

Phosphoric acid - 8-40
Lime . . 85.50 ,"

Sodium chloride -87 oz.

•09

-28

•04

87
-26

1-12

12
•10

1^29

•09

•19

•65

•06

•64

•27

•77

•06

•09

•95

•06

Wjter

Orgsnic solids

A.h

Urea

Ammonia -

Hippuric acid

8-6 pints

6-25 ozs.

1'80 „
8-25 „

5-63 grains

-49 oz.

^ _
01 uz.

t Elleaberger's
' Physiologie.'

20—2

ill'
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In the following summary of the urine of animals other

than the horse, the main facts are those given by Tereg.*

The TTrine of the Ox.

The urine of the ox is much the same as that of the

horse, excepting that it is secreted in larger quantities, 10

to 40 pints; the difference mainly depends upon the

amount of nitrogenous matter in the diet, for it has been

shown that the more nitrogen a diet contains the larger

the amount of water consumed. The fluid is clear, yellowish,

and of an aromatic odour ; it is of a lower specific gravity

than that of the horse, 1007 to 1030 (in milch cow8,

according to Munk, 1006 to 1015), owing to the larger

amount of water secreted.

The nitrogenous matter found in the urine is mainly

represented by urea and hippuric acid, and the amount

varies according to the diet. On a diet of wheat straw,

clover hay, beans, starch, and oil, the amount of urea may

be 4 per cent. ; while on one of oat straw and beans it may

fall to less than 1 per cent. When the urea is high, the

hippuric acid is low, and rice verm. The largest amount

of hippuric acid is produced by feeding on the straw of

cereals, the smallest is furnished by feeding on leguminous

straw, whilst a medium amount is produced by feeding on

hay.

The urine of ruminants contains less aromatic sulphur

compounds than that of the horse, and more of the in-

organic sulphur; like the horse, the phosphates are either

absent or only occur in small amounts.

The following table by Tereg shows the composition of

the urine of the ox on different diets; the observutions

extended over four months

:

Total quantity of urine

„ dry matter •

ash -

lbs.

•2li-02

1-71

SB

lbs.

31-17

1-,01

l-OI

Ihs. lilt.

2'JdS .-32

1-411 1-U

1-03 -66

* EUenberger's ' Phypjologic'
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Calves still Buekling excrete an acid urine ^hieh is richm phosphates, uric acid, creatinine, and a pecullr substance known as allantoin
; it is poor L urea . nd"acr .d,ng to Moeller. contains hardly ? per centTs'oIid:

'

The TTrine of the Sheep.

1015, and the amount excreted varies from -5 pfnt 71-5

.ample
''""''* '°"°"'"^ ''«--"'«-4''BUiono?

Water

Organic matter

Inorganic matter

The organic matter contained:

pints

a

Urea

Hippuric acid

Ammonia -

Other organic substances .

Carbonic acid

a-2l

S-24

•02

2-07

42

7-96

- 86-48

7-96

• 5-58

The inorganic matter contained
Chlorine - . . 1.05
Potassium chloride - j 84
Potassium

, 2*08
Lime . - -07

•20

•01

•24

•07

6^56

Phosphoric acid

Sulphuric „

Silioa .

ot?.o 3th
'"' ""'' "^'"P"™ "='<' ^*'"«' i° *he proportion

s^^ei-iri^^Crs^^^^^^^"^----

isoiwlw^' ^'°5r"''
°' ^-PP"™ ""i-l 'n the horse" e7lt i^^^^^^^^^

"™'r^- ^«y l^- t'-- effect

^e o/the sh^; • rSic'r'^ '^"'^ '"^ ''='' '^«

The Urine of the Pig.

CnL'rthr ct"' °i
''"°'^''™' "•^^ "« --Po-«on

8™*risTo03 olor^V°'^'^ ''""'• The specific
J- iWd to 102.^. It ,s e,ther acid or alkaline ; the

III

f
I

^i

!
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amount excreted varies between 2i to 14 pin-s, anJ it

contains uric acid, hippuric acid, xanthine, guanine, and

much urea.
. .^ .• . • . j

In the following analysis of the urine the diet conBiated

of peas, potatoes, and sour milk

:

Total urine - - ' P'""

Sp.gr. -
- low

Dryiubstanoe - - 2-768 per cent.

Total nitrogen - 'B"! >•

Ammonia - - - 024

A.h- - - 1-2M "

The ash largely consists of phosphates and potassium

salts, a moderate amount of magnesium, and very little

sodium or calcium.

The Urine of the Dog.

It is impossible to give the composition of the urine of

the dog, as the amount of constituents secreted vanes

considerably in dependence upon the nature of the diet.

The urine is acid in reaction on a flesh diet, the acidity

being due to acid phosphate of soda; on a vegetable diet

it may be alkaline. The amount excreted la from I to

If pints daily, but varies with the size of the animal and

the nature of the diet; the specific gravity is from 1016 to

1060 depending on the diet; the colour is pale yellow to

straw yellow ; the urea varies from 4 per cent, to 6 pet

cent. On an animal diet uric acid is excreted, but dis-

appears on giving vegetable food; hippuric acid in small

quantities appears with fair regularity; indiean and phos-

phoric acid are well-marked constituents, and a substance

known as glycuronie acid may be found which exercises a

reducing action on salts of copper. The presence of

bilirubin in the urine of the dog has been noted by

Salkowski (sec p. 221). ..,.,. „,;„,

As an illustration of the variation of the dog a urine

dependently on the nature of the diet, we inay take an

example from a long series of experiments by BischoS and

Voit.
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On ft diet consiBting of meat -57 lb., starch -71 lb.,
salts 77-5 grains, a specimen oJ urine gave the foUowinir
composition

:

Amount
Sp. gr.

i>ea

Salts

t4 pint

- 1(149

- 826'8 gnini
8.5'8 „

On a diet consisting of meat 275 lbs. and fat -55 lb.,
the following was the composition :

Amount
Sp.gr.

Urea

Salts

1*23 pints

10.54

1.3.51 grains

189 „

Glycuronic acid exists only in traces, but after the
admmistration of camphor or chloral it is obtained in
well-marked quantities. It is a point of i)rnetical import-
ance to avoid regarding urine which reduces suits of copper
as necessarily containing sugar (see p. 301).

The Dijoharge of Urine.—The urine is constantly being
secreted, and it either trickles down or is propelled down
theuretui.^ to the bladder by rhythmic muscular contrac
tiona. It is quite likely that both movements are employed
depending upon the condition of bladder distension

;

whereas 'trickling' is suitable for an empty bladder, some
muscular effort on the part of the ureters would be required
when the bladder was full.

Either drop by drop or by ' spirts' the urine enters the
bladder, which gradually advances in the pelvis, and rises
up so as to touch the rectum. All reflux of urine into the
ureters is prevented by the oblique manner in which the
coats of the bladder are pierced, so that the greater the
internal strain the tighter are the ureters closed. If
circumstances prevent the evacuation of the bladder con-
tents, the organ gradually advances to the brim of the
pelvis, and then impinges on the abdominal cf vity ; in a
-late of extreme distension it may project for some distance

.

I' i'

>i I.
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into the cavity, the weight of the riuid having a tendency

to cause the organ to incline towards the floor of the

abdomen. ,

The entrance to the urethriv is controlled by a circuliir

layer of unstriped muscle, part of the bladder muscle, but

outside this is a band of voluntary muscle which muHt be

regarded as part of the urethra. Bladder pressure pro-

duces a desire to evacuate, an act which may be a purely

reflex one, as in the case of the dog, with its spinal cord

divided far forward, or, what is more common, as a voluntary

act in obedience to the summons issued by the blaiUler

wall.

Physiologists are not agreed as to how the act of

micturition is carried out, but through the bladder wall

impulses are transmitted to the cord, resulting in a con-

traction of the organ and a relaxation of the sphincters,

though there is some difference of opinion as to this. .\t

the moment the bladder wall begins to contract, it is assisted

by the abdominal muscles and a fixed diaphrogm, and the

flow is never as powerful in the female as in the male, the

final expulsion of the last drops from the urethra of the

latter being given by the rhythmical contraction of the

parineal muscles and accelerator urime.

The bladder receives a motor nerve supply through

fibres coming off from the lumbar cord, which reach it

by the meseiteric ganglion, and fibres coming off from

the sacral cord which reach the bladder through the

nerii erigento. It is this latter group which causes an

energetic contraction of the bladder. The sensory nerves

run in the fibres from the lumbar cord.

During the act both the horse and mare stand with the

hind-legs extended and apart, resting on the toes of both

hind feet, thereby sinking the posterior part of the body;

the male animal also often advances the fore-legs m order

to avoid getting them splashed ; in this position the penis

is protruded, and the tail raised and quivering. The

stream which flows from the two sexes is very different m

size, depending on the relative diameters of the urethra.
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canal. Tlie mare after urinating Bimsmo.lically erects the
clitoris, the use of which it is difficult to see; it may be
duo to the passaRe of a hot alkaline fluid over a reniarkablv
lensitive surface. The horse can under ordinary circum-
stances only pass urine when standing still, though both sexes
can defaocate while trotting; but in a condition of ..strum
the mare can empty her bladder while cantering. In the ox
the urine simply dribbles away, owing to the curves in the
urethral canal, and is directed towards the ground by the
tuft of hair found on the extremity of the sheath. The ox
can pass his urine while walking. The cow arches her
back to urinate, but instead of extending her hind-lirabs as
does the mare, she brings them under the body, at the
same time raising her tail.

The ui)right position is essential to micturition ; no horse
of either sex can evacuate the bladder while lying down
a iioint of extreme importance in practice. Further it will
be remembered that in an over-distended bladder the fundus
hangs into the abdominal cavity, and is thus brought on
a lower level than the urethra, both of which contribute to
the difliculty of emptying an over-distended organ, jls a
horse cannot micturate at work, it is obvious that op„or.
tunity for this should be regularly afforded, or much
suffering results.

Pathological.

There i, scarcely any organ of the horse', body »o free from disease

™ „ f"- J*"'
'""™*' '° ""> relvia which looks iike pus is'M, the natur. mucus of the urine, mixed with insoluble lime salts.lie have never found sugar in the horse's urine; proteid is not un

1 i^ ti!j

irii;

i!'!''l

IT
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HVTKITIOH

Wkai. and tear is continually taking place in the bodies

of all animal., and as fast a> destruction occurs repair must

follow ^Ye have previously studied the various channel.

in the body which supply the income and furnish an mitlet

for the expenditure, but this is only the beginning and the

end of the process. To attempt to trace the exact changes

which occur, my in the body of a pig, in producing 1 lb.

of living material from 5 lbs. of barley-meal, is an imposei-

bility. All we can do is to interpret the coarser or more

obvious processes which take place, that of the conversion of

dead into living tissues being quite beyond our knowledge.

Compoiition of the Body.-The animal body consists .

proteids, fats, salts, water, and a very small proportion of

carbohydrate. Every food must either contain these

principles, or be capable of conversion mto them within

the animal body. The following table from Lawes and

Gilbert shows the relative proportion of these various

tissues in oien, sheep, and pigs, in ' store '
condition

:

Water

Proteids

Fat

A»h

Ox.
69-0

18-8

175
5-2

Sheep.
08-9

160
21-8

8-8

rig.
67-9

lu'O

24-2

2-9

The water is always in the largest and, excluding th

carbohydrate, the salts in the smallest proportion. The

amount of fat depends upon the condition ; in fat animah

may, roughly speaking, !« three times the amount given

; -l.
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1.^ 1 ?K^
'•

J^' «'"' ''""' °' 'h" body i. repr..

Ti.^
•' ">•?>««'«»' '"d 'h.se hold haU the water and

b.lf the proteid toand in the .,.tem. The following table
jhow» the proportion of the chief body con.lituenta of an

MuhIu and teniloni

BoDM
Skin

Blood

Abdominal viicara

Thoracic „

According to Lawe. and Gilbert the following are the

of iSweight
:
'" "" "• """ ""' P'« '"' ""'''' '"^ "'»•

Horu. Cat.
45 percent. 43 percent
12-4 „ 14-7 „

00-i „ lao „
590 „ 80
!i*9 „
!•«<} „

Heart, lung., liver, blood and tpletn
Internal looie fat -

Stomach and contenta

Intestines „ „ .

Other offal parts

Muscle, bone and surrounding fat -

Ox.
70
4-6

1-6

2-7

i.'in

59-1)

Sheep,
7-8

(1-9

7-3

80
15

58"i

Pig.

66
1-6

1-8

6-2

10
8'i-6

Income and Expenditure.-In order to arrive at a know-
iMge of the proceBsee involved in nutrition, tables of the
mcome and ex,,enditure of the body have been drawn up.
The Income of the body coneists of carbon, hydrogenown, nitrogen, sulphur, phosphorus, salts and water:

these are contained in the food, the oxygen being mainly
supplied by the air taken in at the lungs

'i'a^ Expenditure consists of the same elements, which
«e got rid of by the lungs, urine, and skin.
The mtrogen is excreted almost wholly by the urine

mepting in the horse, where there is a loss by the skin.'
IS usual to regard the urine nitrogen as a measure of the

P oteid changes in the system, and this is got rid of mainly
B urea, and m smaller proportion as uric and hinpuric

acids, and minor nitrogen compounds. The hydrogen is
excreted as water by the lungs, skin, and urLe. The

I ..ill
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carbon is largely got rid of by the lunga and urine, and in

the horse by the skin. The «alt« are excreted by tlio

kidneys and skin, and in the form of secretions. The lulphnr

is lost through the kidneys, epithelium, hair, and horn.

It is hardly necessary to add that in calculating the

true income of the body the fffices may be subtracted

without leading to any great error, since they consist cliietly

of food which has either escaped being digested or is not

digestible. At the same time, they do contain a certain

amount of material which represents products of tissue

change which have been excreted from the blood into ilie

alimentary canal (p. 208). When the income balances the

expenditure the body is in equilibrium : if the expenditure

exceeds the income the l)ody loses weight, and if the income

is in excess of the expenditure the animal gains weight.

Uetabolism.—By this term is understood the changes

occurring in living tissues. It is evident from what has

been said that constant breaking down and building up is

taking place in the body; every muscular contraction,

every respiration, the beating of the heart, and the move-

ments of the bowels, all mean wear and tear, and as rapidly

as a part is destroyed it must be replaced. The proeees of

construction is known as anabolism, and of destruction as

katabolism ; in a perfect state of health these should be in

equilibrium. Both repair and destruction are dependent

upon definite chemical changes occurring in the system,

of some of which we have a fair knowledge, while others

are wrapped in obscurity.

The metabolism of the tissues is apparently under the

influence of the nervous system. We have previously

studied a good example of this in dealing with the secretory

nerves of the submaxillary gland, and it is probable, though

our information on the point is very defective, that under

the guiding influence of the nervous system the nutrition

of the body is largely maintained. We constantly observe

muscular wasting in some forms of lameness and injury in

the horse, which is out of all proportion to the atrophy a

part suffers by being simply thrown out of use, and it can
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only be explamed by injury to the trophic nerves which

« the pecuhar changes which sometimes follow direct

he horse; the s^oughmg of the entire foot, or gelatinous
degeneration of the phalanx, is due to injury oi the Zhicnerves Injunes to the fifth pair of ^er^es have beenlowed by soughing of the cornea, and pneumonia ha!olowed division of the vagi, i„ both cases being possibldue to the loss of trophic influence, though much may
be s».d in support of the view that the electrobser^my be due to failure of the mechanically protectrvearrangements of the parts affected, the failure resultsrem section of the merely motor and sensoii fibr w^h'the respective nerves contain.

"res wmcn

But disordered nutrition of a tissue may show itselfwithout any obvious injury to trophic nerves a forexampe m the phenomenon known as inflammation, o

^.Zn^Tl '^"'""''^ ^"^"°8 •'«'^««° 'he diges ivesystem of the horse and the lamime of the feet. Further
evidence of nervous action is afforded in nutrition which inormal m character, such as the change of the c^at withhe season of the year. The influence'of light on m2ohsm IS also probably effected through the nervous system •

appears certain that a connection between visual sera-
tions and he nutrition of the skin occurs in blind menand animals, and the popular belief that a blinThorse
carries a heavy coat in summer and a short oneTn win

.hi :jr r«
"°'^ "'"" "«" ^-msmon. In making

h restatements we must guard against the error of condenng that no growth, repair, or reproduction can ake
lac exceptmg under the influence of the nervous system
e trophic influence exercised by nerves appears' T,e

.r ted to mamtaming in equilibrium the processes of
•|

ding up and breaking down which are IZZ in
II t .sues. Though the metabolism of the body is la"i y^"hited by the nervous system, yet the process cannltW earned out without food. It is true that metabolism goe

nw
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on during starvation, but even then food ie being supplied,

inasmuch as the animal is living on its own tissnes.

The food must contain the elements required by the

tissues, viz., water, proteid, fat (or carbohydrate) and

salts ; each of these must be in proper proportion, neither

deficient nor in excess of the animal's requirements ; each

must be present, fat cannot be substituted for proteid,

nothing can take the place of salts, and a water-free diet

sustains life less long than does the entire absence of food

as long as water is consumed. We have, therefore, to in-

quire why it is these substances are absolutely essential in

every diet, and how they behave in the system.

Hitrogenoni Food.—The history of proteid in the body

may be conveniently taken up at the point where it was

left when dealing with absorption, viz., in the bloodvessels.

It will be remembered that as peptone the material passed

from the bowel to the blood, yet no peptone can be detected

in blood, showing that a regeneration has occurred, the

peptone being converted back to proteid. We do not know

whether the whole of the proteid in its downward course

from complexity to simplicity becomes body-proteid, such

as would be represented by the serum of blood, or whether

a part only undergoes this change while the remaining

portion is converted into leucine, tyrosine, arginine, etc.,

and is not built into proteid, but becomes urea.

The interest attached to knowing how the proteid of the

food behaves in the body, arises from the remarkable fact

that nearly the whole of the nitrogen in it can be recovered

from the excretions ; very little, and under some circum-

stances none, is stored up. So that the question arises ai

to whether the nitrogen of the excreta arises from pie-

formed proteid tissue, or from the nitrogen last consumed,

and if the latter whether it was from recently formed body

proteid, or only material in the leucine or tyrosine condition?

It is in an endeavour to answer these questions that the

bulk of the work on metabolism has been carried out, and

the results group themselves into two theories, Pfl''g«'''^

and Voifs. PflOger holds that the whole of the absorbed
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material muBt first be converted into proteid before anydeBlruction of it can occur; in otlier words, that there "sno short cut to urea excepting through the disintegration

Li"^^.°'h
^°" ''°"'«'"'' '^»* «>« proteid whenabsorbed .s divided into two portions: one/the smX

repairs wear and tear in the body and is spoken o as'

TbCtd ?' T'- i'^
'*'«*' P"'"""' "'-""'»«« with

the blood and lymph and bathes the body cells, but does
not form part of them. This is destroyed by tie tissue

" ^ '"r'/r °' """"' ""'' ">« 'o™"*-" of2og nous
end-products the chief of which is urea ; this portionVoi
describes as the circulaHm, proteUt. Voifs theory ha" been

rrbal r": ""T"- ""'' **•« -P^rimentJon wh h
.t 13 based have been shown to be not entirely free from

Z'nr •

'' " "'""'' ^ " ''•''='' »?'"'»« *he obse3
facts of nitrogenous metabolism
mtrogenou. EquiUbrima.-If an animal in poor condition

wi te found that the whole of the nitrogen is not™
able from the excreta, as described above! bo that eXtlysome has been retained in the body and storednlXS
onder the conditions of a liberal diet and active musct
work, the muscles grow and for this purpose theTeS
mtrogen. But speaking generally aU the nitroL co^sumed IS practically recoverable from the excreta Hth„
mtrogen of the food be increased that of the tcr a i~

ijnd th-"' "'r '""^ ""™«- excreted be:l

ohZ " ""''' "^ ""''°"''°«'^ *^^°"6'' lo"? periods

./'li' f'*i°'y
» 'ery remarkable fact that the bodv«houd be able to work under ordinary circumstances

qually well on a moderate as on a large supply of plTeMhe influence of this may be still further tested by plac nghe nimal on a diet entirely proteU. The effect of such

"rogen by the kidneys, so that more is actually beine castoJ from the body than enters by the mouth. H n orde•on-eet this loss further proteid be given, a larger and stm

IPI''

I

f m
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excessive excretion of nitrogen continuee. Experiment, in

fact, determines that it is not until three times the UBiial

amount of proteid is given that the nitrogen entering by

the mouth equals that excreted by the kidneys. When this

condition ia reached the animal is said to be in nitmjrimiii

eqinlibriitm. It is obvious that this is an artificial state and

cannot possibly be maintained for long ; further, it is im-

possible to bring it about unless the animal starts the exiwri-

ment with some stored-up fat in the body.

The diet necessary 'or the production of nitrogenous

equilibrium is seriously deficient in carbon, and the reason

why the animal goes on consuming proteid and increasing

its excretion of urea is in order to obtain the needful

carbon ;
proteid contains 54 per cent, of carbon, while fat

contains 76-5 per cent. It is quite possible on a large

nitrogenous diet for the animal to continue to lose weinht

in consequence of the body carbon being drawn on ;
on the

other hand, should it gain weight the material which is

stored up is not proteid, for we have shown that all the

nitrogen appears in the urine. The stored-up substance is

carbohydrate and perhaps fat, though this latter point ia not

yet decided. Proteid in the body splits into a nitrogenouB

and non-nitrogenous moiety; 't is from the latter that

glycogen and perhaps fat are obtained, the former, of

coursp,, furnishing the urea.

In nitrogenous equilibrium there is carbon starvation, and

if the explanation given above is correct, that the increased

consumption of proteids is due to the urgent need for their

carbon, then the addition of carbon to the diet will cause

a reduction in the amount of proteid metabolised. And

this ia found to be the case. The addition of either starch

or fat to the diet at once causes a re^'uction in the amount

of proteid necessarily ingested in order to maintain the

condition of nitrogenous equilibrium; this is knovn as

the proteid sparinij action of starch and fat, and is one of

the few well-established facts in metabolism and the hasis

of rational dieting.

it has long been observed that many diets were eices-
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or cattle and eheep ready foth IT ^' '" ''"'' ''"^'^

pared to explain Th! ^ '"8*° "« "« «* P™-L ej;td sJo'tUTatb" ^^^^^^^^ r^

not bring us any nearer fn. > !
"''"g^^ouB diet does

.hefactLainXrXteverLtb?th°' "' ^"^"- ^"'

from starch and f«t ti,;!
^'^ ""^ *°*'*5y obtainable

directed by Itefd ^''IV"^ '' " ^""^ ""'^°''" way

'.uired iLCr JooS^d rjairV"^'

where horse" are nTSinr'r °' ^'"'^'"^ °-"-

% are performing is und^ubtd^H"'
^'"^ ""* ^"'"^

Senous material throw» «n ^.t * ^' '"="'' °* ""ro-

uting ehanrel'a n a 0:*^°;^L^" 7 "'^ ^-
able to reco<rnize th« .ftZ V ,

^'' <=''""=»"?. we are

Panson «uh the problem of how the dead food
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proteid 18 converted into the living body-proteid, and how

[he same kind ol proteid can be utilized in bu.ld.ng up

material so different in structure as bone and bra.n, muscle

and fat, liver and skin.

It is here convenient to summarize what vre have learnt

reearding nitrogenous food :
, . it

1 The body requires nitrogen ; no d.et .s complete w.th-

out 'it, nor can life be permanently supported in .ts absence.

2 The body having obtained its nitrogen stores up the

Bmall amount required to replace wear and tear and excretes

the whole of the remainder mainly in the form of urea.

3 The assumption that the proteids are the source o

muscular energy is incorrect, this being the function o

non-nitrogenous food, yet increased muscular efforts must

be met by an increased nitrogenous rat.on, the assump-

tion being that in some unknown way it directs the produc-

tion of energy in the muscle machine, after which .t is

completely cast off.
. . , „„j ,„

4 Proteid is stored up in young growmg anrmals and m

those out of condition; some is also stored up .n working

animals so long as their muscles are mcreasrng m bulk. It

iB considered that proteid cannot, under ordinary c.rcum-

stances, bo stored unless there is accompanying muscula

effort, mi even then there is a limit to the growth

Muscular tissue, just as there is to the skeleton to which it

''

Aiutufproteids are equally capable of becoming pa.t of

the tissues when taken as food, but when albmmnonh. such

as gelatin, are consumed, they produce the Bame amount f

urea as an assimilable proteid, but the animal oses flesh

viz., none of the material is stored up m the system
;

wh n

gelatin is mixed with proteid it exercises a sparing action

upon the latter, and less of it is used up in the l>ody_

Ton-nitrogenou. Jool-The whole of the carDo-hydrat^

matters found in food, viz.. the starch, sugar, gum a^

cellulose, must, as we have seen, be first -d^e lu

before they can enter the system. Further, they c

»

XlnteA. some form of sugar, and are then .toredup
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as glucose in the cirigt.L '""°* "" '""^ «^"'

portion'p. 320) whether [hT°"' T'*
""n-nitrogenouf

proteid can form fa'tun
"^^ °°"-""™«*°°"" P"'""" »'

it forms glycogen
"""' ''"' " '" »"'»°"bted that

vide:ii'r"zro"^,°"^'^^^^ " ^-^^—« p-
needs to obtaTn^rthr;"'"' "" "= ''y'^"««°. »nd only

o( the carC InThf r "^^ri°''«*" "" *^« »'''''«o°

the fats inThich the 'Vnn! 7 "" " ^"'* "''"'™»' '°

the .olecule ttottSrJdi^fK i^^^^^^^^

fn of «.e iSto% tS-t«;a?ei3 It^r"

1 gramme (15^ grains) of fat reauirsB 9-««7s i-. ,.

0, o..«en .a ,oa.. rlSL^re^re^lt"^^^^^^^
Great interest attaches to the carbo-hydrates in ^..feedmg of herbivora, as so littl«

™"'°.7''™'«« '" the

vegetable food. WeCe wtt at^1^"?/"

As the result of the o.Kidation of carbo-hydrates heat is
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generated, bo that these subBtences supply not only energy

but heat to the body. The seat of the necessary oxidation

is in the tissues and not in the blood ; the tissues produce

enzymes which break up the sugar with the formation ol

carbonic acid and water; these enzymes are called into

activity by the internal secretion ol the pancreas. The

amount of heat generated by the oxidation of sugar cun

easily be measured, 1 gramme (15 J grains) yielding

4 100 calories, or 4-0 large calories of heat.* Oxidations are

constantly going on throughout the life of the animal
;
those

occurring during rest are providing for the internal work

and heat of the body, while during work, in addition to

these, they furnish the muscular energy.

The influence of carbo-hydrate as a proteid sparer has

already been mentioned; 10 per cent, less proteid is re-

quired with the food when carbo-hydrates are present in

sufficient quantity. Experiment even shows that under the

influence of a considerable quantity of carbo-hydrate, no

more proteid is required by the system than is equivalent

to the urea excreted during starvation. In spite of the

immense value of carbo-hydrates in feeding, a diet of

carbo-hydrate without proteid means starvation.

The Fat*—As previously noted there is very little fat in

the diet of herbivora, in fact the amount is so small that in

the fattening of animals fat is always specially added to

the diet.

It might hence be natural to conclude that the fat m

the body is derived from the fat in the food, but this

does not cover the whole ground ;
great stores of fat may

exist in animals receiving a trifling amount of fat m the

diet : a cow, for instance, may produce more fat in her milk

than she receives in her food, so that it is evident a some-

thing not fat is furnishing it. This somethmg la the

carbo-hydrate which when in excess of requirements is

stored up as fat in the permanent fat reserve depots of the

H. large calorie is the amount of heat necessary to raise 1 liilo.

(2-2 Iba.) water 1° C. (1-8° F.), and is conveniently named a kilo-

calorie.
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molecule may con. L ^oTr,^"""" "' """ P~'«'<'

point i. not settled
"' formation, though this

logical condition. By ite oL!r ^ r""'"*" " P""""
more fully at p 882 fat f,

1"''°"' "''='' « "'««ed to

.hi« respfct is^fhigh /:?!'"' ''"' T^' "^ -
carbo-hydrate. OneVam^e ,m 'T""

''""""'y °'

9-3 lar^e calories on^L^''* ?>' °' '"' '''^^'

oxidation is unknown
; the fras ^V " ^"^"'^ '°'

body carnot be oxidized untif it 1 I "
i°

°"""«= « '•>«

blood and carried to Th. r '"'""Sht back into the

the fat-eplittiTg fe^eSt «?*''/"' " '' ""««-'«<' """
fatty acidB and gtrr^ ':''^""\^r°'P°»«'' 'he fats into

»- ferment sp« fattt '''.^"'^ ""^ *^''' *e
absorption. Shouia this h! ^

""*"""" "'""" l-^fo™

.bo supply of fauo the bloSd '*'" "* "^^'^ "S"'"'-

-iran7orSh':idro7 '''^*^ "»*-• "> "^*

orno drain occurrsthrp«f °'^'''P
"""^^^^'^nceB little

around the kidnl ifth« 1 ". /T* *•« P''«'°''«»'°.

bounding the barf the heS"T ""T '

'"'^ ="'"

influence of starvation th«rth/;-." ""'^ "°'^«"' '^e

on. The chief means ton. .H"
*^'« P''"^'' '» d««wn

liberal diet and freedom f^n™'
""' "^"8 •'° °' '"' "»

fanoer feeding for beef or r./'"T ""'^ ''°''^- ^h.
of keeping the an-masL". *

" understands the value

al-o that there^ rcertain^ h ".' ""u""'"'
"'"' '^'=''«"'^««

predisposition to "toT:; j ^V/l.'''^? " ^"'™'
McessaryitistointroduplJ .

'""•" '«""» how
^et ont^ to.eSro!:trarstd^:^rrr '''"^"^«
practical experience that i"'".,^''*'''

""d he knows from
"'Oin a reU:r'tl^rlt~'

I"
^^^^^

Wrate and fat he al.n ^Z -^ ^'^' °' "«''»'o-

-aaure of the dief is" hat o the^aT''^
'"'"''"^- ^^«

»n never eat enough to pleasi th« f . "^uP"'''^ '
'^''^

8 to please the feeder, who cheerfully

I
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m

accepts the heavy initial outlay, as he knows the eub-

equent aaving in time effected. The obesity aimed at with

' show' cattle, sheep, and pigs is a pathological condition re-

pugnant to common sense, and the outcome of a barbarous

fashion.

The consensus of opinion is in favour of caxtration as

facilitating fattening, though this view has not stood the

test of scientific enquiry. It is conceivable that if it has

some such effect, it may easily be explained on the ground

of greater freedom from excitement. It is quite certain that

geldings have no greater disposition to accumulate fat than

mares, and if castration favoured fattening there would

be no need for that constant striving after fatness instead

of 'fitness,' which is so characteristic of all who have

charge of horses. There are, of course, some animali

which have a tendency to store up fat and others which

never do any credit to their 'keep,' but this if. an in-

dividual peculiarity not explained by castration.

The fat of horses is soft and of sheep hard; that of cattle

occupies a middle position. Each animal has fat of a

certain melting-point to store up, and whether this be

derived from oil, carbo-hydrate or food fat, makes very

little if any difference. In the fattening of the herbivora it

is considered that carbo-hydrates are better fat producers

than food fat. The form in which the fats in food are

stored up has been made the subject of many experiments:

a dog fed on a hard fat converts it into canine fat which is

soft ; cattle fed on fluid fats, like linseed oil, convert them

into hard body fats ; still, experiments go to show that

foreign fats used for feeding may, if given in sufficient

amount, be recognized in the tissues. It is considered

that green food, hay, and carbo-hydrates, produce a hard

body fat, while grain feeding, such as oats, conduce to a

soft fat. Fats, like carbo-hydrates, exert a sparing action

on proteids, and for this reason a fat animal takes longer

to starve to death than one which is less fat.

Inorganic Food.— The salts in the body perform im-
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portant function, in connection with secretion and ex

:;rj;SlTT V'"' '"^' *>>« -tSli™
p ewncVis du« th

^'^ ''° '" '" "»'"«>'''• To their

.ndTssu
'

for thl"""","
""^P""""" »' «>« >^ody fluids

luernd ,!
^ 'T'"*"

""* ""«'-flow from blood to

. ructure .s remarkably regular, sodium being found i^ tJeblood plasma, potassium and iron in the red^cells slhlrm ha.r and horn, potassium in sweat, sulphur i^ ^^and hme m bones, etc. Animals fed on a diet ^hicht a

'

ar as possible rendered free from salts soon d e Whe„
'

daficency ,n salts occurs, the body apparent ' fasomet.me draws on its own store, and then certan unt^Zchanges follow. Cattle in South Africa suffer fomlnflammatory conditions of the skeleton (osteo-ZlZ^Z
ZZllttT'f ?'°"'""« °' '^«' -^ '^o"-

2m Ztrii^ t
'"''"'°"'«'"™- Young animals mayeihib t nutritive changes :n the bones owing to a diipoor m calcium salts.

^ ^'

The chief salt used by herbivora is potassium whilstsodium IS used bv camim.-A rtMi.
•^"'"*°°"'™' wniist

«K„;„ • ° .
"J' ™™"oia. iiothcamivora and herbivora

S>/~S;irSs^i-£
Sf£^i£rt^i--s£
.ubZees is sJall ThV

''""'""• °' ''''' '° ^^S**-""'

probably furniZd in
™" '"^^"'^ ^^ ">« ^^"^ «

evident fWK.. f
"""^ "''Sanic combination. It is

rZdunon.h ''"''y ^"''-"'y °f Baits required mus

ii i|
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Btortf* of Tinne.—Kvery diet niuiit contnin the fuuil

principles we have been conaidering, viz.

:

I'rolpiil.

Fat or earlmhydrate, or both.

Salti.

It is interesting to learn in what proportion these are

stored up in animals being fattened, also the amount of

food required for a definite increase in weight, and the rate

at which that increase occurs. This is shown in tlie

following table from the classical experiments of Lnwes

and Gilbert

:

ProI'ohtion or Foon Prwciplks mtorkd up for kvkhy KH) lb^.

iNCRKiXK or Body Wrioiit.

l"Ful.ld. F«t.

Oxen
Sheep
Pigs

9'0 ,-,8 1-6

7-S B;) 2(1

7() 68 UH

Amount ol hiy Siib-

ritiiLi] 111 FoiMl »•
•giilruil to iinxtuoo
Kio llw. Im'ruMMi 111

Weight.

1,109

U12
4'2U

Weekly Incrt.i.u'

In llwljr WKiKht.

1-0 ",

1-7.-)

6 to «-.

The table shows that in all cases the chief increase in

body weight is due to the deposition of fat. The ox lays on

the most proteid, the sheep stores up the largest amount of

salts, the pig puts on the most fat, and fattens, not only on

the smallest amount of food, but in the shortest time.

Water.—The amount of water found in the tissues of

animals is very constant, as may be seen from the table on

p. 814, where the body water in different animals varies

only from 57'9 per cent, to 69 per cent. The muecles of

creatures as far removed aa the pig and the snail, the o\

and the lobster, contain 78 to 79 per cent., and other

tissues are equally uniform.

Under the influence of rest and work varying quantities

of water are lost, and in hot weather the loss is still further

increased. It has been calculated that a man may lose

water at the rale of 5 per eont. of his body weight on a hot
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dnj. and that mmoular work in hnt » .u
'he output of water „, J^^^^^^ZXT"' """'*
.w«re of any exact experiment on thie Stio n

''" TthouRh we know practically that .h
'"e't'o- n ,v ual.,

.iderable. Of the total !» •'" °' *'"'"' " ""'
eoHBumed. the bulk tl 'u°""*'^

'" "•« '<»<! or

work a co;iatV:: uZt S" "i'"^^^
'
-"""«

.njl-. inconsequence pal:: S'tn'^Ur
""" '-«»-

.hoi':thTth:risr °' '^^^ ""« "--
doe. not lead to .°oZ7 ah .

'"'*""^' '""<""'"' °' "uid
-d ll.e exceseo fluid in ttlTT "' '""'''y '^<-^^
All animals witheS a dl.enc ",

""""'"^ «"' "'' °'-

horse is probably the weakesUnh. ''•'""' """"^
'

"'•'

o( water is far more imlrV? "'".''"•«'="'"'. ""d shortage

-bortage of rat'n a"S £""""/"; '"'>' '"'"« *ha'n

lo«t 10 per cent, of its bo'; w"fhtr«t '"."''*" " "'«'

cent, of its proteid and the Zhot n -7
"' "'°"«'' ^^ P«'

kofore death from starvatLn etsues A
"" '''"''""

potting on weight by keenin„\ » .
"""" ""y »^°id

taes will rapidly oeecStTonf"^''
'"'°'"' °' «"'<"' ""»

herbivora cannot go on the .n„V ,
."*' '^'8*'"°" '»

»cum of the hors! mu"; be kept td ."^ '°'°" """
«ter consumed is devoted to fh

'
""'' '""'''' °' ""^

Further, the blood mul '

,e It Auh'''''^^
°' •"«^="°"-

avoided; in the first instnnl7^ ""'' """"^ntration

»n the tissues for fluid but-
'=°""«"'''"«d "ood draws

"anaparent. The elimfnT. .
" '^o™'""! becomes

'°»al at first falls rMd^°th """?" '^ ''"^ ^'»"-g
-ehes a fluctuating dCv/«an"titrn""^'

"' '''°^"'

h--o„ieacidexjeted^i^r::^ounj"::::?.r:is
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absorbed becomes reduced, though not in proportion to the

fall of carbonic acid. If water be given life is considerably

prolonged ; Colin records a case where a horse receiving

water lived thirty days without food. It is notorious that

herbivora, though they lose less proteid during starvation

than camivora, do not withstand starvation so well; nor

need we go so far as a starvation experiment to ascertain

this fact. When men and horses are being hard worked,

the loss in condition amongst the horses sets in early, and

is extremely marked for some time before the men show any

appreciable muscular waste.

Horses have been known to live without food or water

for as long as three and dogs for four weeks
;
but it is

said that if horses have suffered 15 days' starvation, the

administration of food after this time will not save them.

Colin records an experiment where a horse weighing

892 lbs. died after 80 days' starvation, only being allowed

2i pints of water per diem. The animal was nourished

on its own tissues, the daily loss in weight being 5-9 Ibs.^

which must be considered as exceptionally small. Dewar*

records two remarkable instances of the length of time

sheep will withstand starvation ; in one instance eighteen

sheep were buried in the snow for six weeks and only one

died. In the second case seven sheep were buried for

eight weeks and five days, and all were recovered alive and

eventually did well.

In some very accurate experiments on a starving cat, it

was shown that the principal loss occurred in the fat,

97 per cent, of which disappeared in 13 days. The follow-

ing table shows the percentage of dry solid matter lust by

the tissues

:

Fat . - - 97 pet cent.

Spleen - - - 88'1 „

Liver -
• 66* „

MuBcles- - - ^'2 »»

Blood - - - "S "

The loss in the glandular organs was very heavy;

* Veterinarian, May, 1B96.

nest
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followed the mnscles. and then the blood. The central

kept up at the expense of other tissues of less importanceOld animals bear starvation much better than youngSn^ones, as their requirements are smaller
^ *

Cau.. of Body Wa.te.-The work of the body may beeecnbed as internal and external. By intemi ^"/, ^,efer to respiration, the action of the heart, movement!?^bowels, animal heat, etc.; by external J^Wi TdeBtood those movements of the muscles which transport thebody. Every diet given to an animal must take :hese twofactors mto consideration; the ration of.mLTLZmmimum diet necessary for the internal work of the bodyWithout mcurring loss of weight, the animal, o course^.mg no work; the ration of labour furnishe the actualmuacular ener^v employed during work. The chanl

ir'^tb-^',^ "*;' «="''""^«'y.<'° thenon-nitrogenous

Sn t'h!f • T "'"'*"* ''«y°"'l '''I doubt. Con.

2?hL?h rrT' ™" ""« °° " "i'rogen.free diet,and that the harder the work performed, the larger is the^ount of nitrogen required, one would have thought, aLiebig did years ago, that the source of energy in fo^d was
e proteid substance. This is not so. therlre t"e urea

arlTr.r^"*'"'' "' *^* ""'^ performed, in fact is

2t o?n>
' '""•"'.'•"'"g'^ » » 1-geIy affected by thamount of nitrogen received in the food

Darmg work the heart and respirations are quickened

he lungs
;

all this means a loss of heat to the body Inddition the muscles produce heat as the result of contrae

mi::' «^«'V— --B to tell essentialy on The

on IvTr.^'TT*^ °' '^' body, which is the explana

iX'keThtsef
'''^^ "^ '° ~"^ '" *« d^«* "'

«mcunt of heat given off; in this way the potential energy
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of i-roteid, fat, and carbo-hydrate has been ascertained.

Every 1 gramme (15-432 grains) of water in the calorimeter

raised 1° C. (1-8° F.) is called a heat unit; by this metliod

of investigation it has been found that

1 gramme of average proteid evolves, approximately, when oxiJi/ti

6,770 heat units,* or 5-7 large calories.t

1 gramme of fat evolves, when oxidized, 9,300 heat unit., or 9-3 larj,

calories. ,,,0/^1,
1 gramme of carbo-hydrate evolves, when oxidized, 4,100 heat un; »,

or 4*1 large calories.

Proteids, unlike carbo-hydrates and fats, are not com-

pletely oxidized in the body, inasmuch as the nitrogen they

contain reappears in the excreta in the form of urea.

Now the complete oxidation of 1 gramme of urea yields

2 523 calories (or 2-5 kilo-calories), which must be

subtracted from the value given above for the potential

energy of proteids in order to ascertain the energy-value of

proteids actually available by the body. Speaking approxi-

mately, 1 gramme of proteid gives rise to J gramm„ of

urea, hence the heat of combustion of proteids must be

diminished by J of 2,528 = 841 calories, before we apply tho

data to the body. This gives us a heat-value for average

proteids of 4,929 calories or 4-9 kilo-calories, as based on

purely physical determinations. As a matter of fact, aJ

the nitrogen given as proteid does not reappear externally

as urea, nor is it all excreted through the urine; some

passes off in the fseces. Making allowance for this, it

appears, from Buhner's valuable experiments on living

animals, that the working value for an average proteid is

about 4-1 kilo-calories.

The Amount of Food Sequired.—The minimum amount oi

food required by horses during idleness has been deter-

mined experimentally; the amount required for work can-

not be fixed with precision owing to individual variations;

what is sufficient for one is insufficient for another. Still,

One heat unit or small calorie is the quantity of h»at necessary to

raise 1 gramme of water 1° C. in temperature,

t For dohnition see footnote, p. 824.
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fil'^oMh
'"' '"'""°* ^°"'' ''""« ''««° <=°«tructed on the

!:iiLr" """""' '°""'' "^ p-«- -P-- to

S«6,;,te„« 7)«<._Thi9 k the diet necessary for themten.al work of the body, the weight of the ^i^al re!majmng unchanged, it represents the minimum lou„t
( ood requu^ed by horees doing no work. Grandeau andLeclerc kept three horses for a period of from four to fivemonths on a diet consisting of 17-6 lbs. (8 kiloB.)of meadow

hay. The ammals led a life of idleness with the exceTon

1.6 lb. of hay furnished as a mean 7-02 lbs. of dryS the"7-02^b°'''r
'^ *"'^ '•''' "'»• <" "o-Jyweight he 7 02 bs. of organic matter contained -538 lb

f ^gestible proteid. The subsistence diet for three hor es
J^2.^hours was, therefore, as follows for every .OOoT

Proteid

Non-nitrogenouB -
'244 kilo.

2-946 kilos.

70201b8. 3190 kilos.

This^amount of hay (7-02 lbs.) contains the following

Carbon -

Hydrogen

Oxygen -

Kitrogen

^'^^ ">»• 1-619 kUos.
885 lb. (8-16 0Z8.) -175 kUo

2-986 lbs. 1-357 kilos.

0861b. (1-376 02S.) -089 kilo.

ABsuming the correctness of Grandeau's observations wemy accept the above amounts of carbon, hydrogen aL
« ffor'sfr"'":'''-^ "P™^«"""« " hofse-s'^e u"men

8 for 24 hours during idleness, the animal neithflrgaimng nor losing weight. The r;tio of niLen toajn m the above diet is 1
: 41 ; the ratio of th p'roteid

p1 ? 7^?°"^ '"'' '"'^ ^orbo-hydrates is U12
JT " "^'^ '""""'•"'' ^y G™°'3«'"' and Leclerc it

I '^J"mc organic matter daily for every 1,000 lbs. of body
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weight, in order to maintain the nutrition daring idleness.

The following ia the table referred to

:

Hay alone

Maize and oat straw

Maize, oats, hay and straw

Oats alone (crushed)

Amount
ditJCMtod.

1408 lbs.

11-57 „
9-48 „
9-49 „
8'59 „

609 lbs.

8'8S „
7-80 „
6-74 „
6'41 „

Ammmt f >r

l.WH) 11». of

Uody WulKlit

7-02 lbs.

8-22 „

7-SO „
7-45 „
7-02 „

In some German experiments made by 'Woltf on the sub-

sistence ration, 8-3 lbs. of digestible dry organic material

were found necessary to maintain the body weight, and

from this the digestible fibre, 1-6 lbs., was deducted, as in

the experience of Wolff the fibre digested by horses was of

no value as sustenance either at work or rest. In our own

experiments on the essential diet for horses, we found the

body weight could be maintained on 12 lbs. hay.

The essential diet presupposes that the food possesses

a sufficient proportion of digestible proteids. In one of

Grandeau's experiments a horse received 33 lbs. of wheat-

straw per diem which furnished 13 lbs. of digestible matter

daily (nearly twice the amount actually required), but this

diet only supplied -157 lb. of digestible proteids, or less

than one-third of the minimum, the result being the horse

died from starvation. The essential diet for an ox weighing

1,000 lbs. is, according to the experiments of Wolff, '5 lb.

to -6 lb. of proteid, and 7 lbs. to 8 lbs. of non-nitrogenous

matter reckoned as starch ; the ratio of nitrogenous to

non-nitrogenous matters is as 1 : 14. According to the

same authority sheep require a relatively larger essential

diet, owmg to the growth of the wool and its accompanying

fat, viz., for 1,000 lbs. of live weight '9 lb. of proteid and

10-8 lbs. of non-nitrogenous matter, the ratio being 1
:

12.

Working and Fattening Diet.—The diet for horses at work,

and those for the fattening of cattle, sheep, and pigs, is a

question of hygiene, and reference should be made to wotki

on this subject.
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Pathological.
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md,o«t™ ,«gge,ta an increased secretion of urea but „Z I
this direction i3 ,tiU much needed. Dur?nc fevIr.V •

""'' ""

.hi!!rwV r""'" T" "'^ '"^"" '° ">« ^b'^-ee of fever- any-

.ore than a ..eieton""sttrn::„^dTr.f:etV ^ otX^'t

Actual change in structure as the result of deflcienov of a foodd™e„t« mentioned on p. 327 as a cause of o,<™„.":i°' OsS°<^

Trr , . r° \"
'^'° ^'^ =°"^'''"^'» " d"e "> » deficiency o^

orfnl r^ ^ r' ""^ ''' productiye of considerable troublTOne form of mtestmal calculus in the horse is due to the amo^t oJ

rcroXt"-^'"'^''"''"^'"''"^'"'^'^"-''''-^^^^^^^^

or both, or there may be an excess. Disorders from the Z,I.



CHAPTER XII

ANIUAL HEAT

OxidatioM.—In dealing with internal respiration on p. 101

we learnt the fundamental fact that the oxidations of the

body do not occur in the blood but in the tissues. By

means of these oxidations heat is produced, and the

substances which are oxidized, viz., proteid, fat, and carho-

hydrate, have already been studied in the chapters on

digestion and nutrition. The manner in which oxida-

tions are carried out in the tissues is not clearly under-

stood, in fact, it is by no means decided how oxidations

occur outside the body. The view that oxygen directly

unites with the substances oxidized is no longer accepted,

for it is known that oxidations do not occur in the absence

of watery vapour. In spite of the fact that oxidations

within and without the body are very similar, and m their

results practically identical, the conditions under which

each is effected are not the same, the great dividmg line

being the relatively low temperature at which oxidations m

the body are effected. It is probable that oxidations m the

tissues are effected under the influence of enzymes and not

directly by the presence of oxygen in the tissues, for it can

be shown that, provided sufficient oxygen be supplied, any

further increase does not affect the rate of oxidation. \\e

have had before us the evidence of ferments capable of

splitting fat, of oxidizing sugar, of converting sugar into

Klycogen, glycogen into sugar, and of acting on proteids,

all of these may be isolated from the body tissues, and are

known as intracellular enzymes. Other evidence can also

386
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activity; suchCnirnL have Sn cS"'^''* "^««" *°

been found bothinnlant„rnH Jn.l
""*•"" «°^ ''a^*

not, however, been£d i„ln
.'"""!" '""'y- '^''^^ ^"^e

proteid,fat,orcarb!3™hrI^^^^
Btrated. An oxidase bI. ^^'^ " ""^ y*' >•« d«™<>n-

oxygen, but en^t:;l r„^f^'n ?° *t« P-ence of

hydrogen peroxide are calLh ^ .
'° '^* P™««"=« °'

probable tLt^esZl! ! /i'Tf^^ " '^ '"'^'^'^^'^

lytic ferments I S'LrBCettt^^' ''"'""^''^'™-
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the available enerJof nfnr'^ o"
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'""" "
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medium in which th„v .!! •
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I- ^ Class partaLg ofr-chfrSr TlX
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hibernatinij animals which daring the summer ore

homoithermal, and during the long winter sleep arc

poikilothermal.

The temperature of the body is not uniform, the interior

is warmer than the exterior, and the blood in the interior

veins is warmer than in the corresponding arteries. The

blood in the veins leading from a gland in a state of

activity has a higher temperature than the blood which

enters the gland. In the animal body the hottest blond is

found in the hepatic veins, while the blood in the posterior

vena cava is hotter than that in the anterior. There is also

a difference in the temperature of the blood in the right and

left hearts ; it is generally considered that the blood in the

right heart is the warmest, though Colin found that in the

horse the blood of the left side was the hottest. The brain

has also a high temperature. The practical aspect of the

question is that the interior of the body is hotter than the

exterior. A surface temperature does not indicate the

temperature of the body, which for clinical purposes should

be taken in the rectum. With the air at freezing-point

there may be as much as 5-4° Fahr. (3-0° C.) difference in

temperature between the rectum and the thin skin of the

breast in the horse, whiie at the same external temperature

the limbs of this animal, which are naturally cold, in

consequence of the underlying tissues having very little

vascularity, may indicate 44° Fahr. (26-4° C.) difference

between the pasterns and the rectum.

TheNormal Temperature o/Auimalt.—The wide differences

which exist in the normal temperature of animals of the

same class is remarkable. The following observations

were made principally by Siedamgrotzky.

Hone: The temperature varies between 1004 to

100-8° Fahr. (38-0° to 38-2° C). Age has a slighi

influence

:

From 2 to 5 years old the temperature is - 100-6'

„ 5 „ 10 ,
- 100-4=

„ 10 „ 15 „ „ „ - 100-8=

20 „ „ ,. s".'-! to imr

II
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temper!Je a^ lOW'L^T J?*c
P'"- '^^ --

^nations a. lOO." Pah/^rs^ V,^-!' 'i^k?;

100-9; to 106-4' Pahr. (88^» o 40-7«'c )T' T
from 99-5° to 103-0» Fahr., (87 4Mo SJ' c )• X"obiervers put it at inft-q° tai-oo .

," •' "'"S""

38-4°, 88-7= C.).
' """^ '"^'^ ^"hr. (38-2=.

Famiion. in Body Temperature.-k rise or fall (n K a
toperature does not necessarily imn f •

''"''y

»«/
.

or a lall of temperature may be dna M n,. ~. ^
cooling which occurs wC the vessL arj dilSed afbTan

£cs?.'t'r::rLSsrevL^^
1 T" ""* "'''•''' **'« te'^P^'ature falls durW th^

h!!l'

"-^^
T""""""" «™ <!"« to metabolism, as wUI L

1 t),« *•!, '""r"
°' ^*»" "^^^g "«' ae metabolTsm

I
™b, the tide ,s low, while during activity it risea tI^

I ^r.i'^!"
''™P»«»n" of Healthy Dairy Cattle • 8.. p..,^j-

I

""^ ^"'»»' ^"W". So«e(,, vol. i!, part mrim ^ ^^^^^-9'

22—2
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temperature of the young »nim»l i. higher th»n that ol

the adult, while the temperature ol animal, l.vn^ m h,

op^n iB lower than thoM undercover; in the case of tne

horse as much as 1' Fahr. difference in temi-erature

has been registered under this condition Other cause, ol

variation in temperature will be considered presently. The

thermometer doe. not tell us the amount of heat formed m

the body, it only indicates the difference between the hea

produced and the heat lost. These important poml« must

now be studied.

Heat Prodnotlon.—The chemical action occurring in

tissues, other than the muBcles. as oxidation, and

Lding to the production of heat have previous^

engaged our attention; the rest of these changcB .« r

mS in the skeletal muscles, in which four- htb

d the daily heat produced is generated, and in ae »e

gands such as the liver. The heat furnished by «lan^

luUr activity is amply demonstrated m '^^^ l-er, thuj

certainly not in all secreting glands. The temi»a

toe of the blood in the hepatic veins is higher tha«

in the portal, higher even than m the aorta. I ^a

*own by Bernard that in the dog while the portal vm

irregiltering 108-5° Fahr. (39-6° C). the blood m he

CaUc^einsL 106-3° Fahr. (41-2° C). Every muscuUr

coZctLn leads to the formation of heat in the muscl

substonces. Experiments performed on the exten>.l

mas^ter muscle of the horse showed that during contrac

tionTe thermometer registered S-O" Fahr. (2-8» C.) higher

Z in the same muscle at rest. As the blood .^m

oufof the muscle its temperature is higher than that m

Z corresponding artery, and in this way the .hole m

of blood would have its temperature raised, were it not

mechanisms by which the heat is dissipated. But tb

excessive production of heat is not always met by .

ufficrtly'rapia compensation by loss, and a high tempe .

ture may in consequence be produced as the result. Tto

La most important point in connection -". «cj.

horses. In thV case of man compensation is sufficientlT

|
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r.p.d. and httle or no rise of body temp«r«tnre occnr> ..
the re.ult of work. In the horso it i, otherwise; half an
hourB trottmg may raise the temperature from -T to
2-7 Fahr. above the normal, though the amount of rise

r wolV"*'"°" °' 'condition': temperatures of 104°
to 10,. lahr. after hard worlc, especially in a hot sun,
are not uncommon. With rest the temperature falls in the
course of a ew hours, the mechanism for getting rid of
heat be=.g able to cope with it. With animals unfit for
work through want of condition the temperature may take
onger to fall, or even remain above the normal sufficiently
long to be designated febrile, and 'fatigue fever' is not
unknown m man. Fever may be due either to excessive
production of heat or defective dissipation. In the above
cise It IS probable both factors are at work.
The act of feeding, which involves increased muscular

.ctivity, „ot only immediately, but subsequently in the
muBcles of the whole alimentary canal, raises the tempera-
toe of the body. In the dog the maximum is reached

tZ r* ,r'
''°"" ""*' * °"»'' ''"™8 '»•!'=•' «™e

rom 20 to 25 per cent, more heat is produced. In the

Z: 7Tf^ '° Siedamgrotzky, the temperature as the
result of feeding may rise •4° to 1-4° Fahr. (-2° to "S" C )
ut accordmg to this observer, there is no similar rise in
to OT, and Wooldridge found not more than -8° F in
airy cattle. That heat is formed during the masticatory

processes we have already seen from the observations on
fte masseter muscles of the horse ; but the mecl .nisms for
^Hating heat in the body are such that a rise of anything

en a n,!^^ T^'' "' "'^^ " ^'''^ «^*«"'" temperature,

MuceT
""^ ^'""'y '*'"*' "" '""°""'°' ^^^

^iing, yet heat is always being formed in them. The

IP'

1 i!!!"
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heat ii produced m the result of muscle tonni, viz., thg

contracted condition of the muscles esiential to poKlun..

There ia also in operation, even with the moit triltmK

movement, an antagonism to muscular contraction. For

example, the flexors of a limb cannot contract without the

extensors being thrown into a condition to oppose the

movement. This heat production in muscles is undor the

control of the nervous system. H on animal be poisoned

with curare the motor end-plates in the muscles are

paralysed, less heat is now being formed in them and the

temperature sinks ; in fact, the animal becomes for the time

being practically cold-blooded, the body-temjierature rising

and falling with the surrounding temperature. The same

condition may b« produced by dividing the spinal cord

behind the medulla. In chloroform narcosis heat produc.

tion is greatly interfered with, and in prolonged opera-

tions this should be borne in mind and the loss of heal

provided against. Shivering is a physiological process

associated with the production of heat to compensate lor

a loss. The shivering which occurs with horses after being

watered during winter is caused by the consumed water

abstracting heat from the tissues in order that its tempera-

ture may be raised to that of the body. The ' freshness'

of a horse on a winter's morning is the outcome of nervou.

impulses instinctively started with the object of generating

more heat.
, ., , ,

Apart from contraction it is believed that muscles are

the seat of a quiescent heat production under the influence

of the nervous system, and that chemical changes reeultmg

in production of heat are generated as the result of nene

impulses. Experimental- injury to the corpus striatum,

the so-called -heat puncture.' causes an increased produc-

tion of heat which may last for some time, without apparently

causing the animal any inconvenience. Heat centres have

also been located in other portions of the bram optic

thalamus, septum lucidum, etc., and in the spinal cord.

By some it is supposed that this extra heat production take.

place in the Uver, but the balance of opinion inclines to
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in a dry condition they are bad conductors of heat. ^Yhen

wet. ho;»ever. they are good conductors and " cn^derab o

amount of heat is lost from sweating or ram. Clothmg acts

by Jniprisoning a larger amount of warm air, the air so con-

fined heing a bad conductor.

2 By Evaporation from the skin the sweat is converted

into vapour and heat is lost, the rapidity of the process

depending on the humidity of the air and its rate of move-

ment. The value of this evaporation as a source of heat

loss in the horse is considerable, probably higher than the

figure fixed for man, viz., 14-5 per cent, of the total, but no

data are available. Evaporation is constantly occurring;

when the amount .of sweat is small it is evaporated as fast

as it is produced, and this is referred to in the chapter on

the skin as msensible perspiration. The sensible perspira-

tion is that which is not evaporated as rapidly as it is

produced, and is the source of a much greater loss of heat.

3 ErapoKinon from the mouth and nostrils, u-armwiio,

insvM air, und vapourizing of n-ater from theUno>- The

former is a very valuable means of heat loss in those animals

which do not sweat from the general surface of the skm
;

tbe

m. ist nose and open mouth of the dog are good examples

of the principle, and in a much smaller degree the bedewed

muzzle of the ox. The warming of the inspired air and

the vapourizing of water from the lungs are most important

sources of heat loss in those animals which do not sweat.

The panting respirations of the dog, and of cattle and sheep

in
' show ' condition, are simply a means of cooling the bod.v

by warming a larger volume of air, and so mdeed are the

hurried respirations of disease.
,

4. By the urine and f.ece, a loss of heat is incurred m

warming the food and water to the temperature of the

body The amount of loss thus brought about must be

relatively considerable, especially in winter, at which time

of the year, as we have previously seen, the abstracts

of heat ifl so great as to cause shivering ;
experiment

shows that drinking a pailful of water at 50° F may cause

the body temperature of the horse to fall -5 to J r.
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diet of roots, containing as they do 80 per cent ^ater is

both in the case of the water consumed and the succulentfood mgested no actual loss of heat occurs untH hese areexcreted as urine and faices.
™

The heat lost by conduction, radiation, and evaporation

ZTrelTtiZ" "T
'"

'T ''"™^*^- - J-taUiave a relatively greater surface exposed in proportion totheir body weight. A dog of 66 lbs. weight will lose 79 5 per

20^ :'
cent °b^.'"'

'' "'''^"°" ^"^ eonducti n, and

9Z ent htw °' '' ^'' "'''' ''y ™'''''"°"' «'<=•• ''"d
!) per cent, by water evaporation
The skin as a source of loss of heat is largely controlledby the nervous system. Through the vaso-motor nerC the

are constricted the skin becomes pale (though this mav not

uITh^nZna^'"''"'' 'T"'''^'"
thelood islrn

frl ll t
''"°'™' ""'" ' « additionally shielded

loao Teat1^'^"^ "^ '^'" ''«=''"- -'^ --J heosa of heat less, not merely as the result of the lessened

Zhed and Z^V '^'°'"' "' '^''''*«'' '^« ^^n becomesnoshed and hot, the veins stand out with blood and a

atr""';' '"' " '°^'- ^"^'^ vaso-moto a ti^n is an

u on fh
* ? ' f r*'"'^

"""' "' '«»« ^"'er is pouredout on the surface of the body and heat lost by its e/aporaton, and is normally set in action by changes i^ thetemperature of the surroundings.
^ ^

The loss of heat is influenced by the thickness of the

Pterin Hr"'u°^-"^'
'•"• '^ °"« ""J * half timespea er than before shavmg. Sheep before shearing excrete

i

i

51;.

i

.
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to the tropics than any other colour, and black horees leas;

of all. The black skin of the negro protects the deeper

tissues from the sun's rays, from which it might be argued

that black horses in theory should stand exposure to a

tropical sun better than grey, but a grey horse has a black

skin and the pigment prevents the rays from penetratmg.

Varnishing the skin causes a rapidly increased loss of heat,

so that the animal dies from cold unless rolled up in

cotton-MOol (see p. 2S4).

Influence of Heat and Cold.-A moderate degree of cold

applied to the external surface of the body increases the

production of heat, due to increased oxidations. This

results from reflex motor impulses discharged from the he.it-

regulating mechanism. At the same time the appetite i»

increased to meet the extra demand, and foods rich in fat

are instinctively sought after by man. The same should be

observed in the feeding of animals, and an mcrease allowed

in the food to meet the extra oxidations, fat, if possiole,

forming part of it. The body will stand a considerable degree

of cold, but a continuous fall in external temperature cannot

be withstood; a point is reached where the rate of he^it

productions is below that of heat loss, and the animal dies

from cold. Conversely the body is adjusted to withstand >

moderately high external temperature; the heat of AriiLia

or India, which renders surrounding objects such as meta

too hot to hold, is borne with impunity by the acclimatized

horse; the heat-regulating mechanisms do not allow tue

external heat to be stored up,l"t a continuous risem external

temperature cannot be borne, and a point arrives when tl

heat kills, for the discharge of heat from the body ceaseM

becomes stored up, and heat-stroke follows. A far higher

temperature can be borne when the air is dry than «hen

moist, as evaporation from the surface practically ceases i.

amoistatmosphere. When air has its humidity mcreasedj

1 per cent, it raises the loss of radiation and conducti

82 per cent., while an increase by 25 per cent, in the humidit

of L air is e,ual to an increase of 2° C. in the ex erna^

air. At a temperature of 88° F. in an atmosphere saturated
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A physiological resistance to cold can 1,« nKt j ,
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for regulating body temperatare does not develop for somo

little time after birth, and until locomotion becomes

possible.

We have seen then that the young of the horse con:cs

into the world prepared by its heat-regulating mechanisms

to deal with the question c! external temperature, and as

time goes on this is supplemented by an extra growth of

hair for winter use and a lighter covering for the summer.

If no interference with the coat be practiced it is un-

doubted that no extra covering of any kind is required

during the coldest weather, and even where the covering

is of the lightest, as with the thoroughbred horse, it is

sufficient for the purpose. The thoroughbred brood mares

of this country, once they go to the stud, live in the open

for the remainder of their lives and never wear a blanket.

And practical experience tells us that this maybe gradually

imposed on all horses with impunity, even those which

have been kept in hot stables. Coughs, colds, and infiam-

matory chest affections, usually attributed to cold, are prac-

tically unknown among horses living in the open, even

during the coldest winter, and it is easy to show that these

diseases are largely the result of the artificial conditions under

which working horses have to live. Is it possible for work-

ing horses to be dipped ami yet irear no blankets > This

question is not only one of hygiene, but also of physi-

ology. Practical experience tells us they may be clipped

two or three times, even in the coldest winter, and im-

vided they are well fed they take no harm. Colds are

absolutely unknown, and the explanation of these facts is

that the horse possesses in a high degree the power of

regulating his temperature. The nervous mechanisms m
have been studying are kept in active operation, diminish-

ing loss or increasing production as the case may be. A

somewhat similar mechanism must exist among the

inhabitants of the Polar regions, who live during the

winter in their huts, in a temperature which is never

above freezing-point ; adults, and even children, may expose

parts of their bodies to the external air at a temperature al
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the bodies of animals is to produce a depression of meta-

bolism. This is well seen in some mammals, such as the

dormouse, which sleep all the winter, during which time they

live upon the store of fat laid up in the tissues during the

summer. Owing to their depressed metabolism this store is

found sufficient to keep them alive, though they wake up

at the end of the winter mere skeletons. On waking up the

body temperature rises by bounds to the normal, the

animal then returning to the condition of an ordinary

warm-blooded animal, until the recurrence of the next

period of hibernation. As to the causes of this remarkable

phenomenon we know but little. It is not confined to only

one class of animals, since it occurs in mammals, amphibians,

reptiles, etc. No purely anatomical differences suffice to

explain why some animals hibernate and others do not.

External cold is usually assumed offhand to be the initiating

factor, assisted possibly by the lessened food supply at the

approach of winter. But some other more recondite cause

than either of thuse must exist, since marmots may some-

times hibernate in the summer, dormice will hibernate even

if kept warm in the winter ; cold will not necessarily cause

an animal to hibernate except at the appropriate season,

and serere cold may even arouse a hibernating animal from

its state of torpor.

The Amoont of Heat produced by animals depends upon

the rate of their metabolism and the surface area of their

bodies as a factor which determines loss of heat, and hence

its production if the temperature of the body is to be kept

easily constant. A large animal produces actually but not

relatively more heat than a small one ; a small animal, as

has been previously stated, has a greater body surface

relative to its weight than a large animal, and in this »ay

its loss is more rapid. As heat production must balance

heat loss, the small animal must lose more heat and there-

fore produce relatively more heat, than a large animal.

The heat produced is measured as heat-units or calories,*

Seo footnote, pp. 824, 882. The calorie referred to here in the Mit

li the larga calorie.
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CHAPTER XIII

THE MUSCULAa SYSTEM

The muscular system is the largest in the body, the

skeletal muscles alone representing 46 per cent, of the

body weight.

The regulation of the blood supply, the movements of

the skeleton, the contraction of the heart, and the tMiisi.ort

of the ingesta along the intestinal csnal, are all examples

of muscular movement, and further the,\ are examples

of different kinds of movement ; the slowly movmg mtea-

tinal canal is very different from the active skeletal muBcles,

and these with their long periods of activity and rest are

greatly in contrast with the rhythmical movements of the

heart.
. ,. ,

,

Structure of Mu»cle.- There are three varieties of muscle

in the body

:

1. Voluntary, skeletal, striped, or red muscto.

2. Involuntary, pale, or unstriped muscle.

8. Heart muscle.

The voluntary musdeg are generaUy in large masses

known as flesh, and their function is to move the skeleton.

The muscle mass consists ot bundles, the bundles ate

composed of smaller bundles, the smaller bundles are

made up of fibres. The fibre of a muscle does not run the

length of the bundle ; on the other hand a primitive fibre is

only about 1 inch in length, and of microscopic thick-

ness, viz., A^ of an inch as an average. The fibre is

developed from a single cell, and surrounded by a mem-

brane, the sarcokmma. The contents of the fibre are

semi-fluid and composed of fibrils, viz., minute thread-hke

!352
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weeks without Buffering. 1^""°8 P » ^ ^„,,,e, „!

strain of the body comes on
f«

'«;' ^ '°;, ^„,eular

the limbs, and in such paces as B^P'"^
;\^„t,, ,„a

.train is ^^^^^^ - .'^.^T'A^Tt^^^l^e ^>oi, ^^

Ce^rfUrB'::tira..uestionto.«

^''iiri:5r°i~rsc.e or group o..u*

porsesf^Xoniet. and though the -ta^o-t ^^^^^^

eaual in si.e this is not
''lj»f\*Vl™uscl b3 eta

g^eat difference
''^IJ^.^^'tSiS "ro^« ^^^^^^^ *'

the jaw as compared with the "'"'"S »
( ,<,i„„.

open it. The grouping, in co-ord.nat.on of action.
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centre are destroyed, though some Pl^y-°'°«'^';
.^J^;";^

for thinking that the contraction of pale muscle may be

carried out just like that oi heart-muscle, viz., as a self-

ac
"g mechinism. independent of any nervous connec .on.

The nerve supply of involuntary muscle is pecuha and

presttra^reat^c^onUtoredmus.^^^^^^^^^^^

only receives one variety of motor suppiy, pn

receives two, viz., one set of fibres which simulate, con-

raSn and another which inhilUs it. Both sources are

deted'f^om the sympathetic Bystem. wh.h aga^^ -„

great contrast to the arrangement of the nerve supply to

"nricJe is in structure both red and striated, never-

thetss is Involuntary; the fibres are characterized y

letg f rmed of branched, nucleated, quadrilateral eeU

,

S the"arcolemma is absent. As we have already seen,

Setnt^acti:::. the heart is Pn-ily depen e^ "^
^^

properties of its muscle-substance, though the automatism

is carefully directed by nervous mechanisms.

m" ular Contraction.-This ''PP"*"V^U wUh
extremely complex, and will require to be dealt with in

TuStftissues possessed of irritability and co.

trS viz., they possess the power of-spon^-^
movement to the application of a samulus. The noma

XIus is effected'through the -o'^^^^^i*
control of the brain or spinal <^or\^^j[^:^^Zl

o!

the stimulus we are ignorant. A coarse reprOQ

it can be effected by pinching, prickmg, ehemicaUhema

crof^sir^^^tT^VTaSiS
time after removal from the body. Such a muscle suiw
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nastrocnemtns of a frop diBo<.,.f^j 4
'-"";™'^"°" 's the

1™ u s' '"SBected out m such a wav as tn

Fia. 75.-A Muscle-Nbev, Pmp^batio.v (Fostke).
», <lie yMirociiemiiM muscle of afroir- «.!,...•

outback to Sp r.thetndof th6.n?„'.l '
"'»,'"?'"^ "erve dissected

'
«,

tendo Acftui's with s-hookSe™ '
^' " = "' "'"""P '
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tion and its arrangement as above described is shown ip

Fig. 75.

For purposes of experiment the clamp is fixed insulc

a small chamber with glass sides to prevent the dryiiij;

of the muscle and nerve; this is effected by placins

a few pieces of wet filter-paper inside the chamber. The

sciatic nerve is laid over a lair of electrodes connected ly

wires to binding-screws outside the chamber; by this menns

any desired electrical stimulus may be applied to the nerve.

A thread attached to the hook in the ten lo Aehillis passa

through a hole in the floor of the moist chamber, ;ind is

connected with a horizontal lever free to move in a vertical

plane, a small weight being hung under the lever to -ive

the muscle the ' load ' necessary for its efficient contractiuii.

The free end of the lever is then brought to bear aRnir.st

the vertical surface of some recording apparatus, usuiilly a

cylindrical drum, covered with smoked paper, miule in

rotate by clockwork about a vertical axis.

The most conveniently controllable stimulus is tluir

obtained as single induction currents or the interrupted

current of an induction coil. These have the advantaRe of

being extremely eflicient as stimuli and of giving rise in

the nerve to impulses which we may regard as the nearest

artificial approach to the impulses which in the body are

discharged along the nerves by the cells of the central

nervous system. The complete arrangement of all tlie

apparatus is clearly shown in Fig. 76.

An inspection of Fig. 76 shows at once that if the drum

of the recording instrument alone rotates, the end of tlie

lever connected to the muscle must trace out a horizontal

line on the smoked surface. If the drum is statioiiiuy and

the muscle is made to contract, the lever will trace a

vertical line. If now the muscle is made to contract vrhile

the drum is rotating these two lines are compounded into a

curve whose ordinates at each point of the curve and wlio-e

general shape give us exact information as to the details

of the contraction from start to finish. Such a curvejs

called a ' muscle-curve ' and is typically shown in Fig- 1 1-
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At the moment of contraction the muscle becomes shorter

and thicker, but there is no change of volume.

A muscle curve consists of three parts: (1) A periud

following stimulation during which no contraction occurs

;

it is known as the latnit period, and during this time the

muscle is preparing itself for work; (2) a period of cm-

tractioH or shortening ; (3) a period of relaxafwn. Some

physiologists consider that a portion at least of the latent

period may be due to instrumental defects.

The length of time involved in the various phases of a

Fio. 77.—The Curve from a Sixole Contraction of the

Gastrocnemio: MusoiB OF TH« Feoo (Waller).

From 1 to 2 is thn latent period ; from 2 to 8 the period of shortening',

from 8 to 4 the period of rolmation. The sinuous line below tne

curve indicates periods of x^j of a second.

contraction may be measured by bringing a time-recorder,

vibrating fractions of a second, to bear on the smoked

surface of the revolving drum ; the sinuous line in Fig. 77

below the muscle curve is produced in this way. Though

the nerve was stimulated at the point marked 1 on the

tracing, it was not until 2 was reached that the muscle

responded, the time value for the latent period being i^

of a second. The entire contraction from the instant of

stimulation to the end of relaxation occupies abort tV »'

a second. The time occupied in a contraction is influenced

by the temperature of the muscle, and whether it be fresh

or fatigued. The degree to which a muscle contracts is

influenced by the weight it has to lift, the strength of the

stimulus employed, and its state as to fatigue ; the latter

prolongs the latent period and renders the contractions

slower and smaller.
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yield their best nossible contraction to a single stimulnfl, h>:

it weak or strong, single or multiple.

Tetanui.—H an induction current be applied to a muscle

or its nerve, a rapid succession of stimuli is thus mtrn.

duced, and there ie no time for complete relaxation to occur

between each successive stimulus. This may be seen n.

the lower curve of Fig. 7i», in which ten stimuli per secon.l

were passed into the muscle, and imrtial relaxation on y

will be observed to have occurred between each of them. Iij

the middle curve twenty stimuli per second were used, ami

the amount of relaxation is represented by a slightly wavy

Fill. 78.—SUI'KEPOSITION OF CONTRACTIONS (STKWAHTI.

I is the curve of contraction due to the first stimulation ; 2 is tlic curve

t rsecond contraction, superadded to 1 by applying the second

stimulus at the moment when the first contraction had ne«rly

reached its maximum.

line ; in the upper curve thirty stin- .li per second were

employed, and the curve shows no relaxation ;
the muscle

is in the condition of tetaiuin, and tetanus, therefore, consists

of the summation of a series of short contractions with an

insufficient interval for intervening relaxation."

All the ordinary voluntary muscular contractions of the

body have usually heen regarded as tetanic in nature, viz

as a series resulting from a succession of impulses pa=se<l

into the muscle so rapidly tlift there is no interval tor

relaxation. Other investigatioi s have supported the view

The tetanus of the physiologist must not be confused with ilic

tetanus of the pathologist; the hitter is a bacterial afiection p.oili.c...S

a poison which causes spasm of many of the voluntary muscles ot ti..

body, especially the limbs and jaw.



THE MUSCULAK SYSTEM
a,;.,

stimalus. On the other h«n I 7. ^ ,
'""^ '=°"*'"'"'

wsisof -penitrtdeX^lii r;"«i'""
"•*

of the cerebral cortet „if), ,^ ^ ''"« ""« '"°*'"' »•««»

tt'at « motor cenannot^r"" ""^'"8 fre-,ue„cy,

normal rate in man uid r h T " ''"«'' '"'"'"«• ""
ten per second ^L \ •"''"*"™ °' "'^ ^"" ''«ins

Elasticity and Exten.ibiUty.-Elast.Vitv ;» ,i

M.po.e.e.o>returnin,t^oitf;hrS:: tS^/^;

IS that of tetanus.
" ^ '^''""'' '""''• "le upper curve

!th:;rwer'''""r'7"
'" '-nemnsde; extensil.ility

'8 the power a material possesses of stretchinrr „n,i m ^amount of extensibility is tested by l„,uli„: i
'^^.'h : ' -1

*

f a .teel sprmg or a piece of elastic- be tints tested ifjonnd that the stretching is proportiona
t t 'J

employed, but if muscle be weighted it is foun 1 tbit f.^eaest degree of extension ocfurs at tl^e be^nia' dhe oad IS mcreased the extensibility become "es^s' A
Z2, r"' '' "°" ^•^'^"^'''^ «-" » '^eh t^contracted, a protective mechanism intended to preven



'! t^
l!^

8G4 A MANUAL OF VETEKINAKY PHYSIOLOGY

rupture of the fibres during powerful muscular eCfort, and

this is capable of ready proof clinically. A ruptured muscle

is incomparably less frequent than a ruptured tendon.

In the body the rauBcles, aa we pointed out previously, an.

always in a condition of ilantic N/niwi, viz., they are not

slack, flabby masses, but slightly on the stretch, an ciiiy

be demonstrated by the gaping which occurs when they are

divided.

The use of this elastic tension is to stimulate the

changes which lead to a contraction, also to ensure a rapid

contraction without the necessity of taking in any ' slack,'

and further it is essential to the proper action of the

antagonistic muscles, which are thus enabled to work

against an elastic resistance, and bo cause a smoothneBs

of motion otherwise unobtainable. The antagonistic action

of muscles may be well seen in a rupture of the ttewr

metatarsi of the horse; the unbalanced action of the

gastrocnemius jerks the leg behind the body, and throws

the skin over the cap of the hock into folds, while the

Achilles tendon is kinked and bent through slackness. The

elastic tension of muscle is not only a valuable stimulus to

contraction in all varieties of muscle, but is also of the

greatest value in diminishing shock and strain ;
nowhere is

this better seen than in the heart and bloodvessels.

Muscular tone is the name given to that condition of

continuous slight contraction present in all the skeletal

muscles, and leads to the elastic tension to which we have

already referred. It is due to the continuous discharge

of impulses, originated reflexly. by the central nervous

system ; if the nerves concerned in the production and

discharge of these impulses be divided the tone is lost, and

nutritive disturbances follow. Tone is also influenced by

the quality of the blood-supply to the muscle and the

efScient drainage of the part.

Work of Muscle.—If a muscle preparatici be loaded witn

different weights, and the height to which these are lifted

observed, it is found that up to a certain maximum the

load absolutely increases the amount of work done by the

1^ !
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muscle. This i, considered to be due to the (,„„„„eierc,«d on the fibres, as just explained. By ^rad a v

loaded, and the muscle • •. • now even elonRate. These fact,have been shown to be a« ..ue for mammalian as for fro .1
muscle, excepting that numan muscle contains twi c a,much energy for the same volume

.,f/.V'll"r'"
"' '.*" '"'"' ""^ ""^ ''«i8ht to which it is

height through which it is raised, and may be expressed a!pounds or t^ons lifted 1 foot or grammes^or .1^1::
In connection with the work done by muscle it is in

ter^sting to institute a comparison between the work yielded'

Th LTT',"""^'"''
""" ''y«-«"-~"«tructed mj hhieTh be t tnple-expansion engine may yield as work some

10 to 15 per cent, of the available energy in the fuel thebalance IS lost as heat; in other words.'fhe '

fficient '-
hat ,s. the fraction of the heat it recei- which it converts
into work-of a good engine is ,'„ to f . .n the anima"bo ivvarious statements have been made as to the proporln Swor done to the available energy. Chauveau working withhe hp.mnscle of the horse placed the work at 12 per cTntto 15 per cent, of the energy liberated, the diff-rence being^counted for as heat. If this were the case the musclemachine would seem to be very little more economical thanthe steam-engine. Now. Fick showed, some thirty vears
a«o. that the efficiency of an ...Ue, muscle of the foWblooded frog may be as much as i or even .. and we mayno unreasonably e, ^ect that mammalian muscle, in^heWy with Its circulation intact, v,ould be still moro fficientAnd his IS borne out by Zuntz's experiments on the dog

as work, while by experiments on men it was .'ound thatthe proportion was 25 per cent, as external work for tie
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mutclus o( the armi (turning a wheel), anil BS to 40 |i>-r

cent, lor the lega (in mountaineering), from which it noiil.l

appear that the muaclea ol locomotion are superior na woi I,

producera. II thia \m ho it givea the animal body im

' efficiency' ol Irom \ to nearly J, which far aurpaaiteB tliui

ol the beat hoat-engine.

Interestini; aa the cutupurinon may be, a word ol cautimi

Ih neceaaary. It ia true that an engine and a muscle tncli

take in energy and utilize a part ol it to do external work.

but they work in different ways and along different lineH tu

produce the aame reaulta. Thua the steam-engine receivi"

ita ensrgy aa heat, originated by the combustion ol luel in

the boiler-furnace, converts a varying Iraction ol this iiiti,

work and discharges the remainder, degraded in tempern-

ture but otherwise unaltered. A muscle, on the other

hand, rec 'vea ita energy in the lorm ol the lood it t«ke»

Irom the blood. Thin it metabolizeu by chemical pr()L'e>se»

which are ultimately oxidational, converting the potential

energy ol the lood partly into work and, unlike the engine.

partly into heat (aee p. 340), and giving off degraded

productu ol itB mett.bolism, ol which one ia the same us

that Irom the lumace ol an engine, viz., carbon dioiide.

Theue lew remarks must suffice to emphasize the lact that

a muscle is a chemical-engine and not a heat-engine. Ah

Fick was carelul to point out, il one tries to explain the

working ol a muscle on the thermodynamic principles

which govern the working ol a heat-engine, one is landed

in the absurd result that a muscle only converts into work

1 Jo part ol the potential energy it receives, the remaining

tI'/s necessarily being converted into heat, and we hnve

seen that the efficiency ol a muscle may be J. In the ca»e

ol insects, with their astounding locomotive activities, il

the efficiency ol their muscles could be determined it would

"obably be lound to exceed that ol mammalian muscle.

Maicle CnrrenU.—Great controversy has taken place as

to whether currents of electricity exist naturally in un-

injured muscle. It was lound, lor instance, that a piece

of muscle isolated from the body, and placed in (lonnet-



THE MI-MCILAII SYSTEM
j),;:

he prenepce of electr.c current* whicl. Lehavo in . per-

are alway. weaker, ,nj under other. HironRer, in paesinafrom one det,„,te point on the mu.ele to anotier. T "e

M^ they are found to pau in a certain direction vizfrom the natural eurface of the mu.cle to the cut Lt^Ii y"

(Fig. 80}. It .8 now distinctly known that the curre.U -I

B«ing purely diagrammatic, it mav aervn «itl,.- «_.
or nerve, eioeptini tliit th^„ , "J°' ' P'^" "' °"i«'«
cannot bj .hown iS a nerve Th "

""u*
Iranever^e .action

the e„rren. through ,J,o'"g;Wa.,„me'ter"'
"""' '"" ^'™«»" »'

"•'

J.ffira^fr^tvrhr,u\rtr„Vtn\t"r ^- ^
»ho,vn <rom%. wST. near M ?

direction. A current ia

from the "matr The cu^.„.,
•''"'''"•, V' **'"'' "'""her

circumference to a point nearer.hllir'"','' J"" ' P"'"' *" "-e
i- shown at g, h. From "

toTor frZ ?' "-^''anjverae section

«» indicated bV the dotted line,
"" '° *' """ " °° ™"''"'.

SieS'ortr' '^«"f''«'J-." o°« caused by the injury

alwaTl ,
' ! T"*^ <'°'*^ P"*"' °' ">« '""^"le being'Iwajs negative to the less injured (equatorial) points

n
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Muscle at rest and absolutely uninjured gives no cumin

U'hatei-€}\

If while the galvanometer is registering the direction of

this injury current the muscle preparation be stimulated,

a backward swing of the needle of the instrument towards

zero indicates that the injury current ifl diminished ;
this

diminution is termed the neciatice rariation.

If an uninjured muscle, which is giving no currents, be

stimulated into contracting activity, it exhibits electrical

phenomena, the current of action, which account for the

Fio. 81.—SiRToRius Muscle aerakqed to Demonstrate the Diphasic

Variation or Action Current in Muscie (or Nerve).

s Sartoriua ; a, stimulating electrodes ; b, c, non-polarisable electrodes

as'lcrds'toG, the galvanometer. The electrode c is intentionallj

not placed on the injured end of the muscle as it would be for

demonstrating mere 'negative variation,' since the strong

negativity of the injured end would mask the desired phenomenou.

A similar arrangement suffices to demonstrate the same

phenomenon in a piece of nerve.

negative variation of the injury current. The causation ol

the action current is really of such a nature as to give rise

to what is known as a diphasic variation in the current of a

muscle, as shown by the needle of the recording galvano-

meter swinging first one way and then in the opposite direc-

tion. This double variation is due to the fact that the point

on the muscle to which the stimulus is applied becomes

negative to all points of the muscle at which the wave of

contraction, resulting from the stimulation, has not yet

arrived. This negativity arises during the ' latent period'

(p. 360), and passes along the muscle as a wave which
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precedes the wave of contraction. Thus if, as in Fie 81
a muscle be stimulated at „, while the points b and . areconnected through a very sensitive galvanometer, at themoment of stimulation a becomes negative to the rest of
the muscle. As this negativity sweeps along the muscle
.t passes first over the point b, which thus become!
negative, and the needle of the galvanometer swinT none direction. Immediately afterwards it passes over thepomt c and the needle swings in the opposite direction.
Hence the diphasic variation.

These phenomena, while of the greatest interest in the
case of muscle, become still more important in the ca.se of
a nerve, since they provide the only accurate means of
following the passage of an impulse along a piece ofmlated nerve which does not, as does a muscle, change it,shape or exhibi other obvious changes when stimulate"
The electrical phenomena in muscle are not an isolated

example of electric currents in the body. Closely sMar
phenomena are demonstrable in nerves, and electri achanges, accornpanymg their functional activity, occur in
secre ing glands, in the eye, and to the highest degree n
the electric organs of certain fish.

The Change, in Active and Besting Mu.cle..-The changesoccurrmg m muscles are remarkably active. The processes
which result in muscular contractions use up It eve"moment the combustible material of the structure, and the
products arising from their metabolism have to b; got dd
of a once and repair brought about. Changes are also™s ant y occurring even during the period of muscle le^
Muscle activity is characterized by muscle waste, muscle

IS characterized by a preponderance of the p;ocess
repair, we must therefore learn the nature of the wasteand repau- occurring in muscles.
The oxygen carried to resting muscles by the blood issored m considerable quantities, and 'a volure
r on dioxide, in sightly less quantity than corresponds

h^tL7^'" "-^^'^f'
'^ ™'""^'' '" '^' ™°°"« blood.

Whether a muscle be at rest or active, it is always

24

lii

Ml' ,1
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absorbing and Btoring up oxygen, and giving off carbon

dioxide. The absolute amount of these vanes; dunu^

,ork the oxygen used up and carbon diox.de produced are

both increased, and the increase provides some measuro of

the ^^•ork performed. Even during rest a muscle is doing

wk, for ^se have learnt that it is always m a condition of

t„„u, viz., of slight contraction. Since a muscular co,>-

traction is essentially the outcome of an oxidational

process, the storage of oxygen by the resting muscle may

be said in Pfluger's words, 'to wind it up '
m prepai-ation

for its contracting activity. This accounts for the fact that

an excised muscle of the cold-blooded frog can be made

give some hundred contractions when suitably treated. In

mammalian muscle, on the other hand, with is mucl,

greater metabolic activity, this quiescent storage of oxygen

does not r-.ffice to maintain its irritability for more than

the briefest interval after its blood-supply is cut off.

In an active muscle the bloodvessels are more dilated

than in the muscle at rest, and this dilatation provides for

the increased quantity of blood now required by the par

.

By means of the blood the irritability of the muscle or its

power of contraction, is maintained; whatever leads to a

smaller quantity of blood being sent to an active muscle,

produces partial or complete paralysis of the group o.

groups of muscles affected. This is well seen in the hm.e

then suffering from thrombosis of the iliac arteries; the

blood.supplT iB sufficient during the time the ammal is at

rest, or even at a walk, but if called upon to trot muscular

cramps occur followed by paralysis.
. .v . ,

Our study of metaboUsm has prepared us for the state-

ment that the chemical changes occurring during con rac

tion do not normally affect the nitrogenous elements o

the muscle. There is probably no increased outpu o

nitrogenous substances such as creatine The excretio

of any increased amount of urea is variable, '"egulai, c

even non-existent, and is in no case even remoteh p^-

portional to the work done. This is true as long as the

body is supplied with a sufficiency of the "0«^"."™8r;

carbo-hydrates and fats. If they are deficient, then
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increased musculav activity does lead tn ^„
fo.:nation of urea, since the muscle now ha toJZT'

glycogen is not necessarily the source of th« »„1! •

muscles free from it worl. nor^a ly 0^"™^' ''^"^

activity heat is produced; the blood roturnTn. f

^
Muscle has a higher temperature than7 a "gl Tit''Cohn found the temperature of the masseter mus bof thehorse to rise 5° Fahr. through feeding ThTwhll ^
temperature in the horse is raised during work atl

/''
not fall for some time after Tn H„ • . "^ ^°*^

of several degreestarbJoMai^d'Ss"^^^^^^^^^^
cord, and thus producing muscular c'onSol? '

''""'"

o.datio„ Of theSXluTcrSf
a"f

'^

f^
P^olonged pLihle aXityTfn ^"ZlZ'^J^:connection with this it is not uninteresting to'caLlaeas Fick has done, the amount of carhn hv^™^

'-aiouiate,

oxidized to provide all the energy a work + he»f "'"TT?
a single maximally vigorous contrLZn rfX^mut^Knowmg the heat of combustion of sav JivT J
converting the work of the muscle inoLtfTr* T^

21—2
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Cau»ti.n of a M«.cular Contraotion.-This is a problem ,.

vet un" ived ; oar previous studies in every ^ay point to th,-

SS of earbo'hydrate substance as being the source

of enerKV, and we have seen that it is impossible for .1™ contract without using up oxygen and producing

rarbon dioxide. But we are now brought face to ace with a

narador '=al condition ; if muscle be exposed to tlie vacuum

of a 1 pump no free oxygen can be obtained from u,

li'e U the ordinary nerve-muscle preparation be taken

Ind placed in a jar of hydrogen it continues to eontr^t,

!^d even still more remarkable, it continues to produce CO

though no oxygen exists in the atmosphere surrounding >t

'

AsOO "annot\e formed without oxygen, it is evident he

oxv«en must come out of the muscle, and to meet tins

dSv it is supposed that the muscle molecules store up

Zn aurine rest in a hypothetical compound of hydrogen

r/»rbrknownas in^. : during muscular contraction

tWs compound breaks down, and the waste products are

UberateT The nature of the process by which the impuhe

conveyed to the muscle along its motor nerve becomes

high the agency of the end-plates the

^^^J^^^f^
leads to this explosive compound bemg fired off as a

muscuar contraction is quite unknown The n.troge •

ho"d!^g substance in muscle is only used when the food-

Sis insufficient or the work excessive; it is therefor

he ntake, and CO. output, which have to be examined

in dealing wito the question of the influence <
muscular

-'tCr-xS once more to the simple ner...m«.le

.Hnn it is found that if the muscle be kept at «orl

CSZl^^^^^"^- - «hown by a series of tracin.

r Via HO.) mav be proressively more vigorous. But if

rs^l l"--ontinued the -->« -Pf^"

^

me stimu
lengthened, the height of

lacCtess v c n rSn become! less and the duration

t h roXcL is P-'ongea. chiefly by a l^ng«

^rr^fit-rsSs^riCXi.
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fatigue from some other aspects, and will now only pointo«t that the cause i, here due to the using r.^oTtLZTtractile substance of the 6bres an,! fl,„
» "f "' ">« con-

the muBPla nf fv, 1, • ,
""^ accumulation intie muscle of the chemical products of contraction In

T.me tracing^ of a second. The cnrve U «ad from right to left.

c!Sron'' "a "'""T'
'''""'^' ""'' '^S"'"' "« power ofcontraction. A mu.,cle at work in the body is protectedfrom ready fatigue by the eyer-circulating b ood whLh* It with food and carries off the wfste'SuSS

belZfh
'°

u-'^"**^
^^ '''^^^ stimulation may

iii^l
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washing out of the inu«ile is not sufficient to ensure its

recove^. but iJ serum or blood be transfused it js enablea

a^in to start work. The material in muscles wh.ch

pWes rise to fatigue is probably sarco-lactic acd, and by

Lsing » solution of this acid into muscle, he typ.c 1

S^enomena of muscle-fatigue may be artificially mduced

The production of potassium salts may also be a cause o

fatigue, in spite of the fact that they are usually found

i^ muUle. yet potaseium salts in then: acUon on this

tissue rapidly destroy its irritability.

We have seen (p. 358) that mnscks are comiected by

elaborated nerve^mdings with sensory nerves, to whose

existence the so-caUed 'muscular sense is due. It ib

therefore conceivably possible that the sensation of

general fatigue ^hich arises from excessive mnsculsr

Lertion is due to a cerebral appreciation of the changes

brought about in the muscles as the result of theu:

cont^ting activity. On the other hand. mus.Ja.

activity implies the action of central nerve-cells m

,hich the impulses which give rise to the contractions

of the muscles are originated, of the passage of these

impulses along the motor nerves, and of the«
J"^"

manioation to the contractUe fibres by the agency of th

end-plates. Hence the phenomena of fatigue, if we regstd

it as a ' weariness- of the body as a machme, may be really

due tc a fatigue of the central cells, of the motor nerves, or

7the end plates. We may at once dismiss the motor

nerves from our consideration i°»«>"»<=l"'V*T,!
ki!,]

appear to be capable of fatigue (p. 385). Now the bloo

0f7fatigued animal contains fatigue produc s. and if

be transferred into the circulation of a normal ammal, all

tte s^iptoms of fatigue are produced. If the spinal cor

be dWded and the distal end stimulated, the hurne

respiration of fatigue may be produced «»«'«--"
^'

muscular contractions (see p. 118). f""""?;.
*"f"^

the phenomena are due to the
f]"™"'',''^*'""/' '^

products of muscular activity on the central "x-to"
"^^

Lis, and some experiments on men go to show that to
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Tthl ^»r°l' '^i'*"' " "^'^'^' '^"""^ •>? fc'igue product.On the other hand, recent work bv W«H.„.i.-
l"""""-'8-

li „ *"* ProdQCOT Metefut meteboli.ni

represent undue muscular wear and tear
"'"'*°«="' ""

Condition. That remarkable state of the body described

rth! '. t I """l"'
'^* training of horses to over-top he mark and produce 'staleness,' a result which issualy recovered from by a short judicious rest, To whichthe system immediately responds.

". to wnich

During training all superfluous fat and water are ra™ved from the body, the muscle substance is bu It u^andfte respiratory capacity increased; but it is very ^ es'sarvto remember that condition, though judged of'^^J

ill

m

liJil

n
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the state of the muscleB, has a very important claim »n

he respiratory and circulatory systemB. To -»»»- -™-;

and prolonged muscular exertion an adequate supply .f

oSgnated blood must be sent to the muscles; 1,„

Z sitates a rapid flow o. blood and adequate ventjUt.,.,

in the lungs, with strong regular pumping power m tl.e

heart; all these factors must work in harmony. As >

matte of fact the ability to endure the strain of a viol.n

muscular effort is far more dependent on the training «

the respiratory and cardiac mechanisms than on thai
.

f

th muscles. Long walking exercise is given as a muse .

developer, and judicious gallops to give an animal its wmd

heait. As the circulatory pump works at high pressure

he bloodvessels must be fit to stand the strain, an

return to the heart at both auricles the amount of bloo.)

eav ng by both ventricles. A deficiency m this mechanism

lendrto -loss of breath-, clogging in the lungs means

deflcien" oxygenation in the tissues, and without an adequa e

uX of oxygen the muscles are powerless to contract,

We 1 clearly shown, from what may be witnessed in the

huntrg-field, or wherever horses are exposed to long^

conSed sti-ain, that the chief value in traming is locate

"the functional improvement of the »";«»
«';f^;'

tL heart and in the circulatory system in the lungs
;

both

of these have to be educated to withstand the extra str m

imposed and to work economically. The voluntary rjusdes

h"ve ato to be educated to work in the best and mo t

economical manner; they must be used to ;dvanta
,

smoothlv and in combination; their response must in

crease n rapidity and power, while their relaxation mus

not be too pi' longed and so cause loss of time Unprac is

^ovementl are a serious source of waste; by P-t^e

same amount of work can be performed with a reduced

expenditure of energy, and this is true for both men and

'"'There is additionally another factor of Bupreme im^

portance in training. The respiratory movements, as
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IT™!'""".''
"" '''''*"''""' "t™" ">« ^'•y'hmic activity ofhe respiratop- centre (,,. lOHK Hence this centre m« f betaugh to ,v.thstand the extra strain imposed upon itTril

V.0 ent exertion. What the centre has to • learn •

in rZe tofth.B » niore or less a matter of conjecture. Bea"nH
Ztl , T'""'''

"'"""'«""8 '""""nee on the respira^ ycentie of the wa8te products of the metabolism invo'ved n

Tt^tsr^"""'

'

'' 7"=^""'"^ p-""^ '»"''"t"
action of these products. However this may be. one thine

than mo t other factors in deternining 'staying power'

:r '
;:"«"' "•'''^•^''" 'ong-distance^athJe^'st^e ;

hat the deleterious products of metabolism producedunng fatigue m„y he neutralized and immunity esti,Nied by giving small doses of extracts of a fatigued

Chemical Composition of Mu.cle._A dead muscle does not
ossess the same chemical composition as one wWch Is

W ment of the quantitative composition of muscle gives
eall • the composition of dead muscle. We are, however
.Basted to some knowledge of the nature of living Zdesubstance by the following facts.

^
If contractile, and therefore living, frog's muscle is care

Z^T-^^'- m" '''" ^'"•'*- '^''«'' frozen it may be

Tht '"
"
"°" ""'' *"'' «"""•' "P i" » "Old mortar

« h four imes its weight of snow containing I per cent of

wi^lthffi^i,

^'^ 'T'' " ™"'' ^id^obLLd

reaction and is known as 'muscle-plasma.' When its'e»perature is allowed to rise it coagulates in the same

mmm

if

i i,T
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way as does blood-plaima. yielding a riot which, unlike

fibrin, is granular and flocculent, and forming a iKiuid

,enim. During the clotting the liquid becomeB acid, an the

result of a formation of ,arr...lactic mi.l. and the clot co.,.

giBtB of mi/min. A.Buming, bb we may reasonably do, tliat

the muBcle-plasma representB more or lees closely the

muBcle-Bubstance in the living fibre, we may take these

phenomena of the clottingofthe muscle plasma as mdicating

the most characteristic chemical difterences between living

and dead muscle (though there are others), and thus «
gain considerable insight into the composition of hving

muscle as based upon an analysis of the dead tissue.

With this preliminary caution we may now state

composition of muscle to be approximately as follows

:

I per cent.

llie

Water

Proteidi

Fat

Cnrbo-hydratei

Nitrogenous warte products

Salts -

'4 to 1 per cent.

2
1 to rs „

Our knowledge of the nature of the proteidB of muscle is

a matter of no slight uncertainty, which is not made \m

by the existing confusion in the terminology employed by

various investigatorB. Into this we cannot here enter. It

must suffice to say that the chief and characteristic proteid

of dead muscle is the myosin formed in the clottmg ol

muscle-plasma ; it belongs typically to that class of proteids

known as olohtdiM. Bearing in mind the phenomena oi

the clotting of muscle-plasma and using the nomenclature

employed for blood-plasma, we may say that living muscle

contains myosinogen, which on the death of the muscle is

converted into myosin, just as in blood-plasma fibrinogen

gives rise to fibrin (p. 18). It has not as yet been shown

that calcium salts play a part in the coagulative foraalion

of myosin, as they necessarily do in case of flbrm and of Ih

casein-clot in milk. The proteids of living muscle are no

entirely myosinogen, nor are those of dead muscle entireij

myosin. Other members of the globulin olasa are present
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ISbir^ "" "•^'""^^ """•• '" ^'-'y —»""«
The carbo-hydrate material i. composed chiefly of

Zl. I *"."' " ""* ""> <=<>•>»• acting activity ofmu.ce.: the.e .ab«t8nce« have already been fully deal

oT .ITr"' ''"'^'"- ^'"' """«»'" «a-
' roduet

mi^.? •";' ""*"""• hyi-oxanthine. xantlmeamme. taurine („ horse-fleeh,, uric «iid in m nute a ei

urea though this ,b a question still not decisively settled
of these creatine is by far the most importrnt It ,

'

^^^^^T^.if.r'-* • -"~
m Its physical and chemical asoect THb «,,,= 1 k

•na in course of time becomes acid owing to the formationWlacticacid. Through the doath'of the muTe^eTtB

.£Sa^i^erfSd;srSf:^^£
occur. The view now adopted as to the cause of deathfcg IS that it is due to a coagulation of the LoS

»Mde, in which delayed rigor mortis occurs are those
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corre.pondinB to the »me Me o« the body « the injure,!

iBbyri^h. I)urin« rigor morti. CO. .. produced »n,l

he«t evolved; »ome after-death teuiperature. are re-

markably high. AJter a certain length of time r.gor mor ,.

„a»ee off ami decomposition commence!. It i. doubtul

whether rigor morti. occurs in involuntary muscle; tl.

appearance presented in thin variety ol muscle may be .W

to cold, for it has l.een shown that two or three days «1

«

death smooth muscle may be warmed up so as to be ca,wl.l»

of contraction.
. ,, , ti i

na„.,„ena n, Cmlracti.,,, in Sm.«>lh M«,r f.-Tho„.l,

there is a marked difference in appearance between ri-.l

and white muscle, the actual phenomena of contracUon

do not differ excepting in the matter of rate. Tlit

latent period, contraction, and relaxation, are prese,- ,.

in red muscle, but occur more slowly: they are, m fact

sluggish and deliberate. Owing to the existence ol

numerous nerve fibres and ganglia, white muscle may *

completely isolated from all nervous connections, and rtill

continue to exhibit the phenomena of muscu ar contraction.

In responbe to a continuous or induced current pale

muscle behaves much as does red, excepting, of course,

that the response is dower. Summation also is present,

though not identical with that observed in red muscle, or

no contraction follows the first three or four stimuli; .t.»

the stimuli which here accumulate before contrac .on

follows, and after this has occurred the muscle stibse-

quently responds to further stimuli by an moreased he.s»t

of contraction as does a red muscle.

Mechanical stimulation of pale muscle excites a sluggi.

but marked responso; pinching the mtestmes produce

peristalsis, and even drawing the finger Lght y -r t

Imach wall may pr. duce 'weals' of contraction. T

„uBcle is markedly responsive to tension resembhn
^

this a skeletal muscle which up to " "^-^ "°
/"^J Jf

more work the greater the weight it has to lift. TJu

frog's gastrocnemius, loaded successively with 10 30,

90 grammes, will do work proportional at each contraeW
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to the nnmberi 106. 812. «nd 7(10(5. In the ea.e of tl,.
.«..t.v, canal .hi. i. probably the chief Zee o"11•on, and m thie connection we may call to mind

Ution Md the diatenmon nece».ory to produce the tensiontowh.ch pale muscle i. „ responsive.' The same mTrSmay also apply to the physiological notion of the stomachnd mtestma gases; nor must the bladder be oS
by fluid provide, a tension of the walls which actn aTaitimuluB to contraction.

*
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CHAPTEB XIV

THE HEEVOUS SYSTEM*

Ifervei.—Various classifications have been adopted for

nerves. Anatomically they are known as cranial, cerebro-

spinal, and sympathetic, but for physiological purposes

they are classified according to their function. From a

structural point of view there are (1) meduUated, (2) non-

meduUated nerves. Classified according to their function

there are (1) afferent, frequently called sensory, and

(2) efferent, commonly called motor. The division into

motor and sensory is so obviously incomplete, confining the

function of nerves simply to the conveyance of motor

impulses, or of those which give rise to sensation, that

the terms afferent and efferent are better.

Afferent nerves are those conveying an impulse from

the periphery of the body to a nervous centre, that is to

say conveying centripetal impulses. The centre may be

situated in the brain or spinal cord, and the impulses

thus conveyed may be those of (o) special sense such

as sight, hearing, taste, smell, etc.; (/>) impulses pro-

ducing sensation pleasurable or painful, from skin, muscle,

and viscera ;
(c) impulses producing the impression of heat

and cold, or (rf) impulses leading to a reflex act without

att'ecting consciousness at all.

Efferent nerves are those conveying impulses from a

centre to the periphery, that is conveying centrifugal

• My best thanks are due to Pi-ofeS8or Sherrington, F.E.S., fa

reading this oliapter, and liindly supplying that portion of it Jealini

with ' stepping " and the " scratch retJex."

882
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imimlses; these imnuliAa ir. n,.
nature evoking iroJtZZ^^ZZZll """"•

movementa and contractions; theyll at b J'rinhibitory or controlling character slw^ .

*"

the imj,ulBes which slow the hTart'dilf^n"'^''""*
"'

restrain the peristaltic itl? ?, \':^:: --J;

metabolL of a parf or' nVT"*'
'"' '° "palate the
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The essential feature in the nerve is the axis-cylinder;

it is the true impulse-conducting substance, while fatty

sheaths can only be looked upon as a means of insulation

or support From what has been stated about the nature

of the axis-cylinder, it can be readily understood that

every nerve runs direct from its origin to its termmation,

there is no union of nerve-fibres, each and every one is

distinct, though numerous divisions may exist at then-

termination. In certain cases meduUated nerves enter

nervous bodies known as gamiUa and leave them as non-

meduUated "ibres. All meduUated nerves before brealang

up in the tissues they are intended to supply lose their

fatty sheath and eventually their neurilemma, nothing but

the bare axis-cylinder being left.

Ganglia on Serve..-Placed on certain nerves, somewlieie

in their course, are masses of nervous tissue called ganglia

;

these ganglia are composed of an outer covering of con-

nective tissue enclosing nerve cells, betweer. which nerve-

fibres pass; the cells are of a particular shape depending

upon whether the ganglion examined be from the ceiebro-

spinal or sympathetic system. In the former the nerve cells

are round and possess a projection or pole which not

unfrequently coils before issuing from the cell, and after

running a short distance divides T-shaped into two branches

which travel in opposite directions ; such a body is Unom

as a unipolar cell. The ganglia belonging to the sympa-

thetic differ in the shape of their cells, for these instead of

having one pole like the cerebro-spinal, have two, three, or

more poles, known as bi-polar or multipolar cells, fle

may here say, though the subject will be touched on again,

that the cells of the brain, spinal cord, and synipatheti

system, are mainly multipolar, whilst those of the spinal

and cranial ganglia are unipolar. Bi-polar cells may b

found in the spinal ganglia of fishes. One process of a

nerve-ceU is the axis cylinder of a nerve, the other pieces*

branch, dividing and subdividing like a root, and become

primitive fibrils.
. . , i- -t,. . ,hK

Nerves are remarkable for their want of elasticity ,

tliej
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the nervea of the frog, and so far as can be proved ai.ply

equally to those 1 1 the higher animals.

If a nerve be removed from the body and suitably arpUeil

to an instrument which is capable of measuring delicate

electric currents, the galvanometer, the needle of the in-

strument will be found to be deflected, showing the passage

of a current; it is spoken of as the euireiit nf reel, 'jut it

does not exist in uninjured nerves. It is practically

identical in direction with the natural muscle current

described on p. 307. If while the current of rest is

passing shocks be sent into ihe nerve from an induction

coil, the needle of the galvanometer is found to indicate a

momentary current in the opposite direction to the -ureiit

of rest. This momentary opposite current is spoken of as

negative rariat'nM or the enrrei,' of action, and the phe-

nomenon is essentially the same as in the case of a muscle.

The negativity developed at the point to which the

stimulus is applied travels as a wave in both directions

along the nerve at the rate, for frog's nerve, of about

28 metres or some 90 feet per second. In the ease of ;i

muscle the change of shape when stimulated provides the

necessary indication of its receipt of an impulse. Not so

with a nerve. Here we have no change of shape, no

development of heat, to mark its functional activity. The

one indication of the passage of an impulse along an isnlntfl

pieci' of nerve is the electrical change taking place in it,

and hence the study of the ' current of action '
and the

onward rush of the attendant ' negativity '
is here of

supreme interest.

Turning next to the nerve-muscle preparations suspended

in' the moist-chamber (see p. 359), and using the contrac-

tion of the muscle as an index of the activity of its nerve,

we may study other important phenomena of nerve-excita-

tion. If a moderately strong constant current be passed

into the nerve by connecting it with the poles of a battery,

at the moment the connection is made the muscle gives a

twitch or contraction, and then remains perfectly quiet

though the current is still streaming through its nerve
;

if
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excitability of the nerve (kathelectrotonuB), or the mnsile

does not respond as strongly as it should, viz., there ia

decreased excitability ot the nerve (anelectrotonus). The

increase or decrease of excitability in the nerve depends

upon whether the continuous current is passed down it,

Fio. 83.—Diagram or Electkotoncs.

M The nerve ranning to the muncle m ; ', battery or cell for the produc-

'

tion of a constant current, the positii e pole or anode (al in A being

placed furthest from the muscle, the current consequently flowmg

down the nerve, and in B being placed nearest to the muscle, tlie

current flowing up the nerve. At a the nerve is stimulated by in

induced current, and its irritability determined by the contraction

of the muscle m; the irritability is increased in A, kathelectronos,

and decreased in B, anelecti. tonus.

as in A, or up it, as in B ; with a descending current

the excitability is increased, with an ascending one it i>

decreased.

The explanation of electrotonus in nerves is that it is >

vital phenomenon, viz., the irritability of the nerve is in-

creased when its molecules pass from their ordinary con-
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dition to one of greater mobility (katheleotiotonus) or if
.« iirmmshed when its molecules pass from the!r ordinlrv.ondifon to one of less mobilit/ (anelectrotonus) Her

z::7:^::t\v " '"•"'^ phy-o-chemi::,pi
positive pole, and alkalis at the negative; the effect of theacid IS to lower the excitability of the ;ene, and o hek h to increase it. One practical application ;f this law i'that the excitability of a part, as in pain, cramp, etc mavberemoved by passing a current up the nerve, vi . b^' Tin„he positive pole nearest the muscle, and p oduoing anele"trotonus

;

or by reversing the process and th owing teurrent down the nerve, so that the negative poleirneail t

Ibe Nature of Kervou. Impulse, is cjuite unknown exepnng that they travel in the form of a wave of le'ct!.sturbance which is shorter, and travels more raj dly th „that which traverses a muscle. Imrnhm „r»T? .
mitted from one iibre to another in a'n "MV;' """
Conductivity of Ker.es.-Compared with elect'ricity a

tear this in mind as comparisons between electric currentsand nerve impulses have been made. The velocTty of

T

mtlTo fr t'°

""'"T' "^"^ "«- stated ioKren
111 to 140 feet per second, whilst through sensory nerves Us said to be faster, 160 to 320 feet per second" fnZer

a

rves the velocity is less. Chauveau ascertainedTthe
atSloSXrlot^ -- '^- -« -S

p:::p:br^tra^t^h?E£s

that portion containing the nucleus repairs it.elf and'

i ii

liif
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reforms a perfect cell. The nerve fibre dies down alter

being cut, jugt in bo far at it is a piece of cell cut off from

its nucleus. The sensory nerve divided in neurectomy, as

practised on the horse, degenerates towards the foot ami not

up the limb, for it is the piece below the wound which is cut

off from its nutrient centre and not the portion above
;
had

this been a motor nerve the degeneration would still have

taken place below the wound and for the same reason. All

spinal nerves have their seat of nutrition either in the

spinal cord or in the ganglia just outside it (see p. 384);

the nearer to the spinal cord the point at which the section

is made the greater the length of nerve which degenerates,

the further away from the cord the point at which section

is practised the shorter the length naich degenerates.

When the nerve degenerates the fatty medullary sheath

breaks up, forming globules around the axis-cylinder
;
the

latter also degenerates and ultimately breaks up. The

remarkable fact about these changes is the rapidity with

which they occur, six days is spfficient to show their com-

mencement ; small nerve fibres degenernte more quickly

than large.

By suturing divided nerves union occurs, and though the

act of division causes degeneration, yet when riiion takes

place regeneration of fibres occurs ; a fresh ar.ie cylinder

grows through the length of the degeneratdd ner\-e, and

after some weeks and often months motion or sensatiou

is restored, the former always much later than the latter.

Even suture of divided nerves is not always necessary for

union ; we know clinically that the plantar nerves of the

horse will often unite in a few months in spite of a piece

being excised, the portion of nerve above sending down

an axis-cylinder which soon finds out its divided portioD

below.

Not only is the nutrition of the nerve itself affecteJ

by nerve division, but also the nutrition of those parts

supplied by it. Ulceration more or less severe has been

known to follow injury of certain nerves ; sloughing of tlie

cornea occurs in animals when the ophthalmic division of
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!!.'ffh''!f 'V't'*'''
""'' """"y "« P-acticallyncnuainted

w.th the sloughing of the entire foot which somM mehough or unately rarely, follows the operation of neuT'

f7na
""

"i;''''"!"^'
""" "•''^«' -''»«"™ the nutrona part

;

nowhere is this better demonstrated than in ca esof intense muscular atrophy due to nerve injury""" T.nnin,tion..-There are some structures such asglands where the nature of the ner.-e terminat^ s no

where definite and distinct motor ner^-e-endings have Ten
It; r "".•"""^ ^*"=°'y ""<» sympathetic nenesspecial termmation. known as Pacinian corpuscles andKrause s end-hulbs exist. Xer,-e terminations retm.t inthe muzzle of animals, in tendons, in muscles in liegenerative organs, conjunctiva, mouth, tongu pilttc; some are known as Krause's end-bulb

, tho e
„"

endon are described as the organ of Golgi, in muscle thvre known as end-plates, whilst in the sL of The mut lehe nerves terminate in small swellings or enlarglen^

epithelial cells of the epidermis; cells .. this kind alsoxist in the foot of the horse. The nerves of J, edal sen ehve each a distinct termination peculiar to themsre,uch as the hair cells of the internal ear. the rods andcones of the retina, taste bulbs of the tongu^ etc.

Spinal Cord.

The spinal cord extends from the atlas to about the«co„d or third sacral vertebra, and is completely enc ed

i loZ,""'"''"'"*' 'l\'''''
""'«'•• The canal in wh ch

IS lodged IS very much larger than the cord, especially atose parts where the greatest amount of mov;ment oc uiss in the neek The cord is not the same sbapel^c^:
ft same size throughout

; oval in the cervical reJL Tt
Incomes circular in the dorsal, and again oval frthe

nen.es° r " " ''''''' ™''«™ any'considerable b Ikof nerves is being given off, and thus there is an enlarge-
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inent corresponcliiiR to the lore, ami another to the liiii'l

limbB. On exposinB the Bpinal canal, a huge nmnl*r . f

nervea are found to be passini? through the dura umttr

either outwards or inwards, an 1 the«e gain nn exit fiuui nr

entrance to the spinal canal liy means ol the fonimiii

(ormed at the junction of the vertehrii'.

Spinal Hervet.—On opening tlie duia mater, it is ol)^er\fi|

that the nerves divide in such a way that one part of eacli

of them runs to the auijerior, and the other part to tlie

inferior Hurface of the cord ; theae are spolieii of li^ tli.^

superior and inferior roots of the spinal nerves. In the

liorse each superior and inferior root enters the cord not us

a single cord but as several. On the superior rooi, l.iit

outside the dura mater, is found a ganglion : each inoilpt.

of a superior spinal root ' s a ganglion on it : no such Imi'Iv

exists on the inferior ruot. Both inferior and suin-iior

roots unite below the ganglion to form ii mixed >piniil

norve (see Fig. H4i. The function of these two mots is

entirely different ; the superior root, jiossessing the gimKllon,

conveys centripetal isensoryi impulses only; the iirfeiinr

root conveys centrifugal (motor i impulses to muacles an4

glands. The superior roots are passing into the cord, the

inferior roots are passing out of it.

Passing out with the inferior root of the npinal nerve,

but indistinguishable from it, is a branch of nerve known

as the white ramus communicans, which leaves the main

trunk after the mi.xed nerve has been formed, and runs to i

distinct system known as the sympathetic. One part of the

latter, the gangliated cord, runs under the arches of the rils

and back as far as the loins ; to this cord the white ramus

runs, and establishes a communication between the eerebro-

>pinal and sympathetic system ; in this branch are, among

others, the nerves which constrict the bloodvessels, i-

careful study of Fig. 85 is necessary for the clear elucida-

tion of the arrangement of the spinal nerves.

Arrangement of the Cord.—If a cord be suitably prepared,

a transverse section shows that it consists of two similar

halves, united by a comparatively small central mass of
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and inferior JZ oTZt^'. .h""",""
"'" ""•""'"
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:
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t'MKU (FnttTtH .

Or, grey ; W.whit*
matter of itptnal

cord; A. Inferior:

P, luperior root

;

O.KUiKUonon the

superior root ; N.

mWod nervf, con-

ittlng of HNory
and motor
branches witli

fibre* pawing into

the •ympainetic
MyNtrmat V; N',

ephial nerve, con-

listing of seniory

and motor
bruichei, termin-

ating in M. ikele-

tai muicles, H,

•eneory cell or iur-

face, and X, in

other wayi. V,

white ramus com-
umnicans unitinu

the cerebro-Bpinai

with the sympa-
thetic system;
it ruiie out from

the cord with the

inferior spinal
ntrve, and is given

off from the mixed
nerve at V, from
whence it passett

tol, a ganglion on

the sympathetic

chain, and thence

on to V» to supply

the more distant

ganslioQ <r, then

to v" to the peri-

pheral ganglion

&', and ends in

m, a visceral
muscle, 9, a via-

oeral sensory cell

or surface, and x, . ,

other possible vis- m ^ "

Fron?^- "f «?ven off a branch, r.v.. known as the grey vamm mu-

^ZnrcanV'whrch" partly pass;s backwards towanls t^c jmaU.

and partly runs. a. v.m., in connection w^l^the spmal ner e

supply va^-connrictor rtbres to the muscles of blood ves«elH. >n ,u.

certain parts, for example, in the limbs.
*i,„ti,., ..nitini;

Sy, the .ympithetic chain (gangliated cord of the 'J'"P»«I« ^
""",

*^,V" ganglia of the .^ries^:. The termination, ot the othe. nerv«

arising from £, v, a', are not shown.
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flbr.Mhe head of the c, ,„m. to the outgoing n,.>tor one, •
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"""""' '" *''"" -"«-
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line of the cord, and are related to the endings of sensi.'ij

nerves entering the cord. The cells of this column liavv

few processes, and their long axis lies in the long axii: ..f

the cord.

Distribution of Nerve Fibres in the Cord.—The sui'tri^ir

siilnal nerve root joins the superior cornu, the inferi ir

proceeds from the inferior cornu. We must now lean;

p,,. si; —Latkhal Culumn iir a Xkw-bokn 1!auiiit t.i mi.av thf

(.i.LI.WrKVL I-'IBUKS, AND THK Ma.NNKU IS WHICH THK l.uNV.l

TiniSAL I'lnUKS HKSD KIICXI) AND END FRKK I.V THt ( .iH

Mattkh (Lakdciis and Stiiiliso. aftku RamcIs V (A.IALI.

c Coiliitenil Hbres ; rl, bcndinRround of the longitudinal fibres
; /. to end

'

in the srey mutter : n, nxis evlinder process of nerve-cell beiiaiii;

in amongst the longitudinal fibres of the white column.

how the fibres composing these roots are disposed with

reference to the cord itself. The fibres of the superior

spinal nerve root grow from the spinal ganglion, enter

the suiierior column of the white matter of the cord, and

some travel forwards, others backwards in its substance.

After running a short distance the fi^AOS bend at rislit

angles, enter the grey substance of the cord, and end not
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parent fib.e «an vanou. segmental levels of the cord.

coUatc-ral bra™) "which ramSesaar/T',™'' ^''"«'" "'

"

tions of the coUateral fibres rffin.lfc?'
° '«™""'l rainifica-

superior rooti /^ bipolar M„llf„n? '"'V"'";™i E, ganglion on
ceU similar to'thoaeinamT^i'"""

""'
'

'' " "-'P"'"' "="•«-

'n this way all the sensory fibres reach the grey matterf the superior and in some eases the inferfor crmarminatmg i„ numerous fibrils close to but not in conHK 't'
""^ 'f <^'^- ''' ^'^^ -1-- -> -

Im^lT '
"""^'."P ^''-^^'y °' *« fi''^^^ °f thesuperior roots arismg m the cells of the spinal ganglion.
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The fibres oJ the inferior spinal nerve roots may lie

traced into, or rather, out of, the grey matter of the

inferior cornua. There each has its origin, for it really

arises in one pole of the large multipolar cells situated

there, the remaining poles of the cells giving off small

branched fibres (Figs. 87 and 88). The axis-cyhnder

process of the inferior cornual ctil is, excepting in verv

rare instances, without collaterals (Fig. 88).

The inferior and lateral white columns are composed of

Fig. 88.—-\ Nkrvf.-Cell in thb Infekioe Cohnu (if tue LiMBit

Ebomn of an Ox Embrvo (Landois and Stibusu, afiei:

(j(lUil).

„ AxiB-cvlinder process passing at m' into a longitudinal fibre of the

'

iiifi nor column ; i>" mucli branched lateral process of n.

fibres which originate from nerve-cells in the grey matter

of the cord itself ; the fibres in these columns give off

collateral fibres which again enter the grey matter, and

finally the fibre itself, as we saw in the superior column,

bends round and terminates in the grey matter of the jord.

It is observed that none of these fibrils are in contmuity

with nerve cells, nor do the fibrils anastomose among them-

selves. The inferior and lateral columns of one side of the

cord receive fibres from the opposite side, and these, (fitli

the aid of the collateral fibres which are returnmg m the

iis!$t :v
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opposite direction, help to constitute the anterior com-
missure.

,
^7*1'"*°?^'"* /° "^'^ arrangement of the fibres it isfound that three different kinds of nerve cells exist in the«rey matter: (1) the large multipolar cell of the inferi roornua m wh.ch the motor fibres begin. ,2; cells supplying

th fibres which pass into the inferior and lateral cofum,^s

^
the cord, and (H, cells found only in the superior cornua,

givmgoff a process wh.ch is confined entirely to the grey
matter and breaking up in it. I„ connection with aU th ?e
cells It IS important to bear in mind that the branched
processes do not anastomose, although they are often con-tinued for a considerable distance.
The chief features which recent inquiry has brought tohght are the collateral branches of fibres; these fid
not anastomose, but terminate by surrounding adperhaps commg into contact with nerve cells. This latter

ao would go to show that many of the impulses conve ed
to he cord can only act on the nerve cells bv contact
without continuity.

''""""'"'

dirid°^f°M "''r^' ^r"-" "'^^"I'enor spinal roots bedivided all parts supplied by them below the division Iceensation, but f the portion of nerve in connect! iw^h spinal cord be irritated pain is produced. If themerioi- roots be divided all parts supplied by the ner !ow the seat of division suffer motor paralysis
; if th u

11?; """, '"" '" '=°""^'^''°" -ith the tissues bemtated the muscles contract vigorously, while if the piece

happens. In this way it is demonstrated that the sensory

he d T T- ^^"^' *'« •"°'°' '"P"'^''^ P"^^ out of

fin L;f
° °"' °' '^'^' '"•"""''^^ °' 'he sensory nerves

nomenon is known as nruirent sensiUUtu.

all th! ^r'r °' "'' '"**"" °' -""'"^ "-oo'^ is to supply

S /XTrf ''"" ','" P""^" "' movement theer, uterus, intestines, and other hollow viscera and

f"'

M'ii
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the bloodvesselB, with the power to contract and dilate,

secretory fibres to the sweat-glands of the skin, and

perhaps ' nutritive ' nerves tc the tissues. Many of the

nerve fibres of the efferent or inferior roots are distributed

rU the sympathetic system ; from which nerve cells in the

cord they arise is not at present known, but after leaving

the cord in the inferior roots they join the vertebral

ganglia of the sympathetic under the neme of the ' rami

communicantes' of those ganglia, thus establishing a

communication between these two important systema

(see p. 394).
. , , .

The spinal sensory fibres endow the whole of the body

with sensation, with the exception of certain pans of the

face.
'

, ,. ... ,,

WaUerian D<'generation.—As the result of dividmg the

spinal nerves degeneration of these occurs; if the superior

root be divided iihove thv gamjUou degeneration occurs

upwards into the spinal cord, and there affects certain

bundles of fibres, which are really the fibres of the

superior roots continued into the spinal cord, and running

especially forward towards the head ,Fig. 89-1). If the

root be divided helow the ganglinn the degeneration takes

place in a downward direction, involving the whole length

of the nerve below the ganglion (Fig. 89-2) ;
if the trunk

be divided both above and below the ganglion degeneration

above and below occurs, but the ganglion remams un-

affected. If the entire nerve be divided below the ganglion,

both the efferent and afferent fibres of which it is com-

posed degenerate below the section (Fig. 89—3).

All this is explained by saying that the ganglion is the

seat of nutrition of the sensory nerve-fibres, and which-

ever part of the superior root is cut off from its nutritive

influence degenerates; or in other words, uie ganglion

contains the nerve cellB, of ^hich the sensory nerve fibres

of the nerve are the a.tis-cylinder processes.

If the inferior nerve roots be divided degeneration ot

these also occurs, but the degeneration extends lUm'iui

trunk of the nerve, and does not run up into the spmai



THE NEKVOUS SYSTEM 401

"ord (Fig. sa-J), the explanation being that the seat ofnu^,faon of the motor nerves lies in the epinal Id sothat degeneration occurs below the cut part and nota.»ve .t Their nutrient centre is the multiSr gangl'n
cell .n the inferior cornu of the grey matter oVthe cord

«b^:ca,^°d1rr:e'cu"o^'of:re' a.?,°'2,TD»«--«io„ of afferent

.„?"« ~'^T"'"''"'°" o' efferent«d aSferent fibres below a seaion
01 the entire nerve.

^0-4.—Degeneration ofefferenl
-•es below ,i section of interior

root.

F.O. 89.-D».R.,,,s TO n.LfSTE.TE \V.,I.LKRU.N De«K .KRAT,„VOF Nkkvk Roots (Wallkr).
'^^R-ition

anfthe lT'™*f'
''"'"«'' "'" ^"' '^«»"''»'' ^y Waller.

b.X'^ !'!t!"t-'^
"''"« "^**«^ "^ *e cord canmapped c.t -ruo columns or tracts, which are .juite

•26

l^ii
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diBtinct from the columns into which the cord is

anatomically divided. Some of these tracts convey impulses

from the cord to the brain, and are known as ascending

tracts; others convey impulses from the brain to the cord,

and are known as descending tracts.* These ascending

and descending tracts have not been made out by ordinary

Fm 90 -Scheme showing the Degeneration Tkaojs, *vd trk

Paths WHICH do not undekoo Deobneration in thk Cm..»

(Landois and Stirlino).

AMF Inferior median fissure; dpt and c-^. dir«<^'.»ni
""''J^

P|;^,

K:i.-.;^^!^eSaSn^tr "oj^^r £^
column. Tile parte feft black do not "»*«8° fg™ ? "".Jdn"
ascending degenerations are shaded with dots, the d, »<.e.i<i.n.

with lines.

observation, but by experimental inquiry and embryological

studies. It was found that after division of certain nerves or

injuries to certain parts of the brain or spinal cord, particular

We have hesitated to adopt the terms ascending and de«enai.«.

as not harmonizing with the terms en.ployod in deaUng anatom.

with the cord of the quadruped, but it is diflicult to hnd a suuable

substitutt).
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tracts became degenerated either in a forward or backward

or descendms tract is necessarily entirely exerted t"fdirection g.ven to it by its nam.: the tracts are Taled

^^The^following are the main tracts in the cord (see

DcHccniHng Tractn.

Crossed pyraiuidal tract.

Direct pjnimidal tract—column
of Tlirck (only found in man and
anthropoid apes).

Iiifero-lateral descending tract.

Asri-niUny Trartn.

Uirect cerebellar tract.

Median superior tract—column of
Goll.

Lateral superior tract—column of
Burdach.

Inferolateral ascending tract.

These paths, known to various observers by somewhat
.fferent names, are distributed between the sZrio'ateral and mferior columns. The tracts are nrSh oughout the entire length of the cord, and those descend

mil I) 1 ""T""^
""•* ^"'^ *h«'^ W to the bulb

a the ';? ""'I T' "' *«Py^'''°Ws to the opposite

it It'-
""' '''''''' '" « -«- -ternal'to the

brato'
•;^'™-'!'7' deuendiuo tra^t arises from the mid-

Th„ J "' ^°'"' ""« =""« »•"« <" the cord.

^^^!X:ZT ""'' """ '"" *« -"« °f Clarke's

^eadwardtfattrereflul^^^ "'^ '"^ -<• ^
26—2
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The iimUaii miperior trmt occupies a position on 'lit

superior part of the cord on either side of the med.an

fissure ; it is a sensory tract and is affected in locomotor

ataxia of the human subject. The fibres composing it are

small and the tract terminates at the bulb ;• degeneration

of this tract follows division of the superior spinal roots,

and the fibres composing it have their trophic centre in

the ganglion of these roots, being cell processes from tlie

cells of the ganglion.

The lateral avpcrior tract is made up of the fibres of tl.p

Vm. Bl.-DlAOKAM TO ILLUSTRATE THE KeLATIVE S«E OK TME CK0>,K..

I'VRAMIDAL TkacT (Py) IX THE D«0, MoNKh^, MAN (InMKll.

AFTER Sherrington).

In B I'v' is an outlying portion of the pyramidal tract separaltJ from

the rest by the cerlbdlar tract. Py.d in A is the direct pyr,,m,dal

tract only present in man.

sensory roots ; some of these fibres plunge into the grej

matter at once and end there, others pass in the precedmg

tract, the median superior, and run for a great distance

forward, many even reaching the bulb.

The in/ero-lateral ascending tract runs the entire length

of the surface of the cord; the origin of it is not clearly

known ; degeneration cannot be brought about by dividing

the superior roots, so that its origin must be m the cord.

It runs headward to terminate in the cerebellum.

It has not been found possible to divide the whole of the

The word 'bulb' is used throughout to indicate the medall«

oblongata.
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U^aT^T!u^ '""""' «"«" ""'^ »» th" above have

Then th
' "' '' """ '""=" '"" """-ounted for

huTZ T"""'
'""'^ '" ">« "P'""' ^ord reach thebu b they undergo chanfie in form, position, and die ribuUon, .„ or er that they ,ay arrive 'at the ^a iou,

X'
however, are known to pass unbroken through the bulbVIZ., the pyiamidal tract from the cerebrum Ih T
hnlliir truKfo . oil iu 11

"'" cereoium and the cere-Deilar tracts
, all the others are broken up

Afferent and Efferent Path, in the CorAlfiy experimental

whereby impressions are transmitted from the centre toh periphery and from the periphery to the centre We
ra t

,
as representing the direction in which degenerattonstravel along given portions of the cord

K^nerations

By the superior columns of the cord such impressions asmpera ure. pressure, and muscular sense are conveyed tohe cerebrum, running along the same side of the cordbj which they entered, and when reaching the bulbcrossing over to the opposite side (Fi. ')2)

sn "it1'^uo,™':;'rr
"""'"

'
'"^"""''^^ '^-^^'ed,

of the fihr?'
"' "" «"'«""« ">e cord a large numbe;

M so, the eo^" T '° '"« "PP"-'* «ide, so that bothm t .
"^"•»"^°"'«"g painful impulses. Those

33lt;ri=r:^---b..

« ?nr:S.~'°- '^•^'^ -. Of thesS

this tract In f T V ^ '"''"'^ "' '''^ «'''«» composing

ca d .

° ? ' ""'^ *« cerebellum, some, as just indi

iis^^ss r„ :i: -^v^^"- /" ^"--'"^ -"-
Mb here hlv

^rebrum and travel direct to the
.

here they cross over and run down the opposite side

I

'ill'

Pii
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TO AND FKiiM THK BkAIS KV TBK Co.ili (SBKliKINGTuM.

L Lr(t r. right ; IBM, cwhrmiucbin.cereMlnm; 1110. medulla oUon^

'

gn'ta'containinR the decussation of p, tlie pjrniuidal tract, an.i ui
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(Ooll'.): „T, optic thZi,,ur^,.t,.L' ""' "''','"" K""""
or column of CUrk" T ' '{^ po-t.r,„r vcioular column.

p... to ,h, cerobrun, .li..et\. f the S,ll„ bv ^.,. M '
" T*posterior coluum, which cro«.cM i,, h„ i ii.^ j '

"'" '""'"'"

^^i:'^^:.x:':^:!^Z^B^^ «•
-. t

«nd pa.,e, out o. M. 1" t^^e'lnf^iX^i^"ncr';.'*''''
"'' """"•

Of the cord travelling by ,he crossed pyramidal tract tothe multipolar cells of the inferior corn,, of the fireymatter from wh.ch the motor nerve, arise (Fig. 1.2,. These
sfferen hbres are the longest in the cord, for ,.nlike theafferent i,bres they have few connections with spina, seg

braLtnt^/!;''"'"'
""" "" ««"--y i>»PulBeB enter thebram on he s.de opposite to their origin, whilst all motormpulse. leave the brain on the opposite side to that to whtl

right bram leads to a left-sided body paralysis

sweat nerves travel
; decussating in the cord they enter the

K^y matter of the opposite inferior cornu, and pass outwiui the motor nerves from the spinal cord.
Heflex Action._Nerve fibres do not under natural circum-

modifymg them
; modification can only occur in nerven ree, ,u„h as the brain and spinal cord. an., these centrl

reJl

'"°'''' '"^"'^ °' "^^"^-™"«' "f -'""l- 'he nerve!

rahr'"n ","'";"' "" ""'" "« Bimplyprocesses or

iZtZ / ,"',
"' *""'"' ^°''*'y "'"^ 'he spinal cord,

t may be described not as one long centre, but a series ofcentres lying end to end, each capable to a greater or less
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extent of actiriK iiideiiendently of ita neiKlibour, and e«cli

centre poeseaeinK iw afferent and efferent rootii.

In theae aegmenta of spinal cord, complex ao»< can If

initiated by the arrival of aimple centri|)et«l impni.«« ;
auch

actH may lie carried out without any a»»iHtance from tn.

brain, for they can readily l)e demonetrated in an imimjil

where the brain has been destroyed. Theae acta are known

by the name of retlex, from which we muat not infer th^ii

a centripetal impulae is simply reflected into an efferent

channel, but rather that a centripetal impulae reaches tlie

cord, and paaaing into the grey matter stimulates iI.b

ganglionic cells which generate the efferent impulae.

The atructures necessary for a simple reflex act iiic

( 1 ) an afferent nerve to convey the impreaaion to ii nerve

centre ; Ci) a fierve centre in which the outgoing impulma

are generated; (S) an efferent channel for their trail-

misaion. More complex acts may need more afferent

nerves, a larger number of excitiible centres, and a greater

number of efferent fibres.

A classical example of a reflex act is the drawing iii>

of the leg when the foot is pinched in a frog from whicli

the brain has been entirely removed. Depending upon the

degree of pressure applied to the foot, it draws up either

one leg or both, i.e., the reflex movements are unilateral m

symmetrical, according to the number of ganglionic centres

in the cord which have been stimulated. Still greater

violence applied to the foot of this brainless frog will affect

a larger number of centres further forward in the cord, so

that the fore-limbs may share in the reflex, and this is

known as irradiation : still further excitation may produce

convulsive movements of the entire body, known as tinifml

action.

The brainless frog reacts more regularly to this experi-

ment than one poasessing a brain, which is evidence that

the brain is capable of exercising a controlling influence or

inhibitory effect over reflex actions.

One very prominent feature of a reflex act is its

apparently purposeful character; turning once more to
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dmiion o( th9 cord, ,ucl, as tl.oHe o( walkina Balloniim

inimal to 8omtcl. the part «itl, the hin.l foot.
The h.gher we u«,e„d i,, the animal »„aie the lees ea«v

wh.ch take place without any guidance from the hra , rhin

orrX'tTetr'ztt ^•^'-----^^

.™He.aetLur;c::ii:rr;:::::rs
^nd„u«=ularoentri,.talim,.ulBe,re,„iredle^^^^^^
mg muBclee, and the regaiation of the decree In 1ap.d.ty of contraction, would appear at first ,iJ.to need

t. hLehad to l^^i".
"'«'"" "'" •'y''"^^ decapitation.a horse had to think of every step he had to take lie wouhl^n be worn out and blunder. That the higher centresthmee come into play is shown by the judgmem which

Mm the b^! TT °' """""""^ """'^o'io" required

^SsS et^^; nT''"' ''*'«*" "> *'"<='' ''Shouldle raised, etc., are all evidence of this

oontcti^ro?"""*"'","" '' "«""' °'"' '" -"-h 'he

ihi
^ "'*"' °' "'«''• contraction, and everv

;e have^een ma/lur'Sr^S^te1=^
~rof'ir*'7

''""'' '° "« -pierrrZ

r£H=i^-=e::^tei-

Ca andlll^ '^""".'"'^'- ='^''^«"'-'« '^-^ -e

)H
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The Stepping Eeflex.—As an example of reflex action

that of stepping may be considered. When in the dog ilie

spinal cord has been severed in the hinder part of tlie

cervical region and the ' shock ' from the transection liaa

passed off, reflex walking is observable. The walking move-

ment includes alternate flexing and straightening of the

limb. The forward movement of the hind leg in taking a

step is produced by flexion at the hip, and to prevent tlie

foot brushing against the ground as the leg swings foruiwd

flexion occurs at the stifle and hock so as to somewhiit

raise the foot. The limb is then straightened again, so

that the foot may reach the ground and bear the weight of

the body. In order to prevent the limb doubling up under

this burden the extensor muscles which support the patella

joint and hock from bending have to contract with sufficient

power. Stiffened by the contraction of these muscles the

limb serves as a prop to carry the body. While the foot

rests on the ground the body moves forward so that in due

course the hip advances in front of a vertical drawn upward

from the foot. The extended hind limb at this time is

sloped somewhat backward as well as downward. When

this posture is reached the extensor muscles are thrown

into further action, and give the limb a push off from the

ground, propelling the body forward. The hind limb thus

makes its contribution to the progression forward of the

body. In galloping this extensor thrust is very marked,

and is given by both hind legs together, instead of alter-

nately as in walking and running.

In this reflex, spinal stepping, we may study first the

flexion of the limb which occurs in the forward movement

of the step. Flexion similar but more pronounced can 1«

easily excited in the npiiial dog* by exciting the skin of the

foot electrically. Though the flexion occurs at hip, patella

joint, and hock together, it will be simpler to confine onr

examination to the flexion at one of these joints only, for

' Spinal dog ' is the term used for a dog in which the reflexes m

entirely spinal, owing to the brain having been destroyed, or the tcid

havhig been cut off from ihe brain.
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what occurs in the museleB of each of the three joints is so

Lv:Tr ".r"'
*^ '""«• "•^ -='''«' -"id wLh

r,^ ,^ u ml'*'"'"""^'"'''""'''
"^"d ^"•''i" of the backof he thigh. The electric stimulation of the skin of thef«,t.s found to throw these muscles into contract! and

w^. .hem, also the psoas muscles (flexors of the hij,> andth tibialis ant,cus, etc. (Kexor. of the hock). But his"sonly part of what happens. At the same time as the flexors

Fm. 93.- -DlAGKAM OF .4 Keflex Abc (Shekri.ngtox).

^ P.m within .he deed line fejn .he gre.y „,»..er „, .he nerve

Of the s«fle contract, the extensor muscles of the stifle, the«rti and crureu,, are relaxed. In order to unders andhow this come, about it is necessary to refer to a nrTndn,-

t;:Ef".l;'^
-"^--^ ^>«tem'whichtstenTr3

ineprtnaple of the common path.'
The structures along which the nervous impulse in ae e. aet.„„ ^uns constitute what is called T^lc

pRrrs. (1) a coll body containing the

11

i i'i'. Il

i ,?:!.
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nucleus and called tbe perihan/oH .- (2) one or more (usjally

many) branches from the perikaryon, called demlritu, \\\uA

conduct impnlsea to the perikaryon ; (3) one branch from

the perikaryon which conducts impulses away from the

perikaryon, and this branch is called the a.nwc. The

whole nerve cell thus composed of these three parts is

termed a neurone. The neurones forming a reflex arc

follow each other end to end like links in a chain. In the

chain the neurones composing it are joined in such a way

that the axone of one neurone meets the dendrites of the

next neurone, and these junctions of the axone of one

neurone with the dendrites of the next are of such a nature

that conduction of impulses from one neurone to the nest

occurs in one direction only, that is from axone to dendrite.

and not backwards from dendrite to axone. These

junctions between neurones are termed aympsea (see

Fig. 93).

The first link of each reflex chain is a neurone which

starts in a receptor organ, e-n., a sense-organ. A receptive

field, e.g., an area of skin, is always analysable into

receptive points, and the nerve-path of the reflex always

starts from a receptive point or points. A single receptive

point may play reflexly upon quite a number of different

effector organs. It may be connected through its reflex

path with many muscles and glands in various parts, ^et

all its reflex arcs spring from the one single shank, so

to say ; that is, from the one afferent neurone that conducts

from the receptive point at the periphery into the central

nervous organ. This neurone dips at its deep end into tlie

great central nervous organ, the cord or brain. There it

enters a vast network of conductive paths. In this net-

work it forms manifold connections. So numerous are its

potential connections there that, as shown by the general

convulsions induced under strychnine-poisoning, its im-

pulses can discharge practically every muscle and effector

organ in the body. Yet under normal circumstances the

impulses conducted by it to this central network do not

irradiate there in all directions. Though their spread over
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the conducting network does, as judged by the effectsmcrease with increase of stimulation of the entrant path

'

the irradiaton remains limited to certain lines Undlweak stimulation of the entrant path these lines a e sparseThe conductive network affords, therefore, to any Zen
others This canalization of the network in certain directons from each entrant point is sometimes expre sedborrowmg electrical terminology, by savina th»t T«
duetive network from any givefJnt'S les rs' ta^^along certain circuits than along others 'hi! ,
.ho fact that the conducting paths in ^hfrrear™
organ are arranged in a particular pattern. The patternof arrangement of the conductive network ./the ceS

*tor organ, gland, or muscle in accordance S the

£:=^=^i---ttc::s

BBueraiea at its own receptive nni'nfo ai.j „tu .

minto *),.„ V
o^opuve points, and other receptiveIMims than its own cannot employ it.

But at the termination of every" reflex arc we finH .
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nearone forms a private path exclusively for impulses of

one source only, the final or efferent neurone is, so to aay.

a public path, common to impulses arising at any of many

sources in a variety of receptive regions of the body. The

same effector organ stands in reflex connection not onlv

with many individual receptive points, but even with many

various receptive ./ieW«. Reflex arcs arising in manifold

sense-organs can pour their influence into one and the

same muscle. A limb-muscle is the terminus cui iiiiew of

nervous arcs arising not only in the right eye but in the

left, not only in the eyes but in the organs of smell and

hearing ; not only in these, bat in the otic labyrinth,

in the skin, and in the muscles and joints of the limb itself

and of the other limbs as well. Its motor nerve is a path

common to all these.

Reflex arcs show therefore the general feature that tiie

initial neurone is a private path exclusive for a single

receptive point, and that finally the arcs embouch into

a path leading to an effector organ, and that this final path

is common to all receptive points wheresoever they may lie

in the body, so long as they have any connection at all

with the effector organ in question. Before finally converg-

ing upon the motor neurone, the arcs usually converge to

some degree by their private paths, embouching upon inter-

nuncial paths common in various dt^^-ee to groups o!

private paths. The terminal path may, to distinguish it

from intemunf lal common paths, be called themalmmmmi

path (see Fig. 93). The motor nerve to a muscle is a collec-

tion of such final common paths.

A result is that each receptor being dependent for com-

munication with its effector organ upon a path not ex-

clusively its own but common to it with certain other

receptors, that nexus necessitates successive and not

simultaneous use of the common path by variius receptors

using it to different effect.

The Scratch Keflex.—Good opportunity for study of this

correlation between reflexes is given in the ' scratch reflex.

When the spinal cord has been transected in the neck, this
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reflex in a few months becomes prominent. Stimuli anDliedwitlim a large eaddle-ahaped field ot skin (Fi^ <u^ .

P.O. 94.-THE ScBATCa EKfLEX (ShbkH.N^.

left h.. Un>b can be evri
''';;:-ir^^'i^oSl/^«:U.' ^/-.^

contractions succeed one'another at a certairZ H™'roqueney is independent of that of the timulat^on Th!contractions are presumably brief tetani ThTt ,

11"
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The reflex is unilateral : Btimulation oJ the leJt shoaWer

evokes scratching by the left leg, not by the right. In the

lateral column of the spinal cord limn flb™8 exist directly

connecting the spinal segments of the shoulder with the

spinal segments containing the motor neurones for the

flexor muscles of the hip, and knee, and ankle. We thus

arrive at the following reflex chain for the scratch reflex

;

(i.) The receptive neurone (Fig. 95, so), from the skin to

the spinal grey matter of the corresponding spinal segment

in the shoulder. This is the exclusive or private path of

the arc. (ii.) The long descending proprio-spinal neurone

Fig. 95.—SrlSAL Arcs ISVOI.VKD i.v Scratch Keflex (Shebringtos.

Digram of the spina) arcs involved in Fig. 94. L, receptive or afferrni

nerve path from the left foot; r, receptive nerve-path from he

opposite foot; »a, s^, receptive nerve-paths from hairs m th

dorsal skin of the left side i
Fc, the final common path, m this

case the motor neurone to a flexor muscle of the hip; p«, i»,

proprio-spinal neurones.

(Fig 95 P«), from the shoulder segment to the grey

matter of leg segments. (iii.i The motor neurone

(Fig. 95, FC), from the spinal segment of the leg to the

flexor muscles. This last is the final ammon path. The

chain thus consists of three neurones. It enters the grey

matter twice, that is, it has two neuronic junctions, t«o

synapses. It is a disynaptic arc.

Now if, while stimulation of the skin of the shoulder is

evoking the scratch reflex, the skin of the hind foot is

stimulated, the scratching is arrested. Stimulation of

the skin of the hind foot causes the leg to be fieitii,
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and h oMT '=°"'™''"°": of the flexor, of hock, stifle,

nearone (Fig. 9d, l) (nociceptive; from the foot to the

LliiiTr'^ 'r
P-'-^P-'hoi-tintraspinarnel

muJ . of h T"°' '*^'«- ''- ^^' '° 'he flexo;mu8cle, ,:,., of hip. Here, therefore, we have an arcwhich embouches into the same,/,.,, „.„„,„„ ^^/^^ :iThe motor neurone fo is a path common to it and to the

::ra?Lr= ^°''^«^-^'"^'- "----:
The channels for both reflexes finally embouch upon theme common path. The flexor effect specific to each
ffers strikingly ,„ the two cases. In the scratch-reflex

n thefoof
«' "•?" '"'-"'"«"' -"'action of the musclem the foot-reflex it is steady and maintained. The accom

pany.ngtracing(Fifi. 00) shows the resultof conflict be Zhe two reflexes. The one reflex displaces the other romthe common path. There is no compromise. The scratch
.flex is set aside by that of the nociceptive arc f^om tt
Z ^f*/'™"'*"™

^hich previously sufliced to evokehe scratch reflex is no longer effective, though it is Iontmued all the time. But when the stimulation'of h foot.discontinued the scratch reflex returns. In that resnecf
al hough there is no enforced inactivity, there isIwbiCn'

acuvity m the motor neurone, one form of activity thatwas^ being impressed upon it is cut out and another'takes

Suppose, again, during the scratch reflex, stimuli arepphed to the foot, not of the scratching but o th onposUe

tlgis executmg the scratch reflex, the right foot is

Ju ated, the scratching, involving as it do'es the e

1 y. '

'' "" '^'"^- '^^'^ '"hibition of the flexor«atchmg movement occurs sometimes when the con

27
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hardly per-
trnction of the extensors is minimal or
ceptible.

the flexor muscle can be controlled by, in addition tothe before-mentioned area, others that actuate the extensor
muscles for xt can be thrown out of action by them. The
final path, kc, ,s therefore common to the reflex arcs, no

km (Fig. 9o, »a, H0), but also to arcs from the opcosite
foo F,g. 1,5, „) in the sense that it is in the grlsp'^ aU
of them. In th.s last case we have a conflict L themastery of a common path, not, as in the previous instance,
between two arcs, both of which use the path in a presso

tZrr; . °:^^
'"''"'""^' '^"' "«'"««" '-0 «-' that

though both of them control the path, control it differently
one in a pressor manner heightening its activity, the other

"'mZTTZ"'"'''
'""'""^ " «»PP^e-ing itB activity.We said that the scratch reflex is unilateral. If the right

shou.der be stimulated, the ri«ht hind-leg scratches ; if1
both shoulders be stimulated at the same time, one or

the other leg scratches, but not the two together. Theone reflex that takes place prevents the occurrence of the
her. The reason is, that although the scratch reflex

appears unilateral it is not strictly so. Suppose the left
houlder stimulated. The left leg then scratches. If theght leg IS then examined it is found to present slight,
eady extension with some abduction. This extension o

the leg which accompanies the scratching movement of the
pposite eg contributes to support the animal on three

legs, while it scratches with the fourth

,„!y ""'^ ''' '"""''"' "^^ '^" ^^""''J^'- evoking the
ratching movement of the left leg, and that the right
oulder IS at the same time appropriately and strongW

g movement m the opposite leg and starts it in its own. In
er words, the stimulus at the right .houlder not only setsthe flexor muscles of the leg of its own side into scratching

27—2
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.vction, but it inhibits the «exor mu»cle» of the oppoBite 1.,

hr^^B into contraction the extennor muBclei of hat le,.

!nS:^^-iouBe...Je.he..aB^.|^^^

rco":n n^n! ":!•:, the Bc^tch .«. ,„.,..

Je hou.onymoae shoulder, but o! those from the cro^sc.l

should as ,eU. But in regard to their mfluence up...

J s final common path, the arcs from the homonym.,

shoulder and the opposite shoulder are opiH.sed

Experiments sho\v that this inhibition does not take
,

uc

in the motor nerve itself. Many circumstances co,,,....

U 'thC place where the converging neurones come

oae her in the grey matter at the commencement of lb

Common path. The field of competition between the r.val

common pan.
matter, where they imp.nRe

arcs seems to lie m ine grey m
p„niTa-

tnoether upon the final or motor neurone. That is equ.va

!nf to sa Tng that the essential seat of the phenomenon

stheBvnal between the motor neurone and the a.o„e-

ermtnTironhe penultimate neurones that conv-er«e upon

Th e ome of these arcs drive the final path >nto on

kind of Ltion, others drive it into -^ d.fferen kmd o

Sfontand others again preclude it from bemg activated by

'\xTL now in a podlion to return to the flexion .t the

stile i^Te reflex a'ct of stepping. We - t^,,'
X™

It neurones of thrantagonistic --l-.'":r:
of the knee, to cease ^^^^^'^^^^^'^^'^^''''Z^^ZlZ
prevented from dischargmg impuUes. The

^'"""/"r
f

'
^

In 'Taspinal excitation of the motor neurones of the Hexor

^"uscliraTd an intraspinal iumtion of the motor neurone.

^"'x:ttr;=ractofsteg.ha.^»

course the foot reaches the ground. When it doe.
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weight of the Imdy gradually comeK upon it, and soon
presses thn sole of the foot with its full force aRiiinst the
ground. A stimulus in thus given to nerve-endings in the
sole. This stimulus can be imitated; for instance, l,y

pressing against the sole of the foot with a finger. This,
in the spinal dog, even when the animal is lying on its side.'

excites a strong reHex extension of the iimh, the ' extensor
thrust.' .lust such an extension oceur» when the foot is
pressed against the ground by the weight of the body in the
act of stepping. This extensor thrust gives the propulsive
movement of the body forward, which is the contribution
made by the limb in its retlex step toward the progression
of the animal. The extensor thrust is particularlv marked
m the gallop, and is then given by the two hind-limbs
together, and not alternately, as in walking and running.
The above comparatively simple acts form certainly only

a part of the whole complex reflex which really occurs in
steppmg. In such complex reflexes many stimuli are at
work together, and co-operate harmoniously for a co-
ordinate result. In walking, running, etc., probably very
important sources of the reflex lie in the muscles and
jomts of proximal parts of the limb-namely, in the joints
of the hip and stifle and the great muscles acting on those
joints. These joints and muscles are liberally supplied
with afferent nerves conducting centripetal impulses from
them. The import«nce of these as sources of the reflex
of stepping is indicated by several facts. In the first
plsee, a dog or oa. is found still to walk well when all the
nerves of all four of the feet have been severed-not only the
skm-nerves of the feet, but all their deep nerves as well.
In the second place, when the spinal dog is lifted so that
Its hmbs do not touch any solid support whatever, reflex
walkmg and galloping are performed, although the limbs
are stepping who,.y in the air. But, for this reflex walk-
mg m the air, it is necessary that the limbs hang down,
ihe reflex ceases if the dog be inverted, so that gravity no
longer is actmg on the joints and muscles as it does in the
position usually accompanying acts of stepping. Further

w
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it is probable thiit tlie Bpinal centreH which execute nil. \

walking, running, etc., receive much help and direction fi ,m

afferent arcs whicli arine in the labyrinth of the ear.

The stimuli, which nre the source of reflex walkiiiK. fcl< .,

arise, therefore, almost certainly in many receptive m-iui^.

Individually the action of each of these may be ijuite wtuk.

They sum up their effect, because their impulses con\er-t

on the same final common paths, the motor neuroiits.

The summation is probably largely the work of tlust

motor neurones. Their shape bespeaks for them the func-

tion of an organ for such summation. In each moior

neurone its dendrites converge to the perikaryon u» ii

meeting place, and there the impulses carried to it by the

dendrites add their excitatory effects together. As ilin

synapses are places where inhibition and iirevernibility of

conduction are established in the reflex arc and where

reflex arcs meet, so the perikaryon seems a place where

summation of impulses from various harmonious soureea

are added together for a conjoint effect.

But the reflex acts carried out by the cord are not

limited to those affecting skeletal muscles; the act may

be a secretory or nutritive one, or involving the contraetion

or relaxation of pale muscle ; for example, the contraction

and dilatation of the bloodvessels under the influence of

the vaso-motor system, the peristaltio movements of ilie

intestines, the contraction of the bladder and uterus, and

the secretions from the various abdominal glands, are all

examples of reflex acts. The time occupied by a reflex act

varies dependently upon the strength of the stimnlub and

the nature of the reflex ; the sharper the stimulus the more

rapid the reflex, the more active the centre the more rapul

the response ; impulses which have to cross the cord take

longer than those which enter and return from the same

side. It is mainly during this appreciable delay, as measured

by delicate apparatus, that the changes are occurrinK ni tlit

grey substance which lead to an efferent response. In the Jog

the time occupied by a reflex on the same side is estimated

at -022 up to 2-3 seconds, according to ciroumstaneeu.
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Tendon E.ll.«.._The muscle and ten.lo,, reflexes «o».H know,, .„ the human Bubject. have not, ,„ far „- Z
iz'thr "'r""'

'"/'" ""«'""""• "- "•' - >"»"

r« eH ,f. perh«,„, we ..xcept the immediate liftinR „be f,.ot wluch Renerally follow. ,,re,.ure on the recalled

1'.:
"of tl l"V'C

"" '""'" °' """ ""•«-» °' 'hehi
0, e of the l««t known of the t„ndon-,-oHexeB in man islie knee.,erk. a jerk.ng forward of the le,- when the stmiahh«ument of the patella i, Btruck. This is caused fa

kne
,
and althouRh often called a reflex aH cannot truly be

,
because the time between the blow and th,. jerk is too«hoit for anjretlex act. It is well seen in the do. catrabb>t etc. Although not a reflex action it is depenim on
reflex tonus that is maintained in the musses by th^m,al ares connected with them; if that tonus be m,do«e,ed as by severance o, the nervous re.lex arc, the jerkcan „o longer be elicited. The jerk is a good index of the

,, ,t,on of the reflex arc. and therefore of the condit on

>} «hic 1, the extensor muscles are innervated. It isdepressed dunng sleep or an.esthesia, and by ana.mia o

ITd ;
" '"JT"'"' "••^^" ">« eerebraf restraTt

1 r ,

''"^*'" '"'' °' ^y ""'""'''> "' 'he cord in
''""" y''- ^°°'her brisk jerk i„ the dog is thedual obta,ned from the hamstring muscles by 11 ngthe tuberosity of the ischium. ^ " ^

Automatic Action.- Nerve centres are not as a rule

Ztnf r
'"7"'' '"""'''" ^^"'^ "^ ""' 'h« re«»" "f an

tT " \r "' -'^^ ''"" '' '"'^^^^ ^-h-h seems
10 so. Th,s ,8 the respiratory centre in the bulb (p. 10!))

i h r'T "'' '°? "' "^^ '''"'''^" ^y^'^-"' "^ 'he force

Bar CO ,r
'h« "'"'eular wall of the vessel in the neces-

arj CO, d,t,on o constriction, is in part brought about l.y
a«o„,atic impulses. The tone of the muscular walls o^
-'- vascular .ystem seems to be due to tonic (permanent)

)
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actions, either of local nerve apparatuB in the Bympathttif

system or of the muscular coat itself.

Special Centres in the Spinal Cord—In the cord ceitnin

centres exist, which though ordinarily under the control of

a chief centre in the bulb, yet are capable of carrying on

peculiar reflex actions even after the cord has been divided,

and thus separated from the controlling influence of tlie

bulb.
.

The cilio-^iiiiial centre lies between the cervical anil

dorsal portions of the cord ; in it fibres originate which

through the cervical sympathetic supply the dilator muscle

of the iris. Destruction of the region in question causes a

contraction of the pupil, whilst irritation of it causes the

pupil to dilate.

The aiw-spmal centre, found in the lumbar portion of

the cord, controls the act of defecation ; it would appear

to be highly developed in herbivora, which possess the

power of bringing it into play not only when the body is at

rest but during movement. The functions of the ano-

spinal centre are rather complex, inasmuch as it has not only

to maintain the tone of the sphincter, but also to relax it

during defiecation, and under the latter condition simul-

taneously contracts both the wall of the intestine and the

abdominal muscles.

The veako-siiinal centre also exists in the lumbar portion

of the cord, and governs micturition ; its action is similar

to that of the ano-spinal centre.

In the lumbar portion of the cord other centres are

found, for example, the erection centre, the genito-splnal

centre which contams the nervous apparatus employed in

the emission of semen, and the imrtnrition centre.

Vaso-motor centres are found throughout the cord
;
thev

are principally under the control of similar centres in

the bulb, but may act independently. Su-eat centres are

probably closely connected with the vaso-motor centres.

Trophic centres for the nutrition of the tissues also exist

in the cord ; destruction of parts by ulceration, or great

muscular wasting, may follow injury of the trophic nerves.
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folWs^Thilrd ^'"'fr "^^ "« ^"""-"-^ -
actions; .ome these 1/^1? 't °' """"""^ '«««^

nection, both in an imwav^ j j
Drought into cin-

from Bide to Bide. '^
'"'' '^°™™''^ '"'"'="» ""d

CraniBl Nerves.

.eS::r^/Si^:^~°'-eia..n.e..enso.,
-ke twelve pai" rnral^Lm .tlT*^"

/^^^
the medulla. ' *"" "* ""se from

*ee.ehau/i"s^-i^:z;^r:;r'r-7^
(excepting the .z«.r«ai rectu, and th!

"'"'""

also the muscle of the upne id Thin
7?"'' *""^'

The deep-seated origin of tho fh.vj •

corpora quadrigemina 'and p d „!
'
or't^r T """

Division of the nerve cRu^Jth.. ^ cerebrum,

and outwards, owL« to Tho \T '° '"° ^'''^"wards

""perior obii^urTnVittLr
: c' tb^r

• "' r
-eussed agaL\^^-— °--- P£^;;

™roS:;e"Lr:f^;z-itr"v^«
soa.^ origin in the valve of Vieusse'f "
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blance is carried still Jurther by ths sensory root having

a large ganglion on it; tliu Gasserian. The motor root

arises from the Lrigeminal nucleus of the medulla, and i-

connected with the cerebral cortex on the opposite side.

The sensory fibres arise from the sensory trigemiiml

nucleus, and can be traced downwards into the grey

matter of the cord. This nerve also has connections witli

the nerves arising from the medulla ; in this way can be

explained the extensive connections and varied reflex acts

of the fifth ])air.

There are three divisions of the fifth pair of nerves, viz.,

the ophthalmic, the superior maxillary division, and the

inferior maxillary division.

The ojiUthalmic division is the smallest of the three

furnished by the Gasserian ganglion; it is exclusively

sensory, supplying with sensation the structures over the

brow, the eyeball, the lachrymal gland, membrana nictitans,

and the pituitary membrane on both sides. The giijimur

maxillarii division is wholly sensory and supplies part of

the orbit, eyelids, skin, hard and soft palates, pituitary

membrane of the nostrils, and teeth (molars, incisors, and

canine), whilst the terminations of the maui trunk are

extended over the face, upper lip, and nostrils, by means

of a considerable plexus of nerves which issues from the

infra-orbital foramen. The inferior maxillary division is

a mixed nerve ; it supplies motor power to the muscles of

mastication, viz., the masseters, buccal muscles, interna!

pterygoid, part of the temporalis, and the mylo-liyoid

muscle of the tongue. By means of its great lingual

branch, which enters the tongue iu conjunction with the

chorda tympani of the seventh nerve, common sensation

is supplied to the anterior two-thirds of the tongue.

Besides the above, sensory branches are supplied to the

teeth and liiis near the commissures, and filaments to tlie

parotid, molar, and buccal glands.

Each of these main divisions of the fifth nerve jiosseBses

a ganglion on it, viz., the ophthalmic on the ophlhalmic

branch, the spheno- palatine on the sujierior branch, and tl»
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otic ganglion on the inferior branch. All ther,e gangli,.
recene branches of nerve from the sympatheti and
cerebro.H,nna eystem. It is from the ophthalmic or dliary
ganglion that the ciliary nerves of the iris and ciliary

by the third nerve, and the sensory from a branch o the

branch \ "' ^'\ '"'^ «''"«'"'" "" '"« -l-'orbranch is known as the spheno-palatine
; it receives its

motor supply through the Vidian nerve from the "acial it,
sensory roots being numerous and supplied by tie s,,heno'

branches to the bloodvessels of the orbit, and others to
the palate through which motor power is su,,plied to the
muscles of the soft palate. On the inferior division of the
tft

1 IS sometimes found a ganglion known as the otic, themotor root of which is derived from the seventh pair, and
the sensory from the inferior branch of the fifth This
ganglion gives branches which supply the tensor tympani
of the internal ear, and some branches to the Eustachian
tube and tensor palati.

In the dog and ca* is found the submaxillary ganglion •

"is supphed by the chorda tympani of the seventh pai;
^ith secre ory fibres for the gland and dilator fibres for the
bloodvessels; to this ganglion also runs a branch of the
sympathetic. All the fibres of the chorda do not enter the
gland, some supply the tongue. A submaxillary ganglion
xists m both dog and cat ; it lies in the hilum of the Jaiid

of the same name.
Division of the superior maxillary division of the fifth in

the horse (Bell s experiment) prevents the animal from
grasping food with its lips; not for the reason that they
»r deprived of motion, but owing to loss of sensibility the
animal is unaware of how to take hold of the food. The
elation of the fifth to muscular movements is that it keeiis
the muscles aware of the position of objects.
Complete section of the fifth pair causes loss of sensation

to one side of the face, lips, mouth, and temple, part of
ear, cornea, conjunctiva, nasal mucous membrane, and

ml
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anterior two-thirds of the tongue. There in paralysis of tlie

musclea of mastication, and the mouth becomes injuriil l,y

the teeth owing to loss of sensibility ; the food coUec-ts on

the paralyzed side, where it decomposes and produces local

irritation. The animal also frequently bites its tonRue. as

its position in the month cannot be felt. The corneii may

become cloudy and ulcerates.

As an afferent nerve in reflex acts, the fifth nerve is most

important ; without it there would be no closure of the eye

nor sneezing, and irritation of the conjunctiva would

produce no tears.

Sixth Pair, or Abdncens, arises from the floor of the lomth

ventricle, and supplies the external rectus muscle of the

eye with motor power. Paralysis of this muscle cau>es

internal squint.

Seventh Pair (Portio Dura), or Facial.—Arises from the

medulla, passes through the internal auditory meatus in

company with the eighth pair, which it leaves behind in the

internal ear, whilst the seventh nerve escapes by the aqueduct

of Fallopius, passes beneath the parotid, and finds its way

on to the cheek over the external masseter muscle, anil is

eventually distributed to the upper and lower lips and the

alffi of the nostrils. It essentially supplies the musclea ol

expression and not those of mastication.

In its course it is joined by branches from the fifth pan-

and vagus, and gives off to the lingual of the fifth, as pre-

viously mentioned, a branch known as the chorda tympani,

supplying the front portion of the tongue with taste, and

secretory fibres to the maxillary gland and dilator fibres to

the bloodvessels. It is really a branch not of the facial

but of the iienua intermedins, the little cranial nerve

lying between the facial and the nerve of the ear.

The facial is a motor nerve to the muscles of the middle

ear, external ear, cheeks, lips, nostrils, and orbicular

muscle of the eye.
.

Division of the seventh nerve leads to alterations in sight,

taste, hearing, smell, and facial expression. As it supplies

the muscle which closes the eyelids (the orbicularis palpe-
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br»rum) conjunctivitis occurs from exposure of the eyeball-hearmg ,s afifected owing to paralysis Tt the muscles'of thentemal ear; smell is impaired due to the paralyzed con-

the chorda. The expression of unilateral facial paralysism the horse .s characteristic; the upper lip drawn to one
side, the elongated nostril, the pendulous lower lip the
escape of saliva and food from the mouth, the vacant look

Fig. 97.-Chabacirs,8t.c Fac.ai. Expression of the Horse withParalysis of the Seventh Nerve.

ILT".*^!'-.*",*^
"' '''"'P'"" '"'• 1'°'°' "'eorfy to theextensive distribution of this nerve.

»ilolT'*,/°!^'"^.
""' "''" *"'"«« ™«" »"ffocated if

Sm^' Tr °' '"'* *'"=''" "«'™«' owing to the

Eighth Pair, or Portio Mom..-Ari8es by two roots one

' tsist tJofl
./"''" "'" "' --ieircular canals,

assists through these in mamtaining the equilibrium

I
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of the body. Injury to the semicircular canals produces

giddiness, not deafness, and certain movements (termed

' pendulum-like ') of the head occur ; the direction in which

these are made depends on the orientation of the canal

which has been injured.

Binth Pair, or GloMO-Phaiyngeal, arises from the medulla

:

it is a mixed nerve, and supplies motor power to the

muscles of the pharynx, and sensory fibres to the posterior

third of the tongue, soft palate, part of pharynx, and

anterior surface of the epiglottis. It is also a special nerve

of taste, supplying the posterior third of the tongue, and

haviiiy special nerve endings, known as '
taste-bulbs,' m the

circumvallate liapillffi.

Tenth Pair, or Pneumogastric—This is both a sensory and

motor nerve. At its origin in the medulla it is intimately

mixed up with the ninth, eleventh, and twelfth i)aira of

nerves and later on with the sympathetic. It is the most

extensively distributed nerve in the body, supplying the

oesophagus, pharynx, lungs, bronchi, trachea, heart, stomach,

and intestines ; hence its other name, vagus.

The sensory branches of the nerve are not highly

endowed with sensation, probably for tho reason that their

chief function as sensory nerves is as afferent channels for

reflex action. The motor fibres are derived from the sinna.

accessory nerve. In the foramen lacerum the vagus is

joined by the jugular ganglion, and for a very short

distance it is intimately connected with the accessory nerve;

here it receives filaments from the accessory, sympathetic,

hvpoglossal, and two first cervical nerves. The vagus m^

descends behind the guttural pouch and joins the cervical

portion of the sympathetic nerve, from which results, m the

horse and most other animals, a single cord which passes

down the neck above the carotid artery; as it enters the

chest it separates from the sympathetic. The arrangement

of the right and left nerves is different ; the right gives off

the right recurrent which passes around the dorso-cervical

arterv while the main trunk terminates above the origin

of the bronchi; the left gives oft its recurrent hrancl.
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opiK)8ite to the aorta, and also terminates on the bronchi
forming with the right nerve the bronchial plexus and
(esophageal nerves, the latter passing to the stomach and
from thence to the solar plexus. The various branches of
the vagus may best be studied in the order in which they
are given off.

The j,han,„f,eal nen: originates at the superior cervical
ganghon and passes to the pharynx, .vhere it forms «ith
the ninth ,,air the pharyngeal plexus. It is a mixed nerve
and supplies the middle and constrictor muscles of the
pharynx and the cervical portion of the (esophagus with
motor power.

The >iip,;-ior larynriml nerve supplies the mucous mem-
brane of the larynx with remarkable sensibility, and gives
a motor branch, the external laryngeal, to the crico-pharyn-
geus. In most animals the superior laryngeal supplies the
cnco-thyroid muscle of the larynx with motor power butm the horse this is supplied by the first cervical nerve
It 18 the superior laryngeal nerve which refiexly ewites
coughing, the coughing centre being situated in the medulla •

farther, it contains afferent fibres in connection with the
respiratory centre, which when stimulated cause arrest of
respiration: they are therefore inhibitory fibres. Section
Of the superior laryngeal causes pain, and produces in
dogs a deeper and hoarser voice due to paralysis of the
cnco-thyroid muscle, which can no longer render the
vocal cords tense. The absence of sensibility in the larynx
allows food to pass into the trachea, and thus produces
pneumonia.

The inferior laryngeal, or recurrent, is given off from the
mam trunk within the chest, on the left side winding around
tHe aorta from without inwards, and on the right side
passing around the dorso-cervical artery ; both branches
return up the neck and supply all the muscles of the
'arynx (excepting the crieo-thyroid) with motor power The
recurrentsare of great practical interest, as they are affected
Specially the left) in that common form of disease in the
norse known as ' roaring,' which is generally due to paralysis
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and atrophy of the muscles which dilate the laryngeal open-

ins (Hee n. 12(1) After diviHion of both recurrent nerves d.ath

by asphyxia is likely to follow. We have however observed

complete bilateral paralysis of the larynx m horses without

asphyxia being produced. In such cases it has been shown

that the age of the horse is the saving factor, the ng>d.f of

the cartilages preventing the arytenoids from completely

collapsing over the opening of the glottis.

Division of the recurrent also leads to a partial Iohs of

voice, and a peculiar cough is produced owing to paralvMS

of the laryngeal muscles. As the recurrent supplie,

sensory branches to the tracheal portion of the csoplmfius

and trachea, division causes loss of sensation in these

^"ifis curious that the recurrent laryngeal should contain

motor fibres, not only for the dilator but also the constnctur

Tuscles of the larynx ; it has been observed that when .

nerve gets out of order, it is the dilator muscles which ti st

become paralyzed and later the constrictors (p. 125). Irnta-

Z of the peripheral end of the recurrent Pf"^^^P^
of the larynx. There are certain poisons, such as that con-

tained inLathyrus >atUus and others of the Leguminos.

which appear to have a special action on this nerve, or a

Iny rate on the larynx, spasm of the larynx beii-g one of

the earliest symptoms of poisoning.

The cardiac branches of the vagus contam the fibres

which exercise a controlling and inhibitory power over the

heart (see p. 45). They also contain the deP";^'" "^

"

which is leaving the heart to run up the neck with h

pn.-.imogastric. entering the medulla by means o th

superior laryngeal branch; for the ind.rect action of this

Te^Ton the heart see p. 50. The depressornerve .

present as a distinct branch in the rabbit and cat, but m

other animals it is mixed up with the vagus. Las ly, e

cardiac branches contain fibres from the sympathetic «bicb

supply accelerator fibres to the heart (p. 49).

The pulmonary branches supply both sensory an

motor branches to the trachea and motor Cbies tu .»
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bronchi. Through these branches impresaions are trans-
mitted to the medulla by which the respiratory centre is
regulated. Through other branches centripetal impulses
are transmitted to the vaso-motor centre by which the
general blood-preasure is regulated.
The thoracic uisophageal branches supply the u-sophagus

with motor power, so that division of the vagus causes
food to accumulate in the lower part of the tube. The
o-sophageal nerves, after uniting in pairs in « |,eculiar
manner, run along the asophagus one superiorly the other
inferiorly, and passing through the diaphragm they enter
the abdominal cavity. The superior nerve supplies the left
sac of the stomach and enters the solar plexus, from which
It runs to the intestines and other organs (p. 206) ; the
mferior nerve terminates in the walls of the stomach at
Its cardiac or right extremity.

Division of both vagi in the horse causes the breathing
to become much deeper, more prolonged, and suffocation
may result owing to loss of motor power in the larynx
Through the absence of sensation in the larynx, trachea,
bronchi, and lungs, food is apt to find its way into the
re»l)iratory passages and produce pneumonia. The lungs
kew.se undergo congestion owing to the laboured and
difficult respiration, and the parts become (edematous. In
tue horse the respirations have been known to fall to five
l«r minute, but the heart beats rapidly owing to the
unbalanced action of the sympathetic. Through paralysis
Of the .esophagus and stomach food collects in the latterm may extend throughout the entire length of the
^^ophagus up the neck. Apparently engorgement of the

TT, \" '.
^°'^ '' ""' invariably produced as the

Zli
dividing both vagi, for some observers have noted

odAcultyin this respect. Experiments made by Colin
j^ow that division of the vagi paralyzes the stomach, so™t |.u,.,ons may remain there and cause the animal no

I! ™'™? *' ""y "'^''' '""'« '"'" ">« i"'«»'ine. and
tha annot become absorbed (see p. 176). This is a point

I'i-acacal importance, and warns us how useless drugs

28
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BdminiHtered by tho mouth may be in some diResiive

troublBH of the horxe, enpecially those ol the Htomach.

Herenth Pair, or Bpinal Aoceuory. arise by two ro<,i-,

one from low down the cervical i)ortion of the cord, il.e

other from the medulla. It in esKentially a motor nerve,

but through being intimately connected with the pneumv

aastric it aUo poflHeHHes sensory fibres. The use of tins

nerve is to supply motor power to the sterno-maxillar,,,

trapezius, and a portion of the levator humeri muscles;

at its origin it supplies most of the motor fibres found

in the vagus, and also furnishes the latter with its eanlio-

inhibitory fibres. The accessory is considered also to

possess an influence over the larynx; division of it pro-

duces no difficulty in breathing, as in the case of the

recurrent laryngeal, but it causes loss of voice due to

paralysis of the motor fibres of the vagus.

Twelfth Pair, or lingual.—The branches of this nerve

supply the tongue with motor power, and fibres to the

ffluscles which depress the larynx. Section of the nerve

on both sides causes paralysis of the organ; dogs are

unable to lap, and injure the protruding tongue wi.'. the

teeth.

Uedolla Oblongata or Bnlb.

Situated at the top of the spinal cord, and forming the

connection between it and the brain is the mednla

oblongata. It is composed of white and grey matter, bu

not arranged with the regularity found m the cord, the

columns of the latter are continued into it, and give rise to

certain columns in the bulb larger and more prominen.

than those of the cord. The inferior columns form

inferior pyramids of the bulb, the superior form t

superior pyramids, and the lateral columns dividing into

three parts help to form the restiform bodies.

As the main paths or highways in the cord ar eUhe

going to or coming from the brain, it is interestrng to stud

Sy their distribution in the bulb. Of all the pa 11.10,

-

in the cord only three pass for certain through tho b..ii-
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fib ea of which are deHcendmg to the cord from their orilm he oell, of the cerebral cortex, and the cerebel arS
lie "•'""' ''^''"«'' ''''-'''"« '--h "the'

The tracts passing through the bulb from the cerebrum

:rr
'" "!. ''""' ""' '" ""' -y account for aSbram lesion producing a left body paralysis. AH the oth«r

.raets in the cord ter-.inate in groups o\ cells M Je bulhand act as carriers between it and the cord
The grey matter of tlie cord does not maintain its charac

tenstic appearance m the bulb, the inferior cornua I-ppear, while the superior cornua enlarge. Owing to thedecussation of fibres in the inferior pyramid theg'rey5white matter get mingled up. and nuclei and ma*i "lnerve cells are formed as the result; from ther nucle
e cranuil nerves ar.H«. This arrangement leads to conBiderable complexity m the grey matter of the medulla a "d

Ttln? " "* "'"«'""*"' "' ''^ ^"^ "' '''« -S
h.TT "J

"" "••"^'-The variouP centres found in thealb are of such importance to life that an injury to thi!

h rro?theT"
"""»"'-?-'' '^-"'. The whole oHe res of the brain may gradually be removed without

iT^Thlfl '

""Tl"""
"'*" "'" ""' tolerateItr!terence. The reflex »nd other centres are so numerous and

medou by them can be performed within such a limited

Son sir '"""'r*'
'° "'^ ''""'™ «"•«« '0' nias.

ation swallowing, sucking, vomiting, respiration, phona-to,cough^g,the movements of the heart, blood v'^ssels,

i o'rthV'""T 1
'""''' '"' «'^"'«'^"™ -"t™. «

Thou!b n
T'"*. *''""'' ""'^ " "«"'" '°' "Wvering.

2 Ilfin-f"
"'*'' "' "'"'' "'"'^ '""^"8 i"'" 'be error

tteh L ; '*P"'«°*'"^''° ««"'« for each of them ; and

ement mode of expression, than as absolutely establishing

28—2
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the fact th»t any particular group or group* ol cells ,ire

reiponiible for one function more than another. I'eihnpi

the only exception to this in the respiratory centre, winch

bai been defined with a certain amount of exactitude.

The matticaliim and lualhiiinn >fntre» lie in the floor .il

the fourth ventricle ; they have for their afferent nervw the

inferior divinon of the fifth, gloMO-pharyngeal. and ih«

iuperior laryngenl of the pneumogastric ;
whiUt the mutor

branches are in the motor part, of the fifth for mastieation,

and in the fibres of the pharyngeal plexus of the vagu. (or

swallowing. All the muscles of mastication, except tlie

dioastricus. receive motor nerves from the interior

maxillary division of the filth pair. It would appear lliat

the reflex act of swallowing is excited by the presence o(

food in the pharynx.
i . , • ., i

A nmtUin.1 itntre exists in the bulb, which in the horse

and ruminants is certainly most imperfectly develop.

We have previously (p. IHO) drawn attention to the fact

that there is no drug which has the power of excitinR

vomiting in the horse ; tartar emetic has not the sligntest

action, and the effect of apomorphia is only to produce the

most alarming symptoms of cerebral excitement, but no

attempt at vomiting. In the dog and pig the vomiting

centre is well developed. The afferent nerves may be tliose

of the pharynx, palate, and root of tongue, viz., the glosso-

pharyngeal, or those from the mucous membrane of the

stomach, for example, the vagus and sympathetic
;

the im

preesion having been carried to the bulb the efferent ner«s

are the phrenics for the diaphragm, and vagus lor the

stomach and .esophagus. The vomiting centre may l«

directly stimulated by irritating the central end of the vagus.

SecvHion of «o(tto.-The centre for thi» lies in the Hoor

of the fourth ventricle at the origin of the seventh and ninth

pair of nerves. The afferent nerves are those of taste, viz..

the gustatory branch of the fifth and glosBO-pharynge,.

whilst the chorda tympani is not only afferent from t

fore part of the tongue but is also the efferent nerve

the submaxillary, and the superficial petrosal that lo tM
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parotid gland. Other centre, in the bulb are the eardio-inhibitory and re.piratory centre..
For the rmiHralm-i/ milie .ee p. 108

pp^48,'J'.'''"'''"'""'"'"'''""''
""'' '""""'"''>l'i""-y -.•„/,,. «,e

For the raio-mnlor eeiitie ue p. T,.

For the iliaUetir cniire see p. 2t()

»«.««.« of the Bulb.-The i n.;, ,„ Kt t:,„„ ,,. braincnnot elaborate 8en«tion o. ,.I„„„..,, ,„nv.„n, .i. Itform, a pathway to the brain , „ ,.,e ,.o:„„,„ ,, ,,, „J
cord and i» a conductor of o«,.,-.pet.l •„,! ..„. ip™,

thoM smell, Bight, and the motor ,„.,v., ^f the eyeball
finally it i. the .uprezne rertex cont.e for ...e „.„::;' v^r".'mg re.p.ration, circulation, the actio, of ,|,e ),«„,,, and the
digestive apparatus from the mouth to tl.« inteHtine.
The Pen. Vttolii conduct, centripetal and centrifugal

mpuUe. to and ,ro and up and down; it conned the

ranial nerve, ariee in connection with the grey matter of
.he variou. nuclei found in it. When .timul'ated, pain andmuscular epa.m. are produced.
The ThaUmi Optici are connected with vieion, but aremainly ,uppo.ed to be the centre, for tactile impre..ionIwhiA they tranemit onwards to the cerebral cor^T^

of h comparative frequency with which they are diseasedn the horse. They are considered to be the centres for

to animal has an irresistible tendency to move forwards

Jr,erdi:il'"°'Vr
"' ""*' ^^P'"- '•">- - 'He

in, K,
?°' °' ""« ""'PO™ ""»'«. but it is far from

S:; 'h
" """""""^ how extensively the pa .may

estrucfon may account for thi.. The corpora .triata arealso considered to be concerned in heat production^ there
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appearB to be no doubt that experimental injury of these

bodiea produces a high temperature. Nothing m known of

the mechanism, but it is supposed that impulses pass from

the corpora striata to the muscles, the result bemg a greas

increase in the a-r.ount of heat produced. It is of mterest

to remember that the corpora striata, unlike the optic

thalami, are shown by their developmental history to be

really portions of the cortical grey matter.

Cerebellum.

In the cerebellum is found a collection of fibres ami

gangKon cells in communication with tracts from the spinal

cord, bulb and cerebrum. It is the first piece of nervous

tissue we have studied where the grey matter is externally

placed and not internally as in the cord ;
the surface beuig

folded and doubled in on itself to a considerable extent,

thus forming convolutions.

The functions of the ceiob'^llumare principally concerned

in the co-ordination of movement, viz., harmony and

rhythm in muscular actions; it is enabled to carry out

this function through its connection with the superior

columns of the cord, which keep the cerebellum informed

of the position of the limbs. There can be no doubt that

in co-ordinating muscular movement, the cerebellum is

assisted both by the sense of sight, and by the neryea from

the otoUth organs and semicircular canals of the ear; an

animal walks with uncertainty when the eyes are covered

up, and disease of the internal ear is a well-known cause of

vertigo in the human subject.

Injury of the cerebellum produces no sensory dis-

turbance, but entails defects of movement. When sliced

away in birds they lose the power of flying, walking, or

preserving their equilibrium ; there is no loss of conBCious-

ness or intelligence, but an inability to co-ordmat« the

skeletal muscles. Injury to one of the crura of the cere-

bellum produces ' forced movements 'as they are termw.

-^he animal rolls over and over around the long axis of m
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body or else circus movements or somersaults are per-
formed. In dogs superficial injury to one of the processes
of the cerebellum causes only temporary disturbance, whilst
deep mjury or removal of a hemisphere causes rigidity of
he legs and shaking of the head ; more extensive injury is
oUowed by disturbance of co-ordination. The entire cere-
bellum has been removed in the dog, the animal living formany months

; in the first instance spasms of the muscles
of the head, neck, and fore legs, and weakness of the hind
legs were present

; when the eyes were closed standing was
impossible. These symptoms gradually gave way, and the
anmial was left with a deficiency of muscular tone, and a
tremor in the muscles which increased on the performance
of voluntary movement

; it could swim but was muscularly
weak, and eventually died from marasmus.
The cerebellum influences movement by re-inforcing theMtmty of the opposite hemisphere of the cerebrum

(Lnciani), especially of the ' motor area.' The movements
produced by the opposite cerebral hemisphere become
wanting m steadiness and power when half of the cere-Wlum has been removed, and the muscles innervated by
that hemisphere are deficient in tone. No direct downward
connection of the cerebellum with the cord is known to

» 1^°^:- *'. P^^'o^^'y i°entioned, the cord in an
upward direction is connected with the cerebellum

jili llii, t

' '

Hid Brain.

«»;?? 'f!i,"''u'
™P°"«°'=« '» tl"* general student to be

Baid about the physiology of the mid brain. The anterior
rpora quadrigemina are concerned with the oldest

primitive reflex centre, working from the optic nerve upon
eyeball muscles. The posterior corpora quadrigeZa

and mammals which have a cochlea, that is, a hearing '

In! hT ^^"''''rating' ear. The posterior quadri-

»m reflex centres connected with lower auditory functions
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For inBtance, a eat with the brain cut through just in

front of the posterior bodies emits on stimulation of a hurtful

kind to the skin a long angry vocalized note. But tliis

ceases directly the section lies behind the posterior holies.

So also the 'chloroform cry' that animals and men give

under chloroform goes on when the brain is cut in front

of the posterior bodies, but not when the section ie niiidfc

behind them.

Cerebrum.

The cerebrum is composed of grey and white matter, the

grey being externally placed and thrown into convolutions.

These convolutions, though well marked in the lowr

animals, are by no means so numerous as in the man-like

ai^es and man. The use of the convolutions is no doubt to

increase the surtace of the brain, and the deeper and move

complex they are, the greater, as a rule, is the intelligence

of the animal. In the horse the convolutions are compara-

tively very shallow.

TJie of the Cerebrum.—In the grey matter of the cerelirum

is located the neat of sensation, reasoning, and will. Tlie

white matter is simply the conducting paths along which

the impulses are distributed.

It is quite possible for an animal to perform acts which

look as if executed by intelligence, or to undertake move-

ments which need precision; in spite of the fact that it i-

without a cerebrum. Some very curious observations have

been made on the frog in which the cerebral hemispheres

have been removed. If stimulated the froj springs, if

thrown into the water it swims, if placed on its back it

recovers its normal position, and if stroked it croaks. All

these actions would indicate the presence of consciousness.

but such is not so ; the frog without its cerebral lobes will

remain, unless stimulated, in one position until it dies, it

appears to possess no power of spontaneous movement, ot

power of will. A remarkable experiment performed on a

frog in this condition consists in placing it on a board

which is gradually brought from the horizontal to the
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vertical position
; during the movement the animal crawlsup the mchned plane, and when the board iTeralv

1 er tt dllr iVL 'r/"°' " "'^^ ""^^
h,.«rA ;= 1.

"'^"^"fs. It IS only durmg the time theboard IS bemg raised or lowered that the frog moves buthe movements are executed with precision. 'itT evwL

a yilV'''^' ^'?!r "' "«'"« -telligenSe

Z2 t ' f^ " *''*""'*•' ^y "'« ^P'"''' ™r<i. the animalbemg absolutely unconscious of what i„ going on anTi

regarded as volitional are in reality reflex
Motor and Sen.ory Area.._So far as we are aware no

areas of the cerebrum of L'ngulata, but the dog has on thispomt been carefully examined.

BUIcus cruciatus (Fig. 98, S), and fossa Sylvii (Fig. 98 F)Be ween thes fissures are arranged four primUonvi
part of h": f 'r •

'^'^'- ^' ""-^ •"•'• I" 'he anterior

blr'bSwS-"""
^"^"^" ~""°" "- '-"" '-

(a) The motor areas for the muscles of the neck (Pig..«-!). (A) The motor areas for the extensors \m)

fore-hmb movements a.s in walking (Fig. 98-8) Id) The

tion anVabLctUf th^i fltC^i^r^rThe

(Fil 99tsL 1 V r !*?
^°- '-^ "^^ (^'8- 98) is one d

I g. 9J), stimulation of which causes the eye to turn to theW Its side, opens the eyelid and dilates the ,^nil !„te third convolution is situated an area 9, 9, 9 (S 99)

Stc^
of which controls the movement' of the tb'J:lan- muscle, produces an upward movement of the eyeball.

lb

•1(1'
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1 1 ^ !l

W'lr

I-'ia. 98,

Fio. 99.

To Illustrate the Motor Areas in tbf. Brain of ibk n,io

{Landois and Stirling).

Fig. 98, =erebrum of the dog from above. Fig. 99. cerebrum from tb.

«iflB I II III., IV., tliE four primary convolutions , h, bulcm

crtiatus; F/sylvian'fos.e; o. 'olfactory lobe; ,,, op^^^

The positions of the areas are described in the teit.
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, an area

and a narrowing ol the pupil ; behind this is .

which represents vision.

In the second convolution is an area a a (FiR. !M») which
l.rodaces retraction and elevation of the angle of the' mouth
with partial o,«ning of it. Behind this is < ., stimulation

which retracts the mouth owing to the action of the
patysma; then an area c" which like 9 (Fig. iiy) causes
elevation of one angle of the month and of one half the
face until the eye is partly closed. Behind this is /

/' fwhich 18 the auditory centre.

In the first convolution is the oral centre (h Fir 99)
stimulation of which opens the mouth, protrudes and
retracts the tongue, while the dog not unfrequently howls.

All these centres have been indicated, but it is necessary
to remember that though in area they may be as large
«B a pea, yet to an extent they overlap. The higher
the animal is in the scale the greater the complexity
observed in the areas, as for instance in the monkey, where
the skilled movements of the hands and feet are largely
represented in the cortex. The size of an area bears no
re ation to the size of the part supplied, but does bear a
re ation to the complexity of movement which the part is
intended to produce. Thus the thumb area in the cortex
of the monkey is relatively larger than the shoulder or hip
area. '^

The effect of removing the motor areas differs according
to the animal

;
m the monkey it results in permanent motor

paralysis of hand or foot, but not of parts with less skilled
movoment, e.g., shoulder or knee. In the dog paralysis is
not necessarily produced, and it has been supposed that
he basal ganglia are capable in this animal of taking on
the duties of the cortex. The destruction which has been
observed at times in the cortex of the horse is commonly

Tatr'"^""'**'
•>? any symptoms until shortly b ,re

Strong stimulation of the motor areas produces epilepsy
iiy observing the groups of muscles first affected and
ifflowmg the region of the cortex to which they are related

III'
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it is poBsible, certainly in man, to localize with considerable

exactitude the seat of the trouble. Removal of the anterior

or frontal convolutions in the do^ leads to unilateral motor

and sensory paralysis, from which the animal recovers

with the exception that there is loss of muscular sei.-e.

If the operation be performed on both sides there is an

exaggeration of the symptoms, and the animal becomes

vicious. Removal of the posterior or occipital lobes leads

to blindne»8, no loss of motion or of muscular sense, and

the dog remains obedient but sluggish. Removal of a large

mass of cerebral cortex causes the animal to become

intensely stupid, it walks slowly, the head hangs down,

sensibilitv is diminished ; the dog sees but cannot compre-

hend, it howls from hunger and eats until its stomach is

full, it exhibits no sexual excitement, and becomes, m fact,

an eating, complex, reflex machine.

Colin draws attention to the difficulty in producing

paralysis experimentally in the horse from lesions of the

hemispheres. Neither the artificial production of a clot m

the falciform sinus, nor the introduction of pieces of leiul

the size of a pea into the convolutions, gave rise to

hemiplegia. This quite bears out what we know to be n

clinical fact, that it is possible for horses to have in then-

lateral ventricles tumours the size of an egg without pro-

ducing any disturbance. We have seen such cases, the

tumours being of variable size, and the clinical history

has never given more than a few days' illness, though

the growths must have been forming for a considerable

period.

The Cironlatioii in the Brain is peculiar ;
the veinn or

so-called sinuses are enclosed in very rigid membranous

walls formed by the dura mater; the blood is driven

through these not only by the force from behind, hut by

the aspiratory effect produced by inspiration (see also

P- 82).

Coverings of tie Brain.—The dura mater is a dense

fibrous membrane, which acts the part of a protective

covering for the brain ; between it and the arachnoid a
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lymphatic space known as the subdural exists. The arach-
noid contains but few vessels and no nerves, and covers the
extremely vascular pia matei ; between these is formed the
subarachnoid space, which contains the subarachnoid or
cerebral fluid.

Cerebral Fluid.-The subarachnoid space communicates
with the ventricles of the brain, the lymph in it is also
shown to be in communication with the perivascular spaces
of the cerebral vessels and the lymphatic spaces in the
perineural covering of nerves. Through the fourth ventricle
It communicateH with the central canal of the spinal cord,
and there is also a connection between the cerebral spaces
and those formed on the exterior of the cord. The sub-
dural and to an extent the subarachnoid fluid communi-
cates with the sinuses of the dura mater. The cerebral
fluid is secreted by the pia mater and choroid plexus. The
use of th)^ cerebral fluid, which normally in horses amounts
to HO or 90 grains, is to equalize the pressure on the brain
afford protection to the latter, and through the manner in
vhich the organ is suspended inside the skull by the dura
mater, to save it from jar and concussion; both cerebrum
and cerebellum half float on water-cushions. Withdrawal
of he cerebral fluid leads to convulsions, and an increasem the amount may cause coma owing to the pressure it
exercises.

n.!"'T?*?,''^*"*
Braiii.-When the brain is exposed it

nssb and falls du-ing each respiration, rising with expira-
on and falling during inspiration

; the cause of this is the
oiratory rise .nd fall of blood pressure. Alterations in

the olume of the brain have been observed; the brain
expands under a rise in pressure of the systemic arteries,

ot if '7r°'V^ '"""'*""« the central end of the
a .c Ether and particularly strychnin causes a con-
derable expansion

; chloral hydrate and especially chloro-orm cause a marked contraction. No vaso-motor fibrestave been discovered acting in the brain

i

K!
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The Sympathetic gyitem.

An extensive system of nerves exists in the body, tlin

function of which is mainly to supply the bloodveHsels,

viscera and glands. At one time, owing to its i)eculiar di..

tribution, the sympathetic system was regarded as distinw

from the cerebro-spinal ; this is now known to be incorrect

;

the tw re intimately connected.

Th ympathetic is composed of nerves and ganglia ; the

ner. Lres are remarkable for their fineness and are both

med ilated and non-meduUated ; the ganglia consist of

multipolar cells and ner^-e fibres. The numerous processes

belonging to the cells serve to increase the number of

tracts along which impulses travel, so that these are .il.le

to pass out in several directions. There is no evideiue

that these ganglia can originate impulses, but they serve

to transmit nerve impulses. Until lately there was notla.ii;

to show that they were capable of performing a reHt\ art,

but this would now appear to be possible, although in a

peculiarly simplified way.

MeduUated nerves by passing th>w>«h a sympathetic

ganglion lose their medulla, and Langley has shown that

nearly all the nerve fibres entering a ganglion terminate m

the nerve cells of that ganglion, though eome pass throui!h

without communicating with the cells. Nicotin a|ip;ied to

a ganglion paralyzes th« cells but not the nervt. fibres.

By this method of inquiry, which is due to Langley, it is

possible to demonstrate what nerve fibres do anil what do

not end in the various sympathetic ganglia. The number

of fibres in a nerve is increased by passing throu-h «

ganglion, and further, the ganglion exercises a nutritive

effect over such of the nerve fibres as are branches from

the cells of the ganglion.

Gaskell has shown that the extensive sympathetic system

is capable of classification into three groups: (1) Vert.lmil

ganqlia, which run on either side of the vertebral column

practically throughout its length. Below and in connectioii

with these are the large nervous plexuses and ganglia oi
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the chest and abdomen, such a, the cardiac, solar and

W «. 'rom these are g.ven off fibres which terminate inthe t ,sues sup,,hed bv tliem. and are known as (3) r.n,nZmgUa. On reference to Fig. H.5, p. 3!.., this distrib , i"

"theToUaT ^<^'Tr'r'"=
'"™' - ''«'"« "•« "»e^'a

i the collateral, and S the terminal Kanglia
It IS through the vertebral ganglia that the sympathetic

.s mamlj- brought into connection with the cerebrLZ
system. ^Vh,te medullated nerve fibres run out from .hespn.al cord, especially in the dorsal and lumbar r^ionsjom th ganglia on the vertebral chain ; this branch isknown as the uhi,.- ,<„,„„ ,.»„„«„,„,„„, ,v, Fi-. 8;V TCpa»smg through the vertebral ganglia it loses'its medul

U

and a branch, the ,„,,« ram,,, com„.,n,ira„. (rv Fig 85^'
leaves the ganglion, returns to the spinal cord, and again
issues from It ni a manner previously described (p. 77), tosupply the bbodvessels of the spinal cord, and tho e ofthe fore and hind hmbs with constrictor influenoo. Those

through the vertebral ganglia, become non-medullated, andjom the collateral ganglia. White rami are found running
out rom the spma cord of the dog from the second dorsnl
«» the ^ond lumUr nerve; in front and behind ..™,e
IK-mts there are no white but only grey rami. In the
ctrvical region, though there is no white ramus yet fibresrun out from the cord by means ol the spinal Lesso"

and third dorsal nerves white libres are given off which pas.hrough vertebral sympathetic ganglia, „nd finally reach
tne heart, exercising an augmentor effort (Fig. 15) In the
cervical sympathetic fibres are found supplying constrictor

Str'tVe'^ "tr^*" "' '"' "'''' "'"
'-

"'«^'o'

evrilT """; ^''"' """'"S '^« "y^'^^ «° open. »he
jeball to come forward, and the third eyelid to be re-

It «:" '';
'"li '-l'

""'^ ^''''"" • •'-'<'- these there are
8«eat fibres for the head and neck, secretory fibres for the

; ]!n
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Ralivary gUnd§, and lor the glands in the muirle ol the i.i.

In both the ox and dog trophic fibres are found supplying

the mujizle, and in the horse there are fibres lor the

sebaceous glands ol the skin ol the ear.

Arloing has shown that in both the ox and dog division

ol the cervical sympathetic has been loUowed by a diy,

papillated, and hypertrophied condition ol the skin ol the

nose and muzzle, due to damage to the trophic fibres.

From the spinal cord between the sixth and thirteenth

dorsal and the first and second lumbar nerves in the dog,

the greater and lesser eplivnchnic nerves are given off,

which run to collateral ganglia, the solar plexus ; Irom the

first to the third lumbar nerves in the dog fibres are also

given off which lorm the inferior mesenteric ganglion

(see Fig. 55, p. 20(J). From these plexuses fibres are given

off supplying the muscles ol the stomach and inteetines

with inhibitory power, so that stimulation ol the splanclmics

causes the viscera to cease moving (see p. 205). Tlie

splanehnics are also the chiel vaso-motor nerves to tlie

vessels ol the abdomen ; section ol them gives rise to great

dilatation ol the vessels ol the intestines, liver, kidneys, etc..

due to vaso-motor paralysis, and so causes a great fall in

blood pressure ; stimulation of the peripheral end of the

divided nerve causes the vessels to contract and raises the

general blood pressure. The splanehnics contain sensory

fibres; it is through these that abdominal pain is felt.

For further remarks regarding the nerve supply of the

viscera, see p. 205. The sympathetic system also furnishes

the ])ilo-motor fibres in the cat and dog (see p. 276).

Tiie 'unctions of the sympathetic may thus be summar

izod ; This nervous system supplies the bloodvessels with

constrictor and dilator fibres, the viscera with motor snd

inhibitory fibres, accelerator fibres to the heart, dilator

ribres for the pupil, secretory fibres for sweat, salivary, ami

sebaceous glands, motor fibres to the muscles of the half,

and fibres which exercise an effect on the nutrition of a iiait.

Psychical Powers.—In attempting to define to what extent

the faculty of reasoning exists in animals, we are treadmg
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'jibs,' he has learned to disobey, he has learned his own

strength, and the comparative powerlessnesa of his master,

and this through an exercise of reason. In other words, thi-

horse which refuses to wear himself out in the service of

man is one possessing too much intelligence and strength

of will for a slave ; a ' jibber ' is an intelligent and not n

stupid horse.

Ab a rule the intelligence and affection of the horse oi.W

exist in books and the imagination of those who have the

least to do with him ; whatever region of the brain affection

is located in, it does not occupy much space in the equine.

Taking the dog as the standard to judge by, it may be said

with the greatest truth that the large majority of hov.-es

have no affection whatever, either for their own kind

(excluding maternal affection) or for human beings. Two

strange horses cannot as a rule be put together withom

disagreeing, and no one ever heard of a horse pining anav

through the prolonged absence of his master ! The often

quoted example of a horse jumping over a man on tlie

ground rather thiin treading on him is an act misunder-

stood ; it is true the horse jumps over the man, but he does

so because he is taught to jump over every obstacle, iind

the man on the ground mighi for all he knows be a busli.

In other words it becomes largely a reflex action, and only

to a very limited extent a volitional act.

If the horse possesses but little affection it is compensated

for by cherishing no resentment ; he will kick his friend a>

readily as a foe, or in many cases his groom with aa mucli

cheerfulness as a perfect stranger ; to all his hard life and

the abominable cruelties of domestication he shows no aipn

of resentment ; water and feed him, and give him a place to

lie in, and he forgets the past in his anxiety for the present.

He is a peculiar mixture of courage and cowardice;

physical suffering he can endure, no animal bears pain

better ; when his blood is up nothing is too big or too wide

for him in the hunting field, and he has a keen enjoyment

for both chase and race in spite of the punishment tliey

may entail. But the same horse is frightened out of liis kle
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bj- a piece of paper blowing across the road, or at his ownshadow and an unusual sight or a heap oi stones on theside of the road ha. cost many a man his life. No anima!
IS more readily seized with panic, «nd this spreads amonla bod.v of horse like an electric shock

amongst

The horse has an excellent memory for locality, probablynearly equal to that of the dog or cat ,• he neve forgets aroad, and automaton-Iike, if he has once stopped afanyplace on .t. he wants to stop at the same place next th^^no^matter how long the interya. may b^e'irnt:
Eeasoning power in the majority of horses is small-an an.mal runs away because he is seized with panfc";h.s spin s are bubbling oyer, but with few exceptfon" dismet acts of reasoning are rare. Of this we daily seeexamples m our mflrmaries

; horses injured in the most

a hte difficulty, such as a head rope around the leg, or aninabihty to rise when down owing to being too close to thewall or some trifling circumstance of this kind, where if heemi-oyed any reasoning powers he would r marquieuntU released, mstead of which he behayes like a lunaticntlictmg m a short time injuries which may lay him UD
1- months. Or take the case of a horse which ge^h"!a
1
oyer the reins when being driyen ; instead of lif£ the

ail m response to the exertions of the driyer he dZ itoser down to his quarters, gripping the reins as in a y^

thng. that he becomes uncontrollable. We can hardlypomt a single act in the horse in which the powers rfreasonmgare clearly brought into play, unless itT ha

The horse is yery conseryatiye, he likes nothing new norany departure from his ordinary mode of life he wHl^rye himself for days rather than take a new feedWgain, and he dislikes a change of stable or a new ptceHis gregarious instincts are proyerbial; he frets at the

29—2
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absence of his companions, and if used to work amongst a

body of horses, as in cavalry, he will take any degree of

punishment rather than leave them for five mmutes.

During the absence of his companions he neighs, sweau

paws with the fore legs, and almost scr«»m8 with dehght

on rejoining them, not because he loves them, but because

he dislikes being alone.
, , , , .,

Finally, his predominant feature, and the feature of a.l

animals below adult man, is the childishness present

throughout life; probably the absence o£ care, worry and

anxiety may account for this. The horse will play all day

with a piece of rope, or nibble his neighbour persistently;

even the oldest horses when ' fresh ' will perform the antics

of a foal, and imitation amongst them is so great that if one

of a string of horses being led along happens to kick out,

this repeats itself all along the line as if by preconceived

arrangement. ,

Sydney Smith defined the difference between reason and

instinct as follows: 'If in order to do a certain thing

certain means are adopted to effect it, with a clear and

precise notion that these means are subservient to that end,

the act is one of reason ; if, on the other hand, means are

adopted subservient to an end, without there being the

least degree of consciousness that these means are sub-

servient to the end, then the act is one of mstinct

Morgan* believes that between instinct on the one hand,

and reason on the other, we may insert as a middle term

' intelligence,' while Romanes and others use the word

intelligence' as synonymous with 'reason.' Morgan

defines instinct as a motor response to a certain stimulus,

i e a reflex act, but one accompanied by consciousness.

Animals come into the world endowed with this innate

capacity for motor response; but these instmots are not

quite perfect, they need training and experience, and t .c.r

instructor is
' intelligence.' Intelligence, accordms to t

.

observer, does not imply a conscious knowledge ot the

. FortnigUhj Review, August, 1898. It is fro.n Profe.sor Morg.n

•

paper lat L hive obtained the views of Sidney Smith aud Eoman...
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relation Ijetveen the means employed and the end attained
;

such a conBcioua knowledge would be reason.
We are asked, in other words, to regard animals as simply

reflex machines, their brain being very little higher in the
scale than their spinal cord, and for some animals such
a position probably meets their case, but certainly not for
all. If we accept Morgan's deBnition of instinct and intelli-

gence, it offers no reasonable explanation why dogs fight,
and why they worry cats ; why a horse so inclined will turn
his quarters towards another as he pasaea and rapidly let
both hind legs fly in the direction of his objective ; nor will
it explain why a horse will use his fore legs to strike when
he knows his hind legs cannot reach the object of hia irrita-
tion. It is absolutely impossible to believe that such acts
imply no conscious knowledge of the relation between the
means employed and the end attained.
The higher animals are capable of a limited amount of

reasoning
;
with some it is even well developed, with others

it is extremely imperfect. The nlephant and dog occupy
the top of the scale, the ox and ^ ep the bottom, the horse
comes midway. We do not see huw to separate reason irom
intelligence, but there is no difficulty in separating them
from instinct.

Animals are born with such complicated reflex acts as
walking, galloping, jumping, etc., so highly developed that
thej are employed at once. No member of the human
family has been seen to walk and run about a few hours
after leaving the womb, for both brain and spinal cord are
incompletely developed, and the acta have to be learned.
This is not so with animals (excepting the dog and cat)

:

foals, calves, lambs, goats, etc., are bom prepared to feel
their feet at once, they require no teaching and no
imitation, their senses are perfect, they can recognize their
mother or a stranger, can see, smell, hear ; ir- fact they
have nothing to learn, for they are born with as much
mtelligence as their parents, and only differ from them in
one respect, and that is they are born wild, and so have to
learn confidence. Domestication and obedience are not
properties transmitted from parent to offspring.

-mr
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CHAVTER XV

THE 8EH8ES

Section I.

Bight.

The delicate structures composing the eye receive a very

thorough protection by the anatomical arrangement ol the

parts. The orbital cavity, for example, is nearly sur-

rounded by incomplete bony walls, and the layers of fat

within it assist tht muscles in protecting the globe and the

optic nerve. The eyelids sweep the cornea and protect the

part from dust and exposure, the tears keep the face of the

cornea brilliant; t\.^ mtmhrana niciitaM moves particles

of solid matter which would otherwise produce irritation,

and the eyeball can be retracted to a considerable extent to

assist it in withdrawing from injury. The size of the orl-it

is such that ordinary blows inflicted upon the eye are

expended on the margin of the orbital cavity, and not on

the eyeball itself, so that the risk of serious injury is tar

less from large than from small bodies. The shape of the

eyeball is not {in the horse) quite spherical, the vertical

axis is greater than the horizontal, and the posterior face

of the eyeball is distinctly flatter than the anterio .

Structure of the Eye.—Issuing from the back of the eye-

ball very low down and inclined to the temporal side of

the globe, is the optic mm, which after describing a

peculiar curve upwards, runs in the substance of the

retractor muscle to enter the cranium through the optic

foramen. This curve in the optic nerve (Fig. 100) is neces-

sitated by the horizontal movements of the eyeball
;

if tae

eye looks backwards the curve is increased, whereas if «

454
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looks forwards the • slack ' is taken out of the nerve and the
curve entirely disappears. The optic or second cranial
nerve has a deep-seated origin in the corpora quadrigemina
and a lepreKentntion in the occipital region of the cerebral
liemispheres (see Fig. !)<)). The fibres forming tli. optic
nerve decussate, those from the left brain passing to the
right eve and vice versa. In some animals this decussation
is complete, such as the horse, sheep, and pig • but in
others a certain number of fibres decussate, whilst some
enter the nerve on the same side of the brain as that on
which they originate

; this is the arrangement in the dog
cat, rabbit, monkey, and man. This partial decussation is
considered in man to play an important part in the pro-
duction of sympathetic ophthalmia, the inHammatory
trouble running along the optic nerve to the commissure
and so fanding its way to the other eye. It is quite certain
tliat in the horse, where the decussation is complete
sympathetic ophthalmia from an injury is unknown
Division of the optic nerve causes no pain but only the
sensauon of light; stimulation of the nerve causes flashes
of light to be perceived by the brain-in tact the optic nerve
conveys nothing but impulses which, when they reach the
bram, give rise to that altered state of consciousness ).-nown
as vision. Moreover, as we shall presently point out, the
place where the optic nerve enters the eye is blind.
The globe of the eye is anteriorly made up of a trans-

parent convex surface known as the ,:n;„a, whilst the
remainder of its walls are opaque and formed by the
^ckivtH- choroul, and n'tina. The sclerotic is the tunic on
Which the strength of the eyeba'.] uepends, the choroid may
be regarded as that which principally attends to the vascular
supply, while the retina is the sensitive expansion of the
optic nerve on which the picture is imprinted, and thus
gives rise to sensory impressions.
The shape and tension of the eyeball is maintained by

means of its humours, which are known as the aqueous
and vitreous. The aqueous humour occupies the space
i^tween the cornea and the lens. It is a watery fluid, poor

ill'
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in Bolide, and is in reality lymph. It is constantly bein^

secreted, probably by the ciliary proceBses, and as con-

stantly carried nway by the lympliatic channels with which

it communicateB through the spongy Uijumcntum jinti-

iKitiiiii ; these channels empty themselves into the anterior

system of veins. If the anterior chamber be exptri-

mentally evacuated it is refilled in about twenty-four

hours. The use of the fluid it contains is to maintain

the convexity of the cornea; alter death the process ol

Fio. 100.—Vkbtii- iL Section- of the Eye of the Hokse, Xati-ral

Size.

c, Cornea ; (, lens ; t, iris ; rp, ciliary process ; Ip, ligamentuni pet-

tinutum ; d m, posilion of ciliary niusclo ; »(, suspensory ligunienl

of lens ; oh, optic nervo showing its curve.

drainage still appears to occur, though, of course, there is

no reproduction, the result being that in a day or two ilie

cornea flattens through loss of the aqueous humour.

The ritreoiia humour ia a vise d, tenacious material, con-

tained within the hyaloid membrane, which permeates its

substance. The vitreous contains mucin and a very small

percentage of solids. The use of this fluid is to maintain

the intra-oeular pressure, by which the proper tension of

the globe is brought about. The whole of the vitreous

chamber is rendered dark by the liberal application of
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pigment, witli the exception of a surface above tlie optic
neive wluch k b.-ilii„nt and iridescent in appearance, and
IS linown as the tapilum hinihim.

Between the two lium»iir« a diaphragm is situated known
IIS tlie ,/,*, whjcli regulates the amount of light passing
into the eye, and behind this is a focussing arrangement or
iaiH. ihe cornea, lens, and humours constitute the refraC-
uig appara.us of the eye.

By means of the muscles of the eye the globe is given a
considerable range of movement, and in addition it can be
retracted within the orbital cavity; further, these muscles
afford some protection to the optic nerve.
The similarity in construction between the eve and the

apparatus known as a camera is verv marked:" both have
..refracting surface anteriorly placed, a diaphragm to cut
olf superfluous rays of light, an arrangement for focussing,
a d.irk chamber in which is placed a sensitized surf.ice
and on which a reduced and inverted image of the picture
18 impressed.

Though we have thus brieHy run over the leading
features of the eye, yet there are certain of ti>ese structures
wJiich need some detailed description if we are to under-
stand clearly the phenomena attending perfect vision
The Conuu in most animals is circular in outline in

he horse it is somewhat oval; when viewed from the
front and divided into two halves by a vertical line, it is
distinctly larger on its nasal than on its temporal side It
18 .1 very tough, non-vascular membrane, richly supplied
with nerves, and nourished by the lymph which freely
circiuates m it. It may be regarded as the chief refractive
apparatus of the eye. When viewed from the side the
cornea IS seen to be conveii; measurement shows that in
the majority of horses the curvature of the cornea taken in
Its horizontal and vertical meridians is not exactly the
'ame as It would be supposing its surfaces were accurately
pnerical. The excess of curvature of one meridian of the

'

ornea over that of the surface at right angles to it pro-
duces a defect in vision which is known as mthjmatism

•i]l\'
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the meridian in the horse which is nearly always Jie

flattest is the horizontal.

The Lint is comiwsed of vurious onion-like Inyern "f

different refractive powers. In shape it is bi-convex, tlje

convexity of its posterior face being greater than that ol

the anterior. It is held in its place by a capsule whidi

roiiUy suspends the lens in the eye, the capsule receiviiij,-

attachment to some long processes behind the iris knmvn

as the i-iliiiii/ imii-cMcs. In the horse the lens is in contact

with the ciliary processes, in most other animals there is ii

small space between the two. The lens possesses inheniit

elasticity, which admits of its surface undergoing wi

alteration in shape, so as to be flatter at one time, more

convex at another. This alteration in shape occurs thrta^h

the ready manner in which the lens by its elasticity yidJs

to the pressure exercised on it through its capsule, >o

that if the tension of the capsule be relaxed the lens

bulges, or if the tension be increased it flattens. In

this way the eye is focussed or accommodated to various

distances, a subject which will be dealt with presently.

The Irig is a curUin with a hole in the centre called the

pupil. The shape of the pupil varies in different animals;

in the dog it is circular, in the horse, sheep, ox and cat

elliptical ; in the latter animal the elliptical slit is placed

vertically, in the others horizontally. The iris is mainly a

collection of bloodvessels and muscular fibres, the whole

being heavily coated with a brown pigment in the horse,

though occasionally this is wanting, giving it a bluish-

white streaky appearance, as in the so-called ' wall-eyed

horse. In the ox and dog the iris is a brighter brown than

in the horse, while in the sheep it is brownish-yellow. The

muscular fibres of the iris are commonly described as

circular and radiating ; a contraction of the circular uiuscle

contracts the pupillary opening, a contraction of the radia-

ting fibres dilates it. Langley and Anderson from their

observatiojs on the cat, dog, and rabbit, have proved that

a dilator muscle to the iris exists ; this question was for a

long time in dispute. It is now accepted that dilatation ui
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the pupil is due to the inHuewe of a dilator mu«,le and
inhihition of the circiu. anBcle.
The nerve supply to »' ,,e circular and radiiitinw fibres Ih

not the game; the circular fibres are supplied with motor
IK,wer through the third cranial nerve, whilst the dilator
muscle IS supplied by the sympathetic. The latter fibres
emerge from the spinal cord at the first three thoracic
spmal nerves, from a part known as the cilio-spinal centre

;

rom here they 1 .vel up the neck in the cervical sympa-
thetic and reach th« iris through the ciliary ganglion. If
the third nerve be livided the radiating muscular fibres
01 the ins contract under the unbalanced action of the »vm.
r«thetic, and thus dilate the pupil; if the sympathetic be
(linded the pupil contracts under tlie unbalanced action of
the sphincter fibres.

Stimulation of the retina by light is the natural method
by which alterations in the size of the pupil are brought
about, the act being reflex; in a br" Nnt light the pupil
contracts, in a low light it dilates, .u the horse this is
not strictly true; in direct sunlight the pupil of this animal
IS a mere narrow chink, but in ordinary dayli^-ht it barely
responds, or it it does contract it is so little ,.» not to
materially reduce the size of the pupil. E-en when the
liglit 18 concentrated on the eye, either by means of a
muTor or a lens, the iris practically remains unchanifed.
Owing to this fact the eye of the horse can be examined
by the ophthalmoscope without the use of atropin, or even
without artificial light, in fact, under artificial light the
Pupi dilates. Th. e are certain drugs which dilate the
pupil such as atropin and cocain, and others which con-
ract It, for example, morphia and esarin. It is curious
to observe m the horse that although the pupil, when
normally contracted, is elliptical, yet when it is dilated by
"ropin It becomes circular; the chief radiatii.g fibres
would therefore appear to be above and below and but veryew on the sides. Eversbusch* has studied the structure

the ins of ihe horse, and states that the elongated form
* HetMm/t fiir VergUichendi Augmheilkunde, Hett 1, )»82.

Mlfl'
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ot the pupil in due to the preBeiice of an acte>>'iiv

appnratiw on tho posterior nurface o( the iris, which \k

culla the liiidiiu'iitiim iiiliiliitnriiim : through this ligiunmt

the »i(lefl of the iris are not pulled in liy the contractiun

of the sphincter muHcle. The long axis ot the pupil i)i

the horse is always horizontal, or practically ho, no uhitiii

what the position of the head may be ; this is a i>uint

which will be touched on again in dealing with the musdei

01 the eyebiUl. The pupil of the horse dilates modernttly

after the animal has been galloped ;
immiiUatrly after a

violent death it dilates widely, hut in the course ot twtnt.v-

four hours or so, it gradua.ly contracts until thu pupil

becou. : a mere slit.

In the horse there exists on the edge of the iris, ut tlit

centre and upper part ot the pupd, one or more large so.it-

like bodies known as lurpma iwjra ; a small one may l»

found on the lower margin of the iris, hut the upper one^

are the most prominent. When the pupil is strongly ton-

tracted in direct sunlight, the centre of it is entirely blocked

out by these pigmentary masses, and divided into an inner

and outer portion. It would appear as if this caused an

imperfect image to be imprinted on the retina, and this

view we at one time held, but on subjecting the .piestion to

actual experiment no broken image was tound to result

from the uso of a diaphragm the centre of which was

blocked out. The use of these b idles is doubtless to assist

in absorbing rays of light, but their position in the centre

of the pupil would not appear theoretically to be the most

suitable position, and they must have some other function.

The horse, as far as we know, is the only animal possessinj;

them.

Liijamentum I'ectinatum.—Around the attached margin of

the iris, viz., at the corneo-scleral border, a peculiar spongj'

tissue exists which gives the iris at this part a distinctlv

elevated rim ; this is known as the ligamentum ;
>ctinatuiii.

Roughly speaking it is a rim of spongy iris traversed by

canals, crevices, and spaces, which lead into the lympliatic

system of the eye ; the function of this tissue is to carrj-
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off the aqueou. humour na nipidly a. it ia worn out and
replaced, by which meann the normal teniionof the anterior
chamber ia maintained.

The Clmrui,! coat contains the reaaela which nourish
the retiiiu; it poKnesse^ innumerable nerves, numerous
lympliatica, and further it ia an elastic coat. Anteriorly
liehind the iria it forms the peculiar folded atructure known
as the ciliary procusses, and in front of this it furnishes the
tissue which is called the iris; the iris and ciliary procesaea
are therefore part of the choroid coat. With the exception
of or.j area the whole of the interior of the choroid is
covered with pigment, and the same extenda on to the
processes and iria. The area whi. . i. an exception lies on
the posterior wall of the eyeball ove the optic nerve ; it
not a brilliant colour, being a m..aure of green, yellow, and
bine, and is known as the lapetum liicii^um. This is found
in both herbivora and carnivora ; in the former >. is due to
the interference of light causing iridescence, pro' d by the
arrangement of the connective tissue fibres of t choroid
and not to the presence of any pigment ; in carnivora it i.s

line to minute ciyHtals in the cells of the part, the crystals
causing the interference. The use of the tapetum is
generally supposed to be to enable animals to see in the
dark

;

this of course is impossible, but it is probable that the
presence of a tapetum may enable an animal to see better
ui a dim light.

The Cilia,!/ 2,me is a peculiar and important part of the
eye, formed on the one hand by the junction of the cornea
and sclerotic, and on the other by the iris and ciliary
processes. Between these lies a muscle known as the
"liary, which is firmly attached to the corneo-scleral
margin, and runs backwards into the choroid, where it ia
attached. In man the cilian/ muscle consists of both
circular and longitudinal (or meridional) fibres; in the
torse, and probably all the lower animals, only meridional
Dres exist. The muscle is composed of unstriped fibres and

"f use IS to pull the choroid forward ; the object of this will
e apparent when we discuss the ,|uestion of accommodation.

M((l''
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The Vitreoiia humour ia enclosed in the hyaloid membraiib

;

anteriorly this membrane, here known as the Hoiin!, .,/

Ziini, becomes dovetailed into the ridges formed by tlit

ciliary processes, and enveloping the lens forms its sua-

penso'ry ligament. If the amount of vitreous humour

present is sufficient in quantity, this ligament of the len>

must always be tense, and as it is very inelastic it tends to

Rods. Conei.

Fia 101.-DIAUEAM or Siructcre of Ertina (Bowdit. h. aheb

Cajal).

A I ,iver of i-ods and cones ; B. external nucledr layer ;
C, external

.nolecl layer; £, internal nuclear layer -, f, internal moUc«l:,r

layer r", layer of ganglion cells ; H. layer of nerve fibres.

keep the lens flattened; we shall refer to this again in

speaking of accommodation.

The IMiiia lies within the choroid and outside tie

vitreous humour ; it spreads out from the entrance of the

optic nerve of which it is the expansion. Microscopic

examination shows this membrane to be composed of se^en

layers (Fig. 101), of which the most important i* one
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termed from its appearance the layer of rods and cones.
It has been shown conclusively that these rods and cones
are the essential elements of the retina, and that wherever
they are absent the part is insensitive to light, as, for
example, at the entrance of the optic nerve which forms
the hUiid spot. Though the layer of rods and cones is

the most important it is not placed as one would suppose,
next the vitreous humour, but next to the choroid, whilst
the layer next to the vitreous humour is composed of
nerve fibres and ganglion cells. Rays of light have,
therefore, in the first place to pierce the entire thickness
of the retina to arrive at the rods and cones ; here they
give rise to a nervous impulse which retraces its steps in
the retina, until it arrives at the layers next the vitreous
humour, from which it is carried ofT by the optic nerve to
the brain. In one sense the most important layer of the
retina is the one composed of the rods and cones, since it

effects the primary conversion of light-vibrations into
visual impulses. Each cone is connected with a single
nerve cell, but there may be several rods to one nerve cell

;

the cone is, therefore, considered to ofler a more direct
conducting path than the rods.

Visual purple or Rlwdopsin is a curious red pigment
esiMing in the eye; it is found in the rods but not the
cones of the retina. This colouring matter is readily
decomposed by light, and is consequently alwavs being
produced. It is possible by keeping an animal in'the dark
in order to increase the visual purple, to procure then a
picture on the retina through its decomposition on exposure
to light. It is believed that the vision of night-seeing
animals is mainly brought about by the rods in virtue of
their visual purple, while the cones are adapted for day-
light. Visual purple on the rods increases their irritability
m dim lights. At the same time it is quite certain that
visual purple is not essential to vision, for there is none in
the fovea of the human eye, the area of the most acute
vision, and none in certain birds, reptiles, and bats. In
people totally colour-blind vision must be carried on by

I !

'4,l\'

I -4
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the rods, as it is supposed that the cones aie the Heat of

colour perception.

The entrance of the optic nerve within the eyebal' is

spoken of as the optic disc or papilla , it is a concave c '

surface surrounded by a white ring formed of sclerotic,

lies, in the horse, towards the bottom of the eyeball and

inclined to the temporal side. This region is blind owing

to the absence of rods and cones.

There is no yrlloii- spot in animals; in man this exists,

and the area which it encloses, the fovea, is that of the

most acute vision. In the fovea all the other retinal

layers but that of the cones have disappeared ;
there

are no rods in the yellow spot or fovea of man. Rep-

tiles possess only cones in their retina, and both birds

and fishes have more cones than rods. A line drawn

through the centre of the cornea to the yellow spot is

called the visual axis of the eye. The visual axis in man

does not quite agree with the optic axis, viz., a line drawn

exactly through the centre of curvature of each refractive

medium. In the lower animals we have no means of

knowing whether the optic axis is also the visual axis,

but from the absence of the yellow spot it is assumed to be.

There is, however, an area of acute vision in the horse,

and the animal brings it into play by raising the head very

high, and protruding the muzzle so as to render the face

horizontal.

The Ophthalmoicope.—We may here describe in outline

the theory of this instrument, and the appearance of the

picture presented by it. To examine the eye, a mirror

with a hole in the centre is applied to the eye of the

observer so that he can see through the hole into the

observed eye ; from a suitable source of light, rays aie

reflected by the mirror through the pupil on to the retina

to be examined. When light is thrown into the eye, the

rays are reflected back through the pupil in the direction

in which they entered, and pass through the hole in the

mirror into the eye of the observer. On looking iit the

retina of the horse, a brilliantly coloured surface i»
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illuminated, the tints being a mixture of yellow, green, and
blue studded with minute dots ; this coloured area is the
tapetum (Plate I.). Examination shows this surface to be
situated above the optic disc or papilla ; the optic papilla
appears of a pinkish colour, with a slightly raiaed whitish
margin. It is very difficult to study the eye of the horse,
owing to its frequent movement, so that only occasional
glimpses of the papilla can be obtained. From the optic
papilla a dense network of vessels may be seen radiating
but extending no great distance from it; this is character-
istic of the retina of the horse. The remainder of the

FlO. 102 DiKllCI MiTBOD OP U8I1I0 THE OpBTBALMOSCOPE (StEWART).

Light falling on the perforated concave mirror M passes into the
observed eye E' ; and, both E' and the observing eye E being
supposed emmetropic and unaccommodated, an erect virtual imaoe
of the illuminated retina of E' is seen by E.

fundus is purple or brown, but owing to its extent very
little of it can be seen. In other animala the vessels
radiating from the disc are wider apart and more regular,
and several of them have received names ; moreover, the
arteries can be distiaguished from the veins, which is not
I- issible in the horse. It is to be borne in mind that the
view thus obtained of the fundus of the eye is a magnified
unage, both the lens and vitreous humour making it appear
about three times larger than normal. Owing to the
presence of the tapetum in the horse, a perfect examination
of the lens and fundus may be made without the aid of
Mtificial light

; while under the influence of artificial light

80

4''\
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the pupil dilates so much that there is no need for the use

oi atropin.

Acoommodation.—All rays o! light proceeding Irom a dis-

tant object may be regarded as parallel, and all those pro-

ceeding from an object within 20 feet of the eye may be

regarded as divergent. A distant object is one situated any-

where between 20 feet from the eye and infinity ; an object

closer than 20 feet to the eys is called near, and this point

increases up to 4 or 5 inches, at which distance no object

can any longer be distinctly seen. The nearest distance

FAR NEAR
Fio. 108. -Diagram to illustrate Accommodation (Foster afteu

Helhholtz).

t.P Ciliary process; I, iris ; Sp. 1., suspensory ligament ;
l.c.m., longi^

tudinal ciliary muscle ; c.o.m., circular ciUary muscle ; c.S., canal

of Schlemm. • j- . . ki«..i.

The left half represents the shape of the lens for viewing distant objects,

and the right half that for viewing near objects.

at which objects can be distinctly seen is called the near

point. Parallel rays need no focussing on the retina other

than that provided by the cornea; but rays from near

objects do require focussing owing to their divergent nature,

and it is evident that the nearer the object to the eye the

greater the fccussing required. This focussing is brought

about by a change in the shape of the anterior surface

of the lens ; it becomes more convex for near objects, and

this increase in convexity is due to the ciliary muscle

drawing forwa' a the choroid coat, and with it the ciliary

processes. By this means the tension normally exercised
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through the Zonule of Zinn (the suspensory ligament of
the ens) .s relaxed, and the lens of its own inherent
elasticity bulges forward and so increases the curvature of
Its anterior face (Fig. 108). A more convex lens is a more
convergent one, and its focus is therefore shorter; in thisway the images of near objects are brought to a focus on
the retina and distinctly seen, whereas if this increase in
curvature had not taken place, the image would have been
focussed behind the retina. The power the eye possesses
of focussing Itself is known as the mechanism of accommo-
dation and the explanation given above is that ofHelmholtz

;
it ib the one generally accepted.

When a candle is held opposite to the eye three images

A B c
Fm. I04.-D1AOEAM OF THE Katoptric Test

^'^'ZulXr^ZTlol^^r'Ti V""- ">e anterior facelae lens
,
and C, from the posterior face of the lens.

Of the flame are seen; one a very sharp bright one,

i" bat"f"'r'
'"" *^ '=°™«^' « -<=-' --hduller but also large, reflected from the anterior surface

of the lens; and a third very small, brighter than themi le one, and i„«,W, reflected from th! posterior par

llct. i"^'*-
'"'"• ^" « °''^'"''' «y« 'b««e "« «een

Tml??.
""''^

'". " '^''^""^ ^"'''^°^ ^l"*" 'be candle

on r?.; .'
'°''*'"'"^ '""«' P^^^'^S in an opposite direc

ny noi^t'„lT™"*r"«'''
""'' "" "'« ^^"''"y ^^^ible at

hasbeen f iT
^^V'^^'^S '"--'"o^^- Thi. phenomenon

of the Lh M""'"'^'
"' '" determining the clearness

0^
the media of the eye, and though superseded by the

•^comes blurred, and sometimes the image is duplicated.

30—2

J ^Mlh:
'
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The first and second images are erect inasmuch as they are

reflected from a convex surface, but the third image is

inverted, being reflected from the posterior surface of the

lens which viewed from the front is concave. During the

act of accommodation the relative position of these images

alters ; the second becomes smaller or larger, and advances

nearer to or recedes from the first, as the anterior face of the

lens becomes more convex or flatter as the case may V)e. This

observation affords the proof that accommodation is due to

the varying convexity of the anterior surface of the lens.

Fishes are normally short-sighted, and accommodation

for a distant object is effected with them by moving the lens

towards the retina.

The ciliary muscle is governed by the ciliary nerves. In

the human subject the constrictor fibres of the iris and the

ciliary muscle are paralysed by atropin, but in the cat (as

first pointed out by Lang and Barrett*), the dog, and cer-

tainly in the horse, there is no evidence that any paralysis

of the ciliary muscle takes place under atropin, though the

pupil dilates. Under the full effect of atropin all these

animals can see objects quite close to the eye, and this they

could not do if the ciliary muscle were paralysed.

Eyes which possess the power of seeing objects distinctly

a few inches from the eye to infinity are known as

Emmetropio (Fig. 105—1) ; but all eyes do not possess this

range of vision owing to their shape, or more correctly, to

the length of the eyeball.

Myopia or short sight is due to the eyeball being too long,

whereby the picture is formed in front of the retina, and

only a confused and blurred image falls on the retina

(Fig. 105-3).

Our observations show that the majority of horses are

slightly short-sighted, t

Hypermetropia or long sight is due to the eyeball being

• 'The Eefractive Character of the Eyes of Mammalia; ifoja'

London Oph thalmic Hospital Eeports, vol. ji., part ii.

t
• The Eefractive Character of the Eyea of Horses,' Procw.dnj'

of Ok Boijal Societij, No. 334. 1894.
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too 8hor whereby, though vuion may be perfect lor di,tant
objects, those near at hand are not dietinotly seen, the pic
ture bemg brought to a tocue behind the retina (Fig. 105-2)
It 18 obvious that a concave glass which scatters rays is the
remedy for myopia, while a convex lens which converges
them 18 the appropriate glass for hypermetropia

Immatrafit^

BjpanMtropia.

Mjopu.

l«n^!r'^"
'" '""'"''' *"°' "' refraction, due to irregu-

arities m the curvature of the cornea or lens, generally theormer. The efifect of this condition is th;t the rays ofght passmg through one meridian of the eye are brought
to a focus earlier or later than those passing through the

as IT- "*
.?'u

""^'^^ *° "'• ^"^^ >^°"' -A common?;

Sr ^" ^""'"""'f
" ^'"'""''^ '•>» ""^ri^ian of leas't

curvature, and corresponds to the long diameter of the pupil.

iill

m
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Brron of BtfrMtion.—In the following table i» given the

proportion of eyes affected with errora of refraction among

54 horiei.

Of 100 eyM (S4 harm)

:

81 wtn myopic uid utigmatii!.

2 ware hyparoMtroplo and Mtlgmlttt.

6 were affected with miud uti,.-m*ti«n.

89 were tfbcted with myopi*.

1 wu hypermetropio.

1 wu emmetropic.

The amount of error of refraction ii ai a rule small, the

chief vianal detect being myopia with or withont aetigma-

tiem. The number of aetigmatio horaeB ie remarkable.

According to LImg and Barrett's obaervatione,* the cow

would appear to be hypermetropic, and the eye also suffers

from astigmatism. In dogs and cats the retraction closely

approaches emmetropia. In nearly all the wild animals ex-

amined by these observers the refraction was hypermetropic.

The XovemenU of the Eyeball are brought about by means

of the ocular muscles ; in this way the globe of the eye can

be rapidly tamed in any direction. But the movements

are somewhat complex, for in some of the lower animals,

for example the horse, the eyes are laterally placed in the

head, so that vision is commonly single-eyed and not

binocular as in man. The eye that is viewing an object

situated to one side and moving to and fro is being followed

in this muscular movement by the eye which does not see

;

the movements are conjugate, but this only occurs so long

as monocular vision is practised. If both eyes be directed

to an object situated to the front binocular vision becomes

possible, and now the movements are no longer conjugate

but opposite, for while the left eye is inclined to the right

the right eye is inclined to the left Another complication

in the ocular muscles is due to the movement of the head

;

it was first pointed out by Lang and Barrett, that in the

rabbit and guinea-pig no matter what position the bead

occupied the pupil was always kept vertical. If the head

• Op. cit.
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of the horae or ox be raiieo or depressed to the fullest
poHMble extent, the muzzle being at one time on the ground,
at the next high in the air, it will be found that the eye-
ball, rotate like a wheel, so that the pupil is .till kept hori-
.ontal

;
If It were not for this the pupil in the uplifted head

would be vertical and in the depressed head oblique. When
the bead is elevated the eyeball becomes depreswd to such
an extent that the sclerotic shows largely above, while the
cornea partly disappear, beneath, the lower eyelid. When
the head is depreewd to the ground no more sclerotic .hows
than when it is in the ordinary position; the probable
cause of this will be mentioned presently.

Sufi.Rtetui.

'Rttractor.

Exit- Rtetut.

Flu. 106._Tbs MU8CIK8 of the Lift Et.bail of the Home viewed
FROM THE Temporal Side.

The muscles of the eyeball (Fig. 106) are .even in number,
TO., four rtctx, two oblique, and one ntractor. The use of
be recti is clear enough, they rotate the eye in four direc
ions, outwards, inwards, upwards and downwards. The
two oblique muscles rotate the eye in opposite directions
around its ant^rior-posterior axis ; when the superior
oblique contracts it pulls the temporal side of the eyeball
upwards, and if it were not counteracted by the inferior
Oblique It would continue to contract until the pupil became
vertical like that of the cat; the inferior oblique pulls the
temporal side of the eyeball downwards, in other words

%,
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th«M obliqua mnmleH prodaea • toriion of tha globa ur

wival rotatiun, Md thair action ii ragaUtad from the

amicircuUr canalii o( tha intarnal anr (aaa p. 603). The

ratnctor partly witbdra'wa tha aye in iti aooket.

The nervot eupiilying the mnsolai o( tha ayaball with

motor |)Ower are the third pair to all excepting the external

reetai and aaparior obliqaa, tha external reetna being

applied by the lixth pair or abdnoeni, and the anperior

obliqaa by the (oarth pair or pathetic. So that wa have

three pain ot cranial nerves supplying seven mnsclea.

Tha orbicularis palpebrarum, which doses tha ayelida, Is

supplied by the seventh nerve, vbile the muscle which

raises the upper lid derives its nerve supply from the third

pair.

The chief movements o( the eyeballs are backwards And

forwards, corresiK>nding to the directions described as out-

wards and inwards in man. Daring these movements it is

evident that the external rectus ot one eye is acting in

conjunction with the internal rectus ot its fellow, and such

is always tha case in monocular vision. Animals with the

eyes laterally placed have, however, the power ot monocular

and also of binocular vision, but the latter is only produced

by an internal squint, and the movements of the muscles

are now no longer conjogate, for both internal recti are

acting together (Fig. 107). Sometimes, then, the group of

muscles employed in moving the eyeballs is the same in

each eye, at other tunes it is not. The torsion produced

by the superior and inferior oblique muscles is of value

in the binocular vision ot animals, and in th i vertical

movemei.tB of the head. When the muzile is raised, at

previously described, th' auperlor oblique maacle revolves

the eyeball in ita aocket until the pupil is horizontal ; the

explanation of the cornea partly disappearing under the

lower lid, and the sclerotic showing extenaively above,

appeara to be due to a conjngatA action of the interior

rectus muscle whenever the superior oblique is so employed.

The interior oblique is mainly employed with the internal

rectus in palling the eyes inwards for binocular vision,
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purtl whr?hrh'^,"~r'
'" '"•^'^'-g "•. horizontal

pupil wb«n the head ii depreiied or nind.
KonoetUw aX lineenUr VUion.-When a hone direct.both eye. .0 the front (Pig. 107; he produce, a wST-marWdouble mtornal «,amt. and i. then capable ol bin^ullrn„on. The eye. are rotated .nward. and .lightly upwardby the combined action of the inferior oblique «,d toto™^^

front that the inner wgment of the come, and irU entirely

M

ban hi8 has the horse binocular vision, viz.. .ingUvimon
.altmg fron> the employment of a pair of e;*,, tnd U

°
s

h»M smgle vmon cause, in man d.uble vi.ion. Aiimal.

c"llJ "y*- ."'»•'«<> on the lateral side of the head are

to on!
".'"T?« ">«'"»»'" vision for all objects placedto one side of them and even behind them Pig 108^
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monocular would appear to be for them as perfect as

binocular, but on this point it is difficult to judge. It is

certain that in the horee when the attention, either from

alarm or intfirest, is particularly directed to an object, it

is viewed with hoth eyes, the head being held very high,

and the ears 'pricked' and turned to the front. In this

position it is evident the most sensitive area of the retina

is exposed, but there is m fovea as in man. A horse can

see an object on the ground immediately under his nose,

and is able to see when gracing ; this is because his face

^mw 1

FlO 108.-DlAGRiM ILHISTEillXO THE EXTENT TO WBtCH A HoRSE

CAN SEE BEHIND HiM.

With the head straight to the front he ean ?«»?"''''*«'%
°l
^t

eyes. By the least inclmation of the head, as m Fig. lOH, a large

visual field behind him may be covered.

narrows below the eyes. When looking at an object near

to him on the ground, he prefers to get his head low down

in order to see it; but when looking intently at a distant

object, he gets his head as high as possible with the face

inclining to the horizontal.

Ordinary equine vision is monocular, yet the right eye

blinks when an attempt is made to strike the left, thongH

it cannot possibly see what is going on, and in the same

way the right pupil contracts when the left is exposed to

sunlight. In man binocular vision is perfect, and tne
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explanation afforded is that any part of one retina corre-
sponds to the same part of its fellow; so that if the
retinas be laid over one another, the left portion of one
will lie exactly over the left portion of the other, and their
upper and lower parts will equally correspond; but the

FlO. 109.—DiAOBAM ILLOSTEATINO CoREESPONDINa POINTS IN THE
HcHAN Eve (Fostee).

z J' y' are points in the right eye corresponding to z i y in the left
eye; y.l, visual axis. The two figures above illustrate the corre-
spondmg points on the retina described in the text.

temporal side of one eye does not correspond to the
temporal side of its fellow, but to the nasal side. In
Fig. 109, the two circles represent the two retinas divided
mto quadrants, L being the left and E the right eye ; a
and c in the left eye correspond to a' o' in the right eye.

iilril'

m
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and b and d in the left correspond to b' and d' in the

right eye; but the optic nerve o is in the left segment

of one eye, and the right segment of the other. When

the two images of an object fall on corresponding points

of the retina of man, vision is binocular and only one

object is seen ; thus, if the rays fall on the right side of

one retina, they must fall on the right side of its fellow.

This is shown in Fig. 109, v.l from x to x, and x to x are

A

Flo 110.—Diagram showing Horizontal Section of the Heab

PASSING THROUGH BOTH EVEBALLS, TO ILLUSTRATE CORRESPCNB-

INO Points in the Ketina of the Horse.

X X, The frontal bones ; p p, portion of malar bone entcrmg into the

formation of the outer rim of the orbit ; e, the nasal septum.

Rays of Ught proceeding from A are seen by both eyes, bcmB

imprinted on the temporal side of each retina at a ;
rays from B

ate seen at b in the left eye, but are not seen with the nght eye.

in the same way rays from C are imprinted at c m the left eye,

but cannot be seen with the right eye.

the two visual axes ; if the object y x z be looked at, z in

each case falls to the left of the visual axis, and y to the

right, viz., on corresponding points, by which means the

object is seen as a single one. Owing, then, to the manner

in which the human eyes are placed in the head, and the

convergence of axes of the eyeball, a ray of light from any

point is imprinted upon the same side of the retina in both

eyes, and we see the object not as a double image, but
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fts a single one. This explanation does not apply to the
herbivora; no matter how greatly the eyes may be con-
verged in order to see an object, the rays of light do not
fall on the same side of the retina, but on opposite sides
of It. The diagram (Fig. 110) will make this point clear.
The outer part or temporal side of the retina in the horse
corresponds with the temporal side of the opposite eye

;

while the nasal side cannot correspond with the nasal side
of Its fellow, as it is not possible for a ray of light from an
object to strike both nasal sides a't one time (Fig. 110).

Cartilago Nictitan..—The retractor muscle of the eye
withdraws the eyeball within the orbit, and the pressure
thus produced within the cavity forces the cartilago nictitans
forward, so that it may be made to sweep nearly the whole
corneal surface. The reason why the cartilage is pressed
forwards is due to the fact that though naturally curved
it becomes flattened and straightened out by the pressure
caused by retraction and so shoots forward ; when the
pressure is removed it retires through its own elasticity,
and becomes curved once more.
On the cartilage of some animals is a small gland termed

the Harderian
;
its use is to prepare an unctuous secretion,

probably of a protective nature. In the eyeUs are found
numerous glands, the Meibomian, which furnish an oily
secretion, and prevent the overflow of tears.
The Tears are secreted by the lachrymal gland which is

placed on the upper surface of the eyeball ; they find their
way mto the conjunctival sac by numerous small tubes,
llie tears pass through the n&irovi jmncta into the lachry-
mal sac, and so into the nostril ; once in the sac the descent

the nostril is readily understood, but it is not clear why
the tears prefer passing through a narrow slit in the eyelid
to running over the side of the face; probably the only
explanation is the unctuous secretion mentioned above,
ihe use of the tears is to keep the conjunctiva moist and
polished, and to wash away foreign bodies.
The Eyelariies of the horse are peculiar. Those on the

lower l,d are very few and fine, whilst on the upper lid they
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are abundant, and exist not as a single but as a double

row ; the rows c.-osa each other like a trellis-work, but

without interlacing ; these eyelashes are very long and

strong (Fig. 111). A few protective hairs grow from the

brow and below the lower eyelid, in some horses they are

4 or 5 inches in length; they appear to be in connec-

Fio. 1)1.—The Eve op the Honse.

tion with nerve terminations, for their deUoaoy to the sense

of touch is remarkable. The function of these hairs is

doubtless protective, and they give the eyeswarning of danger.

Physiological Optics.—When a ray of light entera the eye it has to

pass through four surfaces, and including the ak four media. There

are two surfaces to the cornea, anterior and posterior, and two surfaces

to the lens, anterior and posterior ; each of these surfaces differs m

curvature. As media there are the aqueous and vitreous humours and

the crystalline lens; the latter is farther complicated by not being of

the same refractive index throughout. The formation of an image in

such a complex optical system would be difficult to understand, were il

not possible to construct theoretically from it a simplified eye, or, a« «

is known, a achematic eye. The basis of its construction is, that »

long as a complex system has its surfaces and media ' centred,' that u

symnictricaUy^disposed around the optical axis, it is possible to deal
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with it ss if it consisted of two surfaces and two media, viz., the
Klumalic eye, and even to simpUfy it itiU further to one surface' and
two media, the reduced eye, the media in the latter being air and
water. In such a simple optical system it is readily possible to trace
the paths taken by the rays of light, and so understand the formation
of an nnage on the retina of the eye.

Cardinal Po.n(..-The most simple optical system which can be
devised has an optic axi, (O A, Fig. 112), viz., a line passing through its
centre perpendicular to its refractive surface (a p b) ; on the optic aiis is
situated the centre of curvature of the refracting surface, this centre is
known as the nodal point a. All rays of Ught which strike the refrac-

SlMPLE Optical SystemFio. 112.—The Caedinal Points of
(Foster).

A, Optic axis; a p b, a curved spheric:J surface; n, nodal point
1 2, principal posterior focus; F„ principal anterior focus ; ef, rays
proceeding from F„ rendered paraUel to the optic aiis

; p, the
princiual point

; the rays m d, O p, and m' e, pass through the
nodal point n and undergo no refraction ; the rays c d, parallel to
the optic axis, are refracted and meet at Fj.

live surface perpendicularly, such as 0, m', pass through the nodal
pomt and are not refracted ; aU rays of Ught fcirallel to the optic axis,
such as c d, strike the refractive surface obliquely and are refracted,
and the point w ,re they meet is caUed the principal posterior /ocut,
F, On the optij axis, in front of the refractive surface, is situated a'

point F, known as the ^rm«>a( anterior focua : rays proceeding from
this point strike the surface oMiquely, and are so refracted as to be

"^r^ P"'^^' (e f) to the optic axis (0 A). To these must be
sdded the principal point p, that is the point where the refracting
surface cuts the optic axis.

These various points are known as the cardinal points of the simple
optical system we have imagined. For a more complex system such as

II:!

ml

uw
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the eye, even when simplifled, there arc two nodal pomls, two priucipiil

tori, and two principal points ; but with the reduced eye where we hav.;

but one »nr(aoe and two media, the two nodal pointi become one, ..ml

the two principal points one.

Dioptrici.—In order to be able to calculate the position oi tl.e

cardinal pomts of the eye certain data must be known, such as the

refractive index of the media, the radiu. ol curvature of each refructuig

Fig. 113.—The Cahdinal Points of the Eve of the Hobse (Bkrlis).

F, is the first principal focus, situate 7244 inch m front of the cornea.

c' is the anterior principal point.
f,,^, . ,

H, is the first principal point, distant from the oornea -8201 men.

H„ is the second principal point „ „ „ •3641 „

K, is the first nodal point „ „ „ 'Oo™ "

K„ is the second nodal point „ „ ,i
'"\^' '»

K^ to a is the distance of the retina from the second nodal point.

8000 inch. • • , ,

C to F is the distance from the cornea to the second pi-mcipal ioc;,j

(which Berhn shows to be behind the retina), 1-7594 inches.

suri.vcc, the distance from the cornea to the lens, and the tliiL-kuKs of

the latter. A very slight error in the determination of tlieso luay

produce a considerable error in calculation, so that all meastmuenB

made by us on the frozen eyes of horses are rejected a.< warning in

accuracy, but as an illustration of the measurements of the aeunil aiiJ

reduced eye, those furnished by Berlin* are here given, thousli eveD

» Zellschrift liir Vergleichcnde Augenlmlkunde, Heft 1, ISSi.
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these arc not free from orror. According tolterlin the hor.e i,
nortnaUy ong-ighied. the retina being in front of tlie second principal
focn.. What may have been true for the eve he examined i, not
universally true, for a. we have previously stated the majoritv of
horses are slightly shortsighted, .herefure the point F„ will fall in
front of the retina.

The simpliBed or reduced eye {Fig. 114,, consisting of one surface
and two mcdm, gives for the horse, according to lierlin, the following
values

:

°

Parage of Light through Lm,n..-ln n.turc all i-.ivs of light are
Jivergmg, but so slight is the divergence of the my^ from .listant

Fid. 114.—The Caem.val Points i,r thk Eedi-ceb Evk of tbe
HuKSE (Berlin).

F, the first principal focus is situated 1-063 inches in front of the
cornea.

F„ the second principal focus is situated 1-427 inclies behind thecornea (m the diagram it falls outside the eye, but this is notnormal
; see above remarksl.

u '.° "'
'.u" "'i'*'''"™

''O™ 'he nodal point to the retina, l-n04 inches.a to II, toe distance from cornea to retina. l-:i()8:l inches.

objects, that for the purposes of the eye they «re practicallv regarded
a- parallel. AU rays proceeding from an object situated at from
-II feet to mfinity from the front of the eye are considered as nuralUi
mijB, ,U1 rays within 20 feet from the cornea are ilU-crgi,,,/ mijs.
libviously the nearer the object to the cornea tlie greater the divergence
» thai there is more divergence in the rays proceeding from a body
foot from the ey. than in one 10 feet from the eye; eonvor»elv, the

further the object is from the eye the less divergent the rays, uniil «ore^Uhat point beyond -20 feet where the rays may be regnrded as

till

(
H;:

31
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A convex Ion. ha. two curved .urfwe., and a line drawn through

the centre of thoM two .urfaoe. i. known a. the principal axu of the

len. (Fig. no, in m). The MMnlial idea of a double convex lent i. that

it i. thicker at the centre than at the edge.. Situated on the principal

axi. of a biconvex Icn. at a point In it. Interior i. the optical centre

(Fig. 113, O) ; any .tralght Une pa..ing through the optical centre l.

termed a uermilary am (Fig. 115, n n).

Fio. 115. Fio. 116.

FlUUHES ILLUSTBAflSO THE ACTWN or LuNSEB UPON BaVS OK LlOllT

PASSINU TUROUOH TH«M (LaNDOIS AND StiBUNO).

Fig. 116.—Biconvex lens ; O, optical centre ;
m m, chief or principal

axis ; n, n, secondary axis.

When parallel rays of Ught (Fig. 116 • pass through a convex le.i»

they are refracted and brought to a point / on the .
| :

ite side of the

len. known a. the principal focus; the only ray. not i. traded arc

thoM passing through the centre of the lens, viz., those coinciding with

the principal or secondary axes. The converse of this U alsi/ true, viz.,

divergent rays proceeding from the principal focus of a Uns^ pass

through and are rendered parallel (Fig. 116).

Fia I17.-Eav8 of light passing through a convex lens from I at »

point beyond the focus /, cross at some point v, and invert thi-

image (Landois and Stirling).

The distance from O, the optical centre of the lens, to/, its principal

focus, is known as the focal length of the lens. If the divergent rays

instead of proceeding from the focus of the lens (Fig. 117,/) proceed

from a jomt I beyond the focus, then the rays on passing through the

lens are not rendered parallel but convergent (as the refractive powtr

is more than sufficient to render them parallel), and they come to a

locus again on the other side of the lens at the point v. The distance
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concave l.n. ha. no «al focu.; bu. i, .he divergent Zbl' produced

Fio. U8.-Ray8 of light from a point L, between the focus F and th«lens, diverge when paseing through a convex lens.
°

backwards so as to meet on the principal axis of the len,, the pointwhere they meet is called the n,gaUve/ocu, of the lens
Spherical Abenattcn-The rays of Ught passing through a convexUns are not all equally refracted, those passing through fhe cLcumrenee emg more bent than those passing near^the centre? he re^'t

hrougv ,ne cu-cumference of the lens conjng to a focus earlier thanhosepassmg near the centre, This defect, known as pi e ica"

or ms, which prevent, some of the rays of light from passing through

tr,Tt"r°° ."' ""• ''"' ""'™'" aberration U further prevented by the fact that the refractive index of the central par. of thelens
., greater than that of the circumference. Spherical aberriti

Sag. ctle
'' "* ""' '°° '"'' "™"»« -"- »'"" -<"

Chronuttic Aberration U due to the decomposition of white light

31—2
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into iu prto.«y colour, by pwlng through . prlun or » conv« l.n..

vi... s .pectnim U «orm.d. The coloun of th. .pMlrum rur. aiff.renUy

r.fcMt.d, th. red being th. l...t bent, the viol.l th. mo.t
;
when there

(or. we c«i iM th. r.d diitlnctly th( y. i. not (ocui..d for th. vio e,.

Chrom»tle aberration 1. provented in th. .y. by the un.qu.1 r.(r.ctlv.

pow.r of th. variou. media, and th. action of the diaphragm or iri..

FomuUon of a Ertiiua Image.—Rays of light falling on the

eye. aB from the arrow X Y (Fig. 119), ieHue as a i.enc.1

of rays from every point of the arrow, the i)encil containing

a central ray known aa the principal ray. All principal

rays a a pass through the nodal iwint h without nndergoing

refraction, while the rays b c, and U e are refracted to a

x

FlO. IW—DIAQRAM OF TB» FoMATION OF A Bk.TISAI. ImAOE (F..STEK .

». Vrineioal rav of the pencil of light proceeding from X
;

a', princip.1

^
^'^Ty of the%encU of Ught vr^eeding from Tf ;

'h^ Principal^ through the nodal point n without bemg refracted ;
the oti.er

Sr.b oindb', 0' are refracted. In thi. way the arrow X \

form, i .mailer inverted image of an arrow on the retina Y X.

greater or less extent, bo that in this way the retinal imag^

becomes inverted, and very much smaller than the object

it represents; it is a miniature though perfect represent..

tion of the object presented to the eye. The chief refrac-

tion undergone by these rays is at the anterior surface of

the cornea; doubtless the other media also refract, the

lens for example, hut an eye can have very good distant

vision without a lens, whose important function is to

provide the means for accommodation.

Theory of Virion.—The change which occurs that enaWei

the vibratory ether to start a nerve impulse by its action

on the retina is unknown. A photochemical theory based

on the ready decomposition of visual purple has been pre-
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po«^. In thM view It i. .uggMted (hat the action of lighton the mual pun,!, i, ,„ied to that of light on the photo-graph plate and that the chemical change thu. «,t up Ynhe retma exc.te. a nerve impulw which i. transmitted by

?the brar'* " """ '*' ""* "'"*' "•"'" '" """ ="""

the'^a-fhlnVMK' •"!?'"'.'" '° ''°"'P'''""y •°™"<"' 'hat
the rig.t hand of the object becomes the left of the image,and the top becomes the iHjttom, ,et the mind does no
perceive the image as inverted, but mentally refers the
picture not to the retina but back to the object.
Turnmg once more to Fig. 119, we observe that the angleX n Y .s equal to the angle Y n X. The angle X n Y i.spoken of as the VUu.1 Angle, and all objects having the

retina. By the aid of the visual angle the size of an
.mage on the retma may be calculated, provided we know
he distance of the nodal point from the retina; thus at
the distance of a mile, a man six feet high is represented

h«i!b Z V"" ''""* ^^ '"' '""SO .U of an inch in
height, m the human eye at the same distpjice the picture
of the man would be „„ of an inch, or ubont the size of
a red blood-corpuscle. The nearer the object the larger
he image

J taking the six-foot man again at a distance of
10 yards, his height on the retina of t'le horse would lie
T of an mch, whilst on the retina of a man it would be
rather over J of an inch.

/

f
i'

Sbction II.

SmeU.

The nasal chambers are divided by a septum, and each
chamber contains the turbinated bones. It has been
Observed that acuteness of smell is often associated with
large and extremely convoluted turbinates. By the arrange-
ment of these bones the nasal passage may be divided into
two channels, one which lies next the floor of the chamber
wmcr, urom its obvious communication leads directly to the

^^^^Ifly'
ni%
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respiratory p«iMge», on-l (mother channel which lii-a aliove

it and lead, to itrncturei lituated very high in the (ace

and none, hut with no outlet lave what ie furnished it from

below. But apart from this there are differencee in the

physical oharaotera of the mucous memhrane which ilivid*

the nasal chamlier into a lower part through which the air

travels, and an upper part which is Jevoted to the sense of

nmell ; the one is known as the respiratory and the othtr

the olfactory portion. Both the reH|iiratory and olfiictory

portions of the nasal chambers are supiilied with sensation

by the fifth pair of nerves.

In the horse the nasal chamliers are of extreme im)iort-

ance, inaitmuch as it is the only animal we are called upon

to deal with whieh is unable under ordinary circumslances

to breathe through the mouth ; the majority of anmial>

can breathe through both nose and mouth, but owing to

the extreme length of the soft palate in th« horse tins is

under ordinary circum8tance» imjiossible. So far as respira-

tion is concerned the question r* t^. nostrili' has been

dealt with (p. 92), but the arrangement of that poruon

devoted to the sense of smell has yet to be considered.

From the olfactory tracts in the brain are formed the

olfactory lobes, which in some animals possess a well-

marked cavity, in others only a canal ; in the cavity >oiue

fluid is contained which communicates with the cereliro-

spinal, and notably i . the horse with that contained in the

lateral ventricles. From the olfactory bulbs nerve-fil.res

are given off which penetrate the cribriform jilate of the

ethmoid, and ramify over the mucous membrane covering

the upper jiortion of the septum, the sujierior turbinated

bone, and the upper third of the superior and middle

meatus. The mucous membrane of the olfactory region

differs from that of the resiiiratory portion in being t bicker

and of a yellowish tint ; it is in this membrane that the

fibres of the olfactory nerve are distributed. This nerve b

non-meduUated, and in the surface of the membrane where

it terminates two or three different kinds of cells are to l>e

found. One known as a rud cell is generally believed to
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be tl,e .ermmal cell of the olfactory nerve, thouKh tl.i,

foundl'Te'"" r' '° ' ''"''"''' '•" *»"^'' '• ''•<-'

U,th Jn. ^T'"-'"'!
"'her ohwrver. con.ider that

Td^l> )"
'*"°'"''' "8""' °' '•« olfactory nerve

perhaps the balance of opinion U in favour of the rod celll«.ng the chief agent where!,, odours give rL o ^ervouimpulM. which result in smell.
«"»• 'O nervous

Before an odour can affect the olfactory nerves it has to
diffuse .r.0 the higher cavities of the nasal chamh r "„dfrom l«ing gaseous .t must become dissolved in the fluidwinch bathes these surfaces. We have no dea o, Snature of the particles which constitute an odour but it

m the fluid covering the nerve terminations, for „ drvolfactory surface is insensible to smell.
*

There are certain odours which excite the olfactorv

rr'T T';!'
""'" """' '""' «-"• •'-j.

-
" a^'M,e a remarkably stimulating eff-et on the cavnivora

,^", .'T' "T' "'"' ^^eetable products yenenil y.timulate the nerbivora. The odour of blood or flesh is'evidently repulsive to the herbivora, and may even cau enervousness and fright; there are exceptions' to tLo
home of the herbivora have a remarkably keen scentantelopeH and deer have the powerof detecting the

i" ese "e

hat in most animals the sense of smell plays a moremporuint part in their daily lives than wL'ourseTves

the female during the 'ustrous' season, and not onlycan the odour of a female in this condition be detectedal

he Wvo a J TV' '''"=°'''°"' "^'^'^ '^ «"" '"-''ed ™
of smell r,.""

° 'r/"""*
'=°""«'="°" ^•'"' ">« ««"»«

h^fbivoia distinguished between poisonous and non-
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poisonous plants; this is not correct, '"^ "-"'-P^'jl^^

s .ompavatively frequent, and in certam i-arts of the

world, for instance. South Africa, -.e^'^^^'f.
~"

amon" horses and cattle. Experience is a valuable acto, .

aZals brought up on a pasturage containing poisonou.

plants frequently learn to disregard them.

The odour of a body can be detected with greater acc.ua >

by sniffing ••. bv this inspiratory act no time is ost in diftu

bL occui^ing-between the ^>'^^^'^'>ry^^^^e^y
region, as the odoriferous particles are forcibly drawn up

wards The sense of smell rapidly becomes blunted, a

any rate in ourselves ; any ofifensive odour is always mos.

marked when first detected.

By the sense of smell animals have the power o lecos-

nising their own offspring; a cow which has lost her ™

will yield milk tor weeks to a ' dummy clo«ied m he Am

of the dead calf, and she can recognise the difference betwe n

her 'dummy- and that belonging to another cow. It,

skin of a young animal, kid for instance, be dressed with ,

m

agent which disguises the body smell, the mother is una >.

to recognise her young. The odour of food is readily

recognised by the herbivora, though to the l'""'^ ;«"-;

all the grains are equally tree from .ny odour but tl a

the sack which contains them. Without tasting it, a ho c

will refuse a grain he is not familiar with. It is possible

that everything and everybody has a distinctive odour, a

least it would appear to be so from the remarkable manner

hounds will follow a scent, or a dog recognise his ovtn

master in the dark from amongst a crowd of other persons.

In the case of hounds, the amount of odour required to

stimulate the olfactory organ must be something too

infinitesimal for expression.
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Section III.

ii «te.

The sense of laste is n; irlj though not quite dependent
upon the sei.oe j.' 'r.M. There are certain substances

which cannot be distinguished when the nose is closed,

there are others which can be readily distinguished by the

tongue alone. This has led to a classification of taste

sensations of which four qualities exist, viz., sweet, bitter,

acid, and salt. Animals are certainly capable of dis-

tinguishing all of these. It is probable that each distinct

taste affects a particular part of the tongue : in man it has

been shown that the back part of the tongue is sensitive to

bitter tastes, the tip to sweet and saline tastes, the sides to

acid tastes, while the middle portion of the tongue is insen-

sitive to any taste. The /aiour of a substance is not

obtained by the sense of taste alone, but by the union of

the senses of smell and taste. Without smell taste would

be nearly impossible.

On the tongue certain papilhc are found which are inti-

mately connected with the sense of taste, viz., the ^/ili/orm,

iiinrii/orm, and einiimraUale : the latter are probably the

most important in connection with the sense of taste, but

the otiiers are most numerous. In both circumvallate and
fungiform papillse, but especially the former, structures

are found known as ta»te buds, bulbs, or taste goblets.

Tiny are balloon or barrel-shaped bodies, the walls of

which are formed of elongated cells resembling the staves

of a barrel ; this structure is open top and bottom ; the
nerve fibrils enter below, whilst above is formed the gusta-
tory pore, or opening into the interior of the body of the
cell by which fluid finds its way in. Within the goblet or

barrel are other cells, processes from which may be pro-

jecting at the pore. It appears to be essential to taste that
fluid should readily find its way into the pore, and as a
provision to ensure this the papilla; containing the buds are
situated close to glands. M'Kendrick states that in a single

Uii„iU
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pharyngeal, which is essentially the nerve of taste, andS ibuU^d to the posterior part of the tongue
,

this nerve be divided the taste-bulbs degenerate. The

Xo pharyngeal nerve consists oi a medallated and non-

Slafed'portion; the former
---f- '"i\X

in end bulbs, whilst the latter proceeds to the taste-goble

The goblet cdls are not strictly limited to the tongue t

have been found in the palate, and close to «- ep gbtUB

they have not been found on the anterior two-thirds o

ongue, a region which we know to be also possessed of th

Tense of taste, and one not supplied by the |>o-^

»

nerve. This area of the tongue is supplied by the gustato

brlnch of the fifth, and it is to this nerve (which probabj

'cats its t.,te fibres from the chorda tympan. o the

seventh) that the sensation of taste is here impaited. Se.i.a

ion he tongue is supplied by the lingual branch o th

fifth pair, while motor power isfurnished bythe hypogte.al

"Snecestyforthe purpose of taste that the substan.

should be dissolved ; this is one of the functions of .alna

and experiments on herbivora show that taste produces a

abundant secretion from the submaxillary and sublingual

glands, though not from the parotid.

Section IV.

The Cutaneous Senses and Muscle Sense.

These are pres.ur., uan.ih, .oUl and i-".
^f

"^™

throuah which these qualities are conveyed aie known

SLn subject tole remarkable for the fact that •,

are distributed in spots ' throughout the whole»-
surface. Whether, as some suppose, there are special nerv

whth onvey these sensations is not definitely knowu. bu.
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it appears to be proved that each of these senses has its

own spots of distribution in the skin, those for pain being
probably the most superficially seated as well as the most
numerous, while the warm spots are the fewest in number
and the deepest seated.

Tniijiciatiirc Senses.—CoU spots are more widely dis-
tributed than warm, and exist in largest number in the
clothed parts of the body. The cold spots are sensitive to
cold, the warm spots to warmth ; the fact that the former
exceed the latter in distribution and number suggests
that it is more necessary the body should be made
acquainted with the fact that it is cold than that it is hot.
In fact the feeling of warmth or cold does not depend upon
the temperature of the body but the temperature of the
skin. It is obvious that the observations made in the
investigation of a temperature sense could only be carried
out on man. There is no reason to think it does not
equally apply to all animals.

I'lrssiire .SVhs,.—This has also a punctiform distribution,
the spots being more numerous than those of the tempera-
ture sense. The special nerve endings connected with this
sense are found in a ring around the hair follicle, in which
position they are obviously most favourably situated for
stimulation through the hair itself. In the hairless parts
of the skin special tactile corpuscles are found, and in the
hoi-se special nerve endings are found in the foot associated
with tactile sensibility.

Tactile sensations play a very important part in the lives
of animals. In the lips and muzzle, which correspond to
the fingers of the biped, are located the touch organs
proper (p. 272) ; the parts are endowed with exquisite sensi-
bility, which enables the animal to be kept acquainted with
the nature of its surroundings and the character of its
food. The long feelers or hairs growing from the muzzle,
face and brow of the horse are in connection with nerves in
the skin, and are valuable for tactile and consequently pro-
tective purposes. The tactile sensibility of the foot, by
informing the animal of the character of the ground it

iii(M
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ia travelling over, is useful though not absolutely essential

in locomotion ; nor is the tactile sensibility in the foot

of the horse absolutely essertial to its safety in pro-

gression, as is clearly proved by the results of plantar

neurectomy.
, , ,

Pain Sense is the most widely distributed of the cutaneou>

senses. It is distributed in spots, probably supplied by

special fibres, though no special nerve enoings have been

determined. Pain confined to the surface of the body can

be readily located, but the localisation of interior pain l^

difficult ; that of colic for example is referred to the abdo-

minal wall. It is considered in man that the explanaiion

of the difficulty in localising interior pain is, that the

segment of the spinal cord supplying the affected organ

refers the pain to the skin region of the r,ame spinal

segment instead of to the organ.

Painful sensations are of virions characters, hence sucli

terms as stabbing, boring, burning, throbbing, etc., to ex-

press the impression imparted. It is presumed that

amongst the lower animals these different ciualities of pain

exist •

it is quite certain, for instance, that the pain exhibited

by a horse during an attack of colic is very different from

that shown when pus is forming in the foot. Fam tnay be

conveyed by channels which under ordinary conditions

convey no sensation, especially is this the case n disease.

The normal heart, liver, muscles, bones, etc., may Le

handled, pinched, wounded, and cauterized, without causing

much or any sensation, but under the condition of mflam-

mation they become acutely sensitive, and the same applie«

to such viscera as tbe intestines, kidneys, bladder, etc. Ui

the nature of pain nothing whatever is known.

HuBcle Sen«9.

Sensory nerve endings have been found in muscle anl

tendon (p. 353). In the former they a.ro spoken of as «. i.io-

muscvlar spindles; these from their construction are readil,

affected by variation in the tension of contractmg muaclcB,
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a.id in this way they keep the central organism informed
of their condition. They, with the tendon endings, are
employed m judging active muscular movements

; passire
movements are determined by impulses passing to the centre
from the sensory nerve endings in joints, while the ix,siiUm
oj the hmbs IS known by sensory impressions which arise in
the skm RPd subcutaneous tissue of joints. When muscle
sense i. lost inco-ordmate muscular contractions occur

;

well seen m a dog in which the sensory roots leading to the
hmd hmbs are divided. There is, of course, under these
conditions, no loss of motor power, yet the animal, through

m^^
m.kB.

Fio. 120.—MoscLK Spindle (Halubuktom, after Bdfuni),

'
^throLh' ,'l!'» t^fl"': ."";• "'""'< "* """" ^^'"'^h sends Hbiosthrough the sheath into the spiniUe, where they form c,iain"a

(StewLrt)"."'
™'°"' ''''"'°' '""•' ''""'^'^ "' '""•" fl''"'

a loss of muscle sense, drags the limbs as if they were
paralysed. Later on the sensory impressions which should
pass from muBclc, joints, and skin, but are unable to reach
he cord through the roots beinj? divided, are now replaced
by visual impressions, and the uog learns to walk through
the medium of his eyes, but if placed in the dark the whole
of the pseudo-paralytic symptoms return. From this it is
evident that one of the necessary conditions for perfectly
controlled muscular movements is a muscle sense pourin"
in sensory impulses into the central nervous system, and
by impartmg a continuous knowledge of the condition of
the musclea effecting thf.ir control.

'"i
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Thirst.

Thirst is referred to the pharynx ; observationa show that

moistening the palate allays thirst, while on the other

hand, the filling of the stomach with water through a

fistula does not immediately allay the desire for fluid.

The loss of water caused by sweating, purging, etc., ib

made good to the blood by taking up water from the

tissues ; in this way the drain on the lymph may be con-

.flderable. It has been supposed that the sensation of

thirst referred to the palate may be brought about by a

deficiency of water or lymph in the part. Little or nothing

is known of the nervous apparatus involved m thirst, nor

why dryness of the tissues should be referred to the

pharynx and palate. The sense of thirst is generally

only lost in one particular group of affections—viz., acute

disorders of the digestive system in the horse. No horse

suffering acute intestinal or stomach pain will, as a rule,

drink, yet the dry condition of the mouth suggests that

thirst should be present.

Hunger.

Hunger is referred to the stomach. The close approxima-

tion of the stomach walls is not necessary for the production

in all animals of the sensations of hunger, for some of the

herbivora may be very hungry even when the stomach

contains a moderate amount of food, the horse and rabbit

for example ; further, the sensations of hunger may be

removed though the walls of the stomach remain in opposi-

tion—viz., by the introduction of nutritive enemata. The

reason why the sensations of hunger are referred to the

stomach wall is unknown.

An animal deprived of its cereb'um shows all the utaal

signs of hunger, though obviously in this case it is an un-

conscious exhibition.
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Section V.

Hearing.

The Hat-re of 8ound.-When a body is made to vibrate
Us vibrations are communicated to the adjacent air and
g.ve riBe m th.s to waves which travel at a definite rate,
and when they reach the ear bo act upon its structure, as

lltrf fM '"""""'" °' '°"°''' '^^'> ^''™'i°''» which
onstitute the waves take place to and fro along the direo-

Z'wlf' J T" ' *"^«"'"8: in this sound differs
from hght whose vibrations are transverse to the direction
of propagation.

:^"uu

In comparing one sound with another we are conscious
of only three possible differences between them ; they may
differ in loudness, pitch, and quality. Of these loudness is
dependent on the mafjuitudv of the to-and-fro motion of the
vibrating particles whose movements transmit the sound
a loud sound means a large wave. Pitch, on the other
hand, depends on the frequencj of the vibrations, a hi»h
note implymg rapid vibrations, or a shorter wave-length

°

Sounds may be simple or compound. The vibrations' of
a tuning-fork give rise to a typically simple sound, ofvarymg loudness or pitch, but possessing little quality.Now most vibrating bodies do not give rise merely to such
simple vibrations, but set up a variable series of different
wavelengths along with their fundamental simple vibra-
tion. Thus most sounds consist of a fundamental tone
ccompanied by more or less of these other tones-them,ai tones overto„cs, or harmonics, as they are termed.
Ihe quality of a sound depends upon these partial tones

;where they are absent the tone is thin, where they are
present they give richness, and confer on it that ' character

'

anotr"! r "' ''"°®"''' °°' ""^'<=^' '"etrument from
another by the mere sound it emits.
Those sounds «hich we group under the general term of

tilr . ?r"/T "^ ^8"'"''^ °f "«- causative vXa
t.ons and the definiteness in wave-length of the latter

iJil
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Xoi.e iB essentially the .esult of the
''^f*""^

»';!;;;,

regularity and deflnitene.s. We have usually no d fficultj

i^discriminating noise from musical Bounds, but the o,_

may merge into the other, as in the case of the noise of

Tilt traffic ,.hen we are near it, and the mus.cal hum-

ming tone it produces when heard from a distance.

From observations on the human subject it has been

ascertained that the smallest number of vibrations audibl.

reabout thirty per second, while the average human .a.

can recognise up to 30,000 vibrations per second. It •»

undoubte'd that some animals can recognise a sma U,

number of vibrations than thirty per second. Gallon

sZs that the cat is capable of recognising sounds in-

audible to the human ear.
n .„ i i .

External Ear.-Tlie vibrations of sound are collected hy

a freely moving funnel-shaped body or external ear
;

it is

Lmposed mainly of cartilage, which is curved and hoUowe

ouUn such a way as to form a good collector, while sever.l

".uscles enable it to assume considerable changes in d.r c-

tion The two chief directions taken by the ears are back-

Tards and forwards ;
judging from the behaviour of many

orses in carrying oneear
backwardsand the other forwards,

U would appeL fhat they are capable of hearing and appre

ilting sound in two opposite directions at one and the

slme time; we say appreciating, inasmuch as sometlun

Ir! than mere hearing is required for auditory judgment

The funnel formed by the external ear leads somevvhat

indirectly to a canal known as the external auditory meatu

Tand around this is found an unctuous secretion, an

above it, in the funnel of the ear, are many hairs whicb

evidently are for the purpose of protection.

The Lremcts of tkc cars give evidence of «lut

nassing through the mind of an animal. The ears ol the

Ce re turned well to the front and closely pncke -vj.^

the points approximated, when he is attentive wheUie th

attention be devoted to a something he is alarmed at or

Seas^ with. The ears are laid back on the pol in sour^

ness of temper and in vice ; they are moved rapidly to and
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fro when a horse is anxious either from impending danger
or other cause

; one ear carried forward and tlie other
backward or both turned backwards are considered the sign
of a good stayer and willing worker, while drooping ears
are indicative of muscle fatigue or debility.

Whatever part those remarkables sacs, the gnttnral pouches
(confined solely to solipeds), are intended for, it is probable,
from their ai atomiLal connection, that they take some share
in the sense of Wearing, perhaps that of supplying the need-
ful amount of air to the middle ear. The actual use of the
guttural pouches is involved in obscurity, but we may pro-
visionally consider them as part of the middle ear. In man
acuteness of hearing is enhanced by listening with an open
mouth

; the fact that the horse cannot breathe through the
mouth may explain the presence of these large air-sacs
beneath the skull; in other words, thoy are probably
associated with acuteness of hearing.

At ono end of the eitemal auditory canal is a piece of membrane
itretclied completely across it known as the Tijmpaiiitm, it separates
the external from the middle ear (Fig. 1211. The MiihUa Ear is on the
opposite side of the tympanum to the external ear ; it consists of a cavity
containing a chain of very small bones, known as the malleus, im-iia and
tiapei, which stretch like a bridge across the space from the tympanum
to the third or internal ear. The middle, like the external ear, is in
communication wii

: the external air, but by means of a passage
known as the Eustachian canal which opens into the pharynx. The
t.vmpanum has, therefore, air on both sides of it, the object of which is

to ensure that the atmospheric pressure on either side is equal, and in
this way ensure its free swing. The air finds its way into the
Eustachian tube during the act of swallowing, and by the same channel
it is conveyed to the guttural pouches.
The Tympanum is concave towards the external ear ; in the middle

ear the handle of the malleus is fixed to the central bulging part of it,

and as this bone articulates with the incus, and the latter with the stapes,
any alteration in the shape of the drumhead, such as is produced by
the vibrations of sound, causes the bridge of bones to move ; further,
their movement is assisted by some smoU muscles which are attached
to them.

The Internal Ear, known as the labyrinth (Pig. 122), is composed of
the Kmicirailar canals, the veitibule,iini the cochlea; these are con-
lamed in a solid piece of bone in which two small foramina or windows

82
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rntu..la : Iho ba.. o( the .t.pe. or third bon. of the ..r I. attache

to the inembrMW which cover, the leoe.lr« ovaU..

F... 121 -DlWRAMMATIU BlCTION OK THE HOKSES F.AK.

j'r::rru^r-:x:r;rrhr:rs
IvtltVorthU point i. clear so (ar a, the .emieircular c«.al. are

.^
m^ ^

Fio 122.—The Labkeisth (Edmundb).

The .emicireular c«>als -'"'^e right ^eeo^lea^^^^
.tliwelm*

S'.ro^TainS£a/^ror;t7odgesthl auditory ncrv..

The figure is enlarged.

...med and some have oven included the vertibule, regarding th.

:rtr ::ltial organ 0. hearing. ^^^^^^^ ^'^^ri:^.
ear ie lined by a membrane oontainmg a fluid known a. the J.

,,j,„j,n; this peri.lymph has free access to all parts of the mner
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...... .™rirr.,r*;s,.'r,rrs tr.t

n.«/u \,;tlhult .'^''
.

*'
\\(u'lr,//s i-<(/ii, .1

,

Fid. 12.S.-niAoii»iiMATio Thansversk SucTlo-i
Cochlea (Stewart).

A TUBN OF TIIK

W" nsl the membranous window, and so seta up oscillation, in ,h

^her^"""* "tr'-"'" •"-^'X".' .he inZarea?

ng ai» ded into three spu-al channels which wind their wav from h„.

w r„d "h^rr"
""*'='"^- ^'—tero, twilTnZX

of thB ™Ili T "^ ^ ""^ auditory nerve travels. If a spiral

32—2
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hape «nd called Iho rorhlrar rannl : it coiitaln« tlie ennenllal or(I»nii of

hearinn, and liei Ixtwecn and lo the oulnide of the oth«r ••o. Tlif

root of the oorhloar canal in formed by a plecf of li«uo kii^ ,n ai tlu

mrmhranr / Uriunrr. whlUt il. Iloor, on winch ie .lluated the

eiwntial organ, of liearinK, or Organ (./ Vorii, 1. forojcd by the

mtmbmna luiiihriii, which connect, the outer wall of the cochlea lo

the lamina .pirali.. The cochlear canal i« the continuation of the

nienibranou. labyrinth. The upper pa.«aKO of the cochlea, viz., tli..

uala ve.tlbuli, i< continuou. with the lymphatic perl-lymph .puce o(

the veitibulc, whiUt the icala tympani, or lower paeiage, end. at tin

bau! of the cochlea in a blind extremity In which i. a nierabranoii.

Fio. 124.—OROiX OF CoKTl (Haukkk, aftkr Rktzics).

mi, Baeilar membrane; re. nerve fibre. pa.«ing m to arborize around

the hair cell.; p, inner pillar of Cortl, with it. bnsal eel, 4,

Touter piUar A it. basal cell, i,' ; 1,2, 8, .upportmR cell, ol

fceiter. i H, Henwn'e supporting cells ;
i, mternal hair cell* mlt

its hairi; c, external hair cells; ., hairs of three external hair

cells; n,ni, to n», cross-sections of the spural strand of cochltai

nerve fibres (Stewart).

window, the fenestra rotunda, which separatee the »cala tjmpani

from the cavity of the tympanum. The cochlear canal teimmaW!

suddenly at the summit of the cochlea, and at this point the two seals.

which in their windings have been decreasing in size from base to ap«.

meet and communicate by a small opening, the helicotrema, and Ite

fluid of the one is thus in connection with that of the other.

Organ of Cortl. —Thia consists of a triangular - shaped tnnne

(Fig 124), the base of wliich rests on the basilar membrane ;
tlit tumid

i. composed of certain rods arranged side by side, inclined from both

aides towards each other and meeting superiorly like an inverted

At this point the rode, known a. the rods of Corti, fit into each other m

a peculiar manner. Flanking either side of the tunnel are certain ceUi
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of the cochlea. The vibrations ascend the spiral staircase,

and set in motion the membrane of Keissner, which causes

the lymph in the cochlear canal to vibrate; when these

vibrations reach the summit of the cochlea they enter the

Bcala tympani through the heliootrema. The lymph in this

canal is now set in motion, with the result that the basilar

membrane, on which the organ of Corti rests, is affected,

and the vibrations are ultimately lost at the blind extremity

of the canal, whose membrane is pushed outwards ut

the fenestra rotunda. Every push inwards at the fenestra

ovalis causes, therefore, a push outwards at the fenestra

rotunda. During the time the vibrations are crossing

the cochlear canal from one scala to another the organ

of Corti is affected, and by means of the auditory nerve

the impulse is conveyed to the brain. It is in this

organ of Corti, with its nerve endings, that the complex

sounds which make np even a single note of music are

analysed, and this analysis was at one time supposed to be

effected by the rods of the organ, which were believed to

vibrato to their own particular tone, in the same way as a

tuning-fork will pick out its own tone from sounds in its

vicinity and vibrate to it. This view, tempting as it is, is

negatived by the fact that the rods of Corti do not exist in

birds, and it has therefore been supposed that the vibrations

to the nerves terminating in the organ are set up by the

vibration of the basilar membrane on which the organ is

built, but the question is far from settled.

Even the function of the vestibule is disputed
;
while

some hold from analogy that it is connected with auditory

sensations—through the nerves terminating in hair-cells

which are found on the areas previously described as the

macula acustica-others believe that it is wholly devoted

to the perception of movements of the body, by which

means the animal is informed of the extent and direction

of its own movements.

The Semicircular Canals and labyrinth, though connected

with the internal ear and sharing in common with it the

nerve of hearing, are yet devoted to functions o! quite
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another kind. To the labyrinth is assigned the control of
the ocular muscles and the maintenance of the horizontal
position of the pupil (see p. 472). It is also engaged in the
obscure problem of muscle tonus (p. 364), and this is

gatnered from the fact that destruction of it delays the
appearance of rigor mortis on the same side. Finally,
the labyrinth is the means by which the body learns,
or is made acquainted with its position and movements,
and this is effected by impulses proceeding from it to
the cerebellum. To quote the words of Sherrington, the

Fig. 125.—Diaoram showino the Positiok Occupied «y the Semi-
cmcnLAR Cakals. After Ewald (Stewart).

H, P, S, are three mutuaUy rectongular planes which indicate the
position of the canals. In the horizontal plane, H, are found both
erternat cajials; in a vertical longitudinal piano, S, are found
both iwpenor canals; in a vertical transverse plane, P both
poatmor canals are placed. The plane of the superior vertical
canal of one side is parallel to the plane of the posterior vertical
canal of the opposite side.

labyrinth keeps the worid right side up for the organism,
by keeping the organism right side up to the external world!
This function falls to the semicircular canals, the arrange-
ment of which is peculiar and interesting.

There are three bony semicircular canals, so arranged
that their three planes are placed at right angles to each
other, two being vertical and one horizontal (Fig. 125)

;

within each bony canal is one of membrane, the two
being separated by a fluid known as the peri-lymph.
Within the membranous canals is also a fluid known
as the endo-lymph, and at certain parts of the canals

Hii("
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the vestibular branch of the auditory nerve has special

nerve endings known as hair-cells. Impulses set up in

these hair-cells are brought about either by alterations in

the pressure of the peri-lymph, such as occur in consequence

of movement, or by mechanical stimulation produced by

grains of calcium carbonate (otoliths) found in the labyrinth,

closely associated with the nerve endings. Impulses so set

up are conveyed to the cerebellum, which is the centre

dominating the co-ordination of muscular movements, and

the movements necessary for equilibration.

The semicircular canals are arranged as above described,

so that movements of the body in the three dimensions of

space may produce their respective effects on the brain. It

is by means of them that an animal is made acquainted

with the direction in which its body is travelling, forward

or backward, right or left, up hill or down, or in the move-

ments which occur in jumping. It is no wonder, consider-

ing their extraordinary importance, that these canals are

securely lodged within the substance of the hardest bone

in the body.

If the semicircular canals be injured the resulting

phenomena depend upon the position of the canal which

has been destroyed. If the horizontal canal, the head

oscillates in a horizontal plane ; if the vertical canals be

damaged forced movements occur in a vertical plane;

standing and locomotion become impossible. If all three

canals are destroyed violent incoordinate movements

result, the animal turns somersaults, the head is twisted,

the eyeballs roll from side to side, and special measures

have to be taken to prevent the creature killing itself

through its own violence.



CHAPTER XVI

THE LOCOHOIOS APPAEATUS

The muacles are attached to boneB, and these, by their
movements, may be inclined to each other at angles of
varying size. These angles are opened and closed during
progression, and the mechanical aid which is introduced
to effect this is that of the lever. The lever is com-
posed of a power, fulcrum, and weight, and according
to the relative positions which these occupy, a lever is
spoken of as being of the first, second, or third order.

In a lever of the fim order the power is at one end, the
weight at the other, and the fulcrum between the two.
The muscles which extend the head act as a lever of this
order, the head being the weight, the occipito-atloid articu-
lation the fulcrum, and the muscles of the neck the power.
In extension of the hind-leg the gastrocnemii muscles are
the power, the hock-joint the fulcrum, and the leg below
the hock the weight. A lever of the first order is principally
a lever of extension, and exists all over the body ; it is also
a lever of power, for if the long-arm be 5 feet, and the
Short-arm 1 foot, a power of 1 lb. at the long-arm will
support a weight of 5 lbs. on the short-arm. It is to
be noted that as a lever increases in power it loses in
speedmess of action.

In the lever of the second order, which is a rare one in
the body, the weight is placed between the fulcrum and the
^wer as m a wheelbarrow, the wheel being the fulcium.
When the leg is fixed on the ground and the body passing
over It a lever of the second order is formed, the ground

805
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being the fulcrum, the triceps or gastrocnemii the power,

and the body through the elbow or hock joints the weight.

The third order uflecer is the lever o! flexion. The power

is placed between the fulcrum and weight; the nearer the

power is to the fulcrum, the greater the flexion obtamed

for a given expenditure of muscular force. This lever i»

one for speed, and what it gains in speed it loses in power

;

it is therefore a wasteful lever, but an essential one m the

limbs. Examples of it in the body are numerous ;
m the

flexion of the elbow-joint, the weight is the leg below the

elbow, the power is the flexor brachii muscle at its insertion

into the radius, whilst the elbow-joint forms the fulcrum.

In the flexion of the hock the power is the flexor metatarsi,

the fulcrum is the hock-joint, the weight being represented

by the limb below the hock. The reason why the third

lever is more frequent than the others, is due to the fact

that the chief movements of the limbs are directed to

moving comparatively light weights through a great

distance, or through a certain distance with great pre-

cision, rather than moving heavy weights through a short

distance (Foster). As to the weight to be carried, we may

say that the weight of the fore-leg of a cavalry horse cut off

at the elbow was found to be 17 lbs. 8 ozs. ; cut off at the

knee, through the upper row of boneo, it was found to

weigh 7 lbs. 10 ozs. ; one fore-foot wiih corona weighed

2 lbs. 3 OZB., and the hind-leg, cut off at the hock-joint,

weighed 10 lbs. 9 ozs.

StiUman* points out that the terms flexor, extensor,

adductor, and abductor, cause the chief function in muscles

to be lost sight of, viz., the power of propelling
;

it is

necessary, however, to remember that propelling is not 9

power apart from flexion and extension, but the result of

them.

Co-operatiTe Antagoninn.—As a rule, to which there are

certain exceptions, the contraction of any group of muscles

is attended by a contraction and not a relaxation of their

antagonists. This is described by Waller as ' Co-operabve

* ' The Horse in Motion.'
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Antagonism.' The amount ol contraction thus exhibited
by antagonistic musoles it, insufficient to neutralize the
effect of the direct motors, but it would appear that for the
due performance of euch movements as flexion, extension,
etc the antagonistic group of muscles should oiler some
slight opposition. This can readily be demonstrated by
Hexing the fingers and grasping the arm with the opposite
hand; both extensor and flexor muscles will be felt to
harden. Moreover the opposition of antagonistic muscles
appears m many cases to be essential to the due performance
of movement

; Waller quotes as an example of this the fact
•uat m lead palsy only the extensor muscles of the arm are
affected, yet the flexors are powerless to act.
The difference existing between the articulation of the

fore and hind limbs with the trunk has until recent years
been the cause of considerable error being promulgated
It was previously supposed that the muscular attachment
of the fore-leg to the trunk indicated that the body was
Bimply slnng between the fore-legs, the latter acting as
props whilst the hind-limbs did the work. Instantaneous
photography has shown us that the fore-limbs not only act
as props but as propellers of the body; especially is this
seen m the gallop, where by measurement it has been
shown that one fore-leg will propel the body a distance of
10 feet, and m so doing will raise it 4 inches in height in
a vertical direction.* By means of the fore-legs also, the
horse is enabled in draught to assist its hind-legs in stoppina
weights. II fa

Joint, are formed wherever two bones come into contact
iJealmg only with those joints in the limbs which are of
the most practical interest, it is observed that ball-and-
wcket joints (as in the hip), hinge-like joints (as in the
flock), and gliding joints (as in the knee), are found; all
these are coated with articular cartilage and lubricated with
mnia. Synovia is a viscid, yellow, alkaline fluid con-
fining proteids, mucin, and salts. The viscidity of synovia
18 due entirely to the mucin it contains, and this confers on

* Stillmaa, ' The Horse in Motion.'

: i
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it its slippery nature. There is no difference between the

synovia of joints and that of bursa;. It is said that the

amount of synovia in a joint is greater in animals at rest

than in those at work, but the extra bulk appears to be due

to an increase in the watery material, whilst the proteids

are decreased ; the salts, on the other hand, especially those

of sodium, exist in a larger proportion than m the synovia

of working animals.

The burss) in the limbs of the horse are very important

structures ; they are placed where the tendons pass through

bony channels, and without them the rapid movements of

the limbs would be impossible; that the stram on them

from wear and tear is considerable we know from practical

experience.
, , . u •

Hock-joint.—Solipeds appear to stand alone in havmg

the ridges of the astragalus placed obliquely, instead of

vertically as in other animals; the oblique ridges m the

horse occasion some considerable difference in the action of

the limb. It is usual to speak of a screw action of the hock

produced by the oblique ridges of the astragalus; this

screw action, we believe, is an entire misconception. The

ridges on the astragalus do act as a screw but not on the

hock; the ifi'ct is on the stifle, and produces that remark-

able stifle action particularly well seen in trotters. If the

ridges on the astragalus turned the hock outwards, every

horse would travel as if it were 'cow-hocked.' The leg

below the astragalus is carried directly forwards; when,

however, it comes to the ground, and the body passes over

it it is not uncommon in some horses to observe a con-

siderable twist mtuards of the hock-joint, the toe being

turned in ; this is due to the ascent of the lower end of the

tibia on the astragalus, leading to the upper end of the

tibia turnimi in the stifle-joint, the result of the leg being

extended. The object of the stifle being turned outwards

during the flexion of the leg is to clear the abdommal wall,

and the reason why solipeds have oblique ridges on the

astragalus and ruminants and carnivora vertical ones, is

that the ribs of the latter class are short and do not come
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near the pelvis (as in the horse), and therefore the abdominal
wall is not in the way. A spring or automatic flexion
action in the hock haH been deHcribed, such as may readily
be observed in the dead leg, when if the hock be Hexed
slightly it either flies back or completes its revolution with
a jerk. This condition does not exist during life, nor after
death until rigor mortis occurs; it is i)roduced by the
lateral ligaments of the hock-joint, and is purely a post-
mortem condition.

The flexor metatarsi muscle ia remarkable in having a
tendon running its whole length, so that from the origin at
the femur to the insertion at the front of the hock there is
a stout tendinous cord. A somewhat similar arrangement
exists in connection with the gaatrocnemii muscles. °\Vhen
the flexor metatarsi acts the hock is flexed, liut the use of
the tendon running from origin to insertion is not at first

sight quite clear. Chauveau considers that it automatically
flexes the hock, but tendons are devoid of any such power

;

it would appear that its function is to relieve the muscle
when the animal is standing, or sleeps standing. When
muscles which perform flexion and extension are acting
together with equal force no movement results; such is
the case when the weight is on the limbs and the animal at
rest. When a horse is at rest his gastrocnemii muscles and
flexor metatarsi are acting in opposite directions and equally

;

the one is trying to close the femoro-tibial angle, the other
keeping it open. It is the function of the tendinous portion
of the flexor metatarsi and gastrocnemii muscles to assist
m keeping the leg fixed without any great muscular effort.
The chief movement of the hock occurs between the tibia

and astragalus. Though the range of motion between
these bones is considerable, yet it is not fully exercised in
all paces; it is only in the jump and gallop that the angle
formed between the tibia and metatarsal is closed to any
great degree. When the joint is completely flexed in the
dead dissected limb, if we look at the posterior part, viz.,
the now uncovered ridges of the astragalus, we find that
when the joint is flexed to the utmost the tibia and

;:;
;
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attragalut an m longer in appotitinn, the tibia has partly

lelt the astragalus and a small space exists between them.

To prevent flexion to a dangerous degree two stops are

placed on the anterior face of the inferior extremity ol

the tibia, one outside, the other inside, the outside being

the larger of the two ; these stops come into contact with

two rests on the astragalus, and in this way we think a

certttin amount of jar may be imparted to this bone. As

the inside stop comes into contact with the astragalus

slightly before the outside stop, we conceive it possible that

the inside of the astragalus receives more concussion than

the outside. Can this help to offer any explanation of the

position of spavin? Of the ridges on the astragalus, one

is narrow, the other broad ; the narrow one is the inside

ridge, and it runs completely down to the surface which

articulates with the magnum, and sometimes considerably

overlaps it.

The movement in the true hock-joint is very simple as

well as extensive ; but the movements between the small

bones composing the joints are complicated. In the first

instance they are very limited ; the astragalus moves on the

magnum, the magnum on the medium, and the medium on

the large metatarsal ; but the amount of movement in these

is not the same, the movement between the astragalus and

magnum being the greatest. One might supijose that the

movement in this part was rather of a front to rear, viz.,

to and fro character, though the fact that the ligamentous

attachment between the bones is situated at the central

part suggests that this is probably not the case. Pathology

proves the correctness of the latter supposition. An

examination of the face of these bones when affected with

articular disease exhibits well-marked, sharp, and rather

deep grooves, which run obliquely across the surface of

the bones, and are better seen between the astragalus and

magnum than elsewhere. The grooves are the result ol

friction during the movementof the joint, and they indicate

that the motion of these bones on one another is more

of the nature of a rotation. Again, these grooves shon
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where the greatest amount of pressure normally comes onthe bones; it will always be found that the most ex^nsivedamage m disease is on the anterior and internal surfaceand th.s rule holds good whether it be the a tragi
'

magnum, medium, or head of the large metatar«^ whichwe Hre examining. If a longitudinal section otthTZrom the th,gh to the fetlock be made, it is observ d tha?he hne o weight on the bony column mainly falls throug.

ZbT^::\r °' ''^•'-''i°'=>'• ^he™ can be nodoubt that this pressure is removed by resting the leg.m flexmg the hock, and this is probably the reason why

:: "z^ziz
"' ""' '"^"^ " "-^ '^^""« ^^-"^

Its rotation has been previously described. One function

^1 n JJ";"';'
""" "' '''"^"'"S ">« """b firm and rriS

Ih1!k k ,

""'"'"" '°°*'"'"'' •"'° '»>« patella; if the

of the femur, no flexmg of the hock or stifle can occur.This experiment can be readily tried on a horse jusdestroyed; the limb having been extended, the simple
pressure of the hand on the crural muscles is sufficienTto
preven the bending of the hock unless considerab

"
d^c^ th« ," "T^'«

""' ^"' ""'^«'"«°' '" the

?l7fi, , . 'J'^
*°^ "* ^^'''"g "' 'J'B hock and stifle isthat the foot IS flexed. In a certain surgical condition commoaly known as dislocation of the patella, the limb

"
rigTdfrom the femur to the metatarsus; but. though the folt

th^pateJaT' "f!,'
'""^ "°' ^"«« -pondtwtgt

of thl Tu^
^'"'- ^^' "^^"'^^ 'hat in the majorityof these cases the patella is not fixed from dislocation bul

ment nT V"' '"'" '°"^'"^'- ^^e amount of move'

carrild n. * •^.' " """Biddable, and to admit of it being

th fl r'*'.
P*'''"' ^'«^°'°' *he convex condyles of

-iiT^^th^lTibL""'''
''"^''

"' •^^"•^°- - "- "pp^'
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The Hip is a oup and ball joint ; the range of outward

movement obtained by it in the horee is limited by the

ineertion of the ligamentum teres (and pubio-femoral liga-

ment) into the inner eide of the head of the femur, and

not into its centre a» in most other animaU. This is Haid

to be the reason why the horse rarely 'cow-kicks.' The

lengthening of these ligaments accounts for 'cow-hocks'

in horses.

The Shoulder-joint is characterized by the considerablfi

surface of movement afforded by the humerus and the

small surface of the scapula, the object being to obtain a

large range of motion for the humerus.

The Hbow presents an articulation with ridges which

influence the turning outwards of the knee in progression;

if the knees are turned out too much the leg below i8

thrown in as it is brought forward, and ia this way one

cause of ' brushing ' and ' speedy cutting ' is produced.

The Knee consists of three main joints and numerous

minor ones ; the upper joint possesses the largest range of

motion, whilst the lower joint practically does not open.

Probably such defects as 'speedy cutting' and its opposite

condition, ' dishing," are influenced not only by the elbow,

but by the shape of the articular surfaces between the

radius and upiier row of bones. The radius is peculiar in

presenting on that articular surface next the knee a concave

surface anteriorly and a convex one posteriorly; these

form two condyles, of which the inner is more curved than

the outer. The outer condyle plays on the trapezium,

aureiform, and lunar; the inner condyle plays solely on

thi saphoid. When the knee is flexed the influence of

the condyles is seen ; the concave articular surface of the

radius is removed from the surface of the bones of the

knee, and the convex articular surface appears as the joint

grows wider. The inner condyle being larger than the

outer depresses the scaphoid, so that a very important

movement occurs between the scaphoid and lunar. This

action of the radius on the scaphoid throws tha foot

slightly outwards, probably with the object of enabling it
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to clear the oppogite limb. We believe that an examina-
tion oJ the kneee ot 'di.hing' horeee will ehow that
extreme curvature of the inner condyle o( the radiu. i. the
cause the action, in the same way that turned-in elbows
and alterations in the curvatures of the radius and
humerus, will probably account for horses throwing the
foot inwards, and thus ' brushing ' or ' speedy cutting

•

The P.tl«>k Joint, owing to the pre«.nce of the sesamoid
bone., forms ,, yielding articulation. In a state of repose
the greater part of the horse's weight h borne onVhe
postenor half of the metacarpal articulation and the
articular surface of the sesamoids. One great advantage
gained by the articulation of the fetlock being yielding is
the destruction of the concussion of impact when the body
comes to the ground. A similar condition i« observedm the joint of the foot, for which see the chapter devoted
to that subject.

The Punction of the 8u.p.n«.ry Lig.Ment has been a
fruitful source of discussion. Its chief u«e, no doubt, is to
support the fetlock; in no other way could a joint be
supported which is placed in this part of the limb, poe-
SBHsed of so much motion, and exposed to such concussion.
Though ligaments and tendons are held to be non-elastic,
.>-et we must claim for the suspensory ligament a little more
lasticity than would be obtained if the sesamoids were
united by bony t ssue to the metacarpal, and the plea.sant.
ness and freedom from jar experienced in the riding-horse
aie in part due to the suspensory ligament.s

wM^'lTl"."'^'".' I""'.*'''
saspensory ligament a function

»hich he believes to be demonstrated by instantaneous photo-
graphy, VIZ., that it acts the part of a spring, flexing the
^e lock sharply V.on the weight is taken off itfknd expl!„:why the dirt IS thrown out of the feet of a galloping horse.

1 r °° '?!^''°'' °^ "'^ "o^^tneBs of this statement

;

.XnZ ^' "^ ? "' "^^ '«* '™'" 'he ground in

m«s est with the i.«xor muscles. Be..,ides these functionstae suspensory ligaments assist the horse to stand while

88
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.leeping. If the iutpenwry ligament be divided. Ih.

letl^k HinkB but doe- not come to »»>« «'°";»'
•

''
';:

perforan* be divided a Blight sinking o! the fetlock .h t.

only change. To bring the (etlock to 'l" /^f '
,^»'

'

flexors and .u.penBory ligament must be divided. «ludi

.lemonntrateH that all three 8u,.,K)rt the weight wh.le

"'Finotton of the Check ligamenU.-HorseH .ue enabled t"

sleep while htanding, and remain for Bome conHideiable tn».

without lying down, by meann of .i singular .vrrangen>en

of »o.called 'check- ligaments which exiBt» m both foreu..,l

hind limbH; we have previously touched on tins quebU«m

so far as the hind-limb is doncerned. The flexor tendon.

of the fore-limb sui^port the weight, the extensors keep t ,e

limb rigid. In order that the strain of «ui.portinn tl..

weight may not be placed solely on the muscles of the am.

both flexor and extensor tendons receive branches of

ligament from the radius and metacarpus, ihese ^iie

attached to the tendons in such a way as to cut off t ,.

muscles, at any rate, to a considerable extent from the

strain of standing in one position for any length of t.me. m

the act of standing the rigidity of the bony column of il.e

leg is maintained by the exlen>or tendons, each phalanx

having an extensor attached to it, vi.., the extensor meta-

carpi leading to the large metacarpal bone, extensor pccli>

to the corona and pedis (receiving also a slip from the sus-

pensory ligament), and extensor sutlraginis to the suflragniis.

This latter receives a strong slip of ligament from the out-

Bide of the carpus, which entirely takes off the stram ion.

the muscle, and keeps the tendon taut during Hleer

Further, the horse is enabled to stand whilst sleeping bN

means of the fascia of the arm and thigh; both of tl.es.

are attached to the muscles and tendons of the paii.

affording them considerable support of a non-muscul,..

"*Celtre of Gravity.-The centre of gravity at rest is lixeJ.

but during motion it oscillates from front to rear, depen.!-

ing on the position of the body and the pace. Owing .
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the fMt that more weight i» crried on the fore th,m on thehmd egi, the centre of gravity liee nearer to the ell—

•

than the itifle. If ,» vertical line l,e dropped ju.t b • „, ;

the ensiform cartilage of the sternum, and intersecte. oy a
horizon «l one passing through the lower part of the
middle third of the hody. the point of intersection i. the
centre of gravity of the body at rent ; this is the rule given
by Colm. We may say. speaking roughly, that the vertical
Ime passes about ti inches behind the elbow, the horizontal
just below the shoulder-joint

: the centre of gravity is where
these intersect. It is obvious that the position of the
centre of gravity will vary with different horses, but not t„
»..ch an extent as seriously to affect the truth of the above
statement. During locomotion the centre of gravity moves
to the front and rear of the normal at rest; for examplen jumping It is in fror.t of it when the fore-le™ are'
coming to the ground, behind it when the hind-legs are
kaving the ground

,
it is in front of it during draught,

Ijehind it during backing.
DiBtribution of the Weight of the Body—The fore-lei:s

carry more weight than the hind, which is perhaps the
reverse of what might be expected; but if a horse be
carefully weighed, it is found that the fore-legs take more
han one-half the body weight. The position of the head
iwhich may weigh as much as 40 and 50 lbs.) considerably

fit
";*"«•", °" '^' '««»• Thus, if the head be raised

up when the fore-Iegs are weighed, the latter will be found to
e carrying over 20 lbs. less weight than if the head were

lependent. The practical application of this fact is obvious

horse s back it is found that 6(! per cent, of his weight is

zi::
'"^.^

'r-'««^-
-<• «• ?- -nt. o„ the hi„d' ti;:« of weight on the fore-Iegs is increased by leaning

forward m the saddle, and decreased by leaning back "n

afforded us by what we now know of the physiology ofocomotion-viz.. the fore-Iegs act as propeller, of theoody, and owmg to their being nearest to the centre of

H3—

2
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gravity, they also bear the largest share of the weight of

the body and the weight of the rider.

The Structure and Function of the Limb, m EeUtion to the

Production of Lamene...-A8 high up as the Bhank we may

Bay that there is no practical difference in the anatomical

arrangements of the fore and hind Umbs, and yet we kno«

how c'ommonly the foot and coronet of the fore-leg are

affected with lameness, and how rarely m comparison the

hind one. In comparing the knee and hook great difference,

are observed ; it is true that in both a number of pieces of

bone enter into their formation, but here the likeness ends

the small bones of the knee have considerable movement,

the small bones of the hock only a trifling amount. Ihe

lower row of knee bones, so far as movement is concerned

are the nearest approach to the movement o the small

bones of the hock, yet the latter are frequently diseased

the former rarely affected. Evidently, then, the presence o

Bmall and comparatively immobile bones in *e hock cannot

constitute an explanation of the frequency of hock disea«^

Does the manner in which the joints are flexed throw am

light on the acknowledged fact that knee disease is rare

and hock disease frequent ? It will be observed that these

two joints bend in opposite directions; the knee opens m

the front when flexed, the hock opens at the back
;
we ha e

already given reasons for believing that some m]ury may ih-

inflicted on the hock-joint by its method of closing.

Continuing this comparison of the fore and hind leg t

mav be remarked that the stifle corresponds to the elbo.,

and the patella to the ulna; during flexion of these join

.

the elbow opens at the back whilst the stifle opens m from

in other words, though corresponding joints-the elbo«

and the stifle, the hock and the knee-they do not agree n

the direction in which their movement is made. IheW

joint corresponds to the shoulder-jomt and though m.he

hip all the movement is done by one bone instead of tm,

yet the to-and-fro movement is practically the same u.

^*
When the for6-leg comes to the ground, no matter Trhal
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the pace may be, the limb must be straight in order that
the foot may be placed down Hat, or, as in the faster paces
heel first. This straightening of the knee renders the bony
column of the leg rigid for the time being; the shock of
impact IB therefore greatest at that part of the column
nearest to the point of impact, and decreases as it passes
up the leg. It would be anticipating our subject to attempt
to deal with the various means which exist in the foot to
render this shock as little destructive as possible ; we can
only allude to the weight being supported on the liimimi.,
to the presence of a foot articulation which is yieldin"
posteriorly, the existence of an elastic movement of the
posterior part of the foot, and the presence of an elastic
and indiarabber-like cushion, the foot-pad.
There ai«, however, two distinct strains imposed on a

hmb—viz., the shock or concussion when the foot comes to
the ground, and the strain or compression occasioned when
It 18 leaving the ground ; one is the concussion of impact,
the other the compression of propulsion. The hind-leg
differs from the fore-limb in its method of providing for
the concussion of impact; here we find that the limb
mstead of being straight—as the fore-leg is from the elbow
to the foot—is bent, and it is bent at the hock, at a point
which we may take to be midway between the stifle and
the ground. The shock of impact comes, therefore, largely
on the hock.

The fore-leg in providing tor propulsion rotates over the
foot, the limb still being straight from the elbow to the
ground, and the shock of rotation is mainly confined to the
lower end of the bony column. In the hind-leg propulsion
18 obtained not only by the foot remaining fixed on the
ground, but also at the same time by a straightening or
unbending of the hock, which gradually opens until the
Ubia forms with the metatarsal bone the nearest straight
ine It 18 capable of making. In this way we may say that
the hock performs twice as much work as the knee, and
such a statement throws some possible light on the
frequency with which this joint is affected with disease.

I .; ,i J.



518 A MANUAL OF VETEBmAKl PHYSIOLOGY

The Anti.ooncu8.ion Beohaniims existing in the limb are,

roughly speaking, of two Uinds-viz.. (1) those tor receivmR

the weight of the body on the leg when the foot comes to

the ground, without the part suffering from the concussion

of impact, and (2) those which admit of propulsion by one

fore-limb without the parts suffering from the compression

of propulsion. The first is principally provided by the

yielding joints formed in the pedal and fetlock articulations

by the arrangement of the foot, and by the tendmou, an.

ligamentous material at the back of the limb; the second

is furnished by the column of bones formmg the imib beinK

broken up from the scapula to the pedis, and progressively

increasing in size from the seat of the largest amount of

compression-viz., the toot-to the least amount in he

shoulder. Probably the coronet and pastern represent the

weakest part of the fore-limb, and their small Hize n.

comparison with the weight they have to support is

evidence of this. ... , i

To ease the skeleton from concussion the muscles and

tendons are brought into play and rendered taut
;
we kno«,

for instance, how much better a limb is prepared to stand

a sudden shock if sufficient warning is given through the

"
TheleSns and muscles of the limbs help to Uke the

shock So long as the muscles maintain their elasticity the

work done by their tendinous attachments is comparatively

sliRht; as the muscles tire the strain on the tendons

increases, and in consequence they may give way, and thi.

will occur at their weakest part. In this tired condition

limb the skeleton also suffers, the bones formmg the column

receive more shock than normal, and the smallest and

shortest bones situated nearest to the seat of coneu.8>on

viz the ground, may even fracture under the strain, and

under any circumstances run a grave risk of becomuig

inflamed. This argument is based on clinical observatu,n^

we do not believe that any riding horse Eprains it» ba.

tendons or suspensory ligament until the muscles tire a

are no longer capable of exhibiting that perfect elasticitj
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inherent in muscular tissue. We do not, however, say that
no horse suffers in its pastern bones until the muscles tire
(for example the cart horse), though the strain on them is
undoubtedly greater at this time than any other. The
strain on the pastern bones during draught depends upon
the force exerted, viz., the compression of propulsion, and
that this is something considerable may readily he seen in
any heavy draught work.

Fractures of the pastern also teach us some useful
lessons

,
we may regard them for our purpose as experi-

mental evidence of the shock inflicted on the lower bones
of the hmb. This shock is caused when the foot comes to
the ground, not when it leaves it, and it may occur on hard
ground or on sand

; in the former case the cause of the
concussion is obvious, in the latter at first sight it is not
80 clear, yet when we remember how rapidly horses tire
when working at any fast pace over sand, and, owing to
the nature of the ground, the manner in which they must
mUjudge the application of that muscular bracing which
saves the skeleton from concussion, it is not difficult to
explain the well-known fact that pasterns frequently
fracture on sandy soil. Direct concussion in a horse which
18 not tired and is not working on sand may also produce
a fracture of this region. Fractures of the pastern may
occur from galloping horses on the wet sand of a seashore

;

this 18 the result of concussion : the next hardest thing to a
macadamized road is a wet seashore.
Our only object in dealing with a subject which appears

to be foreign to the one under consideration is to bring
some light to bear on the strain to which the skeleton is
exposed. This strain would appear to be greatest on the
suffraginis in the fore-limb, for fracture of this bone is
mcomparably more common than fracture of the corona,
though this might be accounted for by the density of the
latter and the absence of a medullary canal. In concluding
these remarks on fracture of the past«rn, we would draw
attention to the fact that the strain imposed on the bones
m all cases is probably nearly identical in direction, for

^'11

f
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there is a remarkable Bimilatity in appearance presented

by ra ures 0. either the corona or suffragm.B. the Iracture.

portiona agreeing in shape and size, m Bome caBea almost

TStfoTwhat we have said about ^ireet concus^on

affecting the pastern bones, we do not think that this .3

ne sarily the only factor present in the production of

rTngbone The compression of propulsion must take a part;

we mean by this, the shock imparted to the pastern bones

IhiU the Lt is on the ground and the body is passing

over it. The fore-leg from the knee to the foot is on y

intended to open and close in onedirection ;
we can readily

ie the fooUouch the point of the elbow, but we cannot

make it touch the front of the fetlock. Now if we study the

Ivement the limb makes from the «- '^e 'o'.t -me^ ^

contact with the ground, we observe that the fetlock a

first descends and then ascends, and having reached the

desLed point the limb passes over the foot which remams

fixed on the ground, and at this moment an important

Sirent occurs in the pastern, viz., i'« ;o"''r '™''

Tei-r to front. While the fetlock is ascendmg the meta-

ctrpal is moving on the suffraginis, the suttraginis on the

co^na and th^ latter on the pedis; but as soon as the hm

beroms vertical (in the rotation of the body over the foot

the movement between the suffraginis and corona becomes

exceedingly limited, and for all practical purposes, <.«,«,

TZiriLolilit,,. the tuo ,nay be re,,anled as one b..,^

thus the remaining rotation of the body occurs betwe .

the corona and pedis. It is only possible to understan,!

tSs by following' it out on the dead limb, the leg bein«

unright and the foot fixed.
^ »• „< *v,„

^Z important point is this-during the rotation th^

body over the foot considerable compression and strain

must be experienced in the pastern; this strain is mos

Tverel felt'at the articulation between the Buffr«ginis

corona owing to the fact that these are hcked U,;ntlo

during thi main extension of the limb. Further, as

u"w3 and forward propulsion to the body is given as the
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foot is leaving the ground, much of the shock resulting

from it must be expended on the pastern bones.

Irregularities in the ground surface are a severe strain

on the coronets, especially of a horse out of condition.

The study of hoof prints will readily demonstrate the fact

of uneven tread ; the lateral deviation of the coronet and
pedal joints is something very small, yet every uneven
tread, be it caused by a rut or a pebble, throws a strain on
these parts, and there can be no doubt that many cases of

ringbone originate in strains of the lateral ligaments of

these joints.

In the Act of Standing the body is supported on four

props
J two of them have only a muscular attachment to

the trunk, the other pair are united by a ball and socket
joint. It is unnecessary to allude by name to the muscles
connecting the fore-leg with the trunk, excepting the
serratus magnus through the medium of which the body
is principally slung on the scapute. Xo matter what the
position of standing may be, the horse never, in a state of

health, keeps its fore-feet in any other position than together

;

one fore-limb advanced in front of the other is abnormal
excepting when grazing. On the other hand, it is very
rare to see a horse standing squarely on both hind-legs, he
is invariably resting the limbs alternately. Some years
ago we drew attention to this as being an explanation of

the exemption of the hind-limbs from navicular disease

;

by this process oi resting, the compression of the navicular
bone (through the body weight above, and the perforans
tendon below) is relieved. The horse only learns to rest

the fore-feet when too late.

In Lying Down the animal brings the four legs together

under the body, and bends both knees and hocks, the knees
and chest touching the ground before the hind-quarters.

When down he either lies extended on one side or seated
on the chest, two lateral legs being under the body and
two outside it If resting on the chest he inclines to one
side or the other ; he cannot like a ruminant lie plumb on
the keel of the sternum owing to its sharp ridge. If

( \4M
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inclined to the near aide, the near tore-foot is placed close

to the breast-bone, the elbow touching the ground, he

near hind-toot is under the abdomen and he lies on the

outside ol the hock and shank; the off tore-foot lies clo..

to the off elbow but as a rule outside it, and the point of

the off hook touches the ground. A horse does not lie lonj;

in one position owing probably to the enormous weight of

his body. It will be observed that the animal lies on the

point of the elbow which is underneath the body. This 19

the cause of
' capped elbow,' and not that usually assigned,

viz., resting on the heel of the shoe. When do^ the

animal is either sitting on its chest or lying on its side, but

in any case no position is maintained for any great length

of tiui, He may sleep sitting on his chest, in which case

he rests the chhi on the ground with the lower \vf

frequently everted and so rests on the incisor teeth. The

eyes are never completely closed, and he is the lightest

sleeper imaginable.
, , ^ j j

Cattle repose on the breast with the head turned round

to the side. ,

In KiBing the horse can only get up by extending both

fore-feet in front of the body ; the hind-quarters are now

pressed upwards, the animal securely fixing his toes in

the ground, and assisted by the muscles of the back, the

animal is immediately on his feet, the fore-part alwaj^

rising betore the hind. The ruminant rises quite dif-

ferently, in fact the reverse of the horse, the hind-quarters

being the first to ascend.
.

Locomotion. -We have now to study the question of

locomotion in the horse, and describe how the legs are

moved during the different paces. It will be remembered

that our knowledge of this subject chiefly depends upon

graphic records and instantaneous photography the

pioneers in the field being Marey* in France, Stanfort

Staiman. and Muybridge in America.! We have selected

typical studies in order to elucidate the text, but it must

'Animal Mechanics,' International Scientific Series.

t • The Horse in Motiun."
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be remembered that no liard-and-fiist attitudes can be
adopted. The sharp quick clever horse whose muscular
response is rapid does not move his legs cjuite in the same
way as the slow lethargic indifferent type ; and similarly
a tired horse moves differently from one whose muscles
are fresh and responsive.

The Walk (Fig. 126) is the slowest pace, the movements
are somewhat complex, and may roughly l.e divided into

Fig. laa.—THE Walk (Ellenbekger).

our stages. In the first the body is balanced on three
legs, m the second stage on two diagonal legs, in the
third on three legs, in the fourth on two lateral legs, and
the next movement brings it back to the tirat stage, only
with different legs employed. Tracing the movements in
each stage, the horse advances one fore-leg—say, the off
(Fig. 126, i)—and is left standing on the near tore, near
hind, and off hind

; in the second stage the near hind is

'til'

; . V

Ihi,.
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picked up. and the animal is standing o" 'h" »«« '°"

and off hind, viz., on diagonal legs (Fig. 126, ^)
;
m the

third stage the off lore has come to t^e ground, and he

animal is balanced on both fore and the off hmd leg

(Fig. 126. 3); in the fourth stage the near hmd is

advanced to be placed over, or in advance of, the track

of the near fore; to make room for it the near fore i

advanced, and the horse is left standmg on t'O >»'«"

le«s, viz., off fore and off hind (Fig. 126. i). The next

movement brings the animal into the first positm j..th

the near fore leading instead of the off fore. The fore-

leg remains on the ground for a longer time than .

takes in passing through the air. and compnseB the period

during which the body is passmg over the Urnbs. The

movement in the' air both of fore and hmd legs .s so

extremely rapid as almost to defy detection The snatching

1 of the foot from the ground is the quickest movement.

StiUman refers it to the spring or rebound of the suspensoj

ligament, but it is doubtless due entirely to the ttexo

muscles. In walking on level ground the majority o

horses rarely extend the knee any great distance beyond a

vertical line dropped from the point of tl'^/^""!^^;- *

sudden movement of the extensors now Btraightens the

leg. and the foot is placed down flat or heel first. If the leg

is not fully straightened by the extensor muscles he foot

comes toL ground toe first, with the knee shgh'y
J^J;

and a stumble follows. In heavy draught work it is «o

uncommon thing to see tl e toe put down first but here h

conditions are very different. It «PI*«V??
the walk

indifference with which fore-leg an animal ='«»« *«
^J

'

under some conditions he may indeed make the first stop

7iV^ a hind leg, in which case the next to move is the

Torresponding fore-leg in order to make way for the hind

'°The Trot (Fig. 127) is a very simple pace to analyse
;

the

body is supported on diagonal legs (Fig. 127 i). which

tteir propulsion drive it off the ground, du'-ng «"

period'^the legs are in the air (Fig. 127. ^)
;
when the
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body comes to the ground again the next pair of diagonal

, • ,. i» (Via 127 :i). and once more propel it.

'rZe'r hu tKSb tl' the trot ; the body in two o.

[hem i'supported by diagonal legs, and in one ol them .t

"
Thftrotappears to be the only pace in which instan-

iilaced firmly on the ground heels tirst.

In thelibl. the horse, instead o. ^f^^J'^F^^'Z
us 8 the lateral limbs, so th.t off fore and off hmd are on

the gTound n«tead of off fore and near hind. An an.m,.

mlv aTbt both at the walk and trot, in th>s respect

resembC* camel. There is no doubt that U « a per-

aly natural pace for some horses ;
"thers are taugh

as it is a particularly pleasant one for the rider and ta

'^tZt^^--^ - body is Pu-ajw«a o«

r.!g^27neTearSU\rhi:i bi1ff t.

Snd \\h: next stage all the legs are oyhe groun

though the feet are no great distance from it (F* j^B,

^

balanced on one limb only (tig- ^^'*'^>-
, ^^i

.f.i»» the off hind and near fore come to tue grouu

Ttage the off fore comes to the ground, but as it do«» .o
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th. near hind ri... ; th. anim.1 i. .tiU Ult on ">r~/of-

vU Wh or. and off hind (Fig. ia». 5) ;
in th. .uth .Uge

r.'n..r oe and off hind Lave th. ground th. hor.^

itnr'lirced on th. off for. only (Fig. 128. «)
;
*• »"'

Srn^S. a r.p.tition of th. first, t^e off toj.J.-m^

Mn? There are «,me animalH which, .o long a3 they are

f A^'a w^th he leg °f their own choice, are pleasant u,

relpar. but i forced through fatigue or other cause to

ad wTh th.tppo«ite for. leg. their -v.m.nts, ar. roa«.

SiS"V canL or gallop with faciUty =
th.s—^rlJrr Sr^^e'r^rihe. and t.

anllysiH give of U here is from one of Muyhr.dge,

J^licir:ewiA-to^^^^^^^^^^^^

rs;cS:u:^;:SJ::^x^ody^uu.e^
V\ iVic 129 1) ; in the second stage on. hind-leg, say

the ground, the horse now oeing
the fourth
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r,ff fore-leg (Fig. 129, 5) ; in the flixth stage the near fore

comee to the ground (Fig. 129, 6a), and the off fore leaves

it (Fig. 129, 6-fc)-the body is still supported on one fore-

leg; in the seventh stage the body passes over the near

fore-leg (Fig. 129, ; ., end by a contraction of its muscles

the entire weight is lifted off the ground, and propelled

forward! and upwards (Fig. 129, i). The simplest descrip-

tion of ',he gallop is that the horse takes a stride with

the hind-legs which then leave the ground ;
he next strides

with the fore-legs, and at the end of this propels he

body for several yards through the contraction of the

muscles of the fore-leg on which he was last bearing.

During the true gallop he never has more than two legs

on the ground at the same time, and they are always

pairs, excepting i- p-^sition 4, Fig. 129.

The points o' impottance in both the gallop and cante

are that the heel of the foot comes to the ground first ha

the hind-legs break the shock of the falling body and that

the fore-legs take the larges' share in propelling the weight

Two of these facts were described years ago by Lupton, but

were not accepted.* In examining the track of a gallopmg

horse it is remarkable to observe what a very straight line

the hoof-marks leave, showing that each foot is brought

well under the middle line of the body. When a horse

gallops, no matter how fast the pace, the fore-feet never

extend beyond a vertical dropped from the muzzle.

In the Jump (Fig. 130) the horse rises to it by the pro-

pulsion upwards which the fore-legs give to the body

Fie 130 J), the knees at the same time bemg flexed to

enable the feet to clear the obstacle. Both hind-legs bemg

fixed on the ground, the body is through these propelled

forwards (Fig. 130, U). In alighting the animal does so

through the medium of the fore-legs, either together or one

following the other but always straight (Fig. 130,
.
)•

"^

stantaneoua photography disproves the '^eory that in h

jump a horse naturally alights on the hu.d-legs, thougb

it is true that some clumsy horses do.

* See footnote, p. rj59.
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In Eearing the hind-legB are brought well under the

body, the head and neck are thrown up, and the propeUmf,

power 0. the fore-lege directs the body upwards, where .t.

sustained by the muscles oi the back and loms. So long

as the centre of gravity falls within the base formed by the

hind fXthe Jy is I a position of stable equ.Ubrmm ;

but if it passes outside this, the horse comes back on to

the point of both hocks, and may either ro" °ver on .

side or go directly backwards. If the latter, the first par

of the body to strike the ground is the occiput; in this w.j

fracture of the base of the skull may occur.

In Kicking with both hind-legs the head is depressed,

and a powerful contraction of the muscles of the quarter

and back throws the croup upwards, and at the same time

both legs are violently extended. lacking n>ay be practised

either with one hind-leg backwards or ""^ bmd4eg for^

wards The latter is very dangerous; fortunately only

In accomplished horse can effect it; it is known as

'cow-kicking.- Owing to the P".^-«7°- /«Xik\n
horse can only kick outwards with difficulty. Stribng

with the fore-feet is not common, and is no character-

istic of British horses, nor are 'cow-kickmg or buck-

^"Tn Buck-jumping the animal springs bodily off the gi-ound,

the head being suddenly depressed between the fore-legs

and the back violently arched.

The Hormal Daily Work of Horses, the rate at which they

are capable of performing it, and the ?<>«« t^«y
^'^IT.

to doing so, must now be briefly considered. Eankme has

laid down that mechanical daUy work is the product of thre*

quantities : (1) the effort ; (2) the rate ; (3) the number o.

Lits of time per day during which the work is contmue

Our only difficulty is in obtaining the value of the etfot

,

which it is clear must depend upon the nature of the work,

the character of the ground, the weight carried or dra«i.,

and the physical fitness of the animal. The normal «or

ot horses would appear to be 3,00f. fo.,t-t.ms per d.em:

hard day's work is equivalent to 1.000 foot-tons, and a
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severe day's work is 5,000 foot-tone. Redtenbacher* places
the daily work of a horse for 8 hours at 6,700 foot- tons,
and Rankine'B tables t show that a draught horse exercisino
a force of traction of 120 lbs. for 8 hours a day, performs
6,200 foot-tons of work. I think both these estimates are
without doubt too high. The co-efficients of resistance
employed in our calculations were those determined for
man by the Rev. Professor Haughton; we know of none
specially calculated for the quadruped. Assuming the
weight of the animal, plus the weight carried or drawn, to
be equal to 1,000 lbs., then 3,000 foot-tons of work will be
obtained by the following work

:

Walking at 3 miles per hour for 8-7 hours.
" ..4 ,, _ 5-3

" .. ., 3-7 .,

Trotting „ H „ ,^ J.J
Cantering „ 11

,, ^^ i

This table is only given as a means of conveying to thf
mmd the value of 3,000 foot-tons of work, though trotting
12 miles or walking 18J miles are commonly done in practice
as a day's work.

The Velocity of the gallop has been variously stated, but
It IS eertam that no horse has galloped 1 mile in 1 minute
as 18 reported of Flying Childers. A horse named Salvatorm 1890, carrymg 7 stones 12 lbs., was galloped on a straight
course against time, and did a mile in 1 minute 35* seconds
The most severe galloping ever recorded was performed by
Quibbler in 1786, who galloped 23 miles round the flat at
Newmarket in 57 minutes 10 seconds. The fastest pace at
which trotting has been performed is 1 mile in 2 minutes
8i seconds. The celebrated American trotting-horse Tom
lliumb trotted 100 miles in 10 Imurs 7 minutes, including
a stoppage of 37 minutes; an English mare did the same
distance in 10 hours 14 minutes, including a stoppage of
13 minutes, while Sir E. Astley's Phenomenon trotted

* Quoted by WKendrick.
+ 'Enoyolopsdia Britannioa,' art. 'Animal Mechanics.'

*M\,

M
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17 mUeB in 53 minnteB. All the old performanceB here

quoted are Irom Youatfe work on ' The HorBe.

Tumina now t» what may be expected of ordinary

horrumay be noted that the average walk o a cavalry

Sor'iB "7/miles per hour; the average trot, -m^^^^^^^

, i,„nr nr a mile in 8 minutes, and a fast trot is

r^ mS ;er hour A gallop is from 12 to 14 miles per

houT The stride of horses at various paces -as 'ne^su'red

La very ingenious manner by Stillman and Muybr.dge

They^/3 the stride at the walk as 5 feet 6 -*««=;'*

trot between 7 feet and 8 feet;
«'
f«/»"f' ^ "'

\"h ,

12 feet
• and the gallop between 16 feet and 20 feet-thej

eSen sp'eak of a stride of 25 feet. An American pacer has

been known to cover 21 feet in a stride.

The question of the Weight which a horse can carry .b

on affecting the vital interests of the cavalry service;

theret a rfat difference between the actual or total weight

1tor ca' carry and the ./.d«. weight he e"^"

Erte^li-^Ssisr^^^s
r=::Sd:::r:;p?:^rst:;s^^
S-fifth of the body.weight of a -airy horse

.^^^^^^^^^^

1 4^ stones instead of this they carry about 20 stones.

The phy^iScal teaturesof Draught can only be glanced

at The Bubiect of draught is a complex one and our in-

at. Ihe BUDjec
j „^ ,ete. Quadrupeds appear to

Sing or draught. Brunei, in his article on • Draught, f

. . The Effective Weight Horse, ean C^ry,' JourrM of Con.,ara,:r,

Pathology «"'> Therapfutic, vol. x.., No. 4.

t Uook of the Horse,' Youatt.
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points out that the reason why a horse is more suited for
draught than for carrying weight, is that he can throw his
weight considerably in front of his centre of gravity, the
eet forming the fulcrum, and 'allowing the weight of thebody in Its tendency to descend to act against the resistance
applied horizontally and drag it forward

; as the resistance
yields the feet are carried forward and the action continued.'
huch IS the theory of draught. The nature of the vehicle
the condition of the roads, the angle the trace forms with
the horizontal, the presence or absence of springs four
wheels or two. high o. low front wheels, and the width of
the track, are features which singly or combined greativ
complicate the ijuestiun.

The force e.xerted in draught depends upon the load an.l
he pace; in the light or mail stage-coach, where 10 and
11 miles an hour were attained, the strain or force of trac
tion employed by each horse was only 40 lbs. ; in the heavy
coach It was 621 lbs. for each horse. The higher the
velocity the less the force of traction which can bo em-
ployed, and the shorter the duration of labour. For slow
draught work at 2J to 3 miles per hour, and for 8 hours a
day (which appears to be the most suitable pace and dura-
ion of labour), a force of traction of from 100 lbs. to
12. lbs., or 150 lbs., is quoted by Brunei as being the most
suitable. But a force of traction of 120 lbs. for 8 hours a
day IS too much to expect. Watt found that a horse could
raise a weight of ISO lbs. passed over a pulley, 220 feet per
minute. This, as applied to engines, is termed Mmrse
power, and is equal to 33,000 lbs. lifted 1 foot hi-h i.er
nnnute, 33,000 foot-pounds per minute. This stand"ard of
comparison cannot be generally applied to horse labour as
.t .s far too high. An animal could onlv perform thisamor ,t for 3i hours per diem, whereas its most useful
work 18 performed in 8 hours.

The actual dead pull which a horse can exert .
,ends

upon his body-weight; no animal tested by me a-ainst a
.lynamometer has pulled his own weight, nor should weexpect It. From m to 78 per cent, of the body-weight was

"itM
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found by ub to represent the maximum muscular effort of

the horse.* The animals tested were grouped according to

the spirit they put into their woi".'

:

Group 'eicellenf piill«a 785 per cent, of their body-

., 'good' ,. 77-6

„ 'fiir' „ 70-6

.. 'bBd' ., 66-6

ireight.

Fatholoiioil.

The quoBtion of Inmenew in hor«es most always occupy a prominent

position in veterinary practice. It is intimately bound np with the

locomotor apparatus, and it is not possible to attempt any useful

summary of the troubles met with. The anatomy and physiology of

the locomotor system should be thoroughly understood by the studom

if he is to become a good practitioner.

* 'The Maximum Muscular Effort of the Horse,' Journal itl

Phyaiology, vol. xix., 1896.
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CHAPTER XVII

THE POOT

The foot is largely a modified form of skin th„ v ,tissues represent the corium. whileThe hnrn
""'"'

epidermis. It is no unenn^^.^l " ™P>-e«ent.s the

ti»™e produced .ythe"Tin a for
"" '°

f"" ' """-"''^

nail, in the hand of the ^urer .nT"' L'V':
'"""^"

ergot found on the limbs of the hor e '^f"'.""''

origin from the skin thp f. *
'?''* "' ''^

Pre^nting not^Jra'lt for" Z^'S r',"':

and jar to which suPh a ) ? """^ '""'' ""^ """"'^Hion

If it 'were no L tt lelh
'' '^ -''-^-'y -POBed.

were the foo !». „ f
7' ^"'' ''"'«'^'' »«. «nd

would present little^Jl^^'" *" ^'""^ "P"- 't

'eet the seLiUve a, . L ?'""'* ""' ^'s"'" ^hese two

general IZSr^^^Z^ "'''''''''''"'''''
•
'" ">«>

o*er, and onffitTntoThpV '""l'
""""'-P"^' «' thehts into the other much as a finger fiu into

587
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a glove. It would be out of place here to gwe anything

Hke a detailed account of the anatomy of the foot, but

here are certain structural features so intimately aBBOC^ted

with th. physiology of the organ that .t is .mposs.ble to

Tnto'f Z-P~.t.-The core of the foot consists of bone

aroun.1 which all the other structures are «°"l'»f '

J'?^C is ,„ . one solid piece, as we might imagine would be

^J /, in such a position, but on the other hand consists

ofT: p"~es. One of these is the pedal bone which in

shape \esembles a miniature foot, and the substance of

wWch HorouB to such an extent as to resemble pu^a^.e

rtone in appearance. A second bone, the navicular, is ve

sri. of Iculiar shape, dense « »'-<='-
^tsi^^f^

on the pedal bone, and is mainly held in P""""" "^

iLmentous tissue. The third bone only beVngs part^

'the foot and partly to the limb. One would suppose th

the pedal bone should occupy the whole of the '"'"'''

of the hoof as high as the coronary edge and as far back

i the helis, bi/this is not so. It

-Jy
occupie;--»^^

paratively small portion of the eternal KM>tMg. 31) an

that portion is mainly situated towauU the anterior ann

ateral parts; the iJerior part of the '"ot jUin. ve^

little pedal bone, but the deficiency is made up by the

„ roduction of two large plates of cartilage a ta n d to

the bone, and over which the structures are r..1ectrd and

'^id'as on the bone itself. This
^-^-'^^f

«

bone, in a part where one might be l^^ toJga
d '

existence in large amounts as a necessity and the pre "C

of large cartilaginous plates to take its place, is due to the

vUou's movements which the foot has to per on^ »

which could not be carried out if the bone of the foot '-ere

relltivelv proportioned to the structure -thm which it fit.

The Foot-joint.-Three bones form the foot-joint. Th

,2 on naiurally arises why the joint is not comr^-J

'wo bones instead of three, and what "dvantage is gamed b

the introduction of a small der.se bone such as the nav. uto

into the articulation ? The articulation furnished by the
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pedis is much smaller than that furniBhed by the corona,
but by the introduction of the navicular, the pedis plus
navicular surface is nearly but not quite equal to the corona
surface; one use, therefore, of the naricular lione is to
increase the articular surface of the pecij. But it is con-
ceivable that this small articular surface of the pedis mifiht
have been increased in some other way than by the introduc-
tion of a distinct bone and other complicated apparatus, i.nd
one 18 forced to recognise that the valui. of the navicular
articulation does not depend entirely on the fact that it

increases the size of the joint, but that it supplies what «1«..
where we ive spoken of as a yielding articulation. The
value of this yielding articulation appears to be in the saving
.'f direct concussion

; the weight through the corona comes
in the first instance mainly on the navicular, which under
Its influence yields slightly in a downward direction ; from
the navicular the weight is transferred to the pedis itself,
which, as we shall later have to (loint out more Davticularly,
also yields slightly under its influence, and in this way it is

undoubted that direct concussion to the joint is prevented.
The Hatioular Bone and Bur.a.-It is quite certain that

the navicular would be of very little use for the above
purpose, if it depended on being kept in position solely by
the delicate ligamf-nts which have origin from it. The
chief support to the navicular Iwne is the broad expansion
of the perforans tendon which passes (jeneath it ; between
tht tendon and the bone the most intimate (ittins; occurs,
and a synovial apparatus exists here to save friction. It
19 probable that the perforans tendon and the inferior face
of the navicular are more closely adapted to each other
than any articulations in the body, excepting these found
in the knee and hock joints. Briefly, then, the small
denee navicular bone is enabled to form a yielding articula
tion in the foot, owing to the manner in which it is
supported in position by the powerful perforans tendon.
It might be argued on purely theoretical grounds that
a small bone thus placed in the foot would be very liable
to damage, and such we know practically to be tho case.

M
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It ii not our intention here to touch on the lobject ol

navicular disease, excepting in so far ai it helps to eluci-

date the physiology of the part, but it is permissible to

regard the lesions of navicular disease in the light of a

physiological experiment, and we learn from them how

intimately the freedom and elasticity of a horse's action

depend upon the navicular bone, and the stilty, pottering,

shufHing gait conferred on the animal when the navicular

bone is no longer capable of properly performmg lU

Fio. 181.—LoNGilUDlNAI. Skction op the Foot.

1 Tho corona ; 2, the pedi. ; 3, the nayicular ; 4, the horn wall
,

>, he

'

horn sole; 6, 6, the toot-pad; 7, 7, the plantar cUBh.on
;

», Ih

Derforans tendon passing under the navicular bone, to be .nscrted

fn pedS! Tthe waU-secteting substance: 10 the extensor i.ed«

tendon ; 11, junction ol wall and sole, the ' white line.

functions. The very close support afforded to this bone by

the perforans tendon may possibly be a cause of disease

for tb^ conclusion has been forced on us that under the

influence uf the weight of the animal, and the counteracting

influfinoo of the perforans tendon, the navicular bone must

be exposed to considerable compression (see Fig. 131). This

view is mentioned here not so much as a pathological as a

physiological factor.

We cannot recognise in the navicular bone any pulley

function in connection with the perforans tendon, such .is
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has been usually deioribed, that is il by the use ol the term
pulley it iH sought to convey the impression that some
mechanical advantage is obtained. It is true th.it by
passing beneath the navicular bone the direction ot the
pull ol the tendon is slightly altered, but no mechanical
advantage ia thereby derived. The perforanH tendon at its

msertion spreads out fan-shaped, and is attached over a
considLiablo semilunar surface of the pedal bone: «o
extensive is this attachment that it is erroneous to believe
the tendon playa over the navicular bone. It is true that
movement does occur between the tendon and the Iwne,
but the tendon is passive, while the yielding of the
navicular bone under the influence of the body-weight is

the active agent. It is curious to observe the direction in
which the largest amount of friction occurs between these
two surfaces, Eeasoning from the position of the parts
one would think the greatest amount of wear must occur
at the moment the foot comes to the ground, hut if the
eroded tendon of navicular disease be examined, it will be
observed that the fibres are all stripped iipwanlH and rarely
or never downwards. This would point to the greatest
friction occurring, not when the bone yields under the
weight, but when it returns to its place as the body jmsses
over the foot

; but it may be that the fivct is capable of
a different explanation. The frequency with which the
central ridge of the navicular bone is affected with disease,
would point to this part as being the position of the
largest amount of pressure.

lateral Cartilages.—Attached to the heel of each pedal
bone is a large curved plate of cartilage, in parts fibrous,
m others hyaline in nature. So extensive is this plate that
it reaches high above the margin of the hoof—viz., outside
the foot in an upward direction as far forward as the
coronet and as far back as the heel (Fig. 141, p. 568).
There is no other structure in the body with which it can
be compared

: a bone possessed of two large cartilaginous
wings is a something peculiar to the foot. The use of
these cartilages is intimately connected with tlie main

il i
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principles ol the physiology of the foot, to be dealt with

later.

Plantar CusUon.— Placed between the two plates of

cartilage is a large somewhat pyramidal-shaped body

known as the plantar cushion (Fig. 131, T, 7). In appear-

ance it resembles a fibro-fatty mass, composed of inter-

lacing fibres and fat, pale yellow in colour, almost destitute

of bloodvessels, firm to the touch, yet yielding in its nature.

It occupies the posterior part of the foot, rising above the

hoof into the hollow of the heel, whilst its inferior face is

V-shaped, and a complete counterpart of the horn cushion

or food-pad which covers it.

The Corium of the foot completely covers the structures

just described, viz.,, the whole of the pedal bone, a large

surface of the lateral cartilages, and the plantar cushion.

This tissue has received various names—viz., from its

colour the vascular foot, from its appearance the fleshy,

from its character the velvety foot, whilst from one of its

functions it has been termed the horn-secreting foot.

The Vascular Wall or laminal tissue (Fig. 132-2) is com-

posed of a number of leaves lying side by side, which run

from the coronet downwards and forwards to the edge of

the wall. In number there are about 500 or 600, and they

invest the entire surface of the pedal bone and the greater

part of the lateral cartilages, their extreme vascularity

giving the appearance of a thin layer of muscle. The

leaves at the toe are longer than those at the heel, where

they are short and turned in under the foot, running for-

wards beneath it to form the sensitive bars.

If a single leaf, say at the toe, be removed and examined,

it is found to commence immediately under the thick

cornice-like structure known as the coronary subsiance,

and to be most Srmly attached to the pedal bone ; in fact,

so intimate is the attachment that it is almost impossible

to remove this tissue cleanly from the bone. The edge

of the leaf is not regular but denticulated, and when viewed

from its face it is observed that it is narrower near the

coronet than at its inferior part, at which latter place it
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terminates in five or six panilliE Th« i„ . •

and use with the corol^y^ubln,! TT '-'''''"' "'^ ""°
the skin, which secretes the periorie ^'

,1
"

i'°'5
'",'*™" ^ »°d

rashion. " P'^fople, 6, tl,o heels of the plantar

Moeller aa consisting of two lavera n.

.' I
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tiBSue fibreB as in the previouB layer, only the network i8

much finer The lamiL contain numerous bloodvessels

"IfThomontal section oi the lamins be made and

ITi

llii':!
Fig 138-Houzontal Section of the Hokn and Vasculae Wall
liG. lao.

^^ ^^_^ jj^^^_^,^ p^^^ -lj,^ Magnification.

a b c The outer, middle and innet portions oi the wall, showing the

c<^al system with the tnbnlar and mtertubular horn rf, the

kminis may be seen dovetailed between the horn lammu., and

from the sides of which grow the sensitive lameUie.

examined microscopically, it can easily be seen that each

lamina has growing from its free edge a number of del ate

processes which are miniature laming or ae they ha

been termed secondary lamina or lamelte (Fig. 133, ./)

.
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number they (ire from 100 to 120 on eacl. loaf ^„„„„^-
upon the si™ of the primary lamina tT

<'''P«n'lmg

presented fPiff iq^
'^"™'"^y '*™'"»- Th<i appearance thus

HkenThv rh '
* '.'

"""^ characteristic, and has been

The WaU.,eoretmg or Coronary 8ub.tance is a thiclt half

' (rig. IBZ, i); it has received several names thomo«t rational being that based on its fun tion a
'

thewall-secreting substance. Externally this body is cove ed

LuirTrrdT"^ "'^" win^whidfare .:::

;

.at:-hr^J2;= ^^~?i-;
appearance. It extends all round the coronet from h, toheel, and here joins the plantar cushion. On irsupe ior

pap. la an artery and one or more veins may be found

^,ii'

:; M

ff^J 1

^a I f
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the purpose of affording passage to the innumerable vessels

which are passing from the interior of the bono m an out^

ward direction to reach the vascular tissues ;
m fact, no

description or drawing can adequately convey an .dea o

the appearance presented by this vascular body. The

veLs are large and numerous (Fig. 134) and are not pro

V ded with valves ; some pass through the substance of th

lateral cartilage, and a large plexus exists both ou s.de anc

inside the cartilage. The relation of these vessels to ll e

lateral cartilages and the absence of valves are ponUs

which will occupy our attention again when we deal w.tl,

the use of the various parts of the foot.

F,r, IM.-The Venous Svstrm of thf. Hobsf/s Foot (Stop.c.i),

The insensitive-foot or Hoof is moulded over the sensitive

structures in such a way as to cover them comple ely, an

orm in horn a perfect counterpart of the sens:t.ve oot.

Choof is composed of a wall with its inflections the bar.

a soCand a foot-pad or frog ; each of these parts must k

considered separately. v- u „„„ i,„ ,p»r

The WaU is that part of the hoof which can be seei

when the foot is on the ground; its division mto toe

luarte and heels is for convenience of description a n,

TaW division exists. On the exterior of the wall is.

ayer of horn known as the periop^e "hich is rn»

apparent near the coronet where it is white, soft, and thid
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P-ctieally abs „t 'Thi!',:, r"1''
"'"^;" "« '^ '' '»

edge of the coronary u/tLe Z:' T 'I"."'"""'been poulticed th« /..• ,

"'"™- '" » foot which lias

a white ZT;Zin7S:'j''; rT ^'""^^ °"' -
- due to the abso Sn oTw : t f [

"" ?""""=«
of which it is co4oBed It th cofon %Z "",","'
periop e appears tn l>« j^ '"

/coronet- The use of thi,

skin and hoof Jd bv tr"''-°"''
"^^ i""'""" "f the

°°^ ^"^ **> "''' ""^••"•"IB it affords the ,vall to

iiie fjbrous appearance of the wall ,„„, k
."arked x; the hair of the eZ oHhe rnr™ ",' •"''? "'" J'"-"-P''^
show this band of white horn; which for ,h„

"' "''"''''' ""'"> '°
graph was swollen by inn„er"'ion in watVr '^

'"''"' "' ""^ P^oto-

35—2

,m'
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the thickness may be at that particular part this thickncis

iB maintained from the coronet to the ground surface. The

greater thicknfss of the wall at the toe and quarters a^

compared with the heels, is connected with the wear and

tear of the hoof, and the movements which the latter

undergoes under the influence of the body weight. If the

wall were as thick At the heels as at the toe it would ha^,

been a rigid box ; we shall have to show that it is a yielding

box and that the yielding which occurs corresponds to the

thin wall of the heels. The reason why the ,vall is thick

at the toe is that this is the region of the greatest friction.

The wall at the heels is suddenly inflected, running under

the foot in a forward direction for a short distance, and

forming an acute . angle with the wall. This inflected

portion of the wall is called the Bar., and in the gap formed

by the inflection is lodged the foot-pad. Thus the wall is

an incomplete circle of horn, the circle being broken at the

posterior part of the foot, and the piece of wall which might

have completed the circle is sharply bent on itself and

caused to run in practically the opposite direction AVhen

we consider this arrangement it is easy to see the advantages

gained by it ; the foot is not a rigid body but a yieldmg one.

It would be difficult to understand how any lateral move-

ment could take place had the wall been a complete circle^

The value of the inflected portion of the wall is rendered

evident when we bear in mind the lateral movement o

the foot. From their position the bars afford additions

strength; thev knit the structures together at the heel

in a remarkable way, and prevent any rupture between

the wall and foot-pad during the lateral movements of the

foot, such as would undoubtedly have occurred had the wall

and'foot-pad been directly united.

The hind feet differ from the fore feet m shape, t .ng

more upright and narrower.

On examining the inside of the hoof-wall a very complex

arrangement presents itself. At the upper edge, corre-

snonding to the coronet, is a deep semicircular groove,

d^pest at the toe and narrowest at the heels, in which »
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groove are Tn„um««hi '"'"'"« "^^ «""™ »"''»<=« <>' 'hi.

a«rod«ea.^"'£Sr:P^°--j-'He'.b^^
corresponds to this coronarv \,T, ?' °°* ?'*"=«

entire horn wall is secreted Ttr"' T' ,"""' '' '"^

exists between the wall slcrl-n k .
°" P*'"''"' "'""""='

in which it is lodJd and ?h
"^ "'^"'"''^ ""'* "« g™ove

bythevascularTaniri;"t ^ T""" '" '"'"'«' """i^'ed

the depths oftheTlTw:;"'
"" '" " ^''°^' ""'-- -'^

Horn LaminB._o„ the inside of the wall of th« t. ,

plates of horn t?"1 !.'"'' *"^
'=''"'P°««<' °' delicate

.' «ue.direc«:n.and enZ "tHh''"' ^ "'"''''"''

lamina previously descrifed', S tri7e7"*""secondary horn lamina or lamellffi tLI.
''^^J .PO'^ess

sensitive lamina are arran^^ *' ^ * '"sensitive and

peculiar way, by whch an «nn
""^^ "^^ °*" '" «

obtained vV K I ^o^oas amount of strength is

liSr^'Sie^rwTsf'rf'^^- ^*^
«ul is this a^ion that in en^ ' ''""""^' ^"<' '° Po^^-
vascular la^^'Sl often

4';^"°?.'° '"P""'* ''^«'" '•"«

'ban rupture the dovetS In fv""
"'^

f'"'
'"'"« '''"'«'

and perfect union h„/w l^
" ""^ '''" '»°»' ««aate

brought alut and L "nt/''""'''''
""" '"'"' '''"' -

;Ma.ined whi^' ::?,t
^^ dirwvrtirtrv'^

cells whTch;L'r;i"rv''\'r«'
">em are composed of

viz-.thecellshave r/ "!
'"'"'"" ''"" and epithelium,

butremafLias'-" "T' * '"'« '°'" ""^^-'O"

'hefactthatljiSlrS' ""'-'^ ""^°'^^'' "^
does not If oLT •

* ! '""°"°« "'''«™"« horn

observed tha though th?,'"''
''''" '='^''^' '' -'" ''^

dovetail yet hey a2 neve?"" ". "f
'"""^"'^^ '™--

'bem are the lair Zh ^^
""' """""='' '"' ''«"'«»lamells, both sensitive and insensitive, and it

ii
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i6 actually throuRh these Btructures that the intimate union

ie maintained (Fig. 133. '')•
i.„;„„

It «in be remembered in speaking of the vaBOular am n^

that we described some as being «°-"'»^'«>«!'''' "•
J°°*

'

'",

the same way horn •^"-^-''rP""/"^'"^ nd are
number to these are also lound under 'h« «oo •

»nd are

situated at that part which has been described as the bars

Clearly, therefore, the ba.s. though »f«ted "nder th foo

at its posterior part, are a part of the wal
. '""'"""^^

they possess all the essential anatomical elements of the

''^TirSoU of every normal foot is concave, that of the hind

,eet being m ,re concave than of the fore Th.s concav.t>

agrees with the concavity of the so ar
'"''""V hi Jnera

bone, which in itself is ample evidence that h« gene a

surface of the sole is not intended to bear weight. So

vary in thickness, some l.eing very rigid and h'^- <"he

very thin and yielding ; the sole cannot be "^ '"ict The

one shown in l^g. 131 is an excellent specimen of a good sole.

The growth of thesole is peculiar,in exactly the same way as

noticed in the wall, the papilla from *« -scular sole h

into pin-point holes in the horn sole and horn « develops

around them. But here the resemblance ends ;
while the

horn of the wall is capable of growing
^^^^^^^^^f^^^

until in fact it curls like a ram's horn, the ^0'" o the so

can only grow a very short distance before the fibres breal

off! and scales or flakes of horn are the result
;
these eJe

fal out or are pulled out. In other words, the foot deter-

is for ItJ how thick the sole shall be. and wij.

any assistance the fibres break of! when the ?«>?; thick

Lss has been attained, and allow the part to dr P o

This shelling out of the sole is advan ageous in tl

shod foot, inasmuch as the part not bemg exposed

Sfioi cannot wear away. In parts of the foo such

the wall, which in the unshod foot are exposed to frict.o.

no breaking off of horn fibres is required as the wear^

tear maintain the part at its proper length and hickne

The union between the vascular and horn sole is brougl
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about by the papilla on the eurface o! the former. TheextraorunBry length and number of these can only 1,1apprecated by examining the sensitive sole , ,er wat r.The sole and wall are united, the place r- union heinamarked by a white line which extends around the cIpl "ecrcum^erence of the hoof (Fig. 131). That part of th? o e

w ght masmueh as .t .s not immediately under the v. scular
Bole. The arrangement of horn at the junction of the walland sole IS peculiar. It will be rememLered that the hornam;n. have on them secondary lamina . the rseco„darv

fhereVr^ h
° ""^ """ "' ^""="°" "' "^« ^™'' •»"' solethere are obviously no sensitive lamin.e, and though the

"hem thlh r ?.
"'"='' •" ''''""^'''y '""i"- <>"

the ™ I

%**'" '*" ''*'''"'' '" "« ««"«i"ve foot asthe wall grows down. The horn formed between thn

STart"' f";H
""'/ ""' """ '' »""- ">- 'hi? :'"

a shght yielding of the sola in an up and down directionand this we shall find actually occurs
<»"-e«t'on,

The Foot-pad* or 'frog,' as it is vulgarly known is a

t'he ntnt
'".' """ °' *"""• --"'e'/»oulde •

vehe plantar cushion, and filling up the space left by thenflection of the wall at the posterior part of the foof In

!„™t ' T'^f^'°e something of the characters andappearance of indiarubber
; nothing i„ its microsconical

appearance accounts for this physicardi. renee in Zf: ?„

howeve™ "T'"''
"'* '*'"' °' "'^ ^^•''"- Chemistry,however, comes to our assistance, and shows that the hoi^

wriu, Dut there are also objections tu this.

,;lr"

iL

! Lffl t
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of the pad oontaini much more moiiturs than that ot any

other part ot the foot, and it ii the moieture which conlerti

on it itH peculiar soft pliable conditU n. The loot-pad grown

from the vascular membrane covering the plantar cuahion,

in the same way ai we have already aeen it in the wall and

sole. At the heels of the loot, where the wall is inflected,

the soft horn of the pad not only Alls up the gap between

them, but plasters over the inflected edge of the wall lor

some little distance, so that an inspection ol the heel gives

the impression that the horn lound at the posterior part of

the hool is a continuation ol the wall. The overgrowth ol

Fio. 186.—HoHizoNTAt SiciioN or ths Hobs or the Wall
UlOHLV MAONiyiKD.

a Horn tube, » canal containing cellular elfraenU 1 i, the tubular horn.
'

that is, the horn accreted Irom the papilla, forming an oval or

circular neat of cella around the canal ; c, the intertubular horn.

the loot-pad is provided against by a method which is a

combination ol that lound in the wall and sole, viz., it ia

ciist off alter growing to a certain thickness, while the part

next the ground is wen away by Iriction ; in coneequeiice,

owing to its r: :bber-like nature, rags ol horn along the

edges of the loot-pad are a common and natural condition.

The Structure of Horu. The horn ol the loot consists of

epithelial cells which have undergone compression and

keratinisation, by which latter process they become liard

and tough. It ia possible to have horn in the loot which

is not keratinised, and the two are very readily dis-

tinguished by the process ol staining. The double stain
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picric „cid .tain TtZi !!", ":"" '•'"' *'"'"' "'«

proce,, of kern "„i^ Ln o t'"''
'"" ""''"S""- "'«

'hi. -tain we ,^ZZr. 1' "'
''"^'""- «^ "'«""« "'

nucleu., and freou«nlW ^" ""'""".""8 S™""!"' matter, a

'he cell, are u^Zll ZT"a
"'«• /'"'• '" »" ""^^

substance. By ac 1 u»™ ^""T^ •'"''' ^^ » »"«»"
'ell. are in the i "f „7ancr" "f ?"""'= ""'""«'' ">e

Kradually dissolve atlrteS ''TI-
'"" '"«"

»nd finally they dieaPDear Th!
Sel-t.noug ,««.

«»UBtic alkali to dlrnl h
" "" """^-'''y '» ""'

">™. a BtrucTure thS" T^e^ .r
'.""-• -- "' -y rate, to

exi.t wherever theg^ 'furft '

"
"'""*• '''"^^^ "''^«

or projections, .0 thatThere he „" T'''''*
"'"' P^P'"*

'"bes are numerous, where thev
^^

u
^^ '"""*™"» "'^

absent. The nnlv i,
^ *"" "''"8"' «be tubes are

PapillatedsuX?i^,;?h° """''' '^"^'^^ '™- «

i^ently we find no horn tubl» f?""'
'"''' ''^^^ -"-

born is found to posslram' ' ''''y^^'^'^ «!»« the

The ruethod of tube fol!,
"'"'

Z '''' '"'"""' «'r"'^'"™-

1-Piite growl from .1 •'" *« very simple
; the

Jo^Sed in deprfssir i

'
hXn "Th""^

^"^'--^ -
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from their reaction «ith carmine prove themselves to be

''?rhr wtritcrd in the loot is therefore

is the outcome of the existence of P"?'"'^'
*^j^f^"„,,

this gives a laminated appearance around the «<">" •

'"^

of the wall, they need no - - ^^/^Ij^ stained with

nature (Fig. 136, b). It a ^ecwo"
external and

picro-carmine only the --^-"
.^-^^^ ^^^f^SUstance

„iddlewallsta«w.thcarmme
allthe^emam^g^.^^^^^^
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other reagent, when the appearance presented in Fig. 136
IB Obtained.

At the junction of the wall and the sole the horn of the
lamuiffi IS firmly interdigitated with the soft horn of themargm of the sole. This can be perfectly seen micro-
scopically and further it may be demonstrated that the
portion of the sole thus thrust between the horn laminsr
IS perforated m five or six places for the reception of the
papilte which grow from the inferior extremity of the
sensitive lamins.

If a vertical section of horn be made, we can study the
canals now divided in their length. It is readily seen that

Fig. 137.-MKHOSCOPICAI, Structuke ut Horn- I.on, irimiv.,Skct.on or THE Wall. Low llAON.nc.^.oN (after Lunow.tz)
Note the different size of canals; those on the richt are nearest .h«

Plonor/hrfaS^oT""^ """ '""^ ^-'- -ated;"'7is":

though spoken of as canals or tubes they are really not
empty, but throughout their entire length contain cells
which are protoplasmic in nature. These, owing to themanner m which they reflect light, give to the part a
beaded appearance. The cells contained within the canal
are secreted by the apex of the papilla; they do not
nil up the entire lumen of the canal. The use of the
canal system in horn is for the purpose of irrigation; thehorn must be supplied with moisture, the bulk of this is
obtained through these imperfect canals, the soft proto-
plasmic canal wall readily admitting of transudation. It
IS not intended to represent that anything like a fluid is
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circulating along the tubes, but moisture certainly does lind

its way down, and is readily imbibed by 'the surrounding

cells. Besides this arrangement for maintaining the

moisture in horn, there is no doubt that in the intertubular

horn moisture passes from the secreting surface from cell

to cell, and in this way is transmitted throughout the

length of the foot. Constant evaporation is taking place

from the foot, and the loss is made good in the manner

indicated.

If the invisible moisture which is always escapmg from

the foot be hindered in its evaporation, the horn becomes

sodden, crumbles away, and closely resembles a grey cheese.

This experiment can readily be performed on the sole and

foot-pad, by accurately moulding to their surface a sheet

of gutta-percha and leaving it there. The practical lesson

is obvious; no impervious material should be applied to

the foot as a protection, or if used it should be venti-

lated.

Use of the Moisture in Horn.—The amount of moisture

contained in horn is something considerable, and the rate

at which it evaporates is quite extraordinary. If parings

of the foot-pad be enclosed in a bottle, in a short time the

interior will become bedewed with moisture. The use of

moisture in horn is to keep the foot elastic and so prevent

it from becoming brittle. The agency which is at work to

prevent the too rapid evaporation of moisture from the

wall is the periople, or thin varnish-like layer which covers

the wall, and in addition there is the natural hardness of the

e.\ternal fibres of the wall ; the latter is sufficient to retain

the fibres in their elastic condition by preventing evapora-

tion. In the case of the sole, the layers of exfoliated

material which accumulate as the result of the breakinp

off of the horn fibres prevent undue evaporation. Horn

containing but little moisture is in an abnormal condition,

it is rigid and brittle : nails driven into the part cause it to

crack, and that elasticity on which so largely depends the

natural shape and usefulness of the foot becomes impaired,

or even destroyed. A museum specimen of a foot will

very clearly illustrate our meaning ; in its dried condition
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a few days, it Le or^ ^^^^'^ll'' ^'r''
'" ''"''" ""'

had just ..een removed 'omthh^./V''""^'' "
probably,, inty years old Tn »w?^ '""'*'' "' ''"'"S

to imbibe ter and thi n *,"' "'^ *«"•" ^^^^ ^°"^ '«
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^"''''»"^'' "-
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shoeing should be to Xt ^he tZrZ"'
"'^"'^ '"
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' ''"f' '"^^^ ^"'"^^ "•'
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°'
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thia were present cI* II

'™' '""'' P"^'^'''" ««

With the fr'ietrs wh" hSri:t^wKS r^r'^"violence. "*" <" *he hoof from
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'^"""^^ "^-«
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.,,, ,

'°°-'«' 100^ 1^
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"' "^^ Hoof 0, ,he Ho.30,- r...,™,, .,„„,„,,
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The pad contains the UrgeBt amount of moisture and

the JaU the least. The salts are small m amount, and

consrst pr ncipally ot those o! sodium, magnesmm, iron and

sUieT in the form of chlorides, sulphates, and phosphates.

"
Hoo c n ists of a horny material or keratin, a sub^anc

which replaces the protoplasm
-'f"f

^
f;^*!"V"„,t

cells. Keratin is a proteid-like body found m hair, na.ls.

K,„ inS-THK SW.AT G...ND, or THE Pl.NT« CusU.OK (Fk.NCK,,

,., 5..... „* ..rTiinli (p. e. b) pass oul

-^TfCarS'SrS^e-^^or-^
Ztn'lVS -d Sul ku74-23%er cent. The sulphu

Oxygen la »^, r
. . ombmation wit
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ProvMioM for Elasticity and TouelinBM p>

the foot which supports the horse's weiffhf n„ •

the wall it ia found to be thickest at tht ,°"r°"""'8
the quarters and thinnest atteVel,^,

t
'tSr althe toe owing to the wear and tear of the foo „f 7h !

As the pad and posterior part of he cot are thl fi T'make contact with the ground (t any rate n s^lf 1paces),* so the toe is the last part to leavelt Th fi
propulsion being given to the Ldy by the toe a,1! if"seen in studying locomotion, we can read ly'^drstaJd

^hi::s;::r"-'-----^

toughness Of the anteHorTtL" £ rsTpX^^^^^^^^
the wall being thinner at the heels th^r, «i.

''™"''*'', ">

besides being thinner, the wa 1 o he heel nit"
'

""

moisture than the wall of the toe ll
"™"""« more

--res its elasticity. The yl '

t^"",, 7 ^Tnearer to the coronet at which it is exLined tT"

^i«:i=as^rrhit:^

" 'h« time
;
today Ihey aro acceptedS °'

"'"' """ ^'"'""'

r'f !-
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it grows the same length at the quarters, and the same at

the heeU. The anterior part of the wall is longer than the

posterior, therefore the anterior is tougher than the pos-

terior, for the reason that the horn is much older at the

extremity of the tie than it is at the heel, and being further

away from the coronet, it contains less moisture. The

wall at the heel is some months younger than that at the

toe ; it is thinner, and contains more moisture, therefore

it is more elastic but not so tough.

The age of the wall is an important factor in the Tear

of the foot. If it takes from nine to twelve months for ti'e

wall to grow from the coronet to the toe, the piece of wall

Fio. 1.S9.—DiAQBiM Illusteatiko the Aoe op ths Wall.

a, 6, c, d, e, f, are circles drawn round the hoof parallel to the coronet

;

'

in this way it is ascertained that the age of the wall at a is the

same as the heel at a\ the age of the wall at d corresponds with

the age of the quarter at rf'. Every portion of the ground surLice

of the wall is of a different a^ j, being oldest and hardest at/', and

youngest and most elastic at a'.

at/, Fig. 139, is, say, twelve months old, whilst that at a is

less than six months old. The horn of the quarter is older

than the horn of the heel, and the horn of the toe older

than that of the quarter. This excellent provision admits

in the unshod foot of considerable friction occurring at the

toe without producing undue wear, for the part is hard

and tough, while the younger and moister horn at the

posterior part of the foot allows of expansion. In this way

varying degrees of toughness and elasticity are provided in

the wall.

The toe of the wall appears to grow faster than either
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the quarters or the heels K„f.i,-
""'

;

it is the tendene; Jf thett ^o
""" ''""«'""^ '"-

as downward which produced th«i*™"'
""'"'"'' "" ''«"

does grow forward may readVv I T"' '^'"" ">« '"o'

-«"'- for if we cut or Z' J^^
''^'^'•'"'"«''

''^ experi-
coronet, say an inch or eo7ro« th

'^ "? ""^ "«" "' '^e

» "ouree 0. time be carriedl
'' "'^ 8™°ve will

towards the toe; the exact al.? '"'°»'''erable distance

.

""' Weight u carried bv th« p»-* t .

fecogmsed that the weight of the h ^ " " universally
union of the insensitive with th„

^-^ '""P"''" ^y the
the enormous weight o7 th"hor«« T^'"' '""'"'«• That
"Pon-or, rather' B,u„g ^Jrilh^?'?!'."""'

''^ -"e"
ensitive material on the one 1,7 ^ ''*'"'*'« ^'"Ps of

delicate strips of horn on the o^h
-""' ""^^Pondingly

remarkable feature in the nhvsio,
''.' """'^''P' ""^ ""^t

how firn. :his union is the e' l°'''dM "l
'°°'- '''' ""-

health in separating the two m.h
°""^ '" " «'ate of

neans, while the efructuranv 1| '' """^ ^"^ 'Mechanical
yielding this firm conStf^'''^ """'^ "' "'« P"ts

,

In one foot theMU^Z^r ''''''""^'^ ^'""^'dered.
'a>nin», and 72 000 or 1 °" **°° °^ '""« Primary

l-in. situatedZZZZ ZToU.' ^'-- ^ho-
to more strain than thosrposferlH . i°°'

"'' ''^"''^
hat they are longer, and tW h? ^ "'*'''''' ^"^ ^^' «ason
oot-pad to assis? them a [he Ih

"? '"''°'" '="^'''°» -"d
'^n-in^ have. Moreover dtU: "'"'"'^'-'^'y-P'aced

propulsion of the toe com;s ent,/l
P"'8'"«^««'°. the final

P««teriorly.placed lam ,"7have t'"" ^
^'* ^''°^'

ty the direction in which th„ I'::

'"'"«"' '"''^^^d

7» them. Instead of beaSnVth °V'' ''"'^^ »'"««
<" the lamina, as at the toe ^f

''"^'" °° 'he length
^^h a manner that where ;'r °""^ " "" *^« -de,'in

'hetoe,therearetwenTvat t^r !'
"'^' ""^ '"""'"a at

'0 fescribe this oonZIlaWv'I?.- " '^ ""' P^-'^e
e)!plam it.

° "^^''y- hut i'lg. 140 will help to

' ""' '* ^""^^ "'^* ">« '-i"» are attached

30

I'll

ill
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viiBsE Section.

in the uppe. figure the .ectionjm.de through *e toe

^

he lateral cartilage aud c, the lamime. It ^" ^^"^.'Xve it.

r^"s:;ryrer.Tvr.rXh\rdt^^^^^^^^^^
aliortneiis.
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considerably increased. In other words hv n.-

eparately on the ground, and made to touch the others'he surface covered will be considerable. This is elc%

36—2

tM^
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what occurs in the loot, the insenBitive and Ben.itiv. leave,

by .heir singular arrangement ine"""
^V^ f Brlcy

loot and yet keep it within reasonable limits. Bracy

ct;ke who first had a calculation made as to the increased

surface afforded by this arrangement, came to the conclu-

"on that it was equal to U square leet; but Moel er • ha

TtLated that it is equivalent U> 8 square eet. whUst

Gader-s estima^ct is 10^ square leet. For safety we adopt

Moeller-s number. The bearing surface ''ff-J;^^^-'',

loot is equivalent to 8 square feet, giving a total area of

82 squar feet; but it is evident that as feet vary greatly in

site, this surface must be greater or less dependmg on the

""hi phySog-> f-^^^'-" °« '*>" "^'''
1 T' K "

demon^rated by pathological observation. Inflammation

oHhe lamina occurs either through overwork, or through

an animal standing too long in one position ;
in either case

the pIb get strained, and resent it. The practical valu

of exercising horses which from any reason have to stand

for alLgth of timo is well known ; the exercise overcome.

he tendency of the lamina to congestion from continua

strain and L feet not only become cool, but the anima

ly continue standing for a considerable time if exercised

daily The treatment of laminitis by exercise, first taught

by Broad, of Bath, possesses a sound physiological basis^

« any dUt exists as to the function of the lam.n« n

supporting the weight of the horse's body, we have only

look .t the processes which occur in them as the resu

0^ dTsease. Laminitis is often attended by separation o

he horn and sensitive lamina, when the horse's weigh

TeLg no longer properly supported, the pedal bone und r

S'nfluence is actually forced through the -le of thejo t

The Origin of the Horn Laminffl.-No one doubts that the

waU g3 from the coronet, but great controversy has

Taken place over the origin of the horn lamms, some

* Veterinary Journal, vol. V. „ .

t Q^owd by Goubaux and Barriere, 'E.tenor of the Hor..

(translation).
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-aying they grow like the wall from « part of the coronary

f"omth;Tl°r",
'*™'"« "'»' '""^ obtain th^Sirom the sensitive lam no'. It we wnm t„ i„ i i i .

•>.. ».!. ., ,.,h.,„,„, „j;.r,r;r„ ;•„;£, ';'

he argues, and with great weioht fhn. .1

^"ereiore

secrete th« !,„, 1 7 '^ '
'""' "'^ vascular cannot

s rong argument in favour of the secretion of horn from

der ved from the secondary vascular lami„,e. and no oneontends tha these secrete the primary horn la^n» Thefollowmg explanation appears to us to l,e the correc oneThe horn lamm» are secreted from the lower edge oi^coronary substance, here white protoplasmic cellfareK: wanT"
"^ '"'''^ "•«--'" are earriS downwith the wall, being pressed into and moulded between th«sensitive leaves, thus becoming horn lamiL he

"
1J

Al this occurs in the region marked 3, Fig. 132 As the

r thrisr "r "r-'^"^^
-'earfied'ith

L'

Twlftrave linr'' " v"""'''"'"' <"=™"'"K '^^''^^e" the

^twellur ho '""'"'
i' P™'''"^ ''•'°"' -"l^S inch

'^Hh the wall destitute of these structures.
^

* Op. eil.

Iliif

IP I

Jill

111.1.
'k
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The Bm of the Btn.-The inrtecM portion ot the »»ll.

known a. the ' Bar. ,• run., aB me have preyiou.ly n.ent.on«t,

forward. und.r the foot in.tead of completing the circle ot

he wnll The object of turning aside «rom completmg th.

Ib t ^vall originally looked like forming. .. to mako

"Z\or the elaX po.Uor foot, vi« the P'-t^r cu.h.„n

and foot-pad; and the explanation «hy the wal i. turne.l

„1n::ad'^of ending abruptly. U 'o.

'^tdriona. .tS
to the po.terior part of the foot, to give '.'J^'^'' '7«!;^

»nd to Mcuro a more intimate union with the sole. Ihe

barVS part of the wall are intended to bear weight;

L h^f^t of the wild horBe and zebra, they pre«>nt tl^

lit extTaordinary development a. the result of we.ght-

'*T?U« .f the Sol. is quite clear, it is to afford protection

to th! sensitive part, above. Us normally concave shap«

Fi<» 131 and 1 .0) prove, that it is not intended to bear on

hfaround over its general surface, and the acute lamenes,

Ihich results from a stone in the foot gives further proof,

Tf ^ny were required, of its indifferent weight-supportrng

irrtils thai margin, however, in contact with the ,-al

cin tear weight. Under the influence of the body-weigh

Z sde blomes slightly flatter, especially that por.on^

it situated posteriorly, the horns of thu crescent \\hen
^

come to study the expansion of the foot the object of th

flTelg wilf be more apparent. The sole grow, from the

sensitive sole, a, previously described.

The Vu of the Foot-pad.-Thi, w one of the chief anti

eoSussion mechaniems in the foot; it i, there o brea

he7ar and it doe, so by receiving, in conjunction w. b

he PO terior wall, the impact of the foot on coming t

ho ground; thi, is imparted to the plantar cusluon, a

hough the lateral cartilages to the wall of '»« '-';;^
J

bulgpb or. as it is termed, expands. In breaking the a

Soforiy fue foot but to the whole limb), it is as. ste

£ ts elastic rubber-like nature. The foot-pad need, fa

it, uerfectlv healthy condition contact with the g™und it

.

Se £t in thf, respect two structures situated s.debj
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•ide, vi«., the Hole and p^d, »hould be so opposed in
function. We know prsclicnlly that if the latter be kept
off the ground the part atrophien, the heela contract, tliH

foot ia rendered luialler, and the pad becomes diaeaoad.
This waated condition of the pad and narrow foot may Iw
reatored by pressure, but that preasure must Im ground
pressure. It is possible by means of a bar-slioe to throw
considerable pressure on the pad and heels, but the foot
still contracts

: it is only when the pad ia tearing on the
ground that it continues in a healthy condition, and retains
its normal size. Foot-pad pressure is, therefore, one of
the rules in shoeing if the part is to be able to exercise
ita natural functions.

Ihe Lau.al CartiUcea—We have dealt with ceitain
functiona of the lateral cartilages, but it will not be amiss
to summarise our knowledge of their use.

1. They form an elastic wall to the aenaitive foot, and
afford attachment to the vascular lamina.

2. As the foot increases in width (expansion), the oar-
tilages carry outwards the sensitive laminie which are
attached to them, and so prevent any disturbance of the
union of the insensitive and sensitive laminie.

3. Large venous trunks pasa through and close to the
cartilages of the foot, and the movements of the cartilages
assist the venous circulation.

4. The object of having laternl cartilages in the foot is

to admit of expansion under the influence of the body-
weigh.. This increase in the width of the foot in brought
about by pressure on the pad, which widens and presses on
the bars at H. Fig. 141, and at the same time tends to
flatten the plantar cushion, both of which factors force
the cartilages slightlj outwards. When the posterior wall
retracts the cartilages are carried back to their original
position. Should this elastic cartilage under pathological
conditions become converted into bone, its functions are
destroyed, and lameness may occur. By a simple operation
relief from this lameness in a large proportion of cases
may be secured. It is possible to demonstrate that by

1; I-

Jiij

1
nil

i
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Burgieal interference the hoof can be made permanently

wider, and thereby rendered capable of accommodating

lateral cartilages «hich have undergone an increase in size

as the result of ossification. This operation is based on

physiological principles.*
, , u

Anti-Concuasion Mechaninn.-Practically the whole physi-

ology of the foot is a consideration of the factors whereby

G

H f I

!
I

FIO 141-rORT.ON or THF. WaLL REMOVED, TO SHOW THE POSITION

OF THE ElOID AKD ELASTIC SENSITIVE FoOT.

A Wall of the foot ; B, the lateral cartilage ; Q, a line which represent"

'

the corone™ c, the pedal bone-the line of union between h.

oodalbone and lateral cartilage is well seen; F.is a portion of the-

Corona D a portion of the sole exposed by the re.noval of the wall

;

E the heel of the wall left at its plantar surface to show he

a;ranBement of the bar, h, which passes behind and withm the

Uteral cartnage B. The figure, which is accurately drawn from a

nhoto-raph is intended tS show what an extensive surface the& carriage presents, and the variety of surfaces to which the

»ensW%eTainiL are attached ; they cover b. c, and F, the latter in

h^Wng an nial being the position of the extensor P^dis endon

and lateral ligament of the foot, to which the laminKare attached.

FurtheTthe figure shows the division of the internal foot into an

elastic and a rigid portion.

the parts are saved from concussion, in spite of wear and

tear, batter and jar. The weight carried on each fore foot

when the horse is standing is rather more than one quarter

. 'A Sew Operation for tiie Cure of Lameness arising from Si.le-

Bones,' Vetfrinary Journal, vol. xxv., 1887.
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vanes from half the weight in the trot, to the entir„weight in certain stages of the canter and gal op Th!mechanisms which exist in the foot to save concSon a^e

save the hmb and they may be tabulated as follows

:

1. The yielding articulation in the pedal joint.

a. Ihe elastic foot-pad.

^^4.
The slight descent of the pedal bone and with it of the

laterally under the influenc^'Z b„dy!w:°ghr'"'''
""' ^''^^^d

eustrr;;^''' "T '"^ "^'^'"^'^ ^ ---J "---ted by

::fsr----iZf£So^sf
due a';omethiL h""''''rV'''^''''''

°' *>>« '<"" - ""'

in the TanT^f ^ ^

^"*. ''^^'^ '° ''' ''"' '« ^" «"ewtion

M ecom! : d^ ""l ^'"u
'""^

'

''' "'^™'°-' '^^^

alteringt^e r Shane a""
'°

"l
"'^ ^'"^"^^ "^ "'^"^ ?"'«

g tneir shape. As a matter of fact an increase in

:mi
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the vvidth o! the foot is not the only change «!>*'=»' oecurs;

Tc n be shcn that the hee,B at t^e coronary edge s.k

closer to the ground, «hile the coronary e^8« »' *\2
in line with the toe of the foot retracts, or travels back

wards and downwards, Fig. 143, A.

In all fast paces, when the foot comes to the ground,

the posterior wall and foot-pad first recewe the .eight.

K,o. 143.-DuaB.M, to .bow -k Abe. ov.b --h ™e^%^u

(LUSGWITZ).

t^jS:;;:eirri;et^unSS'er!.nd«thei„«uenceo.the.e...>

In A^ltd p«t of the wan i, to illustrate the area whcl,

expands.

Under the influence of the body-weight the foot-pad U

comnressed and becomes wider, the plantar cushion w.t

WhTt is closely in contact is also compressed and

which It

!™^'^ff,,to,thi, increase in width is that

hTf^lp^d ^sls^n^e bars, while the plantar cushion

nresses on the cartilages, both of which yielding late.all

C apart the wall at the heels. When the weight .
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probabv /r '"'^'"^'^l''
something very .mall; this i,probably the reason why for years it has never beenaccepted as a fact, and that in this country in partieullrfew were found who gave the theory any support .Theemployment of delicate apparatus such as that used by

haTn fb"' ""T;
""' -P-™-ting upon feet whiethave not been mutilated in shoeing, have placed the

question beyond all do. ,t.

rig. 143, A
, the shaded portion of the heel represents thepart which yields laterally. At times e.xpansion'is obta njd

mrtr "'
'f'^ r.

"""^ °" '"'^ ^--•^ --'-«-
"»'

as a rule the amount obtained at the coronet can also bebtamed near the ground. A, to the amount of expansionno definite statement can be made, it is small but "s

thl i
^«";-Jt'«'?l'«'' '°°t-P-ds register a larger amountban where the heels are high and rigid. The measurements

obtained by us with very delicate apparatus were smallerthan those obtained in Germany by Lungwitz. 0„ an

oTaf Z^'^r'"' "^ ""P'y ""'"S "P one fore-foot. a,!dso causing the horse to throwdouble weight on the other limban expansion of .V of an inch for half the foot, or , of aninch total increase in width. Doubtless during locomotion

L „rrr"'r "'"" ""'' ''™"^- The question maybe asked what advantage can be gained by such a small
nc^ase ,n the width of the foot? Small as the increase
8 It ti

1 makes all the difference between a yielding and anunyielding block of horn being brought to the ground •

,"

gn-es mstead of offering resistance, and this 'give' is
sufficient to prevent the hoof from being fractured, while

a'buffrr"H'"f'-^
•="""" '""^ ^^P^"-" has actedas a buffer and assisted to destroy concussion.

* See footnote, p. ^m,

J.il!'l.''°""""
»/ '^^O'"/"'™"- P«tMo„ an,t T,,„„p„„ie,.

iii

i\
'

,( 1

r J

( u
I
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There is no point in the physiology of the f.ot «hich has

given B to gLter discussion than the question of expan-

foTbutwe submit that its existence i' ""tof P;"^'*^:^"

Zt it is provided for by the anatomical construction of the

nart and the elastic nature of horn.
, , . . ^

'The retraction of the coronary edge of the 'oot m ront

and the sinking behind (see Fig. 143) are ™P-«^^.
J^

a tense condition of the coronary substance which Lung^.tz

descr Lb ^s an elastic ring. Macdonald- in this country

regards t as a hydraulic ligament which supports the pedal-

oint under the strain to which it is exposed. The view wo

Zl is that the tense state of the coronary substance .
due

to the alteration in the shape of the coronary edgejMh
foot and that the Value or existence of any hydrauhc

sup^orUn connection with the joint has yet to be demon-

'*'lntddition to the changes in the coronary edge of the

foot during the period of expansion, another condition is

present viz.. a Jm^re.sion of the wall under the influence

the b^weight, which produces a diminution in its

heigh . This can be roughly demonstrated in the following

manner- If a portion of the wall, say between the heel

Td quarter, be cut away so as just to clear the shoe whe.

1 litter is fitted, it will be found on Pl-"B
J-^f

^

the limb by lifting up the opposite ore-foot, that the wa

has now descended suSBciently to touch the shoe. Th.

only explanation which can be afforded is that given abov

Z, the wall has undergone sufficient compression

allow the part which was originally clear of the shoe t,

come in contact with it, and to produce this it must ha.

'^Ztll"tSe Ped.l Bone is the last factor employe-

in saving concussion, and the existence

f^^l^^'^^^^ [

strenuously denied as the expansion of the wall, there

however, no difficulty in demonstrating it, and we can read,

see the value of this function. Concussion to the sensit.

Lt is prevented by a slight up-and-down play between ll

» Veterinary Record,, No. 145, 1892.
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8ub-laminal tissue and the pedal bone; as the weight
comes on to the foot the pedal bone descends slifihtly, to riseagam when the weight is taken off it. As the pedal bone
descends, the horn sole on which it is resting also slightly
descends and comes nearer to the ground; this is one
reason why the sole --s concave instead of flat. The descent
Of the mteinal foot saves concussion, in the same way that
It IS easier to catch a cricket-ball with a retreating move-
ment of the hand than by rigid opposition ; further it
facilitates the circulation. The descent of the pedal bone
18 a most important physiological factor and one of the
safeguards of the sensitive foot.

Vawula, «ecliani.m.-Lying as the foot does furthest
from the heart, we are led to inquire why it is that the
blood IS able to circulate through it so thoroughly, and
whether other means are at hand for assisting the force of
the neart in facilitating the circulation. Such means do
exist. Though the contraction of the left ventricle is sufficient
under ordinary circumstances to bilng the blood back to the
right side of the heart from any part of the body (as we
nave pointed out in dealing with the circulation), it is
doubtful whether it would be wholly sufficient to empty the
foot of blood or keep the considerable plexus of veins full.
This plexus is shown in Fig. 134, p. 546, which is a
reproduction from a photograph of a corrosion injection.*
the figure conveys very accurately an idea of the remarkable
venous arrangement of the foot.

The venous circulation is assisted by two movements in
tne f.Tot, viz., the expansion and recoil of the outer foot
and the descent and elevation of the inner foot. There is
no difficulty in seeing the movement im, irted to a column
of fluid circulating in these parts, for it a plantar vein be
aivided and the horse made to walk, every time the foot
comes to the ground the blood spurts out from the vein asI from an artery; when the foot is taken off the ground

yJv
*«"" ""'"^^ ^ »" '"•'iole by Dr. C. Storch, of Vienna, on

,A ,, """f.-^^";^"""' the Horse's Foot,' Oe>Utreichuch<,n M„n„.f
f'l'iftfur Tluerlieilkunde, lbU3.
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tbe stream of blood becomes greatly reduced. A perfect

pumping action ie in thi« way produced. The mechaniBm

can ako be demonBtrated on the dead limb, by placing a

manometer tube filled with water in each plantar vein, and

then pressing downward on the limb, thus roughly imitating

the weight on the leg. With every compression of the

foot the water rises in the manometer tube, and falls

during the period of no pressure, a period corresponding in

the living animal to the foot being off the ground.

We must accept it, therefore, as a proved fact that the

venous circulation is largely facilitated by the expansion

and contraction of the posterior part of the foot; durmg

expansion the blood is being driven upwards, and durmg

recoil the veins aspirate the blood into their interior.

Indeed, so perfect are these mechanisms that, as previously

pointed out, there are no valves in the veins of the foot, and

l^ne are found nearer than the middle of the pastern To

assist the circulation, the large venous trunks at the

postero-lateral part of the foot are in close connection with

the lateral cartilages, and some of the vessels even pass

through their substance.

In conclusion we may with advantage summarise what

has been said about the anti-conoussion mechanisms:

When the weight comes on to the foot, it is received by a

vielding foot-articulation, an elastic wall, bars and pad, and

through these by the plantar cushion. The elastic posterior

wall is pressed outwards by the compressed mdiarubber-

hke pad and plantar cushion, and it expands slightly from

the ground surface to the coronet. At the moment of

expansion, the bulbs of the heel of the foot at the coronary

edge sink under the body-weight and come nearer the

ground, and as a result of this the anterior coronary edge

retracts. The podal bone descends slightly through its

connection with the sensitive laiiin*, and presses the sole

down with it, while the wall of the foot diminishes in

height under the compression to which it Ib exposed. Ijncler

these conditions the blood-pressure in the vems of the oot

rises, and the vessels are emptied. When the weight i»
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removed from the foot the bloodvessels fill, the pad and
posterior walls recoil, the bulbs of the heel rise, and the
foot becomes narrower from side to side ; at the same time
the anterior edge of the coronet goes forward, and the
pedal bone and sole ascend.

Such are the physiological features of the foot which
facilitate the circulation and help to counteract concussion,
i-oot-lameness is only too frequent, but if it were not for
the mechanisms we have described, it would not be possible
for horses to work for a single day.

Phyiiological Shoeing. -It is impossible to conclude this
chapter on the foot without some mention of what might be
termed physiological shoeing.

We all recognise the evils of shoeing as strongly as we
realise its necessity. By bearing in mind the functions
of the various parts of the foot, we can certainly reduce
these evils to comparatively narrow limits. The following
rules form the basis of physiological shoeing

:

1. The reduction of the wall to its proper proportions
such as would have occurred through friction had no shoe
been worn.

2 Fitting the shoe accurately to the outline of the foot
and not rasping away the e.xterior of the crust to lit the
shoe, since thi.s not only renders the horn brittle, but is ..^o

much loss of bearing surface.

3. The exterior of the wall should be left intact. The
practice of rasping the wall for the mkc „/ appearance
destroys the horn, and allows of such considerable evapora-
tion from the surface of the foot that the part becomes brittle.

i. The sole should not be touched with the knife it
cannot be too thick, as it is there for the purpose of pro-
tection.

"^

J.
The bars should not be cut away, they are part of

the wall, and intended to carry weight. The shoe should
rest on them.

6. The foot-pad should not be cut, but left to attain its
full growth. No foot-pad can perform its functions unless
»" « krel uith the ground surjaee „/ the th,.

.

:ln*
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7. The pattern ol shoe i. immaterial - 'onRJ " ha^a

"S.'brlrfly, are the conditions which fulfil physiological

shoeing.

Pathological.

,.„eture in i. U liable .0 d'-rd- It
'„ ^e ho- ««' -^i"''^'

curable lamene.s, and >>»*»'"»/'
'^'^''af.^Txenophon. Thi« horse-

. No foot, no hor8= « a» old a« tho 4»y» °
J^' J , , Worses hard

.naster tells us how to keep '''»'>°™°'";lre unknown. It U

-a very neeessary matter at a tune when
*>«»JJ . j,„^„ .^an

aremarkablefaetthatthehornolun^^d e i nfi-._^.^

^^ ^^^__ ^^

that of horses wearing shoes, ine wan lu j

resist a nail being driven in.



CHAPTEK XVIII

OEHEBATION AND DEVELOPKEHT

The SexuU Sewon of animals is a subject which in recent
years has received exact expression at the hands of
Heape whose communication, ,,uoted below, we have
ollowed in connection with this question. Heape divides
lemale mammals into two classes, Mo„„stn,„8. or those
which have one oestrous cycle, and Poh„.8trom, or those
having a series of cestrous cycles. The first phase of
generative activity at the beginning of a sexual season is
known as Pyowstmm.ot the l>rn„„r,m, ,,eH,„l ; it corre-
sponds to the period 'coming on heat,' or ' comin" in

>
•"• The period lasts a variable time in different

animals, and is succeeded by the period „j ,lrsin or(iMms
;

It IS only during this period that sexual inter-
course is permitted, or that fruitful coition is possible. If
concephon does not occur or is prevented, crstius is
followed by MeUMrum, or the «rf..„<,„„, peri,,,!, during
which sexual activity passes away, and is succeeded by
a period of complete rest or freedom from sexual excite-
ment known as Ana-strum. The ana-strous period may last
two, three, eleven, or more months depending on the species,

ise sexual cycle is not always as above described there
are animals in which metctstrum is not followed by a
period of complete rest, but by a short quiescence known
as Vurst.um, which lasts .. certain number of days, and
IS then followed by a new prooestrum, cestrus, metastrum,
and dioestrum.

* 'The Sexual Season of Mammals,' etc., by W. Heape, .M.A
Viurlrrli, Journal of Microtcopical Science, vol, ,li,-.. p. i, imi,
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«ild »tate lm» only ono «exu.l 2'^"
^j^J^^^^ „., „,ur

i„ thodo«. though .nth«e»^h«»^^^u^^^^^^^^^^
_^^y ^^.^^^

.luring the year, but the F""" '"
^hich U tl.«

BBHentially di»tingaislung feature^ Among P y
^^^^^

during a portion oJ the year eimo
,, ^ ^y anoestrum

cycle- un the absence ot pregnancy), foUowea oy

yearly was the rule, i'"'"
^truffiile for existence

ibundant food Bupply -nde's
'

J ^'"fS^,
'

,„„ ^y ,he

„„ longer acute, the dread of be'°8
P'J*''] ^„, „^, ,—^ Clt^sritnXrriater desire .

l,ended in the struggle for he are '^rjie
^

channel. The cat in a ..Id

"'^e^^r four The wild dog

year, the domestic v--ty has 'h^™
,,,,, ,„„uaUy.

and .oU breed
""«^'7?2'ha8 P oUWy b"' " ^-^'e

The lionesB - "^JJ ^^^J ttltrons period may oe

breedmg season, in '^^I'^'^-'y
;„ ^ ^^ ,tate have a

three or four times a year.
««*J^

'"
^^^ „„«. The

.ingle breeding season, in captivity more h.

^vild otter has a smgle season, "" 'V
^;^,i ,„^ joUy,.

.he comes ' in season every
^""^.^^^'.i^gie sexual

So far, m fact, as evidence is »^~' *
„/to be the

reason for animals in a state "'J'f^S character.

rt;:^y^'^-r:dSXionisessentia.

Sue'red byU,-P-trX"etdome..
The complete wstrous cycle in the aog

. .Co„trib..ion to the ^^y^^\^^y^<''^T'^^^^^l^^^'
Part I.

: ' The ffistrou. Cyele m the Dog. By F. H

W.A.JoUy. PW. rran,., B. vol. 198. 190..
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cation iH „ix month-,. Every .ix months, in spring and
»utumn, th« majority of dog, come 'on he»t,' though there
are m»ny exceptions to this rule, some of the smaller breed

dogs having a three and four heat period i„ (he year.The |«r.od of pro,..Btrum lasts from seven to ten days and
11 sirus laHts another week.

In the »„,r,. the complete „Hlrou» cycle with its dinstrous
ntervals may last for months, in the majority of marenfrom February to June or .Tuly. and unlei rendZ
pregnant the diuistroux periods last iwenty-one days, and
are followed by prooslrum, a.strus, etc., as previously
descnbed, though the time duration of th«se is irregular^
generally brief, and always uncertain. For instance, the
exact period at which the mare is ripe to receive the ^alemay only be a matter of a few hours, whereas she may
be several days in a highly unsettled sexual condition.
The mare is in a condition of -strus on the seventh to
tenth day after foaling, with thoroughbred mares it may be
he sixth

;
at this period, tliough still nursing, she desires

.ntercourse, and in this respect differs from the nursing
cow and sow. If she does not conceive the period ofdmstrum is twenty-one days, and followed by .rstrus
.he returning heat usually lasting longer by two or three
days than the original heat.
The cw under domestication will breed at any time of

the year (Goodall). She ordinarily takes the bull six weeks
or two months after calving, but it is unusual for her to
accept the bull wh". suckling her calf. If the latter beemov^d or w-eaned she shows signs of ..strus six or seven
days later the duration of which may be twelve hours.

IhJT "I fu**''"""
'"* twenty-one days, at the end of^hich time both cows and heifers exhibit cestrus; this

cycle continues until they are settled in calf
With shai," cestrus may only last one or two days, or

't may pass away very quickly, the dicestrum which follows
iMting from thirteen to eighteen days. The number of

eep. bj F. H. A. MarshaU, B.A. mi. Tram., B. vol. 196. 1903.
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"'"T ChS may i" s two ».t. of l.mb» in on. v«.r.

o. »he«l. which «»? P'~
j^„,^ .tooit .t any time

K::^rr"in b, th. inuoaue^on o. tb«

r»mtotheewei(OooaaU).
j^ j,,,

''''la;; tr
'

; atrS weX'a.t.r .a.o.in..

Ztric^ o« -Ir:; la.t, about two days, the d.cB^tro.

l^riod twenty-one day.. dibits a

The only known an.m.»hch.n a -Id^^
^^^

::Srr»i;:truJted .ea.on w^en concep.

'Ibe ^ttu'l2£ay appear in the dog^^Tl
o.?b::;L. c^d ^^^;:y:^zz^s::^

ot Iha litMBHi.
„,„„.,/™™ in all aniniBl* " t

rrr^;ir^.u::».^y-*-*^;:

-i-sir. r.ir.J':ir.s:excited, ana aeeirea uuo
ftnimals it is only
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injc I on of the mneoai membrane in eoniequenee of a
diUUlion of the cspillariee, and uHually a lireaking down
of the walla of the latter, leadinR to extravaiiation ol 1 iood
into the itroma, or even into the cavity of the iileru«. The
Riandi of the uterui Hwell and pour out a Blight aecretion.
In somo animals auch na the monltev the epithelial lining

of the uterua ia deatroyed duriuR thia period, but with
ungulatea desquamation of the uterua ia probably very rare,

while in carnivorea it occura more or lesa in every caae.

The pigmentation found in the mucoua membrane of the
uterus after iiatrua ia due to the extravasation of blood

;

thiH blood is also the aource of the blood-stained diacharge,
and on a more extensive scale is the cause of the menstrual
flow in monkeys and women, in both of which there is in

addition blood collected in lacunn- in the wall of the uteruH
and destruction of the epithelium. Gradually in all animals
the uterux recovers its normal appearance, proiistrum
passes away, and ia followed by dstrus. Bearing in mind
the rapidity with which ipstrus may follow proffstrum in

such animals as the mare, cow, and sheep, it is evident that
the whole of the above process cannot always be fully gone
through

;
but in the dog, whose cycle ia far more regular,

the uterua undergoea tht changea described.

By systematically preventing animals from breeding the
sexual season may be interfered with to the extent of

complete cessation (Heape). Certainly the mare used late

in life for breeding purposes often proves barren. Yet
there are mares which, though deprived of the services of

the male, never lose their desire, and may for the greater
part of their life be a source of danger from sexual
excitement. The cause of u'strus is an internal secretion
produced by the stroma of the ovary. (See C'oriim Liitnim

p. rm.)

When male animals suffer from a |)eriodic sexual excite-

ment it is known as rutting. This term should be confined
entirely to a male sexual season, such as is experienced
by the camel, stag, elephant, and ostrich. In the rutting
stag the neck becomes enormously swollen (Leeney), the

ii.i'
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elephant e.perieneeB a ai^^^^^;/™- ^ A.TClK
"IZ'^^moval of Te.tiole. and Omie..-The influence

o.relva.on.eovan^^^^^^^^^^

bolism iB a
™'')«'>\:'„^';^„^*;e5)Tnc attention wa. there

r'' I'^hl rdtha" bo'ht cats a„d dogs the complete

=a;vr::rana,^..-^o.h.h^^^
„f tho uterus may not in every case prevem
of the uterus may

exceptional cases,

animal *"J ';";;^ ''^^j/^ ^as had time to appear, such

£: .rgnltXe may be'a few returning heat peno...

from the seventh to the ninthday after operation four een

dav^ is said to be the longest time they remain. Th

that Bide, n tne epiuiuy"
,

(

tion, its presence modiiies the growth of the next pa

the tissues of the J°«l'
^^'^''^f^^^Vi castration,

cat Buch a massive appearance, are lost alter

. I „„. .naebtea .0 Mr. H. Leene., M.E.O V.S., Hove, .0. the.

(act. and i^uch other information on t..e subject.
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and this may occur even when the operation is performed
late in life. Female cats operated upon while young acquire

a head of the male type, and even if the operation he per-

formed when approaching middle lite, there is a disposition

to broadening of the skull (Leeney).

The alteration in the shape of the male iid femiiic gii -,'1

observed in the cat when castration or ovir'OjOJUy is pi;.o-

tised in early life, supports the view advc o ed by He ,pe

that no being is wholly male or wholly femai.s bi.t a

portion of each sex with one predominant. Cocks con-

verted into capons when young do not develop such full

male plumage, and the combs and wattles are more like

those of the hen. Pullets from which the ' clutch ' has

been taken grow fat, and sometimes put on male plumage.

Hen pheasants injured by shot in the ovarium ha\e fre-

quently been found with male plumage, and disease of the

ovary in hens or pheasants may lead to their crowing

(Leeney).

The Testicles are solid organs with an external covering

of serous membrane, and possessing a tunica alliKiiiiini,

and a stroma or framework of iibrous tissue. The spaces

of the meshwork are occupied by the scuni/froii.i tiihiiles.

These tubules are highly convoluted in the parts imme-
diately concerned in the formation of spermatozoa, and
commence usually by blind extremities. If the changes in

the cells found on the basement membrane of the tubules be

followed, it is found that the cells of the lining epithelium

divide into two daughter cells, one remaining attached to

the basement membrane, the niistentaciilar irll, the other

becomes a spermatonen. The spermatogen-cells divide and
subdivide to form other cells that are recognised as spcrma-

tiihlasts. These spermatoblasts elongate and pass into

spermatozoa, collecting into sheaves as they do so, and
becoming attached to the sustentacular cells that are

placed on the basement membrane. These sustentacular

cells minister to the needs uf the developing sperms until

they are fully matured. The latter are then set free, and
pass into the lumen of the tubule. The spermatozoa are

f 51
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produced in enormous numbers; it is estimated in man

that each cubic centimetre of seminal fluid contains from

sixtv to seventy millions of cells.

A mature spermatozoon under favourable conditions is

active, moving about rapidly in the seminal fluid by mears

of its Ions vibratile tail. It is formed of a head, a m.ddl,.

piece or body, and a tail. The head corresponds to the

nucleus, and is constantly present, the muldle piece and

tail are developed to a varying degree in different animals.

In the horse the length of the head, which is bluntly pear-

shaped, is about r, ^,» the tail is eight or nine times as long

as the head. It is supposed that the sperm-cel extrudes

polar bodies as does the ovum (p. 589), but they have

not been recognised. The head of the sperm may be con-

sidered as the male pronucleus.

The Spermatic Fluid is alkaline or neutral in reaction ot

viscid consistence, contains proteids, nuclein, lecithin,

cholesterin, fat, leucine, tyrosine, kreatine, inosite, sulphur,

alkaline earths, chloride of sodium, and phosphates.

The essential element is the spermatozoa, without which

the fluid is not fertile. Spermatozoa exhibit spontaneous

movement, the long tail moving from side to side, by

which means the organism is propelled when placed in the

body of the female. The vitality of spermatozoa under

suitable conditions is considerable, and when placed ,n

the body of the female they have been found very active

many days after copulation. Colin found them "ctive in

the vesicube seminales eight days after castration Ih

spermatozoa are readily killed by ordinary or acidulated

water, glycerin, etc.
,

It is not known in what way the secretions of the pyo^-

tafe and snnb.al vem-U» influence the main secretions w,th

which they are ejected, but it is supposed they maintain

the motility of the spermatozoa. The prostatic fluid pre-

cedes the spermatic in eiaculation and m stallions an

hulls when excessive daily demands are made, the fluid

Su'laled is largely prostatic and infertile. The testicular

products of hybrids, B..ch as the mule, are infertile.

^ = a micron ; ,i<ia
mUUmetre = .sioo in'h (nearly).
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whln'if^'"'"'
•,7"^*^' "• 'h«t time in the animal's life«hen It IS capable of procreation, has been put at U year!the horse. 8 to 12 months for bovines, and 6 toSmonl

for the sheep, pi. and dog. There is, however, a gr ad.fference between capability and .«««, for procreation

^Z ', n,
"""*'"'"'' ''"™"'» '' °°« explanation of a

S eat deal of the worthless material in the shape of horse!which may be seen in all countries.

f„r n!''f™1 °f ""u
"'^ '' """•''^'* ^y "^-^'oi" 'Changes in

th o'uHin t^i"' ?
'"''"• ^^'^y '°'« "'^'^ awkwarfness,

the outline of the frame becomes more consolidated and ingreater umson. In the male the neck becomes thick and
urved, the voice deepens, and the whole appelnce

denotes hfe and vigour. In both the stallion and bull thetemper is usually irritable and uncertain, and often exremely VICIOUS. The age at which procreation ceases is notknown. Fleming says that mares have been known to pro-
duce foals at 28, S2, and 38 years of age, and it is cerLin
that some good stallions have been advanced in years.

Ihe Act of Erection is a vascular phenomenon produced
y an engorgement of the erectile tissue of the penis with
blood. This engorgement is brought about by stimulation

the nen, en;,eut,.. which arise from the sacral portion
of the cord. These nerves furnish dilator fibres to the
^es8els of the penis, and under their influence the cavernous
spaces of the erectile tissue Income gorged with blood
imder pressure. The nervi erigentes act reflexly through
an erection centre in the cord, while the erection centre
.s under the influence of higher centres in the brain.
Erection and ejaculation in the dog may be produced by
stimulation of a definite area of the cortex of the cerebrum
and they may also be produced after section of the spinal
cord m the lumbar region. The sensory nerves in the
penis, by which erotic sensations are carried, are the pudic •

f the pudic nerve be cut erection is impossible; if the
central cut end be stimulated it leads to ejaculation.

^

Ihe first portion of the penis which receives the excess of
'i^od m erection is the corpus cavernosum ; the spongiosnm

Hi I.
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al.le in the BtalUon. In the act of erection, the S Bh* -e

Tot the penis i« removed, and the oj^--
^^^Vra^^

the Bame time the retractor muscles of the b^^^'^
'^^;;

hack the nreiuce and the organ ib exposed In the rani^

i^pregnahon
'^We aog Tncrlase in the size of the

proves Btenle In the dog
^^^^ ^^^^ ^^^^^^^

*lZrinteroour.e._Copulation is not necessary in all

Sexual """" J ^Yj^ t ;g required is merely

f"exceedingly rapid, almost ^^'^'^-^ l^\^.
and ram. probably from the P«-'-^

j'-ff.^^r nt the

mittent organ. The
fP«™^f. flrus The pecnliar

vagina, or even directly '"'»*;
"*;™',„a tV.e bulboue

termination of the "^«*"'/
*%^°'fi' ' ,e of coition,

enlargement of the glans ^"ing 'h« *in^'

*f °;;,„t „,

point to the organ graspu.g the os at the moue
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ejaculation, while the projecting portion of the urethra is
msertea into it, by which means some of the iluid is
undoubtedly directly injected i..to the uterus ; the pointed
penis of the hull and ram makes it certain that such is
also the case in these animals. An examination of the
uterus of the sheep and dog a few minutes after coition
has revealed the presence within it of spermatozoa. There
is ample evidence that the spermatozoa may remain alive
for several days within the uterus, .^t the moment of
intercourse the uterus becomes erect, and the introduction
of the male element into it is further assisted by the
aspiration following its subsidence.

The actual mechanism of ejaculation is produced by a
contraction of the vesiculne seminales, the prostate gland,
and probably of the vasa deterentia, through the reflex
action of the ejaculaijon centre in the lumbar and sacral
portions of the cord. By this means the seminal llaid is

forced out of the vesiculic into the urethra, and by means
of the muscles of the perinieum is forcibly ejected from the
urethra. In animals possessing no vesicuhe, such as the
dog, ejaculation takes place direct from the testicle and
vc.i deferens.

The Ovaries —They are solid organs, and about half the
size, or a little less than half the size, of the testicle of the
male. A,i exception to this must be made in the case of
the sheep

;
here the ovary is very small compared to the

testicle of the ram, this animal for its size having probably
the largest of testicles, certainly among the domestic males.
The ovaries of the mare, cow, and sheep, are somewhat
ovoid with a slight depression termed the hilum ; the
ovaries of the pig and dog are lobulated end resemble a
bunch of grapes

; the ovary of the cat and rabbit is more
or less lenticular. The substance of the ovary is divided
into cortex and medulla : the cortex being that portion
containing the developing eggs or ova, the medulla being
ine solid, connective tissue, vascular core. Covering the
ova:y is a modified endothelium, the neniiiiial cpitlieUiim.
This is of the columnar type (a modification of the

111
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paBses to the uterine n""''
,. ,j^ epithelium

^, the uterus is attached to
'^^"^^'^"-.Are developed

i. called germinal because rom 'tM« ^^ ^^^
P^.^

auring »f-'«i''%;*i;7development the germinal

are formed after birth. "^""^ JT ^g a long

t'lS ^r C?:eKvelX«eLt off .roni

cylmder of «.«"=• V"* jthelium covering the ovary,

,„y -°-^ --J^If Xb on the appearance and

and one cell, it may ™ .

j^ ^^^q^.

characters of an ovum.
J]'^';™^,^^ take on the

panied and been constricted off with the
^^

Lties of the
-«-^--X;„tr' Th earliest ova are

Ltr^ntrcrrfaS::"^ enclosed in the simple

one-layered ».««('ran«.'/'-»'"''<'»;^
.

^i^, condition

The changes '"-JXr-dicla in the wall

until the ovum is mature «« ^°'*

/

,,^4 oraafimi

of the structure """'"""^ ^'^^

'^,^;,, Z L"c« /-fcro-a,

Mice. A eonnec^e™ -P^; ^^ ^.^ i,,„,

owing to a spmnng ui
/•„;;,>„;;. The ovum con-

a fluid under P-^fnti t r^S- ^^out .W ("IB to

tinues to grow slowly "«" "
^eaval of the

:„n\irmtrianrrown a: the ... or

the above-mentioned £B,fo„t„^^
ertends throughout

the thickness 01

^^^^ _^^ ^

and daily becoming larger it appea
^^^^ ^^ ^^

vesicle on the «"'^*'=«- „?' t^deney to move in the

.oUiculi un^« P[Xrl t«— '^« P-* °'

JSr1?^ i-Xnerally to occur at the hilum 0.

''mrrupt--' the Graafian follicle occurs the ovum i.
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flushed out, and at the same moment, according to HenBon.
the fimbriated extremity of the Fallopian tube becoming
erect grasps the ovary, and thus the escaping ovum is
received into its 'duct.' Probably the converging furrows
found on the plicated extremity of the Fallopian tube may
assist in directing the ovum to the ostium abdominale. If
by chance the ovum be not caught and carried away to the
uterus as described, it may fall into the peritoneal cavity
and perish, or if it has been already fertilized abdominal
foetation may occur, the peritoneum acting as a matrix in
which the embryo may develop.

The Ovum.—With the exception of those produced by the
prototheria (duck-mole and spiny ant-eater), the mammalian
ova are extremely small. They vary in size from An to
An of an inch, and although not to be compared to those
of birds, reptiles, or amphibians, yet they are undoubtedly
the largest cells found in the mammalian body. The
greater size of the eggs of birds, reptiles and amphibians
18 due to the quantity of deutoplasm or yolk contained
therein. In mammals this is small in amount, owing to
the speedy union of the developing ovum to ihe uterine
wall, which effects an intimate connection with an abundant
food supply.

The ovum is a typical cell, it is spherical and more or
less translucent. It has a thick cuticle or zona radiata,
within which lies the protoplasm and vitellus or yolk,
confined in a special membrane the vitelline membrane.
\\ithm the vitellus or yolk is the genninal leside or the
nucleus of the cell, and within this the germinal spot or
nucleolus. This is the structure of the ovum prior to its
extrusion from the Graafian follicle ; but either just before
or immediately after escape from this, and prior to impreg-
nation, changes occur. These changes more especially
involve the nucleus or germinal vesicle, and are known as
the formation of the polar bodies.
The extrusion of the Polar Bodies has been studied by

Van Beneden in the ova of the ascaris megalocephala of the
horse, and what is true c? this is believed to be true for the

If
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mammalian cell. The first Btage U that of indirect divmon

of the nucleus, and itH movement towardB the periphery

of the cell. The nucleolus probably divides m a similar

manner, but its fate is not known. Th« ""^l^""
''"J'''^

divided, one half is extruded into a space »"'»«''* "•«^°";j

radiata ; thus the./.V«( polar hod,i is got rid of. The half o

the nucleus still remaining in the ovum divides, and for a

second time a nucleus is extruded, forming the ««»«.( volar

"There have been many explanations offered of the sig-

niiicance of the polar bodies. Two, however, "^ ''»P°' *"

and worthy of mention. Minot and Balfour believed that

they were intended to prevent parthenogenesis, or the

possibility of a new creature developing from an ovum that

had never received a male element. Weismann believes

that by the loss of certain elements by means of the polar

bodies, the ovum is rendered receptive for characters of the

male : in other words, it has a bearing upon the hereditary

properties of ovum and sperm, the polar bodies carrying

away superfluous histological and genetic properties.

\s a result of the rupture of the Graafian follicle, a rent

is made in the ovary. This wound fills with blood from

the opened vessels, and for some time afterwards appears

as a pigmented spot. If pregnancy has not supervened it

undergoes a retrogressive metamorphosis and soon dis-

appears. If, however, the ovum is fecundated, the corpus

£„(.««,, as this pigmented spot is termed, continues to grow,

and may be observed in the ovary even near term.

The Corpus Luteum of the pregnant animal is very much

larger than that of the non-pregnant, and it appears to be

conclusively settled that the existence of this yel ow tissue

in the ovaiy is not tor the mere purpose of filling up a

cavity in its structure, but that the yellow body is a

ductless gland which becomes an active secretmg agent,

producing a secretion by which the ovum is anchored to

the wall of the uterus, and its nourishment and develop-

ment assisted. This ductless gland is functional until

about the middle of pregnancy, when it is no longer a
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necessary factor in the nourishment of the eml)ryo and
consequently degenerates. That the corpus luteum takes
httle or no share in the production of seiisonal sexujil
excitement appears iiuite clear; this is the function of the
stroma of the rvary which pours an internal secretion into
the blood, and ej brings about menstruation and (rstrus.
OvuUtion is the process of egg extrusion. In some

annnals, as the rabbit and ferret, it can only occur as the
result of coition, the presence of spermntozo.i in the uterus
being essential to the act. In others, and tliev represent
the majority, such as the mare, donkey, cow. sheep, pig,
and dog, ovulation occurs during lestrus, but the act of
copulation is not necessary to extrusion, and in such
animals artificial insemination* is therefore possible. The
period of cKstrus is not necessarily identical with the
period of ovulation, ttstrus may occur without ovulation,
and ovulation may occur without (cstrus. Ewart says the
mare may mature and discharge one or more eggs after she
has become impregnated. Ovulation occurs at the moment
the Graafian vesicle ruptures and the ovum is ejtnted.
The number of ova which may be extruded during one
sexual period is not known with any degree of certainty; in
the case of the cat and dog there is evidence of several
bemg ejected, for each fictus represents a separate egg.
The number of eggs laid is always greativ in excess of the
number impregnated, and the mare which probably only
produces one egg at a time, and with whom t in births are
very rare, is believed by Ewart to shed about ten or twenty
ova annually. Whether an equal number is discharged by
each ovary is unknown. Probably one ovum for the mare,
cow, ass, deer, elephant, or monkey at each ceatrous period
18 the rule, though two may be discharged. The sheep
probably discharges one to four, the dog, wolf, and cat five
to six, the pig ten or even fifteen.

Determination of Sex.—Heape t maintains that there is no
* First practised on the dog by Spallanzani, 1784.
t • Notes on the Proportion of Seses in Dogs,' W. Ilcape, .M.A

I-.R.S., r,ocei;Un,,s ,,/ llic Cambrulgc Philognjihual So.-ietii vol' x'iv"
Pt. ii., 1007.

'' '

' «;;i

:

.; (
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y, thina & a nure mft'd or female animal, but thai

In ooSa omrant and a rece..ive .e.. except.n«

hermaphr^ite.. in which both »exeB are ec,aally repr •

S The a .umption ol male charaeter«t>cB m oU

Tn birds are associated with crowing and male plumage n

,«h1chTs evidence that the recessive sex asserts itself

len t domnant sex becomes impaired, and support,

when »'^\7!"""
that there is no such tlung as a

'^"""^.or female animal. I. this be true, it naturally

have led to their'classification
into two groups, which ar.

"
TCtanceothTs hypothesis that an ovum in which on

. I .V, „r,™,«ite sex is dom nant ;
whether the sex n

as/Tr^:;i-°::tlnha.^.ieca
. .Ovul^tion and Degeneration c. Ova in .he Habbi,' Pro. ..

Soove(i/,vol.B.,76,1905.
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notion on ovarisn ova, and bo effects a variation in the
proportion of the sexes of the ova |)ro<luee(l ; where no
Buch selective action occurs in the ovary, the proportion of
the sexeH of ovarian ova produced is governed by the laws
of heredity (Heape).

Impregnation.—The male element meets with the femalem the narrow passage of the Fallopian tube. Bearing in
mind the enormous numter of spermatozoa in even only a
small amount of the secretion, it is easy to understand why
the ovum cannot escape coming in contact with them. The
ovum 18 transported towards the uterus by th« cilia of the
tulH), the spermatozoa travel in the opposite direction by
means of their own vibratile motion. One Bpermat.,i!onn
Buflices for impregnation; it passes through the zona
radiata, reaches the vitelline membrane, and when within
It the tail IS lost, and only the head and pint of the nii.MIe
piece remain. The two pro-nuclei, male and female, come
together, and a single nucleus results. Tlie fusion of the
nuclear element of these two different cells results in a new
structure, the ovum is fertilized, and from this is developed
a new bemg embodying the hereditary properties of both
parents.

In the sheep* the impregnated egg enters the uterus
on the fourth or fifth day and trtvels slowly alons it until
the ninth day. On the ninth day the zona radiata ruptures
and the blaUocynt (that is the external cover of the cellular
mass) lies in contact with the uterine epithelium.
On the twelfth day the ovum has reached nearly to the

lower limit of the horn in which it lies, the glands of the
uterus enlarge, and the blastocyst rapidly elongates so that
each end grows out to the tip of each horn of the uterus
If one embryo only be present it extends through both
horns of the uterus; if there are two they are each con-
tined to one horn. On the seventeenth and eighteenth day
the first attachment of the embryo to the uterus is effected,

* ' The Morphology of the Ungulate Plt> jnta,' by R. Assheton M A
who,,, in the above account of the sheep we have entirely followed'
nil. Trans., ]t, vol., 198. 1905.

38
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. It, l,i,t this On the twenty-eighth day nlli on th«

: 3'coverin o« the embryo .re well develo,K,d and „n

trmatern» cotyledon, are little depres.ionB mo wind,

hevT X <uLtoi, («ee later) has grown rap.dly. a.ul

h/„ ; -J which Bee) has become reduced aa the allanto>«

n real ^y he forty-fourth day the Lrtal cotyledonH
incieases. ly "» ' „u„i. „„rfftce ol the embryonic

development The deveip
^.^^ ^^^ ^^^^ ^^^^^

'rf.C« hT^^^^^^^^^
'^ practically impos.i.,1.

b„ "iently so to ehow not only the eharac er^;

features of the process, but their profound practical bea

„„ tv,o hviiinnic care ol brood mares.

'X:ln'^ZreLily that the human decidua gro,

ovr the ovum on its arrival in the uterus, and so prove

r escape! No such pouch is .ormed in the ungulat

, L «!cane of the ovum before it is securely fixed to t

i of th u el i! not unlikely, especially in the hor,

lere the connection between the embryonic sac and

uterus i« easily broken down. To understand how t"
Ewart points out that the remote ancestors oM

Wse were probably born on the forty-seventh or for

eSth day 0? conception, and like the ancient and pn,

. . A Critical Period in the Development of the Hor«,' by T

Ew«t, M.D., F.B.S. 1897.
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kind and i« the only o„« .h ' ^ "' " ''"^ "'«"''«'•
only one wh.cl, oxmts up t„ the fifth week.

""''lc:,r'Evrei'';vtd'rw''r',' "?«•""• ^'^ - '" »« '"»
entered by tte .bMrbin:, 1„ ",'''''' ",'" K^nule" which have

."Oh .„ length, and i. curved .o rr."he"Sef„:r?i;^hl""

to the wa
1 are evident, by an increase in the size andtreng h of the original yolk sac adhesion. There ! alsoa girdle about

J inch wide, not hitherto found in any

<F'g; 144, t.g.). This girdle obtains adhesion to the"terme ,all and so strengthens the origi„aTTnohora«
AlK,ut the end of the sixth week the attachment of embrvoto uterus :s again beconiing precarious, for the yoTk^I^c

88—2

it'iH
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attachment area ha. become lesB (Fig. 145, a-c), while the

Kirdle has Bhifted from the equator to near the pole

(Fig. 145. t.g.). It iB at this period Ewart considers the

primitive ancestora of the horse were born.

At the end of the seventh week the supply of nourish-

ment through the medium of the yolk sac has nearly come

Tan end, the absorbing area next the uterus is considerably

educed, and it is at this period when an entirely new

source of supply and attachment has to be found. The

Fig 145.-A Seven Weeks' Horse Embrvo, Half Naturai

Size (Ewart).

all AUantois; am., nmnion; c.r., non-vascular villi between the

' ^Kd Lnd the yolk sae, not hitherto found '" .'^y «'™7';

and function unknown; ».»., yolk sac; <i-c, absorbing area of the

™lk placenta ; ti-, vascular villi or allantois ; U., external vascular

villi over the surface of the embryonic sac.

supply is furnished by means of the allantoii, whUe the

additional attachment is furnished by the girdle becoming

folded into ridges, which fit into grooves and depressions

in the m'MOUs membrane of the uterus. The outer covei

of the embryo beyond the girdle is now dotted with numeroui

mirute points, which subsequently become villi ;
the villi ar(

derived from a sprouting of the allantoic sac, and as the;

grow are accommodated in pits in the uterme wall. B;

the end of the eighth week this has been accomphshea

The villi are not more than i inch long, even when lul
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:?HHTfr"-~ -^^^^

i» being effected and Z In t
'^""^' nourishment

at the third we'ekMs/f ''" "'''" '' '"'^ '^"^ " "'''

uterine ho „ wfu b« 111 ^^ ?
'""' " '=°°'^'«=«<'n of the

At the nin h wlifi,"^ ^^ ^'l'"'^'"" °f 'he embryo,

depends f„LL 1'"^^^^^^^^^^ °' ""' '''™'"''"« -™-

'

srsr"'-™ ''^' «-«»^ thext
thf;?&!tttr

°'
''; ""* "^"^"^ --p-

suspended by th to k f
''°^'" "'^ «"'? "J^y^ '«

organ, the head h«?,^ T T ""^ ""P«^ *"" "' ">«

» abundant a,tbirr ""! " "" '" ""= "««' <" -«""»'»:
After fuJn of he .w

''^"''",""™ ^' """-oblaatic and partial.

«o,.„dXre first IlfT" 'n"'
"=^""8 "-leus begins to

Tbe.eal,odivU:,f«L Itra'^r ' "'"'T ™' '^''"" '" "-•
generation is impresTed n^n Th' 1

'"'"'™'"^ -' ^'^'' "' ""^ «"'
-hen eight eeuThZre uW rr. /

""*! """' ""^ ""^^ ^'"»'™-

-hat smaller. FromtrZl Ih f, .

'"^^ "'"' """" '"" ™n«-i^rom this tune the smalJ..r ceUs divide more rapidly- than

!

I wn;.
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'Zrft :r:'>^^i - ^-" "-= '^'" -- "-"

observed in the rabbit.

^^^^^^^^rTbhit's Ovum at the Close of Seome>
F.o.146.-Sect.onof*Rabb.t^s^U

^^ ^^^^ fo„,„™n of

b'"«To"-Bm" VESICLE (E. V. Beke.,en,.

tion cavity.

expense of the inner -"»• "l^-* "Lrlof «maS external eelh.
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Hrst.i„„„f .L w
"'" ""' "=™""'>' thickening being the

The -T 'f,™'>7'"'''^ « embryonal area (Fig. 148, in. ,.„d n')

which i, aerivea probably from both iXiZtXTrT^hree laycra con.t.tuto the trilaminar blastoderm, from which thevarious organs and tissues are developed.
From the f^,a;a,( the following de^•clop • Tlie whnl„ „f ,i

system, including the brain, spijl cord, p'eriph raT . ve ^dZZ
tlpTa:™"; :„^f

"'^>'^'-— of L organs^of^Sr:ine ep,derm,s and .ts appendages, including hairs, hoofs, and nails

P ol'Z
'":

"'°f
'"^^P' """ -«""« "-e tongue tnd poste iopart of the mouth which is hypoblastic) and glands opening into ,tEp thehal cover„,g of anus. The enamel of the teeth. The epit "ehu iof the nasal passages, upper part of pharynx, and cavities and g andopenmg mto the narial passages, ,-.,., sinuses of head, etc.

'

ep«:m yr^'billi^r'riilf—- :r: '-^iinvoluntary nmscles'of the body.' TZLl't^^ll Zl

From the %,„6;<„(.. The epithelium of the alimentary tract fron,

« . oT the ttr™' h
'" ": ";"• "'•' "" '"^ «'""^» opening:: „Zpart of the tract, such as the liver, pancreas, etc. The enithelium nlhe Eustachian tube and tympanum. The epithelium of h b on hi

the thyroid body. Epithelial nests of the thymus. EpitheHun J.h

pr;^:rst:^'
""""• ^--^—

^
'^ .-.;C":ti:'a'^a

At the stage mentioned in a previous paragraph, viz., the appearance

' Schiifer, Quain's 'Anatomy,' vol. i., Part I. p. 44.
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of the me»bla.t,.he hypobU.t h« 8'°-\^r'KrVL™i"tlk

=x'—:,-,r:-.:s xrr..i sr.:-, i

xirii" •"-• »
'
•"" "-• "

'f'fX'iT
:.„,. „i.,, . .- -i*""';™

t.r s ' s c

r:;;
"".k—.—»'--"'•"•••'-•

SHE :i:;"i=i7.:=^^^^
vlXk^ splite into two Uminie, ai>d the space between becomes .

:T^:fLy cavity (Fig. 147). ^^i;^^'^:;rc:.^
epiblwt and mcsoblast, .8 known a- the .umalotleun ,
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lamina, oonsis.in,. of „e.„U.st and h,p„t,a,.. become, .he .^^„.,,„„.

toward, the head ro^r ,„If,!' , f°'' "'"""•''« ""' "'" "'"boo
'^nt of .ho head r.;, 'a;";i'°::

"«"""»"
(^'s. ht,. i

q.ibl»,. and hjpobla*. Ir? unt ,
"' ^i"'

"'""*'"' "''d «'«

-w..,oo„d-^„,-;n-c:2.:?r;r:;„^

iSlCHAFUR). ' "* ''"RJUTIO.V Of THE AmNioX

The amnion fold» h.vo nearly u.u.ed in .he .niddle U„e.

-*:^^rX ^u^d :!r r::?""'^
'°- '-'-' ^^- '-^^

'he e,„br,o has a do„al -e n« ( "t T/tirniTr '" "'« "^«™
>Mt the embryo beioc .he trn„ f .

"**'"' '™ '".Vers, .hat
outer or false amnion' he ehoilTb:"' ""T' " "'"™'='' ''"" '"o

K™«. Thns .he am,^ionarie'om.he""
''"''' """'' "'^ """"'""

'"'"eh give, rise .o the body va 1 The .

'"""™ "' ""^ '"""^o

I the Ironlmbl,,., ,. .,.
"">rpliulogi.i» in ,.»

r»rf> .

i""".iiuuni, unnortan
«"ij stages us .he IrojihMmt, and

-I "^iDio 111 i(,s

to tlie anatomist in its complete

•!'
1
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The development of the
"Sf' f,™„ i„4„.,io„, u referred lu

:-;':^r'^:r' -re however ...ehr.,.

. ,. the »o-eaUed Che,tnuU and Ersro<. of the horse, both

jmade to the so-caueo v. =
•„„„„ heine distinctly seen in tl

which are ancestral remains, the
'"'"f^

^""^T
j„ be the remai

tatUB. Both the chestnut, and ergots are considered to be

°' ^'•'^Si.':<r.s.Teihir:rdonthei„.!

srrrq^^uai^>^r:::rcS:™r™
^hetr^Twhir Itlsrp^edTel.^

—opical, a t.b.
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.traoture, wdi. produced by the papUl* of the ridn. Aft«, growing

found larger m hor»e» wanting in quality than in those belter bred.

Tha Deoidua.-At every monthly period in the human
female the mucous lining of the uteruB undergoes certain
changes which result in the formation of a membrane
known as the decidm , this is in shape a counterpart of the
interior of the uterus. The membrane is shed during
menstruation

; if the woman becomes pregnant the decidua
18 not exfoliated, but undergoes further development in
connection with the ovum. The latter on its arrival in the
uterus becomes embedded in the folds of mucous membrane
which grow up around and anchor it to the wall of the
uterus. That portion of the mucous membrane which
grows over and envelops the ovum is known as the
decidua nflem, that which lines the interior of the uterus
IS known as the decidua vera. Through the decidua vera
the uterine glands grow, and later on in embryonic life
When the final circulation is established between the ftetus
and the mother, by means of the placenta, the latter on the
maternal side is attached to a portion of the decidua vera
and to this part the term decidm serotina is given. After the
birth of the child the membrane covering it, the placenta
and the uterine decidua, are all cast off, with the result that
the mtenor of the uterus is converted into a large raw wound.
Placenta.—No domesticated animal has a decidua; the

ovum IS attached in quit^ another way to the uterine
wall, and though a placenta exists it is differently arranged
to that of the human female. This has led to the primary
classification of placenta; into daiduate and non-decidrnte,
hut these terms in the light of recent enquiry are not
appropriate, for it is no longer a matter of importance from
a morphological point of view, whether a portion of the
maternal tissue comes away with the afterbirth or not.
ihe most recent work on the placenta of animals suggests
another classification.* Assheton proposes to ^onp

-«.A. Phxl. Tram., B. vol., 198. 1906.

f'Ifl
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plaeenta into two great types, placenta cixmuJata and

^^n^plicata, theiJ terms being based on the arrange-

ment of a certain group ol cells (the trophobh.t)m the

Tater Ler of tbe embryo, through which the embryo «

lured to the wall of the uterus. Whatever form he

5°a"f^ may be. or whatever the attachment b^ween^^^^

LtuB and the mother, it is always or.gmated by the tropho-

''t ^'cumulate type of plaoen'. the trophoblast cellB

heap themselves up and de,troy the uterine epUhehmK, and

,oTm spaces into which the maternal
"-f

escapes, wh.l

i^ The plicate there is no heaping up, but a process ol

folding and ingrowth takes place, the uterine ej„thel^m .„

, i cL. leinolefi intact. The pig is the extr-e 'ype o

Dlicate placenta, then foll,ows the mare, cow. sheep, while

Clacenta of man and clrnivora is of the cumulate type.

It must not be supposed that these types are sharp y

divWed-for instance, the sheep has a plicate placenta

tuch contains cumulate features, and the placenta of the

dog though cumulate has features of " Pl'^/te 'ype.

Besides recognising placentie ae deciduate and non^

deciduate, or pli^te and cumulate, they are further classified

according to the disposition ol the chorionic vJh. If he

Xre scattered over the whole surface of the chorion the

; acenta is diffuse, as seen in the sow, mare, and came •

The only parts of the chorion in tlese animals desUtute of

vUU are' the poles, and the smooth patch is very mmute

L the villi arV gathered into tufts upon the surface o h

chorion, and these tufts correspond to elevations of the

raucrs membrane of the uterus, the placenta is cotyU-

Tnary or polycotyUdonary. The tufts and elevations «

Sfll and Lternal cotyledons respectively.andnumb^

sixty more or less. If the villi are disposed m a strap-Uk

r^'ner around the envelopes, leaving the poles for .om

distance free from vUli. the placenta is nonary and such

condition is found in the placenta of the dog and ca

In the rabbit and woman the placenta, from its shape,

.

disooidal or metadisooidal.
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n,l!'. ."?* !fT "l"'
*•" ""'**"'' P»'»" '«»° 'he

matoru. to the foetal tiagaeB; the blood ol the two as
previonily mentioned does not come in contact, but activechange, occur between them through the villi of the
placenta Proteid. fat, carbohydrate, and oxigen Ire
received b, the foetne, and carbon dioxide, niCnou
waste products, ete., delivered to the mother. The nourish-ment of the mother directly influences that of the embryo
and pregnant animals imperfectly fed can only producepuny offspring That material may pass from mother to

madder be administered to the parent. Yet we know that
the placenta, under other circumstances, is an efficient
filter for certain pathological substances, and that the
uberoulons mother does not convey tuberculosis to theMus It has been suggested that the passage of water,

salts, and sugar from mother to ftetus may occur by
diffusion, the passage of fat and proteid being perhans
connected with special enzymes. The presence ot g^cogfnm all the embryonic tissues pointe to it as an important
material in the nutrition of the foetus. Gradaallv as
development proceeds, the glycogenic function becomes
largely centred in the liver and placenta

2'^ "«"1»"«-H the egg of the hen be examined
after mcubating nme days, the appearance seen in Fig 149

ment IS bound within a thin tough skin, containing fluid

;

this water-jacket is known as the amnion, and ite use is toP^vent jar when the egg is moved; an identical arrang^

thflT
«.7°>'»«lB. The supply of food required by^e embryo chick during development is contained in a sacknown as the yolk .ac, to this food-supply the embryo is

ZZ"^ 1" ''""^ **"""«'' 'Wch the noarishment Into

nected with the vessels of the embryo; it is through the

Tp a" "i^'fiir'"?'"
'*" ""'* '•>« ""--J yo'" "taken

m t^ fi ^°"' "" " '•"""* •" °"""°"'l'' (Figs. 145,"'. 148); It does not contain yolk, but it takes up the
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Mood from the chick'- body "•'[^"l''^'-

J,* ~h the

(Figs. 145, 148) ; unhke that of the iura

alUMeis
OJnfUcr;

yoUfsac

^ ,M H.»'s ECH, AT THE NINTH DaY OF IncOBATION (EWA.

oxygen from the air. though it is a breathing organ in tl

t^^ot it furnishes oxygen to the fcetus.

TetirrS iidia.e.y envelof|
'he -

contains a fluid in wnion
vellowish in oo (

also portions of hoof, epithehum, etc., derived
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''Ptus. The source of this fluid is probably hv tr»„.„j..-
rom l.th the f.tus and mother. ffgSbe Kd Sohe vessel, of the mother tinges the amniotic flu nho„iIt does not stain the fcPtal tissues

^

tei 'Ztn 1-
""' ""' " P""*""'^" '" """her andtetus. the latter hes on .t a. on a water-bed. and during

.
150. -PiAORAM OF THE Postal Envki.oi.e8 op

HOKSE Embkvo (Bonnet).
A Five iroNTBs

parturition it assists m dilating the os and lubricating thematernal passage. The allantoic grows out fror 'he bodyf the embryo at the future umbilicus; the part witWn theody forms the bladder, that outside it forma a lac whlhn the mare completely envelops the amnion (Fig. 150)M nrummants only partly so (Fig. 151); tie bladdeand the cavity of the allantois are connected by a . nal inthe umbilical cord known as the urachu,. The flu d founS
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in the alUntoi. U aeriveil from the (..tal urine
;

in the flrnl

inrnc. it i. colo»rle» or turl.id. later on it become. hro«„

i^ tTnt Thi. fluid contain, urea, and a sub.tance aU.ed to

r ntl afhumin. .u«ar. lactic acid, -d -ta'n
»^,,

The allantoi. i. the organ of

'«7''f
°7 ""\^/,S

extent of nutrition. DurinR early «»tal hfe the va.cu ir

waTol the allantoi. i, able to l.rinR the >''o'"';";

:iyo.ufficiently near to that of '^e "teru. to efl a

Tchanee of gaHe.. Later on. a. we have »een p. r..M,

SiTe. the villi which penetrate into the wall, of the

; ie and reliahle observer, that thi. >. a fallacy.

Hippomanes have al.o been observed .n the cow.t

X^Lon envelop, the two previous covermgs. Th ongl,

the umbilical cord it forms the vascular connection between

S i am. the mother, and the villi on it. .urface Pj.-

act them.elves into the ^^^T'fT-^ the won an,

Si?-ta:^tr:-=''^"

Imbryo, the blood of the fcetu. receives oxygen and gets

";:!i°td.-After the formation of the fu.tal envelope,

thrtd>°lu« rapidly close in. the .planchnopleure be,n

teceWed up into the body to form the pr.m.t.ve gut and !>

love phiitreB.
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derivatives, the gomatopleure forming t^e body-wall and

the limb«. The embryo or totuB retams its connection

with the placenta by means of the umbihcal cord, which .

composed as follows: Structures m connection with the

aX and the bodywall at the umbilicus ;
structures in

connection with the allantois and '»><. "rachus he latt^^^

being a funnel-shaped body connected with the urmar>

bLder. and the remains of which may be -en as a «ear

on the fundus of that organ, even m the adult the

umbilical arteries and vein, or veins (rummants). All

these are cemented together by an embryonic connective

tissue, the Whartonian jelly.

Fffltal Circulation.-With the formation of the fatal

envelopes and the development of the heart, 'be circulate,

takes on a course altogetfier different from hat m the

vascular area in early embryonic life The placenta ^s

L the festal respiratory and food-absorbmg organ. U-

pure blood that has circulated through the tissues of h

developing young is brought to the placenta by h

umbilical arteries, these acting to the fcetus as the

rimonary arterieL to the adult. After "interchange

orlses and a renewal of food supply, the blood .»

rrlTaway to the fcetus by means of the u«bU.cal vein

Tveins found in the cord. The vein enters the body

a the navel or umbilicus, and passes forward along th

floor of the abdomen, reaches the falciform hgament of the

fiver travels along the free edge of that structure, and

ImSiSelf into the portal vein. After birth the remam.

of ?he umbilical vein are found as a thickening at the fre

edge of the falciform ligament, and is named he round

Ugiment of the liver. In ruminants the u'nb'hc'.l vem

are two in number, but they unite to form a smgle vessel

l!f»rin; the body. The vessel thus formed passes

rLTrfbd'o'L'Soor towards the «alciform liga.eot

to occupy the same position as in other animals, but befo

reaching it, it detaches a large branch, the ductus veno.^

Fig 152, ^ '•). 'bich passes upwards to join the posten

tena avi. A ter the blood has circulated in the l.ver «



GENERATION AND DEVELOPMENT f.n

-er:St2:'3/rr !?'"'''« -'-^-
and is thus conducteTto th heart In l^

"."* '"^«'
whole of the total blood m«„L 1 J°

"'^ ^°''^ 'he

reaching the heart thtughthe'll*' '"" '""'-

ruminants part of the blood pass sthrCh'Th T ' '"

a-.::r!t;r:i:t;-^';^H«ht and left

-a:r.:ssirF?f-^ss
mouth of theposterior venacava to 'the« T""" '"» "^«

border of the foramen Zkli^TT.'''"'^^'''^''''^
of the f<Btal horse and pfrThrfT' ''''"" ""^ '"«'''

to direct the biood.st:i^i„to'5^'s:':rirrIT ^m this way sets into th« I«ff » •

"""cie, the blood

ventricle, and' thence into th ZllT' 'Z^ "/° ""^ '«"

is driven into the vessels fh!f ,

^'^^^^ P°''"<»'

and fore-limbs (ant or aorta 711 "\'^'"'' "'''^'

conveyed to the head and .„. •
""-a^ohes), and is

the rLainder passe ZtZTin'tr 1 '^' ""'
The head, it will be „nZlT * Posterior aorta.

Af.r the'fluirLt^rirZstrofT
t'r-

the right ventn^:- and" thfea^'
it
"

'''''' *°

mto the pulmonary artery. The luni t
" ^'""^^

not functional, and are 'more or Tefs' so
7/'"' ""

corsequently they are not yet prepared to
°'^''°''

bod as they will be afteJ biTZL^TT "'
distended with air and have taken on 1^- ''*''°"'

M breathing organs The WnJ .
""*" ^"t'*'

another couL fha^' thro gh The Zl ''T''
""'^

« provided by the d^tus Lerl^l rnVT''short vessel uniting the pulmonarj artery to t'h
^'/

and thus brinmna >,«;> i
• .

""^ery to the aorta.

39—2



/. 0., foramen ovale ,
r.v., ngn>

lefiventnde ; a., I

aorta; «-«-'"''V'X«nac»va Jo. a.,po.terioraorta; ..a.,il

veins; "•''"•^^""tric artorv' "• <- "^''"«»' ^'^"'/^ *•

artery .h. a ^y^^'^^Zim ; »! C umbilical cord,

iliac vem» ; h. v., hypogaei
circulation in ruminants

;

The diagram «'»»"? "CXhS^^educSarterio^^^ (*.«•) «

male it applicable '» *Y?J™Xle ot the blood then travel

iM iUDBOsed to be removed, tne wn"" "'
. ,

) ^uh the po

°S :^^ S: J?r«^^" ?fS' ^.to the le,t a.

tteough the fonunen ovale (/.o.).
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»d i,^co„ve,ed to the hinder p«ts o, the bod, and to the

thelVuMXwf^t"" r*^"'^ "'-" ''-
the internal pudic or oi th^

"^"' "' """""hesof

iliacs, and dLngintJutrL^'Z ,:"'*'' '^ •°'"°'"

the parent veseels sl after k^IT "' '"[«" """>

become thickened andfj, ,
' ''°''«»e'-. their walls

Income impS; tTL'^e"C 't ^ ^.^they are recognised as tho tv, •
"' "'"oa. in the adult

lateral ligameft ^^Xm^^'^^T^XIT' '" -'"^

prior to birth has a Inm.„ •,
' arteriosus just

cedar pencil. 'butrsS ZLr2, "Vf""^

thiswaraterLth butre: l*''.'""^ """"^ P"--
i« unknLi. SLiA'h'?

"*''' P«"°'^ »' *<"»• occlusion

the developJtTati\SeTh°ht:^ r"*,-! ? "^

uf..JedSSnrSei^--- -- -»
The short cuts in the total circulation viz fhi ; .

leuoiui, ductus arteriosw, »n^ f
'^'•'"*"'"'' "'Z-. the ductus

Oxygen ,.3
'^"™-

-Bfood.

L'wbon dioxide ... 47-0 J^l
20-0

*"

"

40-0
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The liver i8 a very active organ in the fictuB, and is

abundantly supplied with a mixture of blood, the worst

and the best in the body, the best predominating. Early

in intra-uterine life the liver begins to secrete bile, which

is discharged into the intestines as meconium (see p. 212).

Uterine Hilk.—If the villi of the chorion be separated

from the tubular depressions of the mucous membrane of

the uterus, a fluid maybe expressed known as uterine milk.

This is particularly observable in separating the foetal and

maternal cotyledons. Uterine milk is of a white or rosy-

white colour, creamy consistence, and contains proteids,

tat and a small proportion of ash. Examined micro-

scopically it is found to contain globules of tat, leucocytes,

rod-like crystals, and structureless masses of proteid. The

use of the fluid is for the nourishment of tbo embryo, and

in the mare, cow, and sheep the uterine glands take a pro-

minent part in providing Nourishment throughout fatal

life, pouring their secretion into special depressions in the

placenta (Assheton).

The Duration of Pregnancy appears to be based on no

fixed law. Judging from the length of time the elephant

is in gestaiion it might appear that body size had an

influence, but against this is the fact that the ass carries her

young longer than the horse, while whether it be a toy

terrier or a Newfoimdland, a dog goes from fifty-nme to

sixty-three days. It certainly does appear that among

anii".als of the same species breed has an influence in the

matter ; different herds of cows vary from 277 to 288 days,

Merino sheep average 150 days, Southdowns 144 days. It

is not clear why the guinea-pig should require a period of

gestation twice as long as the rabbit, which is also a

rodent.

The following are average periods of gestation :

Elephant 2 years (nearly).

j^j^jji
11 months, and liable to vnr)

within relatively wide limits.

j^^ 358 to 885 days.

gghfj 13 months (and over).

Cow 40 weeks.



GENERATION AND DEVELOPMENT 613

Sheep

Cornel

Pig ...

Dog...

Cat ...

Babbit

Guinea-pig

•il weeks (average).

45 weeks.

16 weeks.

59 to 63 days.

56 days.

82 days.

68 days.

Parturition.—The f(i;tua having reached its full staRe of
development, changes of an obscure nature tiike place
which lead to its expulsion. During uterine life the
e<iuine fa'tus is lying on its back on the floor of the
mother's abdomen, with its chin on its chest, the fore-legs

Fia. 158.—TuE Position occdpibd by the Euuink Fcetus dukixu
Intra-Uterine Life (Fbanck).

bent at the knee, and the hind-legs in the right horn
(Fig. 153). Preparatory to birth the fobtus changes position
and turns on its side, so as to assume first a lateral posi-
tion (Pig. 154), and lastly an upright one (Fig. 155), by
which the foetal and maternal spines are brought nearer
together. To assume this position the fretus has had to
make a complete revolution ; it is now brought with the
muzzle and fore-legs in the direction of the pelvis (Fig. 155),
and dilatation of the passage follows. In the cow the
fffitus lies on its back on the Hoor of the abdomen as in the
mare, but lies somewhat crooked, viz., the head inclining
towards one side, and the hind extremities towards the
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other; in all other reBpectB it resembleB the mare. The

aUera ion in the position of the tetuB does not occur

rough itB own movementB. but by the oontract.on of the

ut^ruB ; on the other hand, the Btretching o' '»;« 1""''; '

the result of fetal movement.- There can be ' "e doub

that the revolution of the f..tuB prior to b.r h „ h

explanation of the complete torsion o 'he neck of the

uterus and vagina which is sometimes found in both the

^Theli'a'L of the os is assisted by the amniotic and

^,CH BAVR NOT YET Rm-TUEBD (FbaSCK.)

allantoic fluids. Each contraction of the uterus is accom-

pSby a pain; the pains last from 15 to 90 second,

and the interval between them is from 2 to 4 minutes.

The contractions of the uterus occur under the influence

of a centre in the lumbar portion of the cord; they are

not under the control of the will, and occur even thoug

the animal be unconscious, or the spinal cord divided in

tho lower cervical region (dog).

The mare is remarkable for the rapidity with which

. Thi. description ol the change in the position of the fatus pre-

paratory to birth i» taken from EUenberger'. Phye.olog.e.
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delivery is effected
; ruminants, on the other hand, are

often very slow and in labour for hours. Parturition in
the mare is accompanied by a complete separation of the
chorion from the uterine wall ; this ie the explanation
why any difficulty in foaling invariably sacrifices the life of
the foal. In ruminants, on the contrary, the circulation
between the mother and fojtus is kept up to the last by the
gradual separation of the cotyledons, so that though the
process may be delayed several hours, the animal is
generally born alive.

I'ici. 155.—Thb Ekvolution Comi-lkted, Membeases Ruptured, and
Foal in the Normal Position for Dkliverv (Feaxck).

The cause of the first respiration of the fcetus is dealt
with at p. 112.

The Secretion of Hillc.

As the period of parturition approaches, the mammary
glands become swollen owing to active changes occurring
in them, and at or shortly after the birth of the animal
milk is formed.

Two processes contribute to the formation of milk; in
one the cells lining the alveoli of the gland are bodily shed
and form the fat of the milk, while in the other the
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water, proteid.. »U,. etc.. are formed frorn the lymph
J.

The aaiid by the ordinary proceBB of secretion. We muB

S„ lb. .™j >«««»" i»«""' "• ^^s.

Loaded.
Diacharged.

,^ .« Mammary Glamd ok Do« dueino Lactation. A.

IW. 156.-MAMMARY ^^^^^ (WA1J3E).

the function of which is to furnish the milk. The shedd

5 the rnasB of cells which originally occupied the alv

supplies the colostrum or first milk.

The appearance presented by the -ngje
1^/;;°

lining the alveolus of the B;c>^«'°'y S'""^
' '\f^J^ !

Whether the gland is loaded or discharged. If the c

Ts loaded viz . active secretion occurring, the cells

oundt be la'rge and columnar - Bhape posseBSing

ormore nuclei one being at the base of the cell.

the^ther giving indications of Regeneration, placed

he aix (I g. 156). In the apex or free porhons ol

cell fr«loblB can be seen, which may even have p

eluded hLselves from the cell, and besides these

are ler particle- Further, the cell gives the appea,
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H the gland be eMmined when discharged, viz after

e Scar 'r.fT "'• ""« "«'" '^-G the ali
lumen ol the alveolus is also increased in size, and within
.t may be seen some of the elements of the mili (Fig 156)

1 ^ 1 'J"^'"'
""" "« <=«"" i" 'he active gland are

break off leaving behind them the parent cell containinR a

riSj^'^'Tw''" "" «'°"^- I-Pi'eofSh
and this IS supported by the fact that animals such aicarmvora. whose food is deficient in fat, produceTfaT
ceil irom the proteid of the bodv A f«t ^.'-.f j„„. \~e the fat in mil, though'^a pttS£ 'CZ
The proteids, sugar, and salts, found in milk are secretedm the ordinary way from the blood, or rather tllylh

circulating in the gland, the cells lining the alveolus bdng

rfX r " 'r.";' T""' •""' '^''* ">«- -"stancesare really elaborated by the cell, is supported by the fact

tissue of the body. It has been supposed that the

ZT °' "'" " "'"^"""^ '' 'he 'nervous system

SondToubt
°° "''"""^""" "'''«"''« '"''''^ P'-- 'his

Composition -The milk of herbivora has an alkaline

reaction IS acid. Fresh cow's milk is amphoteric, viz. ites both an acid and an alkaline reaction to tes pip rh B IS due to the presence of acid and alkaline salts. Intae cow the specific gravity is 1028 to 1084. The secretion
contains proteids (caseinogen and albumin). sugS:Se"fats and salt.. An average secretion of milk from a cow
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In the following table U given an analysis of the

different animals

:

milk ul

Water .

Solids

Caaein .

Albumin

.

Fat

Lactose .

Salts

Cow.

H4''JH

lS-7iJ

a-57

75
6-47

4-84

63

Mare.

M'fi

7'5

\a\
•8f

•6

4-7

•3

Bhetj),

82-84

1R17

47

4-8

a-4'e I

6(

i4<s.

go<s

O'lS

17

1^4

6-4

760

'i4'0

lOU

inn

( 3,-,

» r,

It will be observed that the milk ol the cow, dog, and

sheep is remarkable for the high percentage ol fat it con-

tains ; the caseinogen of mare's milk is much less than that

found in the cow, and more like that of the human. The

milk of the dog is rich in caseinogen, fat, and calcium, but

poor in lactose.

Under the influence of rennin caseinogen becomes in-

soluble, and the milk is coagulated, resulting in a elit and

whey ; the clot or insoluble casein is now termed iDiviii.

Neither the albumin nor the caseinogen in milk is pre-

cipitated by boiling; on the other hand, colostrum i»

precipitated by heating, and this is due to the fact that

it contains globulin. The albumin of milk offers some

peculiarities as compared with ordinary serum albumin,

and has been termed lactalhumiii.

The fats in milk are olein, stearin, and palmitin, and

the proportion of these differs in various animals. The

tat is contained within fat globules, and these form in milk

a true emulsion, each globule being separated by a layer of

milk plasma. On standing the globules rise to the surface

of the fluid and form cream ; by the process of churning

the emulsion is destroyed, and the fat is obtained as butter.

Butter consists of 68 per cent, of palmitin and stearin,

80 per cent, of olein, and 2 per cent, of specific butter fats.

Milk sugar or lacluse is very liable to undergo fermentation,

resulting in the production of lactic acid and the curdling

of milk. It is not, however, capable of undergoing direct

alcoholic fermentation, which would appear to be a pro-
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viiion againit fermentative decomposition ocourrinR either
in the gland or in the alimentary canal (Lea). The milk
of the mare in the pre moe of Huitable fermentg may
undergo alcoholic fermentation, as in the production of
koumiu.

The »allH of milk are principally calcium phosphate, and
salts of sodium and potassium. In the comixjsition of tli.-

milk we obtain an insight into the nature and quantity of
the salts required hy growing animals. Bunge gives the
following ash analysis of mare's and cow's milk :

jtfiiri's MiH:
IW
14 ..

PotuHium ...

Hodium

Calcium

Magnefliutii

Iron

Phosphoric acid .

Chlorine

Total aah per 1,000

•12

•015

l-.HI

•81

417

CoWi Milk.

i-!e

... Ill

... ro»

... -^i

... 008

... 1-97

... I'm

... T'S?

The phosphates are increased by those contained in
the proteids; they are employed mainly in the construc-
tion of the skeleton. The excess of potassium over sodium
Baits is a feature common to many of the secretions of the
herbivora, but in milk, probably in all animals, the ash
contains more potaflsium than sodium. Bunge states that
this is due to the fact that as the animal grows it becomes
richer in potassium and poorer in sodium salts, depending
upon the relative increase in the muscular structure which
is rich in potassium, and the relative decrease in the carti-
laginous material which is rich in sodium.
Bunge compared the ash of a puppy with the milk of the

mother, and the milk with the blood. It was remarkable
how closely the composition of the puppy's system agreed
with the salts it was receiving in the milk, though when
the ash of the milk was compared with the ash of the blood
of the mother, the greatest diversity in composition was
apparent. In comparing Bunge's analysis of the ash of
cow's and mare's milk, one is struck by the fact that the
calf requires much more salts for its nutrition than the foal.
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n
The flrit milk secreteil ia termed OolMtnm. The aoiirre

ol colostrnm, nnd loine peculiarities in its compoaition, have

already been dealt with. In appearance it ia a yellowiiili

white Huid of an alkaline reaction, awcetiah taste, nnd

remarkable for the amount of proteid it contains, as muili

as lli iier cent., whilst ordinary milk only contains 4 \m

cent, or 5 per cent. Examined microscopically colontruin

is found to contain bodies termed ' colostrum corpuNcles.'

These are large granular corpuscles containing fat.

The use of colostrum is to act as a naturiil purge, \iy

which means the intestinal canal of tho newly born uninml

is cleare<l out.

iMi



CHAPTER XIX

OBOWTH, DECAY, AHD DEATH

»t«nd and wa k, and in a day or tw.. can ekip'^and runThe young an.mal, moreover, is born in full po'^Hion oi.t8 senses, such as sight, touch, hearing, smeil. taste andw.h an amount of intelligence which nearly,
"'„""«''

equals Us parents
;

it practically has nothing to learn buiobedience to man. Not only is the nervous system Tn anad anced cond tion. but also the locomotor: the eTs of theoal are remarkably long, some of the bones 1^ ng nearlvhe r fullength though, of course, not their YuHweiSwoh jomts as the knee and hock have very litt"e to .^fnvWe can understand the reason of this divl m n oH^^I'mb from what we have previously said. wWU th' \Jtit

'tetement appears to be true, that the future height of the
023
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i:

foal may be ascertained by measuring the fore limb from

the fetlock to the elbow and multiplying it by tvo.

Tabli showino the Lf.noth of tm« Bones of the Limbs or

THE Foal and Adult Horse.

Adult Home.

Scapula - IS in.

Humerus - 12 in.

Hadius and ulna - 18 in.

Knee-joint 3.1 X 8^ in.

Metacarpal 9>, in.

Suffroglnis

Femur 17 in.

Tibia 18i in.

Calcis to metatarsal bone B'in

Metatarsal 11 in.

Suflfraginis 8i in.

Foal of
j

Six Weeks,
D-_ilti'eiict.

»} in. 6jf in.

S in. 4 in.

\'i in. 6 in.

3x8 in. ; in.

Hjin. m.
in.8 in.

lOj in. 6 in.

9! in. 4 in.

r, in. lin.

10 in. lin.

8 in. .^ in.

The hind ruarters of the foal are in a more advanced

state of development than the fore ; the shoulders are very

oblique, the chest contracted and shrunken-looking, and

neither contains much muscle. The oblique position of the

scapula is due to th"! weight of the body on the limbs, tlie

weakness of the muscles at this part allowing the angle

formed by the scapula and humerus to be consideraldj-

closed, and the shoulder-joint to bulge. The head of the

foal is prominent over the brain and depressed over the

nasal bones. The hair is fully developed but woolly, that

of the mane being scanty, and of the tail curly, while the

colour of the body-hair is light of its kind. A similar

deficiency of pigment is observed in the iris.

The rate at which the foal increases in weight, and other

circumstances connected with its nutrition, were made the

subject of inquiry by Boussingault.* He found that the

mean weight at birth was 112 lbs., that during the first

three months the daily increase in weight was 2"2 lbs.:

from three up to six months the increase was I '3 lbs., and

Quoted by Colin.
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but the animal pri; 3 '.;'/'""«'"'« » »-« «»<• weight,
that a thoroughbred at t"

''^^'"'"'"'' °' *« adult. «„

'ooba^oldast IwJ^oCltf " * '«"'«'>«'' and
Calves, according to ToL * hav ' ^*"' °''^-

0' 77 lbs., the daily itZI: ?' """" ""'s'" *' bMi
being 1-5 lbs. mil her h ."T*'-"''

'''^' '"° ^«ars
"ore rapid

;
a lamb w.ft e„ drv'

'"""" '" "^'S"' '«

"« original weight, will doubL f
^ f" ^° ^' ™"'- O"

first month, and treWe it aUh ?'f '
"' "'o «"<• «' 'he

present, however, hi! ran,^ "

°' ''' "'=°"'^- ««'"«
according to the au h«ut. l'^"'"'^-

'" ^«'8ht, for,

^0 per cent, in its we gh ^ T'" ' "• '"« "'" '"-««-
and up to the end of the lir!t v^ n""/

""' ''^«' ^''^
"« body weight.

^""' "''" "'^'^ ^^ lb. daily to

^';::"i::.ti:^r;;t:1:---- the same,
'ban the other parts oXtrT'r f *'''°"' '^'^^ ™l'idly
''irth; the greatest Lrelsfilifr '?'f

^'^'^ 'arge .^i.e at
and to the rate of this TnTrta e w b

"" ""' '""^^'«-
east increase is i„ the ^1. ^^'^ ^'"' •'''"''^

^ ">«

l«lowthe knee and hock f1 .

'"''' "'"' ">« ""'b^
on the rate of growth Peroral.

'"'"'"' '"'™ '"^^" "'"'"
'able, which he considered ve"- """P^^^ ^'Sodrew «,,..

''hieh some horse" of hT- ^
""•"''""' "^ '" "'« rate at

^howed that the L al i,:Tr/r"''
''"'" «""•" "e

3 jears was on an aterl on„
'

^ 'f'""^"
" ^^ars and

' years one-third of an'inch
'"^'' ''^'"«'"'

^^ ^e.us and

5 years one-third of an Meh^ f"'""' ^ ^^''''^ andan nich. home of the horse,, did not

' Quoted by Colin.
t • Lecture, on Form and Action.-

40
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There can be no doubt that many horses grow much

more than owo-thirds of an inch between three and five

years old. It is probable that many grow up to their sixth

year. . . , .

During the time the calf and foal are receiving their

mother's milk the urine is acid, for the reason that the

animal is practically carnivorous ; once a vegetable diet is

taken the urine becomes alkaline, and it is probable de-

creases in quantity. The activity of certain glands, such

as the thymus, becomes considerably reduced as the animal

crows, and finally they disappear at the adult period. On»

characteristic of the young animal is the necessity for

sleep • it is probably during slumber that the tissues make

the immense strides noticeable during the first few weeks

of life. ,

Dentition commences immediately at birth, if it has not

already commenced lY „tvm; the following tables sbow

the period at which changes take place in the teeth from

birth to adult age

:

Eruption. Change.

IricuiorH

:

Cetitriil

Lateral

Corner
Molars

:

!
First •

i

Second
Third •

Fourth

I

Fifth -

Sixth -

Cftninen -

At birth.

1 to 2 months.

7 to 8 months.

I. At birth.

About 1 year.

About 21 years.

About 'A to 4 years.

About 4 5 years.

'2A years.

•a\ years.

\\ years.

'i^ years,

.ears.

About 31 years.
\ A y.

I Abe
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Eruption. Change.

InctBorit :

Central

Middle
Lateral
Comer

Molars

:

First

Second
Third
Fourth
Filth

Sixth

Iticisorg

:

Central
Middle
Lateral
Comer

Molara

:

PiiBt

Second
Third
Fourth
Fifth

Sixth

I
At or noon after

f birth.

I At birth.

6 months.
About 12 months.
21 months.

Sheep.

Eruption.

At birth or soon
after.

) At birth or soon

I

''"
'6 monthly.

9 months.
18 months.

/li^. vears.

'2ri to 2i% years, t

i

2X to 8 years.f
1 2}e to 8

>t-z years.f

{About 2]-!y years.
About 2^^ years.
About 2 ,\ years.

i

Changv.

/"About 1 year.
,

I About 2 years.
|

I

Soon after 2 years.
.1

vAbout 8 years.+

( Soon after

months.

;

I About 2 years.

18

10—

a
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Pio.

Eruption. Ohanffe.

Incisors

:

Central 1 month. 12 months.

Lateral 2 months. 18 months.

Corner At birth. 8 months.

Molars :
,

FiTBt

Second ^ 1 month. 1
About 15 months.

Third 1

Fotirth 5 months.

Fifth 10 to 12 months.

Sixth 18 months.

Premolars - 5 months.

TuBki
,

At birth.

1

9 months.

In all these tables the periods given are those ot erup-

tion only ; the teeth are not fully developed for some timo

later, which varies from four to six months in the horse to

a month in the pig and ruminant.

The completion of dentition marks the age of maturity

;

the uncastrated animal presents very distinctive features

as compared with the female, viz., greater bulk, a heavy

crest and neck, and a harsher voice ; the castrated horse

more closely resembles the mare. No such difference as is

observable in the human family exists between the male

and female of the horse tribe ; the mare arrives at maturity

at tL same time as the horse, and the castrated animal is

not dbroient in stamina, strength, or capacity for work;

moreover, castration in the horse does not lead to a deposi-

tion of fat in the body.

Decay.—It is doubtful to what age a horse would live if

not subjected to domestication, but we may safely say that

at seventeen years old the powers of life in the majority ol

them are en the wane, though at this period some may be

found in full possession of life and vigour. These are

probably cases of a survival of the tittest, and cannot be

taken as a general guide. As a broad rule it may be stated

that an old horse is liable to be killed by a hard day s

I I
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preclude many of them tZ ,

°''"''' "PP""" '°

nan of sixty; of t^ZllTl' " °' '^""'^ "' "

thirty ae a JaL of eSty' a^d IZ\ "' "™"'^
' °'

ninety

'

'^ °' thirty-five aa a man of

* • Encyciopaidia of Rural Sports.'
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knowing a8 we do how completely one iB dependent on the

o"her! The ceasation ol the heart's action may he looked

uDon as the termination of lite.

^AVe cannot enter upon the cause of death the resuU ol

disease, excepting to notice the i"'«'f
«"«

'^^ "Je^v/tw!
seldom die quietly; a large majority of them leave th

world in powerful convulsions, fightmg or strugglmg
,

The last, lying on their side, and galloping themselves t,

death Especially is this marked in acute abdomma

U --^

Fla 157.-CC.NVULSIVE Limb Movk.mknts at thf. Momknt m-

]iRAiN Obstruction.

Note the tail is affocteJ as well as the limbs. The ba.ulagcs arc

on to assist the plate.

trouble. The struggles at the end should not l,e mistal

for pain; the animal is quite unconscious. Ihe viol

convulsions which occur at the last moment are not pres

in death from acute chest diseases ; such cases stand
l

sistently to the last, and either drop dead or die v

shortly afterwards.
, . . i.

In violent death by destruction of the bram in hor

remarkable muscular contractions o! the limbs ot(

these cannot be seen with the unaided eye as they an

rapid but are readily revealed by the camera (tig- 1
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the brain was desZTe yTl^'ft"" ^

h"/'^'
'"'

horse is still 8tandin,T th ,

"^^ '*""' •™' 'he

not ,et halnS"Lrt:Ts 7„r'rr"''^
'"""^

death the bladder and „ ,
""^ moment of

F.a. loH._D«„.v i.KsrHovK,, „v ., Ch.„c,« „r s„„,.

Soon after death ,•,>,„ mortis appears (see n -!7m .



CHAPTER XX

THE CHEKICAL COHSTITVEHTS OF THE BODY*

A LARQE number of elements enter into the composition of

the body. Oxygen, hydrogen, c»rbo' , nitrogen, salphur,

phosphorus, chlorine, fluorine, sili' > :, potassium, sodium,

calcium, magnesium, and iron are ^ mnd, not, it is true, in

n free state or only to a very slignt extent, but brought

together in such a way as to form compjunds, and these

may be divided into two classes, organic and inorganic.

Carlmii is present in the atmosphere in small amonuts

in the form of carbonic acid, viz., united to oxygen ; it is

only in this form that it can be taken up by plants, which

in their special laboratory split off the oxygen molecule

and store up the carbon, returning the oxygen to the air,

and thus supply to the atmosphere that element of which

animals are continually depriving it.

Carbon enters the animal system with the carbon of the

food, and leaves it either as carbonic acid or in compounds,

such as urea ; as carbonic acid, therefore, it is again taken

up by the plant.

I[il<hviieii does not occur in a free state in nature, but

principally as water, and a very small quantity as ammonia,

* Thia brift outline of the chemistry of the body was originally

based on a summary of the principal facts contained in Bunge's

• Physiological and Fathological Chemistry,' and Sheridan Lea's

appendix to Foster's ' Physiology,' ' The Chemical Basis of the

Animal Body.' This chapter is in no way intended to be a complete

statement as to the chemical constituents of the animal body, but

elucidatory and supplementary to the chemical statements scattered

throughout the preceding chapters,

6(2
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Anllr
'" "'<"''!'°"=^» 'hat hydrogen i« taken up by plant..AmmalB g>ve off hydrogen a, water and ammonia, or assub8tanoeB which may bo readily made to yield these.Omtn 18 the most widely distributed of the elements

ZT^-Tr"''\'" "•^'«'" <" ">" atmosphere andeght-nrnths by weight of water, it al«o forms" by means
.ts compounds, one-half the weight of the earth^s crust.

It IB the only element which enters the animal or vegetablebody in a free state.
S"*""™

.V<Vro3.« exists largely in a tree state, since it forms no
less than four-fifths of the atmosphere it has bu 1 tt eaftmty for other elements. I„ the form of ammon a

."enterr the
"',"''. " -^"'"^ ''« '^'""'^ « P™"-^'t enters the animal, leaving it as urea, etc., whichby decomposition readily yields ammon. The animalcannot utilize free nitrogen anymore than the pla.U canthough leguminous plants appear t„ utilize the atmosphericnUrogen by symbiotic co-operation with certain bacter

^^iXl^:^-^ *" ^ '"«•>' --' ^" -e
!<<dphm- exists largely in nature in combination assulphates of alkalis and alkaline earths; in this form U.s taken up by plants, and becoming a part of thefr proteid

..Jcute ,s taken into the body of the animal, whe by(•l..«.ng up and oxidation it yields sulphuric acid, in whichform It ,s excreted in the urine as sulphates or coUi!ad
with certain organic substances (sm p. 300)

"""'S^'^"

/•W;,A,,r™ enters plants as phosphoric acid united withalkalis; m 8o,ls .t exists in only small quantities, hence
t e necessity of phosphates as aanure In th plln
P osphonc acid forms a part of the complicated c mpoundnown as ecith.n and nuclein, in which condition it enters

eoS^riSL^SnTt^iirfri:
SsStimr- '"-~ ^" --—
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Neither «odium, iwtaMium, nor magneiium enter or leav

the body or plant in any organic form, but simply as ir

organic salts. On the other hand, Bunge considers ths

calcium does enter the body aa an organic compound.

Iron does not occur free in nature, but chiefly aa con

pounds with oxygen in a ferrous and ferric state. In th

animal it occurs chiefly in the highly complex body hiemi

globin, which acts as an oxygen-carrier. Iron furnishi

the plant with its colouring matter, for chlorophyll canni

be formed without its aid. It is not known in what for

iron leaves the body.

Siliriiii, in the form of silicic acid, is taken up by plant

From the plant it is taken into the body and i)aBseB im

the tissues. It is liirgely of use in the Rrowth of hair, at

much of it passes out of the body of herbivora with tl

urine ; in sheep, according to Bunge, it sometimes cnusi

stone in the bladder.

Bunge draws a oontriist, in the following lerms, betwei

the methods employed by the vegetable nnd animal organis

in the utilization of the various elements and compoun

presented to them

:

1. The plant forms organic substances ; the aiiiiii

destroys organic substances. The vit,U process in the pla

is preponderatingly synthetic, in the animal analytic.

2. The life of the plant is a process of reduction ;
the li

of the animal a process of oxidation.

3. The plant uses up kinetic energy and produc

potential energy ; the animal uses up potential energy ai

produces kinetic energy.

The organic compounds in the body may be broaii

divided into nitrogenous and non-nHrogenous.

It

1 -!

la. i-.

NITIiOOENOl'S liUDlEH.

Proteidt.—This term is applied to a large number

substances more or less closely allied, which in one foi

or other go to make up by far the largest portion of t

animal body.
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Carbon

Hydrogen

Oxyneii

Nitrogen

Sulphur

•'il/! tor,4r, percent.
tl-9 to 7:)

20-9 to 2»-5 ,,

lii-a to 170 ',

0-3 to 20 .,

In 8pite of the f ,ct that protei.ls exist in sH-erai form» in

synthesis.
'^^ '"" "' '""""'^^ '«•• a future
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i9 ftt present based on their varying solubilities in water,

saline solutions, acids, and alkalis.

In the following table the proteids are thus roughly

classified, and the distinguishing characteristics of each

class given.

Classification of the Proteids.

A. Simple Pboteids.

Class L Natire Albumint.

These are soluble in distilled water, and the solution

are coagulated by heat at 70° to 75° C, especially m th

presence of dilute acetic acid. They are no P™"P'tet«

by saturating their solutions with neutral salts other tha

sodio-magnesium sulphate and neutral ammonium sulphat.

Examples of this class are egg and serum albumm, eel

muscle, and milk albumin, or lactalbumm tp. 020).

Class II. GlolmUns.

These are insoluble in distilled water, but soluble i

dilute saline solutions ; from these they are precipitated I

saturation with common salt or magnesium sulphate. 1

this class are found the globulin of the erystalhne le>

(crystallin), the globulin of the blood para- or serui

globulin, the fibrinogen of the blood- and myosm of muscl

Class III. Derired AUMinint {Albuminatet).

These are obtained by the action of acids or alka

on albumins or globulins. They are insoluble m dis ill

water or in dilute neutral saline solutions, but soluble

acids and alkalies, and the solution is not coagulated

boiling, though it is precipitated by careful neutralizatic

Examples of this class are acid albumin, syntonin, a

alkali albumin. Caseinogen (casein), which was at one tr

placed in this class, is now known to be a nucleo-proteid

Class IV. Fihring.

These are insoluble in water, but soluble by the p

longed action of strong neutral saline solutions, wher.
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with diL',7"^
"^'"''^ '"'° elo-'Ulin. ,Cla.s II.,, ,.ndwith difficulty m strong acida and alkalis, bein. a hesame time converted into acid or alkali albumin (cfasBlII )

Class V. Comfulated I'rotcidH.

heatTrl""'
"^""""^^^^ '"'v« been coagulated either byheat or the prolonged action of alcohol.

'

Class VI. AWumoses {Proteoses) end Peptone..

msappears on heating and reappears on cooling.

potasssium ferrocyanide. Peptones are the" L produ"of the action of gastric and pancreatic enzymes on proteidOne of their most interesting characteristics is "hat he"
^Z.T^i^'"^''^'' "" '^''^"^'''le through membrZ'They differ from albumoses bv the fanf fht\u
precipitated when their solul' i atr te H Zt^:!ammonium sulphate or any other neutral salt.

'"'

B. Compound Pboteids.

Class I. Niuleo-proteids.
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most cell protoplasm and their solubilities are closel;

similar to those of the globulins. Their compound natur

is shown by the fact that when digested with gastric juic

they yield albumoses and peptones, together with an undii

solved residue of nuclein. Ordinarily the nuclein thu

obtained is the true nuclein, which yields substances of th

xanthine (purin) series when hydrolyzed by acids. I

other cases the nuclein residue (pseudo-nuclein) does n<

yield xanthine bodies by hydrolysis, and typical examph

of this form of nucleo-proteid are found in the caseinoge

(casein) of milk and the vitellin of egg-yolk. They a

contain phosphorus, since this element is oharacteristicall

a constituent of nuclein.

Class U. Glyco-proteid».

These forms of proteid are characterized by yielding, c

hydrolysis, some kind of (carbohydrate) substance whic

reduces Fehling's fluid and gives osazones with pheny

hydrazine. This reducing substance frequently contaii

nitrogen, and is probably in many cases glucosamii

(CtfHiiOi.NHj), or amido-glucose.

The characteristic members of the glyco-proteid groi

are the various kinds of mucin. Of these the mucin

saliva may be regarded as the truest and most typic

form. Mucin confers on its solutions their well-knov

viscidity or 'ropiness.' I'rom these it is readily [irecij

table by the addition of acetic acid, and is resoluble

alkalis.

The Albuminoids.

Under this name a number of substances are group

together, which, while closely allied to the proteids, dif

from them in some important particulars, and differ al

in many respects the one from the other. The best knoi

members of the group are collagen and gelatin, chondr

elastin, and keratin.

Collagen is the ground substance of which the fibres

connective tissue are formed and, under the name of osse
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acids, though i well ,n"l
"' ?'' '""'« '"^'"'•» ""-i

action of the latter ProLln ,'t""°"'
""^^ "^^ 'he

eially in presence oi dS, "'L
"""''"«

:*."' «'"-•. -l>e-

and the latter can be 1.
"""^ '' '=°°^'«"» ' into --elatin,

heat of 13o"c.
'^^o'-verted ,nto collagen by a dry

Insoluble in cold witer .f ,

"^
u"''

«'"^ "" '»?"«•
dissolves read ly whefheated ' "'' ^"''^ ''"""' """^ ""^
on cooling, evL XnT;oS,:f„7 f'^^ " ^'^"^

gelation. When digested w^h- ^ ''"' ='"'• "'

yields rf.'^«.,W. substance, Wnr'",T- '^^P'"' «*'"""

hydrolysis it yields leucre ardli;re t^^^^^^^^
B^

any member of the aromatic serie and h " ^

*"

-ction wi,h Millon's reagent (see beW^^^
«'™^ "" ""J

.hi;7i:;^LtSr:;,i^"-;-i'a«eby
lones. yiald ™lalm ChZ? - ' ^onwelive tissue p,

"..J r..„a tan, g.].ll. SL a
' •°",*"'°

•»>i= Mid, .„d rt„ h,d,d,J ,",;. ' '" •"• ''

...St™ l.t.'.'-rr''
»'«•"• "' •!.. fc. 01
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large amount oi loosely combined sulphur it contaim

5 i)er cent. It yields in hydrolysis large amounts <

leucine and tyrosine and other substances similar to tho>

thus obtainable (rom proteids.

The various albumins we have spoken of belong to tli

animal body, but in the vegetable kingdom proteids ai

found which do not differ in any essential i)articular froi

animal proteids. The amount of proteid matter in plani

is less than that found in animals, and globulins exist i

Fig. 159.

—

,\t.bumin Crystals from Hosse-Serl'-m (GCrber).

larger amounts than albumins, in fact there are foo

substances used by animals, oats, maize, peas, etc., i

which it is said that the whole of the proteid occurs a

globulin and none as albumin.

Some of the plant proteid matter crystallizes readil;

vitellin for example. It is this substance which hu

furnished the so-called ' crystallized albumin,' the existenc

of which has been known for some time. Eggalbumi

may be readily crystallized and the serum-albumin (

horse's blood is remarkable for the ease with which it ma

be obtained in a crystalline form (Fig. 159).

Both albuminates and proteoses occur in plants, be

peptone does not appear to be found in them.
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»il~ XStrr'n 'T ''^'''* " '-^^^ 0'

leucine, tyrosiner.:.S\":;rt;"""\^"^''"™«'"'''
0" their way to tisBuo c„n«T r

'
'" ""= I''""' a™

-j^a.MheLuur^^o^rrir'' "^ -' - '"

'hey number aJ„g' £ ^'"^"""S °' <"-ganic life, yet

products, some of the ^^jr""«"', ?«'' ''eoon^POBitfon

Snake poison is a nroteid «n ,

''°™'''"' P°"°"^ ''"°'"'-

d-ing the peptic dCsi'7l,r" '''.«''''""»« 'o^ed
« injected into the cifcltion. "'" " '"^'^^ P°'^°"°"»

Proteid Beaotions

nitiietH'rSfrtd-^r'""^:;^''-'^^ ^''- ^'-«
caustic soda are chan;;d"o o"! " °' '""'»°°'''' "'

2. MiUon'a Iteaciion With \r;ii„„.
a precipitate which toms ^fontlZ

"''«"'* "'^^ «-
o. i'mtrou-ski's Ileactim T„ *u r" .

added iu excess a srong solution n'f
"''."" "' ^'""^^ -

or two drops of a weakTl ner ! , ?
?""'" '°^^' ""'' ""«

oopper; this gives a v olet c",^''^ 't'"u°"
°* ^"'j'^'ate of

on boiling. This test iJlf„ =°'°f
which deepens in tint

of albumoses and p ;toi "tt 'if^'^™*-."'''
Presence

these is rose-red on the first',. /;f ''*""°° e-ven by
the sulphate of Iper Ir^f "'''V'""'^''

'''Edition of

addition of any exceso; Z ^
'""'' "' ""'=« °" *«

''n>nt reaction
' '"^'^^ ="''' a"d is termed the

i- Adamkiewicz's Rear-tin,, T ..

i« added strong sulphur ^M and '.1 ? "' ''^ P™**'"
v'olet colour and .^^btfi:oSe::eoSr "^"'' ""''• ^

»te aeTf""
°' •"^'""°- -^ »-curic nitrate, i„ p„3ence of

il



042 A MANl'AL OF VKTERINAKY PHYSIOLOGY

5. Acetic acid nm\ a solution of ferrocyanide ol potassiu

give a precipitate, except in "le case of true peptones ai

some formB of albumose.

0. Acetic acid and sulphate of soda give a precii)itate

boiling, except in the case of peptones.

7. Saturation of the solution with neutral ammonii

sulphate precipitates proteids other than peptones.

8. To a neutral or faintly acid solution of proteid ah

lute alcohol is added in large excess, and a "vecipiti

obtained. j . . r
9. Heating a solution of proteid (albumins and globuli

causes a coagulum to form. The solution should be n

dered faintly acid with acetic acid, any excess of acid be

avoided, as otherwise no precipitate may be produced.

The first three alone of the above reactions suffice

detect the smallest traces of aiuj proteid in solution.

There are many other tests for proteids, mercuric chlor:

lead acetate, etc., but the above are those which are prii

pally employed either to determine their presence, oi

free a solution entirely from proteid.

Fe-ments.—The term ' fermentation ' was originally

plied to the characteristic phenomena which occur dui

the action of yeast in solutions of sugar, whereby the la

is actively and rapidly converted into alcohol, and

agent which gave rise to the phenomena was hence C8

the ferment. Pasteur showed that in the case jf

alcoholic fermentation of ^ngar the active agent is

yeastcell, the process being dependent (as also m pi

factions) on the activity of the cell as an orpamzed h

structure. Previously to this soluble substances, sue

diastase from malt and pepsin from gastric juice, had

obtained, and since the conditions under wnich they wo

best, and many of the phenomena attending their ai

were closely similar to those holding good 'n the cai

yeast, they also came to be called ferments. As more

more of these 'substances' were discovered and

supreme importance ascertained, as the causative ager

the chemical changes of digestion and numl)eiles8
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Bolulions they may l)e precipitated by a suOicien

BbHolute alcohol or by saturation with neutral ammc

sulphate. When purified they resemble proteids m

position and reactions, fl. They are all non-d.ff

through membranes. 7. They are not apparently u«

in the changes thoy produce, and they therefore mfl

the velocity oJ any given conversion, not its total an

Thus, a trace of enzyme will in tinn- effect the conv

of an unlimited amount of the substance on whicV

working: more of the enzyme merely hastens the r

which the final result is reached.

The enzymes in tissues do not always exist in a fn

active state, but as an inactive antecedent to whi(

term Zymonai has been applied ; a zymogen by

priate means may be converted into an active e

(see p. 234).
.

.

Of the PigmenU of the body comparatively little is I

though they are widely distributed and perform imj

functions. The best known animal pigment is hiimo

the red colouring matter of the blood ;
it is of a

nature, yet crystallizable, and it also contains ir

acts as an oxygen carrier, and is often spoken of a

spiratory pigment ; it has several derivatives (see pp

which supply the colouring matter of the bile, uri

partly that of the feeces.

The next pigment widely distributed is the black i

of the body or melanin ; it occurs in the skin, hair (

eye, horn, and is the chief constituent of the m

tumours so common in the horse.

Both in the fffices and in the dandruff from the

the horse chlorophyll is found (p. 283) ;
its functio

body is quite unknown.

The bile pigmentt have been sufficiently dealt

p. 220.

There are several other pigments, but none so m

as the above.

Hitrogenous Fats.—Though true fatty substances

no nitrogen, yet t'.iere are certain complex nitrogei
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in very itable, even when exposed to a high tomperalui

and boiling dilute acid and alkali-. In the inte.tini

canal taurine in some animals, an man, is absorbed an

reaiipears in the urine; in dogs a large part is excreti

unaltered ; in herbivora part is excreted and part oxidize

leading to an increase of sulphates in the urine. It

found in small amounts in horseflesh.

Crratiw; l',H„NsO,.—This is the chief and characterisl

'extractive' of muscle-substance, in which it is present

the extent of 0'2 to 0'3 per cent. It is hence present

large amount in * meat-extracts,' from which it may thei

fore most convoniently be prepared, and is easily obtai

able, since it crystallizes readily. When boiled wi

baryta-water it takes up a molecule of water and spl

into fiarcosine and urea (p. 295). When heated wi

mineral acids it lo^ -s a molecule of water, and is there

converted into

Crmtinim; C^H^N.O.-lt is present in urme as a c,

stant and characteristic constituent, varying greatly

amount, according to the amount of proteid in the food.

LyHatiiie (or liisatiiimv), CHuNjO,., or C.H.iN^O, if

homologue of either creatine or creatinine. It is an interi

ing substance because it is obtained among the prodij

of decomposition of proteids by means of boiling hyc

chloric acid and zinc chloride, and readily yields u

when it is itself heated with baryta-water. In this i

the long-Bought-for production of urea from proteids

puirUi chemical means became for the first time an ace-

plished fact.

Lcuciiu; CcH,3N0„ or amido-caproic acid, is a cha

teristic nroduct of the pancreatic digestion of proteids,

is physiologically interesting, as a probable step, by

changes it undergoes in the liver, in the formation of i

in the . -"v (pp. '231, 211!!). It may also be obtaine.

large quantities by boiling horn shavings with sulph

acid It crystallizes readily, and in forms so easilj

cognizable and so characteristic that they afford ai:

fallible means of determining the presence of Inncin

the minutest quantities (Fig. 100).
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the body are peculiarly interesting. When ilni ammonia

and carbon dioxide are brought together they form car-

bamic acid, which at once unites with ammonia to form

ammonium carbamate, 2NH,+C0,= NH.NHXO,. Simple

dehydration converts this at once into urea; hence the

name carbamide, as being an amide of carbonic acid.

Ammonium carbamate readily takes up one molecule of

water to become ammonium carbonate. Urea may simi-

larly be converted into ammonium carbonate by the

assumption of two molecules of water, a change quickly

completed by heating it in s«aled tubes. The above purely

chemical facts aie important to the question of how urea

is formed in the body (see p. 293).

The second interesting synthesis of urea is by the action

of ammonium sulphate on potassium cyanate ;
this yields

ammonium cyanate, NH,.CNO, which by mere evapora-

tion to dryness is molecularly rearranged into urea,

NH .CO.NHj. The interest which attaches to this is

that it was the first instance (in 1828) of the preparation

by purely artificial means of a substance till then known

only as a product of the living animal body.

When urine is allowed to stand it rapidly becomes highly

alkaline, due to the conversion of the urea it contains intc

ammonia and carbonic acid under the influence of organisms

such as the Mkrocuccus urete.

When urea is heated in a dnj state for some time tc

150° C. it gives oft' ammonia, and is largely converted inti

biuret. This substance yields a bright pink colour by thi

addition of sulphate of copper and caustic soda to its solu

tions. Since peptones (and some albumoses) yield a simila

pink colour with the same reagents, it has come to bi

spoken of as the ' biuret reaction.'

Uric Acid has the formula C,-,H,Nj03. It is the chie

nitrogenous constituent of the urine of birds and reptiles

but only occurs in small quantities in the urine of the dog

and is absent from that of the herbivora. It is a crystal

line substance (Fig. 68, p. 297), odourless, tasteless, an:

extremely insoluble in water, very slightly soluble in ethe
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The Aromatic Series—Many members oi this series occi

in the urine and some in the digestive canal.

Bemoic AM, CrH,,0,, is found principally in the urn

of herbivora, and more commonly in stale than in the frei

secretion. In stale urine it is derived from the decor

position of hippuric acid. This acid does not exist free

the urine, but is combined with alkalis. It may be o

tained as fine glistening needles which give microscopical

the appearance presented in Fig. 71, p. 300.

This acid is not very soluble in water, but readily d

solves in alcohol and ether; on heating it sublimes,

which respect it differs considerably from hippuric ac

The source of benzoic acid in the body is discussed

p. 298.

Ilipimric Acid, GjH.jNOe. - This acid exists largely

the urine of the herbi''ora ; it is formed within the body

the union of benzoic acid with glycine, and may readily

found in fresh urine, though when decomposition occur

breaks up into its constituents.

Hippuric acid is found in the urine united to an alk

but may be obtained as a crystalline substance (Figs.

70, p. 299). The acid is not very soluble in water, bu

readily dissolved by alcohol; it is insoluble in petroU

ether, a fluid in which benzoic acid is soluble. W
heated dry in a small tube it yields a characteristic o<3

of new hay. The source of this acid in the body is

cussed on p. 298.

Tyrosine, CHi.NO^.—This is found in many plants,

also in the intestinal canal as the result of the pancn

digestion of proteids. It is, in fact, the close compai

of leucine in nearly all the decompositions of pro!

and other substances. In some ways it is less interee

physiologically than is leucine, since there is no evid

that it is in any way a forerunner of urea in the body,

so often said to be the case. On the other hand, it :

great interest as indicating the presence or absenc

aromatic groups in substances which do or do not
;

tyrosine by hydrolysis. Thus gelatin yields no tyrosii:
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fnTtnl''''T"''° . " '"'•'" ''''''"''' ">« "^-^''t- groupn Us molecule, and consequently, unlike its allies ftetrue^prote,ds, g:ves no reaction wL Mi.lon's reagent ill

Tyrosine crystallizes in fine needles which are sparinolv

also formed from the aromatic compounds in tb« fn„Hespecially that taken by tl>e herbivora (^301
'

PKocateehin. The sourc^oT:!,;: !l n^e^e^-tt thiphenol of the intestinal canal anH if , ,
^

introduced with certain conTtiniro/lTod'^^'aot
'^

the u^f„: "rr^!""
""'"'"^ ^'^--' -bstanc ffound inthe urme and digestive canal.

Indol is the substance which gives the odour to fecesIB presen during the decomposition of proteids, and maybe readily obtained from an artificial p„t,r,actUe LncZZdigestion the odour of which is due to this subs.aCe
"

i'ar of the mdol leaves the body by the urine as «.potassium salt of indoxyl-sulphuric acid anVif tt ,

oxidized it may be made to yield ndTgoCe. finH''Mue_ be acted upon by power/u, reducL^^ a'^^t's l '^
Indol administered to animals increases the output ofndican, and whatever increases intestinal putreSionnereases the output of this substance; this is theTea

„"
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m
The presence of indican in the urine of the horae can

readily be demonstrated by mixing the urine with an equal

volume of hydrochloric acid, and adding a solution of hypo-

chlorite of calcium until a blue colour appears.

Skatol is a substance closely allied to indol ; it has much
the same odour, and if excreted with the urine it passes off

as a potassium salt of skatoxyl-sulphuric acid.

The Bile Acld>.—These have been sufficiently dealt with

on p. 222.

'til '

THE NON-NITROGENOUS BODIES.

Fats and Fatty Acid».—The fats met with in the animal

body are compounds formed by substituting the radicles

of certain acids of the acetic and acrylic series for the

hydroxyls—OH—in the triatomic alcohol glycerin. The

acids in question are the sixteenth and eighteenth in the

acetic series—-namely, palmitic and stearic— and the

eighteenth of the acrylic series—oleic acid. The fats thus

formed are therefore known as palmitin, stearin, and olein,

and the mode of their formation is at once made clear by

the following typical equation :

Palmitic Acid. Glycerin. Valiiiitiii,

8(C,,,H3,.COOH)+ CjH.iOH),, = C.,H.(C,,.,H3,.C0.0|;, + 8H,0.

A certain proportion of the fats in milk, and hence in

butter, are formed, as above, from acids lower down in the

acetic series, such as caproic, caprylic, and capric acid.

Fat is insoluble in water and only slightly so in alcohol,

but freely soluble in ether, chloroform, and benzene. When
pure it is neutral in reaction, tasteless and colourless, and

by the action of caustic alkalis or superheated steam may
be decomposed into its respective fatty acid and glycerin,

the process being simply a reversal of the equation given

above for the formation of a fat. When this splitting is

brought about by an alkali the base, sodiu or potassium,

at once unites with the free fatty acid, and forms a salt

which is what is known as soap. This decomposition and

saponification take place to a greater or less extent in
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the intestine under the influence of the pancreatic juice

The solid fat of the body is composed principally of

ltuT;r ": " '•""' '" '"^ °^ -" ^l^-P^ he morehqmd fat, such as ,s found in the horse and carnivor.

three f^'* ""''^r'l''"'
'"' '" «" '=''««'' " n-i^ture of thethree fats is obtained. Fat as it exists in the cells of thehvmg body IS, of course, in a liquid condition. sLe hmetogpojnt of palmitin is 45° C. and that of s a L-5 to 60 C It IS evident that the fluidity of living fat sdue to the olein it contains, whose melting-point is -^s' C

fecd?nVr"th ? "! '""^""^' ''^'-' "P- 'h«feeding of the animal, and will obviously vary withinextreme limits. In individual tissues marrow has fhelargest amount; nerve, brain, milk, muscle, liver bole

oiSven '
''^ '"^""""^ ""'''' ^™ -"he

The change which the fats undergo in the alimentarvcanal IS discussed in the chapter on the Pancreas (7236^whilst the origin of fat in th. '.ody and its func ton ^s deaUwith under Nutrition (p. 324).
Buti,ric Add is found in the intestines, and in milk itexists m union with glycerin as a neutral fat, and on thedecomposition of this fat gives the odour to rkncid butter

me^ti:n"in'^^'^' 'i
'"^ ''""'' ^'^^^ ^^

'-""^'
mentation m the stomach and alimentary canal beintrderived from the carbohydrate matter ingested.

^

kn^l''""',
''''''!' .'™' " '^ "" "'""hoi should really beknown as glycerol, is a viscid, colourless, sweet fluid, soluble

ether When heated strongly it yields acrolein, a substancewhich gives the pungent odour to burned fat.
LacUcAcid exists in two forms in the body: ethylidene-
ctic acid IS the chief product of the lactic fermeVafonof sugars, and is found in the stomach and intest nesespecially after a d'et containing carbohydrate

; sarco- actS S:;-"'"^^'---^^-^---' theirX"
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ClioUtterin ia a peculiar subBtimce extrao-ed originally

from gall-stones. It can be obtained in sparkling crystals

which are soapy to the touch, and of characteristic micro-

scopical shape. Cholesterin is the only alcohol which

occurs free in the body ; it is not a fat, though, as a matter

of convenience, it is generally dealt with in speaking of

fats. Being an alcohol it should be called cholesterol.

It is r,'iite insoluble in water and cold alcohol, but readily

soluble in solutions of bile salts, in ether and in chloroform.

If an equal volume of strong sulphuric acid is added to a

solution of cholesterin in chloroform the latter becomes at

first blood-red, and then passes through blue and green to

become finally yellow. This play of colours is very similar

to that observed on the addition of nitrons acid to bile

pigments (p. 220). If solid cholesterin be treated with

strong sulphuric acid it turns red or violet, the colour

changing additionally to blue or green on the addition of

dilute solution of iodine. Cholesterin is thus a substance

easily recognizable when present in even minute amounts.

Cholesterin is found in the nervous system, and is

especially common in the pia mater of the cerebellum and

plexus choroidea of the horse, where it may give rise to

tumours, the nature of the growth being readily recognized

from its silvery fish-acale-like appearance. It is also found

in lanoline or wool fat and in dandruff, where it replaces

the glycerin in the fat.

Carbohydrates.—This important class is of the greatest

interest to the physiologist, inasmuch as the bulk of

material consumed is food, especially in the herbivora,

consists of carbohydrate matter. It is an extensive group

of bodies consisting of such substances as starch and its

derivatives, the various forms of sugar, and cellulose.

Though so much carbohydrate material enters the body,

but little can be found in the tissues. An animal starch

(glycogen) may be found in the liver and other organs,

minute amounts of sugar may be found in the blood, and

a sugar exists in milk ; but very much less carbohydrate

is recoverable from the body t'lan enters it as food, for the
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and finally of sugar. There are probably several dextrin

though two are generally more particularly described, vi:

erythro-dextrin and achroo- dextrin. These are disti

guished ftom starch and from each other by their colo!

reactions with iodine, erythro-dextrin giving a reddii

colour, while achroo-dextrin gives no colour. Much tl

same change which can thus be brought about by actii

upon starch out of the body, takes place in a more perft

and complete form within the body.

The conversion ol starch into dextrin and finally in

sugar under the influence of certain enzymes, perfori

a most important physiological function; neither star

nor dextrin is capable of being absorbed as such, where

the sugar which results from this conversion is read

assimilable.

Ohjcogeii closely resembles starch ; it is found in sevei

of the tissues of the body, and its origin and use in t

economy have been previously discussed (see p. 225).

may be obtained as an amorphous white powder, read

soluble in water, and gives with iodine a port-wine cole

instead of blue. By the action of acids or enzymes it

readily converted into dextrin, and finally into sugar. 1

sugar resulting from the action of acid is dextrose, when

that produced by the enzyme is maltose ; in the liver I

sugar produced is dextrose and not maltose, and the metl

by which this conversion is obtained has been previou

dealt with (p. 229).

Cellulosi; though not found in the animal body, is

great interest to the physiologist from its intimate relat

to the feeding of the herbivora. The food substance

plants is locked up in a cellulose envelope, and until t

envelope is broken down the material within cannot

acted upon by the digestive juices. This breaking do

is accomplished by laceration during the process of ma

cation, but also by a subsequent digestion of the coveri

by which means it is removed and the food substa

exposed.

The digestion of cellulose is a question which has gi
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form; for exaL.le „,, .^'"^^' '" '°™' '^ffie'ent

intestines of th ho L ^T ,'^ ''•^•' """ '"^ '-««
than probable thatl n

^^"''^ "''P'" '" ''« "'o^

Young^eHu ose t 1™ 'r-'r"'""*^
""^•^'"^ «-^i«'-

certai'n that h Oder nartsTl'r'^''
""'" "'"= '' -

ignin. and thfs o hrmaio itv «?

"'

"r"""'^''
'"'"

soluble.
majouty of animal8 must be in-

converted into dextrose
' '"'''""' """ " ''"""y

Oisaccharidea, C, H
Saahanse, or cane-aucar is nnt fr.„„j

animal body, but exists lafge^ „"
Lt""' f,

'""•' "^ "'«

nown supply of carbohydrate to ! J'stem Z? ""
does not give some of the characteristin T" '^""""'"Sar

among others it ha» n„
j*'^*'"^"''"': sugar reactions,

copper! but ;\oii Urdtl""" 7'°" ^""^ -^^

converted into LaT'ailfH *

'"'"""' ""''^ '' i^

-e change":rKitr;rrir r"
'\^

i=Strcha:sr°H^^---t
NaLd lig/t. £ rt:r ofrpiaue'^^f :?"/"
^.n« now left-handed instead of riirandlftTw::



m

m.

«5H A MANIAL OF VETEKINAltY PHY8TOL00Y

previously to the conversion, that is to say inverted ; he
the name invert Miigitr,

If cane-Bugsr l>e injected into the circulation it pai

out unaltered : it is certain that helore this sugar can
uasimilated it must he converted into dextrose.

Maltmc is formed by the action of malt extraei (diastc

on starch paste, also by the action of saliva and puncrei

juice upon starch paste or glycogen. In its reaction!

corresponds closely to dextrose, but it has a one-tl.Iril

rducing action upon Fehling's solution, and it does
reduce Barfoed's reagent,* which dextrose is capable
doing. Its specilic activity in rotating the plane
polarized light is considerably greater than that of c

troae, being about +110° as against +52° for dextri

If 5 c.c. of II J per cent, solution of maltose is warmed
half an hour on a water-bath together with 1 decigram
of phenyl-hydrazine hydrochloride and 2 decigrammes
sodium acetiite, a yellow compound is obtained in chai

teristically shaped crystals. These are phenyl-maltosazc
Cj.HjjNjO,,. When heated the crystals melt at 20U°
and this, together with the shape of the crystals and tl

specilic solubility in Tfi parts of boiling water, renders
identihcation of maltose easy.

Maltose is, like cane-sugar, non-assimilable, for

injected into the circulation it is excreted unchanj
and it is probable that before absorption it has to

converted into dextrose.

Lactose, or milk-sugar, is found solely in milk,
reduces Fehling's solution, and has the same rotat

power as dextrosa, but it does not reduce Barfoed's reagt

nor does it undergo direct alcoholic fermentation ti

yeast. If boiled with dilute mineral acids it is conver
into equal parts of dextrose and galactose.

Lactose readily undergoes lactic fermentation, as,

instance, in souring milk. The cause of this is a mi(

organism; but there are reasons for believing that

enzyme may also bring it about.

A solution of cuprie acetate to which acetic acid is added,
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fermentation i, capable oT^™ ^'"'' ^'^ »" '''"holic

;n-«ance,a, in the ta rj""*.'" »'"'. »uch, for
rom cow's milk. ItT, obi "»?

l"'"''
"'«' ^"P^"

•ring this about ar ve y e!™n.
'^^ "'"'"e''^ "^i"''

organigms. "^ """P'^"' "nd due to .everal

Lactose, like saccharoie anrl m.u
»» "uch, and it iB proUble thatTt T' " "°"-""'»ilab!e
l^'ore ab.orption/„ot nee L '

, T" '""' "^"^'"'^
action of anv diBestiJl

"*"*"?"'? »" "le result of the
'hjough the inteS; :»"-• ""' <>"-« ''« P-C
-one! wrh°:it:sXr"r°"'' "''-^''-'0.

"' yellow crystal. The
'
rvlT'^?'""

'''""'^«''
'''"»P«

-iub'e in 80 to «o pLtHf^S^ Sr"'
"""^

'''- """ ""

Uonoiacoharidei, C H,0
When the membora «» n,

'hedisaccharide: at bo e?:itrdiS"« T" "' '"«»"
hywolyzed, they take up alln, f .

"""'" " °"'«'*"«
'wo molecules of a nersrl 1 ""'" ''°''

^P''' '"'»

dextrose and levulose ma^fo!!'
"""e-sugar yields

dextrose, and lacto e 'yi7d Textr/ '? ""'-"'- »'
these the most important is

'* '"'' S'"'""''^*- Of

'ormCLrrs^rrtsr??'
'i'^^^^"^''

«"«
»aal. whether before or durn^

'•ed"<=ed m the alimentary

'"ey may be assimilalle^^^1^7"°"' ^" "^^ "'-

^-"S^t™siir::s'Sr^"-^"'
ences in behaviour ^ '°* following differ-

iKr;::^ -iT °£ ^^^°-
" --

Phenyl-glueosazone, crvst^lZ «
"''°"' '' '°™5.

«he»8 melt at 205='c. Ind JX Th«
' ''"°" "^'"«^--

pound Of maltose, are almoSoluS: iHrt^r^^
"°-

J2—

2
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Dextrou ii capable of undergoing three fermentation!

viz., alooholio, lactic, and butyric; tha two lutter ai

probably always present in the intestinal canals of animal

especially nfter a carbohydrate diet.

LcruluMC—Thia occurs in fruits and honej ,
mixed wit

glucose ; it may also be prepared by acting upon cam

sugar with sulphuric acid, by which means the cane-sugi

is converted into equal parts of dextrose and levulose.

Inosite, C„H,A. (CH.OH),,

This is a orystallizable substance, found among tl

'extractives' of many tissues, usually in very minu

quantities, though it is markedly present in heart-muse

and in horse-flesh, which may contain as much as -003 p

cent. It occurs also in semen. Inosite is found abundant

in vegetable tissues, especially in unripe beans, which th

provide a convenient source for its preparation. Possess

of a Bweet taste, and as being originally found in muscli

inosite has at times been called 'muscle-sugar.' B

although its empirical formula is the same as that of

monosaccharide, it is not a sugar at all : its solutions ex(

no rotatory powor on polarized light, do not reduce metal

salts, and form no osazone with phenyl-hydrazine, nor a

they capable of undergoirg alcoholic fermentation. It

in fact a member of the benzene series, and consists ol

closed ring of six CH.OH groups.

The sugars of chief physiological importance are, as

have seen, the hexoses, that is to say a sugar such

dextrose which contains six atoms of earoon in the molaci

or the disaeoharides which contain twelve. But the rec

progress of organic chemistry has led 1 1 the synthesis

only of the sugars which are ordinarily met with, but o

series of artificial sugars containing three (trioses;, fc

fiv" (pentoses), seven, eight, and nine atoms of carbon

their molecule. Of these the pentoses alona at pree

possess any physiological interest. This is due to the 1



«I"d appearance in "he
""

.
,'' "1'^°"'' ''^ "-eir

into the My. I'ento e v/.M
^"^ ""*'' ''"™'I"ct.on

at 160»C. * ^'*'''" »" """"sone which melts

Tetu for Sagar.

amo^m o7dIl'i~sol"tToro7Lr„?'° r!"'""'"'^ " «'"""
the fluid and the whole heatL Th?

'''''''' '" '"''''"• '"

suboxide by the gugar and a L,'.

™'''""'
'" '''"''"«'"' '"

Bolution. which i, ued L ,
P™"'"'""''""'-

^'"'"'"e^
-nsists o, hydrated cupri oxr'i""""':-

'"' '" "««'•
•louble tartrate of sodium and nl

""""^ '~'"- ""-J 'he
contain such an .mZToTlr ''"'• '^'"" " """•« '«
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'" «""'' ^"•''c

potash turns brown
'"«" ''°"«'' *'"' caustic

potash are added to the fluid nnt
'""'"^ "' caustic

the solution becomes geJaJdhtn'TrVT'' ""' '""'«'' =

"on of metallic bismufh
'"''''• ''"^ "« <'«Posi-

httle picric add' I^Z^ f„^r'""'°"
°' '"«" '^'"' '^

W.dopa.ueco.orrLVotinV*"'''' """""-
^

"

•J. !• erwentatUm 7V»/ —Tho H -j

cimination o'the valu?» '^ ""P"''""' '"' ''''« ^is-

identification.
"' '"«""' «« *«'" as for their
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Inorganic Constitnenti.

The inorganic subBtances found in the body a

water, gases, and salts. Water forms about 60 per cei

of the whole body; it is taken in wit'' the food ai

drink, and a small quantity may be formed within t

system.

The amount of water consumed by animals depends up

the nature of their food and the class of animal. Hors

fed on dry food consume more water than cattle, the fo

of which contains as a rule a considerable amount

water.

An excess of water leads to body waste by carrying

the solids through the kidneys, whilst reduction in t

amount of water produces thirst and loss of nutrition.

The Gasea found in the body are oxygen, nitrogi

hydrogen, carbonic acid, sulphuretted hydrogen and mai

gas. The two former are taken in with the inspired 8

carbonic acid is formed in the tissues, while hydrogen a

its compounds are formed in the intestinal canal as (

result of cellulose and other decompositions.

The largest portion of the inorganic matter consists

the various Salts of sodium, potassium, calcium, magnesii]

and iron, in the form of chlorides, sulphates, phosphal

and carbonates. The distribution of these salts through

the tissues is very variable ; some, like bone, are excessiv

rich, whilst others are remarkably poor in them. Cert

tissues and fluids have a preponderance of some salts to

exclusion of others.

The amount of the salts existing in the body depe

upon the age of the animal, and their nature is modified

the character of the food. The daily quantity ingested i

stored up is largely affected by the rate of growth, yoi

growing animals storing up material which the a(

rejects.

The diet of the herbivora furnishes considerably n

potassium than sodium salts to the system, with the re
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Sirir""" ""^ -' •""--«- in exce. over
Imodium and 7* /

vegetable food in'lT^ZT^Zl M-
""""^^^ °'

administration of eommon sa t ^ilT ^ 7"" """ ">«
s a necessity. As thril ""^ '"""^ °' ^erbivora
-n'« m theUeVstm b7Lr '" ^"""°" '''^ "«-

^oun^ trfo:;:'o::^;':\°;
^^^ -n^ i„or,a„ie .i.

separately by the humaruVeetintuv
"''''*'''' " ""'-

easting in the food. But 12" ^'''°" '" """ "'''^'"'y

BuiBcient sodium oh orfde e "il"™ u"'"'''
'"^''^ '°< "^

i« 'he raw state in which t^'V"
'^" ""'"' ""'' "^"^^

Herbwora,on the oth!' hand havXnT*' '' '''"'

considerable distances to obtain salt
" ""™^'^'

-t-rbrri^!--.-^;n;~::
system. ^ '° withdraw sodmm salts from the

Here are some tables given hv J,;™ . ,.

portion potassium bears fJL- '" "''°" ">« P™"
diet.

'"" '° ^°^""^ '" various articles of

In every 1,000 parts of dried material:

Rice ...

Bullock's blood

Oats 1

AVheat
[

Rye j

Barley j
l^og's milk ...

Peas ...

Milk of herbivora
Hay ...

Beef ...

Beans

Hover

PotagaUim,

1

Jj to 8

s toe

12

8 to 17

6 to 18

19

21

2.'i

SofUum

0«

19

•1 to -4

2 to 3
•2

1 to 10
•8 to 1-5

3

1

1
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For one equivalent of sodium the equivalents of potassii

Equivahnf K.,0.

Mangel-wurzel ...

Milk of herbivora

Beef

Wheat
Uarley

Oats

liice

live

Hay
Peas

Clover

lleaiis

2

S to6

4

12 to 2H

14 to 21

I'l to 21

24

9 to ri7

il to 07

44 to 30

00

110

jllil

The preponderance of potassium over sodium salts is h

most marked, and Bunge considers that when a relation

from 4 to (i equivalents of potassium to 1 equivalent

sodium is obtained in a diet no addition of sodium chlor

is necessary ; liut where the proportion of potassium

higher than this the animal instinctively seeks for sodiu

for the reason previously given.

We do not deny the stimulant to the palate wh
common salt may afford the herbivora, but so far as hor

are concerned, and we think the same argument m
apply to cattle, it is quite certain that no addition

common salt to the ordinary diet is necessary, and that i

food furnishes ample sodium for the purposes of the bod

Cdlciiim forms the largest mineral deposit in the boc

it is taken in by means of the food. Bunge states tha

is probable that the lime salts required for the growth

bone in young animals are contained in some orga

compound, and that the administration of inorganic cc

pounds of lime in rickets is irrational and useless.

Lime exists largely in clover and hay, but only in sn

quantities in the cereal grains ; it is principally in the 1

that the amount excreted by horses through the kidney;

supplied. In the urine it passes from the body in si

quantities that it cannot be held in solution by the alkal



fluid, and the urine of th. v,

^" 'he body ca,rj'e:il°Tnnh'7'""^'''">-«'-'^W-
sulphate, .nd earbona e t th

°™ "' P''°'^Phate,
carbonate and oxalate.

"""'' l'"ncipally as
-Va^He«,«„,

salts occur in th« I, a
PhateB, and in this form thev It^ ^""'''P''"^ « P^os-
foode, such as oats. T^e lint^ "^''^' '"'° '=«r'«in
away from horses through the k^d

'"'^"^^'"'" P«»«°g
«d-able ...ntities derittithTf '?"''"' ''"' -"
'he fo.ces, as they cannot l!I J-

^°°^ P*^^ °"i with
collecting in the bowelsthi^ u"'" '" '^e body, b!
-agnesiumphosphat:

, ,:tr°'""'^
"'« »--»-

W,«,y.;,afe« are united IrT"" '" ''''"«^-

magnesia. They are prLSvlt' '°"'^''' ''"«• ""d
''"t may also be formed "«&,? '" "'"^ ">« f°«d-
of Phosphorus-containl com^ J

"'" "^o metabolism

« phosphoric acid ar oilcX' a
°

H
^'* '"""^^ ™''««'

straw are poorest in this suh»f T' "'''''* ^ay and
Pnneipally excreted by he bvorlvt J''"''^'"'"'' acid is

l-ntities passing awfy'STh" ulV^
''"''• ""'^ ™''"

body. Cab^yt t"trteTt',^--'--^ '"«
mtense evolution of gas on th! I!J''*^

"""^^ "'e most
carbonates in the systTm of J '£ "' "" "'^- ^^^^
carbonates of the food and the T '''"" '^'^ 'he
acds, malic, citric, tartaric 1,^""'"^"" <>' »8anic

-1^ of sodium and potass 'um and tbrh"'';"'
'""^ "«

'he food ;?n the system •? "
'"""^'^ '^"^ '"« albumin of

-<- m this fo:rBrp 'rr7^'°="'p^"™-'?appears in the urine. Subhl / '°^*''"'' ^"'Phur
epidermis. ^^""^ ^^'^'^ "" born, hair, and

-S':r!^T:i:i T::!!^^'-- r
"^^ -- --^ consider.

P^^ucts of'prot:id deLmZj„' M'"'
^''^^ '» "'^

«>mpounds are in this way ZT^l,'- l^T^ ^^-^ allied

^"Iphate of potassium. *
°' '" '''^ ^°™ of phenyl-
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Iron ig an important constituent of the complicati

substance hemoglobin. It is also found in the hair, ski

bile, lymph, most body fluids and tissues, and a smi

quantity in the fseces. Bunge considers that the in

which enters the system can only be absorbed when in tl

form of an organic compound. Inorganic iron, thouj

largely used in the treatment of certain diseases, is n

absorbed from the intestinal canal; food contains on

organic and not inorganic iron, and the hiemoglobin of tl

blood is formed from the complex organic compounds

iron which are produced by the vital process of the plant.

?!i:
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spherical, 483
Abomasum, 175
Alispesa oJ'livpr 241
Absorption. 242'

"'"''"
"/^•J'-noKlobi,,, !)

bv IK
''"imoglobin 10by the cMcum, aso

I'y tfio ocUular ti8,„e, 2S9
py Hie conjunctiva, 258
"y thn [lentoneal cavity 2-,s

ofnrychiiiui., 2-,8
"

'?tts;™2!57 '»'»*'- ^"-

hy the stomach, 176 2M
'y the vagina, 2.18
0' acetic acid, 2.')7
of alcohol, 2.'i7

of carboliydratcs,
2(!.'i

"I chloroform, 2.^7
of ether, 2't7 I

offal, 261 I

ofgaaes in liquids, 97
of hydrocyanic acid. 2.i9
01 liquid ammonia, a.-is
of morphia, 2.17
of pilocarpin, 257 1

ofproteid; 263
|

"I imtassium ferrocyanide, 2-7
"I I'tysostigmin, 2,'i7
of salts, 263
of lurjientine, L'.l.s

"fwater, 257, -IJ3
from the cellular tissue, '59

the stomach, 176
"njMthetics by rectum, 231anthrax and conjunctiva, 253
"tropin, from conjunctivi 2?s
capillary, lymph, 2J3 '

'liyle, 258, 256
chyme, 256

667

prodnctir

conjunctiva, 25s
cow, lympi, ,,„„ 2^jj
curare and conjunctiva, 2.58

' dialysis, 248
diffMion in lyu,,,,, f„^„,,,.^__^

<log, lymph from, 247
stomach, 259

™"'"flcationoffat, 261
ether, by air. passages. -J',:

... .
VO' leotum, 261

Ibrinogen in ivmph, 215
I'Hrahou ,n fymph

,„,,„,„i„„^

glaf'ds, lymphatic. 2J4

legs, (cdcma of, 251
lymph from, 217m general. 257

intestinal, 259
lacteal vessel, 254
lymph. 242, 245

capillary, 213
C'oliu on, 246
formation of. 247
movement of, 251

Colin on. 252
Weiss on, 053

plasma, 246
production, Heideuhain on,

physical theory >17
secretory theory. 250

.
Starling on, 219

sinus, 215
spaces. 242
quantity of, 246

ympliagogues, 250
lymphatic glands, 244

vessels, 243

I j
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Absorption of nietliylenn blue from

pleura, 259
nux vomica by air-jiassages, 2B7

in cipcum, 200

otdenia, production of, 2&1

oanioBi» in lymph formation, 247

osmotic pressure, 248

ox, lymph from, 247

paraglobulin in lymph, 245

peptonuria, 263

Peyer'a jtatches, 255

l)ota89iuni fcrrooyanide, absorp-

tion of, by air-jtafl-

sages, 257
from Iioivel, 259
from coUular tissue. 25s

from peritoneum, 25!'

from akin, 258

iodide. 25!'

serous cavitiea, 24:t

serum albumin in lymph, 245

sheep, lymph from, 247

solitary foliieles, 255

Starling and Tubby on, 251'

strychnine, by pleura, 251t

by ptritoneum, 259

thoracic dvict, 243

villi, the, 253
Accelerator centre in medulla, 49

Accommodation, eye, 4*10

Helraholtz on, 467

A?id, acetic, absorption of, Ity air-

passages, 25S

in digestion, 207, 209

in stomach, 1*52

amido-acetic, 645
-caproic, 646

-isethionic, 645

-succinic, 647

aspartic, 647
pancreas, 236

urine, 293
benzoic, 650

Liebig on, 29M

liver, 222
urine, 292, 29S

butyric, 209, 653

in stomach, 102

capric, 652
caproic, 652
caprylic, 652
cholalic. 221
ethylidene -lactic, 05.!

formic, 209
f^lutaminic, 236
glycero- phosi)horic, 645

glycocholic, 222
glycuronic, 301, 311

hippuric, 222, 292, 298, 302,

650

Acid, hydrochloric, 161

hydrocyanic, 259
hyoglycocbolic, 221

byotaurocholic, 221

indoxyi-«uli>huric, 6.'1

lactic, 161, 175, 209, 653

malic, 209

oleic, 652

oxalic, 301, 302

palmitic, 6.52

phenyl -itroprionic, 199

phosphate of soda, 305

phosphoric, 210, 303

sarco-lactic, 119, 374, 378

653
skatoxyl-sulphuric, 052

stearic, 652
sulphuric, 231, 300, 302, 3

succinic, 209
tannic, 210
taurocholic, 645

uric, 292. 295, 379

Acids, biliary, 212
fatty, 212
of stomach, 131

Achroo-dextrin, 656
Acrolein, 653
Acromegaly in man, 270
Adamkiewicz's reaction, 641

Addison's disease in man, 209

Adenine, 296
Adrenalin, 270
Adrenals, 269
Afferent nerves, 382

paths in the cord, 405

African 'horse-sickness,' 27

Aids to the circrulation, 71

Air, alveolar, 116

amount of, required, 113

f atmospheric, 95
conipoaition of, 95

moisture in, 95
complemental, 113

entrance of, into vein3, 05

reserve, 113

residual, 113

tidal, 113
Albumin in milk, 620
Albuminates, 636

Albuminoids, 638

Albumins, derived, 636

native, 036

Albumose, pancreas. 230

Albuiiioses, 637
Alcohol, absorption of, by a

sages, 257
Allantoin, 608, 649

Allantois, 596, 600

j

Alveolar air, 116

Amble of horse, 526
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Amides, 6i',

Amidnacetic .ciil, dis
Anndo-aj:id,, .lige,ti„„. ,,7, ,,,(,

-1)0(1118 ]|| urine, 29,)
<»i[iroic seid, 8 10
silicone, (i38

-isethionic acid, H45
silreiiiic acid, 647

Ammonia, li,,„id, .|,i„„
,

li«>iiage«, 2.',8
'

"I urine. 304
Mita in urine, liQ?

Araniomo - maKneainiu
n|,„s,,|,,,t„

Ammonium carbamate in urine anio«rl»na» in urine, 304
sulphate, action on plasma 1

put?:' iT"™"' °' *,"„ I...

Amount of air required, 113

nrrJLT'''''"'- <B»u»»ingault), iirtol food required, 3S2
of heat produced, 350

Amnion, tiOl, tl05

Amphoteric milk, 810
Amylolytio action, 143
jmylopsin (luncreaa), 234 23rt
Anacrotic li'mb of ^ph^y^SK,,,,,,

fiiin

Aiuesthetics per rectum, 261
Analyses of blood 4
Anelectrotonus (nerve), 387
Angle, visual, 485
Animal heat, 336

amount produced, 350
uodv temperature, 337
cattle, temperature of, 339
clilorolorm narcosis and htaf

production, 342
'

''wing, effect on temperature
Siedamgrotzky), 349

'^™"'"'

Lolin on bTood temperature, 33Son heat loss, 3.4l
colour effect of, 345
eonduction, 343
eorpus striatum (heat puncture),

lurare and heat production, 342
D?srret2 on heat loss, 351
Diwkerhoff „„ tem^rature, 339'log. .mount of heat produced,

loss of heat, 351
temperature of, 339

'lormouse. hibernation of, 350
™zymes, intracellular, 336
naporation, 343
fatigue fever, ;'41

sny^horses and loss l,y heat, -

Animal heat, lu„ „, ,;,.j

production, 310
I'lllieture, 312
regulation, 34:i
hrUmating animals, :13s
nibernatlon, 349
""""''hernial auiinal, a,,:

'ol-se, amount „f heat pr..ii„ r,

.
temi«ratiire of, .ias

inHuenceofheataiidcoM,
34,i

. production, 341
"itracellular eni-j-mes, 336

r™'«' "''""'tion, 3I0
negroes' skin, 348

""ZT "£!'«"> ""lUiinc. of, „,heat production, 341
»™.altem,«i.at„re of animals,

o.t heat, loss by, 351
oxidases, 337

;:;S2»,ta animal heat, 338

pig heat, lost by 351
I'Olkilothermal animal, 337l-t.,«e„. ri,es of' .e,i„.ra.

radiation. 343
SicdamgrotAy on effect of clii,

P'ng, 349 "'

on temjierature, 33S
»"ee,,, amount „f heat ,„„
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temjierature of, 339
siviiie, temperature of, 339
temiKSrature, Colin on, 338

.
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varnishing the skin, 284 3|«wet, effect of, 347
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Wolff on heat loss, 351
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Anaatruni, 577
Aiio-3i.inal centre in ,-oi,? 404
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ill foot, 56.S
Antijiepain, 178
Antijieristalsis. 2C3
Aorta, pressure in, 63
Aortic valve, 29
Apix beat, nonexistent, 39
Apiiaa, 107
Apomorphia, ISO
A|.op!exy of !,ing», horse, 120
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A<ineouH humour, 155
Ar^^inine, 'A\^

pBiiuriaa, '2'i6

Aruou, y.'t

Arioinjj on Mwcatingr '281

un Bymtntlietic ncrvetj, 418

Ai'oiiiatic Mrieit, t)io, tiAO

Arrangement of fonrl in thu otomauli,

157

of the spinal cord, ;i02

Arterial btooil, 20
aysteiii, 55
' toni',' 75

Arle.ies, 65
t'tntractility of, 56

i-listic iirojiorty of, 55

Hti ucture of, 66
l)athological conditions, 83
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in, S3
ArtiJiciHl inaeminatioit, 591
Arytenoid citrtilagfs, 94

Arytcnoideus niviscle, I'J'J

^ttH'ttrin laeijaloceiJiala, 589
Ascending tracts (sninal cord), 402

Ash, fieuos, composition of, 210
milk, coniiHMition of, 621

muscle, composition of, 379
Asjuragine, tt47

Aspartic acid, '26G, 647

Asphyxia, 106
AsB, amount of air required, 116

analysis of milk, 620
braying of, 129

period of gestation, tiH

psich'cal powers, 449

suuepiglottic sinus, 129

Assheton on development of embryo
of sheep, 594

on impregnation in sheep, 51*3

on uterine glands, 614

Astigmatism, 457
horae, 469

Astragalus, screw action of, 508

Atmospheric air, composition of,

95
Atropin, absorption from conjunc-

tiva, 258
ifects on cat, 468

on dog, 468
on horse, 468

on ins, 469

in secretion of saliva, 146

in sweating, 279

Auditor)' sensations, 501

Auriculo ventricular valves, 33

Automatic action, 423

Axis-cylinder (nerve), 383

Axone (nerve), 412
Azoturia, 10, 321

Bacteriolysis, 26
Balfour oi |K)lar bodtHs, 590
Barfoed's reagent, 658
Bars (hoof), 548

use of, 566
Kasupbile leucocytes, 1^1

BaylHs and Htarling on i>ancr

secretion, 233
on {leristslsis, 203

Bear, generation, 578
Hell's experiment, horse, 427

Bt'lliiii, (Iiict of (kidney), 289

Bellowing of ox, 129
Benedeu, Van, on |>olar lH)dies, I

Benzoic acid, 222, 650
Berlin, eye measurements, 480

Bernard, CUude, on division of ft

429
on glycogen, 225

Hezoar stones, 210
Bi'juspid valve, 33
Bilf acids, origin of, 222

Pettenkofer's test, 222
amount of, secreted, 223

EUenberger on, 21'>

Gtnelin's test, 220
Hofmeiator on, 225
horse, 218
percentage composition, 2U
pigments, 220
ox, 218
salts, 221
sheep, 218

use of, 224
Volt's experiments, 225

Biliary calculi, 241
Bilirubin, 11, 12, 220

Hammarsten on, 221

Hiliverdin, 220
: Binocular vision, 473

Biscbolf and Voit on urine of doj:

Biuret reaction, 641

I

Bladder, urinary, 311
' Blaine on old age in horses, 629
' Blaatocyst, 593

Blastoderm, bilaminar, 599

Bleating of sheep, 129

Blind spot, retina, 463

Blood. 1

absorption bands of CO lu

globin, 10

of naemoglobin, 9

African 'hoi-se-sickness,' 27

ammonium sulphate, actio

plasma, 3
amceboid movements of \

corpuscles, 13

amount of, in living animal

analyses of, 4

antibody, 26
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process, 22
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Hlootl, iron in, 2\
• lakv,' rt

I
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Nasse, on time of coagulation, \6

nitric oxide hsemogbibin, 11

nitiog' in, 2;J, 2ii

nuclco-proteid, 3
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reaction of, 1
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profluction of. 7

seat of formation of,
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reduced hiKmogbibin, 7
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salts of, 21
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precipitation of, 3
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time of clotting', 16
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sDdiuiii bicarbonate in, 1

carbonate in, 21

chloride in, 2, 21, 22
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Mjiecific gravity of dog, 2
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tattle, usteo-malida in, 327
rejMwe of, .^22

teniiierature of, 339
'•'^^"°"°f'"""-"l.r contraction,

i
'''"'"„"flT-«"'"."°"°f''''«'U7°l lirgt inspiration, ll-

I

01 heart beat, 51
CelaofPurkinjj, a,

dissolving tnzynif, in
'ernientatfon. i;i

t't-'Dtre, diabetic, 230
ofgiavity, h,traeatr,.st 514

ce^^iiiLl'i-ir'""""-"'

43—2
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Mil,

Cert'bellum, Luciani on, 439

Cerebral fluid, 445
Cerebnim, 440
(Jhangea in active and resting muacle.

3ti9

Clmuveaii and Marey, heart of horsf,

38

on deglutition, 136

on heart valves, 39

on larynx, l'i9

on muacle work, 3Qf>

on tendon llcxor metatjirsi, 50!'

on velocity of Mood. 7'2

of nerve iiiiimlscs, -S^!'

Check ligamenta, function of, 514

Chemical changes (luring contrartion

of muscle, 370
composition of muscle, :i77

constituentsofthebody, tj:t2

acid, amido-acetic, 645
•cajiroic, 646
•isetliionic, 645

-succ^inic, 647

aspartic, 647
benzoic, 650
butyric, C53
caprit;, 652
caproic, 65'2

caprylic, 652
ethylidene- lactic, 653

glycero-phosphorie, 645

hippuric, 650
indoxyl-snlplniric, 651

lactic, 653
oleic, 652
palmitic. 652
sarco-lactic, 653
skatoxyl -sulphuric, 652

stearic, 652
tauro-cholic, 645

acrolein, 653
achroo-dextrin, 656

Adamkiewicz's reaction, 641

albuminates, 6-t6

albuminoids, 638

albumins, derived, 636
native, 636

albumoses. 637

alIantoin. 649
amides, 645
araido-acid:), 645

-glucose, 638

aromatic series, the, 650

ai^paragine, 647

Barfoed's reagent, 658

biuret reaction, 641
Buchner on ferments, 643
Biinge on calcium, 634

cellulose dijiestion, 657

iron, 666

Chemical constituents ol tlic

Bungc on lime salt

sodium salts, 6

butyric acid, 653

calcium carbonate, 66

in fowl, 664
pliosphate, 665

sulphate, 665
cane-sugar, 657
capric acid, 652
caproic acid, 652
caprylic acid, 652
carbamide, 647
carbohydrates, 654

carbon, 632
carbonates in the boH

cellulose, di<;eation ol

choline, 645
clilorine, 633
chlorophyll, 644
cholesterin, 654
cholesterol, 654
chondrin, 639

coagulated proteids,

collagen, 638
creatine, 646
creatinine, 646

cresol, 651
dextrin, 655
dextrose, 656-7-9

disaccharides, '157

elaatin, 639
crythro-dextrin, 656
ethylidcnc-lactic acic

enzymes, 643

fats, nitrogenous, 64
ferments, 642
tibrins, 636
fatty acids, 652
fats, 652
Fischer, Eniil, on p

635
galactose, 658

gases found in the bo

gelatin, 639
globulins, 636
glycerin, 653
glycerol, 653
glycero-pht.aTihoric a

glycine, C 5

glycocoll, 645
glycocine, 645

filycogen. 656
glyco-proteids, 638
glucose, 659
glucosamine, 638
grajw -sugar, 659
hfemoglobin, 644
hexoses, 660
hippui'ic acid, 650
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.tuenta ol tlie body,

;c on limo salts, 664

aodiiim saltci, 663
i acid, 653

1 (larltonate, 665

food, 664
losphate, 665

Iphate, 665
igar, 657
acid, 652
: acid, 652
c acid, 65'J

lide, 647
ydratoa, 654

, 632
atei ill the body, 66.'.

HO, digestion of, 656

:, 645
le, 633
phyll, 644
:eriii, 654
terol, 654
-in, 639

ated proteids, ti37

n, 638
IP, 646
line, 646

651
n, 655
180, 656-7-9

liarides, <\'il

I, 639
o-dextriii, 656
dene-lactic acid, 65;^

es, 643
iitrog(!iiou3, 644
its, 642
I, 636
icids, 652
152

ir, Eniil, on proteid-

ose, 658
found in the body, 'J''!

n, 639
>ins, 636
in, 653
ol, 653
o-phi-jTihoric acid, tiJ.'

le, C 5

!oll, 645
:ine, 645
;en. 656
proteids, 638
le, 659
lamine, 638
sugar. 659
globin, 614
BB, 660
tic acid, 650

ri-K\

Chemical constitupnts of the 1

liydrogen. 632
milicun, 651
indigo series, 65]
indol, 651

indoxylsnlphuiic acid,
inorganic, 662
iuosite, 660
iron, 634
iion in the body. 665
invert sugar, 658
Keratin, 639
lactose, 658
lactic acid, 653
lecitiiin, 645
leucine, 646
leviilose, 657, 660
lysatine. 646
lysatinine, 646
maltose, 656-8
magnesium salts, 665
melanin, 644
niethyl-glycine. 645
Jlicntcoccus urew, 648
million's H'agent, 641

reaction, 611
monosaccharides. 659
musfarine, 645
neuriiie, 645
nitrogen, 633
nitrogenous fats, 644
11on-nitrogenous hodirs, \y
nsii-leo-proteids, 63"
oleic acid, 652
olein, 653
osa/one tents, 658 661
"xygen, 633
I>aliiiitic acid, 652
palmi tin, 653
raatenr on ferments, 642
IJentosea, 661
pepsin, 643
piijitonea, 637
phenyl gltieosazine, 659
phenyl-nialtosazone 658
I''ienyl..s„l[,hate of j,otas.

siutii, f!65

plienol, 651, 665
I'liosphates, 665
pho8i)horu3, 633
pigments of tlie body, 644
iiotrowski's reaction, 641
poiyHsccharides, 655
P'-tassiumsalts in vegetahl,.

lood, 663
prnteid reactions. 641
proteids, 634

cIas.silication, 636
proteoses, 637
pseudo-nuclein, 638

677

I

H-nii.';iI .

the ihodv.
W litllir.ltS of
pt^aiin, 643

I
i'ur'n series, 63S

I

Pyrocalechin. 651

«5] i

reaction, biuret, 641
, re'wtions. proteid, 641

j
Adanikieivic/'H, 641

i -Millon's, 641

I

I'iotiowski'H, 311
-Xanthoproteic, 641

I

reagent, Harfoed's, 65S
I sacelmrose, 657

I
Maicolactic acid, 653

)
«areosine. 615

:
silicon, (i34

skatol, ti5-J

skatoxyl-sulphuric acid. 652
' sfdmm salts in vegetable

food, 663
starch, 655

I stearic acid, 652
J

stearin, 6.^.3

i sugar, invert, 658

j

tests for, 661

I
Bottcher's, 661

j

(crnientation, 661
I

Jloore's, 661
jiierie acid, 661

, ,
riommer's, 66!

aniphur, 633, 665
taurine, 645
tauro.eholicacid, 645
trypsin, ti43

tyrtjsiiie, tiao

urea, 647
syntheses of, 648

line Qcid, ti-jy

vitellin, 638
water, 662
xanthine series, 638
xanthoj.roteic reaction 04

1

zymase, 643
'

^, .
/yiogt'ii, 644

thomioal engine, muscle as :}66
excitant. siK-citic, 264 '

Chemistry <,f resi.iration, 114
Chestnuts ' of tf.e horse, 602
Choral hydrate, eticet nn hrain 441
Chlorine. 633

in urine, 303
Chloroform, absorption of, hv nir

I'assages, 257
cry of men ami animals, 440
ellecton liiain, 445
narcosis and heat mnduction. 31"

CI lorophyll, „..
in dandrutr, 233

644

CholalL „.,

Cholcsterin
acid. 221-2

in bile, 219, 220
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Clarke, llracy, on luot of liors«, I

Clarke's column, npinal cord, 395

Clii)]»ing horst'9, 275

effect of, oil tenii^ratiive. Sied

grotsky, 349
Coa^lated proteidn, 637

Coagulation of blood, 1

4

average time of, U
cause of, 17
cii'ciiniatances affecting, 18,

!

effect of acetic acid (diliit.)i

'

of ammonium salts, 19

of calcium salts, 13

of carbon dioxide, 19

of citric acid, 19

of cold, 19

of leech extract, 20

of peptone, 20
of potassium oxalate, V
of suits of alkalis, 19

Hammarsten'a theory, 17

living test-tulie exiwrinient,

Cocain, etl'cct on iris, 459

in peristalsis, 203

Cochlea, 497
Cochlear canal. 500

C'ldora, 600
Colic, 213
Colin, ligures, chest of horae, 85

observations, absorption, Sf

autitieristiilsis, 203

Idood temperature, 338

capacity of heart, 42

of stomach, horse,

centre of gravity, hoi

rest, 515
chyme, 256
digestion of hay, 150

experimental para

horae. 444
experiments, seventh

\

nerves, 113

stomach, 177

guttural pouches, 128

heat loss, 351

ileum, function of, ISi

insensible perspiration

lymph, 246
movement. 252

mastication, 135

muscle temirerature, 3

nervous mechanism.

Choleattii'iu ill blood, 20
]

in red corpuscle, 5

in spermal fluid, 58 \

leucocytes, 14
'

Cholesterol, 654
Choline, 64,"-

Chondrin, 639
I

Chorda dorsalis, 600
tympani nerve, 76, 7S, 133, 144,

|

428
Chordii- tendinea-, 32, 33

Chorion, 602, 608

Choroid, 455, 461 ,

Chromatic aberration, 483

Chyle, 253, 256 I

Chyme, 256
|

Colin's observations, 256

jthysical characters of, 1 ><8

Ciliary muscle, 461

effect of atropin. 468

processes, 458
zone, 461

Cilio-spinal centre in cord, 424

Circle of Willis, 81

Circulating proteid of Volt, 319

Circulation, aids to, 74

arterial tone, 76

aapiratiim in thorax, 35

ill veins, 35

blood -pressure, 62

circle of Willis, 81

course of, 30

dilator nerves, 78

duration of the, 73

effect of respiration on, 91

Hering's observations on time of,

74

in mesentery nf mammal, 65

in the living tissues, 6.1

influence of the nervous system,

74
mean pressure, 60

mechanics of, 58

peculiarities of, 81

[leripheral resistance, 58

]mlaation in exposed brain, 81

pulse, 58

rete rairabile, 81

sphygmogram, 68

time of, dog, 74

horse, 74

rabbit, 74

vftsn-dilator nerves, 76

vaso-motor centre, 75
snbrentres, 75

velocity of blood-current, 68

of pulse-wave, 68

venous arrangement of brain, 82

Volkniann's estimate of aiea of,

72

I
pancreas, 232

i
reticulum, 174

j

salivary glands, 139

1

Huccus entericus, 186

,
Collagen. 638

I

Colon, 194

I

almorjition from, 199



INDEX
Culo.i ,]i^.eHtivP,.l,a„j-«gi,i, !(,-
toldstnim, (i20, C22
Colour, ('Hect of, .3ir,

of blo<«i, 1

Colouring matter of uriite, 301
J^oIolI^Ieaacorp^8cl(.•^, 12
U)IiimniK cariiea* ;i2

Coi.,mri.soii, hoiiy and onyino, m5
Complenitntttl air ll.'i

Comi.o8ition of atnioHi-licrio air i„
spired, 9,5

expired, fl.l

"f blood, 225
iiftlio Iiody, 314
(if sweat oChorac, 27S
of iiiinf, 292

Coiiipressioii of proptiisioij :,\7
utiiniaaion of impact, r.]-"
Condition in Iioi-ses,

:jr.'j

Conduction, 343
Conductivity of nerves 3fi9
Conjunctiva, absorption froni, an-

thrax, 2.'iS

atropin. 25S
curare, 258

Consistence of uriue, 306
Contractility of muscle, 356

sS?'**'™
a»tagoni«in, nuiscles,

Co-ordinate niovejunnt, 409
<'ornea, 4.15, 4r,7

Corona, fracture of, 5m
Coronary circulation, 53

substance (lioof). 54;-,

Corpora ni^ra {horscj, 460
j

'|uadri«eniina, 439 i

striata, 437 I

(.'nrj.us arautii, 34 1

biteuni, 5<10 '

striatum, Jieat puncture, 342
Corpusclesofblooi], red, 4

colourless, 12
of camel tribi>, 4
white, anneboid niovomeuts of

basophile leucocytes. 13
distiuKuislied from lymnli

cell, 12
eosinopliile cellg, 13
hyaline leucocytes, 12
lymphocytes. 13
migration of, tHi

origin of, U
polynuelear, 12
varieties of, 12

Corti, organ of, .'00

Coughing, 129
Coiuse of the circulation, 30
Coiv, amount of air rcvpir,,,) j ^ ,;

mialysis of milk, ti20

679

( "'iw, frees of, 2'J8

generation, "i7,s

heart, foreign b(Hiie8 in, .".4

hippomanes in, ti08
lymph from, 24(1
"istrous cycle, (Joodall -yj'i
ovary of, 587
period of gestation, till
position of f.i-tus in, liir,

Infraction, errors of, 470
]

sense of smell, AM
I "it.rino glands in, 611

(^ow-hoclts,' hor-je ',]•>

I 'Cow-kicking' of liors," -,3>
Cranial neives, 42.1

Cras3amentum, 15
I Creatine, 646

in blood, 20
in muecle, 379
in urine, 292

,

Creatinine, 292, 205 )J4'i
• I CresctI, ii5]

'

I

I'thcreal sulphate of, 29''

!
m urine, 300

I
Crico-aryti'uoidcus lateralis ]o-i

posticus, 122 ' '"

Curare and conjunctiva, 25S
)

elieets on ei:.|-,,lfttes, 351, 361
I and heat production, 342
Curdling of milk f\r,;.t ,.f r. i

I salts, 20 ' ^ '*
"*'''"""

!

Current of action (ntTve) 3';o
I of rest (nerve), 386

'

j

Cinuulus proligerus. .',38

!

Cutaneous senses, crold, 490
I

pain, 490

I

pressure, 490
I warmth, 490
Cuviernu organ ..fJacobson, 4S7

' Death, 6*.^9

eouvulsions in, 630
rigor mortis, 379, 631

Dccav, 62S
IVcidua reflcxa, 603

serotina, 603
vera, 603

Defensive mechanisms of *he bo^ly 25
Dehhrinated blood, iti

"^

Deficiency in oxygen, 105
Deficeation, act of, 211
Degeneration of nerves, 389

Wallerian. 4C0
Deglutition, 136
Deiters, supporting cells of, 500
Dendrites, 412
Dentition, horse. 026

ox, 627
pig. 628
sheep, 627
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DepresBor nerve of heart, .'>0

l)f»ct'iicliug tracts (spinal cord), 40'J

Despretz on heat Iosh, ;).'*]

Determination of sex, .'j'.'l

Deutojilasm. 589
Deutcro-albunioses, 187

Development, fit)3

allnimin in milk, 6'JO

allantoic f.9tJ, 60«

altantoin, ti08

amnion, tiOl, 605
amplioteric milk, 619

ass, analysis of milk, O'^O

jii'tiod of gpstation, 614

Asshetoii, devtilopnient ot em-
hryo of sheep. 51*4

vu uterinu glands, 614

Mastocyst, 593
blastodt'rm, liilainioar, 599
Bunge's analysis ofasli of milk.

tJ-Jl

tamel, iwridd -if gestation, 61.1

caseinogi:n, 619, 6'20

cut, period of gestation, 61.')

' cliestnnts ' of the horse, 602

chorda dorsalis, 600
chorion, 602, 608
citlom, 600
colostrum, 620, 622
cow, analyaiH of milk, 620

hipi^manes in. 608
jieriod of gestation, 614
position ol fistus in, 615

utvrine glands in, 614

drcidua reJIexa, 603
scrotina, fi03

vera, 60;j

dog, an:ilysi:j of milk, 620

IHjriod of gi'stalion, 615

ductus arteriosus, 611

venosus, 610
duration of pregnancy, 614
clqihant, period of gestation, 61

4

ppihlaat, structures derivc'l from,

599
' ergots ' of tlic horse, 602
Kustachian valve, 611

Ewart on devclopmeut of embryo
of horse, 594

fictal circulation, 610
niembraites, 605

foramen oralis, Gil

gestation, periods of, 614
glands, uterine, 614

guinea-pig, ])criod of geatatioi.,

615
Iiipiiomam'9, (loodall on, 608
holoblastic ova. 597

liorse, development of embryo of,

594

Development, hypoblast, struct

derived fro> , 599
koumiss, 621

lactalbuniiti, 620

lactic acid in allantoic Ihiid.

lactose, H20
liipior auinii, 606

mare, analysis of milk, 620

jtnriod of gestation, 614
jKisition of fa-ius in, 61.'

uterine glands in, 614

medullary groove. 600

meroblastic ova, 597
mesoblast, structurcH de-'

from, 599
milk, secrt'titm of. 617

hiUgar, 620
neuial groove. 600
nutochord, 600
olein in milk, 620
.>vHui. devt'luimient of the, i

jialihitin in milk, 620

parturition, 615

pig, i)eriod of gestation, 615

placenta, 60?
cotyledouary, 604

cumulata, 604

discoidal, 604
metadiscoidal, 604

plicata. 604
polycotyledonary, 604
zonary, 604

pregnancy, duration of, 611

primitive groove, 600

streak, 599
pro-aninioii, COl
rabbit, ix'riod of gestation, t

rennin, 620

sheep, analysis of milk, 020
fwtal blood, gases in, 6

period of gestation, 61 .'i

uterine glands in, 614
somatoi)leurc, 600, 610
s,>lanchnopleure. 601, 608

steaiia in milk, 62i>

tiophoblast, 601, 604
tyi-eiu, 620
umbilical cord, 608
urachus, 607

UK'» in allantoic fluid, G08
iiterino milk, 614
Whartonian jelly, 610
yolk sai , 600, 60.'i

zebra, period of gestatif-n, *'

Dextrin, 187, 65,1

I>cxtrose, 187, 656, 657, 659

Diabetes, 226
pancreatic, 239

Dialietic cent «, 230
puncture, 230
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"lllllM'l,.,

I'ialy»i», 248
j>ia|.,-d,,i» of ,vl,i,,

I'liipliiaxni, Sii

in i-usjjiratioii, 8!t

movcmciitM of, Hi,
inptiirL* of, 120
s|«isni „f, 120

iJiaiilma, 217
Diastole of licait 3',

I).ll™oi, m lj„,,,I,Von„„tio„ '4?

"iguatriiius muscle, I;l«
Digestion, I,'!]

al>oiiia,Hiini,
1 ;5

al.sor,,lionfro,„tl,estomad,,ir
acetic- acifl, 2i)r, 209

ill stoiiiaili \ti-}
acij, l)iliaiy, 2l.i

Ijiityric, 209
in stoniacli. 162

latty, 212
formic. 209
iiydi-ocliione, ]^]
lactic, 209

in atomacli, loi
,.ofl"K, 17.5

malie, 209

I)liv:'vl-iti-oj)rionic, 199
piioaphorio. 210
succinic. 209
tannic. 210

acids of stomach, Kii
aniido-acids, 187 199

a.nnR.iii„.,„ag„esinn;i,l,os,,hate,

aiiiyl..l}'tic action, U.3
Rnti[.ei.,sii., I7.S

aulijieriBtalsis, 20:!
a|K)morpln,i, ISO
arian(-ei„e„t of f„„,l

stoiiiacli, l.')7

ati"|.iiii„.,e,.,ction of saliva, I4Gllayl iss ,i„d ,sta,li„g „„ ''2
staUis, 20:j '

IJezoar stones, 210
liowel, pendulur movements of,

"tiangulationofthe.
"l-,Liwii, If. T., on cellulose dis-

solviiif; enzym.. 171
.runner, Klauds of, l,s(l
Huugc „„ cellulose 207
cwuni, the, 190
™iciiim, salts of, 212, 219
falcuh, intestinal, 210

stomach, 210
cane-sugar, IK?
capryiic acid, 207 '

the

(!H1

Digestion, earhonic acid in cellulose
digestion, 198

in large intestine, -.'Ov

1" sloiiiach, 17,s
cat, vomiting iu, ISO
'cllulo,,c, uetinn .if l«„.t,ria, 197

liunge s oliservulioijs on, -'or
digestion of, 191
dissolving, enzvme, 171
lermentation, '171

Mlauveau on deglutition, 130
cliolestenu, 212
chorda tynipaui nerve, l:i:l n,
•-liyme, physical charactei^ „i;

cocaine iu peristalsis 20i
cohc, 21 :t

L'olin, experiments on stomach.

on autiperistalsis, 20:i
on capacity of stomach iu

horse, l.".i

on hay, l.'.ii

on ileum, functions of, isu
on mastication

l.-t.",

on reticulum, 1 74
on salivary glands, K)9
on succus entoriciis, ISO

colon, 194

al.sorpti.in from, 109
.ligestive changes in, 197

cow, iieees of, 208
defiecatioii, act of, 211
deglutition, 1.-16

dextrin, 187
dextrose, 187
diarrha-a, 217
digastricus muscle, LIB
deutero.alhum...ses, 187
drinking, horse, '

o.v, 131
'l.ig. area of intestinal trai-t -'i)I

capacity of intestinal canal,

gastric
,
juice. 16.5

intestinal, 201
lapping of, 1.-14

mastication, 134, igr,

o-sophagusof, 138
stomach, 149, 176
sul.maxillary gland of. Ml
tongue of, 1 :{:{

.vomiting of, 178
duivlcuum, 1.53

syphon-trap of. 1.53
t her, ohservations of, ]S4
tllcnherger on, in ruminants,

on gastric acids, loi
on horse-feeding, 160
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in

Di^oatiou, Ellon bul'^(i^ on uervous
inechaniKni.ruminaiiti), 1H6

on inteatinal. in horse, 187
on oin&auiii, 174

on periods of stomach digea-

tion, 171

on Bali a, 14:1

on the ciecnm. 1S>0

enteritis, 21

1

'

tinterokin&ae, 187

cnzyni.s in intestinal extmct.

187
ereiiain, 187

erythrociextrin, 142
ether, rectal administration of,

IW
fata, in stomacii, 171

fatty acids, 199
liftli nerve, gustatory division of,

111

lingual liranch of, }'i')

Fletcher, exiteriinents on salivary

Klaiids, 149
Fhjurens' exjieriments, 172

fii'ces, amount of, 211
ash of, 210
approximate comjtoaitton of,

208
odour of, 211

of cow, 208

of horse, 208

of pig, 208

of sheep, 208
follicles of Lieberkidin, ISt;

formic acid, 209

fundus glands, lt>l

galactose. 187

Oanigee on mastication, l:U

gasea of the intestines, 207

of the stomach, 17S

gastric juice, secretion of. 162

gastritis, 2i;i

glands, fundus, 164

gastric. 162
labial, 141

molar, 141

iif Brunner, ISil

lialatine, 141

parotid, 139, 141

pyloric, 164
sublingual, U9
submaxillary, 139

gloH-sopharyngeal nerve, 144

lingual branch of, 133

grauulose, 142

hair-balls, 210

in rumen of cattle, 172

hay, ir)4

Heidcnhain's view of secretory
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periople, 546
physiologicftl shoeing, 57;'

tilantar cushion, 512

'side-bom-,' cause of lameness in,

563

sole, 5.'.0

use of, 566

Storch. venons system, horses.

stratum, ]>eiio3tale of subhiniiual

tiaaue. 543

K....I. pttialuiii vttwiilo-utii, .'rt

toii«hne»», pMvi-ioii for, ill fu

r.5i»

vat-iulir mmOianl-'in of, 573

M.te. 6 \:>

wall, M'J

wall-ieen-tlnK .u!»'*laiir.'

tt.i^jiit, how cuirifl by. .'.lU

Koninifu ovah'.'Ul. t'l '

h'ori-i^n IhmUi'h in lieart, 51

Korinif' *-id, "JOl"

|-'o-*tpr on Ifvi-rn, .'OiJ

Koiirtli jmir I raniiil niTvt'H, \i.>

Kraiick on _-.wfiilnUniN in l-o

horni'. '•''7

' Kro^;,' 551

Kmk'b foot. ciniiUt ion in. <i''

Ki»n. rt'tli'X tirtinn in. lUO

KinirtinM'* '.t bloMil, I

of niiiniil ford. \.i'

nerv.N, :i'.iO

Fuudas «l.iiid!«, I'll

Kuvfurol. 'I'l'^

ilaliictopM'. lf<7, •>*'"•

llall-bhidd.T. 2-2i. 'J-M

iinimaU witboui, SSi

(lilllop ' f hoim-, 'I'i^

tiiilton "11 K4»uudn, l'-"»

(iiini^ftv on niii»ti<-iiti'in, lil

(ianglttt. t;ollatiml, 417

ti'Miiinul, tl7

veit.bi.U, 4 Ml

on niTvis, ;i8l

liaat'H, absorption of, m li'l
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Generation, zona radiata, 589

('.enito-spinal centre in cord, 424

Gernnnal epithelium, .'87

spot, 589
vesicle, .189

tiflstation, periods of, 614

(Elands, fundus, 164

fastric, 162
larderian, 477

laehrynial, 477

lauial. 141

lymj'hatic, 244
Meibomian. 177

molar, 141

of Brunner, 186
palatine, 141

parotid. 139, 141

pyloric, 164

sublingual, 139

submaxillary, 139

uterine, 614

(ilia ni'Us, cord, SOf)

Globin, 11

(.ilobulioidal action of serum, 26

r.lobnlins, 636
Glosso-pharyngeal nerve, 144, 430

lingual branch of, i:i3

Glottis, 94, 124

Glucosamine, 638

Glucose, 659
Glutaminicacid, 236

Glycerin, 653

Glycerol, 653

Glyoero-phosphoric acid. 646

Glycine, 221, 222, 292, 645

Glycocholate of soda, 221

Glycocholic acid, 222

Glyoocine, 645

GlycocoU. 222, 293, 645

Glycogen, description, 656

in leucocytes, 14

in liver. 225

in muscle, 1^27

sources of. 228

use of, 227
Glyco-iirotcida. 638

(Glycosuria, 228, 239

Goat, larynx of, 129

number of respirations, 90

Golgi, organ of, 391

tendon, organs of, 353

Goll, column of, 403

Goodall on hippomanea, 608

Gowers' method for number of i

puack'B in blood, 5

Graafian follicle, 568

Grandeau on amount of sweat, 27

and Leclerc on diet, 333

Gi'anulose, 142

Grape-sugar, 659

Grape-sugar in blood. 20

Grey horses and loss of heat, 346

(;rowth, 623

Guinea-pig, i>eriod of gestation. 61

Guttural pooches, 128, 497

,
Ilffiniatin, 11

spectrum of, 11

' Hflematogen, 8

Hsemin. 11

i

H«matoporphyrin, 11

i Hrematoidin. U
Hsemochromogen, 11

' Hremoglobin, 1, 8, 644

I

absorption bands of, 9
' amount of, in horse's body, 8

carboxy-. 10

comiwuuds of, 10

I

decomposition of, 11

Elleuberger's estimate, 8

I
in blood-corpuscles. 5

met-, 10
'

Miiller's estimate, 8

nitric oxide, 11

oxy-, 7

reduced, 7

8]«ctro8cope test, 9

HBemogloMnuiia, 27

I in horse, 335

HtemolyaiB, 25

,

Htemorrhage, 65

I

thirst in. 65

I

Hair, 272
1 cat, 276

dog, 276

horse, 272

I

clipping of, 275

permanent, 273
! pigment in, 274
! Hair-balls ' in rumen of cattle,

210

I
Haldane and Smiths procesi

amount of blood, 22

results, respiration. 111

and Priestley's exi»erinients

piration, 117

Hammareten on bilirubin, 221

theory of coagulation, 17

Harderian gland, 477

Harmonics, 495

Hay, digestion of, 154

Heape on ovary of rabbit, .'''92

on sex determination, 592

on sexual season of mamma
Hearing. 49r.. See Ear

Heat, calorie of, 324

kilocalorie of, 324

loss, 343
production. 340

puncture, 312
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estimate, 8

sclca, .^»

ate, R

1

est, 9
27

175

173

274

amen of cattle, 172,

mith'fl vrocfis* ^'"*

at of blood, 22

respiration, 119

^'s exlierinients, res-

17
bilirubin, 221

Lgulation, 17

,477

f, 154

of rabbit, .192

mination, 592

ison of maniniala, .',77

3ee Ear
324

>f, 324

340
42

INDEX
Heat regulation, 343
Heart, 28

acoelemtor centre in medulla,
action of aconitin, 63

of adrenalin, 63
of atropin. 63
of calcium aalta, 62
ofdigitalin, 53
of drugs, ."is

of muscarin, 48, .'.3

of nicotin, 63
of pliyaostigiiiin, 48, 53
of pilocarpin, ,'i3

of imtassium salts, 52
of sodium salts, 52
of valves of heart. 39

aortic valve, 29
ajjcx-beat, non-existent, 39
auncnlo-ventricular valves, 33
Iwat. cauae of. 51

of the, 31

H,-™,"'!," "'; '" ''Mpiration, 91
mcuspid valve, 33
blood-pressure 43
cajiacity of, 42

Colin, 42
Miink, 42

cardiac cycle, 36
aonnda, 40

cardiograph, 42
cat, depreasor nerve, 60

vagus nerve, 45
canac of heart-beat, 61
cells of Purltiiije, 31
Ohauveau and Marey'a expcri-

ments, 38
'

on valves, 39
chords teudineie, 32 33
circulation, aspiration in thorax,

36
in veins, 35

l-olin on capacity of, 42
on nervous niechaniam of 44columns carneie, 32

coronary circulation, 53
corpus Arantii, 34
course of circulation, 30
cow. foreign bodies in, 54
depreasor nerve of, 60
diastole of, 35
digitalin, action on, 63
dog, action of, 64

intracardiac preasure 42
pressure in, 37
vagus nerve, 45
vafves, vegetations on, 64

nbroua nngs in. 32
foreign bodies in, 64
Gaskell's observations, 49
noise, aortic ring, 32 I
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Heart, horae, depreasor nerve 60
endocardium of, 32

I

pleurisy in, 54
time of cycle, 38
valvular disease in, 54

norse-powor of, 43
impulseof the, 31, 38
internal j.ressure, 40

dog, 40
intracardiac pressure, 40
Marey's la«-, 48
moderator bands, 34
movements of, 35
Munk on horse-poiver of 43
muscle, 31, .156

musculi l«ipillares, 32 33
negative pressure in, 3?
nerve-centre for, 48
nervous mechanism of, 44
nutral valve, 29, 33
ox, aortic ring of 32
patliological conditions, 63
pericarditis in horse, 54
IK-Tlcai-dium, use of, 39
pleurisy in hoise, 64
I'lg, vegetations on valves, .54
pneumogastric nerves 45
position of the, 31
pulmonary valve, 29
pulmonic circulation, 29
rabbit, depressor nerve, .^0
relraelcry period, 52
relations of, 31
rotation of, 36
rupture of, 54
semilunar valves, 29 34
sigmoid valves, 34
sounds of, 36, 40
sympathetic. 4r,. 49
systemic cireulatiou, 29
ayatole of, 35
tricuspid valve, 29
vagus in neck, cat, 4.-,

dog, 46
valv's of, 29

action of, 39
aortic, 29

aurioulo-ventricular, 33
nght, 29

bicuspid, 33
Cliaiiveau on, 39
mitral, 29, 33
pulmonary, 29
semilunar, 29, 34
sigmoid, 34
tricuspid, 29
use of the, 30

valvular disease, horse 64
.
work of, 43

Heliootrema, 500

44—2
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HeMenhain, lymph production I

theory, '250 '

on secretory nervea, 146
_ ,

Helmholtz on accommodation, 46"

Henle, aacendint; limV> of, 289

loop of (kidney), 289
,

Hensen on Uraatian follicle, .189

Hcnson's cells. SOI
;

Herbivora, respiratory cpiotient m, 9ti
j

saliva in, 140

stomach absorption in, 259

teeth in, 132

Hexone bases. 187
I

Hexoacs, 660 i

Hibernating animals, 33f

Hibernation, 349

Hiccough, 130

Hip-joint, r.1'2

Hippomaues, 60S

Goodall on, 608

Hippuric acid, 6.10

in blood, 20

in urine, 222

Histidine. 236

Hock-joint, .'iOS i

Hofmeister on bile, 225

on gastric acids, 161

on periods of stomach digestion,

171

Holoblastic ova, 597

Homoithcrnml animals, 33(

Hoof, 546
, . ,

Hopiw Seyler, analysis of pancreatic

juice, 232
Hormone, 264

Horn, 272
chemistry of, 557

Sowth of, 559

tninffi, 649
origin of, 564

salta of, 558

structure of, 5.'J2

iiae of the moisture in, 556

Horse, absorption in, 257

act of standing, 521

amble of, 526

amount of air required, 113, 116

of blood in, 23

of liEemoglobin in, 8

of heat produced, 351

aortic ring, 32

apoplexy of lungs, 120

area of acute vision, 464

of intestinal tract, 201

astigmatism of, 469

azoturia in, 10

Bell's experiment, 427

bile, action "t, 225

amount of, per li' 'ir, 224

specific gravity ot, J18

Horse, blood of, 2, 21

time of clotting, 16

pressure in, 63

boiled food for. 171

broken wind, 120

bronchitis, 120
' brushing,' 512

bvick-jumping, 532

eantcr of, 526

capacity of intestinal canal, 2(

of stomach, 151

'cat-hairs,' 273

chest, Colin's figures, 85

ciliary musi'le, 461

and atropin, 468

clotting of blood in, 15

coriM>ra niyra, 460

'cow-kicking,' .112, 532

dandrutt', 283
development of embryo of, 59

diaphragm, 86

'dishing,' 512

division of phrenic nerves i

I

112

I

draught, 534

drinking of, 134

endocardium, 32

experimental paralysis, 444

eyelashes, 477

feeding of, 158
I ficces of, 208

foot, bones of, 538.

I
fiiudus oculi, 465

gallop of, 528

gastric glands in, 162

growth of, Percival on, 625

! hair of, 273

j

heart, depressor nerve of, 50

experiments by Chauvi

and Marey, 38

intestinal affections in, 204

I

digestion in, 187

I

iris of, 458
i

Eversbusch on, 459

i

'jibbing,' 450

I

jump of. 530

kicking of, 532
I laryngitis, 121

larynx, 121, 122

i

lying down, 521

i lymph from, 247

I

lymphangitis in, 335

1 mastication, 134

1 maximum muscular effort, 5:

medicines by the mouth, IH!

muscles of eyeball, 471

myopia in, 468, 481

neigning of, 129

normal daily work of. 532

nostril of, 93

See Foot
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Horse „nml«r of respimtioi,. 00

'i^rtema of legs, 251
'Mophajjus of, 137
old age in, t>29

osteoJKiroBis in, 3;i.T

pancreatic llnid of. T3-'
liaralysis, larynx, 432
Iiencarditia, 54
period of puberty, 5S5
IienodsofstomacJidijiMtion 171
pilocarpin in, 2S1
plantar nenrectoniy in 317
plenral cavities of. 84
pleurisy in, .-,4, 120
pneumonia in, 120
pressure, negative, i„ pleural

cavity, ilo

pulsation in iu(!ulars 57
pulse-rate of, 70
psychical powers, aflection, 449

intelligence, 449
memory, 449

Kanltinc on normal daily work
532 '

rearing of, 532
Kcdtcnliacher on daily work, 633
retraction, errors of 470
relation l^twcen blood- and i

body-weight, 22 I

retina of, 465 I

rising, 522
roaring, 120, 126, 431
rupture of the diaphragm, 120 '

saliva of, 143
s ^^ ,

.
salivary glands of, 139
sense of smell, 488

I

spasm of the diaphragm, 120
spermatozoa, 584
sphyginogmm of, ti9

!

'speedy -cutting,' 512
'staleness,' 375
Stillman on motion, 50«
stomach of, 149

absorption from. 17ti
digestion in, 150

sugar formation in, 170
sweat, composition of, 278
sweating of, 276
temperature of, 338
tentfon reflex in, 423
thirst in, 494
thrombosis of iliac arteries in

time of circulation circuit 74
tongue of, 1 33
urine of, colour, 306

odour, 306
quantity, 305
salts in. 301
solids in. 306
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;

Honie, urine of specific gravity, 3O6
valvular disease. 54

I
velocity of galloji, ,533

of trot, 533
I voice production of. 127
: vomiting of, 138 lyj
I w-alk of, 523
f 'wall-eyed,' 458

watering of, 158
weight he can carry, 534
^untz and Lehmann's exiieri-

monts, 105 '

I Horse-power, 365
^\ att on, 535

[
Hunger, 49)

{

Hyaline leucocytes, 12
Hydrobilirubin,

1 1 v>
Hydrochloric acid, 161
Hj'drogen, 632

I

in esjured aii, 97
I

in large intestine, 208
in nutrition, 31.",

in stomach, 1 78
Hyoglycocholic acid, 221
HyotaurochoJic acid, 221
Hyiicrmetropia, 469
HyiMjrpnaa, 105

"sM '
"™'"'->^^'' 'J»'-ived Iron,,

Hy[iogastrie plexus, 205
Hypoglossal nerve, 133, 138

I Hypoxanthine, 296, 379

I Iliac^arteries, thrombosis in horse.

Ileum, function of, 189
Impaction, 217
Impregnation, 593

j

Impulse of the heart, :)1

I

how given, 38
;
nico-ordmate movements, 409
Incus, 497

I

Indican. 300, 651

j

Indigo scries, 651
' Indol, 236, 651

in digestion. 189. 199 209
in urine, 300

Indoxyl-sulphuric acid, 651
Inferior laryngeal nerve, 431
Inllammation, essential changes in 66
Influence of heat and cold. 346

of nervous system on heat pro-
duction, 341

*

of vagus on respiration, 1 10
01 work on reajiiration, 117

Inogen, 372
Inorgaum constituents of the body,

sulistances in urine, 301
Inosit, 660
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Inosit in spermatic fluid, 684

Insensible perspiration, '277

Inspiration, 84

cause of the first, 112

muscles of, 89

Inspiratory centre, 108
tetanus. 111

Inspired air, composition of, 95

Instinct in animals, 4&2
Intelligence in animals, 4o2

Internal intercostals in respiration, 89

respiration, 99
secretions, 2t!4

Intestinal absorption, 259

calculi, 210
canal, nervous mechanism of, 205

digestion, 186

in horse. 1 S7
in other animals, 201

j

in ruminants, 199

Intestines, gases of the. 207 I

movements of, 201

Intracardiac pressure, 40
j

Intracellular enzymes, 336 I

Invert sugar, 658
Inverting ferments, invcrtase, 187

lactase, 187
|

maltase, 187 >

{

,' voluntary muscle, 355
i

-dothyrin, 269
i

Iliecacuanha, 180 '

Iris, 457. 458
Langley and Anderson on, 458

;

Iron. 634 '

in blood, 21
{

in the body, 665

in red cells. :V27

phosphate of. in bile. 219
i

Irradiation in reflex action. 408

Irritability of muscle, 3f>6
|

Islands of Langerhans. 240
|

Jicobson, organ of, 487 '

Jaundice, 240
|

Joints, 507
elbow, 512

fetlock, 613

foot, 538
I

hip. 512
1

hock, 508

knee, 512
shoulder, 512
stifle, Ml

Jugular vein, horse, velocity of blood

in. 72
pulse in, 57

Jump of horse, 530

Katabolism, 316

Katbelectrotonus. 387

Katoptrin test, 467

Keratin. 568, 639

Kicking of horse, 532
Kidney. See Urine

amount of blood through. 289
Malpighian tufts. 286
movements of, 286

oncometer of Roy, 286

pathological, 313

structure of, 286

uriniferous tubules, 286

Kinase. 234
Knee-jerk, 423

-joints. 512
Koumiss, 621

Krauae. end-bulbs of. 391

Kreatin. in 9i>ermatic fluid, 584

Krypton. 95
Kubne. pancreas of rabbit, 238

table of peptones, 168

Labial glands, 141

Labyrinth, 497, 50£
and muscle tonus, 379

Lachrymal gland, 477
Lactalbuniin, 620
Lactase, 187

Lacteal vessel, 254

Ijactic acid, 653
in allantoic fluid, 608

(digestion), 161, 209

Lactose, 620, 658
' Laky ' blootl, 6

Lameness, production of, 516

Lamina spiralis, 499

Laminie, area of. Bracy Clarke, 564

Moeller, 564

Gader, 564
Laminal tissue, 542
Laminitis, Broad's treatment, 564

Lang and Barrett on ciliary musch
468

' on errors of refraction, 470

1
Langerhans, islands of. 240

' Langley and Anderson on iris, 458

on gastric glands, 164

on nerve fibres, 446

j

on secretion. 147

I

Lanolin in dandrutf, 2S3

1
Lapping of dog, 134

i Large intestine, 190

! Laryngitis, horse. 121

! Larynx, the, 122
cat, 129
dog. 129

]

goat, 129
! horse, muscles of, 121

j

nervous mechanism of, 125

ox, 129
sheep, 129



INDEX 695

Larynx, the, ventricles of. V29
Lateral car 'ages, r»41, 567
l-alhurus su..^:ia, poisoning by, 43a
iiatisainias dorw in reapiration 8B
Law of Dalton and Heniy. 97
Uwea and Oillwrt. on composition

of body, 314
on storage, 328

Lea, Sheridan, on panereaa, 238
Lecithin, '2'20. 645

in blood, 20
in leucocytes. 14
in bile, 219, 220
in red corpuscle. 5
in spermatic fluid. 584

Leech extract, in coagulation, 20
Leeney on rutting of stag, 581

on ovarian tissue, 2^5
Lena, 457, 458

passage of light through, 481
Letting blood, effects of. 27
Leccin, 209, 236, 293, :J18, 58-1, 64t>
Leucocytes, 12

cholesterin in, U
comimsition of, 13
diapedesis of, 13
glycogen in, 14
lecithin in. 14
origin of, 14
projrortion of. 12
varieties of. 12

baaophile. Va
eosinophiie. 13
Iiyalino. 12
lymphocytes, 13
polynuclear, 12

j

Leucocythientia, 29(>

Levatores costanim in respiration, 89 '

Levers, 505
Foster on, 506

Levuloae, 187. 657, 660
Licberkiihn, follicles of, 186
Ligamuntum inhibitorium, iris, 460

(jectinatum, 456, 460
Lignm in diet of herbivora, 207
Limbs, function of, in relation to

lameness. 516
structure of, in relation to lame-

ness, 516
Lingual nerve, 434 '

Lion, intestinal canal, 201 i

Lioness, generation, 578
Lipase, 234, 236, 325

'

Lips, horae, 131
ox, 131 I

pig, 131
'

sheep, 131
Liquids, absorntion oC gases iu, 97
Litjiior amnii, 608

foUiculi, .'iJ^S

Liquor sanguinis, 2
fibrinogen in, 3
laraglobulin in, 3
serum albumin in, 3

globulin in, 3
Liver, 218

abscess of, 211
acid, lienzoic, 222

cholalic, 221
glycocholic, 222
nippnric, 222
hyoglycocholic, 221
hyotaurocholic, 221
sulphuric, 231

Bernard, Claude, on glycogen,

bile acids, origin of, 222
amount of, Sfcreted. 22:j
Ellenberger on, 219
(inielin's test, 220
Hofmeister on. 225
of horse, 218
of ox, 218
of sheep. 218
percentage composition, 219
l'i!ttcnkofcr*s test, 222
pigments, 220
salts. 221
uae of. 224
Voit'3exi>eriment3,225

biliary ealcuh, 241
bilirubin, 220

Hammarstcn on, 221
bilivcrdin, 220
blood, sugar in, 22ii

blood-supply of. 218
Bunge on bile pigments, 220

on changes in, 231
calcareous degeneration itf, 211
calculi, biliary. 241
centre, diabetic, 230
cholalic aeid, 221, 222
cholesterin, 219, 220
dialietes, 226

centre, 230
puncture. 230

disorders of, in tiopic'j, 321
dog, bile, action of. 225

amount of, per hour
224

Ellenberger on bile. 219
enlargements of, 241
fatty, 241
ferment, 229
furfuroi, 222
gallbladder, 223, 224

animals without, 221
glycine, 221. 222
glycocoll, 222
glycogen, 225
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1

tiiver, glycogen in muscle, 227

Bourcea of, 228

use of. 227
glycocliolate of soda. 221

glycooholic acid, 222
glycoHuria, 228
i>melin's test for bilo, 220

HammarHten on hilirubin, 221

liippuric acid, 222
hiatidinc, 2U
Ilofmeistor on bile, 225

_
horse, bile, action of, 225

amount of, per hour.

224
anecific gravity of, 218

hyoglycooliolic acid, 221

hyotaurochotic acid, 221

iron, phosphate of, in bile, 219

jaundice, 240
lecithin. 210. 220
nucleo-albumin in bile, 219

ox, bilo, action of, 22.'i

amount of, i>er hour,

224
Bpeoific gravity, 218

sulphur in, 219

]>arafiitic disease of, 241

pathological conditions, 240
rupture of, 241
Pettenkofer's test for bile acida.

222
phloridzin, 228

pig, bile, action of, 225

amount of, per hour,

224
sulphur in, 219

punctui-e, diabetic, 230

secretin, 223

sheep, bile, action of, 225

amount of, i»cr hour,

224
8i>eciflc gravity of, 218
sulphur ill, 219

soda, glycocholate, 2*21

taurocholate, 221

stcrcobiliu, 210, 221

sugars, conversion of, 228

in the blood, 226

supply, how regulated, 229

sulphuric acid, 231

sulphur in bile, 219

taurine, 222
taurocholate of soda, 221

urea in, 231

Voit's experiments, bile, 22')

Living test-tube exjierinicnt, 19

Llama, stomach of, 182

Locomotion, 522

Locomotor apmratufl, 505

amble of horse, &2ti

Locomotor apparatus, aiiti-concuiwioi

mechanisms, 518
astragalus, screw action of

508
' brushing ' of horse. 512

buck-jumping of horse, 532

canter of horse, 526
'capped ellKiw,' liorsv, 522

cattle, repose of, 522

centre of^ gravity, horse a

rest, 514
Chauveau on tendon Htxo

metatarsi, 509

check ligaments, fuiictioi

of, 514
Colin on centre of gravity

horse, 515
compression of propulsion

517
concussion of impact, 517

CO - operative antagonism
muscles, 50tt

corona, fracture of, 519

'cow-hocks,' horse, 512

'cow-kicking' of horse, 53i
• dishing ' of horse, 612
distribution of the weigh

of the bo'ly, 515

draught. 534
Brunei on, 535

fetlock -joint, 513

Foster on levers, 50t)

gallop of horse, 528

hip-joint, 512
bock-joint, 508
' horse-power,' Watt on, 53

jump of horse, 530

kicking of horse, 532

knee-joint, 512
lameness, production of, 51

lying down, horne. 521

levers. 505

limbs, function and stru(

ture of, ill relation t

lameness, 516
locomotion. 522

Lupton on paces of horst

530
Marey on locomotion i

horse, 522
maximum muscular elloi

of horse, 535
mechanisms, anti - concui

sion, 518

Muybridgo on loeoniotiD

in horse, 522

normal daily work of liorsi

532
pastern, fracture of, 519

pathological, 536
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Locomotor tti»«ratu«. Rankine oo
daily work, hoMe, 533

ivariiijij of horse, na**!

Kedt«iibaL'her on daily work
horse, 533

'

mill},' of horae, rt2-2

Biwviri, position of. r.lO

Blieodj-outting,' horse, :,12
sho'ilder joint, [,V2
9tHi..Jinc. act of, r>n
Stanford on ioeomotiou in

horse, .laa

stifle-joint, discuHsion of
508

description of, 511
otillraan on function of

suspensory ligament.

on locomotion in hoiae

ou muscles of propul- ,

sion, S06
I

autfraginia, fracture of. .",19
i

suspensory ligament, func- I

turn of. 5]y
synovia, 507
trot of horse, 524 i

velocity of gallou 533
of trot, 533

I

walk of horse, 523
Waller's ' co-operative an-

tagonism,' 506
weiglit of the body, distri- :

bution of, 515
i

which a horse can carry.

. .
534

^
Luciani on cerebelhim, 43S
Lungs, 84. See Respiration

apoplexy of, in horse, 120
Lungwitz on expansion of foot, 5/1
Lupton, J. I., on foot of horse. 530

o;»9 ' '

'

^m^
t'onsiiniption * of nitrogen,

Lying down, Iiorae, 5-'i
Lymph, 242, 24"

697

j

Lymph H]>acej*, 242
' sinus. 245
I Lyraphagogues, 250
I Lymphangitis. 321

,

Lymphatic glands. 241

I

vessels, 243
,
Lymphocytes, 13
Lysatinine. ti4tt

!
Lysine, 236

Macdonald on foot of hors)', 572
Macula acnstica, 502
.Magnesium in urine, 301, 303

phosphate, 21. 212. 21!i, 233
salts, 212, 219, titif,

suh-hate, action on plasma, 3

1*0 «-''I'«rimeut (vomiting),

Malaria para8it(^ 27
Malassez*s method for number of

corpuscles. 5
Malic acid, 209

capillary, 243
cell distinguishod frc..o«.o.,vu from white

corpuscle, 12
Colin on. 246
formation of, 24"
movement of, 251

Calin on, 252
Weiss on, 253

plasma, 24t>

production, Hei<leiihain on, 250
physical theory, yj;
secretory theory, 250
Starling on, 219

'piantity of, 246

!
Malicua, 497

:
Maltase, 187

' Maltose. 187, 656, 658

j

Mare, analysis of milk, 620
I

generation, 578

I

ovary of, 587

!

period of gestation, 6 1

1

position of frttus in, 615
uterine glands in, 614

Marey's law, circulation, 48
otiservatioua. locomotion in

' horse, 522
Marmot, liihernation in, 350
Marsli gas in cellulose digestion, 198

in expired air. 1)7

in large intestine, 208
in stomach, 178

Marshall and Jolly, cstrous cyde in
dog. 578

Masseter muscle, 136
I Mastication, dog. 134

(Jamgeeon, 135
horse, 134
nerves of, 136
ox, 134
sheep, 134

Maximum muscular etiort, horse, 535
Medulla oblongata, 43!

centres, cardiac, 48, 49
- diabetic, 230

mastication, 436
resjiiratory. 10«
saliva, 436
swallowing, 136
sweat, 280
vaso-motor, 75
vomiting, 436

Medullary groove, 600
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Medullary theath. nervM, 383

Mechaniim, anti-concHsiion, 618

of foot, 668

defensive, of the body, 25

of ejaculation, 587

nervoui, of the inteatinal canal,

205
of the larynx, 125 j

of HweatinK, 279

pancreatic secretion, 233

rumination, 183
1

secretion of wUva, 144
j

Meconium, 212
Meibomian glands, 1"?

|

Melanin. 274, 644

Membrana baailaris, 499

granulosa, 588

nictitana, 454

Membrane of Beissner, 500

Mendel's theories of heredity, 274

Meroblastic ova, '>97

Mesputcry, circulation in, 05

MeHoblast, structures derived from,

599
Metabolism, 316

views of Pflttger. 318

ofVoit, 318

Metatarsal artery, horse, velocity of

blood in, 72
Methiemoglobin, 10, 27

Methylene blue experiment, 102

absorption of, from pleura,

259
Methyl-glycine, 845

MetfRStrouB period, 577

Mettestniiii, 577

Metschnikotr. researches of, 14

M'Kendrick on area of intestinal

tract, 201

on taste gobleta, 489

Microc'iccHS urece, 64

Micturition, act of, 313

Mid-brain. 439

Middle ear, 497

Migration of white corpuscles, 66

Milk, secretion of, 617

sugar, 187, 620

Millon^ reagent, 641

Minot on iwilar bodies, 590

Mitral valve, 29, 33

Moderator bands (heart), 34

Moeller on Uminte, 565

on sublaminal tisane, 543

on urine of calves, 309

Moisture in air, 95

Molar glands, 141

MoncBStrona mammals, 577

Monkey, difestrous cycle of, 580

Monoc-iUr vision, 473

Monosaccharides, 659

Morgan, on intelligence, instinct, a

reason. 452

Morphia, ab«)rption of, by air-p

sages, 267

effect on iris, 459

Motor areas of brain, 441

oculi nerves, 425

Movements of diaphragm, 85

of eyeUll, 470

of heart. 35

of intestines. 201

of stomach, 184

Mucin. 140. 152, 165

Mule, iwychical lowers of, U9
Bnl)epiglottic sinus of, 129

sweating, 277

I

MilUer't estimate of hiuraoglobin,

Munk on capacity of heart. 42

I

on horse-power of heart, ii

I
on ox urine, 308

on phosphates in urine, 304

statistics of intestinal canal,

! Murmur, respiratory, 119

i

vesicular, 119

, Muscarin. 646
action on heart, 48, o-J

Muscle antagonism, 354
' currents, 366

curve, 360

nerve prci^aration, 35*

plasma, 377

sense, 353, 492

wave, 361

Muscles of eyeball, 471

of respiration, 89

Muscular system. 352

acid, sarco-lactic, 374, 378,

uric (muscle), 379

active muscles, changes in.

ash, composition of (muscle

carnine, 379

causation of a muscular

traction, 372

changes in active and ri

niuaclcs, 30!'

Chauveau on muscle work,

chemical changes during

traction of muscle, !

comi>08ition of muscle

engine (muscle as), 36

Colin on muscle tempei

371 ,

compariaons, body and (

366
condition in horses, 3(5

j

contractility of muscle, 3E

creatine, 379
' curare, effect on end-plat<

I

361

I

elasticity, muscle, 363
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nco, instinct, <!

1 of, by •irpM-

S9

1, Ml
16

ingm, 8f>

01
1

iS

ffer» of, 449

inui of, 129

if huimoglobin, 8

of heart, 42

r of heart, 43

OS

in urine, 304

tcstiual canal, 201

ry, 119

rt, 48, 53

1, 354

tion, 35"

12

1,471

I, 89
352
otic, 374, 378, 379

sole), 379

B9, changes in, 370

tion of (muscle), 3'9

r a miiflcular con-

172

active and resting

I muscle work, 365

lauges during con-

;on of muscle, 370

ition of muscle, 377

(muscle as), 366

muscle temperature,

), body and engine.

1 horses, 375

y of muscle, 356

9

:t on end-plates, 354,

iiuscle, 363

n
INDEX

MuscuUr system, ,|„„„ ( ;

muscles, 364
''"'™, .Phsnomen. of muscles,

effect of muscular work on
blood, 2

cnd-plsto in muscle, 354
extensibility of muscle. 363
extractives (muscle), :I7I1

fatigue (muscle), 372
Wedenski on, 375

Fick on muscle work, 365
gastrocnemius of frog, 357
t'olgi, tendon organs of, 351
heart muscle. 356
horse-lower, 365

'staleness,' 375
hypoianthine, 379
inogen, .(72

involunUry muscle. 355
irritability of muscle, 356
labyrinth and muscle tonus, 379
muscle antagonism, 364

currents, 366
curve, 360
nerve Jireparation, 357
plasma, 377
sense, 853
wave, 361

myosin, 378
myosinogen, 378
neuromuscular spindles, 353
l>ale muscle, 356

phenomena of contraction
of. 380

phosphoric acid (muscle), 378
IHitassium salts, 379
resting muscle, changes in 379
rigor mortis, 379
sarcolemma, 362
sarcomere, 353
sarcoplasm, 3,53

sarcostyles, 353
Mrco-Iactic acid, 374, 378, 379
ochafer s views on muscle, 353
smooth muscle, phenomena of

contraction, 380
structure of muscle, 852
'""iniation of contractions, 361,

taurine, 379
tetanus, 362
' tone,' 864
' training,' 377
urea (muscle), 379
voluntary muscle, 3,52
xanthine, 379
Zuntz on muscle work. 365

Musculi papillares, 32. 33
.Musical sounds, 496

699

i

"jS"''«° <" locomotion in horse,

.Myopia, 468
Myosin, 37S
Myosinogen, 378

;

Nasal chamber, olfactory iwrtion E
respiratory nortion, 93

Nassc on time of coagulation, H
Nature of nervous impulses, 38!)
-Navicular bone, 63.S

Negative pressure in heart, 37
in pleural cavity, dog, 90

horse, 90
sheep, 90

in respiration, 90
^egative pressure in veins, 84

variation (nerve), 386
Negro's skin. 346

j

Neighing of horse, 129
I

Neural innove, 600
Neurilemma, 383
Neurine, 645

I

Neuroglia, 395

I

Neuro-muscular spindles, 363, 492
Neurone, 412

I
Neutral |Kiint (nerve), 387

I

Nerve centre for heart, 48
braeliial, 78
chorda iympani, 76, 78, 133
facial, 108
fifth, in mastication, 138
lingual branch of, 133
ganglia. See GsuKlia

salivary glands, 147
byjiogiossal, 133, 138
supply of stomach, 186

Nerves, aHerent, 382
deglutition of, 138
dilator. 78
donto-lumltar, 108
glosso.pharj-ngeal, 110

lingual branch of. 133
hyiKigaatric pIcMis, 205
mastication, 136
motor, of respiration, 108
nasal of fifth, UO
ocular muscles, 472
pharyngeal plexus, 138
phrenic, 108

division of. 112
recurrent laryngeal, 125, 138
sciatic, 78
seventh pair, division of, 113

in mastication, 136
superior laryngeal, 110, 125, 138
vaso-constnctor, 77
sympathetic, 144
tiiij;ue, Irj'j

Nervi erigentes, 78
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M .!

N«rvi nervorum, 386

NervouM control of »iloodveat'l», « *

ofgutrio julc«, 1(19

of ijftncre»tic sicrotion, '^33

of ruiiiLnation, 1S3

of HMretion of Mliva. 144

of heat jirodnction, 341

Nurvoiw nit'clianism of heart, 44

of the intestinal canal, 205

of the larynx. 126

of tomacn of runiinanta, l»o
\

uf respiration, 108

of •wcatiiiK, 279

Nervous »y»U;iii, 382

abducena cranial nerve, W»
afferent nervea, 382

paths in the cord. 10.1

anelnctrotonus, 387

ano-Bi)inal centre in cord. 421

arrftngen'ent of the cord (spinal),

Arloi'ig on wymiiathetic nerves,

aH8, psychical piwers of, 449
,

ascending tracU (spinal cord),

402
automatic action, 423

]

axis-cylinder, nerves, 383
,

axone, 412

Bell's experiment, Imrac, All

Bernard on division of facial, 129

brain, drculation in, 414

coverings of, 444

brain, movemcnU of, 44.1

bulb, functions of. 434. 437

used for medulla oblongato,

404

Burdach, cohinn. of, 403

cat, section of corjKira quadn-

tfcniinu, 439

submaxillary ganglion, 427

sympathetic, 447

centres in the medulla, 43.1

cerebellum, 438

Luciani on, 439

cerebral fluid, 445

cerebrum, 440

Chauveau or velocity of nerve

impulses, 9
.

chloral hydi^u;. effect on brain,

44.1

chloroform, etfect on brain, 445

cry of men and animals, 440

chorda tympani of facial, 428

cilio-spinal centre in cord, 424

Clarke's column (spinal cord),

396
Coiin on experimental iiaralyNis,

horse, 444

conductivity of nerves, 389

Nervous system, co-onlinatu n

ment, 409

corpora «(Uadrigemina, 439

corj-ora utriata, 437

oranial nervea, 4'J5

.'ightli, 429

eleventh, 431

lifth, 42.1

fourth. 42:

ninth, 4:I0

seventh, 428

sixth. 42»

tenth, 430

third. 42.1

twelfth, 434

current of action, 3»ti

of rest, 38tf

degeneration of nerves, 381

Wallerian. 400

dendrites, 412

descending tracts (spinal

distribution of nerve lib

the cord, 3»tt
'

disynaptic arc, 416

dog, brain. localiMtion, 4^
'

jaychical imwcrs, 44tl

I reflex action in. 409

! sulnaaxitlary ganglio

symitathftic, 447

tendon reflexes in, 42

ctl'erent nerves, 382

Ittths in the i-oid, 40

etiector organ, U'i

eighth i>air cranial nerves

electric phenomena of

38.1

electrotoims, 387

elephant, psychical jiowei

ether, effect on brain, 441

eleventh (lair Lnuiial ntr'

erection centre in cord. 4

excitability of nervi-M, :iH

experimental i^ralysis,

444

facial nerve, 428

fifth pair cranial nerves,

inferior maxillary, 4

ophthalmic. 42)5

superior maxillary,

fourth pair cranial nerve

frog, reflex action in, 40!

functions of spinal cord,

nerves. 899

ganglia, collateral, 447

terminal, 447

ganglia on nerves, 384

Caskell on 8ympatheti(

4 Hi

(iasacrian ganglion, 420
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(lo-opiiiwtw niovo

ri^amina, 439

;ft,437

, i'ib

\-2V

, 4;)4

:iO

,
4'JS

liH

;)0

ar.

434
tinii, 3Sli

•i8<i

I of iiorvuK. 38P

an, 400

12
,

tniuta (spiiml cord),

of nerve libici in

3»tt

irc. 416
localization, 441

;al jmwcrB, 449

Lctioii in, 409

miliary K»i'H^io"' ^-^^

thetic, 447
reHcxea in, 423

vefl, 38a

in tiifi I'oid, 405

an, 11 'i

cranial nervps, 4J9

lenonieiia of nerves,

18, 387
wychinal iiowera, 449

:t on brain, 445

air cninial ntrvea, 434

ntre in conl. 424

y of nervi'H, :iH5

tal i^ralyais, Iiurue,

e. 428
>ranial nerves, 42.'!

or maxillary, 426

talmic. 42ti

ior maxillary, 42t)

r cranial uervea, 425

X action in, 40y

of spinal cord, 425

lervefi, 399

ollateral, 447

inal, 447

II nerves, 384

.n sympathetic nerves.

1
ganglion, 42ii

INDEX

Nirv.m, .yiUn,, KtiUto.,pln.l Motre
in cord, 121

glU celU, cunl, 30A

S'"^ P,''"J'nK«l nerve, 130
Uoll, uulutun of, lo;i

IIoIki, orxsjiof, :m
hunt, BoU'i »|jeriiiiint, Ia7

experinienul |«ralv»iii, 1 1

1

Jibbiua.' 450
I»r«l}',U of Iiryni, <32
lnjrchlMl |«iiir,i,, 444
nifltiiory, 4-t j

atrectioii, 444
intalliKence, 444
fMriun in, 4, 31, 12ii
tonduii rertex in, 423

iQco-ordiiiAte niovementa, 409
in.orior laryngeal nerve. 1:11

Uhluence on circulation, ;i
initinct in auinmli, 4.'.2

V. rea«on, 4.12

intclligiinee in aniniali, 4.12
irradiation in reflex action, 40,-1

Katrielectriitontu, 3S7
knee-jerk, 123
Krause'8 enil-bulbs, .'lOl

Langiey on nerve libree, 446
larynx paraly,i. in horse., 4:1'
hiUhijrm mliviu, iioisomnc. M'
llngiial nerve, 434
Luciani on cerebellum, 438
medulla oblongata centreg, 43

1

cartjiac, is, 49
diabetic, 230
niaaticatory, 43a
respiratory, 108
saliva, 430
swallowing, 436
vaso-motor, 7^}

vomiting, 436
medullary sbealli, 383
mid-brain, 439
Morgan on intelligence, iu8tin<t
and reason, 452

'

motor areas, brain, 441
oculi nerves, 42.'>

mule, jisycliical [jowers, 449
nature ot nervous impulses, 389
negative variation (nerve), 386
nerves, afferent, 382
nervi nervoi urn, 38.'»

nerrus intermedins of facial 428
neurilemma, 383
neuroglia, 39.i

neurone, 412
neutral jioint (nerve), 387
nicotin, action on nerve-cells, 446
ninth jiair cranial nerves, 430
no-jiceptive arc, 417
ox, symjiathetic, 448

1

Nervou. .y,t„„, |»,turition centre in
cor^l, 424

|iathetio nerve, 42.1

l«ni trigemini nerve. 42.1
Jierikaryon, 412
pharyngeal nerve, 4 II

pneumogaatric nerve. IIO
|ions Varolii, 4.17
IKJrtio ilura, 4-JH

mullis. 429
principle of the eomnion |«ih.

'"44»''m*'
'"'"'""' "' "'»"'"l«.

rabUt, «yru|ath,.tio, 417
reason in animals, 1.12

'. instinct, 4.I2
receptor organ, 412
recurrent laryngeal nerve. 431

>'BiisibiIity, 399
rellex act, time occupied by

422 "
a<-tion, 40it

arc, 411
roaring in horso. 126 4.1]
Komaues on instinct ind reason.

scratch rellex, 414
sensory areas, brain. 441
seventh jiair cranial nerves, 428
sixth poir cranial nerves, 428
Smith, .Sydney, on instinct and

reason, 4.12

si«cial centres in the spinal cord,

spinal accessory nerves, 434
cord. 391
nerves. 392

function of, 399
**epping reflex, 410
structure of nerv.is. 383
stnrchniue, effect on brain 441
submaxillary ganglion, cat and

dog. 42)
sujierior laryngcol nerve, 431
symjiathetic, 446
tactile cells, 391
swcst centres in cord 424
synapses, 412
tendon reflexes, 423
tenth i»air cranial nerves. 480
termination of nerves, 391
thalami optici, 437
thii-d jiair cranial nerves, 42.1
tracts in spinal cord, 401. 403
trophic centres in cord. 424
Tiirck, column of, 403
twelfth [lair cranial nerves:. 434
vasomotor centres in ooiti, 4-.'4

Velocity of nerve impulses, 389
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Narroui tjtUm, irtiiico«ptnal wDtr*

in cord, A'iA

WslUrlAt) d«ii«ntntlon (tpiiwl

DOTVi), 400
Nenriu intormwiliis of ftcM, i'i^

NfWMni, oftlciiUtion, h»ir of hora*.

'i7:i

Niuotin, ARtion »n hi«rt. ^A

on nervB rtIU, 44»t

in iwriitaliU. U03

in swrstlon. U7
Ninth tiair crKuikl ncrvoi, 430

Nitre ill vfterinwy prftotica, 3Na

Nitric oxiiltt hifningtiihin. 11

NltroguD, 95, tiSU

In t)lood. ua, 2A
innutrition, :Mfi

in atoiiiAoh, 17H

Nitrogenom eqniUbrium, '<i\9, 3'20

food, Ufl

r«U. 044
aUt«ncM in urina, 'iO'J

KocioeptiToarc, 417
i

NoUe, 490 ,

Non-nitrogenouH boiiiea, 05'J

food, 32'J

Normal tflniperatnre of aniniftli, 338

Nofltrila. 92
UUe, 92

Notochord. 000
Nuolein in pemiatic Huld, .184

Nucleo-ftlbumin in bile, 219

.proteiil. 3, 687

Number of respintiont, 90

Nutrition, 314

amount of food required, 332

BnabolUm, 310
u^ginine, 318
azoturia, 321

broken wind, 120, 335

caloriei of heat, 324

carbohydrates, oxidation of. 323

oarbon in, 310

castration, effect of, on fattening,

320
cat, eonipoaition of body, Sl,"^

cattle, osteomalacia in, 327

circulating proteid of Voit, 319

composition of the liody, 314

expenditure and income of the

body, 315
fever, effect on nutrition, 335

food, amount of, required, 4'iS

inorganic, 327

Grandeau and Leclero on diet, 383

hdemoglobinuria in horse, 385

heat, calorie of, 324

Itilocalorie of, 324

horse, lymphangitis in. 335

osteoporosis in, 335

Nutrition, hone, plantar nenrwitomj

317

hydrogen In, 315

iron in rwl celU, 327

kaUbolism, 810

Lawes and <>llh<Tt nn oom{KM
tionofbudy. 814

on storage, 32^4

iFurinis 318

tiprtse. 325
llrer tlipwrders of tropic

climates, 321
' luxus consumption ' of nitroge

321

lymphangitis, 921

nieUlNilisro, 310
THiigeron, 3tH

Voit on. 31N

nitrogen in, 815

nitrogenous d^uilibriuni , 31

320
food. 31

H

non*nitrogpnous fond, 322

pig, comi«sition of ImmW, 314
'

olK>flity in show cattle, 820

ox, comiMMltion of body, 314

[lathological disorders of nul

tion, 335
jiotaflsium in red cells, 327

in sweat, 327
Rubnor'a ex|)eriment«, 332

salts in nutrition, 316

alieep, oomiHwitioii of body, 3

sodium in blood plasma, 327

starch, prot«iil-!4[taring act

of. 320

I

starvation. 329

storage of tissue. 328

I
subsistence diet, 333

I

sulphur in ha<r, 327

in nutrition, 310

tissue proteid (.1 Voit, 319

storage of, 32.S

tyrosiiio, 318
Voit's theory. niGtabolism, 3

water in tissuca, 328

Wollf on diet. 334

Nux vomica, absorption of, by
passages, 257

in ciecnm, 200

Oats, digestion of, LIS

01>esity in show cattle, 326

Odour of blood. 2

tKdema, production of, 251

U-Isophageal groove, 180

I

GCsophagnsof horse, 137

I of dog, 188
1 of ox. 138

of sheep, 138
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Oli'hi. il.vi

III hlcH>l, JO
ill milk, ilL'O

OniAMuiii. ]7i

OphtliftlnilH, iiyn.|«tlii-ti.., 4r,r,

0{nHiriiiia, :iti

nerve, 1.1

1

'IfoiiiHttinn of. i:,:,

OplicH. ]>hy»ia\„itivt\. 17s
Owzone U-atit, ft.'.x. tftJl

0»n»wUi„ lytr.pli f.,riii»tinn, 217
Usnidtiu |irp>Niir(>, 2*m
Oitrkti, riittiiiKof. Ml
Oatiiini «lHioiiiin»U., .ISU
Otolitha, lity, .lOl

Otter, Ki'iifrstion (,r 57,^
Ov»rie(i, .is;

etfect (if reniovftl of, r.S2 js't
intlucnce of, 2il.'i

Overttinea, J!*;,

OTulation: in ana, cat. cow. .icer

J'>ff, elej.Unt. ftrr-t. mare, mon!
kt.y. pi^. rtbl.it. ahcei.. wolf, :,9\

(IfvHoimient oC tlic, 5f*7
Ox, aortic ring of, aa '

•ri'afifiritcdtinal tract, 201
1

lifllowiiig of, I2!t '

bill', action of, 22f>

amount of. jwr lioiir. 221
Biiecitic gravity of, 2I8

,, sulphur in, 21»
lilood of, 2, 21

time of clotting. I((

cftiwcityofinteHtinalciiiial 201 I

coniiMwition of body, 31

1

drinking of, ];)l

jii-at lost l»v. ;ir,l

intpstinal digestion in, 201
iriBof, 158
laiynx of, 129

|

lymph from, 217 I

iiiaBtication. 131 '

number of respirationa, 00
ffisophagus of, 138
pulse-rate of, 70
relation between blood

body-vcigbt, 22
salivary glands of, 139
aweatiug, 277
symiwthotic nervoua ayatem 448
tongue of, 133

Oxidaaea, 3.'J7

Oiidfttiona in animal liput. 33fl

ind

Oxyfjrn, M, ti.33

111 blood, 2'l, 2)
detleii'QCT in. lO.'t

cxi'eM nf, lort

fate of, in ttifl tiHMut'-i, loo
inlialatinu of, in diHvasi., 107
iiitramulmiUr, 10)

. in atoniarli, i7x
* Oxyhwinngloliiii, 7

Palat«, g,.>«veMin, i:t3

Talatini' glauds, m
P«Ib itiiwclf, .(.-,.',

plu-nomi'na of o-.titractim
"f, aso

Palmitic acid, ii.'>2

Putmitin. dS.)

in blixKl, 20
in milk, 'I20

PaiicrpaH. 2=12

arid, ait]Nntic, 23ti

I glutaminio, 2:18
albiimnse, 23(1

' amidoaci'U, 2i'J

iniylopHin, 2;u, 230
itrgininr. 23(1

'alcimii pli-.i|,hate, 2:i;i

Colin "11, 2;J2

I

entcrnkin^^o, 231
en/ynio. di^wUtiL-. 2:i 1

lil>olyti<', 2 11

proteolytic, 23 1

'•rppaiij, 23(J

kinase, 234
Kulinf on rabbit, 2;l.S

LaiiKprlmnn. inlandn of, 240
Ua, HhtTi'laii on, 238
Icuuiii, 23ti

lipase. 234, 230
tyain, 236
niagneHiuni phonphate, 233
l<atIiolr)gieal dinturbanoea, 241

luiicreatic cells, changes in 237
dialtctfs. 239
fluid, dog, 232

Ho|pj»e-.Scylcr oii, 232
horse, 232
Prtwlow on, 237

secretion, ani.innt of, 238
llaylissand Starling on, 233
mechanism o(. 233
nerve control of, 233
I)eptone8, 236
Jihenol, 236
iwtassium chloride, 233
Sthmidt'a analysis, 232
st-cretiii, 233
skatol, 236
sodium carbonate, 233

chloride, 233
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raiicrpatie secretion, sodium piioa-

l.hato, '2:J3

Starling on, 23r>

ateapsin, *^:)t, 'JSfi

tryiKiphan, •i:tti

tryjisin, 2:14

tryytainoncn, '234

tyrosine, '236

usfls of. 233

Paiiilla (retina), 464

PapilliF of tongne, circunivallate, 489

tilifomi, 489

fungiform, 489

Paracasein, 16S

I'araglobulin, 3. 245

I'aralytic secretion, 146

Parasitic diseases, digestive oanal,

217
of liver, 241

Parathyroid, 2fi8

Parotid gland, 139, 14_1

secretion, 147

Pars trigemini, nerve, 42;'.

Paitlicnogenesis, 5S6

Partial pressure of Ilunaeii, 98

Parturitiou, 61,1

centre in cord, 4'24

Pastern, fracture of, r>19

Pasteur on ferments, 612

Pathetic nerve, 425

Patliological conditions, arteries, 83

foot, r.76

heart, .13

liver, 240
locomotor apparatus, 536

nutrition, 33.1

pulse, 83
respiration, 120
' roaring,' 126

Pawlow on gastric juice, 165

on pancreatic juice, 237

Pedal bone, 538

descent of, 572

Pendular movements of bowel, 203

Pentoses, 661

Peiisin, 1,12, 165-6, 175, 643

Peptones, 168, 187, 199, 236, 637

effect on coagulation, 20

Peptonuria, 263

Percival on growth of horse, 625

Pericarditis in horse, 51

Pericardium, use of, 39

Perikaryon, 412

Perilymph, 498

Periods of stomach digestion, Id
Perioplo, 546

I'cristaUifl, 203
effects of cocain, 203

of nidotin. 203

Starling and Baylies on, 203

Peritoneal cavity, absorption fro

258
Peroxidases, 337

Perspiration, insensible. Colin, 2/

Pettenkofer'8 test for bile acids, 2:

Pcyer's patches, 255

Phagocytosis, 14. 26

in spleen, 267

Pharyngeal plexus, 138

ner%'e, 431

Phenol, 651, 665
digestion, 199, 209

{lancreas, 236

urine.300
Phenol, ethereal sulphate of, 292

Phenyl-acetic acids, 199

-glucosazone, 659

-maltosazonc, b."8

-proprionic acid, 199

-sulphate of jxitassiuni, 665

Phloridzin, 228

Phonatioii, 127
Phosphates, 21 , 665

Phosphoric acid, 379

Phosphorus, 633

Phrenic nerves, division of. 112

Physical charactei-s of blood, I

of chyme. 188

I

Physiological optics, 478

salt solution, 6

!
shoeing, 575

]

Physostigmin, absorption by
' jtassages, 257

action on heart, 53

I Pig, area of intestinal tract, 201

amount of air respired, 116

bile, action of, 225

I

amount of, jwr hour, 2'J

i
sulphur in, 219

blood of, 21

I

time of clotting, 16

capacity of intestinal canal,

comiMJsitiou of body, 314

generation, 57S

ficces of, 208

growth of, 625

i
heart valves, vegetations or

heat lost by, 351

intestinal digestion in, 201

(Estrous cycle, 5H0

ovary of, 587

iwriod of gestation, 615

puberty, 585

inilse-ratu of, 70

relation between Mood-

body-weight, 22

ninnber of respirations, 90

saliva of. 143,150
stomaeh. digestion in, 175

sweating, 277
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1 i>!, uriui^ of, 30',, :iO!i

votiiitiny <it. 17^
lymiiil ill Imir, -Jji

l|j!muiit»„ftl,«b«ly, 044
I'flarsofCrti, 4aa
I'locarpin, aliMiption by air

action on heart 0:i
ill oat, 281
in dog, 2S1
in horso, 281
in man. 281
in secretion of saliva, llo

Pi„
",''"'?'"'>& 280

rmeal body, 270
Piotrowski's TMction, 611
t Unitary body, 270
Placenta. tiOa

cotyledonary, 604
cnmulata, 604
diaeoidal, 604
raetadiscoidal, 601
Jilicata, 604
Polycotyledonoiis, 604
Miiary. 604

llantar cushion, 5)a
1 laaiiia, blood, 2

PlateTeCwtlil^'lT"'"'™''^
Pleural cavity, al,„;pti„„,.„„j-

.
methylene blue, 2,-,i|

Pleurisy, effusion in, 3
in horse. r>4, 120

racunionia, horse, 120
1 neunioaastrio nerve, 15, 430
Pojkilotlicrmal aniniil 337
K°J,"°=l«^'-«'lourless corpuscles, 12Poyicstrous mammals, 577
Polysaccharides. iir,s

I ons Varolii, 437
IVtiadura, seventh nerve, 428

mollis, eighth nerve, 429
Positio.T of the heart. 31
P<«t-n,oit«m rises of tem,,erature.

Potassium chloride in blood, 21m pancreas, 233
lerrocyanide. absorption from

bowel, 259
from air-passages, 25"
Irom cellular tissiu-, 2.',8

.
from skin, 258

in Iteces, 210
in red cells, 327
in sweat, 301. 303, 327
•od.de. absorption from peri.

toneuni. 25H '

salts, action on heart 52
muscle, 379 '

in vegetable food, 663

706

•pus

palb

Potassium si,lpl,„.y„„j,|
, .g

111 wool, 281
I n«(Mpltiii, 26
Pr;ecnieial jjvrus, do^ l,s
Jrepancy, Juration of, 611
irelien«ionoffo,»l, 131

i

'^'noiplc of the conmiou
I

(nerves), 411
I ruuitivc ^'roove, 600

,

slreak, 5y(l

J

Proci'strous period, i;77

j

I riKcstriini, 577
external signs of, 580

: S, 22"*"''"™ """"">"'»'

: Proamnion, 601
Pi-oprionic acid, 207

I Prostate, secretion of, 584
j

iroteid, 167, 631
I absorption of, 263
i

classitication, 636
in plasma, 3
of serum, 3
reactions, 611
separation from plasma, .1

to [wptouf. conversion of, 16sIroteoses, lli;i, 637
primary, Uis
secondai i . 168

1 rothrombin," 18
Prototheriii, 5SS1

IVudo-nuclein, 638
I sychical imwers (ass, do^-, elephant

horse, mule), 418
"I'uant,

teryf-oid muscles, 136. 136
llyaliu. 140. 143, 643
1 uberty, porio.l of, 585
1 uluionary valve. 2y

circulation, 29
1 niso, cause of, 66

character of. 83
explanation of. 53
liatholojjical, S3
rateamTblood-pressure. relation,

rate, variations in. 71
tension. 70
venous. 67
wave, tij

graphic study of, 68
length of. 67
sphygniogram, 68
velocity of, 67

Puncture, diabetic, 230
Purin bases, 296

series, 638
Purkinje, cells of. 31
Purpura, 27
Pyloric glands, 164
Pyrocatechiu. 301. 651
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j|}t|

Quantity of blood in tin- bmly, i'i

RaMiit, divitiiou of i;ervical aymi>a-

tlietic, 75
heart, depressor nervi;, 50
ovary of, TtST

]iuiicri:aa of, 2:i»

jieriod of gestation, (ilTi

saliva of, 14^
syiiilMtliutic nervous syatoni, 117

tiiue occiiiiit'd by circuit of circu-

lation, ii

Kabics, 27
Radiation, 313
Itankiiie on daily work of burse, ,1;!;J

Ratio of ln'art-U'ats to rL'sjiiration, 91

liuageiit, HarfuLHl's, t)5S

Rearing of horse, 532

Reason in animals, 452

r. instinct, 452

Reaction, biuret, till

of bile, 21S

of blood, 1

of contents of stomach, 161

of urine, yOl
Reactions, i>ioteid, of Adamkiewici:,

611
of Millon, till

of Piotrowski, 641

xanthoproteic, 641

various, 642
Receptor organ, 412

Rectum, altsorptioii from, 199

eUicrby. 261
Recurrent laryngeal nerve, 138, 431

division of, 126
sensibility, S99

Ret] corpuscles of blood, 4

Redtenbacher on horae's daily work,

533
Reduced hiemoglobin, 7

Rellex acts, time occupied by, 422

action. 407
arc, 411

Refraction, errors of, in horses, 470

Refractory period of heart-beat, 52

Reiset on gases in expired air, 97

Reiasner's membrane, 499

Relations of the heart, 31

Rennin, 165, 620
Reserve air, 113
Residual air, 1 1

3

Respiration, 84

abdominal nmsclea in, 89
absorption of gases in liquids, 97

acid, aarco-loctic, 119

air, amount of, required, 113
atmospheric, 95

moisture in, 95
alveolar, 116

Respiration, <tomplumental, 113
reserve, 113
residual, 113
tidal, 113

amount '?f ail respired, Housaln

gault, 116
apno'a, 107
ajHtplexy of lungs, horse, 120

argon, 95
arytenoid curtilages, 94

asphyxia. 106

ass, amount of air renpircd, 116

braying of, 120
subcpiglottic sinus of, 129

atmosplieric air, eomitosition ol

95
arytenoideus. 122
liellowing of ox, 129
bleating of nhcep, 129

blood- pressure, effect on, 91

Bohr on CO. in blood. 103

Bouasingault'a tables, 116
' broken wind* in horse, 120

bronchitis in the horse, 120

Bunsen on ' partial pressure,' 9;

carbon monoxide, poisoning by

105
Haldane's cx|ierinientfi

104
carbonic acid, 95

Bohi's view, 103

fate of, 102

carnivora, respiratory quoticn

in, 96
castration, effect on voice, 128

cat, larynx of. 129

voice centre in, 129

ciuse of first respiration, 1 12

Ohauveau on larynx, 129

chemistry of, 114
circulation, effect on, 91

Colin's figures, chest of horse. 8

experiments, seventh \i&\

of nerves 113

guttural pouches, 128

coniplemental air, 113

comitositiou of atmo8i>heric ai

95
inspired. 95

expired, 95
coughing, 129

cow, amount of air respired, 11

crico-arytenoidcus lateralis, 12;

])OBticU8, 122

j

Dalton and Henry's law, 97

[

deficiency in oxygen, 105

j

diaphragm, description of, 86

I horse, rupture of, 120

i

spasm of, 120

I
in, 89
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•^P'""";.. <li«l'lT,i«m, ...ovemenu

(litliiHioii ofgaaeh, 9s
dis»s»iM!iati(m, |iroo<;s« of, 10,i
division or .uvcnth i«iir of

uervea, ll:j
of lihreiiio ncrnis, llv

dog, uniouiit of air miuiroj, U6
larynx of, la!)

minilicr of rcsiiirations, iiO

imssurc in pleural ojvity,

respiratory uiirvra of, 92
voice ccutrii in ciTebral

cortei, us
ay3pn<i;a, lOti

I

ellect of, on circulation, ill
epiglottis, iLTj

I

cx])iration, ss :

muscles of, 89 I

oxiiircd air, mmposition of •-;'.

"m™' '"'"'""''"' niusfles in,

facial sinuses, i) I

false nostril, 92
liutal lung, SS
fietiis, first insiiiratinn in ll-<
«ases, absorption of, in liciuija,

Ualtoii and Henry's laiv 9r
ditfusion of, us

'

'lartial pressure' of liunsen,

glottis, 94, 124
goat, larynx of, i-j'j

number of respirations, 90
Kuttura' liouclics, 128
Haldanc and I,oiT«ine Smith's

results, 119
and I'riestley'scxrierimeuts

117
Haldanc's ex|Mjriments witli UO

104
heart-beats, ratio of, to 91

i^'ll'^-
™l'iratory quotient

hiccough, 130
horse, amount of air rciuired,

ll-'i, 1 Id

apoplexy of lungs, 120
broken wind,' 120

bronchitis. 120
chest of, Oolin's figures, S;,
diaphragm of, 8ti

division of phrenic nerves
in, 112

laryngitis in, 121
|

larynx, 121, 122
neighing of, 129

|

nostril of, 9:1

707

Rosiiiratiou, horse, numl»r of respira-
tions in, 90

pleural cavities of, 84
lueurisy in, 120
pneumonia, 120
liressure in pleural cavity,

roaring, 120
ruiituro of diaphragm in,

spasm of diaphragm in, 120
voice production in, 127
Zuntz and Lchmaun's ex-

Jieriments, 105
hydrogen in expired air, 97
nyiwrpiKca, lOo
inlfueuce of the vagus on, UO

of work on, 117
iusiiiration, 8 i

cause of first. 112
muscles of, 89

insi.iratory centre, 108
tetanus. Ill

insjiired air, 95
internal iutercoatals in, M) 90
krypton, 95
laryngitis, liorse, 121
laryn-\, 122

muscles of, 121
nervous niechanisni o.' r'5
of cat, 129
of dog, 129
of goat, 129
of horse, 121, 122
of ox, 129
of sheep, 129
ventricles of, 129

latissinius dorsi in, 8!*
law of Dalton and Hemy, 97
levatores costarum in, 89
liqnids, absorjition of gases in,

lungs, 84
apople-ty of, in horse, 12U

marsh gas in expired air, 97
mechanism, nervous, of th-

larynx, 125
methylene blue experiment, 102
moisture in aii, 95
movements of diaphragm, 85
mnle. subepiglottic sinus of, 129
murmur, respiratory, 119

vesicular, 119
muscles of, 89
nasal chamber, olfactory jsirtion,

respiratory portion, 93
negative pressure in pleural

cavity, dog, 90
horse. 90

45—
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of

KuBpiMtioii, nejcative pressure

pleuml cavity of alieeii, UO

ue'Hlunn of horse, l'-i9

nerves, dorao-lunibar, 108

fa.;iftt, 108

ftlosBO-pharyiigeal, 110

motor of, 108

nasal of tiftli. UO
phreuic. 108

diviaion of, 112

rtt-urrent laryugcal,

vagiis, 108. I'iS

sciatic, 78

aeveiith iwil', division ol,

na
BUi>erior lar^ngual,_llU, 12^

vaso -constrictor, 77

nervous mechaniam of the

larynx. 125

governing respiiatiMi, 108

nitrogen, 95

nostrils, 92
falae, 92

omnivoia, rcsi.iratory .i^otient

in, 9«

ox, bellowing of, 129

larynx of, 129

number of rcsiiirutions, 90

oxygun, 95
deficiency in, 105

excess of, 106

fate of. in the tissues, 100

inhalation of. in disease,

107

intramolecular, 101

pathological, 120

l>athulogy of 'roaring,' 126
' liartial pressure ' of Uunaen, 98

phouation, 127

phrenic nerves, division of, 112

pig, amount of air respired, 116

number of respirations, 90

pleurisy, horse, 120

pneumonia, horsr, 120

priecnicial gyrua, dog, 128

ratio of heart-beats to, 91

recurrent laryngeal nerves, divi

sion of, 126

Reisetoa gases in expired air, 9<

reserve air, 113

residual air, 113

respiratory centre, 108

chanpes in air and blood, 94

exchange, 104

influenced by age, 104

by food. 10.=;

by muscular work,

104

by temi>erature,

105

Respiration, respirator}; exchange, i

lungs and tissues, 9(i

nmrnmr, 119

passages, abaorption fror

257
Huotient, carnivora, 96

Iierblvora, 96

oiiinivora. 96

ribs in, 85
roaring, horse, 120

|>athulogy of, 1 26

rumination, eJVect of, on, 90

rupture of the diaphnMui, hon

120
siiRiulactic acid, 118

scaleni muscles in, 89

scrratus anticus in, 89

iiiiignus in, 89

(Kjsiicus in, 89

hhocp, amount of air renuiii

116
bleating of, 129

larynx ot, !29

uumlwr of resiiirations, 9

presauro in pleural cavi

90
snee/ing, 129

ai)a8m. diaphragm, horse, 12C

subepiglottic sinus, asa, 129

mule, 129

Suasdorf on division of pliren:

112
tetanus, inspiratory, 111

thyro-arytenoideua, 122

tidal air, 113
'

tranaversalis costarum in, 89

triangularis sterni in. S9

vagus, inlluence on, 110

vesicular munnur, 119

voice, cerebral centre for,

129

dog, 128

eifect of castration on, 1

production, 127

work, influence of, on, 117

yawning, 129

Zuutz and Lehniann's cx]

menta. 105, 114

Respirations, number of, 30

Resting muscle, changes in, 3ti9

Rete mirabile, 81

Reticulum, 174

Retina, 455, 462

i Retinal image, formation of, 484

\
Rhodopsin, 463

1 Ribs, in respiration, 85

Rigor mortis, 379. 631

Rinderpest. 27
* Roaring ' in horses. 120, 126. 4'j

Roger on tomitositi'm of fivces, '2



INDEX

Rlen'/STr"''™'''"'™'''^''^'

ellect of, on rMpiration. 80
Honrenson, 180
meohanwmof, 182

Kummant,, i„t«ti„al digestion in,

Htomaoh digostion in, 172
nervous mechanism or. 19ii
trouble in, 21

:

Rupture, 217
ofthodiapl,r,gi„, horse, 120
of the heart, M
of the stomach, l.");l

Saccharose. 6r>7 i

Saccule, 19!)

Saliva. 1:J9

amount of secretion ];J9
chemical characters,' 140
Meade Smith on, 14.1

uon-amylolytic action of in
herbivora, 14.3

I%sical characters of. 1 !0
Mltsof, 140
secretion of, 144

nerve control of 1 1

1

use of. 142

Mlkowaki on urine,
.)0.'l

s.i. 1

,":'""I»»itMn of urine. .!07

Salts, absorption of, 26:)
"1 nutrition, :J16
of blood, 21

Sarco-lactic acid, 6;';1

in muscle, ;i74

sarcolemma, .3.12

Sarcomere, 35.3

Sarcoplasm, .3.13

Sareosine, 295, rtl.l

.Sarcostjles, .3.13

Seala tymjani, 499
veatibuli, 499

Scaleni in resjuration, 89
Jchalers views on muscle 3.1:1
'schematic eye. 478
Schimdt, analysis of ,«„„,,„„.^„,,.|^

Sciatic nerves, 78
.Hclcrotic, 45,1

Scratch reHex, 414
Sea-sickness, horse, 180
Vbaceous secretion, 282
li'buni, 276, 282
Sicretin, 1S7, 223. 23.3

of Starling aiid Hayliss, 23.3. 2P ',
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Secretion of gastric juice, 162
nerve control of, 169

of jietisin, 1.12
of saliva, 1 11

Seer..^tory nerve,,, Heidenhains view.

Selfdigi'stion of the stomach, 177
Semicircular canals, 497, .102
Semilunar valves, 29, 3

1

Seminal vesicles, .secretion of, r.H t

Seminiferous tubules .183
Sensory areas of brain, 411
Serous cavities, 243
Serratus anticus in resj.iration, S9

maguus in respiration, sst
1 liosticiia in roapiiation .19

I

Serum, 3

albumin in li,,uor sanguinis, 3
1" lymph, 24.1

precipitation of, :)

globulin in liquor sanguinis 3
I'recipitutiou of, 3

proteids of. 3
globulieidal action of 21

Seventh pair cranial nerves, 428
Sexual intercourse, 586

ova, 592
season of animals, .17?
spermatozoa, .192

Sheep, amount of air requireil, 110
ofheat produced, .3.11

bile, action of, 22r»

"mount of, ]ier hour. 224
'peeilic gravity ol, 218
sulphur in, 219

bleating of, 129
blodi, time of clotting 10
composition of body 314
fieces of, 208
fretal, gases in Wood of, 613
generation, .178

growth of, 625
impregnation in, 593
intestinal digestion in 201
ins of, 458
l-irynx of, 129
mastication, 134
milk, analysis of, 620
numlier of respirations. 90
"'sopbagua of, 138
'cstroua cycle, Coodall 579
ovary of, 587
Iieriod of gestation, 61.1

'•rvif;;,"o^8ative. in pleura,

puberty, period of, 585
pulse-rate of, 70
relation between l,l„«i. an,i

bwly-weight, 22
sweating, 277
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3heep, temperature of, 830 '

urine of, 309
uterine glands in, 014

Sherrington on tlio labyrinth, 60a

Shoeing, physiological, 57fi

Shoulder-joint, 612

'Side-bone,' oauM of lameness in,

563
Siedamjjrotzky on effect of clipping,

349
on temporaturei, 338

Sigmoid valves, 34

Sight, 464
aberration, chromatic, 483

spherical, 483

accommodation (eye), 468

Helmholtz on, 467

allele, visual, 48&

aqueous humour, 45S

astigmatism, 457

horse, 469

atropin, cat, 4iJ8

dog, 468
effect on iris, 4S9

ho»e, 468

Berlin, eye measurements, 480

blind spot (retina), 463

binocular vision, 473

cartilago nictitans, 477

cat, atropin, effect of, 468

emraetropia, 470

iris of, 458

choroid, 455, 461

ciliary muscle, horse, 461

effect of atropin, horse, 468

processes (eye), 468

ZODO, 461

chromatic aberration, 488

cocaine, effect on iris, 459

cornea, 455, 457

corpora nigra (horse), 460

cow, refraction, errors of, 470

dioptrics, 480

dog, iris of, 458
emmetropia of, 470

emmetropic eyes, 468

eserin, effect on iris, 459

EversbuBch on iris of horse, 459

eyeball, movements of, 470

muscles of, horse, 471

eyelashes of horse, 477

eye, schematic, 178

structure of the, 4ri4

fishes, sight of, 468

focus, lenses, 482

gland, Harderian. 477

lachrymal, 477

gland, Meibomian, 477

horse, area of acute vision, 46

1

fundus ocoli, 465

Sight, horse, iris of, 458

myopic, 468, 481

refraction, errors of, 470

retina of, 465
•wall-eyed,' 458

hypcrmetropia, 469

iris, Langley and Anderson o

457. 458
katoptric test (eye), 467

Lang and Barrett on cilia

muscle and atropin, 468

on errors of rcfractic

470

lens, 457, 458

lenses, passage of light throug

481
ligamentnm peetinatum, 456,

4

inhil)itorium (iris), 460

membrina nictitana, 454

monocular vision, 473

morphia, effect on iris, 459

myopia, 468

nerves of ocular muscles, 472

ophthalmia, sympathetic, 45.':

ophthalmoscope, 464

optic disc, 464

nerve, 454
! decussation of, 455
I ox, iris of, 458

papilla (retina), 464

physiological optics, 478

redaction, errors of, in hor:

470
retina, 455, 462

retinal image, formation of, '.

rhodopsin, 463

sclerotic, 455

sheep, iris of, 458

spherical aberration, 483

tapetum lucidum. 4,^i7, 461

tears, 477
theoi^ of vision, 484

visual angle, 485

purple, 463

vitreous humour, 456. 462

wild animals, hyi«rmetrc

470
yellow spot (retina), 464

zonule of Zinn, 462. 467

Silica in dandruff, 28:J

in fseces, 210

Silicon, 634

Sixth itair cranial nerves, 428

Skatol. 652
indigestion, 189. 199.209

jtancreas, 236

urine, :100

Skatoiyl-sulphuric acid, 652

Skin, the, 271
absorption by the, 258
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Skin, Arloingon swratiD^f, 281
atropin in sweating, 279
Houlwy on vaniiHliinK '281
calciiini oxaktfl in, 28:t
cut, hair of, uTtl

pilocaritiii in, -^S]

Hweatinj,', 27"

ex|wrimeiital, 27it
cat-liaire,' horao, 273

c itorophyll in (landrufi; l>S:j

c'limtinK horses, 27.'.

Colni^on insensihle jwrapiration.

''T?'?"'""'*
of sweat of horse.

dandruff, composition of, 283
dog, hair of, 27fi

pilocarpin in, 281
sweating, 2'"

donkey, awcatinu, 277
Durham, researches on hair lilt-
ment, 274 ' ^

cfrect of varniahinfT, ^^^4
Ellenberger on varnishing, 284
(.randeau on amount ol sweat,

hair, 272
cat, 276
dog, 276
horse, 272
clipping of, 275
l>ermanent, 273
pigment in, 274

horn, 272
horse, 'cat-hairs,' 273

dandruff. 283
hair of, 272
pilooarpin in, 281
sweat of, composition. 27S
sweating. 27ti

thrombosis of iliao arteries,

insensible Iwraiiiration, 277
lanolin in dandruff, 283
mechanism, nervous, of sweat-

ing, 279
melanin, 274
Mendel's theories of heredity,

mule, sweating of, 277
nitre in veterinary practice, 2.S2
nerve ' sweat centre,' 280
Ncwsom's calculation, hair ol

horse, 278
ox, sweating of, 277
parasitic disease, 284
pathological, 284
IKtrspiration. insensil.le. Colin

on, 277
pig, sweating, 277
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Skin, piginunt in hair, 27

1

I'ilorarpin, action of. in cat, 2SI
in dog, 2S1
in horse. 281
in man. 2«1

in sweating, 280
iwtash in wool, 284
respiratory function of 284
selwceous secretion, 282
sebum, 27ti, 282
slH-ep, sweating, 277
-silica in dandruff. 28:;
'ftuint ' in wool, 284
sweat. 276

amount of, daily, 277
tlrandeau on amount of, 277
horse, composition of. 278
urea in, 279

sweating, Arloing on, 281
atrijpin in, 279
nervous meclianism of, 279
pilocarpin in, 2S')

thrombosis of iliae' arteries in
horse, 281

tyrosin, pigment from, 27.''.

tyrosinase, 27r)

urea in dandniff, 283
in sweat, 279

varnishing, etiVet of, 284
Warrington on jKitash in wool,

Smell. 48.1

Smith. Meade, on saliva, US
Sydney, on instinct and reoson

4.12

Smooth muscle, phenomena of con-
traction, 3S0

Sneezing, 129
Soaps in lilood, 20
StxliHiii carlwuate in blood, 1. 21

in pancreas, 233
'•liloride, action on iilasma 3

in blood, 2, 21, 22
in digestion, 212. 219
in jtancroas, 233

pJios]»hate in [wncreas, 233
in blood, 1, 21

in Wood plasma, 327
in urine, 301
salts, action on heart, t,2

in vegetahle food, 663
.So<la. glycocliolat*', 221

taurocholate. 221
Sole, 550

use of, r)66

Solitary follicles, 255
Homatopleure, 600, (ilO
Sound, the natm-e of, 495
Sounds, cardiau, 40
Si»sni of the diaphragm, horse, 120
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SiKivin, position of, .110

Siwcial L-entrea in the HUinal cord, 4i1

Si«ciii(! Kravity, >>lood (do«. liom'.

ox, sheep, pig), "^

bile, 21

H

Spoctnwcope fe«t, hwniogloWn, 9

Si«ctrum ot <10 hiBmoslolun, 10

ol hftiinogl<it)in, 9

of oxy-ltiHniosloUin, 1*

of hivniAtin, 11

'Speedy-cutting,* horao, ril2

SiMjrniatic Hiiiil, .'-S^

H|>erniatol (lasts. 583

Spermstofjon, TiSS

Si^nnatozna, C83

Spherical ak-rration, 4S3

Sphincters. 212

Spinal accessory nerves, -lai

cord. :J91

nerves, 39'2

funotion of, 399

Splanchnopleurc, 801. 008

Spleen, 268
enzyme in, 207

use of, '267

Splenic artery, leucocytes in, 12

vein, leucocyte« in, 12

Stag, rutting of, 581

Staining of leucocytea. 13

Standing, act of. horse, 521

Stanford on locomotion in horse, "^i^

Stapes, 497

Starch, 655

of plants, 142

proteid-sparing action ol, 320

Starling on lymph production, 2-19

on pancreatic extract, 23;'.

and Haylias on peristalsis, 203

and Tubby on absorption, 2;'9

Starvation, 329

Steapsin. 234.236

Stearic acid, 6 '.2

Stearin, 6.')3

iu blood, 20

in milk, 620

Stepping rellex, 410

Stercobilin. 210. 221

Sterno.niaxiUftris nmscl", 136

Stille-joint, descriptio.. of, .Ml

discussion of, 508

StillniBU on function of suspensory

ligament, 513

on locomotion in horse, 522

on nmsclos of propulsion, 506

Stokes's tluid, 9

Stomach absorption, 176, 2.^.9

acids, 161

calculi. 210

contents, reaction of, 161

digestion in dog, 176

Stomach, digestion in horse. 150

ill, periods of, 171

in pig. 175

in ruminants. 1/2

gtses of. 17H

movement" of. ISl

nervetof. 185

of dog, horse, pig, ox, l-'O

of llama. 182

[touch of I'awlow, M"
rupture of, 153

lelf-digi'stion of, 177

Storageof tissue, 328

Storeh, venous system of hoises fool

573
Strangulation of the bowels, 215

Stratum i>erii>atale. 513

vasculosnm, 513

Strmunjl'^"'*''"'"'**"'
'*'*

Structure of muscle, 3.'2

of nerves, :>83

Strychnine absorbed \>y pentoneur

2.-.9

by pleura, 259

clfcct on braiu._445

exi>eriment3. 177

Iter rectum, 199

Stylo-max illaris muscle. 136

Subepiglottic sinus of aaa, 129

of mule, 129

Sublingiial gland, 139

Submaxillary ganglion, cat and il»

127

gland. 139

of dog, 144

Subsistence diet. 333

Succinic acid. 209

Succusentericus. 186

Sucking, 134

Sutfraginis. fractnro ot.

Sugar in Mood. 20, 226

inver' t"58

supply, how regulated, 229

tesU for. Hilttcheru. <i61

lermentation. iJiil

Moore's, 661

picric acid, 661

Trommer's, 661

Sugara. conversion of, 228

Suint' in wool, 284

Sulphindigotate of soila, 290

Sulphur, 633

in bile. 219

in body, 665

in hair, 327

in nutrition. 316

Sulphurettod hydrogen in large

testincs. 20a

ill gioniach. 17'*

Sulphuric acid, 231

rAS>
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Huiiimati.iii )f contraction., iliil, 31,0
nuiKjii.ir Urynneal ni-rn., 13» 131
»ii.|^n.„ry li««nic„l, lunctkiji of

7l!i

SiiMdorfondivwionniphn.,,;,,
on iirojKjrtion ol bio.1; . u V, uiuml tit liodv-

anstentocular cell, ,',83

HKalloivinK centre, 138
Sweat, 276

amount or daily, a?;
ventrun in cord, i-Ji

Grandeau on amount of, -177
norw), coui|iositiou of. a78
urea in, 2i'J

SweutinK. Arloinj; on. asi
atl-opin in, 27ii

pilocarjiin in. 280
nervous mechaniam of. JTJamae, tcniix-rature of. 3:10

symjiatlietic system, nerves, 118
Synapses, 112
Synovia, 507
Syntouin, 188
Syplion-trap of duodenum. l.'-,3

systemic circulation. 29
Systole of heart, 35

Tactile cells. 391
sensations, 491

Tai«tuni luoidum, 4.17, joi
Tapiioiner on cellulose. 171
lartar emetic, 180
Taste, i89

of tflood, 2
Kobleta, M'KenJrick, ISli

Taurine, 222, 379, M6
Taurocholateofsoda, 221
Taurocholic acid, 645
Tears, 477
Teeth, horse, 132

ox, 131
sheep, 131

Temperature of the lilood, 22
tohn on, 338
normal, of animals, 3,38

Jemiporal muscle, 136
Tendon reflexes, 423
Tension of pulse, 89
Tenth mirofcnmial nerves, 430
leregon urines, .108

Termination of nerves, 391
Testicles, 583

,
elfeot of removal of, 68'

lost, f.melin's, for bile. 220
for sugar, 861

Tetanus, 382
inspiratory, lu

lexaa fever, orijaiiio!,. ,.f -'7

iiialami ojiiici. 437 '

'

rhei,rio« ol uriuaiy secielion. 290
of vision, 4,-, I

I bird |«ir cranial uerves. 12.",

Thirst, 4114

Thoracic duct, 243
Thrombin. 18
Tliiwiibosi, of iliac arteries in h„,.,e.

Thymus. 209
gland inlluen.e of castration on.

Thyro-ar^tetioid,.ii,s muscle. I;;-'
rJivroid j{lau,i^ -jfifi

Tiilalair. ll;j

Ti}(i>r, iiiteHtiual canal ..f, 2UI
lisaiicprotei-lof Voit. ;iHt

storaaf of, y^.**

T'liiKuo. dofi. IiorHc, ox, l:t:j

iiioveniciitH of. ];;:(

nerveaoC, lya
ToR-y on jimwth of calves, ii-jr.

I"ii>;hiies8 provision for, in foot, r>:,0IrucUin theapiniilcnnl. 401 10;i
Iraimnx, '"7

Tmnsmaioii, solution uatil for t;

ImnsversaliscosUrum in respiration,

i

Triangularis stcrni in respiration, SD
' Triun-spd valve, -J'i

Tropinc .^entn-M in uoid, 4-'i
. Iioplioblast, 001, H0\
' Trot of horse, .'.:i4

' Tryi«in(i8oinc», 27
Try|»oplian. 2:Jti

Tryjain, 1,S7, 2:J4, «l;i
Iryiwinoj/t-n, isr, I'yi

I
Tunica aHiuginea, ."iS-}

j

tibrosa. 5S8

J

Tiirck, column of, 40;i

' Twelfth pair cranial nerves, Hii
lympanuni, 497
Tymjtany, l'U

!
Tyrt-iu, tiL'O

' Tyroffin, 6/10

from proteid, :ils
in fiBcea, 209
in ."tiwrmatic fluid, 'tS4
in urine, i!9a

j

I>ancreas, 236

,

pigment from, 27.'

j
TyroHinase, 27r>

Uniliilical cord, 60^
Urachus. ti07

Urea, as nioaaure of work, 2\il
description of. d47
ill allajitoic fluid, (JOS
in blood, 20
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IJrei in (Undrulf, '^8 *

,11 HvtT. T\\_

in niiiwle,. ;i"i*

in iwent. -7"

ill nrine. ..'"i

hViitheaiM of. rt4S

varifttioHH in amount of, 2iiB

llrahra, ai'i

Uric iici<i, 20. 29^, «41t

Urine. <!i^&

ocid. Miwrtii', -AWi

iHjnzoic, 'iivi

Livliig on, '2W

f>ly(;uroni'^ ^lOl. all

lil.imrio. 2U2, a02
'

' ,,ro.lu<tion of. -m
oxalic in. :i'tl. Jit)2

|»lio»pK*lo of Bo*U. aO&

Iihrtnjihorii: in, ;iO;(

Hulphuiic in, 3oy-2-3
^

uric, orinin of. -!"-. 21'-'

Adenine. 2l4i(

aniido-bodio*. 293

timnionia in» :i04

MtlU in, 21'?

iinimouiiun carbamate, iOo

carbonate in, :tU4

llBllini, duct of. -iHU

BibchotV anil Voit on urino ot

dog. 311

bladder, urinary. 311. 312

blood, amount of, through kid-

ney, 289

Ilownian, caiwuU- ol, 28/

calcium In, 301

chlorine in, 303

colourinj^ matter of, 301

composition of, 292

conswtcnce of, 30tl

creatinu, 292

creatinine. 292, 2911

cresol. 300
ethereal sulpliRte of. 294

discharge of, 311

doif flxmrimenta on kidney of,

'isfi. 290

kidney, blood through, 289

urine of. Bischott' and \ oit

on, 310

excretion, definition of, 285

Fischer. Emil. on imrin. 29rt

glycine. 292
glycocoU, 293

Henle. ascending limb ot. MV
loop of. 289

horse, salts in. 301

colour, 306

odonr. 306

quantity. 30B

solidii, 306

^rino. horw!. niwt:itic gravity. 305

hyioxaiithine, 296

indlcan. 300

indol. 300
. ,_,^

inorganic lubiitancex in. 301

kidu«y glnmeruH, 2Hti

Malpighian tiifU, 280

itioveniflUtit of. 2Ha

imthological. 313

utructurt of. 2Htl

uriiiiicrous tubules. 2Bt>

leucine. 293
ieucocytlwniia, 296

niagneHium in, 301, 303

micturition, act nf. 313

Moelleron, tif -alven, 309

Muuk on nlnmi'liatM in, 301

on ox. 30H

nitrogenous BulHtame", 292

oncometer of Koy. 2Hri

itheuol, 300

ethereal hulphate ot, 292

nig. urine of, 30.''i. 309

(Wtassium in, 301. 303

purin bases, 296

pyrocatuchin. 301

reaction of. 304

Salkowski on (chlorides). 30,

uompoftition of. 307

naruoaine, 29&

sheep, urine of, 309

xkatol. 300

aotlinm in, 301

sulphindigotate ol soiU. 290

Tereg on urines, 308

theories of urinary secret

290
tyrosine, 293

I

urea as measure of work. ^.»

I
variations in amount of

1 urethra. 312

uric acid. 295
formation. 296

urobilin, 301

urochrome in. 301

vascular mechanism of ku

2S9
Woltf, E.. on, 306

xanthine. 296
', Urobilin, 11. 301

' Urochrome, 301

'i

Uterine milk. 614

Uterus, changes

ifistrum, .181

I

Utricle 499

Vagina, absorption from, 258

' Vagua. action on small mtei

I

205 . . .

I
and secretion of gastric jui^

during
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Kravity. Mi

liceH in. Wl
i, at«

tiifu. '^811

of. aSO

1. ill;l

:. asii

tul.ulua. M'<

;I01. :10:1

: nf. ;ll:)

:itlvi.'>. :>0I'

ihatn in. 301

tstanren, '21f^

oy. "JHri

il|ihati> of. '^9-

)(J1, :103

l»

101

4

uliloriiltjii). ;i03

on of. m
f. 3011

te of soiU. aOO

irinary iwcrelion.

ire of work, 'ilt'i

8 in amount of, 21)5

lation. *2IHi

1.301

ihanisni of kidney.

1. «06

in. during [iro-

ion from, 25a

an small intestineB,
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'l"riiiislati>d by

m,.s Law. K.R.C.

it'i'inary College,

• voliiiiii'x.

„( I lie Ui'si'ira-

liiod V.-ssels and

I',,. Tu-l. I'loth.

..Mils, l.ivor. Pan-

loth. *4.00.

;iiid llenerative

Ml :
Coiistitiitiona!
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andloliee. I'p. (.,... Cli.th. .+4110

Wm'^' '"'"'"" "'"' '"'-i'-"'- IV. -id. Cloth,

LFAU..\St\

r'TZnr ri! "r°",?^
Oland in Domestic Animals. Mv

Trans!,,,, |,.|J,„;",.,;""';^-\'-'"'-;v"7
-•'""'• ''> ^

KK.C \- s K li s .•
r , -V..^"""'

•'' "s.ir. .\.\M).,

trations.'('|,,;i,.il.,.-;'' ^ ""
'

I'' '" ^ "" "i'l' •'-' l""x-

LKOfiK.
Cattle Tuberculosis. .\ lv,„.ti,-,l cnii , ,, ,
•;v^-' ai.,iM,.,,, ,,,.,,,.,,,,:'';;'V.M ,.:;,. '^v''"mo''

i«'6-!»a ami ih^.,:id "i: ':;!;• k'^/tt':'
"';''"7-""!j2

""^'•^' "••'"'i^'— •oi,,,.,.,,;,,,:.-,.;:^::.
'^y^^i;

"

LIAITARI).

J?J^:!,rrfr,>,;^,-rx;;:;;!,,r't:'--

rH,.e '^^r'"'"" "^ """"• "^- -^^ '-'""•"'I- M.h, vs.

Manv.ai;of operative Veterinary Surgery. Ky .\. ,.,„„„,,,,

lions: l-i-i;.,. Vl!oo
I'^'^'-ai.d ,„.,„.u. unsu:^.

"d Pe"rios?osUo?T.iM^,f ^J""'?'
^"' "^ Chronic Tendinitis

Transhit,.,! nitl, ,„|,|ii m,,,,,! ,„.,, ,;.h„i, ,,.,'ii';- i^'
."";'

LIXDS.W.

Book of the Pig. Ik s,.|,.,.ii,,i, p., k,,,, , ,

I.OWK.

i>ri'To\.

Hopes: Sound and Unsound, with ,|„. ].,,,, ,.,.|ati„.' t„ s-.i,.,and \\„rrantr.v. ])y .1. Irvine l,„n,„„ K ;Vvs -MI
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MAONER. . „.„. jjv I), Miidiier.

Li^iitlii-r binding. $6.00.

"^'Sof the CI^ °^"?^r ^^'^S'^K"
of Domeitic Animali. U>

' ™;^ ^,, revised oditior

*:i.oo.

MAYllKW. aetMirnte and detaiU

A DissiH'lii'i lliiidi' liv .1.MKADYEAN.

mid iniiniM-niis "thiT h-iii^r.iMu),:..

Bi;;;^es:;rH::.:;.'i;;do;ur;va.M..^^^^

[r:::;;;„;^•:;;;;;:'r^,::;^;; :;;;:^
V -sd..;.^

,'l!,tV'. :!T!l |iajr<'s. IVii'.'. +l-i->-

^'"ii:;:e:lvete«S..e^,_an.Su^.
,.,„tvss..vs 1,. .\. ^'; '

I
,• (muM'rii.i ..f til.' V,.ten

"'^^;;;«:Den«stp ana Dise.e. of the^Mouth. JV >;.
-

SiM-i't.v. ite, I p - -
.|::i.no.
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Mirj.KH.
Oiieaiei of Live Stock and their Moit Efficient Remediei.
H.v H. K. .Mill.T. O.V.S., I'l-i'siiliiit „f the liiited Slatos Vet-
iririar.v Assoeiation

; Willis 1*. Ila/afil; A. Liaiitard Ml)
Hon. K.K.C.V.S.; and Llovd V. Tcllor, .M.I). A I'opidar
(Jiiidc for the .\ledi,.|il and .»<nri.'ical Ti-oalincnt of all Do-
mesli(t Animals. inclndiiiL' Ilors.'s. Cattli-, Cows SIh'mii
Swine, Fowls, Dots, etc. 5l'4 pM!;.'S. With KIT lllnstnitioiis!
Price. :^:t.m.

MILLS.
A Test Book of Comparative Phyiiology. hor stndcnts and
practitioners „f Voleriniiin Modicine. »v W csh.v Mills,
M.A., M.I)., V.S.. Professor of IMiysiolotrv i',, the KiiViiltv of
foniparativi' Mnliciii,. and Human .Mediiine in M,.i;i|| mi-
versity, ''icmtreal. Small Svo. Ch.th. .•(i:i.iHl.

MILLS.
The Dog in Health and in Disease, Ww revis.Ml edition. Uv
I'rofe.s.sor Wi's' Mills. Willi niim,M-oiis fine Cuts ami Kii-
tfraviiiL's. llaijcls..Mii,|,v Imiind in duth, $-2:i:>.

MITCIIKI I,

rieih Poods, Ity C. .\. Milelwll. K.liCM., with methoils for
their Chemu-al. Mi,-r,,seopi,-al and Itaeleriolouic.al Kxainiiia-
tioii. 1-Jmo. Illiislrated. Ch.lh, +:).iiil.

MtlLI.KR.
Operative Veterinary Surgery. 1!> Prof. Dr. II. M„||,.r. Ber-
lin. Translated and edited from the sceipiid odition (enlarg-
ed and improveiO liy ,lohn .\. Dollar. .M.R.C.S. 8vo.. 8,>S
paires, .SI.") Tlliislratioiis. ^tH.iNt.

M()SSKI.MAN"-l,lK.\ArX.
Manual of Veterinaiy Microbiology, liy I'n.fessors .Mossel-
iiiaii and Lieiian.\. -Nat. ViMerinaiv Cdl'.'L'e. Ciirej;heiii. Hel-
i-'iiim. Translaterl and . .lited hy I{. K. Dinwiddi.'. Profess ,v

of Veterinary Seieiiee. ( olleire of A^rri.-iiltiin'. Arkansas State
I'niv.Tsity. Size, 5.( x S. :)+_' pair.'s. riliistrnt.vl. Cloth. 4i-.'.(K).

Morssi .

Diseases of Cattle, Sheep, OoaU and Swine, s.-, Di.ilar.'

XEIMAXX.
Parasites and Parasitic Diseases of the Domesticated Ani-
mals, Hy Prof. L. II. XeuMianii. of Hi,- .\atioiial V.l.rinary
School of Toulouse. Fraiiei'. Translatod hv (Iimi. Klemiii!;,
F.R.C.V.S. The most eoiiipl.-l., and eompreiiensive work im
the sub.jeet. lieiiii;' divided into ..i^ht sei-licuis, viz. :— Parasilcs
of Skin. DJL'estive .Vpp.iratiis. Circulatorv Apparatus. Serous
Memhraiii.s Hcspiralory .\p|iaraliis. .Muselos. .Vorve ('.iilres.
lieiiito rrinary (Irirans. With .^7:i pau-s ami :!li.'i Illustra-
tions. Price. .+(;.."ill.

XKWTOX.
A Dictionary of Birds. l!y Alfred Xewion. with anatomi,-al
descriptions I,..- II. F. (iadoii. With Illustrations. Sv,, hla-k
I'rici'. ^iK.iin,
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^'"'i^i' Animal Tub.rculo... and th.ir Relation t„ Human

Tuberculo.!.. "^
^l.^-^-^, J!;; :ir'^;i' n 0,n>;' 12,,.^

Cnllt'tre. I r!iiiMUiTi'<l n\ II. :^( unit lii. *''»

diitli. 14:) piiKi'S- I'rici'. *100.

MNN.
Veterinary Ophthalmology. Hv Vot. I-iiiil- <'"' Niiiiii-.I''R

r V^MJSrTc .T' be.i.t.v fi.noral Ar„,y V..t,..Mnao

tiiins mul I'liit.'s. I'ricM-. 3.7.-..

Bv Coloiifl J. A. Null". ('.IK

K.U.S.K.. Army Vi't.-rinai'.v IVpartimiH

NUNS.
Veterinary Toxicology

D.S.O.. F.K.C.V.S.,
-^^ '

111 press.

^^
Handbook of Meat Inspection. By Rol...rt <':•!;>'»•' ^''

J"

I'lit) With nil introaiietion by Jclin R. Mihl<i. N -^'l

Vu' T..'w..rk is exhaustive ami au.horitalue a.„l has ,

„iee heeomo the standar,] authority upon
»!;;;

«"
; >:;

„n.l edition, revised 1!10... Si^o. O^xii- ^-^ l'"-'^'
"

Illustrations and 1 Colored I'late. Clotli. *..,.(!.

Uy (apt \V.

IJv

nlari!

I'ALlilN'. ^ ...

A Treatise on Epizootic Lymphangitis.

Fallin. IvH.CV.S. Clotli. *l.'i'.

P \TON
Essentials of Physiology for Veterinary Students.

Noel I'aton. M.D. Priee, *3.00.

The Book of the Ooat. Third edition rewritfn and e

o-j:i panes. Illustrated. Cloth, $1.M.

^'^"''laeton Neurotome in the Treatment of Chronic Tendii

and Periostosis of "the Fetlock. ».\V/ '^."'^^'"'^^', l'^' *
„V Clinic and Surp-ry to tlie Alfort \ oterinary School. *1

PETKKS
Guide to Practical Meat Inspection, Including Examina

^^ Trichina Rv IJr F. Fisc loeder. Translated Irui i

llsUi^n Jd^tion l.y A. T. Peters. D.V.M., Un.versit

^e^MetUs^ofMnk Inspection for Physicians Chen

Hv!tienists and Veterinarians. By Dr. P. Som.nerhck .
Ti

K°y A. T. Peters. D.V.M.. University of Nebraska. I

*i.-jr..
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<JI IT.MAX,

TMi°colo.r^' Tfv'rr'' "?""'* "•^'"' Th.rap.utioi androxlcology. liy Kilw,,, ,.. ,;,„„„„„ M,,,. ,.,„,,,„,,„,.

V.M .riniil
'

'''ll
"'',1 1'"" "'"' ''"'i''"l"^'.> "I III.' I'liiniu,,

^';^::^V;!z;•:Un;:;,i,;;:^-r;,,,;::v;:-;;:^l•;^;

RKKKS.
Oiieasei of the Foot of the Hone; Tlicii- Cans,., Svni,,, ,

r.;,;:an;;s::ir.,!:;-%:.;:--;,!i--r'--
REKKS.

The Common Colics o| the Horse: Tli.i,. (•„i,s,.s. Sv,ii„t„i,„)u,KnosiH an, Treatment, li.v H. c,.,,:,,,,, k,.,.,,' V C V SI'p. x,v 4- ->-M. With 10 ,„.i.i„„i iii„s,,,„i,„„.'^ I v;.,.. *]..w:

REIffllAKT & .lEWIXCS.
Anatomy of the Cat. \ii intn„i,i,.|i,„i t„ JlaMimalian \natomy. I .V Vnfs. .;. l{,.i,,l,„,., „,„, „, s. .IcnniiiJ ,t I'lnv" :
ity of Jlichiirim. »(vo. llliistnit,.,!. (Moth. +4.0(1.

Ri VXOLDS.

HSr.«'*''it''°p"'!
Breeding and Management of DraughtHorses. Kv R. .s. Ii,.y,i„l,|,s. M.K.(;.V..S. 104 pai;..s. ("ftT,,

RICH.

Artistic Horse Shoeing. By I'n.f. (ieurj,',. i:
*1.00.

Rich. I'l-ico.

RKilAKD.SOX.

Mioi I 111.'. It contains Illii.stnitions of |M..,pHi. sin s of shn,.s-

vent Intci-tcriiii; oi- Over-, I,;,,. ,„„| i,,,,, ,|„„| ,/•,,. I
inft Corns. I'rice. .+].0(.|.

oi m .ii oi n, ,,t-

ROISKKiiK.

Foot of the Horse Or I.anieness ami Di.seases ..f th,. K„otraee.l to an nniialaneed foot l„„ie. pivvnteil or c red n^alaiicm, the foot. Hy 0,.vid n.,.U 8vo ei;:;.^ Vr,^

RUSinVORTII.
Sheep and their Diseases. By W. A. Ruslnvorth D V v

(...VA. .vooiid clition. Pp. 410. with 52 Illustr,.tiT,ns. $S
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SALMON'.

American Report on Diseases of Cattle and on Cattle Fee

iag. I'roparpd under the direction of Dr. U. K. Siilnid

Chief of the Bnreau of Animal Indnstry. \Vasliini;ton.

one oetiivo volnnie of 496 pages, containing 46 full-page C'

ored Plates. Cloth. *1.75.

American Report on Diseases of the Horse. Prepared und

the direction of Dr. D. E. Salmon. In one octavo volume

560 pages, containing 44 full-page Colored Plates. Clo(

!)il.75.

SISSON.
Ligaments and Muscles of the Horse. B.v S Sisson, 'S

.

Demonstrator of Anatom.v Ontario Veterinary CoUegi.'. 1

ronto, Canada. Price, "."i cents.

SMITH.
Manual of Veterinary Physiology. 15.v Colonel F. Smi

C.M.t;.. A.V.D., F.R.C.V.S., F.I.C., K.Kaminer in Physiolo

Koval College of Veterinary Surgeons. Second edition. W:
120 Illustrations. $3.50.

Manual of Veterinary Hygiene. Tlrrd edition. 1036 pag

With 225 Illustrations. $4.50.

STEEL.
Cattle Practice. A Manual of Bovine Pathology. The™
exiianstive work on the subject. By J. II. Steel, M.R.C.V

Especially adapted for the use of students and practitione

Xumerous Illustrations. 8vo cloth. Price, $4.00.

A Treatise on the Diseases of the Dog. By J. H. Steel, M
C.V.S. 8vo cloth. Price, $2.75.

A Treatise on the Diseases of the Sheep. By J. H. Steel. M
C.V.S. Being a Manual of Ovine Pathology. The only sti

dard work in the English language on the subject, w
numerous Illustrations. Bound in handsome cloth. Lai

8vo. Price, $3.00.

STEANGEWAY.
Anatomy. Fourth edition. Revised and edited by Prof.

Vaughan. F.L.S., F.R.C.V.S. 597 pages. 218 Illustratio

Bound in cloth. Price. $4.00.

SUSSDORF.
Veterinary Diagrams for Lectures, showing the position

the Viscera in the Large Cavities of the Body. By Prof.

Sussdorf, M.D. Translated by W. Owen Williams, F.B

V.S.. Professor of Anatomy, Veterinary Department,

versity of Liverpool. Size, 44 in. by 30 in. Price, ea

.'t;1.75 ; mounted on linen with rollers. $3.00.

'

.

1. Diagram of the Horse, Left or Xear Side View.

2. Diagram of the Mare, Right Side View.

3. Diagram of the Cow, Left Side.

4. Diagram of the Ox, Right Side.

5. Diagrams of the Boar (Left Side) and Sow (Ri

Side).^

6 Diagrams of the Dog (Left Side) and Bitch (Ri

Side\
Price per set of six. $8.50 net, or mounted, $7.i)0 net. ex
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Elementary Lectures on Veterinaiy Science for AericulturalStudents Farmers and Stock-keTpers.
"

il*?™" p:";:^'

A:"i'„ ,i^::,i r!; I

''"' '"' ^ "";•""'>: ^'i""'- "» n.,. As|,!„ria

i.r.
.'-' •^''"iiil •ilitinn. I'p. 4.r) W tli -)1

I'liiti's. I'ruM', .•f:J.(KI
' " iTii ji

Tl'SOX.
Pharmacopoeia of Veterinary Medicine. I,„.|u,liri.' thp O,,,

Veterinary Counter Practice. Wn.t,.„ lIvLxporo' ed AI K

VAN JlATKIi.
A Text-Book of Veterinary Ophthalmoloffv ]' (;,. r

*2.0l'r
'^"'^ "* """"-Stic Animals. I'rico. .lil.OO: momite,],

M.oo",m":;z:'sr"'
""'''"'' -' "^ """'• ^^-^

4 Tlu. Slmeing „f the Ilurso. JIule and Ox. Price$1.00: inoiiiitcd, $2.00.
mte,

r>. The Elcmratar^- Anatomy, Points and Butcher's
,

Joints of the Ox, Pi^iee. $1.25; moinited. .$2.50

WALLEY.

Dr^is^e^T^nfrpT*'"'
("'^"•'?-P"«»'»"ni.''. Foot and Mouth

MRrv^wr. ''"•
A^""^

Tubercle.) By Thomas Wallev,
J\LK.L.V.h. AXith an Appendix on the Inspection of LiveAnimals and J] eat. Quarto. Cloth, $6 00

t S™"=*>="^ ?T^V° '"*^* Inspection. By Thomas Walley,
JI.K.L.V.S,., la c Principal of the Edinburgh Eoval (Dick)

S,^rr,"v''%^""^"''\f
'"',''''" "f ^''"•i^ary Medicine and

.Surger\ etc. P^nrtli edition, thoroughly revised and en-larged by Stewart Stockman. M.R.O.VS. With 45 colored

WTTTT^ir."""''- -"5 pages. Cloth. *:i.OO.
WILIjIAMS.

Principles and Practice of Veterinary Medicine. ELdith
edition entirely revised and illustrated willi nnn.erous ."lainand colored Plates. By W. Williams. M.K.C.V S 863
pages. Cloth. $6.00.
The Principles and Practice of Veterinary Surgery" Tenth
t''o'i"i.

^-\'*"^ "'•'' Professor W. Owen Williams* K R C V S
i'.K..S.E. ,43 pages. With 11 colored Plates and 108 Illus'I
(rations in the text. Cloth. $6.00.
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\VI\SI,()\V,

Veterinary Materia Medica and Therapeutics. Uy K. Wii

low. H.A. and S., .M.U.V., il.U. ilarv,, Assistant Profess

of Tlu'i-ajiiMitics in the Veterinary School of Harvard Ui

versitv; Snriieon to the Newton Hospital, etc. (Accordi

to the Uritisli and United States I'harniacoiifjeias.) Clo

$6.00.

WRIGHT.
Practical Poultry Keeper. A complete Standaid Guide

the JIanagement of Poultry for domestic use, the raark^

or exhibition. $2.00.

WYMAN. „ . „, _ ,

Bovine Obstetrics. By M. G. De Brum. Iranslated

W E A Wyman, M.D.V., V.S. See also "De Bi.iin.

Catechism of the Principles of Veterinary Surgery.

W. E. A. Wyman, M.D.V., V.S. Size, 6x9. 321 pag

Cloth, $3.50. Concerning this new work attention is cai

to the following points

:

, ^ . « »

1. It discusses the subject upon the basis ot veterini

investigations.
^i i i

2. It does away with works on liuman pathology, I

tology, etc.
, , , ^. J,

3 It explains each question thoroughly both trom a .

entiflc as well as a practical point of view.

4 It is written by one knowing the needs ot the stude

5 It deals exhanstively with a chapter on tumors, ht

tofore utterly neglected in veterinary pathology.

6 The only work in English specializing the sub.ieot.

7 The only work thoroughly taking into considerat

American as well as European investigations.

8 Offering practical hints which have not appeared

print, the result of large city and country practice.

The CUnical Diagnosis of Lameness in the J^one.

W E A Wyman, D.V.S., formerly Professor of Veterin

Science, Clemson A. & M. College, and Vetmnarmn to

South Carolina Experiment Station. Size, bx.lj. 1 p. J

.32 Illustrations. Cloth, $2.50.

Tibio-peroneal Neurectomy for the Belief of Spavm La

ness. By W. E, A. Wyman, M.D.V., V.S. Size, 6x9.

pages. Illustrated. Boards, 50 cents. Anyone wantini

perform this operation should procure this little treatist

will find it of considerable he\y,.—Thc leirrumnj Joim,

^'^^Tbe Horse's Foot and Its Diseases. By A. Zundel, i'liiic

Veterinarian of Alsace Lorraine. Translated by Dr.

Liautard, V.S. Size, 5x73. 248 pages. lUustra

Cloth, $2.00.

TTDhoid Fever; or Contagious Influenza in the Horse.

Prof. W. L. ZuiU, M.D., D.V.S. Size, 6x9i. 29 pages. P

phlet, 25 cents.

na






