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H>|*<»<»il l».„„ I „, t„. .„
••»<* *«* IN. N«

.,. . *. L .\i)i{i:\.\r.rN vasodu.aton muchamsms

Kerfiva.l for pnUUeniim Miiy 24, lou

I>..m .(... r...„lN of n.....,„ «„rk r..Kar.li,.K ,h.. vn«.,„..N.r r..,,.„,.,. f„

....M-l .h... ,M .u.m.,h...u...l ru,. „„,| ,|,H,. f »M. nr...ri„l.., «upplv.nK AH,.

•h. .•.r.„l,.,...n an.l ,ha. .hn, r.-u.,...,. ,.han«..- ,., ......riHio . wh. , „<•'.... •M.rH.,on of a.|„.„ulin .. M,Hi..,..„.l.v .,M.r..a«.,| ,|i 2) T . v.'^'U of ,h,. ,,.fn.,i,„.l f rart have Ik..„ fo,„.,| ,o k.v tl... opp,..i„. r...pon„i

J«"«.l (.U I, ha- Im.,.„ .h.,wn (ha» fhrrv arc n.anv part, of tho or-

..
% m.vl. of H h.rh .how no ar.i v.Mlilata. ion from .lo^.. ,,f anv .. r,.,,.,

h

'- f"^"'- -."-I...! h.v th M n.....„, worker. ,.M, .S,,,r, ,h. a |

K n..ralK ...pla...,! hy .on.tr.....on. Th. nason for thi. .hanKe i„.a.hon a.Hl ,h.. whol.. ,,.,..tionof ,h.. .n.-hanixn.. involve.l ar.-^l
.l..l.a ...I. I, has fH.,.n r..p.ufe.lly ..w.fe,! that tho , ,|...,i„« .ff..
.. n.lronal.n .n varying ron-.n, ration an- entirely ,lue ,o itn stimulation

l'la"..K. Iho... who hol.| ,h.s view iK-lieve that ve.«.|. which haveheen reeen ly .lenervate.i fail to re.s,H>n,l hy dilatation to a.lrend ,berauw of ,s« of tone (9), ( 10).

Work from ,hi.s laboratory has .hown that s,i„,„lation of ,he .vn,-athe ... a„,| dorsal root Ka„«lia by adrenalin is suih.ient ,o aeeount for
.• ..««..„„ ,„,. A|,ho„«h Cruher has shown that son.e ti aften n.t.on penpheral n„...hanisn.s re.^pon.l in a si.nilar n.anner, thi«

in Tl! T r "'
"r"'"'-^'

'" "—-•«"• ".yoneural jun.-ttons. The present research i.^ n investiKati.n. ..f this problem.
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Ml r * H4HrM4^, I, I. kaNtmiii 4<«o 1^,1, ruA.iiii

mil.. I..n<iin,, I., i»M' Urip- MU,m* wtM .btMittr.t T»i.. Miutii MU,wn w*.
ihiM fift.|MK'i| lit rfgxiii r a *iiietll voIihim- iImiiii- in thf liitili Afipf
th.- injr.riH,i. i.ff..r»« «i..r,. AriMti..|, ih.. I'lmiii) „u Ihp Urgr tM.t|.,wa mJ*
»•» ^'lllovl.^, thf *ni«ll MUmn wm iWHiil*^! hy foning tht.«ir mio ih.-

krRii MUm* ami ihi'n •-Uni|M-.i „ff Hy thi« iiihImhI imi ftir wm l<wt
liuriRR lh4* t<«|irriiiti>n(.

RHal'LTN

WM r..iin«r,.,| Willi ihr loin! •imiglinr iK-riphiriir' rlT...i m fiftm, ,«(.

ri« I Sm.ll sriivr .liUui.on (A) of . .Irnrrv.lrU limb whirh .n-rur, wh-n
2 rr „f ..l„.„,|,n, I loTKlDI) i. ,.vrn .IU„,|»«r. *h«n . .Ii|htly Urfr d.«, 4M of Ih* .»mP ...l„i,.„,. («i u injert^.l Although Ihi- Mllow. for the nurm.l
ml. w l-M w^n.iiivr, it .I.h-, ,h»w that th^ ii««im.im <ltl.l«ti..M of the normal

limb roirH-Klr. with the ,1, i,imum f.ill in LLkhI prM«.,r.. whilr thr ,I.Ui»i,on of
ih» r|rn#rv«t,..l lirnl. ,[twn not i-oinrhlo f«i, 3 :l IcRm i l{i-|.iced oni-half

»

by Mtii.'vitiK i»i.' velum.' v\iiuw* in a ili'ncrviil.'.l limh Miniulhin.'.Mii.|y
with Ih. H' in II normal iiml. (2). Tlu- r.>-.|M.i.«, <,f fl„. .Lwrviilt..! Iimi>
waM prclominHnfly .•..i...»ri.-li..n, iiltlioiiKli th.Tr wai. n »liort (M'ri.xl ..f

diliumion whi.h iiHimlly otTiirrr.l al Ih.' rim.. .,f ih.' I.I.kmI nr.'...>.un' ri-v
Exri'pt in a Uv, irmtani-ot. thin wiw iin<|.tiil.t...||y a pa«Mi\ ff.'cf. In
thpw' Ih.. .Iilalati..n {MTNJHti'.l f.ir a «h..rl tim.' .liiriiiK Ih.- I.I.hhI prfj-^iir.-
fall an.l . a„„. ..aili.i (hai, rh.if in th,. normal hmli (fin. I, A). Thi-
.lila(ati..ii.«r.irr...|<.nly frommn^ll .|..j«^ ..f adrenalin, a ^-mall inrroa.«>
in the .•i.lr.'milin Im^jiik sufficifiif to ..hlit.'rato all l.iit a slinht pa*«iv
I'ffi'if (fin. 1. H). On Ih.' other han.l nion- than ti-u tim.-!* fh.' d.jsc of
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I

u.. ... « r.H.ovnr> of ,„„. |„ or.!., „. ,^, .h- ,h,H,ry w. .„„.ml"
till. fi>ilowiiiK p«rK.riiii^f,tii

'

After »«,el, th- .r«,„. «„,| f,„„„„ „,^„ „, ^^ ^,

,.Mhy.m,>«r«,.h t..U. oo„n.H...| to 0... .Un.bl. »..II„w. .y.,..,„ .,.,eri.^.|.iH.v.. h.. ,...rv... w..r. ..v..r..| n„.| ,h. rh.n«« m vol»m« „f th. 1^

Kv..ry hour h. rr«po„^ ,o , ,,.pr.Mor .1... of ..Irnn.l.n wa- , . „:

rr. th,. fin, ,>x,n>nuu'ut of thi- k.n.i th« «„im.I (cat. I.« k.m ) wu
u.:«>«thH.«..l w.th ...h..r a„,| Iive,| for Hght hour.. Th. limh .| |J^
. «„ a ,„... unifc rat., fo. tho Hr.t flv« hour, aft.r Ih. T:^ J ^ ;'
u. f) UtH„o„ |..e„,„. .|ow,.r .hiri„K the «xth hour «n.| had com-

I". 'Hy .top,.., a, th.. rn.|, from which time the v„h,me of the li,„h re-|Hu.pl the «i„.e u„,.| the eighth hour, when the animal .iij Theh H. pr...j,un. re,„au,r,| fairly g.Kxl untU a ,hort time »H.fore death
1 1... .!.«« of adn-nalu, u«.,| for teMing wa. 0.2 re. I : mimi Throughi''.Mh.. ,.x,H.rm...„t thi. prmlueed a fall in I.I.hhI pr,...un. prece.ied Z\'l.«ht r.«. The lunt, responded hy a .hort dilatation fwhih may

.•.. y have lH..n due to the prelmunary M.kkJ pre«.ur.. ri..-) followed

Z

.. e rolonged .•on.trution until the end of the ...xth hour when a "^"V- d>la.at.o„ appeare.!. In other word, while the li,„b wa« in thePr.«.... of ,„,...« an a re.ult of denervation a. .ahn ..au^-d ;o;:. i'c!

.

'" '""«'"•-' •»' "f-'ition from thi. eau.ne wa. eomplefe a Mmall"••'"nl of a.„v.. dilatation o,..urn..l fro.n a.in-nalin
Jr. u seeond ex,K.ri,«ent where urethane w«.s given, the rat (2.2 kgn. )

' 'h>rty-,h,ee hour.. The maxunu.n .i.lu.ation whs reached ^1
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Kilt. 2. The responHC of a dcnrr-

v;ttc(i limb to a dopressor dose of

iidrpnnlin during "atonic" and

"tonic" conditiono. The hours

represent the length of time after

cuttinfc the nerve :. The period of

;nHxinium iihitiitiop aa reached

lietwcen tlie sixth and seventh

hours. I'p to that time the vessels

iiiav lie considered "atonic;" after

the seventh hour they may be con-

sidered "tonic;" 0.5 cc. ailreiialin

1 : nH),(HK)was injected in ea( h case,

Ihc ii|i|icr rcciird at each hour

repn'sents limb volume, the lower

is 111 I pressure. Cat. 2.- ktilii.

rrclliaiic. I Heduccd one-half i

twccii I lie sixth aiiil scvciilli hdiirs.

It did not ri'iiiuiii lonfi at t\m level,

Imt coiiMtiictioii Hoon hoRun, continii-

iiiR Kriidiifilly until the twenty-weoiid

hour, when it ectiscd. It remaitH'd at

this level for the next fiuht hours. The

ainoiiDt of this renittiiiinK <lilutatioi',

was alxiiit one-fifth of the irmxiiiiuin.

'I'he (lose of adrenalin in each instance

wa.s 0.5 CO., 1 : l(H),(KX). This tisiiailv

produced a fall in blood pressure,

which was preceded by a ri«c. Durinp

the first five hotirs adrenalin producecj

dilatation and constriction of the limb,

the dilatation app<'arinK to be largely

pa.ssivo. .At the .>(ixth and seventh

honrs the dilatation became more a

five and from that time onward the

dilator reaction to adrenalin was more

pronounced. This wa.** tmdoubtedly

due in. part at least to active stimu-

lation, although there was considera-

bl(- variability in the curves, some-

times the constriction being more

pronounced and the dilatation more

pa.ssive (fiR. 2). On the whole it may
b(! -said from the two experiments that

active dilatation of a denervated limb

in response to adrenalin becomes more

prominent after the relaxation result-

ing from denervation has ceased.

In the above expt^riment we foimd

that a large part tjf the dilatation re-

sulting from denervation had been re-

covered from in eighteen hours and

that there was little change for the

next twelve hours. At this time if

the nature of the reaction depends on

the condition of tone in the vessels,

adrenalin should give good dilatation.-.

Ill a<i<litioii to the experiment just

described we tried two others. One
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ADRENALIN VASODILATOR IIECHANWMH 807

hmd limt was dotiervated in each of two cats. EiKhtwn houm later
th.' ammat was aRain anaesthetiiwl with ether and a study nmd.. (.f
(ho adrcnalni response, with the following results:

ra<,».# t»m., 0.3 cc, 1
:

100,000 adrenalin caused a aimilar amount of diUtalion
ui both the normal and denervated limbs. Dosei of 0.5 cc. to 1 cc 1 • 100 000
adrrnalin produced cither conatriclion alone or else dilatation and constriction
-n tl... .lencrvated hmb. Larger dose, produced marked con.tr.aion in the name
in. .. Done, aa large as 5.0 cc, 1 ; 100,000 still pro<luced dilatation in the normal
l.mh. moreover these dilatations were much more pronounced than any resultingm the denervated limb. It took 0.8 cc, 1 : 10,000 adrenalin to cause a reversalm the normal uub and then it was not complete, dilatation preceding the
constriction. "

Ay
",

_•'"'
...— .>^-..—,.

0, U WUvU \\ i>y;i,ii>
'• -*

S?
A. •"1!^^^fl

\,.,nW Z^^S^Z-

x> (\ 5J?lr

lig^ 3. .1. Marked active dilatation of a denervated (18 hr.) limb with a small
<ioHe of adrenalin 0.2 cc. 1 : 100,000. No effect in the normal limb. H. Constric-
tij.n of the same denervated limb with 1.5 cc, 1: 100,000 adrenalin; dilatation of
the normal hmb. Cat, 2.(1 kgm. (Reduced one-half

)

' '«/, i.6 kgm., 0.2 cc, 1
: 100,000 adrenalin caused a marked dilatation in the

denervated limb, but no effect in the normal limb (fig. 3, A). Dilatation in the
<l-tiervuted limb, occurred with doses as large as 1.0 cc, 1: 100,000 but 1 5 cc
"f the same concentration caused constriction (fig. 3, B). Dilatations were not
l-HMlured in the normal limb until 0.3 cc, 1: 100,000 adrenalin was injected. Dila-
'
>ii„n in thhs limb resulted froni doses as large as 0.5 cc, 1 : 10,000 adrenalin'

however, 0.7 ec. of the latter concentration caused a reversal.

Ill ix.tli cxperiinoiit.s the ranRp of dosage for dilatation in the dener-
v.ited hmb wa.s small while quite large amounts of adrenalin were re-
•imrcd tl. bring about reversal in the normal limb. It seems from the.se
•xpenmi.iits that tone may play a part in the response of a denervated
inib t(j small doses of adrenahn. Moreover it appears that the
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tabu: t

A eompariton of normal and denervated limha

ANIMAL

1

1

WEiom
DmA-
TIOK OF
DCNI*-
TATIOK

oou mivom or normal
LIM*

MapoNil or DiNaaiTATtri
LIU*

1. C»t

k,m.

2.4 7

ec.

6 A
to A

0.1 B
OS B

1 OB

Dilatation*

Dilatation arul con-

ftrictivn

Marked conttriction

Very marked con-

slrjction

Very marked con-

atrict'im

Dilatation

Dilatation

Dilatation

Dilatation

Dilatation and cou.itrir-

ti(tn

2. Cat 3.0 14 0.3 A
0.4 A
0.7 A

Dilatation

Conttriction

Conttriction

Dilatation

Dilatation

Conttriction

3. Cat 2 2 15 0.4 A
0.5 B
1.0 B

.Slight dilatation

Slight dilatation

Slight constriction

Dilatation

Marked conttriction

Marked conttriction

4. Dog 14.0 22 1.0 A
1.6 A
t.S B

Dilatation

Marked dilatation

Dilatation and con-

ttriction

Dilatation

Marked dilatation

Dilatation and conttric-

tion

5. Dog 6.2 31 O.i A
O.S A

0.2 B

0.5 B

Nothing

Dilatation and con-

ttriction

Dilatation and con-

Ktiiction

Very marked con-

striction
j

Dilatation

Dilatation

Marked dilatation

M<irked dilatation mul

marked constrict, ^'U

6. Dog 5.6 39 2 A
15 A
5.0 A

1.0 B

Slight dilatation j

Dilatation |

Dilatation and con- 1

ttriction

Dilatation and con-

struction

Slight dilatation

Dilatiition

Very marked dilatatiin

Dilalahon and constric-

tion

* Unless otherwise stated dilatation means active dilatation.

A = 1 : 100,000 adrenalin.

B = 1: 10.000 adrenalin.
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IHTipheral m.-.hanwm ha« a .nuch more iiniitod act ion than the
"Kangliar-iKTipheral" mechanwins when taken toRether.

Afler denervation of greater duration. AnimalM (six .Ioks and three
<at«) were studie.l whieh had had the Heiatic an.l femoral nerve. M..vered

1 Snril)
"""""!"" "f 'he hind limb of a rat (2.4 kgrn.) to 0.2 .t., adrenalin,

I KW.OOO, sevon daya after denervation. (Reduced one-half)

1 i'Soo'.wlnt'v'^" 1
»he hind limb of a do« (14 kgm.) to 0.,S oo. adrenalin.

1 sn.OOO. (»cnty-two days after denervation. (Reduced one-half)

in one limb from seven to thirty days before. It can be seen from the..Uowmg able (table I) that although the lapse of a week in md
oa..e.s renders the peripheral dilator mechanism n.ore efTective (see
hKs. 4 and 5), a greater am.nint of time does not materially increase the
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Fig. 6 Reversal of the adrenalin response in a freshly denervated limb by per-
fusion. Upper record- circulation to limbs intact, 1.0 cc. adrenalin, 1: 10,000
injected into the jugular vein. Lower record—limbs perfused, 2.0 cc. adrenalin,
1:10,000 injected into the perfusion fluid. Dog 24 kgm. (Heduced one-half)
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TABLBI
Companion of normal and dtntrpoUd limbt btfort and alttr porfuiion

AimiAL «u«n DOW or
trntMAL una BwaiKtATaB Lia*

ktm. M.

7. Dog 170 0.5 A
3 B
7 B

to A
to B

DiUution
Dilatation

Coiutrietion

Ihtatalion

Dilatation and eontlrie-

lion

•

8. Dog 15.0 13 A Dilatation and conatrie-

tiOD
Small dilatation and
marked conatrietion

,
0.5 B Marked di'atation and Marked constriction

•mall conatriotion
0.7 A Marked dilatation
Oi B Dilatation and conitriction
SO B Pure conttriclion

9. Dog 0.5 A Dilatation Constriction
0.4 B Marked dilatation Marked constriction
0.7 B Dilatation and eonitric-

tion
Marked constriction

to A Dilatation
iO B Marked dilatation
t.o C Dilatation and conitriction

10. Dog 7.5 4 A Dilatation and constric-

tion
Dilatation and constric-

tion
4 A Dilatation and constric-

tion
Marked constriction

OS A Dilatalion Dilatation
to B Con»triction Conitriction

11. Dog 24.0 0.5 B Dilatation Constriction
2.5 B Marked dilatation Marked constriction
4.5 B Dilatation and constric-

tion
Marked constriction

1.0 B Marked dilatation Dilatalion
so B Dilatation and conitric-

tion
Dilatation and conitric-

tion

A » 1 : 100,000 adrenalin.

B = 1 : 10,000 adrenalin.

C = 1: 1.000 adrenalin.

.

Li"ih r)erfused where italics are used, injections in that case into the perfu-
sion fluid, otherwise into the jugular vein.
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fffprt. In nitwf ciwh the constrictor inerhaniHin hn<l Iwroni.- lew. wnoi-
tivp as (-oniparpd with that in the normal liml) (mf nnimnlw I, 2 and ,'>,

table 1). On tho J>thpr hand, (wcasionally Mic dilator in«-i'huni.-»ni wa-i
eauily fatixtjcl so that after a few diwt-s the dilator n-H|H.ris.' dj^ip.
IH-ari'd or waM roiiitiderably docn'asod.

TARI.K 1

romiMtritim «/ ptrfuttd limht ofanimaU in laliU I
•

Don ili'tirr-

Vllll'll J'.>

ilavH

S. Dor dpupr-

v»((Mi 3t

day*

wiimr DOM

kr». «.

HO 2 A
4 H

15 H

5 3 0.05 A
1 A

0.5 A

0.2 B

ouiu, una

0.2 H
5 n

1.0 B

0.5 c
8 c

Dilatation

Dilatation

DiUtution snd ron-

itrirtion

No cffpot

Siimll roiiHtrictidM

Dilitlnlion unci c-on-

Rtriction

Dilatation and mark-
ed con«iriclion

OI.<ll«**ri» LIMIl

Dilatiilinn

Dilnlatiim

Dihiliilinii

iitrictiun

and

No «'(Tprt

Small coiisl rift ion

Dilatation and i-on-

Htrictiim

Dilatatiiin and !<niM!l

(•iinstriction

Marked ddatntion

Vi'ry marked dil.ita-

tion

Very marked dilata-

tion

Marked lilatalioii

Dilatation and con-

Rtrietion

• Injections into the perfiMion fluid.

A - I: 100,000 adrenalin.

H - 1 : 10.000 adrenalin.
('- 1.1.000 adrenalin.

The (iilatution of the dencrvated limb was no better developed in

these animals than in soiiio of the responses from a liiid) denervated
but a few hours before (see fiR. 2; 7 hr., 19 hr.). However the dilata-
tion was more constant in oeourrence and resulted from a greater raiiK*'

of do.ses. From the very faef that dilatation (juite often takes place in

the denervated limb from doses larger than those necessary to produce
reversal in the normal lind), it seems that a change has taken place in
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the inyoiHMiral jiinrtion-. The conMri<'f<>r junrficnH niiiM hav.- l.mt
in HensitivonrKH i.r the dihitor jiinctionH have gained.
KtnponM of perfiiifd limh». Wi- have ohiitint'.i <|iliitatii>n of U,\\\

normal and (Lnicrvatcd liiiihH from the injwfion of iidn-nalin into tho
(luid which wart p.'rfu.sinK them. A companwn of th.' rw-ifiwd normal
an.l denervated limlm injected in thin way xhould help to expiiiiii the
(H'ripheral dilator merhnnism.

Kig. 7

Fig. 8
Fig. 7. Dilatation of a (nrfused hind limb of a i-nt by the ai-tion of a depressor.W of adrenalin (0.6 re. 1

: 100,000) upon the gangliar portion of the dilator
tnchanism. Cat 2.4 kpu. (Reduced one-half)

I'iK. 8. Dilatation of a hind limb produced by a depressor dose of adrenalin
:i<tinf{ upon the gangliar portion of the dilator mechanism. Up|)er record-re-
^|.onse of the hind limb to 0.4 cc. adrenalin, 1 : 100,000 injected into the jugular
u,u. circulatiOM ...tact. Ixiwer record-response of the same limb to 0.6 cc.
adrenal.n, 1

:
100,000 injected into the jugular vein. (Reduce.l one-half.
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By p4>rfiwion of « rewntly dpnervKtiHl limb an iminMi»t« chariRp in

th(> rt>Mponm> to adrenalin ia brought alnrnt, no that dilatation inntfail

of conatriction ia eaaily phmIucihI (fig. fl and table 2). Thia chanitf

ia aimilar to that occurrinR in a jlrnervatwl limb with normal cirrula-

tion iwveral houra after denervation (fifc*. 2, 3, 4, A and Ubie 1). Thp
peripheral reaponae to adrenalin in perfuaed normal and <lenervated

limbu ia ewM^ntially the aame when rarrieii out aimultanraualy in om-
animal (animala 10 and II, table 2). On the other hand there in unutcr
variability in the reaponae of a perfuned limb which haa \tcvn denervati'<|

for aeveral daya. In one caae the conntrirtont were eaaily fatigued m>

that after a few doaea of adrenalin they could not again t>e brought into

action except by a doae of 0.8 cc, 1 : 1,000 (animal 5, table 3). In iwi-

other caae even perfuaion did not bring ahniut dilatation in an animal
which had nhown no active dilatation with intact circulation (dog, limh
denervated eight dayn). The normal limb gave dilatation before and
after perfudion but thiH ia an exceptional case in our experience.

"Gangliar" dilatation from depremior lioiiet. Oruber (9, p. 311) failed

to obtain dilatation of a iierfuaed limb from the injection of depreaaor
do«»>!( of udn'niilin to the geneial circulation. He infers that the

garigliar effect ia pr<Mlured only by preaaor doaea. We have Ijeen able

to shctw in two ex|M>riment8 that depresaor dosca of adrenalin can
bring the gangliar mechaniam into action. ' both animala a nlight

increase in the doae was neceaaary, but the blood preasure reaponae wan
a pure fall or elae a slight rise and decided ftill. The animala wen* vain

weighing 2.4 kgm. and 3.0 kgm. In the first, 0.6 cc, 1: 100,000 wax
requiretl after perfusion (fig. 7). In the .wcond, 0.4 cc, 1 : lOO.lXXt

caused dilatation before, while 0.« cc, 1 : 100.000 was required after

perfusion (fig. 8). When perfuaion had gone on for some time even
larger doses of adrenalin were required to produce dilatation.

DI8CU88IOV

The relation of lone to the rererml of adrenalin effects. KecogniziiiK
the fact that ailreiialin may cause dilatation through both ganniiar

and peripheral action, we are confronted with the question as to tlic

normal site of dilator action. It has been .shown that rutting gangliar
connection with the limb in a majority of cases prevents the dilatation
of that part, (irubor (!», p. 307) maintains that this is due to a loss

of tone in the ves.sels. In order to understand the development of

the tone theory, we should first consider the work of Cannon and Lvinan
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lit) who wtrf thr fir»t I.. MiKKiM lhi« iiit.rpriiuliuii for »h«> oprHwfP
.ffi'fti. of (l«.|)ri'i.iM)r iliHU'M of ii,|r.-imliii. I'h.-tr vi.-H wn« r.nr»M".| l.v i h««
.•xrhiiiion of olhrr |N»u.ihilitii>f<, vii., (| .•.iKml -oin,r c.'i (.Ukii.y: of
VH«K-ori«trictop iMi|HilM>M, CM Nlitniilafion ol vii.o.oii»trirtor itiul v.iw-
diUtor nervo eii.linK.. Th..ir ..xchwicm ..f Ji.- ttiinl rNmNihilitv was on
4<:count of the innigri' .vi.lriip,. for t\w ..xiitt4.n.i' of vdKiMlilntor ri.rvd
III thf «ynipfttlM.tic .yi.«..,n, Th.-y fouiul thnf th.- I.I.hhI pnimirr r.-
.|«.ti«.' w«« chiinRi..! to u riiM. if th.> fni,.- hii.l Ih-.ii IowthmJ Htiftiri..t.(ly
l.v ov.Th.utinR. wpiirution from thi- c.-ntral n.-rvoiw nystim or Uy .x-
innu- Hctiori of thf .ii-pri-twor n.>rv.'. Th.-y ii»trihnt<>.l vtMNlilntion and
vamK-onitnction to oppoHit.- uctiotm of iKintiuliii iK-<-oi.lihK to tl... «i,,t<.

..f th.' rr.u»cl.^relttxiition whon tonically i«hort.ii«Hl, coiitrnption wh.n
nluxt'il.

< IriiU-r'i conclusion! wcro rflachod Ihscbuw^ of \m inability to ohtsiin
.lil.itHtion in a fri«hly .lonervatw] limb and th<> ncovory of th.- .Iilufor
ns|M»nH.' in a limb a few days after donervation. Hf attribut..! ih.«
r. iifipi-ttrancf of tho dilator reaction to a rwtoration of ton.'. It niight
ilso N. due to f, loM in sensitivcneM of the constrict.ir myon.nral
jiiiK-tionfl.

lAt UH consider, first, the quMtion of tone. In all of our nxp«^rim.nt«
with ncently denervatwl animals the reactions to adrenahn were stu<li«Hl
within thirty minut««* after diMiervation and wert! continued for one
'M two hours. We have shown ahow that the maximum dilatation is
not r.-iiched until th.- sixth hour after d.-n.rviition so that thow- studiet
w.r.- made during he peri.nl of «t«!ady r.-laxation. Within this time
till' usual iMln-nalin responw* is constriction, aft<-rward.«« the r.-action
iHitms to reverm- (fiR. 2). It is not that th.f vesm-ls hav.- sud.l.-nly di-
lai.-d to their limit and caimot .-xpand further, In-caus*. they only gradu-
ally reach this stage aft«'r six or stiwn hours. Moreover" they do not
iIilM-ar to dilat.- to th.- limit at any time as a r.-«ult of <ienervation be-

•
aii..*.- while they are in this state of maximum relaxation, depressor

'l"».-« of a.ln'nalin oft.-n caU8«i further dilatation (fig. 2). We may
'liaw the conclusion that whil.- relaxation is going ..n the vasodilator
nivoti.ural junction is n.)t so easily brought into action and that the
'•'iiistrictor effect therefoii- predominates.
The state of relaxation Keem.s to affect oidy th<^ adrenalin receptive

-substance. Active dilatation of a denervat. .1 limb in which the v.-sw-ls
:ii'' relaxing can easily Im- prfnluced by a subsfaiH-e from ox pituitari.-s
ht 9). In the aam.- animal depressor dosi-s of .i.lrenalin usually caused
O'liviiiction of the d.-ri.-rvat.-d limb (fig. 1).
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,\fl*r lUfwrvttlton of grniirr ilurntMH \ (>w ili»v« uftiT ciillinK ih.-

iM-rviHi lo A littih. III.' Uiti-r h»ii ri'KAiixHi lU imwi-r ti» i|iUu> in ri>ii|M)hw'

u> >»iln>ii«liii Ml ihnt It iliMm M w<>ll M lh« iiorniHl liml> Thin nii|h(
»••• ••«pU»ihn| hy thr rt-.-ov-.-ry in lon««. I»ii» a britr |mrt of Ihf tnw \m»
tuff! n'«>vtT»Ml within iw.'iiiy.f«mr hoiim, «<> thnl ihr rractmn at tln'

twfnty.fourth hour mIkmiIiI not .lifft-r much fr«Hii tUl wvithI iUy« Ut«T
But it liiMHi (liffiT III thw n-BinTl thut in tlfiwrvationn of lonKiirciuriitioii

it rit|iiirfii nim-li lurKiT iIihm-^ of a<trt>ntilin tuciutnoconiitriction: in other
wor.l*. then- i« n l/irntr runni- of <loi«m« pnMtuciiiK iliUtntion. In fin-t

H li»r|{«T (low- thiin ihtit ri-iiuinil for ihn norinai Itnih la nitHliHl to briii«

Hinnit o'viTwil in thi- nmjorily of PMi-n (lM<< I). Crulxr (9, p. AHh
«U» found thii to iw trm>. Ow cun int«»rpri't thmiMthcriMn Iom inti>n-

f'in. 9. DiUfsfion of A frmihly denrrvntpcl limb, produced hy • drprpMor «(ib-
tane* obt»inc(i from pituitary gland*. r«t, (Kcdurcd one-half

)

sitivt-niw of the ciiiiHtrictor junctionn or a gain in soiwitiwm'iw of thi-

dilator juncfionH. Tho totio thi>ory, hownver. dws not appear to ar-
oourit ff)r this point.

In ri'gard to the qucntion lyf variation inw'nsitivfncNsof thi- myoimii-
ral junctions we hav.- the work of Elliott (12), which indicat.-*! that all

miwcliw thrown into contraction by adn'nalin huvt- their irritability to

thin substanc*' incn-adi'd by dcnorvation. Howcvt-r we havi- no proof
fhiit dilator junctions woulil Im- thus affected.

hJfferU of (uirenalin in i>erfui<ed limbs. A nuinlx-r of investigators havr
studied the response of various perfused orRaiis to adrenalin with vari-

able results. This would lie one of the best methods of provinu thi-

exist^'nee of va-siMlilator nerves in tho sympathetic if active dilatation

could be so obtained.
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l'4npl...vii.K iJw fhmgx tn r»t.< iif v.<noi|. outltow to itMliPHi,. iIm vmo.
moi.,r rwpo,,*, Halvioli ( It) ati.l Hr.Hlir »ii.| |>u„„ (fft) obt»m«| ,«,|y
con«lwti«fi in ih.. html limb wh.<n iulmx^l Mtmct or iMlr..imlin wm
•d«W to th« pfffwion IIumI. Thr UitWr ..iipt.rm.#.nt«ni f..ur..| thii. to
b* tru« i.v,.n in l.ml» which h«.i it^n .|rn..rv«t.Ml i»»« „r thrtn. month.
MiMtv P»ri (Ifl) rrpi.ftt.-.Uy obtmmMl nn iiicrfMiti outflow from »b..
hmb in on.. f.«p«rim..nt whi^n » prrfiwion of 1 : 600.1)00 •.Ir-nnlin wm.
utr.1, but ho inf«rrr.l th«t thin wm .Iuo to .|i.e<mip.Hiition prinlurt..
Unfn.h.rf! (I7> from bin n*ult« with rin|M of conMiiiry artirir.

coi,clu.l.-.| that thity p»m»»mH\ «ytnp.it h.-tic VMMliUton whirh w.t..
i.limuUt.-.l by ailr.>nitlin lliii rtmuitP. r ..„, confirmwl by Cow (IS) nn.j
Park (19) BrtHlii. an.l Cullii (20l om ..%p..rimi.«t« upon p,.rfm«..|
h..«ru .-onciuibKi ih«t th« mam c k . of wlr-nalui .libtation wm th..
cudtiituin of viuMNltliitor "nnrviM'f .ingn."

LiuikIoh iwi't DfNlHiuiM (21) obtninml conntriction in th.. lung v^im.]
with liirn.' ,i.^-n. 1.0 mgni . nii.i .liUtHtion with «mftll .b-<.'«, O.Ofl niRm.
SiihiJHr i."<ult.« on iw.rfu*..! Iuiikm wi-n- ilriwrilMHl dy Tr.lx. (22).
oth.r oritiriH hav.. givon (lilatAtion from dilut..' wln-nnlin pfrfiwing

tthin. For initanw, th.- ki<li«.y nixl th.> int4.ntin.. hiiv.- Iw^-n fotiixl by
•htHwa (2.1) t.. r..«cl in thin way. Hut m, far aH wi- kn.m th.. limb hiui
not »MN.n foiiiKl to rt-act thun wh.-ii p..rfuwN| ,.x.!..pt in th.- on.. ..xp^ri-
tn.iit of Pari (It)) an! in ..xp..rini..nfs by Ogawa (23) ..n th.- rabbit in
whinh he iH>m<.tim<.N ol)tain..,l .lilatation foltowinK ponntriction, but
tuvi-r primary liilatation.

W.. foun.l it ...i^y to pr.Hluc.. dilatation by th.> inj..ction of adrenalin
ir.to th.. flui.l p..rfuHin(t a liml). Wh..th..r th«. n.-rv.- ha.J \h'vu cut or
not s.H'ni.'.l to maki. no (liff.'n.iu... in th.. reaction (labl.. 2).
Why Hhoul.l rM-rfuxion n-v.-r*. th.- reaction of a dmervat...! limb?

r>.H ,. It tni.aii that p..rfu«ioii of vi-tm'U which w.-r.- pr..viouiily n-laxing
'••niH.H !h..m to iM'gin to contract and thun priMhioea th.." r..v..r«al?
riiat iiiiKht Im. «h.. condition in p..rfu»i<in with low pr..Mur.. ;20 mm.)
I'ltt III a humlM.r of our .'xpi-riincnf h wd hav.- doubled or ti ipl.-d th." pn-n-
Mir." without maU'riaily r.-.iucing th.- .lilator r.-sponm. to adrenalin
Mor...v..r Trilm (22) foun.l in the p..rfuH..d Iuiir that with high pn-swiiro
It wiw t iwier to obtain dilatation than constriction.
Another observation which .sugg..st8 an explanation of the r..9ult» just

'l"wrilj..d IS the incr..am. in th.* range of dow-s of adrenalin which will
liM e dilatation in b..th normal and detiervat.-d liinlw. The int.-rpre.
f ttioii whicjh this ^...ms to suggest i.s that perfusion n-nderH the con-
^tti.ti.r myon«.ural junction I«.S8 misitive or th.. dilator junctions more
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•.iMllivp WV hAVf fimM Ihnt il Ukfs m«««h turgrr .!.»*•• r.f a<ln>niiliit

l» bring aImhi' ixiatrtetKNi lit « |ii<r(ii«f<| litiih thun it dtil whil*" lh«' fJr.

ritlnttiHI WiM Infitrl, whether It »!• it i|<>fK<rVI»lMi lifllh ilf IHM' wtlh wrv.
iHia ftmitrrihina ftiihir 2i K»r i'«««npl«' wh<-ri>iM 10 i-r , llll,(n)
tulrt'iinhti iiijriilinl into thx jugiiUr viiii b-furc |H>r(iiMoii rniikfl rim-

•tnrtHm Ml thf il<iiiTviiU'«| nn<l <iilntAti<>ii iii tfn* tionnnl hinh, 30 tr
.

I ; 10,000 !« licDMi moff ihnii f«iur limwi m gn*al, (•tiiiviiicring ihi* lutittrtl

rireulatiMti of ttn* pprfu*ton (luwl) injiwt'Hi into th.- iXT(ii««>n flmii rniin.-,'

iimrktHl ililiitAiioti in »Hilh IihiImi rftg 5) M.'ch»iiif«l . f.clii fri.ni tt..

iiiji'cti«Mi «wrp MMii|M>nMt>t| Un by a •imultwit^Mia withdrawal «( an
m|Uitl i|iiantit,v of pnrfiwum fluid.

Th<i< w.irit of Mpynr (l.li aupfinrta Iha i<lfi» lh*l Kingrr'* aoltition

iiHHiifi<*« iIm- wi.ailivcnnM of bhitMl v«<i^>U to twlrxnitlifi. Ut> found ihnt

»rt4'.'y niigN kr-pt for mmw liru' lost thxirnonmtiwtiiHH to kdn>niiiin froin

t|»y u» dnv anil afu<r it haii dianppnami un opwi'H ahock •till prmluci <l

(imtractum. ilia n>«iilta might b«« iIim" to th. changi^il niiMliutn in

whii-h fhc prrparationa wi<ri' knpt rnthfr than to ilitiiTVntion.

thlatatnm from tht rtkmtdatum of "gnnnltnr" nntl " ptrtphtral" mrth-

dA(#«M. Bpforr wf i«nt«T intti th« <]iNCii«ai«m of thi- n*lativi< itnportanrr

of th*" "gangiiar" and " pnriph«»ral" rnirhaniMUN wf with to call aitrn-

fion t.. th.' f^wlU of (irulxtr (ft, p. 311), in which hi' faihni Ui obtain

dilatation of a pnrfuaml limb from the inj«<otion of a amall dow of aditm-

alin into th«' gimnrni circnilation. IWauw tho aaiiin iIimn* cauwd <lilu-

titlioii in thi- intart limb h<< infi'rathat thn dilatation from amall doafx

rniiat hf dti<' to pi'riph«>ral iniit«ad of gangliar action. He aaya:

I lulrrniilin cxartcd lli intliwnr<> entirely throuih a vaatKiilaliir •'cnlrr, u

houUI |irn<lur.> the Mine rMult* in theie two rsaei where the only tlifferrnre In thr

eoDdltloiia of the Itmhi in that one haa and one haa not the elrriilation intact

Thia i« a wry wirioua diffi'Mc -«• and might caiiily acrounf for thi-

incrcann in the dilator threnhold. Oxyg<>nat4Hl Ringi- r'a wilution or iviti

oxygenate'*! dotibrinatcil blood cannot Im> cxpt'ctcd to fulfil the (unc-

tion of nonnal bltxHl in all rca|N*ctM ami inde<>d thia waM not the only

difference, for the occluaion of the alHloinintd aorta interferes with the

circulation to the ganglia of the nei ve« wupplying the Imilw. The hildi

condition alone might neceMitaU! i. larger doae .if adrenalin. If lH>th

of the»' uonditionH were operative, the dotw re<|uired would probably

in many ciw»>8 lie a preaaor dom-. However, we have b*-*-!! able to shuw

in two exi-"rimeritB that depresHor doHen can bring the gangliar mechaii-

inni into action. These render untieci'ssary tin; awuniption of [n-npli-
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"rml Mtiiw Ui M'cmH f..r <lifaiUlt<>ti rmuiurtc fr.Hii .iimll .|«m.. ,.(
(Hirmiiilm.

W.. »n. not In • t"»>tt.Hi U> «iy whieh U m»^ imtnntml in priMlucing
iilot.tum ii.irmiilly. ihr •Kw.iluir- itiwh»iiiMii ,» lb- myw^iiml June.
iM«i It hM l»^ rxMibb. til mmt^ tttiimiiU to obtain th.. muii- «iii»i»,t
.rf tiihtati-m by ttM. Mtkm of *.lrMmli» ,„«„, tb. i»„«lmr ,i.,ri..m ..f
th«' m-rbmiwrn .Ion., (limb pi.ffu>.«l. a.ln.imlMM«j,,.t«l int.. eh., jugular
will) K ..rriirml fr.mi ib^ iiiiM-tu,,, „f thr ,«„,„ ,,„»„,, iy whrii ih.. cir-
niUtioii «r th« limb WM intMt. In many oaa.^, howi.v«r. largi^r .Iom^*
;ir.. rr,,M.r.M| to pr«Hlu«i iHiual rr.,»,.n». in th.* limb wh-n only thr
Kaiigliar nii-fhaniiiniii arn «ffrct.H| a« ronipar.^l with Ihr ron.lition whrrn
!«.'h ganthar an.l p-riphr., ,tk.»i might b« brought into action,
niw may .wily U. attribut^l ih,. mlucwl circuUti..n to th- ganglia
brought atmiit by clamping th.. aorta h^h in th.. alKl.im..r, but ih..
frtct that thr p..rip»i..r8l (tilaU>r m.^haniam can tw brought into action
ralh..r oaaily uml-r many circummancr. in<licat«^ that it m.y w.'ll In.
A* important aa tb*- gangliar <iila(or m.H!hani«m. At any ratr wo «»rtn
ji*tifi.H| in concliKlii.K that «ymp,.th..tic va«i>,|ilat..r« to thfl limb .<xi.t
II.I.I that th«.y an. antmitivf to a<ir.'nalin Kt the "gati '"

»r.|"p,.ribh.
••fill" I'nila,

W.. wiah to thank K. 8, Ijuig for aaalrtanni in th. • h.

auMUAiir

1. Whilfl a limb ia dilating from d«n.>rvation a.lmn»lin produma an
incr.-aiM. in volun... with difficulty, bu* whiU^ thi- r.wr*. change i» tak-
ing pla«. th« dilator offi^ct of adn<nalin iM'gina to reappear.

2, .\fu.r denervation of a limb, of greater duration, the dilaUtion
from a<lr..nalin occiiri from a greater range of do«>« than ia the caae in
the normal limb.

.1 The |i..ripherRl action fdiUtation) becomes aimilar in both nor-
mal an.l .lenervHt«| |,mh« after perfiwion. Under thew condition, alao
<lilattttion occur* with a greater range of do«?«.

4. [)..preMor doM« of lulrenalin can cauiie dilatation of a limb by
action oil thi- gangliur niechaninm.

a. Adrenalin acts on both "gangliar" and "peripheral" mechaniBina
•n producing diUtotion of the hind limb.

»» 4«iiuc«if ionaui. or MmouMT. *«. M, m. |

'11
i
u
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'•oNVnjMTinx mnM VDIIKXAMN A(TI.\(; t |.„N-
N^.MI'VrilKTM AM) DoiiSAL IJooT CXSCIAX '

lliWK
\ IIAUTMA.N. I.KSMi; ,; KrUJOUN ^^,. ,,,„s |. ,< ASlMi

l-n.,„ Ihr lk,,n,lmcnl of rh„,iM,^t,, i;,i,tr,il,, nf Torunl,,

Unrivrd f,.r pulilicatioti Miiy .'i. lots

I" •l'«' p.y.r.li„K n.m.urrh it ha. lK.en show, (ha. a.lronalin .a,, pr.,-I"- «lil.-.ta..on ... u unl. l.y a.-ting „p„„ a ",H.riph.>ral" ,„..,.hani«,n as
'II as ,„..„ a KUMKhar mum l.anis,,,. UV have bo. n al.lo ... nhow .ha." ...ns.r... or a....... of .his honnono i« „o, ..o„fi,H-.l .o the ,nvo„..uraI
u-M .u.n. AhhouKh .1... Kai.Khar r,.8,K,n«. is not easily „l,.aine,|, i, hasl-n oun.l,,f.en enough to .Iraw our attention. The nu-thcHls en.plove.i
»'ie .host, describe.! in preeedinjj researches.

All ex,K.riinent8 .showing .-onstriction .r..ni gangliar action must nec-
-sarily Ik- .hos<. in which the organ teste,! is c.nipletely cut ..ff fr.,rn
-IH. ,r..„..ra! circulation in ..nler t., prevent the peripheral action of
"l'-"ah,K I crfusion exp«.ri.„ent8 in which anastomoses to the organ
'iv 111. off, satisfy this con.!ition.

'''nslnrtionof the limb. Six animals out of ninettn-n furnishe.l evi-
•i"j<<' <.t gangliar .-.mstriction in the him! limb. One .log (l.i kgm )""I '-"• eat (3 kgm.) gave constriction followed by dilatati..n when

'i ""f"rw.^VT''':'
"'*" "'" ^"•^"'"'" ^'"'": *he first with a .lose of

•'•-.. 1

:

JMXK) a.lrenahn, tlieseeond with a dose of 5 cc, 1 : 5,00() a.lren-
^'IH' In each animal b.,.h sympathetic an.! dorsal ro.,t ganglia were
'"^"••- < >" "'<' "ther han.l similar ...v,H.riment8 with six .logs an.l three

.Ti'.ituT"
"" '""""'"''"" »'»'"'"«•' !'<• "sual .lilatation could be

l-n.n .,,m,,„lh,Uc ,jn,u,Un. Two ..a.s gave p.,sitive evi.lence of a
"•"s.n,.,.,ra.-tm„ .,f .he.seganglia by .h,. .Iir..c. appli..a.i.,n of a.lren-

— .IvMli
,

An!,. I.:,|. ,1,. |,i„|.. l..„j. ,,,vii. :«., ,...rf,„..,l .1,,- li.nl, of . .1.,^."' " M.TV...S ,„t:.,... A,ln.„,,l ..xtr,.,.. «a. i,,],-!..,! i,„., ,1... jugular v.-in 'w.d
;'">;"- -.:.,.«.. ... ,h.. Ii,„., «,. s„ul,o.i ..y .1... V....OU.S ,.„„l!,w. „., „",: J

I

.

..s was l,..|u.v..,| ,„ ,,.. ,„,.. , ..s,.ap.. ,.f adrenal .-xtra... in.,, tl.e

"'- Pi-sur.. had r..t..rn,.<l .,. n,.rn,al l„.f„r.. .1,0 liml. chanK..d,

:v2\
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alin to thrill. In tlic first, a I: ItMl.lHH) iKlrciialiii soliilinii prncliircil

only 4lilatutii)n while a I: I(),(MK) }4(iliilii)ii caused sleaiiy iiiarkrd I'nii-

striction. In the other a I : l.tHM) snlution caused a dilatation folloucij

by constriction. Three animals j;ave no const rid inn. The tirst (a cat i

was tried by dropping adrenalin upon the synipatlictic uanttlia. On the

last two (doKs)th»' dorsal root Ranuliahad been removed, adrenalin beiin;

given by the juKuIar vein.

Fi(j. 1. Constriction and dilatation of a perfused limb from the injectien of -I

cc. adrenalin, 1 : 5,000 into the jugular vein. .Ml ."(ympathctin icanKlia supplying

the limb had been destroyed. Dog 21.') kgm. Kc<luced \.

From dorxal root ganglia. Of the animals (seven dogs) in which the

sympathetic ganglia to the perfused hind limb had been destroyed, only

one responded by constriction when adrenalin was injected into the

general circulation (fig. 1). Direct application of adrenalin to the dor-

sal root ganglia in one of two cats caused constriction in the hind linili

(fig. 2). In almost all of the animals studied whether giving gangliar

constriction or not, dilatation from adrenalin was obtained.
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We may wy. in nfiuTul fcr tlu- liin.l limh, that tlio effect of adrenalin
on the KiiMKlia i^ pr.-i'iniii..|iily dilator an.l timt tlic cohHtrirtion from
iliis sinircf is in.xi(i;nificaiit.

Conxtnclmu of thr niUHline. ('on«tri.f ion of a KuiiKliar source was
more f.,niinoii iti the intesfin,. than in the liinl). A n-sponse of this

litt. L'. Conatriftioi, „f the hind limh rcwultiiiK from the direct uppliration of
1: 1.000 adrenahn to tht- limcr himbur dorsal root ganghu. Dok 10 Ickhi He-
(luced J.

^^„

1 ifi. 3. Constriction of the intestine produeed by direct applicution of 1: 1.000
.Hlniialin to the twelfth and thirteenth dorsal root RanKJia. Dog 11 kgm. Re-
,|i|.e,l

snii was obtained in six oiitof thirteen animals. Moreover the number
"f constriction.s ol)tained in the .same animal was nnieh greater in the
|M-i> of the intestin.> than in tlie experiments with the limb. In the
inter there would often l)e only one or two coiistrietions throughout
til" whole experiment.
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Thill- iloKw v.how i-ijlaniliiiir iiitvi-m hail Ihi-ii rut gnvf pusitive evi-

ili'iiri- of nHiiKliur roiiMtriilinii. 'I'hc inti-tinal lixip was |M'rfiisr<J ami

thr adriiialin was iiiji"'tr<| inlit thi> juKiilar vriii. Unlh iniistririifni

iiiiii ilitatatioii orciinril whi'iii-viT thi- inlrstinr ri's|M>nihMl hy

ronslrirtiiiii.

Iiiti'htiiml constrict ion was alsi) prmhiced by the din-it applicut'oii of

aihiiialiii to thnlorsal root ami siifXTior incwntcric (taeitilia.

Ill a cat alllioiigh ihlatatiim only hail hci'ii proiluccil tiy the applica-

tion of I : KKK) adretmlin to the twelfth and thirteenth thoracic dorsal

root (janKlia in three instances, in a fourth the same concentration prn-

(lined constriction followed hy dilatation.

Fin. 4 Constriction of the intestine from direct •pplication of 1: 1,00(1

adrenalin to the superior mesenteric ganglion. Dog. Reduced ).

In a doR, a 1: 1,000 solution produced dilatation alone, constriction

alone (fi(j. 3) or constriction followed by dilatation.

Marked constriction of the intestine was caused in another experi-

ment hy treating the superior mesenteric ganglion with 1: 1,000 adren-

alin chloride to which a little pure adrenalin had been added (fig. 4).

Additional evidence that the superior mesenteric ganglion is a sounv

of constriction was obtained in one animal by the use of nicotine

Before nicotine, adrenalin caused constriction followed by dilatation m

the intestine. Intravenous inject!^' nicotine ruled out both the

constriction and dilatation.

Thus the gangliar effect of adrenalin as far as the intestine is

concerned is largely "ator, although it is sometimes a source of

constriction.
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HI'MVAHY

1. A.ln..mlit. ,HTaHi.,n»lly ,,ro.l„,.... ,„n.sfri,.ti..n in thr Inn.l l„nl, l.v
It. H<ti..n u,x,n th.. 8yinpa.h.-.i,. u,„l ,|„rsul r.,.,t Ka„Klia

'^

:. ronHfnrh.m ,.f ,h,. in...s,i,H. is ..„„.-(,„„.« ,„...Im,...,| l.y ,,ln.nulinaw...« u,H,n the m.,K.r,or m...s,.nf.ri,. un.l .lorsal ..h.i KUMKliu
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