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Part VII

Diagnosis of Diseases of the Blood
and of the Blood-Building Organs

Secrion 1

METHODS OF EXAMINATION

A. General Introduction

The blood is the medium of communication among the different organs
and cells of the body. It is the nutrient fluid of the organism and is
of great metabolic significance. It permits of the exchange of gases in
the lungs and tissues, takes the substances that act as foods and as chemi-
cal and physical stimuli to the cells that are to receive them, and, in
turn, carries off the excretory produets of the cells. Through it, the prod-
uets of the various internal secretions, the hormones like adrenalin and
seeretin, are carried about the body ; thus the blood and the nervous system
together maintain the intimate relationships that exist among all of the
single parts of the body. The organs of exeretion and disintoxication
remove from the blood various waste matters and harmful substances dis-
solved in it.  Its close relations with all the body cells explain why an
abnormality of the blood ean ultimately affect the whole organism, and,
also, why any local disease of an organ can in turn lead to a disorder of
the blood. Indeed, every disease of an organ is at the same time a disease
of the blood.

In recent years, very important advances have been made by clinicians
in the study of the blood. An examination of its formed elements (morpho-
logical-biological methods), a study of its constituents by physical and
chemical methods ( physical-chemical methods), and an investigation of its
contents for vegetable and animal parasites, for ferments, and for anti-
bodies (bacteriological-parasitological-serological methods) often yield valu-
able help in diagnosis.

Morphological methods have thus far been, perhaps, most serviceable
in clinical diagnosis, though recently parasitological and serological
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methods have begun to be extensively cultivated, and the time will doubt-
less come when the many physical and chemical methods now being
worked out by special investigators will become of value to the medical
practitioner.

The morphology of the red corpuscles, and more particularly of the
white corpuscles, has been most exhaustively studied in health and in
disease. Studies of the blood platelets have, too, begun to be significant
clinically. We now possess a mass of facts concerning leukocytosis, leuko-
penias, anemias, and leukemias, the importance of which will scarcely be
underestimated, even by those whose tendency is to depreciate the con-
tributions of laboratory workers to the clinical sciences.

Physical and chemical methods of studying the blood are, on the whole,
more time-robbing, and more difficult, than the morphological methods.
Thus far, too, the “yield” in practical results for diagnosis and therapy
has been relatively small. But the outlook for these methods is becoming
more promising as investigators, more and more, devote their energies to
them. The researches bearing upon the total quantity of the blood, on
hemolysis, on coagulation and thrombosis, and on the fermentative activi-
ties of the blood (especially Abderhalden’s reaction) seem to be full of
promise.

Studies of the blood made by bacteriological, parasitological, and sero-
logical methods, have already yielded results of enormous value not only
from the theoretical, but also from the practical side. The newer doctrines
of infection, immunity, and anaphylaxis have been built up, largely, by
means of examinations of the blood. We now make a positive diagnosis
of typhoid fever within a day or two after the patient has taken to his
bed, by means of a blood culture. One of the first things we now do in
the routine examination of a patient entering a hospital for diagnostic
study, whether he enter the private or the public ward, is to test the blood
by means of the Wassermann reaction, so easily and quickly is it possible
to make tolerably sure of the presence or absence of a luetic infection.
Malaria has lost its mystery with the advent of systematic blood examina-
tions; no longer does the trained clinician deluge his patient with quinin
for an intermittent, or a remittent, fever, when the blood, on repeated
examination, is found to be free of malarial parasites and malarial pig-
ment.
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1. Brief Review of the Physical and Chemical
Properties of the Blood
The blood consists of a fluid portion (plasma), and of certain formed

elements (red and white blood-corpuscles and blood platelets) suspended
in the fluid,
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GENERAL INTRODUCTION

(a) Coagulation of the Blood

If a portion of the blood be drawn and allowed to stand, it will soon
coagulate, owing to the fact that the fibrinogen of the plasma is changed
into fibrin; the resulting clot, or coagulum, contains in its meshes of
fibrin, the cellular elements, and the blood platelets. The fluid blood-
plasma, having been deprived of its fibrinogen, leaves a clear, straw-
colored fluid (serum) behind. If the blood be beaten during coagulation,
the fibrin can be removed, separate from the rest of the blood, in which
case the defibrinated blood contains serum, red and white blood-corpuscles,
and blood platelets.

The usual account given of the coagulation of the blood attributes this phe-
nomenon to the action of a ferment (thrombin, or thrombase), which converts the
soluble fibrinogen into insoluble fibrin. The ferment (thrombin), in turn, is
deseribed as absent from the circulating blood, but, when blood comes in contact
with foreign substances, it arises from a substance in the plasma known as throm-
bogen, or prothrombin (possibly derived from the blood platelets), through activa-
tion by a thrombokinase (a substance said to be present especially in the blood
cells and in the cells of the walls of blood vessels).

In addition to the ferment, thrombin, ionized lime salts must be present, if
fibrinogen is to be converted into fibrin; if these salts be precipitated by a small
quantity of potassium oxalate or sodium citrate (0.1-0.5 per cent), coagulation
is prevented. Coagulation can also be hindered by the addition of solutions of
pepton, or of leech extract (hirudin, 1 mgr. to 4 cem. blood), and it can be delayed
by eooling the blood.

Recent studies by W. I. Howell have tended to establish a simpler
theory of blood coagulation than that deseribed above. Howell assumes
that all the elements necessary for coagulation are present in the circulat-
ing blood, namely, prothrombin, fibrinogen and calcium, and that there
is normally sufficient antithrombin present to neutralize and inactivate the
prothrombin, The balance between these two is extremely delicate, though
capable, normally, of rapid adjustment. Cellular injury releases a sub-
stance, known as thromboplastin, which binds the antithrombin and permits
the other three components to act in the manner shown in the diagram
below.

Cellular injury >Thr(‘)mboplnstin
A

v | ——Neutralization
Antithrombin

Prothmmbin\
h ~—— Thrombin.
Calcium—" + ——Fibrin = Clot.
Fibrinogen

It will be seen that Howell’s view differs from the view previously
deseribed (1) in the assumption that thrombin consists simply of calcium
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and prothrombin (free to act), and that it does not have to be activated by
| a thrombokinase, (2) in stating that thrombin in the presence of fibrinogen
1 is inhibited from acting by antithrombin, and that as soon as antithrombin

is neutralized by thromboplastin, coagulation oceurs, Upholders of the
earlier view may perhaps reconcile their theory with Towell's by (1)
granting that prothrombin and ealeium are normally present in plasma,
| and (2) accepting Iowell's “neutralization of antithrombin with throm-
1 boplastin” as a paraphrase of their “activation by thrombokinase.”

How

i 1 This view of Howell's satisfies the known facts of coagulation better than any Lee |
e other theory thus far advanced, and it is full of promise of applications in elinical

| work, both diagnostic and therapeutie. All practical workers in hematology will Loet
do well to familiarize themselves with Howell's views and with the technic of his

methods of work.

. The methods for determining the “coagulation time” and the “bleed- (b)
1 ing time” in human beings will be described further on. ]
i Clinicians have tried to find out methods for shortening the coagula-
tion time (administration of caleium lactate, gelatin injections, NaCl
i injections, serum injections, coagulin of Clowes, etc.), for it is often 9§ byt
1 desirable, clinically, to shorten the coagulation time in cases (1) of severe 9 ¢
internal hemorrhage, (2) of hemorrhagic diathesis (hemophilia, scurvy, 4 dete
icterus, ete.), and (3) of aneurism. Surgeons, particularly, in cases of of t
| jaundice and in other cases with hemorrhagic tendency desire to increase by
the coagulative power of the blood before operation. The newer studies
i on the fibrinogen content, and on the prothrombin and the antithrombin blos
Wl content of the blood promise to enlighten us regarding the nature of such % “I%
i cases (Whipple and Moss). of ¥
id In other clinical cases, it may be desirable to inhibit coagutation; i. e, 8 "I"
i i to retard the coagulation time. In animals, it is easy to do this with = mel

4 hirudin. For human cases, we do not know how to act. "I‘“
elec
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(b) Total Quantity of Blood; Volume-Percentages of Corpuscles
and Plasma; Volume-Index (Capps); Water-Content

ula-
‘aCl The total quantity of blood (by weight) in the adult body, determined
ften by the earbon-monoxid method of Haldane, amounts to approximately one-

twentieth of the body weight, or about 3} kilos; the older methods of

rere

rvy, determination (by infusion, ete.), indicated an amount equal to about 1/13
s of of the body weight, which was far too large. In the anemias, the amount
rase may be only 4 or § the normal.

lies Physiological and pathological changes in the total volume of the
\bin blood, and of the volume percentages of the corpuscles and the plasma, must

always be remembered, since they are of importance in judging the results
of various blood examinations, The volume of the red cells depends chiefly
upon their number, but also, partly upon the osmotie pressure. The
methods of determining the volume of the corpuscles (sedimentation of
oxalated blood; centrifugalization in the hematokrit; determination of
clectrical conductivity) are motoriously unreliable, and are of but little
value for routine elinical examinations. But the careful work of Capps
has shown, that, eritically used, some important information can be de-
rived from them by research workers in hematology. About 45-50 per
cent of the volume of the normal blood is occupied by the corpuscles. If
50 per cent be taken as the normal value and made==1, we can express
pathological volumes as percentages:of the normal volume 1. If after
determining the percentage of the normal volume present we make an
ordinary red blood-corpusele count this gives us the percentage of the
normal eount (5 million) present in the case under examination. From
flese two percentage-values, Capps determines the average volume of the
corpuscles, or what he designates as the volume-index:

uch

.l

vith

Percentage of the normal volume

== average volume = volume-index,
Pcrcentage of the normal count
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Normally, the volume-index is, of course, 1; in pernicious anemia,
Capps found it to be greater than 1, in other anemias, less than i. This
volume-index (Capps), or volume-quotient, or volurae-value (Sahli), runs
parallel to the color-index, to be deseribed further on.

In certain conditions in which the red corpuscles are greatly increased
in number (polyeythemias), the percentage volume of the corpuscles may
be greatly increased.

Certain terms are employed to denote alterations in the volume of the
blood and of the blood percentages, chief of which are the following:

Oligemia.—By this is meant a reduction of the total volume of blood,
involving both the total liquid and the total mass of cellular elements,
though the blood in a unit of volume, say a cubic millimeter, may show no
marked alterations. Such an oligemia occurs (1) in the severe hemolytic
anemias, (2) in states of inanition (tuberculosis, carcinoma), and (3)
probably in the so-called pseudoanemias, in which the persons look pale,
and yet have a normal red-corpuscle count and a normal percentage of
hemoglobin in the blood examined. Some of the polar anemias, and some
of the tropical anemias—not all of either—belong here.

Plethora.—In this condition there is an increased volume of blood—
permanent or transitory—due to an excess of either the serous, or the
cellular, elements, or both. The specific gravity of the blood is usually
increased. Such a plethora is present in cases of polycythemia (in both
primary and secondary forms) ; there may be double the normal volume of
blood, or even more. In chlorosis, there is a very large increase in the
total quantity of blood (Lorrain Smith, Oerum).

Hydremia.—By this is meant a disproportionate amount of water in
the blood as regards the solids; it may result from either an increase in the
water of the blood, or from a decrease of the proteins (hypalbuminosis),
and is associated with a reduction in the specific gravity. Sometimes a
hydremia, as in some of the nephropathies, is associated with plethora,

Recently, a good deal of attention has been paid to the waler-content
of the blood in the various hydremias and anhydremias. Normally, the
water-content, both of the blood serum and of the blood corpuscles, is
tolerably constant. Temporary changes are, however, seen. Thus, the
blood undergoes temporary dilution after abundant water drinking, but
the normal condition is quickly restored by diuresis, or by an increase of
the water in the tissues. On the other hand, the blood may become tem-
porarily concentrated after sweating, or on a small fluid intake ; here again
the normal water-content tends to be maintained by corresponding drying
of the tissues, The relation of changes in the blood pressure, and in
vasomotor conditions generally, to the water-content, has also been studied.
Thus, after adrenalin injections, the blood pressure rises and the water-
content of the blood diminishes, within a few minutes, by more than 15
per cent (Hess and Erb). The changes in water-content after hard mus-
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enlar work may depend, partly upon blood-pressure changes, partly on

sweating, and partly on changes in the content of the tissues in water.

Much work needs to be done in the study of the effects of hydrotherapy

(hot and cold) on the water-content of the blood. A beginning has already

been made (Grawitz, Loewy).

Under pathological conditions, the same tendency of the blood to main-

tain its normal water-content is seen, but greater variations are met with,

Thus, the water-content may be much lessened when the water-intake is

interfered with (cancer of the esophagus, pyloric stenosis), or when large
amounts of water are lost owing to diarrhea (Asiatic cholera, cholera
nostras, severe purgation). Loss of water through the kidney less often

canses diminished water-content of the blood. In diabetes mellitus, and
even in diabetes insipidus, the water-content may not deviate far from the
normal values.

The water-content may be increased in pathological conditions, either
from a diminution in the proteins of the blood plasma, or from an increase
of the water in the blood. Sometimes, both conditions oceur simulta-
neously.

In the hydremias associated with inanition (malignant neoplasms,
tuberculosis, severe anemias) there is a diminution of the proteins of the
blood, and though the total water may be diminished, the relative water-
content is, as a rule, markedly increased. There are, however, exceptions,
the protein-content and water-content diminishing equally—a true oli-
gemia.

After severe hemorrhages, the body tends to restore the total quantity
of blood by the absorption of water from the tissues; but it may be some
time before there is a complete qualitative restoration through regeneration
of the proteins.

In chlorosis, the total quantity of blood is often markedly increased
(plethora), but, strange to say, examination of the water-content shows,
as a rule, nearly normal values, This points to an inerease in the proteins
of the blood in chlorosis. In pernicious anemia, the water-content is often
relatively increased, but it may sometimes be normal, despite a marked
lowering of the specific gravity of the total blood, owing to the diminution
in red corpuscles.

From the clinical standpoint, the two most interesting forms of
hydremia are (1) the hydremia occurring in the nephropathies, and (2)
the hydremia occurring in the cardiopathies with failing compensation.
In acute nephritis with edema, there is often a marked hydremia, the
specific gravity of the blood falling as low as 1.018.  The hydremia and the
edema do not, however, go parallel to one another. In the chronic edem-
atons nephropathies, hydremia is common, but in the chronie nephropathies
without edema (e. g., contracted kidney), hydremia as a rule does not
occur. In the late stages of contracted kidney, when myocardial insuffi-
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ciency sets in and edema appears, a hydremia may be found, but this is
due to the circulatory, rather than to the renal, condition.

The older physicians thought that the hydremia in the nephropathies
might be due to the loss of albumin through the urine, but this is not the
case. It depends, in all probability, upon several factors (water retention,
vascular changes, retention of electrolytes, changes in absorptive power
of colloids).

In the cardiopathies, hydremia does not occur as long as there is com-
pensation, but when myocardial insufficiency appears, hydremia develops,
probably due to water retention. If the myocardial insufficiency persist
long, the hydremia diminishes, owing chiefly to an increase in the red
corpuscles of the blood, but partly to an increased excretion of water
through the lungs (dyspnea).

Anhydremia.—This condition is characterized by a decrease in tho
liquid constituents of the blood, with a resultant concentration of the pro-
teins (hyperalbuminosis), and of the formed elements,

(¢) Color of the Blood; Hemoglobin; Blood Gases

The color of arterial blood is normally bright red, owing to the large
amount of oxyhemoglobin in it; the venous blood, less rich in this sub-
stance, is darker, more bluish red. The amount of hemoglobin present, in
health, in a normal adult is 13 or 14 grams in 100 c.c., being a little less
in women than in men, As a general standard for the normal adult, 13.77
g. in 100 c.c. has been adopted, but the amount varies markedly in normal
adults. (See Methods of Examination of the Hemoglobin-content of the
Blood.) The amount varies normally also with the age of the person,
and can be charted out in a definite ecurve. The common figures are
those of Leichtenstern, given in the table below.

Amounts of Hemoglobin at Different Ages.—

Grams of Hemoglobin

3 per 100 e.e. of Blood.
3 0 AA v tevemvidvissisiee 19.329 to 2116
S0 3k -*. 4 coe 101124 to 17.869
8 to 20 weeks .. . 12928 to 15.362

6 mo.—bth year . 10971 to 11.373

5 to 15 years ......... ... 11151 to 11.796
BB * e ... 13.034 to 13.870
B  F iaivianises ... 14727 to 15.013
Bl L caiiaen ... 12484 to 13.150

Over 60 ® . iisesscavivesnossns

The combhining power of reduced hemoglobin for O, and for CO is
well known ; 1 gram of the coloring matter will combine with 1.34 c.c. O,,
or with the same amount of CO at 0° C. and 760 mm. barometric pres-
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sure. The idea, formerly held, that several varieties of hemoglobin exist,
each having a different combining power, has been given up.

The Gases of the Blood.—The arterial blood in animals contains about
21.6 per cent by volume of oxygen, loosely combined with hemoglobin;
studies in man have seldom been made on the arterial blood. The venous
blood contains only 14.8 per cent of O, by volume, though the percentage
varies greatly.

The arterial blood contains about 40.3 per cent of CO, by volume (one-
third of it united to the red corpuscles, the rest in the plasma) ; the venous
blood, 46 per cent to 48 per cent by volume. Both venous and arterial
blood contain 1.8 per cent by volume of nitrogen, as well as traces of
i argon.

One must never judge of the amount of hemoglobin merely by the
pallor of the mucous membranes. It takes only a little experience to teach
one how far astray such a guess may lead. Many people look very pale
and still have over 90 per cent of hemoglobin (pseudoanemia).

There is a good deal of evidence that the fension of the gases in the
blood may be of more importance than the actual quantity, as far as their
biological significance is concerned. The tension is, to a certain extent,
independent of the quantity. Bohr has shown that an abundance of (O,
increases the tension of the oxygen present, while the CO, tension itself is
affected by changes in the titratable alkalinity. The greater the degree of
acidosis, for example, the higher the CO, tension, even when the quantity
7 of CO, remains constant (dyspnea from exertion, coma diabeticum).

The cause of dyspnea probably lies in alterations in the blood gases,
The dyspnea of anemic patients is due to the diminished oxygen-content
of the blood, which goes parallel with the diminution of hemoglobin. The
dyspnea here accelerates the circulation, and so is, to a certain extent, a
purposeful phenomenon.

The dyspnea occurring at high altitudes (mountain climbing, aero-
plane) is due to stimulation of the respiratory center from lack of oxygen
in the arterial blood. The dyspnea of open pneumothorax has the same
cause,

In cardiac dyspnea, the blood contains an excess of CO,; in eyanosis,
the COy-content may rise to 60-70 per cent (Morawitz). The tension of
the CO, in such cases has only recently been studied (Porges); it seems
likely, from the newer studies, that cardiac dyspnea is also, in reality, due
to lack of oxygen. Thus far, only venous blood has been studied in such
cases; it is desirable that gas analyses of the arterial blood in experimental
animals should be undertaken to throw light upon this point.

In asphyxia, the oxygen-content of the blood falls in a few minutes to
a very low level, the CO, content rising rapidly (Setschenow).

In carbon-monoxid poisoning the oxygen is prevented from uniting
with the hemoglobin, and the oxygen-content of the blood falls; at the same
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time the CO, content falls, probably owing to decrease of the titratable
alkalescence (Loewy).

In prussic-acid poisoning, the venous blood contains an excess of
oxygen, and is poor in CO,, owing to the loss of power of the tissues to
take up oxygen from the blood (Geppert); this accounts for the bright
red color of the venous blood in such cases.
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(d) Reaction and Reactivity of the Blood; Its
““ Acid-Capacity "’

The potential reaction of the blood, tested by titrimetric methods, is
alkaline, though the alkalescence is somewhat variable according to the
indicator used.

This alkalescence is really an expression of the acid-combining power
of the blood ; the blood also possesses alkali-combining power, but to a less
degree. In terms of free hydroxyl (OI) ions and of free hydrogen (1)
ions, which physical chemistry employs as the gauge of alkalinity and of
acidity, the “actual” reaction of normal blood is almost neutral. In
health, the values of free I and OH ions obtained by the “gas-chain”
method of Michaelis are very constant (0.26-0.30 X 107). Even in
disease, including diabetic coma, the values remain within the limits
0.1-1 X 107, According to F. W. Peabody (1914), the free H-ion content
is increased, the OIl-ion content diminished, in the blood in uremia;
though the studies of Michaelis and Davidoff, of Masel, and of F. M.
MePhedran, indicate normal findings in uremia.

The “potential” alkalescence, revealed by titrimetric methods, depends,
with any given indicator, upon (1) a diffusible fraction (due to Na,HHPO,,
NallCO,, and Na,('0,), and (2) a non-diffusible fraction (due to pro-
teins, in the cells and in the plasma). Since the blood is “actually”
neutral, and what we measure, on titration, is in reality the amount of
acid we may add without raising the concentration of the hydrogen ions
above a certain low limiting value (variable with the indicator), it is
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better to use the term “reactivity” of the blood (Moore and Wilson) for
the property it possesses of combining with acids, though it be neutral,
without changing its I-ion content.

The titratable alkalescence of the blood is diminished in fever (von
Jaksch, Kraus), though the alteration is not constaut. It has been thought
that resistance to infection stands in relation to the alkalinity of the blood,
but this seems improbable. The remarkable lessening of the alkalescence,
or of the acid-capacity, of the blood in cholera (Cantani, Sellards) has
yet to be explained, especially as concentration of the blood usually in-
creases alkalescence. The diminished acid-capacity in uremia has recently
attracted much attention (von Jaksch, Sellards, Brandenburg). Uremia
appears to be one of the few pathological conditions in which the “alkali
tension” (diffusible alkali) is diminished. The diminished eapacity for
binding acid in some cases of chronic nephropathy with uremia, as meas-
ured by Sellards, in the clinic in which I work, is remarkable.

(e) The Specific Gravity of the Blood

The specific gravity of the blood varies, in health, between 1.055 and
1.062 in men, and between 1.050 and 1.056 in women, depending chiefly
on its hemoglobin content, the age of the person, and the temperature at
which the estimation is made. In pathological conditions, the blood may
become very concentrated (sp. gr. 1.080), or very dilute (sp. gr. 1.030).

The specific gravity of the blood serum varies normally between 1.029
and 1.032, depending chiefly upon its protein-content. When the specific
gravity is low, a condition of hydremia exists. But the specific gravity
may be normal, even when the blood is impoverished in protein, owing to
an increase in dissolved salts (e. g., in uremia). For clinical purposes, a
knowledge of the specific gravity of the blood is, as yet, of little or no
value,

(f) Molecular and Ionic Concentration of the Blood; Osmotic
Pressure; Electrical Conductivity

The freezing point of the blood, determined by eryoscopy, varies in
health within very narrow limits, being extraordinarily constant, usually
lying close to — 0.56°C. Since proteins have almost no osmotic value, the
exact position of the freezing point of the blood (8) depends upon the
content of the blood serum in crystalloid substances, especially in salts.
The amount of sodium chlorid in the blood serum is normally 0.7 per cent;
the amount of nitrogen, other than that in coagulable protein, that is to
sy, the “Rest”-nitrogen, amounts in health from 20 to 85 mg. of N in 100
c.e. of blood. The amount of O, in the blood influences the freezing
point; thus in the eyanosis of emphysema, or of myocardial insufficiency, 8
may be low, though if the CO, be driven off, it may become normal. It
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was hoped that the determination of 8 would be a help in the diagnosis of
uremia; thus far it is of no practical clinical value.

The determination of the electrical eonductivity of the blood has as
yet yielded no results of clinical importance. As Ralph W. Webster
emphasizes, the fact that the electrical conductivity of the blood serum is
not much increased in the cases of severe advanced renal disease, even
when the freezing point is lowered, makes it probable that the retention of
chlorids in renal disease does not mean that they are retained in the blood ;
they probably go out into the tissues, the lowering of the freezing point
that is observed being due to non-dissociable molecules (probably organie,
rather than inorganic, constituents).

(g9) Permeability of the Red Blood-Corpuscles; Osmotic,
Thermal, Mechanical, and Hemolytic Resistance

The red corpuscles act like semi-permeable membranes. They allow
water to pass in and out, with change in their volume, but they are not
permeable to salts. An exception must, in this far, be made that exact
studies have shown that certain anions (Cl', CO,", NO,’, SO,") can pass
in, provided other ions pass out in compensation ; but kations (K, Na, Ca,
ete.) do mot pass through at all. The quantity of CO4"-ions in the red
corpuscles is of marked influence on the permeability. From solutions,
equimolecular in concentration with the content of the red corpuscles,
these corpuscles have no power to draw water; in other words, such solu-
tions are isofonic with the corpuscles—they have identical osmotic pres-
sures. An example of such an isotonie solution is an 0.9-per-cent solution
of NaCl. In an NaCl solution stronger than 0.9-per-cent, water is drawn
out of the corpuscles, and they shrink; such a salt solution is hyper-
tonic. On the other hand, in an NaCl solution weaker than 0.9-per-cent,
the water is drawn into the paraplasma of the red corpuscles, and they
swell up; such a salt solution is hypo-fonic. On marked swelling of
the corpuscles, they lose their hemoglobin; the blood becomes “laked.”

These reversible osmotic phenomena can proceed for a considerable
distanee in either direction without injury to the red corpuscles. On this
principle, a method of determining the resistance of the red corpuscles by
exposing them to a series of salt solutions of differing strengths (q. v.) has
been worked out. The feeblest solution in which the blood is not laked
at all is the minimum resistance, that is, the strength at which the most
vulnerable red cells are not laked ; for normal blood, this strength is 0.46-
per-cent NaCl. The feeblest solution in which the least vulnerable red
cells can still exist unlaked is known as the maximum resistance. The
difference between the minimum resistance and the maximum resistance is
called the resistance-breadth.

We can determine not only (1) this osmotic resistance of the cells, but
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also (2) the mechanical resistance to shaking with glass pearls, (3) the
thermal resistance, and (4) the resistance to hemolytic poisons, for ex-
ample, saponin,

In the experimental anemias, the red cells may gradually attain to an
enormous increase in resistance. Thus, in poisoning by phenylhydrazin,
the resistance may be so increased that the red cells can be placed in
distilled water, even after having been washed free from serum, without
being laked (Morawitz and Pratt, Pratt and Itami). The inereased resist-
ance is associated with an inerease in the stroma of the red cells (pachy-
dermia).

In hemolytie icterus, the resistance is lower than normal; in ordinary
obstructive jaundice, the resistance is plus. In pernicious anemia, there
is a plus resistance. In hemoglobinuria, there is no change in the osmotic
resistance, but a diminution of both the thermal and the mechanical resist-
ance has been demonstrated (Meyer and Emmerich).

W. L. Moss has shown that human beings are subdivisible into four
groups as regards sensitiveness to iso-agglutinins and isohemolysins, The
technie of this determination will be given under methods of examination.
It is important for the selection of a suitable donor, in cases of transfusion
of blood, to be sure that the “donor” belongs to the same group as the
“recipient.”

(h) The Viscosity of the Blood (m)

By this is meant the internal friction of the blood, as determined by
a viscosimeter (q. v.).

According to Poiseunille’s law, fluids at equal temperature and equal pressure,
passing through capillary tubes of equal ealiber, vary in their rate of flow as they
vary in internal friction (i. e., in viscosity). The law holds good for certain
pressure-differences only, and a suitable viscosimeter must provide the necessary
pressure-differences (Hess).

The viscosity (n) depends upon a large number of factors, If an
abnormal viscosity be found, it may point to any one of these several fac-
tors, Naegeli values its determination highly for purposes of quick
orientation regarding a given blood-sample, since any deviation from the
normal proves that we are dealing with an abnormal blood.  The ubnormal-
ity may not be clinically very important ; thus a slight stasis will meierially
inerease the viscosity, Naegeli has used the method to eontrol the ways
of securing blood for elinical examination; he finds that blood drawn by
venepuncture is altered (by slight stasis) enough to increase the viscoxity,
‘nd that the only way to secure blood of constant composition for clinical
cxamination is to puncture the finger after the hand has been immersed
in warm water for a time.
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In normal adults, the viscosity of the whole blood (1) averages about

5.1, while the viscosity of the serum (7,) is less (1.78-2.19). The differ- |

ence depends chiefly upon the viscosity of the blood corpuscles, which, as a
rule, make up §- of the viscosity of the whole blood.

Hess has shown that the normal viscosity of the blood affords the most favor-
able conditions for the cireulation, making the pumping-work of the heart through
the capillaries the least possible.

The viscosity of the whole blood is diminished in anemias and markedly
increased in the polyeythemias (y==11-20). It is remarkable that, in the poly-
eythemias with such inereased viscosity, the heart does not hypertrophy. The
reason probably lies either in a sinking of the minute volume, or in a dilatation
of the vessels, to compensate for the inereased friction.

When the CO, content of the blood is increased, the viscosity inereases rapidly,
probably owing to swelling of the red corpuscles; doubtless this gives the heart
more work to do.

Recent studies indicate that the viseosity of the blood may be of importance
in metabolic exchanges between the blood and the tissues. In animals, the over-
living heart will work longer in a fluid of normal viscosity than in one in which
the viscosity is less or greater than normal (Albanese).

C. R. Austrian (1911) has studied the viscosity of the blood, in the elinie in
which I work. He found % slightly higher in men than in women. The num-
ber of red cells, the amount of hemoglobin, the quantities of the blood-gases, the
amount of protein, fats and salts, all have an influence on the viscosity, but it
does not vary in direct proportion to any one of them. Austrian found the aver-

age viscosity of the plasma (w,) to be 1.8, and that “;;;;::":i%;?;: 17 to 21.
The viscosity was reduced in cases of anemia, increased in cases of diabetes, pneu-
monia, jaundice, and polycythemia.

0. Naegeli (1912) holds that the viseosity (n) depends on the following
factors:

. On the viseosity of the plasma or serum =n,.

. On the number and volume of the red corpuscles (most important factor!).
. On the hemoglobin (almost as important as the r. b, ¢.).

. In marked leukocytosis on the number and volume of the white cells,

On the size and the volume of the circulating cells.

On the nature of these cells (fullness with hemoglobin; water-content).
. On the CO, of the blood.
. On the salts of the plasma.

R R N

Naegeli maintains that 9 is a very desirable general control for other
methods of examining the blood, and in the last edition of his textbook
discusses its usefulness at considerable length. The interested reader will
do well to consult this treatise, and also to study Determann’s monograph.

(i) Chemical Composition or the Blood

In studying the chemistry of the blood systematically, investigators have to
cousider (1) the whole blood, (2) the blood plasma, (3) the blood serum, and
(4) the formed elements of the blood. In the future, such analytical studies will
doubtless b of iderable clinical value; at present, they can be used only
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by special research workers. A few of the outstanding results of such studies
will be mentioned here.

Dried Residue.—The dried residue of the whole blood (total solids) amounts
to from 21-225 per cent by weight. The dried residue of the plasma (without
the corpuscles) amounts to from 10-10.5 per cent by weight; in other words,
90 per cent of the plasma is water.

Proteins.—The total protein content of the blood serum, as determined by the
refractometer, varies between 7.24 per cent and 9.13 per cent (Reiss). This cor-
responds to 1.2-1.5 per cent of the total N. In nephritis with edema, it may fall
to 5.4 per cent or even to 4.8 per cent. The solids of the plasma consist chiefly
of proteins (7-9 per cent). Among the proteins are the globulins and the albumins.

The fibrinogen-content is about 0.4 per cent; it is a typical globulin, gand, from
it, the fibrin is formed during coagulation. Formerly great attention was paid
by the humoral pathologists to the amount of fibrin formed on coagulation of the
blood. Inerease in the quantity of fibrin was known as hyperinosis, decrease as
hypinosis. 1t is known that in pneumonia, in suppurations of various sorts, in
polyarthritis and in experimental pneumocoecus infections, hyperinosis oceurs;
ile in typhoid fever, smallpox, measles, malaria, in states of inanition, in severe
anemias, in leukemia, and in Graves's di , hypinosis is ¢

Sinee, in the conditions associated with hyperinosis, it is common to find, also,
a leukoeytosis, some authors have assumed that fibrinogen is formed in the bone-
marrow, but others believe that the liver is the most important fibrinogen-forming
organ. The more recent work supports the latter view.

In the United States, the fibrinogen-content of the blood has been studied in
pathological conditions, especially by Whipple. Though the amount present in
man, and in experimental animals, fluctuates widely, it never, in health, falls to a
dangerously low level. Goodpasture finds that, in health, it regenerates with
extreme rapidity; the power of the body to reproduce it seems unlimited, an indi-
cation that it is of great importance for the body welfare. In certain intoxiea-
tions (phosphorus, e¢hloroform), the liver may be so injured that fibrinogen prae-
tically disappears from the blood (Whipple). It is no wonder, then, that
ecchymoses and internal hemorrhages occur in such eases. Whipple suggests that
the hemorrhagie symptoms in yellow fever, and in acute yellow atrophy of the
liver, are due to lack of fibrinogen, consequent upon the accompanying hepatopathy.
In cirrhosis of the liver, the fibrinogen-content of the blood may be low, a finding
helpful for prognosis. The hemorrhages in hemophilia are not due to lack of
fibrinogen, but to a lowering of the prothrombin-content of the blood plasma
(Howell).

The relationship between the globulin and the albumin fractions in the blood
plasma may be markedly disturbed at times. Normally, of 7.6 parts of total
protein, 3.1 is serum globulin and 4.5 is serum albumin, the relationship of the
globulin to the albumin being as 1:1.5. An attempt has been made to make use
, albumin

globulin
without much success. The quotient can, it is true, fall below 1, but such a change
is not pathognomonie for any one disease. The results are too vague to make
such examinations, as yet, clinically worth while.

The serum albumin of the blood consists of a mixture of at least two different
proteins. In the blood serum are contained also nucleoproteid, serum mucoid,
and glutolin.

The globulins and albumins can be d from the blood by coagulative
wethods (heating) ; there remain, however, still some uitrogenous bodies, their
content in N being known as “the incoagulable N of the blood plasma” or as

")

of variations in the lled protein q as a clinical sign, but
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“rest-nit ” This rest-nit ts to 5-10 per cent of the total N of
the blood plums under normal condmonl. in plthologml states, it may be
ged in t (e. g., in uremia). It is the N of the peptids,

amino cmda, urea, kreatin, hippuric acid, uric acid, the proteinic acids, and other
substances. The amount of rest-mtmgen varies conmdernbly in normal adults.
During fasting the t is diminished; on an abundant meat diet, it rises
markedly. The highest values are met with in the nephropathies; thus, in uremia,
as much as 0.336 per cent rest-nitrogen has been observed (Strauss). W. A.
Baetjer and R. R. Snowden have recently emphasized the desirability of following
rest-nitrogen in eases in which renal functional tests are also performed.

There seems to be no direct connection between the amount of rest-nitrogen
and the danger in uremia. This is in accord with the view that uremia does not
depend directly on the retention of any kind of poisonous product (Sauerbruch).
No marked deviations in the behavior of the rest-nitrogen from the normal have
been made out in chronie parenchymatous nephritis and in contracted kidney
(von Noorden).

Fats.—Among the fnh, and lipoid substances, in the blood, the total fats
have been determi by th Ives, and then analyzed into theu' several con-
stituents (neutral fat, lmﬂun, ]u'onn, protagon, ete.). Free cholesterin (itself
an aleohol, cholesterol), the cholesterin esters of oleie and palmitic acid, and oxy-

holest .'-eanbe lated from the blood.

The fat-content of the blood is subject to great variations, and, especially under
normal conditions, it depends upon the amount of fat taken in with the food. Itis
lower in the morning before breakfast in a patient on an ordinary diet than in the
same patient after a prolonged fast, since, on prolonged fasting, the body has to use
fat instead of sugar in its ordinary bustions, and the fat-content of the blood
becomes increased, owing to the wandering of fat from the adipose tissues to the
plam where fat is to be burned.

ides the t y lipemi fo]lowmg an inereased fat-lnhlke in the food,
an inereased fnt-content is met with in various pathological processes, Iy
in severe cases of diabetes mellitus, with ucldosm or coma. In one case studnod
by B. Fischer, more than 18 per cent of fat was found.

Lipemia has also been met with in obesity, in chronie aleoholism, in phos-
phorus poisoning and in pregnancy. Boggs and Morris have demonstrated the
presence of lipemia in toxic and in posthemorrhagie experimental anemias in the
rabbit; as much as 4 per cent of fat may be present in the blood. When lipemia
exists, the blood serum is usually turbid and milky-looking; in severe grades, the
whole blood may look like a mixture of milk and chocolate.

Why the fat accumulates in the blood in these pathological cases of lipemia is
not well understood. There is no proof that the body eannot oxidize the fat.

Saponification of fat (lipolysis) probably does not oceur in the blood serum.
The content in volatile fatty acids is sometimes determined by means of the
“Reichert-Meissl number”; the content in oxy-fatty acids, aleohols and other con-
stituents containing OH, by means of the so-called “acetyl-number.”

Recently, attempts to study the blood-lipoids after 1 of the cholesterin,
by determination of the iodin-number (Hiibl), which is a measure of the content
in unsaturated fatty acids, have been made. Thus, J. H. King, working with
H. Eppinger, has found that a parallelism exists between hemolytie processes
and a high iodin-number (Jodzahl). The iodin-number falls after splenectomy;
though the total fat-content of the blood rises. They found very high iodin-
number in the blood in pernicious anemia, in cirrhosis of the liver, in hemolytie
icterus, and in the stasis of myocardial insufficiency. Along with such studies of
the iodin-number, it is desirable to keep tab on the ber of f d and destroyed
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red corpusecles. Eppinger tries to judge of erythrocyte destruction by following
the urobilin in the stool by means of the spectral-photometrie method of Charnass.
High urobilin-values were found in primary anemia, hemolytic icterus, malaria,
lead poisoning, and | ia, while low values were met with in carcinoma and
in anemia from postpartum hemorrhage. These urobilin-values fall enormously
after splenectomy, in hemolytic icterus and in pernicious anemia. As a result of
these studies, Eppinger believes that a group of cases ean be distinguished in
which there is increase of the normal spleen function (Hypersplenie), and that
they are improved by splenectomy. The body tries to overcome hypersplenia by
increased activity of the bone-marrow, and by fibromatous changes in the spleen.
He thinks that when hemolysis is demonstrably inereased, therapy should not be
directed toward inereasing the function of the b row, but to d ing the
splenie function, by splenectomy.

Carbohydrates.—Among the carbohydrates oceurring in the blood are (1) free
glucose, (2) the so-called “virtual” sugar of Lepine (not accessible to direct esti-
mation, but determined after hydrolysis), (3) glycuronic acid, (4) fructose, and
(5) animal gum. In normal adults the sugar-content of the blood is very constant,
and varies but little with the food-intake. On exaet analysis, amounts a little
below 0.1 per cent are usually found.

An increase of the sugar in the blood is known as hyperglycemia. This is met
with, continuously in diabetes mellitus, and temporarily under various conditions
in which glycosuria occurs; it is probably due to accelerated mobilization of the
hver glycogen. After blood is drawn, the sugar gradually disappears from it, the
glyeolysis depending upon a glycolytic ferment, which is present not only in the
blood serum, but also in the various organs. It is not an oxidase.

Extractives.—The extractive substances of the blood are divisible into (1) those
containing nitrogen and (2) those free from nitrogen.

Of the nitrogen-containing extractives (included above with the “rest-nitrogen”)
may be mentioned, urea, carbaminic acid, kreatin, urie acid, hypoxanthin, the
amino acids, and the proteinic acids (antioxyproteinie acid, and alloxyproteinic
acid).

The normal amount of wrea in the blood has been estimated to be 0.1-0.2 per
cent, though during digestion it may reach 0.61 per cent. In pathological states,
especially in the nephropathies, the amount of urea may be much increased. There
is no relation, however, between the amount of urea and uremic states. Important
information ean, however, be gained by considering the relation of the urea in
the blood to that in the urine (see Ambard’s Coefficient, Part X).

In all cases in which there is increased proteolysis in the body, the urea con-
tent of the blood may be increased. In hepatie insufficiency, the urea of the blood,
and of the urine, may be reduced, in which event its place seems to be taken by
amino acids.

The wuric-acid content of the blood is normally very small. It is difficult to
detect amounts less than one milligram in 100 e.e. (Magnus Levy), and, ordinarily,
less than this is present in normal blood, though after a meal rich in purins
(sweetbreads), as much as 5 milligrams may be present in 100 c.c. (Weintraud).

An increase of the urie acid in the blood is known as wricacidemia. This is
always present in gout, as was long ago shown by the thread-test of Garrod. A
uricacidemia is also met with whenever many cell nuclei are undergoing degenera-
tion in the body (resolving pneumonia; leukemia; x-ray therapy of spleen, bone-
marrow or lymph glands).

Amino acids oceur in normal blood on their way to the various tissue cells.
Normally, the amounts of free amino acid are probably small, though J. J. Abel,
by his “artificial-kidney” method in animals, has been able to separate large quan-
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tities of amino acids by keeping the circulation going through the dialyzer for
several hours. Abderhalden has also isolated considerable quantities of amino
acids from the blood by studying an enormous quantity (a barrel full) at one time.
We shall doubtless, later on, hear more about the examination of the amino acids
of the blood, but, as yet, the methods are not available for clinical purposes.

A certain t of is lly p in the blood (1 milligram in
100 ee.). In aoldoau, the ammonia is caught up out of intermediary metabolism
and is not changed, as in 1 iti to urea in the liver, but is used to
neutralize the abnormal acids. In uremia, too, there seems to be an ammoniemia.

Among the nitrogen-free extractives are included lactic acid, ethyl aleohol,
glycerin, acetone, oxybutyrie acid (important in diabetic acidosis), indoxyl, indol,
and skatol, and the coloring matters (lipochromes).

Inorganic Salts.—The inorganie salts of the blood ean be studied by analyzing
the ashed blood. It must be bered that, on bustion of protein, sulphuric
acid and phosphorie acid are formed, so that at least a part of these substances,
and perhaps other constituents of the ash (alkali), are to be referred to this
source. Again, it is possible that the newly formed H,80, and H,PO, may have
driven off some HCI and H,CO,. A study of the ash may, therefore, be somewhat
deceptive as regards the kinds of inorganie salts and their quantity, as far as the
serum is concerned. For clinical purposes, the amount of sodium chlorid in the
blood is perhaps the most important value to be determined.

The iron-content of the blood depends upon the hemoglobin content. It is
believed that in each hemoglobin molecule there is one atom of iron. The iron-
content of hemoglobin is said to be 0.336 per cent (Hiifner).

The formed elements of the blood, separate from the pl , are also being
studied chemically for their protein, fat, carbohydrate, extractive and inorganic
constituents.
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(j) The Ferments of the Blood

Recently, a good deal of attention has been paid to the content of the
blood in various ferments. Among the ferments believed to exist in the
blood are the following:
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A. Carbohydrate-Splitting Ferments:

1. Diastase, which liquefies and hydrolytically splits starch or
glycogen, with formation of dextrin, maltose, and grape sugar.

2. Grycoryric FErMENT, which splits glucose, though the products
of the cleavage are not known. It is best demonstrated in the
blood by the method of Rona and Doeblin.

B. Lipases.

1. Lipase. Tt can sometimes be demonstrated in the blood by the
monobutyrin method, or by the lecithin method.
9. Cnoresterase.  This can be demonstrated by the method of

J. . Schultz

C. Proteolytic Ferments.

1. Levkorroreases. These are known to oceur in the polymor-
phonuclear neutrophilic leukocytes.

2. Axtrrryesiy,  This also oceurs in the blood and will inhibit the
effects of trypsin, Although an enormous amount of work has
been done with the antitrypsin reaction, about all that can be
positively said, from the clinical standpoint, is that if one find a
normal, or a diminished, antitrypsin-content in the blood, the
presence of carcinoma in the body is improbable.

D. Nuclein Ferments,

1. Nvcreases. These split nucleic acid into nucleotides and nu-
cleosides (Levene).

. Deamiases. These are ferments that split adenin and guaning
they are known as adenase and guanase.

. Oxyeurinases.  And, finally, ferments that oxidize the oxy-
purins (xanthin, urie acid), such as xanthinoxidase and uricoxi-
dase or uricase are known to oceur; in man, uricase is not met

with. (See Part XIII.)

E. Oxidases.

1. Peroxmases. The whole blood, owing to the presence in it of
polymorphonuclear leukoeytes, yields positive guaiac and phe-
nolphthalein reactions, owing to oxidation of the guaiacon acid to
guaiac blue, and the phenolphthalin in aleoholic solution to
phenolphthalein (Eric Meyer). Lymphocytes do not yield this
reaction.

. Purxorases. Oxidases known as phenolases also bring about
the synthesis of indophenol blue (Winkler, W. H. Schultze).
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3. Cararases. These ferments can split hydrogen peroxid into mo-
lecular oxygen and water without any accompanying oxidation
process. Such catalase is present in variable amount in all
animal and vegetable tissues. Its presence has been demon-
strated in the blood serum, though its physiological significance
is entirely unknown. Many clinical investigations have been
made with the methods of measuring catalase-activity (¢. v.), and
perhaps some diagnostic and prognostic value ean be maintained
for them. The catalases have been studied especially in the
clinic in which I work by Winternitz and Meloy, and by Winter-
nitz, Henry and MePhedran.

It has been found, for example, that the toxemias of preg-
nancy are separable into two classes as regards catalase exami-
nations, Those without renal involvement show no change in
catalase; those with renal insufficiency show a diminution of
catalase activity.

In typhoid, late in the disease, there is a gradual fall in cata-
lase activity. In labor pneumonia, a slight decrease was noted.

In hyperthyroidism, there was some increased catalase ac-
tivity; in hypothyroidism, a diminution.

In well-compensated nephropathies, the catalase activity was
nearly normal, but in uremie states it was much decreased. In
prostatic hypertrophy, causing urinary obstruction, a decrease of
activity was noticed. In diabetes mellitus and in the cardiop-
athies, no marked changes were observed.

Despite the large amount of work done with catalases, test-
ing for them is, as yet, clinically unimportant.

F. Abderhalden’s Reaction.

During the past three years, an unprecedented activity in fer-
ment work has been characteristic of the clinical laboratories of
Germany, and, to a certain extent, of this country, owing to the
introduction of Abderhalden’s “dialysis procedure.” The method
is given elsewhere in this volume (q. v.). Tt is too early yet to
speak positively regarding its value, though it seems to be of real
help in the early diagnosis of pregnancy, and may prove to be
of value in diagnosing organic disease in all parts of the body.

2. Brief Review of the Formed Elements of the Blood

By the formed elements of the blood we mean (a) the red blood-cor-
puscles, (b) the white corpuscles, (¢) the blood platelets and (d) the blood
dust.
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(a) The Red Blood-Corpuscles (Erythrocytes)

n all The red blood-corpuscles are by far the most numerous of the formed
won- elements of the blood, the number in man amounting to about 5,000,000,
ance and in women to about 4,500,000, per cubic millimeter. In shape, these
been corpuscles, like those of the higher animals generally, are round, non-
, and nucleated, biconcave disks, thus differing from the red corpuscles of birds
iined and the lower animals, which are nucleated,

T'he Size of the Red Corpuscles.—The average diameter of a red blood-
nter- corpuscle is 7 p, the average thickness 2 p.

The color is due to the presence of hemoglobin. Examined fresh, the
reg- red corpuscles look yellowish, but have a slightly greenish tint. In the
ami- thinner centers of each disk, the color is paler. In dried and stained speci-
3 in mens, the red corpuscles show an especial affinity for acid dyes (e. g., eosin,
1 of acid fuchsin, orange G ), a property due, also, to their hemoglobin content.

The red corpuscles, both inside and outside the blood vessels, tend to
ata- form coinlike rolls, or rouleauz of 20 or more cells, This rouleaux forma-
ted. tion, or sympexis, seems to depend upon surface tension, though some think

it due to a kind of agglutination.

The internal structure of the red corpuscles has not yet been fully determined.
The contained hemoglobin dissolves out in water, leaving a stroma that is
insoluble. The histological organization of this stroma is disputed. No definite
framework has been made out in it, even with the use of ultra-violet light, but

op- certain facts make it probable that it is not | T but § some strue-
ture. Some authors assert that they can make out a spherical body, which they
ot think is the remains of the nucleus of the red corpuscle; but this “nucleoid theory”
has not met with general acceptance. Certainly, remains of nuclei which take
chromatin stains, are ionally visible, especially under pathological conditions

(vide infra).

- When the red corpuscles are placed in water, the hemoglobin dissolves
out; the blood becomes “laked.” 1In such laked blood, one sees “shadows”
of the hemoglobin-free corpuscles; these shadows, in contrast to the hemo-
globin-containing corpuseles, show an affinity for basic dyes (eé. g., methy-
lene blue).

The maximal hemoglobin-content of human blood is 13.77 grams of
hemoglobin in each 100 e.c.  The hemoglobin consists of (1) the protein
known as globin (a colorless body resembling histone) and (2) the iron-
containing hemochromogen.

Hemoglobin unites very easily with oxygen to form oxyhemoglobin. It
can form this union more or less independently of the partial pressure of
oxygen, If it were not for this property, we should have mich more dif-
ficulty in breathing in mountain altitudes, in a balloon, or in an aeroplane,
than we do. The red corpuscles act as oxygen carriers from the lungs to
the tissue cells, a function that is doubtless facilitated by the absence of
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auclei in the corpuscles. Each gram of hemoglobin is capable of carrying
1.34 grams of oxygen.

Normally, each single red corpuscle contains a definite, constant
amount of hemoglobin. The total 5,000,000 red corpuseles contain an ab-
solute amount of hemoglobin, which corresponds, maximally, as we have
seen, to 13.77 g. to every 100 c.c. of blood. This corresponds to 100 per
cent on the scale of some of the instruments used for determining the hemo-
globin-content of the blood (hemoglobinometer, hemometer). If, on
making a count of the red blood-corpuscles, we find a normal number of
red corpuscles per cubic millimeter (i. e, 100 per cent of the normal
number of corpuscles), and, on making a hemoglobin estimation, we
find 100 per cent of the normal amount of hemoglobin, we say that
the individual corpuscular content in hemoglobin is normal, or that
the color-index is normal, for by the color-index we mean the guotient,

percentage of hemoglobin in thi " i 100 per cent

3 in this case the quotient, ~—————
sercentage of normal red count’ 1 " 100 per cent
I ze I

=1, and 1 is thus the normal color-index. In pathological conditions, this
color-index may be less or greater than 1; it may be as low as 0.5 or as
high as 1.5. Such low indices and high indices are of great help in
clinical diagnosis. See Determination of Color-Index, farther on.

The rapidity with which oxyhemoglobin is reduced by the tissue cells depends
upon the oxidative energy of the tissues; methods of determining this oxidative
energy have been worked out (spectroseopie examination of finger-tip or ear lobule,
after mechanical interruption of the ecirculation).

The red blood-corpuscles may have another important funetion;
namely, the absorption of certain light rays by their hemoglobin. Tt is
obvious that the whole body is, beneath the epidermis, surrounded by a “red
mantle” that will permit the penetration of certain rays of light only, the
hemoglobin absorbing all light rays except the chemically-inactive red
rays. This subject deserves further study.

The content of the red blood-corpuscles in lipoid substances (lecithin and
cholesterin) may prove, later, to be of great clinical importance. Preston Kyes
has shown, for example, the importance of lecithin in the red blood-corpuscles in
the hemolysis due to cobra-venom. It has been asserted, also, that the hemolytie
effect of saponin, of chloroform, and of other substances, depends upon their
eapacity to alter the lipoid membranes of the red corpuseles. The subject attains
to special interest on account of the newer theories regarding the origin of the
severe hemolytic anemias.

In pathological states, the R.B.C. may be diminicshed in number
(oligoeythemia), or in hemoglobin-content (oligochromemia) or both, The
shape, the size, and the appearance in dried and stained smears may all
deviate from the normal.
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Normally, the red corpuscles, though round, biconeave disks, are very
elastic structures, and can change their shape easily. Under pathological
nstant conditions, very remarkable distortions of the erythrocytes are seen—Ilong,
an ab- pear-shaped forms, branched forms, ete., known as poikilocytes. In poiki-
* have | locytosis, the red corpuscles may resemble parasites very closely, and have
0 per even been designated ‘pseudoparasites.” The more severe an anemia is,
hemo- the more marked the poikilocytosis, as a rule, but poikilocytosis is not con-
f, on fined to any one form of anemia. As a general rule, however, when
wer of poikilocytosis is present to any marked degree, it is much more suggestive
ormal of pernicious than of secondary anemia. The cause of the poikilocytosis
is unknown,
The size of the red corpuscles is, under normal cnndltmns, tolerably
constant, but in certain anemias, especially in pernicious anemia, great
tient, differences in size are met with; very small forms (microcytes) and very
rcent | large forms (macrocyles) appear. (See Measurements of the R. B. C.)
veent 1§ Such inequality of size of the red corpuscles is known as anisocytosis. 1t
this | is probable that the macrocytes are derived from megaloblasts and that the
microeytes are derived from abnormally-small erythroblasts, though it is
possible that they may also arise by fragmentation of normal-sized red
cells or of macrocytes,
While the normal red cells are typically acidophile (ox chromatic) in
sends stained preparations (see Stained Smears), a deviation from this behavior
lative may be met with under pathological conditions, the cells taking up basic
bule, dyes either diffusely, so as to stain in eosin-methyl-blue in a gray-violet
tone, instead of pink, or in simple methylene blue taking a bluish tint in-
stead of the light green of the normal corpusele. Such staining is known
as polychromatie staining, and the condition in the red cells as diffuso
polychromasia. Such polychromasia is usually a sign of the youth of the
red cells, inasmuch as the protoplasm of the normoblasts stains poly-
chromatically. Polychromasia may also appear, sometimes, as a degenera-
tive sign in senile red corpuscles.
In lead poisoning, and in certain other conditions, a basophilic granu-
lation of the red corpuseles is met with. This will be deseribed more fully,
along with other abnormal features, when we take up the study of stained
blood smears,

rrying
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(b) The White Blood-Cells (Leukocytes)

Discovered in 1770 by Hewson, and given importance in pathology by
Virchow’s studies on leukemia and Cohnheim’s discovery of the emigra-
tion of the leukocytes in inflammation, it was not until Ehrlich devised
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his elective staining methods of dried smears of blood that knowledge of the
leukocytes could attain to its modern development. By means of Ehrlich’s
methods and of other methods devised later, it has been found possible to
subdivide the white blood-corpuscles into definite classes.

The grouping of the white cells in classes depends upon (1) whether,
or not, granules are present in the protoplasm, and how these granules
stain, (2) the structure and form of the nucleus, and (3) differences in the
chemical composition and the fermentative powers of the cells,

By these methods the normal white blood-cells are divisible into (1)

neutrophilic polymorphonuclear leukocytes, (2) eosinophilic polymorpho-
nuclear leukocytes, (3) basophilic polymorphonuclear leukocyles, (4)
lymphocytes (small and large), (5) large lear and (6) transitional
forms.

A somewhat different classification is coming into vogue, especially in the
Southern and Middle Western States, in which the terms endotheliocytes and
splenocytes are used; this method of elassification will be deseribed under Differ-
ential Counts of the White Cells.

The details of the morphology of these different forms will be consid-
ered under the methods of differential staining, where also the pathological
varieties of white blood-cells, not normally present in the blood, but which
enter the blood sometimes under pathological conditions, will also be
described. These pathological varieties include (1) myelocytes (neutro-
philie, eosinophilic and basophilic), (2) myeloblasts, (3) lymphoblasts
and (4) plasma cells.

On counting the white blood-cells, it is found that normal blood con-
tains 7,000 to 8,000 per cubic millimeter. This number is subject to
marked variations, even under normal conditions,

Under pathological conditions, the number of the white cells may be
greatly increased, or markedly diminished. When there is an increase in
the total white-cell count, it is important to know what varieties of cells are
responsible for the increase. When it is the polymorphonuclear neutro-
phils that are increased in number, we speak of a polymorphonuclear leu-
Foeytosis; when it is the eosinophils that are increased, we speak of an
eosinophilia, or of an eosinophilic leukocytosis; when it is the lymphocytes,
of a lymphocytosis. When the total number of white cells is diminished,
the condition is known as leukopenia. When pathological varieties of cells
(myelocytes, myeloblasts, or lymphoblasts) enter the blood in large num-
bers, increasing the total number of white cells, we are dealing with
leukemia.

All these conditions (leukoeytoses, lymphoeytoses, leukopenias, leu-
kemias) will be subjected to a finer analysis further on.

The relative proportions of the normal white cells to one another are
tolerably constant in normal blood ; thus, in healthy medical students in the
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Johns Hopkins Medical School, the polymorphonuclear neutrophils average
64.2 per cent, the polymorphonuclear eosinophils 2.8 per cent, the polymor-
phonuclear basophils 0.6 per cent, the small mononuclears (lymphocytes)
92.5 per cent, the large mononuclears and transitionals together 10.8 per
cent (Sydney Miller). The absolute numbers in the same students average
as follows: P. M. N. 4,780, P. M. E. 205, P. M. B. 49, 8. M. 1,656, L. M.
and T. 755, per cubie millimeter,

In studying the white cells of the blood, clinically, it is important to
know whether or not there is a change, either in the absolute number of
each of these different varieties present per cubic millimeter, or in the
relative proportions of the different kinds,

The functions of the white blood-cells are not so clear as those of the
red corpuscles. We know that the white cells play an important role in
normal digestion, in the combating of infections, in inflammations, and
in the absorption of inflammatory exudates in the serous cavities, lungs and
elsewhere,

The phagoeytic activity of the white cells has been well recognized
since Metchnikoff’s studies. Phagoceytic digestion is due to intracellular
ferments. Thus the polymorphonuclear neutrophils, or microphages, con-
tain microcytase; the large mononuclears, or macrophages, contain macro-
cytase.

These ferments of the leukocytes have recently been made the object of
especial study. The polymorphonuclear neutrophils contain a proteolytic
ferment (leukoprotease), which seems to be absent from the lymphocytes.
The latter cells are capable of autodigestion, but seem to be incapable of
digesting foreign tissue.

The granular leukocytes contain also oxidases (phenolase, peroxidase) ;
the lymphoeytes do not. Since the granular leukocytes arise from the bone-
marrow, it is possible that cells derived from the bone-marrow (myeloid
origin) can be distinguished from cells originating in the lymph glands and
other lymphoid tissues (lymphadenoid origin) by means of their ferment
production.

(c) The Blood Platelets

Tn size, shape, and appearance these bodies are small, oval particles,
about 3 p in diameter, consisting of two parts, a refractive internal mass of
protoplasm, surrounded by a delicate, less refractive, protoplasm. This
internal mass stains intensely in basic dyes, and in iron hematoxylin but
does not consist of nuclear substance. The origin of the blood platelets, in
ull probability, is by the “pinching off”” of minute particles of the proto-
plasm of the megakaryocytes of Howell in the bone-morrow (J. Homer
Wright). T have seen Wright’s specimens demonstrating this; they were
o me very convincing.
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The normal number of platelets is about 250,000 per cubic millimeter.
The number is altered in various diseases, as will be pointed out later.

The biological and chemical properties of the blood platelets are as yet
but poorly understood. They possess slight ameboid movement ; they are
very sensitive to changes in the potential alkalescence of the blood, and
also to changes in the tension of the carbon dioxid (Deetjen). They con-
tain peptid-splitting ferments, and also iodophil substances.

The blood platelets probably play an important réle in the process of
coagulation of the blood. They have been shown to contain thrombogen
(Morawitz), and, very recently, Bayne-Jones has demonstrated that they
cannot only give rise to prothrombin, but can also liberate a substance
capable of neutralizing antithrombin.

It is well known that in thrombosis of the blood vessels intra vilam,
and in the formation of vegetations on the heart valves in endocarditis, the
blood platelets appear in agglutinated masses, the fibrin appearing later.

(d) Hemoconia

The particles of so-called “blood dust” (hemoeconia) do not eonsist of blood
platelets. They do not correspond, in all probability, to any one single kind of
body. They appear as minute, round, danecing granules (Brownian movement)
on examination of the fresh blood. Some of them are probably extruded leuko-
eyte granules.

3. Brief Review of the Birth, Duration of Life, and
Death of the Formed Elements of the Blood

(a) The Birth of the Red Blood-Corpuscles (Erythropoiesis)

The red corpuscles of the blood (erythrocytes) are derived from the
nucleated red cells (erythroblasts) of the bone-marrow. In adults, these
erythroblasts exist only in the red marrow of certain bones (vertebrae, ribs,
scapulae). In this red marrow, the erythroblasts, or normoblasts, as they
are sometimes called, are present in large numbers, They are about the size
of ordinary red blood-corpuscles, but contain a nucleus, rich in chromatin,
arranged in young normoblasts somewhat like the spokes of a wheel. As
the normoblasts grow older, this nuclear structure changes; the chromatin
becomes more evenly distributed throughout the nucleus, which begins to
contract and to become pyknotic; then it begins to fragment (karyor-
rhexis), and, gradually, it dissolves up entirely, within the cell. The view
formerly held, that the erythroblast gets rid of its nucleus by extruding it,
has been given up.

The protoplasm of the erythroblasts is not so acidophil, on staining, as
that of the adult red corpuscle, but, instead, takes up some of the basic as
well as some of the acid dye, that is, it stains polychromatically. The
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1eter, younger the erythroblast, the more marked the tendency of its protoplasm
r. to polychromasia.

8 yet Before leaving the bone-marrow to enter the blood, the erythroblasts
7 are normally lose their nuclei. If specimens of bone-marrow be examined,
many of the erythroblastic cells that have just dissolved up their nuclei
can be recognized by their polychromasia, their protoplasm still staining
in a way that reveals their youth as contrasted with the age of the non-

8 of polychromatophilie adult red corpuscles.

»gen In the embryo, the red blood-corpuscles are derived from another form

they of red cell, the so-called megaloblast. These megaloblasts are twice as large

nee as normoblasts, and have a very different kind of nucleus, much poorer in
chromatin, and of a more delicate structure. Now and then, a megalo-

am, blast can be seen in normal bone-marrow. In severe hemolytic anemias,

these megaloblasts may reappear in large numbers in the bone-marrow; in
such cases, they, like the normoblasts in the posthemorrhagic anemias,
sometimes go over into the circulating blood.

(b) The Duration of Life and the Death of the Red Blood-Corpuscles

| of After they enter the blood from the bone-marrow, the red corpuseles have a
mt) short life, averaging about a month (Quincke). If this estimate be correct, then
1ko- about 1/30 of all the red corpuscles in the blood are destroyed, and as many new
ones formed, every day.

As soon as a red corpuscle has reached a certain age, or has, from any cause,
become slightly injured, it is removed from the circulation; it is caught by one of
the large mononuclear macrophages of the internal organs, chiefly the spleen, but
to a less extent, also, the bone-marrow and liver. When large numbers of red
corpuseles are suddenly injured, this phagoeytie activity of the spleen becomes
enormously inereased and the spleen rapidly enlarges (spodogenous splenic tumor).
As the corpuseles are digested within the phagocytes, their iron is separated out as
hemosiderin, and the iron-content of the spleen and liver increases. Undoubtedly,
a good part of this iron is used over again, in the bone-marrow, in the manufacture
of new hemoglobin. The non-ferruginous part of the hemoglobin from the broken-
down corpuseles is used up in the liver in the manufacture of bile pigments.
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(¢) The Regeneration of Red Blood-Corpuscles

The bone-marrow must stand under some precise regulatory influence
that keeps its activities balanced, for, normally, the manufacture of new
red corpuscles in the marrow goes on pari passu with the destruetion of
the “senile” and “decrepit” red corpuscles by the hemophagocytic organs.
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‘ When there is an unusually rapid diminution of red cells (hy hemorrhage,
1 by hemolytic intoxication), the bone-marrow responds promptly, by an
. accelerated erythropoiesis, and, if the injury has not been too great, nor-
mal conditions are quickly restored. If the blood destruction has been
severe, or if such losses are frequently repeated, anemia develops, and the
bone-marrow begins to pour out immature forms of red blood-corpuscles

(polychromatic corpuscles, normoblasts, and, in certain instances, megalo- con
blasts). Sometimes, great numbers of normoblasts, within a very short ties
period, are thrown into the cireulating blood (so-called blood erisis). These var
immature forms are evidence of the existence, still, of a lively regenerative bas

power on the part of the bone-marrow. If, in a marked anemia, no such crel
regenerative forms appear in the blood, it is evidence of an inability of gra
the bone-marrow to respond to erythropoietic stimuli; such an anemia is pho
known as an anemia due to decreased blood-formation (e. g., aplastic, or the
aregenerafory, anemia).
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ophilie and basophilic leukocytes, in other words, all the granular leuko-
cytes, are of myeloid origin. The lymphocytes are of lymphadenoid origin.
The origin of the large mononuclear and transitional forms is not clear; it
may be that they are derived from the endothelial cells of the spleen and
the lymph glands, though the evidence at present favors a myeloid origin.

The myeloid elements, that is, those derived from the bone-marrow,
come from the myelocytes situated there. Corresponding to the three varie-
ties of granular leukocytes, there are, in the bone-marrow, at least three
varieties of granular myelocytes; namely, neutrophilic, eosinophilic and
basophilic myelocytes. Under ordinary conditions, these myelocytes in-
crease in number by karyokinetic subdivision, but they also arise from non-
granular cells in the marrow that resemble in many respects large lym-
phocytes, but which, in reality, are distinguishable from lymphocytes;
these are the myeloblasts of Naegeli.

The lymphadenoid elements are derived from mother cells in the lymph-
adenoid tissues of the body. In the lymph follicles of the lymph glands,
in the Malpighian follicles of the spleen, in the lymphadenoid tissue of the
thymus and of the intestine, and in the small foei of lymphadenoid tissue
scattered through all the organs, there is a characteristic arrangement of
smull round cells lying in meshes of a reticular framework. The smaller
of these cells are indistinguishable from the small lymphoeytes of the blood.
The larger cells in the germinal centers (Keimcentra) resemble the large
lymphocytes of the blood, and are probably the parent cells of the small
lymphoeytes, since, in hyperplasia of the lymph glands, there is marked
activity in these germinal centers with karyokinetic figures there. The
mother cell of these lymphocytes is the so-called lymphoblast. The lympho-
blasts and the large lymphocytes resemble somewhat the myeloblasts of
Nuegeli, but they are distinguishable from them morphologically, chemi-
cally, and biologically.

As will be seen, I am an adherent of the dualistic doetrine of Ehrlich as
regards the myeloid and lymphadenoid origin of the different kinds of white blood-
cells. Tt is true, there is some evidence that favors the unitarian view of a
common origin of all the white cells, ch ioned by P heim, Maximow and
Hirsehfeld; but it seems to me that the evidence brought forward originally by
Ehrlich, nnd supplemented later by Naegeli, Schridde, Winkler, Schultze, Mora-
witz, and others, makes the dualistic doctrine more probable. The crux of the
question lies in the nature of the so-called myeloblasts of Naegeli, found in the
marrow. If these are really specific myeloid cells that can be distinguished both
morphologically and chemically from lymphoblasts and large lymphocytes, then
the dualistie doetrine is upheld; but if the myeloblasts of Naegeli are identical
with large lymphoeytes and lymphoblasts, then one would have to adopt the uni-
tarian doetrine. There is one possibility that, as far as I know, has not been
adequately considered in the polemie bibliography; namely, that, in the marrow,
we may have not only true myeloblasts (myeloid in origin), but also a few
Iymphoblasts arising in the marrow, wholly similar to the same ecells of lymph-
adenoid origin elsewhere in the body. Since we know that islands of lymphadenoid




32 DIAGNOSIS OF DISEASES OF THE BLOOD

tissue are scattered through all the organs, is it not reasonable to suppose that
there are some such islands in the bone-marrow as well? If this view of mine be
correct, then we should be able, by careful lnslyliu, to distinguish among the cells
resembling large lymphocyte- and myelobluh in the marrow, two definite varieties,
one having the morphological and ters of lymphoeytes (or lympho-
blasts), and the other having the morphological and chemical characteristics of
myeloblasts.

Undoubtedly, under pathological conditions (leukemias, bone-marrow
tumors, ete.), foci of extramedullary leukopoiesis of myeloid type, may
appear in the spleen, liver, lymph glands and connective tissue, but such
foci are entirely different from any lymphadenoid leukopoiesis that
occurs normally in the same situation; in other words, such pathological
extramedullary foci of multiple leukopoiesis represent a return to early
conditions (q. v.).

(e) The Duration of Life and the Death of the White Blood-Corpuscles

How long a white blood-cell can live, we do not know. Since the white cells
are nucleated cells, it is conceivable that they may have a longer life than the red
corpuscles, but their consistence is less tough, and their life may be short. Many
of them are killed in the struggle with invading bacteria. In inflammatory exu-
dates, the emigrating white cells often undergo solution by autolysis when the
inflammation is over (e. g., in croupous pneumonia). It seems likely that the
older white cells do not disintegrate in the circulating blood, but, like the senile
red b'uud-eorpuscles, are taken up by phagoeytes in the splenic pulp and other
organs, and there undergo intracellular digestion. The number of leukocytes
undergoing such disintegration has an influence upon the amount of endogenous
urie acid formed in the body. In leukemia, the endogenous urie acid is greatly
inereased, so much so, sometimes, as to give rise to gouty deposits.

A number of white blood-cells are constantly being lost from the body by way
of the saliva, the nasal and bronehial secretiong, the tonsils, the intestines and the
urogenital tract.

(f) The Regeneration of the White Blood-Corpuscles

The regulatory mechanism for maintaining the leukocyte count of the
blood at a normal level is as obscure as that for maintaining the normal
number of red blood-corpuscles. As is well known, the number of
white cells varies a great deal, daily, during normal life. There is an
increase in the number of leukocytes in the blood after every meal
(leukocytosis of digestion); in pathogenie infections there is a rapid
increase in the number of leukocytes in the blood (leukocytosis of in-
fection). In certain infections, however (e. g., typhoid fever), the number
of leukocytes in the blood is decreased (leukopenia of infection) ; in such
cases, the bone-marrow contains fewer neutrophilic myeloeytes than normal.
Tt looks as though the leukopoietic functions, both myeloid and lymph-
adenoid, depend largely upon chemical stimuli.
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(9) The Birth of the Blood Platelets

The bone marrow giant cells, or megakaryocytes (Howell), are among
the largest cells that occur in the human body. They exist normally
in red bone-marrow and oceasionally a few of the smaller ones go over
into the blood (after burns, certain infections, puerperal eclampsia, ete.).
The nucleus of the megakaryocyte is very large and multiform. It is
hollow, containing protoplasm inside it. The cells contain colonies of
centrosomes (Heidenhain), The protoplasm within and near the nucleus
is finely granular, the peripheral protoplasm being free from granules.
Minute portions of the protoplasm are pinched off to form the blood
platelets (J. H. Wright).
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(h) The Blood Formation in the Human Embryo

In early embryonie stages, the blood formation (hematopoiesis) oceurs inside
the blood spaces, which are bounded by the endothelial cells of the blood vessels.
Here, a single variety of blood cell is, at first, met with; namely, the primary
erythroblast, having all the characters of the megaloblast of Ehrlich (met with,
later in life, in disease).

This intravascular blood formation gives place, a little later in embryonic life,
to an extravascular blood formation, located chiefly in the liver (embryos 11-12
mm. long). The endothelial cells of the vessel walls give rise to (1) myeloblasts,
(2) basophilie erythroblasts (the mother ecells of normoblasts), and (3) giant
cells or megakaryoeytes. Still later in embryonie life (third month), the bone-
marrow begins to develop an extravascular myeloid tissue, similar to that in the
liver, and arising also from the endothelium of the blood spaces. In the embryo,
the perivasenlar tissue all over the body, and especially that of the spleen, appears
to contribute to blood formation, but, as the bone-marrow develops, hematopoiesis
becomes more and more limited to this; blood cells cease Yo be formed in the
spleen about the seventh month of fetal life, though some blood formation goes
on in the liver up to the time of birth.

The endothelial eells of the lymph vessels, which give rise to the lymphoblasts
and later to the lymphoeytes, begin to be active, in the embryo, a little after the
time when the liver takes on its blood-building funetion.

It will be seen that in the earliest embryonie stages the blood contains primary
erythroblasts (megaloblasts) only. These give way gradually to secondary erythro-
blasts (normoblasts, and their mother cells), and then myeloblasts and non-nuclear
crythroeytes (ordinary red blood-corpuseles) begin to appear in the blood. Their
appearance is followed later by the entrance of lymphoeytes into the blood, and
only relatively late do the polymorphonuclear leukoeytes (chiefly neutrophilie)
come in. At birth, the blood contains almost exelusively non-nucleated red cor-
puscles with a few normoblasts, neutrophilic lenkoeytes and lymphoeytes; only a
fow myeloblasts, neutrophilic myelocytes and eosinophilic and basophilie leukoeytes

: to be seen.
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From birth on, the hemopoietic organs are divisible into two groups:
*(1) the myeloid tissues, responsible for erythropoiesis (red blood-cor-
puscles), for myeloid leukopoiesis (granular leukocytes), and for the forma- the
tion of the blood platelets; and (2) the lymphadenoid tissues, responsible (
for lymphadenoid leukopoiesis (lymphocytes). The origin of the large (
mononuclears and the transitional forms is still obseure, but they probably (tot:

come from the hone-marrow. xlx.lll(llll:

{

4. Comment on the Relative Importance of Different ‘""’i:
Methods of Examining the Blood

(

A very large number of methods of examining the blood have been
employed, but only a few of these are, as yet, really of much practical
significance. The others are either less important for diagnosis, or are
required only in certain instances, especially where original investigations
are being made. An attempt will be made here to separate the methods
that, at present, are the more important from those of less importance.

and

in order that the student may not be too much confused on approaching 1
the subject for the first time. It is quite possible that as scientific clinical ‘
work advances, our views regarding the relative importance of the different 1
methods will undergo radical changes. the |
I The more important methods of examining the blood: 'Ivtn,';
Under this heading may be considered: by
(1) Technie of obtaining blood for examination. thest
(2) Quantitative estimation of the hemoglobin-content. blod
(3) Study of qualitative disturbances of the hemoglobin (spectral analysis). one
(4) The eounting of the red and white blood-corpuscles and the platelets, ston
(6) The mieroscopical examination of fresh, unstained blood. whe!
(6) The study of the formed elements of the blood in dried and stained kep!
preparations. doitn
(7) Certain bacteriological and serological examinations of the blood, inelud- deie
ing especially blood eultures, agglutination tests (Widal reaction), precipitin tests, clont
complement deviation tests (Wassermann reaction), and fermentative tests (Abder- drat
halden’s reaction). drop
II. Methods clinically important, but less often used: shot
(1) The determination of the coagulation time of the blood. blox
(2) The determination of the viscosity of the blood. The
(3) The determination of the resistance of red blood-corpuscles in anisotonic app
solutions, glas
(4) The determination of the sensitiveness of the red blood-corpuscles to iso- or s
agglutinins (and iso-hemolysins). sout

III. Methods only occasionally employed in practical diagnosis:

(1) The estimation of the total amount of blood in the body.

(2) The estimation of the volume of the blood-corpuseles and of the plasma.

(3) The determination of the total solids in the blood, and the total water
content,
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(4) The determination of the specifie gravity.

(5) The determination of the alkalinity.

(6) The determination of the volume and of the temsion of the guu in
the blood.

(7) The determination of the osmotie pressure.

(8) The determination of the content of the blood in nitrogenous substances
(total protein, globulins and albumins, non-protein nitrogen, ammonia, urea,
amino nitrogen, amino acids, hippurie acid, total purins, urie acid, bile-pigments,
indoxyl, indol, and skatol).

(9) Studies of ferments and of antiferments in the blood.

(10) The quantitative determination of the carbohydrates and of the acetone
bodies in the blood.

(11) The quantitative determination of the fats, and fatty acids, in the blood.
(12) Determination of the inorganie constituents of the blood (total ash, Ca,
and Mg, K and Na, Cl, Fe).
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1. The Technic of Obtaining Blood for Examination

When only small amounts are desired, they may be obtained by puncture of
the finger-tip or of the lobule of the ear. [The former is the more satisfactory, as
it is less influenced by the external temperature than the ear-lobule, and is free
from fine hairs. The finger-tip should first be made actively hyperemie
by immersing the hand for a few minutes in warm water, and
then thoroughly ecleansed with aleohol and ether and dried. As a
blood-sticker, we may use Francke's needle, a Hagedorn needle, or
one of the prongs of a sharp steel pen. Bass advises the use of a
straight surgieal needle, mounted on a cork; this is convenient, in that,
when not in use, it is fitted into a small vial of aleohol and is thus
kept constantly aseptic.  Whatever sticker is used should be serupu-
lously elean, and, besides, should be rendered aseptic by aleohol, and
dried, before the puncture is made. The sticker-point is brought quite
close to the skin, and is introduced quickly, and only just far enough to
draw blood. If the finger is hyperemie (as it should be made), a small
drop will come out spontaneously; if it does not do so, a deeper stab
<lould be made, for it is not permissible to press the skin to make the
blood flow, as this mixes lymph with the blood and vitiates the test.
The first drop that flows is disearded; after wiping it off, a second drop

§is).
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onic appears and this, or sueceeding drops, may be taken up with a cover-
g ¢lass and placed upon a warm slide for examination of the fresh blood,
180- or smears may he made for dried and stained preparations. The same

source can usually be used for obtaining the blood for hemoglobin

timations and for blood counting; but if the blood does not flow

oy for each droplet desired, a fresh stab should be made.

; The more extensive physieal, chemieal, and biological examinations

iter. of the blood require larger amounts. The blood should then be drawn :::n(:‘.
Il a sterile syringe, preferably a Record syringe, from a vein at the ~ Neoqie.
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bend of the elbow. The bend of the elbow is surgically sterilized in the or-

dinary way. A tourniquet, or bandage, is applied to the upper arm, just tight acid
enough to interfere with the venous ecirculation though not with the arterial. subs

The sterile needle of the syringe is plunged, in an oblique direction (from

below, or from the side), into the vein and held in place by the examiner's

left hand. Blood will at once begin to flow into the syringe. If exaet chemical

or physical examinations are to be made, the tourniquet should be removed of t

after the needle has been introduced and before the blood is drawn, since

stasis quickly alters the relative proportions of solids and water; neglect of

this precaution has rendered worthless large numbers of examinations for viscosity,

for volume-percentages, and for dried residue! Unfortunately, it is often diffienlt

to get enough blood without stasis. Of course, if the blood be desired for making

a bacteriological culture, or a Wassermann test, stasis does no harm and the

tourniquet may be left in place until the syringe is full. When the desired amount

of blood has been withdrawn, the needle is quickly pulled out, and the minute

wound covered with sterile gauze. As soon as the syringe has been emptied of

blood, it should be thoroughly cleansed with cold water before clotting takes place.

If still latger amounts of blood are required, aspiration into sterile Ehrlen-

meyer flasks, or venesection, may be resorted to. The arm is prepared in the same

way and blood may be allowed to flow freely from a cannula direetly, or through

a short rubber tube attached to it, into a receiving vessel; or, instead of punetur-

ing with the hollow needle, the vein may be opened with a lancet and the blood

caught in a vessel. It is difficult to secure a sterile specimen by the latter method.

For ordinary bacteriologieal and serological examinations 20 e.c. of blood, easily

i obtainable by venous puncture with a Record syringe, will suflice; where 200 or

500 ¢. ¢. are desired, as in certain chemical examinations, venesection may be neces-

| sary. Blood obtained by euts in the*skin, or by eupping, is wholly worthless

| for chemical and physical examinations, owing to admixture with tissue juices.

| C. E. Simon has devised a method for taking blood directly from the arm vein

] into a sterile glass bulb, which is very convenient. For securing blood for a
|
|
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ﬁ 2. The Estimation of the Hemoglobin Content of the
Blood (Hb)

Marked deviations from the normal hemoglobin content will be recos o
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;‘ nizable by the experienced observer in the exuding blood droplet, but
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never shonld be inferred merely from changes in the color of the mucons
membranes (vide supra). For elinical purposes, colorimetric methods «f
estimating the amount of hemoglobin are almost universally employed, «
‘ll account of their simplicity. The most convenient clinical instrumen:
l that can at the same time lay claim to tolerable acenracy is Sahli
i modification of Gower’s hemoglobinometer. 1 can recommend it high!
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for general adoption by practitioners. The hemoglobin is changed ini) o
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acid hematin and compared with a standard solution of the same chemical
substance.

The Fleischl-Miescher hemometer is an excellent instrument, as is
also Dare’s hemoglobinometer; these two instruments compare the color
of the blood with grades of intensity of Cassius’ golden purple.

It has been shown by Butterfield (1909), that the light extinetion, the iron-
content, and the oxygen-binding power of normal blood are constant values.
Henee, we may also use methods that estimate these, in order to determine the
pereentage of Hb in the blood. The light extinetion ean be measured by spectral-
photometry (Hiifner, Kionig, Martens and Griinbaum); the iron-content can be
determined by chemical methods (Butterfield’s modification of Neumann’s method;
method of Autenrieth and Funk, 1912), and the Hb estimated therefrom; the
oxygen-binding power (or the CO-binding power) can be determined by the ferri-
eyanid of potassium method (Haldane and Bareroft, Plesch), or by colorimetrie
methods (Pleseh’s wedge-tube hemoglobinometer), and from this, recalling that an
oxygen-capacity of 1.34 e. e. corresponds to 1 g. Hb, the amount of Hb ean be
casily caleulated.

(a) Sahli’s New Hemometer!

Principle.—The blood of the person to be examined is treated in
known dilution with HCl to convert the IHb into acid hematin: the
color of the brownish yellow fluid resulting is compared with that of a
tube containing a standard brownish-yellow acid-hematin solution, which
corresponds to a 1-per-cent solution of normal blood. Since the standard
solution is really a fine suspension of acid hematin, a sediment will form
after long standing. To guard against this error, a small glass bead is
sealed in the tube, to facilitate thorough mixing of the suspension before
it is used.

Technic.—A calibrated tube, of the same internal diameter as that
of the tube containing the standard solution, stands parallel to the latter
in a suitable black rack. The back of the rack is provided with a ground-
glass plate, to make the light diffuse. For diluting the blood, an
N/10 HCI solution is required. Just prior to the estimation, enongh acid
i« placed in the calibrated tube to reach exactly to the mark 10, an amount
corresponding to 2.0 ¢. mm. With the pipet accompanying the instru-
ment, 20 e. mm. of blood are colleeted, and carefully blown out into the
acid in the calibrated tube, the pipet being washed out thoroughly with
the resultant mixture of acid and blood. The hydrochlorie acid rapidly
changes the red hemoglobin of the blood into a clear brown solution of
hematin hydrochlorid.  After the lapse of exactly one minute, water is
cantionsly added, drop by drop, until the color of the diluted blood is
identical with that of the standard tube. The mark 100 on the standard

' Made by the optician Biichi, in Berne.
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tube of the Sahli hemometer corresponds to a hemoglobin content of 17.2
grams per 100 e.c. of blood; blood containing this much LIb will, when
diluted 200 times, give
a reading of 109 in the
Fleischl - Miescher in-
strument. Normal blood
rarely contains =o
much IIh.  As a rule,
the readings on Sahli’s
tube, in normal blood,
vary between 80 and
100 for men, and be-
tween 70 and 90 for
‘women, The physiologi
cal variations are obvi-
ously large. The read-
ing 100 on the secale
must then be regarded

W) ¥ 5 e

,.}J‘ ——

as representing the max
imal normal, not the
average normal, amount
of 1b, If there be less
hemoglobin than nor
mal, a eolor, equivalent
to that of the control, will be reached at a lower dilution, and one can
read off on the scale of the tube directly the hemoglobin value (Sahli).

As an arbitrary average normal (though we are conscious of the wide
variations within normal limits), especially for determining the color-
index (q. v.), we may, with Naegeli, adopt the Ib-value 90 (Sahli),
provided the red-corpuscle count is at the same time close to 5,000,000,
and, microscopically, no anisocytosis is seen among the red corpuscles,
and no inequalities in the hemoglobin content of the individnal corpuscle
(anisochromia) ; under such normal conditions the viscosity of the wholc
blood () is 4.2, that of the serum (M=7,) is 1.8.

Sahli suggests that each worker with his hemometer establish an aver
age normal for man and an ave

Fig. 202 —Sahll's Hemoglobinometer,

re normal for women with the particular
standard tube he owns, and the particular technic he employs, and then
caleulate a “‘corrected percentage”

of normal.  Thus if the average valu
for men be found to be 80, and his reading for the blood of a given per
son be 70, the “corrected percentage” of the latter will be 70/80 x 10¢
=8T7. Similarly, if the average value for women be found to be 70, and
the blood of a given woman yicld a reading of 70, the “corrected percent
age” for this blood would be 70/70 x 100100,

Care should be taken to make sure that the hemometer has been and

re
ds
lo
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7.2 remains correctly standardized. The standard tube should be kept in the
Yon dark, since all colored solutions, even the most stable, are altered by pro-
rive longed exposure to strong light.

the

= (b) The Fleischl-Miescher Hemoglobinometer'

ood With this instrument, which is an improvement on the old, utterly unreliable,

80 Fleischl hemometer, one compares the color of a small quantity of blood, diluted
ule to a definite degree, with the color of a glass wedge of Cassius’ gold purple. Blood
1..f is collected in a special pipet, like the mixing pipet of a blood counter. To make
gk a 1:200 dilution blood is drawn up to the mark 1, followed by freshly prepared
0.1-per-cent sodium-carbonate solution up to the mark above the bulb; and the
pipet is well shaken. To dilute 300 times, blood is sucked up to the mark 2/3; or
400 times, to the mark 1/2. An examining chamber, of a known depth, divided into
halves by a median septum, which projects about § mm. above the borders, is placed

wod,
and
be-
for
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led
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] Fig. 203.—Fleischl-Miescher Hemometer.
0+

on a central perforated stage. The diluted blood is placed in one half of the eham-
ber,

id distilled water in the other half, so that, in each case, a convex meniseus
pr appears above the outer border of the chamber; a grooved cover glass can then
be adjusted over the half-chambers, without mixing their contents. A diaphragm,
with an opening 4 mm. wide, is next placed over the cover glass, the long axis of
the opening being at right angles to the vertical partition of the examining
amber, The stand is so arranged that the colored wedge ean, by means of a
ew, be moved back and forth underneath the half of the chamber containing
er. The reading is made in a dark-room by artificial light (preferably a small
dle, placed 18 in. from the stand and to one side of it). The two divisions of
chamber are illuminated by means of a plaster-of-Paris reflector. The wedge is
wed to and fro until the water above it has the same tint as that of the diluted

' Made by C. Reichert, Vienna.
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blood. The comparisons of the colors should be made by quick, rather than by
gradual, changes, and the eyes should be frequently rested.

A series of not less than 10-12 readings are made for each specimen of blood
taken, and two or three specimens of the same blood should be examined; for all
these readings, the mean average is ealeulated. Besides the 15 mm. chamber, a 12
mm. chamber comes with the instrument; the diluted blood ean be transferred to the
latter, when it should yield readings only 4/5 as great as those obtained with the
larger chamber. By reference, then, to a table of ealibrations, which accompanies
each instrument, one calculates the number of grams of hemoglobin per 100 e.c.
of blood.

Sahli objects to the principle of the instrument, in that the eolor of the blood
has to be compared with that of a different substance. On examining different in-
struments, the coloring of the wedge is found not to be uniform. Still, when a
given instrument has been earefully ealibrated, a skillful and experienced observer
can make very aceurate readings with the Fleischl-Miescher instrument; the error
ought not to exeeed 0.15 to 0.22 per cent by weight of the blood (Jaquet). The
instrument is not likely to eome into general use among praetitioners, but every
large hospital should have one for the control of other hemometers.

(¢) Dare’s Hemoglobinometer

Tn this instrument, the eolor of undiluted blood is eompared with that of a grad-
uated glass seale, colored with Cassius’ gold purple. At 100 on the scale, the read-
ing corresponds to 13.77 grams of Hb in 100 c.c. of blood.

Full directions for iise accompany the instrument. Ralph Webster praises this
instrument highly; it is less expensive than the Miescher, can be used in a light
room, and yields reliable readings. But it is not a durable instrument, and is much
more expensive than Sahli’s hemometer.

(d) Tallguist’s Hemoglobin Scale

The hemoglobin scale of Tallqvist eonsists of a series of red colors, in chromo-
lithograph, the values of which correspond to various percentages of the hemo-
globin - content  of normal
blood. On a piece of white
filter-paper is placed a drop
of the blood to be examined:
it is allowed to lose its humid
gloss, but not to dry, and is
afterwards compared with th

~ colors of the scale, in good
— — daylight. Most of the read
. ings obtained are higher than
TX
—

they should be, though as &
rough-and-ready method for
the busy practitioner, the pro
cedure has some value, 1

Fig. 204.—Tallgvist's Hemoglobin Scale. A Color Scale :
% of Ten Tints, Ranging from Ten Per Cent to ome b 40 nothing more than lead
Hundred Per Cent, (By courtesy of A. H. Thomas the practitioner to realize th

Co., Philadelphia.) necessity of seeing the colo

of the drawn blood, as it ap

pears on filter-paper, or on a towel, and to recognize the fallacy of trustin
to the appearance of the visible mucous membranes, it is, in so far, praiseworthy
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(€) Light-Extinction Methods of Estimating the Hemoglobin
(Spectralphotometric Determination)

Two methods have been used.

(i) Hiifner’s Spectralphotometer
For some time this was believed to be the most exact method of measuring the
extinetion coefficients, but the illumination of the instrument is bad, the form of
the absorption vessel is unsuitable, and there are difficulties in exactly adjusting
the instrument for equal illumination (Butterfield).

(ii) Konig’s Spectralphotometer, as Modified by Martens and Griinbaum

This, according to Butterfield, is the instrument to use for very exact determi-
nations of light extinetion. The method is useful only for research work and will
be found fully deseribed in Martens and Griinbaum, in Butterfield, and in Brugsch
and Schittenhelm (1914).

() The Estimation of Hemoglobin by Means of Iron Determinations

Here either one of two methods may be employed; (1) iron determination by
Butterfield’s modification of Neumann’s method, and (2) eolorimetrie iron determi-
nation, acecording to Autenrieth and Funk.

(i) Butterfield’s Modification of Neumann’s Method of Iron Determination

Principle.—When a solution of zine sulphate and phosphate of soda, in sul-
phurie acid, is made feebly ammoniacal and heated, all the zine is precipitated as
zine ammonium phosphate. If the solution does not contain too large amounts of
iron oxid, this is also precipitated at the same time. After dissolving the pre-
cipitate in HCI it is allowed to act upon KI; equivalent amounts of iodin are set
free and determined titrimetrically (Neumann, 1902).

Butterfield has applied this procedure to the quantitative iron determination in
human blood: 10 e. e. of blood, taken in a calibrated pipet, are emptied into a 500
e.c. oxidation flask; the pipet is washed thoroughly with water, the washings
being added to the blood in the flask so that not a trace is lost. Concentrated sal-
phurie acid and nitric acid (equal volumes) are added, and the mixture is washed.
The produet is diluted, the excess of HNO, driven off, and, after cooling, the mix-
ture is treated with Neumann’s zine reagent, neutralized with ammonia, and the
precipitate just dissolved in a slight excess of ammonia. The solution is slowly
heated to boiling, and kept gently boiling for half an hour, splashing being avoided
by the addition of a few tetrahedra of platinum. The supernatant fluid, while
still hot, is filtered off from the precipitate, and the latter is washed three times
with hot water, until the filtrate, after acidulation with HCI, yields no sulpho-
cyanid reaction. The precipitate is dissolved in dilute H,80,, transferred to a
large platinum erucible, and reduced with zine. The complete reduction of 10 mg.
iron requires three hours. The reduced solution is filtered through glass-wool,

which is washed with H,80, into a beaker and titrated with ii\m permanganate

solution from a Gay-Lussae burette. Before each determination, the permanganate
is standardized against thiosulphate of known titer. The titer of the thiosulphate

15 controlled by 1;‘0 potassium bichromate.
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(ii) Colorimetric Determination of the Iron in the Blood (Autenrieth and Funk)

Only 25 ¢. mm. of blood are required. This amount is placed in a clean platinum
erucible, the pipet being washed out with water two or three times, and the
washings added to the blood. Evaporate to dryness, wash cautiously over a small
ilame until all carbon particles have vanished; add 0.5 grams potassium bisul-
phate; heat, shaking the erucible gently at first, vigorously later, until almost all the
excess of potassium bisulphate has been d posed, and only a little white vapor

of anhydrous sulphurie acid passes off. Allow to cool, dissolve in a little -g—

HCI, warm ly; pour the (without loss) into a 25 e.e. graduate;
wash the platinum erucible 2 or 3 times with a little l; HCIl, and add these wash-

ings to the fluid in the graduate; dilute with the same acid until the total volume
of the solution amounts to 6 e.c.; then add 6 e.e. of sulphocyanid of potassium
solution, and also (exactly) 10 e.c. of pure ether. Cool thoroughly, and shake
vigorously. Pour off the clear ether solution from the graduate, and compare it,
colorimetrically, with a calibrated iron wedge, from which can be read off the
amount of iron in the 10 e. e. of ether solution; this corresponds to the t of
iron-content in 25 ¢. mm. of blood. If this value be multiplied by 4,000, we have
the amount of iron in 100 em. of blood. One ean make his eolorimetric iron wedge
himself, according to Autenrieth’s deseription, or a earefully calibrated iron wedge
can be purchased (Hellige & Co., Freiburg).

The method requires absolute cleanliness, and absolutely pure iron-free re-
agents. All vessels used in the process are best cleaned with :‘ HCI, then washed
with aleohol and ether, and dried. Tron-free HCI is obtained by adding, drop by
drop, concentrated H,S0, to smoking HCL. This drives off pure HCI gas, which
is collected in ice-cold distilled water, free from iron. For other details of the
method, the original article should be consulted.

4 Jubd

(g9) The Estimation of Hemoglobin by Determining the Oxygen
or the Carbon-Monoxid Combining Power of the Blood

Here two principal methods have thus far been used: (i) the ferricyanid
method, and (ii) the earbon monoxid method.

(i) Ferricyanid Method of Determining Oxygen-Capacity (Haldane and Barcroft)

This method permits of very exact oxygen analysis with the use of very small
amounts of blood, even as little as 1 e.e. The method is technically easy to learn.

Principle.—If blood be laked, the oxygen united with the hemoglobin ean be
set free, quantitatively, by ferricyanid of potassium. The gas is collected, the pres-
sure measured by means of a water manometer, and the temperature and volume
noted. The error is not more than 3 per cent. This method is entirely suitable
for clinical researches on the blood gases.

After the determination of the amount of oxygen, the amount of CO, present
can be measured, if desired, by adding tartarie acid.

The hemoglobin is easily estimated, since 1.34 ¢. e. of O, equals 1 gram hemo
globin.

For a full deseription of the details of the method the article by Haldane and
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Bareroft, or the account given in Brugseh and Schittenhelm’s “Special Methods,”
1014, pages 36-43, should be consulted.

(ii) The Carbon-monoxid Capacity Determined Colorimetrically with Plesch’s
Wedge-Tube Hemoglobinometer '

The most convenient method of making this estimation is by the use

of Plesch’s wedge-tube hemoglobinometer,

In the standard wedge-tube, a glass wedge (much like an agar slant)

makes up one part, the base of the wedge at the bottom of the tube; this

leaves a wedge-shaped space (base nupward) in the other half of the tube,

to be filled with the standard solution. This standard solution is made

up from blood with a earbon-monoxid capacity of 20 volumes per cent

(corresponding to 14.9 g. b per 100 ¢. e. of blood). A 1:200 dilution

of such blood is saturated with 'O and then hermetically sealed in the

wedge-tube with an excess of free CO.

In an adjoining tube is placed the blood to be tested ; this is saturated

with CO (by mixing with water previously shaken with illuminating gas),

and diluted exactly 200 times.

By means of a ratchet, one tube is raised, or lowered, until the colors
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po- of the two tubes seen through a slit correspond.  One reads off, on a scale,
hed the hemoglobin content, in terms of percentage of the standard blood.
_hy This is a reliable instrument. Tt has not eome into general use, how-
"';‘h ever, as yet. The necessity of using illuminating gas is a nuisance.
e
In Haldane’s hemometer (Jour. Physiol., Camb., xxvi, 501), a similar use is
made of CO.
ren (h) Quantitative Variations in the Hemoglobin Content of
the Blood under Normal Conditions
nid The marked variations under normal conditions of the hemoglobin
value have already been referred to, under the use of Sahli’s hemometer.
Women, on the average, have a lower hemoglobin value than men, and the
i) variations in each sex may normally be as much as 20 points on the Sahli
scale,
all People in robust health, and especially people who live in the country,
';"- have higher values than people in ordinary health and than city dwellers.
o In women, there is normally a diminution at the menstrual period.
s )
me
ble (i) Quantitative Variations in the Hemoglobin Content of
st the Blood in Pathological States
When the hemoglobin value is lower than normal, that is, below 80 for
e en or 70 for women, on the Sahli seale, the condition is called oligochro-
nd ’-Mude by B. B. Cassell, Frankfurt a/M.
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memia. As a rule, this is iated with d , also, in the number
of red corpuscles (oligocythemia). When the diminution in hemoglobin-
content goes parallel with the decrease in the number of red corpuscles,
the color-index (¢. v.) remains 1; when the hemoglobin content is
diminished to a greater extent than the decrease in the number of red
cells, as, for example, in chlorosis, the color-index is below 1. In some
forms of anemia, especially in the hemolytic anemias (Addison-Biermer
type), the diminution of the hemoglobin content is relatively less than
the decrease in the red blood-corpuseles; in these cases the color-index is
often greater than 1.

A transient oligochromemia occurs in hydremie states. An oligochro-
memia is present in all the anemias and leukemias, no matter what their
cause,

The opposite condition, an inerease in the hemoglobin-content, or poly-
chromemia, is seen in the erythroeytoses and in the erythremias (¢. v.).
Usually, in such cases, the color-index is somewhat high.

(j) The Determination of the Color-index (C. I.)

If one has counted the number of red blood-corpuscles in a eubic
millimeter of blood, and has estimated the hemoglobin by one of the
methods deseribed above, one can then draw conclusions regarding the aver-
age hemoglobin-content of the single red corpuscles. This relation of the
number of the red eells to the amount of hemoglobin is known as the
color-index of the red blood-corpuscles.  We ecaleulate the color-index
(C. L) according to the following formula, C. I. = M-&-
R. B. C. found SO PRI i 00
m If one take the average red count, in man, as 5,000,000

to the ¢.mm., and, similarly, take the minimal normal amount of hemoglobin
tobe 13.77 grams in 100 e. ¢. of blood (= 80 Sahli; = 90 Miescher; = 86
Plesch; ==110 Tallqvist), then these relative values correspond to the
color-index 1.

The actual caleulation will vary with the method of hemoglobin esti-
mation used. If, for example, the Hb-value has been found to be 40

(Sahli) and the red cell count 3,200,000, then the (. L=% .
8,200000 »
5,000,000
For quick caleulation “in my head” T always use the quotient:—
hemoglobin-percentage of normal, divided by the red-cell-percentage of
normal, getting the latter by multiplying the number of hundreds of
thousands of red corpuscles by two; thus, if the red-cell count is 3,200,000,
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the red-cell-count percentage is 64. Taking the case above mentioned,

the Hb-value (Sahli) was found to be 40 ; the minimal normal count on the
Sahli scale is 80 (in the male) ; accordingly the hemoglobin percentage

of normal is % X 100 = 50 per cent. The quotient for getting the color-

Hb percentage 50

index i8 5————— =77 =0.78.

R. B. C. percentage 64

In caleulating the color-index for women, I take 4,500,000 as the nor-
mal red count, and Hb-value 70 (Sahli) as the minimal normal Hb-value.

Obviously, when the amount of hemoglobin is diminished to a greater
extent than the number of red corpuscles, the color-index will be smaller
than 1, sometimes as low as 0.5 (low color-index) ; and, on the other hand,
when the number of red corpuscles is more reduced than the hemoglobin-
content, the color-index will be greater than 1, sometimes as high as 1.8
or even 2.1 (high color-index).

The color-index is usually low in chlorosis and in all secondary anemias
(as in nephritis, in ulens ventriculi, in uncinariasis, in bilharziosis, in
carcinoma, in posthemorrhagic anemias, and in Banti’s disease); it is
usually high in the chronic hemolytic anemias (Addison-Biermer type,
dibothriocephalus anemia, anemia pseudoleukemia, infantum, hemolytic
icterus).

When the color-index is pathologically low, the small amount of Hb in
the single red corpuscles is easily recognizable under the microscope, in
stained, as well as in unstained preparations. Though some of the cor
puscles may have a normal, or nearly normal, color, the majority can be
seen to be abnormally pale; they show, especially, an exaggerated central
pallor at the biconcavity.

When the color-index is abnormally high, as in the Addison-Biermer
anemia, the hyperchromemia of the individual red corpuscles is easily
recognizable, miecroscopically, in stained, and in unstained specimens;

and, usually, the diameter of a large percentage of the corpuscles (macro-
cytes) is increased.

To judge, under the microscope, of the color-index, the specimen must
be suitable; the blood must not be spread out too thin, or the red cor-
puseles will be flattened out, and the evidences of biconcavity obliterated.
We choose areas in which the biconeavity is visible in all the red corpuscles.

As Naegeli emphasizes, the calenlated C. 1. is entirely independent of all vari-
ations (1) in the total amount of blood, (2) in vasomotor influences, (3) in osmotie
conditions and (4) in other factors that dilute, or concentrate, the blood. Thus,
to illustrate by a single example, a swelling of the red eorpuscles cannot affect the
C. L in any way.

A high color-index is by no means always, though it is frequently, associated
with the presence of macrocytes in the blood.

As will be seen in the section on Special Diagnosis of Diseases of the Blood,
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we make much use of the color-index in the differential diagnosis of the different
forms of anemia.
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3. Methods for Detecting Qualitative Disturbances of
the Hemoglobin Content of the Blood
(Spectral Analysis)

The hemoglobin of the arterial blood is oxyhemoglobin. Tn the venons
blood, there is some oxyhemoglobin, and, also, some reduced hemoglobin.

Under pathological conditions, in addition to these two normal forms of
hemoglobin, we may at times find, (1) methemoglobin, (2) earbon-monoxid
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liemoglobin, or (3) sulphemoglobin.  In certain conditions, either inside
or outside the blood, we may find decomposition produets of hemoglobin,
including, (1) hematin, (2) hematoporphyrin, (3) hematoidin, identical
with bilirubin, (4) hemosiderin, and (5) malarial pigment, possibly
identical with hematin,

The relations between hemoglobin (reduced hemoglobin) and (1)
other forms of hemoglobin and (2) various derivatives of hemoglobin, are
well shown in the accompanying table, taken from Ralph Webster’s excel-
lent text-hook.

Hemin (CuHuN FeOHCT)

IA

Vi
Hematin  (CyHy 03N Fe)—>Hematoporphyrin (CH;O;N,)

Al
Hemoglobin /
A

v ,,
Hemochromogen Phylloporphyrin (CH4N.0)
i A

p
&

|
Hemopyrrol (CgH;sN) <~Phyllocyanin<—Chlorophyll

‘ Globin

v v
Oxyhemoglobin Urobilin (Cy,H,O:Ny)
A

|
Bilirubin \(‘,.-,H"N_-();()< - lematoidin
|A

0 v
Methemoglobin
0
HbL /
0
v
Biliverdin (CysH;xN,O,)

The best method of recognizing these different forms of pigment is by
spectroscopie analysis,

For clinical purposes, the ordinary hand spectroscope, especially the
form in which the normal spectrum of sunlight can be directly compared
with the speetrum of the fluid under examination, is all that is necessary.

The solution is placed in a test tube, or, better, in a small glass re-
coptacle with parallel sides. Blood, itself, should be diluted with from
10 to 100 parts of water hefore spectroscopic examination.

The spectroscopic characters of the different pigments are as follows :—

(a) Reduced Hemoglobin.—There is one broad band between D

E.

1)) Oxyhemoglobin,—There are two absorption bands, one in the

w, narrower, darker and sharper, lying on the line D; the other in

rreen, broader, less definite, and less dark, lying on the line E. In

ntrated solutions, the bands become broader, so that they approach
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one another. In very dilute solutions, the broader band disappears first. whicl
On adding ammonium-sulphid solution, the oxyhemoglobin is converted
into reduced hemoglobin, and its broad band be-
tween D and E appears.

(¢) Methemoglobin.—In alkaline solution,
there is a narrow absorption band in the yellow
at D, and one in the yellowish-green and the green;
in acid and in neutral solutions, there is an absorp-
tion band in the yellow at 1), one in the greenish-
yellow near E, and a broader one in the green,
between b and F. On the addition of ammoninm
sulphid, we get, first, the spectrum of oxyhemo-
globin, and, later, that of reduced hemoglobin. To
the naked eye, a serum containing methemoglobin
can be recognized by its brownish color.

(d) Carbon-Monoxid Hemoglobin.—The ab-
sorption bands are similar to those of oxyhemo-
globin, but the two bands lie a little more toward
the violet end of the spectrum, further from D,
and, moreover, on addition of ammonium sulphid,
no reduction takes place, thus sharply distinguish-
ing CO-hemoglobin from oxyhemoglobin.  The
blood, to the naked.eye, has a cherry-red color,
which is very striking.

(e) Sulphemoglobin.—There are three ab-
sorption bands, two similar to those of oxyhemo-
globin, between D and E, and a third in the orange,
but not so close to the line C as is the first band
of methemoglobin in acid solution. This third

sorpt
on tl

troscope—Fitted with
a Mirror Adjustment
s0  that One Gets
Two Spectra  with
the Same Light Rays.
The One Spectrum
Serves as a Scale, the
Other for the Obser-
vation of the Ab-
sorption Bands,
(After  Vogel, from
C. Neuberg, “Der
Harn, ete,” pub-
lished by J. Springer,
Berlin.)

g Flg. 205.—Pocket Spee- — |and does not disappear on the addition of dilute

ammonium sulphid, though the similar band due
to methemoglobin does disappear.

Sulphemoglobin is due to .S poisoning,
often from intestinal abnormalities (Bergh,
(larke); the condition known as “idiopathic
enterogenous cyanosis,” accompanied by headache
and severe constipation, is accompanied by sul
phemoglobinemia,

(f) Hematin—In acid and in neutral solu
tions, there are four absorption bands, one b
tween C' and D, and three feebler ones hetwee

el

3

3 " . . . . .
# D and E; in alkaline solution, there is one absorption band to the lef
| of D, and a general darkening of the violet end of the spectrum. On
adding ammonium sulphid, we get reduced hematin (hemochromogen

“hy
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which makes the band at D disappear, and, in its place, two ab-
sorption bands appear, one mid-way between D and E, and the other
on the line E.

Wave Lengths
A

Oxyhemoglobin

Reduced Hemoglobin

Methemoglobin

Hematin in Acid
Solution

Reduced Hematin

Hematoporphyrin in
Acid Solution

Hematoporphyrin in
Alkaline Rolution

Urobilin

Fig. 200, The Most Important Clinical Spectra.  (After Seifert and Miiller,
“Diagnostik,” published by J. F. Bergmann, Wiesbaden.)

With TIC1, hematin forms a characteristic compound, erystallizing with
e molecule of the acid to form hemin,  As Teichmann’s erystals, hemin
hydrochlorate of hematin ean be prepared from blood stains, important
medico-legal work,

(g) Hematoporphyrin.—In acid solution, there are two absorption
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bands: one is faint and rather narrow, close to D, between ! and D ; and
the other, darker, occupies a broad area between D and
‘ E. In alkaline solution, there are four absorption bands,
\ a most characteristic spectrum ; one narrow band lies be-
\\ , tween C and D ; then comes a broader band, beginning at
r o D, and extending half-way to E; a third band lies close
* to E, between D and E; and the fourth, broadest, dark-
* est band, occupies most of the interval between b and F,
going a little beyond the ¥ line. Hematoporphyrin is
Fig. 207, —Hemin A1 important derivative of hemoglobin. 1t is further
(’;L!;::: ILAftll'lr diseussed under hematoporphyrinuria (¢. ».).
Sahll, “Klintsch. (h) Malarial Pigment.—In alkaline alcoholie solu-
:,:;‘;:f::'-'fh"::; tion, malarial pigment yields a single broad absorption
lished by ¥. Dew. 0and, starting sharply at D and extending to the left,
ticke, Leipzig)  gradually growing feebler in the orange between C
and D.

This pigment is probably identical with hematin (Brown), though it
was formerly supposed to be one of the melanins. The melanins, however,
are quite distinet from malarial pigment; they yield different reactions
with decolorizing agents and with solvents,

The pathological conditions in which abnormal forms of hemoglobin
appear are numerous. They consist chiefly of intoxications.

Thus, in poisoning by earbon monoxid, by nitrous oxid, by hydrogen
sulphid, or by prussic acid, we may get earbon-monoxid hemoglobin, sul-
phemoglobin, or eyanmethemoglobin, owing to the fact that these gases
have a greater affinity for the hemoglobin than has oxygen itself.

In carbon-monoxid poisoning there is often polyglobulia; the eosin-
ophils may completely disappear from the blood.

Methemoglobinemia occurs in association with a number of intoxi-
cations that cause hemolysis. Thus, anilin, the phenols, pyrogallol, the
nitrites, iodin, and chlorate of potash, are all capable of cansing hemolysis
and methemoglobinemia. I have often produced methemoglobinemia and
methemoglobinuria in rabbits, by injecting, into the ear-vein, human
serum, derived from cases of lobar pneumonia. In paroxysmal hemoglo-
binuria, methemoglobin appears both in the blood and in the urine.
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4. Counting the Formed Elements of the Blood

Hemocytometers.—In order accurately to count the formed elements,
the blood must be diluted;, and a special instrurent, the blood counter,
or hemocytometer, has to be employed.
It is best to count lllf' red uln.l white .
cells separately, since, in counting the 010
white cells, the work ‘is facilitated by
destroying the red cells, and, moreover, qmm
the blood should be diluted less for

counting the white cells, than for count- gy 208 —Birker's Counting-Chamber.
(After P. Krause, “Lehrb, d. kiin,
» ) . . . Diagnostik d. Inn. Krankh.,” pub-
For making the dilutions, special lshed by G. Fiacher, Jens.)

mixing pipets (Malassez) have been

devised ; and for the actual counting, several types of counting-chambers
(Thoma-Zeiss, Breuer, Biirker), with a variety of rulings (Thoma, Zap-
pert, Elzholz, Ewing, Tiirk, Neubauer) are available,

ing the red cells.

(a) Enumeration of the Red Blood-Corpuscles (R. B. C.)
The Biirker Counting-Chamber with Neubauer’s Ruling.—The enu-

meration of the red corpuscles is best made with a-Biirker modification of
the Thoma-Zeiss counting-chamber (made by Zeiss), and, by preference,
vith the form having the Neubauer ruling, shown in Fig. 299. This
ruling offers many advantages over the original Thoma design and should
I more generally used.!  The ruled area is divided into nine large squares,
cach Jarge square measuring 1 mm. on each side; the central square is the
ne nsed for counting the red corpuseles, and it is subdivided into 400

' [The original Thoma-Zeiss counter should no longer be purchased, as the
irker ehamber, with Neubauer ruling, is far superior.]
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I small squares, each of them
I 1/20 mm. on a side, enclosing
I an area of 1/400 sq. mm.
These smallest squares are, by
means of double lines, grouped
; into sixteen intermediate-sized
squares, each of the latter con-
taining a block of twenty-five
small squares.
= The Diluting Pipet.—The
dilution of the blood is made
in a mixing pipet especially
devised for the purpose. (Fig.
300.) This mixing pipet con-
sists of a calibrated glass capil-
PR e lary tube that leads to an am-
' cy.'n'uelor, (From R. 8. Morris.) pll]lﬁ, into which the blood is
sucked up and within which it
is diluted ; in the ampulla lies a small glass pearl, which insures thorough
mixing of the blood with the diluting fluid, on shaking.
Blood is sucked up (without air bubbles) from a d A
freshly drawn drop (see Method of Securing Blood
for Examination), as quickly as possible, until it
reaches the mark 0.5 on the capillary tube. Care
should be taken not to draw blood above the mark;
if it should rise very slightly above it, its level may
be lowered by drawing the finger, cautiously, over the ™
tip of the pipet. The end of the pipet is then wiped 1

tion

com

515 1

off without disturbing the level of the blood inside oo
and is then introduced into the diluting fluid, which wh
is drawn in until the mark 101 is reached. While e
drawing in the diluting fluid, the pipet is gently re- 1 uni
volved so that the glass pearl in the mixing chamber H b atf
rolls about, thus beginning the mixing immediately and 1 i sur
preventing the retention of air bubbles adjacent to the v ove
pearl.  The blood thus undergoes a dilution of 1 : 200, . b
(In very marked anemia, it is better to nse a dilution Fi& 300.—Pipets for (58
of 1:100, the blood being drawn up to the mark 1.) '1{;‘;1..1.':'-:’...,..:,\.‘::: ble
At the moment the contents of the pipet reach the mark (0 Red-Corpus. .
A y 2 cle Pipet; (b |
101, the suetion is stopped and the end of the tube is  white-cen piper in
closed with the tip of the tongne. The pipet is then ‘:'.“" P. Krause, i
closed, below, with the middle finger, and the thumb Df.;':.'o.,d.]kk": at

oceludes the other end. The pipet is then held hori- ':h""-hﬂ:(“.““";j
zontally and carefully shaken, for from 2 to 5 minutes. :‘luh:r. lell':.) ]
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The Diluting Fluid.—As a diluting fluid, one may use a 0.9¢ solu-
tion of NaCl, or, preferably, Hayem’s solution, which has the following
.,.“||m>ilinll S

Bichlorid of mercury 0.5
Sodium sulphite ¥k 5.0
Sodium ehlorid oy 1.0
Water (distilled) 200.0

Placing the Diluted Blood in the Counting-Chamber.—After the blood
and the diluent have been carefully mixed with the pipet in the hori-
zontal position, several drops are blown out, or sucked out by filter-paper,
from the pipet, in order to get rid of all the fluid in the capillary tube
that has not undergone admixture with the blood.

The diluted blood is now ready for the counting-chamber. A special
polished cover-glass has previously been placed over the Biirker counting-
chamber (in such a manner that Newton's ¢ ored rings are clearly
visible), and fixed in position. The two semi-circular projections, at the
anterior and posterior edge of the slide, are, each, now quickly touched
with the tip of the pipet, whereupon the diluted blood flows, by eapillary
attraction, under the cover-glass and over the ruled areas to be counted
in the counting-chamber. By this method, a more uniform distribution of
the corpuseles is possible than with the older forms of blood counters, and,
morcover, since the chamber has two ruled areas, separated from each
other by a moat, or gutter (at least 2 mm. wide), two different prepara-
tions for counting are made at one and the same time. If desired, one
side of the Biirker chamber may be filled with blood diluted for a red-
corpusele count, the other side with a different dilution of blood for the
white-cell eount.

Counting the Red Corpuscl s.—After waiting at least three minutes,
intil the corpuseles have settle to the bottom of the chamber, one glances
at the entire preparation, fi ith a low power of the microscope, to make
sure of an even distribu of the corpuscles; if the distribution be not
ceven, another preparation should be made,

The counting can next be begun with the aid of a fairly high power
(say Leitz Oc. 1, Obj. 6). We count all the cells in the four corner
Iocks of squares in the finely ruled area, that is, a total of 100 small
squares in each of the two ruled areas of the Biirker chamber, or a total,
in the two ruled areas, of 200 small squares (C. P. Emerson). The rule
i« followed that all corpuscles touching the line on two adjacent sides
of a small square are included in the count, but those touching the line of
ihe other two sides are not included in the count, of that square.




54 DIAGNOSIS OF DISEASES OF THE BLOOD

Calculating the Number per Cubic Millimeter.—The final caleulation
is made as follows: Since the depth of the layer of blood between the
cover-slip and the bottom of the chamber is 0.1 mm., and since each of
the smallest squares measures 1/20 mm. on each side, the cubic capacity
of each square=1/10 x 1/20 x 1/20=1/4000 c.mm. If the cells in
200 such squares have been counted, the total eubie area of 200,/4000, or
1/20 c.mm. of diluted blood has been gone over. As the dilution used
was 1:200, to caleulate the number of cells in one cubic millimeter of
undiluted blood, the total number counted in 200 small squares (1/20
c.mm.) must be multiplied by 200 x 20, that is by 4000; if only 100 small
squares were counted, the multiplying factor would of course be 8000.

Care of the Hemocytometer.—Immediately after finishing a count,
the counting-chamber and cover-slip should be rinsed with distilled water
and dried with a piece of clean linen; no fluid other than water should
be used for the chamber, since aleohol or ether may dissolve the cement.

Pipets are cleansed by passing through them successively, (1) dis-
tilled water, (2) alcohol, (3) ether, and (4) dry air. Blood should not
be allowed to stand long in either the countingchamber or the pipet.
Should a clot form in the capillary tube, it can usually be removed by a
stiff horse-hair (never by a wire) ; if the diluting chamber grows dirty
it can be cleaned by drawing in HNO, and immersion of the whole pipet
therein, after removal of the rubber tubing.

The Thoma-Metz Hemocytometer.—This very simple instrument has
recently been introduced by Leitz. There is no ruling on the slide; the
ruling is in the eye-piece.

The ordinary dilution 1: 100 is made; the chamber is said to be such
that when the corpuscles in the large square are counted, and five ciphers
are appended to the number counted, the number of red corpuscles
in a cubic millimeter of blood is obtained. Thus, if there are forty-eight

red cells in the square, the red
count is 4,800,000,

For making a count of the white
corpuscles, a 1:10 dilution of blood
is used ; to the number of white cells
found in a large circle, three ciphers

¥ig. 301.—The Thoma-Metz Hemocytometer. AT€ appended, and the result is the
The Rullng 1s in the Eye-plece, not mumber of white cells per cubie milli

on the Slide. (By courtesy of . Leits, " . . . >

N. Y.) meter. Thus if the circle contain 8
white cells, the count is 8000, I have

had no experience with this instrument and do not know how accurate

it is,
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i. Variations in the Number of Red Corpuscles Under Normal Conditions

While we take, arbitrarily, as the normal number of red blood-cor-
puscles per e. mm., 5,000,000 for men, and 4,500,000 for women, still,
as we have seen in the hemoglobin determinations, there are very marked
variations within the limits of normal. In man, counts between 4,000,000
and 5,500,000 are within normal limits; in women, counts between
4,000,000 and 5,000,000 cannot be considered abnormal.

In new-born babi(-ﬂ, the count is high, but, after birth, it gradually
falls to normal.  After the suckling period, small children have, on the
average, a lower count than children over ten years of age. In old people,
the count tends to be somewhat lower than at the prime of life.

There is a slight reduction in the count at each menstrual period in
women. During pregnancy, the count is variable; it may be either in-
creased, or diminished.

At high altitudes, the number of red cells increases, though the num-
ber soon becomes normal on return to the sea level. Recently, these changes
due to altitude have been disputed.

Formerly, climate, too, was supposed to have a marked effect upon the
red count, and we heard much of polar anemias and tropical anemias.
Though anemia may oceur in polar regions and in the tropics, what has
been deseribed as such has often been, apparently, a pseudo-anemia (q. v.)
and not a diminution in the red eount per e. mm. On fasting, and on re-
duction of the water-intake, there may be a concentration of the blood,
with inerease of the R.B.C. count. The effects of vasomotor influences
npon the red count and upon the hemoglobin content of the blood, have
already been referred to. These physiological variations, due to sex, age,
altitude, nutrition, exercise, etc., should be kept in mind when judging
of the significance of a given blood count,
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ii. Variations in the Number of Red Corpuscles Under Pathological Conditions

A diminution of the red count (oligocythemia) is met with in the
various anemic states. The count may be far below 5,000,000 per
c. mm. The oligocythemias are due either (1) to loss of red blood-cells,
or to increased destruction of red blood-cells, on the one hand, or (2) to
insufficient blood formation, on the other.

An increase in the number of red blood-cells (polycythemia; hyper-
globulia) is met with (1) in all conditions that cause a concentration
of the blood, (2) in conditions associated with venous stasis, and, also,
(3) as an especial disease, in which there is inereased formation of
blood (hypererythropoiesis).

(b) Enumeration of the White Blood-Cells (W. B. C.)

For this purpose, the same Biirker counting-chamber is used, but a
special mixing pipet, other than that used for R.B.C.,, is employed. The
“white” pipet provides for either a 1 : 10 or a 1 : 20 dilution of the
blood. As a diluting fluid, none is more satisfactory than Tiirk’s, which
has the following composition' :—

Gineial 2ootin 868 «osvovonssssnissnsssidssssernesens 3.0
1 per eent aqueous solution of gentian violet 3.0
DR WBAEE' .vssoissvasasnnios s cusotsonsaras 300.0

This fluid lakes the red corpuscles, rendering them invisible, and at
the same time stains the nuclei of the white cells, thus making them
very easily recognizable. Some workers omit the gentian violet, as the
acetie acid, alone, makes the nuclei stand out prominently.

Blood is slowly drawn in, up to the 0.5 mark on the pipet, after
which the diluting fluid is sucked in until the mark 11 is reached, the

! The fluid should be freshly prepared, or the growth of yeast cells in it may
lead to confusion.
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pipet being at the same time rotated and jarred, in order to prevent
any air bubble from remaining on the glass pearl; the resultant dilution
is 1 : 20. The pipet, held horizontally, is shaken for from 2-3 minutes,
to ensure thorough admixture, Iaving filled the counting-chamber in the
same way, and observed the same precautions as when making a count
of the red corpuscles (¢. v.), and having waited at least three minutes
for the cells to settle upon the floor of the chamber, the white cells in the
four large coarsely-ruled corner squares (each square is subdivided into
16 smaller ones for ease in counting), and in the central finely-ruled square
of 400 smaller units, are counted in each of two preparations, that is, 10
large squares in all. Since each large square measures 1 mm. on a side,
and the chamber is 0.1 mm. deep, the eubic content of each of these large
squares is 1/10 ¢. mm. Hence if 10 of these large squares be counted, it
is only necessary to multiply the number of cells by the dilution to ascer-
tain the number of white cells in one cubie millimeter of blood.

Nucleated red cells are counted as white blood-cells, and the number
deducted after the differential count has been made in blood smears pre-
pared from blood taken at the same time.

The number of the white corpuscles varies in health from 7,000-10,000,
with the great majority of all normal counts averaging around 8,000. In
muking any leukoeyte count, a great many factors that influence these
cells must be carefully considered. Galambos, for example, has shown
that, in the same person, on the same day, the total white count may
show variations of nearly 100 per cent. While this is doubtless unusunal,
it is eertain that vasomotor influences, age, digestion, altitude, local
changes in the circulation, ete., all modify the white count to a certain
degree, and hence must be reckoned with.

When the number of white blood-corpuscles is pathologically diminished
(below 7,000 per ¢. mm.) the condition is spoken of as a leukopenia ; when
the white cells are inereased in number (over 10,000 per ¢. mm.) leuko-
eylosis is said to exist. In such cases, it is very important, not only to
determine the absolute number of white cells present, but, also, to ascer-
tain the relative percentages of the different types of white cells in the
blood by means of a differential count on stained preparations (q¢. v.).

According to the variety of leukoeyte that is increased, we ean sub-
divide the leukoeytoses into (1) nentrophilic leukoeytoses, (2) eosinophilic
lenkoeytoses, (3) basophilic leukoeytoses or mast-cell lenkoeytoses, (4)

lvinphoeytoses, (5) large mononuelear leukoeytoses, and (6) myeloeytoses,

As u rule, however, the term leukoeytosis is reserved for inereases in the
nentrophilie, eosinophilic and basophilie polymorphonuclear lenkocytes,
and the term lymphoeytosis for an inerease in the lymphoeytes, whereas
when myeloeytes, myeloblasts or lymphoblasts appear in the blood, we
speak of a “leukemic blood-picture,” rather than of a lenkoeytosis. A
few myclocytes may occur in the blood with an ordinary neutrophilic
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leukocytosis, but one never has much difficulty in distinguishing between -

such a leukocytosis and the blood of a leukemia. 4
m el
£ 7 " VeSS
i. Variations in the White-Cell Count Under Normal Conditions (The Physiological after
Leukocytoses) i
Among the physiological leukoeytoses may be mentioned, (1) the :'l'?m:
leukocytosis of digestion, (2) the leukoeytosis of pregnaney, (3) the Yo
leukocytosis of the new-born, (4) the leukocytosis after exercise, after num!
over-heating, and after cold baths, ""'"Ni
chan;
Leukocytosis of Digestion.—There is much difference of opinion, in the bib- ‘-..hl‘:
liography, on this subject. Though the literature is large, there is no unanimity Furtl
of opinion. Undoubtedly some variations do oceur after the eating of food, hut count
there is no constancy. The number of cells may vary between 7,000 and 10,000, Enou
Sometimes the polymorphonuclear lenkoeytes seem to be inereased, sometimes ent ki
the lymphocytes. blood
Leukocytosis of Pregnancy.—Here, again, there are marked differences of
opinion among elinical workers, some holding that a leukoeytosis is constantly iV
present in pregnancy, others that it is present only in primiparae, and still others, T
though they admit a high normal count, denying the existence of an actual
leukoeytosis in pregnancy. Many of the earlier views were based upon counts Ul
made at a time when the daily variations in the white eell count were not known,
and also at a time when too small counting chambers, such as the old Thoma-Zeiss, m}t {
were used, with consequently unreliable results. The more recent studies are in disea
agreement and indicate that no noteworthy leukoeytosis exists in pregnaney, though lead
the count reaches the upper limit of normal, especially in primiparae. The slight lymp
increase is due to polymorphonuelear neutrophils. I'“_m“
During labor, an actual neutrophilie lenkoeytosis, 20,000 and more, sometimes
ocenrs. It is partly a posthemorrhagie phenomenon, partly due to local injury, e
with inflammation. Under normal conditions, it soon passes. up th
In the puerperium, there is a gradual restoration of the normal number, though on
i | the count continues rather high during the period of the lochia. If any infection infee
b occurs, the count quickly runs up. -
1§ Leucocytosis of the New-born.—In new-born babies, the white count averages i
P from 17,000 to 19,000; the minimal count varies between 7,600 and 11,900; the Ll
maximal count recorded is 32,500, leuko
The number of white cells deereases within a few days after birth. According but t
to Takasu, the average for the first four days of life is around 18,000, for the
5th to the 11th day around 14,370. This leukoeytosis is due to an inerease in the
polymorphonuelear neutrophils, but its origin is obseure. Many factors are prob-
ably responsible (mechanical effects of birth, altered nutrition, environmental (1
influences). foéls
Leukocytosis After Exercise and After Over-heating.—After violent exerc toxi
there is marked inerease in the white-cell count (myogenie lenkoeytosis of R
Grawitz). Thus, after rowing for half an hour, Wagner and Rosenthal found Canes
that the white eells inereased from 4,400 to 11,200 in one instance, and from severe
7,600 to 11,700 in another. Differential counts showed, at first, an increase of ¢ eases
lymphoeytes, with only a slight inerease in the neutrophils. Later, the lymphoey s itive
decreased and the neutrophils inereased in number (Rosenthal). Whether or 10t

the stimulus to the leukopoietic apparatus is really myogenic in origin is 10t

It
known. '

ph ‘1.\\
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After over-heating, a rapid increase in the leukoeytes has been observed, both
in experimental animals, and in man. Vasomotor influences upon the eutaneous
vessels are probably of importance here, as indicated by the lenkoeytoses oceurring
after both warm and cold baths (Thayer, Rovighi, Winternitz).

Recently, very careful studies of the effect of thermal stimuli have been made
by E. Becker, who examined not only the blood from the finger, but also blood
from the median vein. He found that, after eold douches and eold baths, the red
blood eorpuseles, in both the eapillaries and the veins, undergo an even increase in
number, but that, on the contrary, the leukoeytes in the capillaries at first show a
considerable increase, but there is a deereased number in the veins. All these
changes had disappeared after an hour or two. Becker concluded that the effeet of
cold is to retain the leukoeytes in the capillaries, through adhesion to their margins.
Further studies in this field are, as Naegeli emphasizes, desirable, and the blood
count should be controlled by other methods of examination (viscosimetry).
Enough work, however, has been done to teach us to beware of confusing appar-
ent leukocytoses due to disturbances in the distribution of the white cells in the
blood vessels, with true leukocytoses due to inereased leukopoiesis.
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ii. Variations in the Number of White Blood-Cells Under Pathological Conditions
(The Pathological Leukocyt and Leukopenias)
The study of the lenkocytoses under pathological conditions has turned
s out to be of great help in clinical diagnosis, especially in the infectious
iy discases, It has been found that the toxie produets of the bacteria often
lead to intense reactions on the part of the bone-marrow and of the
lymphatie system. Also, in chemical intoxications of various sorts, after
hemorrhage, and after inflammation, no matter what the cause, leukoey-
toses are prone to oceur,  Though much work remains to be done in clearing
up the cansation of lenkoeytosis, several groups seem to be well established
on an etiological basis. These include: (1) the leukocytoses of certain
infections diseases, (2) the lenkoeytoses of intoxications, (3) the leu-
koeytoses associated with hemorrhage, (4) the leukoeytoses associated with
malignant neoplasms, and (5) certain other leukocytoses. Formerly, a
lenkoeytosis due to eachexia was deseribed, and also an agonal leukoeytosis,
ing but these conceptions have been given up.
the
the
ital (a) The Leukocytoses of Certain Infectious Diseases.—The leukocy-
tosi< in these diseases is doubtless due to the stimulating effect of the
toxing upon the lenkopoietie tissue of the bone-marrow, especially in the
cases in which nentrophilie leukoeytosis is seen. If the poisoning be too
severe, there may be a lenkopenia instead of a lenkoeytosis; thus, in dis-
eases ordinarily accompanied by a neutrophilic leukocytosis, the occur-
rence of a leukopenia is of bad omen (e. g., pnenmonia, peritonitis).
It is especially in the infections with pyogenic organisms (strepto-
cocc, staphylocoeei, pnenmococei, gonoeocei, meningoeoeei) that polymor-
phonuclear neutrophilic leukoeytoses are met with. This accounts for the

nigh
ight

mes
ury,

ugh
Lion

Igres

the

1) The Neutrophilic Leukocyloses
( I Y




60 DIAGNOSIS OF DISEASES OF THE BLOOD

oceurrence of such a lenkoeytosis in sepsis, pneumonia, erysipelas, menin-
gitis, tonsillitis, arthritis, endocarditis, appendicitis, ete. Two factors
have to be considered in the origin of such lenkoeytoses: (1) the chemo-
tactic effect of the bacterial products, attracting leukoeytes into the blood,
and (2) the stimulating effects upon the leukopoiesis in the bone-marrow.
There is a group of infections diseases, including typhoid fever and Typhai
. . . . . . v phok
measles, in which, instead of a leukocytosis, there is a leukopenia. We
must assume that, in these diseases, the toxic substances produced paralyze Typhus
the leukopoictic funetion of the bone-marrow. e

Naegeli has subdivided tle infectious diseases into three groups, as follows:

InrecTIOUS DisEASES AssociaTep with Levukocyrosis.—The pneumonias; sep
sis with loeal suppurations, as long as they are active and progressive (appendi- Rosecla
citis, abseesses, purulent peritonitis, empyema); scarlatina; erysipelas; epidemic
eercbrospinal meningitis (and other forms of suppurative meningitis, though rarely
in the tubereulous form); cholera; smallpox; chicken-pox; whq}ping-rnngll: diph- Diphthe
theria; acute muscular rheumatism; beriberi; acute polyneuritis; acute encepha-
litis; acute syphilis.

InrecTious Diseases Nor Associatep witH Levkocyrosis.—Typhoid fever;
measles; German measles; mumps; influenza; tuberculosis (when uncomplicated) ;
glanders; acute poliomyelitis.

The occurrence of leukoeytosis in one of these diseases usually indicates a
complication of some sort. especially a complicating infection with some pyogenic
organism,

IxrecTioUs Diseases Associatep with TeEMPorarY LEUKOCYTOSIS.—Sometimes,
in malaria, a leukoeytosis is seen at the time of the chill, but, as a rule, in this
disease there is leukopenia.

The main features of the blood picture can be seen by consultation of {l praiieL i

" e
table on page 61. Influcnsa

Measle

Variola

(b) The Leukocytoses in Intoxications (7'oxic Leukocytoses).—Aside P
from the toxic effects of infections described above, lenkoeytosis may e
due to other chemical substances; thus, organ extracts, especially tho
rich in nueleins, when injected, give rise to lenkocyt Certain drugs
(antipyrin, antifebrin, phenacetin, eamphor, collargol, digitalis prepara
tions) can cause a leukoeytosis, Temolytie poisons, like potassium chlor Mevingiti
ate, pyrodin and pyrogallol, can cause leukocytosis. Parotitia ¢

(¢) The Leukocytoses in Hemorrhage (Posthemorrhagic Leukocy- Impetigo «
toses).—The white-cell count is increased soon after the occurrence of a o
hemorrhage, the number of white cells corresponding, more or less closely, Cholern...
with the number of young erythroeytes and normoblasts appearing in the
blood. Such a posthemorrhagic leukocytosis passes off in a few da)

The increase in white cells is due, chiefly, to polymorphonuclear neut:

phils, but an oceasional myelocyte may be seen. There ean be no donlt

that the leukocytosis, here, is due to an increase in the activity of bloo

formation in the bone-marrow, and is probably coincident with a c Recurrent
version of some of the fatty marrow into funetional red marrow (cor Trickinosis,
pensatory hypertrophy of the hemopoietic organs). -

Meningit
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n- BLOOD PICTURE IN INFECTIOUS DISEASES

s (After Seifert and Miller.)
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(d) Leukocytoses Associated with Malignant Neoplasms.—In car

cinoma and sarcoma, it is not uncommon to meet with polymorphonuelear
léukocytoses of considerable grade, but this is not a constant finding, and
it would appear that such a leukoeytosis is due, not so much to the ear
cinoma, or sarcoma, per se, as to necrotic changes in these growths, or to
inflammatory changes in their neighborhood. Should a earcinoma, or u
sarcoma, metastasize into the bone-marrow, then a high grade of leukoey
tosis may develop, owing to the irritation of the marrow; the white-cell
count may rise as high as 50,000 (Naegeli). Most of the new cells are
polymorphonuclear neutrophils, but there is an unusually large number of
myelocytes in the blood in such bone-marrow metastases, and their presence
is helpful in determining the nature of the leukocytosis.

(2) The Eosinophilic Leukocyloses

These are of help in the diagnosis of worm invasions (trichinella, un-
cinaria, bothriocephalus, echinococcus), of skin diseases (especially pem-
phigus, arsenical exanthems, and scarlet fever), and of bronchial asthma.
They oceasionally oceur in neurasthenie states, in attacks of mueons olitis,
and after the injection of antitoxic sera. In trichinosis, as T. R. Brown
first pointed out, the eosinophils may make up more than 50 per cent
of all the white corpuscles,

The eosinophilic cells are often markedly increased in myeloid leu-
kemia.

In polymorphonuclear lenkocytoses, the eosinophils may be not only
relatively, but also absolutely, decreased in number; in the latter case the
prognosis is more unfavorable,

Scarlet fever is the only acute infections disease of presumably bacterial
origin, in which, at the height of the disease, a very marked eosinophilia
may oceur.  The number of eosinophils per eubic millimeter may be us
many as from 500 to 3000 (Naegeli); this eosinophilia has suggested a
cause other than bacterial for scarlatina.

The eosinophilia that occurs in the convalescence from infections
diseases is not fully understood. As is well known, the eosinophils, in
severe infections, are often diminished in number, but during convales
cence, for example, after typhoid, an outspoken eosinophilia (1200-1500
eosinophils to the cubic millimeter) may appear. In the serum disea-c,
eosinophilia may also be outspoken.

Tn Hodgkin’s disease, we sometimes meet with a high grade of eosiio-
philia. T have recently seen a case of this disease in which over 10
per cent of the white cells were eosinophils, Eosinophilia may also ocr
in connection with true neoplasms (sarcoma, carcinoma).

The eosinophils are diminished in number, or disappear entirely, at
the onset of most acute infectious diseases (typhoid, pneumonia), in
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varions intoxications, for a short time after major operations, and in
the severer forms of hemolytic anemia.

(3) The Basophilic Leukocytoses

An increase of the mastcells in the blood is met with in certain
anemias, in skin diseases (especially urticaria), and, often, in cirrhosis
of the liver. The greatest increase of mast-cells met with elinically is
that accompanying myeloid leukemia.

(4) The Lymphocytoses

An inerease in the number of the lymphocytes is known as a lympho-
eytosis, A relative increase is met with in those infectious diseases that
run their course without neutrophilic leukoeytosis (typhoid, malaria,
whooping-cough), and in the convalescence from certain intoxications.
Besides such post-infectious, and posttoxic lymphocytoses, the lympho-
eytoses of Basedow’s disease, and of persistent thymus, should be men-
timed. The greatest increase in the number of lymphoeytes is met with
in the so-called lymphatic leukemias (leukemic lymphadenosis). In the
aleukemic lymphadenoses, there may be a relative lymphocytosis,

A diminution in the number of lymphocytes is met with at the begin-
ning of most acute infections. This diminution is both relative and
absolute. A very marked diminution late in the course of an infection is
of bad omen.

In diseases leading to extensive destruction of lymphadenoid tissue
(tuberculosis of the lymph glands, Hodgkin’s disease, lymphosarcoma,
curcinoma metastases), there may also be a decrease in the number of
Iymphocytes.

For a description of the relation of the lymphoeytes to the growth of
tumors in animals, the work of Murphy of the Rockefeller Institute should
be consulted.
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(3) Variations in the Number of Large Mononuclear and Transitional
Forms

We are very poorly informed as to the significance of increase, or
decrease, of the normal large mononuclear elements of the blood. The
hibliography contains many references to the subject, but the results
are so conflicting as almost to defy helpful analysis. At present, the
most that ean be said is that, in tubereulous infections, and in typhoid
fever, and after splenectomy, there is often a relative increase in the
lirge mononuclear elements. A relative and absolute increase in the
fransitional forms is held by Bunting to be one of the characteristics
of Hodgkin’s disease. (See also Large Mononuclears, and Transitionals,
under Stained Blood.)
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(6) The Leukopenias

A hypoleukocylosis, or leukopenia is often just as important for
diagnosis as its opposite. It may be due to insufficient leukocyte forma-
tion, or to the negative chemotactic influence of toxins. Among the
diseases in which the absolute number of white corpuscles is decreased in
the blood, may be mentioned typhoid fever, malaria, measles, parotitis,
glanders, and dengue.

Leukopenia sometimes oceurs in very severe infections of the types
that, when milder, canse leukocytosis (e. g., pneumonia, sepsis). IHigh
grades of leukopenia are also met with in the aplastic anemias and some-
times in severe hemolytic anemias (¢. v.).

Sudden variations in the number of leukocytes are often helpful in diagnosis;
thus a sudden i during app dicitis may point to abscess formation, or in

typhoid, where ordmnnly there is leukopemu, to an intestinal hemorrhage, to
perforation, to ia or p

e P
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(¢) Enumeration of the Blood Platelets (PL.)

This may be done either by the older indirect method, or, better,
by the direct method of Wright and Kinnicutt.

is Indirect Method of Enumeration of the Platelets (Sahli)

Sahli uses a 14-per-cent solution of magnesium sulphate, which, though it
causes some deformation of the platelets, isolates them well from one another.
To this solution, he adds some methyl violet, just enough to leave the fluid, in a 10
¢. e graduate, still transparent. A drop of this violet solution is placed directly
upon the eleansed finger-tip. A puncture is made through the droplet by means
of a blood-sticker, so that the platelets mix with the preservative fluid the moment
the blood flows. A little of the blood is placed upon a counter, or under a cover-
slip on an ordinary glass slide, and the relative numbers of platelets and of red
blood-corpuscles are determined. Then the red blood-corpusele count is made, in
the ordinary way, and the absol ber of platelets caleulated therefrom; thus,
if the relation of platelets to erythroeytes has been found to be 1:25, and the red
count is found to be 5,000,000, the number of blood platelets per cubie millimeter is

50000 _ 00,

ii. Direct Method of Enumerating the Platelets (Wright and Kinnicutt)

The best method of counting platelets is that introduced by Wright
and Kinnientt.  Blood is diluted, in the proportion of 1 : 100 in the or-
dinary pipet for counting R.B.C., using, as a diluting fluid, a mixture
of the following solutions:

Solution A. Brilliant cresyl blue 1:300 (aqueous).

Solution B. Potassium cyanide (C.P.) 1:1400 (aqueous).

These solutions should be quite fresh, or kept in separate bottles, on
ice, to prevent the growth of yeasts. They are mixed, and filtered, im-
mediately before use (to avoid precipitates), in the proportion of A:B::
2:3.

The usual blood-counting chamber is used, with a thin cover glass;
Wright and Kinnicutt advise the use of an especially thin cover glass with
a central exeavation (cover glass No. 146, Zeiss Catalogue), in prefer-
ence to the ordinary one, though this is not really necessary. Tt is hest
to wait for ten or fifteen minutes, after filling the counting chamber, hefore
making the count, in order that the platelets may settle completely on
the floor of the ehamber.

The various blood elements appear as follows:

(a) R.B.C., as “decolorized shadows.”

(b) W.B. (., as well-stained eells, the nuelei dark blue, the protoplasm a
lighter blue.

(e¢) Platelets, as small, sharply outlined, round, oval, or elongated, bodies,
stained a shade of lilac; the average diameter is three microns,
but this tends to vary inversely with the number present.
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One may count the four corner blocks (25 smallest squares in each
block) in the Biirker chamber, in each of two preparations, just as in
making a red-corpuscle connt.  The method of ealeulating the total num-
ber per ¢. mm. is obvious (See Enumeration of R.B.C.).

iii. Variations in the Platelet Count in Health and in Disease

Normally, the blood platelets are said, according to earlier enumera-
tions, to average in number between 150,000 and 250,000 per c. mm.
Wright and Kinnicutt, as a result of studies by their method, put the
normal number higher (226,000-367,000 ; average 297,000). The factors
causing variations in number, under normal conditions, are not well
understood. The platelets have already been described in the general intro-
duction to this section on Diagnosis of Diseases of the Blood, where their
origin also is discussed (q.v.).

The most constant pathological variations in the number of platelets thus far
found have been:

1. A reduced count during the febrile period of acute diseases, and an increased
count during convalescence, especially in pneumonia, typhoid and malaria (in this
respect behaving like polymorphonuclear eosinophils).

2. An increased count in ehronic secondary anemia, in chlorosis, and in myeloid
leukemia: a low count, on the contrary, in lymphatie leukemia, and in pernicious
anemia as well as in the aplastic stages of any severe anemia.

3. An increased count in chronie diseases, notably in tuberculosis.

4. A reduced count in purpura hemorrhagica.

For a fuller discussion of the behavior of the blood platelets in various patho-
logical states, the article by Duke (1913) may be consulted.
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5. The Microscopic Examination of Fresh
Unstained Blood

This is one of the most important methods of examining blood. Tt
should never be omitted, in case an abnormal blood state is suspected. It
is essential to have absolutely clean glass slides and covers, preferably
such as have not been used before.

(a) The Cleaning of Cover Glasses and Slides

Two principal methods of cleaning slides and covers are in use;
namely, (1) the method of R. S. Morris, and (2) the method of
Zettnow.

i. Method of R. S. Morris

(1) Tmmerse the covers and slides in concentrated sulphurie acid
for 24 hours.

(2) Pour off the acid, and wash in running water.

(3) Drain off the water, and cover the glassware with 90-per-cent
aleohol for an hour or longer.

(4) Replace the aleohol with chloroform, and dry the glassware as
needed. On drying, the cloths used should be absolutely clean and free
from fat and from lint. OIld linen handkerchiefs are especially useful
for the purpose. It is best to leave the glassware in the fluid until it is
needed for use. If kept dry, the glass should be placed in a dust-proof
receptacle and each slide, or cover-glass, brushed thoroughly with a clean
camel’s-hair brush before nsing.

For clinical hematological studies, we use 3/4 inch square cover glasses,
No. 2, and 3X1 inch thin glass slides, with straight edges.

ii. Method of Zettnow

[For cleaning slides that have previously been used.]

(1) Dissolve 200 g. potassium bichromate in two liters water with the aid of
heat, and stir in, cautiously, 200 ¢. ¢. erude H.SO,.

(2) Cover glasses that have been mounted in balsam are separated from the
slide by warming.

(3) Place the dirty cover-slips in several hundred cubic centimeters of the solu-
tion above mentioned, and heat for ten minutes. Any Canada balsam present col-
lects as a greenish mass on the surface and is skimmed off.
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(4) Wash the cover glasses thoroughly in cold water, and immerse them for five
minutes in dilute NaOH. The procedures 3 and 4 may be repeated if necessary.

(5) Wash in aleohol and dry with soft linen.

(6) Slides are immersed for from two to five days in the potassium-bichro-
mate-sulphurie mixture; they are then washed with water, and wiped with soft
linen, moistened in aleohol.

(b) The Fresh Blood Slide

For quick orientation as to the form and number of red and white
cells and platelets present in the blood, and as to the presence, or absence,
of parasites and of pigment, it is well to examine a small drop of freshly-
drawn blood, spread out in a thin layer between a slide and cover glass,
first with the magnification of 300 diameters, and later with an oil im-
mersion lens.

The slide and cover must be thoroughly eleaned with aleohol and ether, before-
hand. The finger-tip, by preference after a warm hand-bath, or the lobule of the
ear, should be cleansed with aleohol and ether, and, after the puncture has been
made, blood should flow without any extraneous pressure. The first droplet is
wiped off; then a small drop, the size of the head of a small pin is received on the
caver glass, and quickly placed upon a perfectly elean slide. If one side of the
slide be slightly convex, the drop of blood should be placed on this side. The drop
is allowed to spread out on all sides in a thin layer, by capillary attraction, and
without any pressure. Some prefer to hold the cover-slip between thumb and fore-
finger when colleeting the blood; others use forceps. In either case, one should act
quickly.

The central parts of the thin preparation are usually the best for
examination ; here the red corpuscles will be seen singly, lying flat, beside
one another. At the periphery of the fluid, rouleanx may be visible,
even in thinner specimens. In such a preparation, only one or two
leukocytes may be present in one field of the microscope (Teitz Oc. 3,
Obj. 1/12). But if more are seen, one should not decide from this, alone,
that a leukocylosis exists; much depends upon the thickness of the speci
men, and upon the distribution of the lenkoeytes on the slide. A skilled
observer ean, by looking over different parts of the specimen and estimat
ing the relative number of white and red cells, form a tentative judg-
ment regarding the existence or non-existence of a leukoeytosis, DBut
if the red corpuscles be diminished in number, one may easily be deceived ;
it is much better to rely entirely upon an actual white-cell connt made
with the hemocytometer. Of course, if an enormous inerease in white
cells exist, as in leukemia, it can be easily recognized in the fresh hlood
slide.

After familiarizing one’s self with the different kinds of white blood!
cells as they appear in stained smears (q. v.), one can also, after some
practice, generally recognize to which group a given white cell in th
fresh blood specimen belongs.
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The polymorphonuclear eosinophils ave, of course, easiest recognized
by their large, highly refractive granules.
The polymorphonuclear neutrophils are also easily distinguished, first,

:‘:; by the extremely numerous, minute, non-glistening, granules in their pro-
toplasm, secondly, by the form of the nucleus, and thirdly, by the fact
that cells of this type normally predominate among the white cells.

The polymorphonuclear basophils, or mast-cells, may be hard to find,
te as they make up, nn'rmull_\', a very small percentage of the white cells.

'o.A Should one be seen, it onght to be recognized by its combination of char-

": acters: (1) polymorphous n.u(-](suﬂ; (2) relatively xfnmll size; (3) larger

4 granules than the nm.nruplnl granules, but not highly refractive, thus

n-‘ differing from the eosinophil granules.

A lymphocyte is easily recognizable by the facts that (1) it is very
small; (2) it consists chiefly of its round or oval non-polymorphous nueleus,

- surrounded by only a minute amount of protoplasm; and (3) the proto-

he plasm contains no sharply defined granules.

en A normal large mononuclear white ecll ean scarcely eseape recogni-

“" tion, since (1) it is larger than a P.MUN.; (2) its nuclens is not poly-

I: morphous; and (3) it has an abundant protoplasm, which is finely gran-

» ular.  These granulations, Lowever, are not of the same character as those

il seen in the nentrophils, eosinophils; or basophils,

‘e- A transitional form, in the fresh, unstained blood, has the characters

et of a large mononuclear lenkoeyte, except that it has a distinetly-indented,
or a polymorphous, nucleus; it might, unless closely examined, be con-

o fused with either a large mononuclear, or a polymorphonuclear neutrophil.

o The experienced hematologist will usnally be able to recognize an ont-

e spoken deviation from the normal proportions of the different varieties

o of white cells; a marked lymphoeylosis, or a marked eosinophilia, is

q especially easy to deteet ; an outspoken neutrophilia will also be recognized.

( The appearance of large numbers of myelocytes, or of myeloblasts,

g could searcely be overlooked in the fresh blood slide, so that the diagnosis

¥ of myeloid leukemia can thus easily be made in outspoken cases.

A In the fresh, unstained preparation, the red blood-corpuscles arve well

B seen, and should be studied especially as to their size 1 shape.

:v Normally, they are equal in size (isocyfosis); in many anemias, one sees

. a great variation in size (anisocylosis), due to the presence of abnormally

s large cells  (macrocytes), and almormally small cells (microcytes).

" Measurements are best made in stained smears (q. ).

Nucleated red cells (normoblasts, or megaloblasts) may be visible in
the fresh Llood, especially if it be drawn during a “blood-erisis” in one
of the severe anemias.

Occasionally, fine ameboid movements of the red corpuscles are visible.
Such ameboid movements in macrocytes and megaloblasts have been espe-
iully studied and deseribed by Morris and Thayer.
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As the serum evaporates at the edge of the cover glass, it becomes
hypertonic, and the corpuscles assume a character - ic crenated appear-
ance. An excellent description of the changes undergone by the red
corpuscles during crenation (refractile spots, indentations, beadlike spines,
shrivelling, asterisk appearance) is given by DaCosta in his book on the
blood.

To avoid evaporation and tion, when it is desired to keep a fresh specimen
for longer than a few minutes for study, we seal it, by applying melted vaselin, or
melted soft paraffin, along the edge of the cover-slip; this will solidify at once, and
the preparation can be kept for several hours without change.

Changes in the external form of the red corpuscles are common in
anemia, the cells assuming the shape of a pear, an anvil, a club, or other
bizarre forms (poikilocytosis). These poikilocytes are best seen in un-
stained preparations.

In hydremic states, the red corpuscles lie strikingly far apart in the
fresh blood slide; even in the thicker preparations of fresh blood, the
spaces between the rouleaux are larger than normal.

The granular changes, ring bodies, and so-called degenerative and re-
generative forms of the red cells cannot be well studied in fresh unstained
blood; they will be described when we come to the staining of dried and
fixed smears.

One must take care not to mistake crenation, and other artefacts, for
pathological abnormalities of the red corpuscles. If a coverslip or slide
be dirty, or moist, the red corpuscles may fragment, or they may swell
and hemolyze, or bizarre artificial poikilocytes may develop. The
greatest care should be taken to observe a faultless technic in the pre-
paration of the fresh blood slide.

With good technie, one can form, from the fresh blood specimen, a
fairly accurate judgment regarding the Hb-content of the individual cor-
puscles, and can prophesy, usually correctly, that a normal, a low, or a
high color-index, will be found when the Hb is accurately determined
and the red count made.

The blood platelets can be recognized in the fresh specimens as minute,
non-glistening, greyish or colorless particles, rounded, oval, or multangular
in shape, often met with in groups. After the specimen has stood for
a time, threads of fibrin begin to appear, radiating out from these groups
of platelets.

The Brownian movement of the hemoconia (“blood dust”) is an in-
teresting feature of the fresh blood slide; the tyro may mistake the hemo-
conia for parasites!

Among the true parasites that may be visible in the fresh blood slide,
under pathological conditions, we may mention: (1) malarial parasites;
(2) spirilla of relapsing fever; (3) trypanosomes; (4) Leishman-Dono-
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van bodies; (5) filaria bancrofti; (6) larvae of trichinella spiralis; (7)
anthrax bacilli,

Malarial parasites, when present, can be seen, either within the red
cells, or occasionally lying free in the serum. The ameboid movements
of these parasites, and flagellation, can be observed only in such fresh
preparations.  Crescents and ovoid forms are especially easy to see in the
estivo-autumnal infections, though they are present only in small numbers.
Formerly, in Baltimore, we relied entirely on the examination of fresh
blood for the diagnosis of malaria. For general diagnostic purposes, how-
ever, it is now much more satisfactory to study dried and stained prepara-
tions (q. v.), or to use the concentration method of Bass and Johns, A
useful method, when hunting for malarial parasites in fresh blood, is to
use at first an open diaphragm while quickly running over many fields
with not too high a power, keeping a sharp lookout for minute pigment-
granules; if pigment be found, an oil-immersion lens is turned in, and
one determines whether the pigment is in a parasite, or in a leukocyte,
or is merely an artefact.

In tertian malaria, the infected corpuscles show a marked pallor and
an increased diameter; in quartan, and also in estivo-autumnal, infections,
the red corpuscles containing the parasites look shrunken, and are of a
deeper yellow color (“brassy corpuscles™) than normal corpuscles. The
character of the pigment differs in the different types of malaria also.
(See Malaria).

The appearance in the blood of the other parasites above mentioned
will be found described in connection with the several diseases (see
Diagnosis of the Infectious Diseases). Most of these parasites can be
far better studied in smear preparations stained by one of the methylene-
azure-and-eosin stains (Wilson’s or Giemsa's).
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6. The Microscopic Examination of Stained Blood

The introduction of elective or differential staining of the formed ele-
ments in the blood by Ehrlich revolutionized clinical hematology. Thin
smears are made, dried in the air, fixed, stained, mounted, and studied
under the oil-immersion lens.

(a) The Preparation of Dry Films, or Smears, of Blood for Staining

The blood is spread in thin layers, on absolutely clean slides, or on
two cover-glasses, preferably the latter.
Cover-glass Method.—Both coverslips should be carefully dusted with
a fine camel’s-hair brush immediately before use. A small drop of blood,
drawn from the fingertip, with observation of the details already de-
seribed, is received on the middle of a thin, absolutely clean, fat-free,
cover glass held in a pair of stiff straight forceps, and then immediately
placed upon a second cover-glass held firmly fixed, beforehand, in a pair
of strong, cross-billed forceps; in doing this, the upper cover-glass is
placed so that its corners projeet over the

/\ edges of the under one (Fig. 302). No

/ \ pressure should be applied. One waits a
moment until the drop has nearly, but not

< quite, stopped spreading between the two
\ / \ cover glasses, and then, qnic.k]_v scizing.mw
P v corner of the npper cover with the straight

forceps, pulls the two cover glasses quickly,
Fig. 802.—Preparing Cover Slip |yt gently and smoothly, apart, in exactly
Smears of Blood. The Cover .
Slips Should Be Thin knough  parallel planes; sometimes both of the
for Oll-immersion Lenses. smears are good, sometimes only one;
very often, for the beginner, neither.

In satisfactory smears, about 2/3 of the smear should be so that the
individual red corpuscles show a uniform distribution, and do not overlie
one another. Some workers prefer to hold the cover glasses in their fingers
instead of using forceps; undoubtedly, with practice, good smears can
80 be made. Even when the cover slips are applied to one another with
foreeps, some prefer to pull them apart with their fingers.

Glass-slide Method.—Fairly good smears may also be made by re-
ceiving a larger drop of blood upon the end of a clean glass slide and
pushing this—not pulling—obliquely along the surface of a perfectly clean
and flat second slide, the blood droplet lying in the acute angle (45°
between the two slides. The blood spreads out in a thin filin on the second
slide. This is a much easier technic to acquire than the cover-glas:
method, but careful workers prefer the latter, as it ensures a more even
distribution of the white cells in the smear. Tn studying a smear mad
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Ly the glass-slide method, it is to be remembered that the leukocytes tend
to be more numerous in the periphery of the smear, and one must there-
fore study the edges as well as the central parts,

Preservation of Unstained Smears.—All the smears are allowed to
dry thoroughly in the air, blood side up, protected from dust and flies
(bell jar), after which they can, if desired, be kept for years. They
are fixed before staining; if the smears are to be kept for some time
lefore staining, it is better to postpone the fixation also, until just before
they are stained.  If the smears are to be stained by one of the Romanow-
sky methods, they must be fixed and stained within one week after the
blood is drawn; if Ehrlich’s triacid stain is to be used, the smears may be
kept for several weeks or even months before fixing and staining. The
dry smears should be placed in a small cardboard box, and labelled with
(1) the name, (2) the date, and (3) the result of the count of the total
number of white blood-cells made at the same time.

(b) The Fixation of Blood Smears

Some experience is necessary in judging of the size of the drop of blood to be
used in making these smears. In normal blood, and in polyeythemia, a small drop
suffices; in the anemias, and in hydremia, a larger drop will be required.

i. Fixation by Heat

To fix the smears by heat, they should be kept at a constant tempera-
ture, of about 110° €. for 45 to 60 minutes, or longer; or at a temperature
of 120°125° C. for a few minutes.

One may use, for this purpose, a thermostat, set at 110° . for the
slower fixation, or at 125° C. for the more rapid fixation. A Victor-
Meyer toluol-oven is very convenient.

A triangular copper plate (30 em. long and 9 em. broad), placed on a
tripod and heated at its apex by a steady gas flame, may be employed for
the fixation ; after the temperature of the plate, in its different parts, has
become fairly constant (about fifteen minutes), one places drops of water
along its surface, beginning at the broad end and passing toward the apex,
to determine the so-called “spheroidal-point line” for water on the copper
bar, 4. e., the line farthest from the flame at which a drop of water rolls
off immediately as a sphere (Leidenfrost's phenomenon) ; in the cooler
parts of the bar, it sizzles and quickly evaporates. This “spheroidal-
point line” corresponds to a temperature of 140°-150° . The coverslips,
with the smear side up, are placed just at the spheroidal-point line, and
are generally well fixed in from 15 to 45 seconds.

The correct length of time for fixation has to be determined for each
specimen of blood; for it varies with (1) the thickness of the smear,
(2) the age of the smear, and (3) the type of blood to be examined,
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In certain instances, a smear will be sufficiently fixed in 5 seconds; an-
other may require 2 minutes.

This method of fixation is employed, especially, before using Ehrlich’s
triple stain or Pappenheim’s carbol-pyronin methyl-green mixture. R. S.
Morris makes the excellent suggestion that we place four smears on at
once, and remove one at the end of 30 seconds, one after 35, a third after
40, and the fourth after 45 seconds, and then stain all four and see
which one has the best fixation,

ii. Fixation in Absolute Ethyl Alcohol

After being air-dried, the smears are immersed in absolute aleohol for from 3 to
b minutes, in an air-tight vessel, and are afterwards dried in the air. This method
of fixation gives good results when followed by one of the methylene-azure-and-
eosin stains (Romanowsky’s, Giemsa’s, Wilson’s), though fixation with absolute
methyl alcohol is more often used. even for these stains.

iii. Fixation in Absolute Methyl Alcohol

The coverslips lie 3 minutes in this fluid (2 minutes will suffice if
the smears have been air-dried for 12 hours or longer) in a glass box
with closely fitting cover (air-tight). The methyl aleohol should be really
absolute,

This is the fixation method most often employed. 1t may precede
the use of various stains (methylene blue, eosinate of methylene blue,
hematoxylin and eosin, methylene azure). In Jenner’s stain and in Wil-
son’s stain, the dye-stuff is dissolved in absolute methyl aleohol ; one does
the fixation in the concentrated stain itself,

iv. Other Methods of Fixation

The three methods outlined above suffice for nearly all purposes. Acetone,
aleohol and ether, acetone and methyl aleohol have all been used, but they are
no better than those described. For the staining of mitochondria (Schridde, Fwi-
e feld) osmium-fixation is desirable. For fixing moist smears (not air-dried),

; Zenker, formol, or Schaudinn’s sublimate-aleohol (2 parts cone. aq. solution
HgCl,4-1 part absol. ethyl alcohol) may be used, the smears being left swimming
on the fluid for from 12 to 24 hours.
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(¢) The Staining of Dried and Fixed Blood Smears

Various parts of the white and red corpuscles show different chemieal affinitios
for acid, basic or neutral dyes. The nuclei of the white eells, for example, show
an avidity for basic dyes, probably because their contents are acid (nucleinie acid ',
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and they are therefore said to be “basophilic.” In the protoplasm of many of the
cells are granules, some of which stain intensely with basie dyes (basophilic gran-
ules), others intensely with acid dyes (acidophilic or oxyphilic granules, a-granules
of Ehrlich), and still others with neutral dyes (neutrophilic granules, e-granules of
Ehrlich).

In addition to the chemical affinities of the constituents of the eells, the staining
is influenced, also, by physical factors, Thus the method of fixation employed,
and the particular staining procedure followed, may make a great difference in the
result. The nuelei of lymphoeytes, which, after fixation in absolute methyl aleo-
hol, will stain with great intensity in methylene blue, lose the power to stain thus
intensely in the same dye if the fixation has been done on the hot copper bar. 1t is
no surprise, therefore, to find that the same variety of granulation in the white
blood-cells may be stained different tints by one and the same dye-stuff, when
different methods of fixation or of staining are employed.

In staining blood smears, one may use simple slains, containing only
cne dyestuff, or combined stains, consisting of two or more dye-stuffs
(acid, basie, nentral), and applied, either simultaneously, or successively.
Thua, of the simple stains, we may mention (1) methylene blue, or (2)
dahlia, used as single basic dyes, and (3) eosin, or (4) acid fuchsin, used
as single acid dyes.

In the combined stains, the staining fluid contains basie, acid, and
neutral dyes, mixed in certain proportions; from such mixtures of dye-
stuffs, the several structures select the particular dyes for which they have
an especial chemical affinity, or an especial physical relation. Thus, acid
constituents will attract the basic dye-stuff (basophilic staining) ; alkaline
constituents will select the acid dye-stuffs (acidophilic or oxyphilic stain-
ing) ; whereas constituents of the cell having both basophilic and acid-
ophilic tendencies simultancously, will attract both kinds of dyes, and
stain in a mixed, or neutral, tone (neutrophilic staining).

Sometimes we use two different kinds of acid dye in the same com-
bined stain, since it has been found that the different acidophilic sub-
stances in the formed elements of the blood may not behave alike to one
and the same acid dye. To take a well known example: in Ehrlich’s
triple stain, there are two acid dyes (orange G, acid fuchsin) and one
basic dye (methyl green) acting simultaneously; though the hemoglobin
of the red corpuscles is acidophilic, and the eosinophilic granules in the
white corpuscles are also acidophilie, in well-stained specimens the granules
will be found stained a bright red color (in the acid fuchsin), and the
Hb a dull buff color (in the orange G).

These combined, or “panoptie,” stains are very delicate instruments,
and require great care in their use, if satisfactory results are to be ob-
tained. If the smear be badly made, the fixation imperfect, or the technic
of staining faulty, disappointment will result; but, in successful prepara-
tions, there is a differentiation by the elective staining that brings joy
to the heart of the hematologist!
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For general clinical purposes, one of the Romanowsky stains (methy-
lene azure and eosin), the Jenner stain (eosinate of methylene blue), and
Ehrlich's triple stain, are especially recommended, the first giving the
best pictures of the mononuclear elements, and of pathological cells, the
second of the eosinophil granules, and the third of the neutrophilie gran-
ules. For nuclear pictures, and for blood parasites, the methylene azure
and eosin stains are best; thus Wilson’s stain is excellent (also Giemsu's
and Leishman’s).

Half a dozen stains will suffice for all clinical purposes, notwithstanding the
fact that at least a hundred have been devised and lauded. It is far better for the
elinician to become thoroughly familiar with the use of a few good stains than that
he work indifferently well with a larger number. I advise strongly that physi-
cians in general practice buy their stains ready-made. Reliable preparations are
fortunately avuilable in the market. In large clinical laboratories, however, many
of the stains can be more economically home-made; for this reason, the formulie
and methods of preparation of the more important solutions are here given. Ounly
the purest dyes should be purchased; those supplied by Gribler (Leipzig) enjoy a
good reputation. Many of the stains can be bought as dry powders or erystals,
requiring only solution in methyl aleohol to be ready for use.

A synopsis of the best methods for staining individual histological
clements in normal and pathological blood is given in the table on
page 7.

i. General Remarks on the Staining of a Blood Smear

For some stains, notably the triple stain of Ehrlich, it will suffice to
place a few drops of the staining fluid directly upon the surface of the heat-
fixed smear as it lies on a piece of blotting-paper, or on the table. If the
glass-slide method has been used, and one wishes to avoid using too much
stain, the area to be covered with the stain may be circumseribed by first
marking it out with heavy lines with a blue wax-pencil.

With the methylene-azure-cosin stains (Wilson, Giemsa), this metlod
of applying the stain is unsatisfactory, on account of the troublesome pre-
cipitates that arise. When staining with these fluids, therefore, it is
much better to let the cover slip swim on the surface of the dye in a small
watch-glass,

Watch-glass Method (Naegeli).—In order not to use much of the
dye, and tq avoid the scum on its surface, one takes an empty watch-gliss
of suitable size, places the coverslip in it (smearside down), and then
allows the staining fluid to run in, through a pipet with a narrow opoi-
ing, between the coverslip and the watch-glass (Fig. 303). Just enonsh
staining fluid is nsed to float the cover-glass. By this method, the irides-
cent seum that forms on the surface of the dye does not come in contict
with the smear, and specimens entirely free from precipitates and scim
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SYNOPTICAL TABLE OF BEST STAINING METHODS FOR TIE STRUCTURES IN
THE BLOOD
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can be obtained. When the time of staining is up, the coverslip is quickly
removed with forceps, and the staining-fluid washed off in distilled water,
The smear is then dried, first between layers of smooth blotting-paper, and,

d

Fig. 803.—Watch Glass Staining of Blood Smears,

afterwards in the warm air, high above the flame. It is then imbedded
in Canada balsam, which should be absolutely neutral, or the specimen
will fade later; ordinary Canada balsam contains a trace of acid. Neutral
Canada balsam can be purchased from Griibler.

ii. Simple Stains for Blood Smears

Oceasionally a simple stain 1s required for some special purpose. Of
these the more important are: (1) methylene blue; (2) eosin; (3) hema-
toxylin; (4) carbol-thionin; and (5) dahlia.

(1) MernyrLexe Brue

The best stain to use is either the chemically pure medicinal methylene
blue (1-1 per cent aqueous solution), or the alkaline methylene blue of
Lifler, used in all bacteriological laboratories.

(1) Fixation: Absolute methyl aleohol; absolute ethyl aleohol; or heat.

(2) Staining time: 5-20-120 seconds.

(3) Wash in running water, until the preparation assumes a light blue-griy
tint to the naked eye.

(4) Press between folds of filter-paper to remove excess of water; then (ry
completely, by holding the smear, eautiously, high above the flame, between e
thumb and forefinger.

(6) Mount in a drop of neutral Canada balsam.

(6) Examine under the microscope with oil-immersion lens (and Abbé-c n-
denser).
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The nuclei are stained deep blue, the red blood-cells greenish yellow,
the basophil granules in the red corpuscles deep blue, and the polychromasic
erythrocytes various shades of light and dark blue.

(2) Eosix
As a single acid dye, one uses eosin, in aqueous or aleoholic solution
(0.5-1 per cent), or, if preferred, a weak aqueous solution of acid fuchsin.

(1) Fixation: Any method.
(2) Staining-time: 3-5 minutes.
(3) Wash in water, dry, and mount as above.

Red corpuscles, and acidophil (or eosinophil) granules, stain bright
red.
(3) HemaToxyrLiy

For hematoxylin stainings, there is nothing better than the ordinary
Delafield hematoxylin of the pathological laboratories, The solution
should be filtered before using. A hematoxylin stain alone shows the

nuclei well, but it is so easy to counter-stain with eosin, that we nearly

always use the double stain.

(1) Fixation: Absolute methyl aleohol, 3-5 minutes.

(2) Stain in half per cent alcoholie eosin solution by watch-glass method, 3-5
minutes.

(3) Wash with water; press between filter-paper; dry thoroughly in warm air
high above the flame.

(4) Stain with Delafield’s hematoxylin by wateh-glass method, 3-5 minutes.

(56) Wash in water, dry, and imbed in neutral balsam.

All the nuclear structures are exquisitely stained. It is particularly
useful in demonstrating the nuclei of the lymphoeytes and of the lympho-
blasts in the lymphatic leukemias. The nuelei of myeloblasts in acute
myelogenous leukemia can also be well brought out.

The eosinophil granules are well stained, but the nentrophil granules
are unstained. Nuclear particles stain intensely, a dark bluish purple.

(4) CARBOL-THIONIN

This stain, introduced by Futcher and Lazear into hematological work,
is a very useful one.

Sat. sol. thionin in aleohol (50 per cent)..... 10.0
Carbolie acid (1 per cent) ... 1000

1) Fixation: Aleohol-formalin.
(2) Staining-time: 15-120 seconds.
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(3) Wash in running water; if over-stained, decolorize briefly in 50-per-cent
aleohol.
(4) Dry thoroughly; mount in neutral balsam.

Nuclei dark blue; granules in polymorphonuclear basophils purple;
R.B.C. greenish gray; basophil granules in R.B.C. dark blue; polychrom-
asie R.B.C. in different shades of blue; protoplasm of malarial parasites,
purple.

(5) Danvia o
It is best to buy the aleoholic solution of dahlia, ready made, of rinseq

Griibler. Itis
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(1) Fixation: Heat; or absolute aleohol.

(2) Staining-time: 4 to 6 hours with watch-glass method.

(3) Wash quickly in water; too long washing may dissolve out the basophil
granules.

(4) Decolorize in aleohol until dye ceases to be extracted.

This is the best method of staining the granules in polymorphonuclear
basovhils and in basophilic myelocytes. The granules are stained violet,
(1

may b

iii. Combined Stains for Blood Smears rect fis

We shall consider (1) Ehrlich’s triple stain; (2) the eosinateof- [ "'}

methylene-blue stains (Jenner, May-Griinwald) ; (3) the methylene-azure- severa

and-eosin stains (Romanowsky, Leishman, Giemsa, Iastings, Wright, (2
Wilson); (4) the combined Jenner and Giemsa stains (Pappenheim’s been ¢
“panoptic” stain); (5) carbol-pyronin methyl-green stain (Pappenheim- (3)
Unna) ; and (6) stains for the Altmann-Schridde granules. (4)

(1) Enruien’s TripLe StaiN W
It was the introduction of this and similar stains, by Ehrlich, that led to the cells a
modern differential study of the formed elements of the blood. When the stain is
properly prepared, and the fixation has been good, admirable results are obtainable, red.
especially in the staining of the neutrophilic and eosinophilie granules. Many a dee)
have found difficulty in securing a good staining fluid, and, for this reason, the Cabot’
tendeney has been to abandon Ehrlich’s stain for others that are less eapricious.
1 believe that the method is now too little used. Every student of the blood should
familiarize himself with this technie. Good stain ean generally be secured, ready
made, from Griibler, and for the practitioner, this is advisable. The stain may, are br
however, thanks to the eareful studies of Roger S. Morris, now be satisfactorily their 1
made in the laboratory. The modification introduced by Morris is the best one to white
follow, since it has been found to yield almost uniformly good staining mixtur:s.
The staining fluid contains three different dye-stuffs: methyl green, orange i,
and acid fuchsin. Saturated solutions of each are made, and allowed to stand soe
time (at least a week), before use; it is best to use Griibler’s dyes in making th e the lar
solutions. less op

color ;
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Morris's modified formula is as follows:

Saturated aqueous solution of orange G................ 13.0

Saturated aqueous solution of acid fuchsin. 7.0
DREINE W . o cansvnin sienisods . 15.0
Absolute aleohol .............. ¥ sves 100
Saturated aqueous solution of methyl green............. 175
Absolute alcohol ......... ISR E R .. 100
CRyoRRin «ooavssenavansssnvssosassas - .o 100

On mixing these fluids, the same graduated eylinder is used; it should not be
rinsed between one fluid and the next. Each fluid is added in the order given above.
It is essential that the methyl green, the second portion of the aleohol, and the glye-
erin be added slowly, and that the mixture be shaken well after each addition.

The staining fluid is ready for use immediately after preparation, and does
not seem to deteriorate with age, though, after the mixture has stood for a time,
a small amount of precipitate may form. In order that this precipitate may not
be disturbed when using the stain, the bottle should never be shaken, and staining
fluid should be taken from the center of the bottle with a pipet or with a
glass rod.

Method of Staining

(1) Fixation: Heat is the only satisfactory method; a few preliminary trials
may be required to determine the length of time the heat should continue for cor-
rect fixation,  (The cover-glass should be air-dried for at least 24 hours before fixa-
tion.) Passable specimens can be secured after fi-ation for from 5 minutes to sev-
eral hours in absolute methyl alcohol in an air-tight vessel, the fluid being changed
several times (Sahli).

(2) Staining-time: 5 minutes; over-staining is impossible if the fixation has
been correct.

(3) Wash under the tap until the washings are clear.

(4) Dry; mount in neutral balsam.

When the fixation has been correct, and the staining fluid is good, the
cells are stained as follows: The erythrocytes, a buff, or yellowish orange,
color; when over-fixed, these stain yellow; when under-fixed, they stain
red.  Polychromasie red corpuscles are not well shown: they may take
a deep reddish-violet tint. The basophil granules of the R.B.C'. and
Caliot’s rings are not stained. The leukocytic granules are sharply differ-
entiated ; the nentrophilic granules are lilac or veddish violet—by all
adds, the most beautiful nentrophilie stain; the large eosinophil granules
are brick-red, or copper-colored ; basophilie granules dissolve out, and, at
their former sites, one sees unstained “vacuoles.”  All the nuclei of the
white corpuscles assume a feeble bluish-green shade. The nuclei of
megaloblasts also stain feebly blue, but the nuclei of normoblasts are
often more intensely stained.  The protoplasm of the lymphocytes and of
the large mononuclears stains faintly, the protoplasm being nearly color-
less or assuming a shade of delicate rose pink, while the nuclei of these
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cells generally take a pale greenish tint. The azure-granules of the
lymphoeytes are unstained. Malarial parasites are not stained.

A feature of the Ehrlich triacid preparations that deserves mention is the
appearance of jet-black particles (Neusser granules) in many of the nuelei; they
are artefacts,

Some workers subjeet the smears to a brief subsequent staining with methylene
blue (} per cent aqueous solution) to increase the distinetness of the nuclear struc-
tures.

(2) Tune Eosinare-or-MernyLeNe-BLue Stains
(Jenner; May-Grimwald)

In 1899 Jenner published a method of staining, in which the chemical substance
eosinate of methylene blue is used, asserting that it yields results very much better
than those obtainable by successive staining with eosin and methylene blue. In
1902 a similar stain was introduced by May and Griinwald in Germany. In both
cases, the fluid consists of the dye dissolved in methyl aleohol.

The chemical substance, eosinate of methylene blue, ean now be bought in
tablet (or tabloid) form from either Burroughs, Welleome & Clo., or from Griibler;
all one has to do is to dissolve one tablet in 10 c.c. pure methyl aleohol (absolute,
free from acetone), and the dye is ready for use.

The fluid stain can also be purchased if desired; it no longer pays to try to
prepare the eosinate of methylene blue one's self.

If, however, one is out of the dye, and none is easily accessible, he ean prepare
it himself provided he has the ingredients, according to Jenner’s second, simpler,
method: 125 e.e. of a 0.5 per eent solution of Griibler’s yellowish eosin in absolute
methyl aleohol are mixed with 100 e.e. of 0.5 per cent solution of pure medicinal
methylene blue (Griibler) in absolute methyl aleohol. The mixture is ready for
use immediately, and the staining results are entirely satisfactory.

Since the dye is dissolved in absolute methyl aleohol, the fixation and
the differential staining are both done with the staining fluid. Tt is
desirable (1) that the smears should be thin, and (2) that they should
be fixed and stained at once, that is, as soon as they have been made
and dried in the air.

Technic.—The actnal technic for using Jenner’s stain will vary with
individnal specimens of the dye, but the general method is as follows:

(1) Fixation: Cover the air-dried, but unfixed, blood smear for 2-3 minutes
(not longer) with 8-10 drops of undiluted staining-fluid, or, better, float it upon
the fluid by the watch-glass method, measuring exactly the quantity used.

(2) Staining: Add distilled water, equal in volume (drops) to that of the pure
staining-fluid used for fixation; mix the fluids in the watch-glass, thoroughly, Ly
sucking them into a pipet and blowing them out under the coverslip several
times; stain for from 2-5-10-15 minutes.

(3) Wash quickly in a glass of ordinary water, or longer in distilled water,
until the smear is of a rose color.

(4) Dry; mount in neutral balsam.

Old smears are difficult to stain. Naegeli advises then the following method :
(1) Fixation: Absolute ethyl aleohol, or absolute methyl aleohol, 10-20 minut.s.
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(2) Staining: Float smear, by watch-glass method, on a mixture of the Jenner
staining-fluid (1 part) and distilled water (2 parts) for from 5-15 minutes.
Then wash, dry, and mount as above.

All nuclei stain blue. The granules of the polymorplionuclear basophils
(mast-cells) are well shown, as they stain violet (metachromatically).
The eosinophil granules are beautifully stained scarlet; it is one of the
finest ways of staining them. Mature neutrophil granules stain fairly
well; immature neutrophil granules are imperfectly stained, sometimes
not at all.

As a rule the azure granules of the lymphoeytes are not stained, but
occasionally, probably owing to a little methyleno azure in the dye, they
may be stained.

The protoplasm of the large mononuclears and tramsitionals stains
strongly blue; it is often difficult to distinguish a large mononuclear
from a lymphocyte of the same size, in smears stained by Jenner’s method.

The polychromasic R.B.C., and basophilie granules in abnormal R.B.C.
show up well; Cabot’s rings are not stained.

Jenner’s stain is better than the Romanowsky stains for demonstrating
the leukocytic granules, but it is surpassed for this porpose by Ehrlicl’s
stain.  On the other hand, it is superior to the latter for revealing the
nuclei and the abnormalities of the red cells, but inferior to the Romanow-
sky stains for these purposes. It is a very popular stain, however, and on
account of ease of preparation, and the admirable pictures it yields, it has
large vogue among general practitioners,

(3) Tue Mernvrese-Azvre-axp-Eosiy Sraixs (Romanowsky, Nocht,
Leishman, Giemsa, Ilastings, Wright, Wilson)

These are admirably adapted for the routine examination of the blood,
and are especially valuable for the demonstration of nuclei, azure granules,
malarial parasites, other blood parasites, and abnormal changes in the red
cells. These stains are all outgrowths of a stain introduced by Romanow-
sky in 1891, and they are, as a group, accordingly, often referred to
as “the Romanowsky stains.” They include the Romanowsky, Ziemann,
Nocht, Lejshman, Reuter, Michaelis, Hastings, Wilson and Wright
stains, Tt has turned out that the specific qualities of these stains depend
chiefly upon the presence of methylene azure and eosin in the several
staining fluids.

The original Romanowsky stain is no longer in use. In the clinie
in which T work, Giemsa’s stain and Wilson’s stain are the two forms
chiefly used, and T shall deseribe them fully. In other clinies, Leish-
man's, Hasting’s, and Wright's stains enjoy a good reputation, so that
they also will be taken up briefly.

(a) Giemsa's Stain—In 1902, Giemsa taught us how to make a
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methylene-azure-cosin stain that is far superior to any of the Romanow-
sky stains that preceded it. The formula is as follows:

Azure IT eosin (Griibler) ............ sesssassesuness 3.0

Asare IT ..oovnecennenses 1 0.8

BUBRIN. ssvnisrnrsering A
Methyl alcohol (absolute) ......oceeivesencancacnnses 2600

The dyes are ground up in fine powder and mixed with the methyl
alcohol, the glycerin being added afterward. This stain is a very difficult
one to prepare, and certainly the beginner should not attempt it, but
should buy it ready-made.

(1) Fixation: In absolute methyl aleohol, immediately after air-drying, 3 min-
utes. If air-dried for 24 hours, fix for 2 minutes. Absolute ethyl aleohol, 20 min-
utes, also gives a good fixation.

(2) Staining: Smear to be thoroughly dried after fixation. Float on a dilution
of the Giemsa stain (10-15 drops to 10 e.c. distilled water), by the wateh-glass
method, for 10-30-60 minutes. The staining-time affects the result; brief staining
(5-10 minutes) yields good nuclear pictures but poor granule-staining; longer
staining (30-60 minutes) yields good azure-granule staining but poor nuelear
staining, especially of the lymphoeytes.

When staining especially for parasites, 1 or 2 drops of a 1-per-cent solution
of potassium carbonate may be added to the 10 e.c. of diluted stain.

(3) Wash under the tap; dry thoroughly; mount in neutral balsam.

The smears should be thin; the watch-glass method of staining is
especially important here in order to avoid the iridescent scum.

The Giemsa stain is certainly one of the best in use for blood smears,
since it gives beautiful nuclear pictures and stains the azure granules well,
though it is disappointing for the neutrophilic granules,

Nuclei, red or bluish; pyenotie nuclei, blue; nucleoli, a beautiful deep
blue.

Neutrophilic granules, violet red in the older cells, dark purple-violet,
sometimes reddish brown, in the younger cells, usually poorly differenti-
ated ; eosinophil granules, dull reddish brown (sometimes unsatisfactory);
granules of polymorphonuclear basophils (mast-cells) are usually dissolved
out, though if any remain they stain violet.

The protoplasm of the lymphoeytes stains pale blue, and (in § of
the cells) contains a few coarse red azure granules. The protoplasm of
the large mononuclears and transitional forms takes a pale bluish stain,
and contains in the best-stained specimens, a great number of exceedingly
minute red granules. These granules may be so numerous as to obscire
the pale blue protoplasm, in which they are imbedded. There is no more
beautiful way of staining these large mononuelear and transitional foriis

The polychromasic red corpuseles stain blue ; basophil granules in the
red corpuscles stain deep blue, thongh in the severe forms of anaenia
they may stain red; sometimes red and blue granules are seen in ‘he
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game erythroeyte.  Nuclear particles in the erythrocytes (ineluding
Howell’s bodies ), stain intensely red and stand out sharply on the bluish
background of the polychromasic red corpusele.  Cabot’s rings also stain
intensely red ; though the smears should remain in the stain for from 30-
60 minutes to get the best results with these.

(b) Wilson's Stain.—Wilson’s method is uniformly satisfactory for
the particular purposes for which it is adapted. It is relatively easy to carry
out, and is somewhat more economical than others, The essential com-
ponents of the stain are eosin and methylene azure, the latter being made
by oxidizing an alkaline solution of methylene blue.

I am indebted to Dr. Sydney R. Miller for the following aceount of the method
for preparing Wilson's Stain as used by him:
Two solutions are required:

Solution A:

Methylene blue 2.0

Silver oxid ... 20

Sodium  bicarbonate vons . 1.0

Distillod Water s.covasivaosivessssosssisssissssassss 200.0
Nolution B:

Eosin (yellow-soluble in water) ..............o0i vos 1.0

Distilled water ..ccooveccesnococcss LA ATRRR AR A 200.0

To prepare the silver oxid, 2.0 gms. of silver nitrate are dissolved in 15 c.e of
distilled water, after which 260 e.e. of a freshly prepared solution of ealeium
hydrate are added. The mixture is well shaken and set aside until the precipitate
falls.  Silver oxid is precipitated according to the equation: 2AgNO,4-Ca(OH,
Ag,O4H,0-4-Ca),(NO,). The brown precipitate is collected on a coarse paper-
filter, hed in a little distilled water, and dried in a hot-air oven at a tempera-
ture not exceeding 80° €. On theoretical grounds, the amount of silver oxid that
should be recovered by using the amounts above given is 1.365 gms. This should
be kept in a well-stoppered brown bottle; so kept, it works perfectly well for a
long period of time. To prepare the solution of Ca(OH),, it is necessary only
to purchase a small amount of ordinary unslaked lime, to slake it with two or
three liters of distilled water, stirring well and allowing it to settle; the upper
layer, which eontains various impurities, notably earbonates, is siphoned off; then
add two or three liters of fresh water, mix again and repeat as above; the fluid
from the third washing is used in preparing the silver oxid.

Having prepared Solution A in the manner just deseribed, it is boiled in a
relatively deep poreelain dish. The boiling should be continuous and slow, the
solution meanwhile being stirred occasionally. At the end of 20 minutes an
amount corresponding to about 1/3 of the original volume is decanted into a
graduated eylinder, and an equal amount of distilled water is then added to the
original solution, which is kept boiling for another 20 minutes; the water should
be hot when added. At the end of this second period of time, one half of the
contents of the poreelain dish is poured into the same graduated vessel, after
which the boiling is eontinued for another 20 minutes, without any further addi-
tion of water. The solution remaining in the poreelain dish is now added to the
otler two fractions and enough distilled water added to bring the total volume
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up to its original amount. This solution is filtered at once through a ecoarse
filter into a suitable beaker and Solution B is immediately added. The two fluids
are mixed well, and at the end of from 15 to 30 minutes, the resultant deep, rich,
burnt-reddish-brown precipitate is filtered off on a hard filter-paper. The filtrate
should be transparent when it comes through and of a watery blue color, showing
definite fluorescence. From time to time during the filtration the sides of the
filter should be washed down with small ts of 1l sodi hlorid
solution.

The precipitate may be dried in one of three ways:

(a) In the air. This takes a long time.

(b) By suction.

(¢) Preferably, in a hot-air oven at a temperature of 60° to 80° C.

The dark, bluish-black powder thus obtained has a bright greenish luster; it
should be kept in a dark bottle, carefully sealed, and away from light. The
average yield of dry precipitate from the quantities of ingredients mentioned is
1.5 to 1.9 gms. This yield could probably be inereased somewhat by using a
little more eosin in Solution B and with an inereasing brilliancy in the resultant
stain,

To make the staining fluid, 0.4 g. of the stain are dissolved in 100 e.c. of pure
(absolute) methyl aleohol. It is best to make up only a little at a time, as the
stain does not act well if it be over three months old.

TecaNic or Winsox’s Stain,

(1) Fixation: The air-dried, unfixed, smear is floated (by the watch-glass
method) on 6-8 drops of the stain for exactly one minute. It is not necessary to
use the watch-glass method and many workers do not resort to it but simply place
a few drops of the staining fluid upon the smear.

(2) Staining: Add an equal quantity of distilled water to dilute the stain;
staining-time, 4 minutes. (A superficial iridescent scum forms on the surface
after the addition of the water; the watch-glass method prevents this from eon-
taminating the smear.)

(3) Seize the cover-glass with foreeps, remove quickly from the stain, wash
in water, dry thoroughly, and mount in neutral Canada balsam. Even if one
stain the smear without the watch-glass method, the unsightly precipitates may
largely be avoided, on washing off the stain, by allowing water to flow on, and to
float off from the smear all of the stain, the film being held all the time in a
horizontal position. The smear should be washed in distilled water until, when
held against a white background, it shows a faint, pinkish-brown or tan shade.

s Data

The results obtained by Wilson’s stain are practically the same as those
deseribed above for Giemsa’s stain. The main differences are mentioned
in the footnote on page 114,

s

The sources of error on using Wilson’s stain have been well summarized by
R. 8. Morris: (1) Too great dilution gives rise to poor nuclear staining; (2) »
trace of acid in the dilution-water, in the wash-water, or even acid fumes in the
room, may ruin the specimen; (3) a trace of acid in the staining-fluid is fatal to
the stain; this fault may be remedied by adding a few drops of absolute methy!
alcohol containing a little dissolved KOH (by aleohol) ; too much should not b
added, or it will be necessary to titrate back with absolute methyl alcohol con
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taining a trace of glacial acetic acid (Peebles and Harlow); and (4) the stain
may be extracted from the basophil elements by washing too long after staining.

(¢) Leishman's 8tain.—The stain should be bought, ready-made, from
Burroughs, Wellcome & Co., or from Griibler. It can be obtained in
liquid form, or in tablets (0.2 gram), to be dissolved in 10 c.c. absolute
methyl alcohol.

(1) Fixation: By floating on 10 drops of the strong solution (watch-glass
method) for one minute.

(2) Staining: Add an equal volume of distilled water; mix thoroughly by
drawing the fluid into a pipet and blowing it out again, repeating several times;
staining-time, 4 minutes.

(3) Wash under the tap; dry thoroughly; mount in neutral balsam.

The results obtained are practically identical with those yielded by
Giemsa’s stain, but the mast-cells are sometimes better preserved.

(d) Hasting’s 8tain.—This also is a good Romanowsky stain. It
should be bought, ready-made, from E. Leitz, New York City.

(1) Fixation: By floating on 8-10 drops of the strong concentrated staining-
fluid for one minute.

(2) Staining: Add an equal volume of distilled water to dilute the stain;
staining-time, 2 minutes.

(3) Wash in distilled water; dry; mount in neutral balsam.

(e) Wright's 8tain—The method of preparing this stain will be
found in an article in the J. Am. Med. Ass., Chicago, 1910, lv, 1979,
It is another of the methylene-azure stains.

(1) Fixation: In the concentrated staining-fluid (wateh-glass method) one
minute.

(2) Staining: Add an equal volume of distilled water with a pipet, mixing
thoroughly; staining-time, 2-3 minutes.

(3) Wash in water for 30 seconds or longer, until the thinner part of the
film is yellow or pink; dry thoroughly; mount in neutral balsam.

The erythrocytes are orange or pink; the nuclei of the leukocytes are
stained blue or violet-blue ; the neutrophil granules are lilac; the eosinophil
granules red or pink; the granules of the polymorphonuclear basophils
deep blue or purple. The protoplasm of the lymphoceytes is light blue ; the
blood platelets, deep blue or purple. Protoplasm of the malarial parasites
blue; the chromatin masses lilac, ruby red, or blue; bacteria blue. Poly-
chromasic red cells stain blue; the basophil granules in the red corpuscles
stain blue.

This is a good general stain, but, like the other stains of the group,
may be unsatisfactory for the neutrophil granules.
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(4) Compinep JENNER AND GiEMSA STAIN
(Pappenheim’s Panoptic Stain)

(1) Fixation: Air-dried, unfixed smears floated on concentrated Jenner stain-
ing-fluid (by wateh-glass method), 3 minutes.

(2) Staining: (a) Add an equal volume of distilled water to dilute; staining-
time, 1 minute.

(b) Pour off the diluted Jenner stain; do not wash the smear, but float
it on dilute Giemsa solution (15 drops of Giemsa stain to 10 e.c. distilled water) ;
leave for 15 minutes.

(3) Wash thoroughly in tap-water; dry between filter-paper, and then in the
air, but not over the flame; mount in neutral Canada balsam.

(5) Carnor-Pyroxiy Mernyvi-Grees StaiNiNe
(Pappenheim-Unna)

This fluid contains two basic dyes:—pyronin, which stains basophil
substances intensely red ; and methyl green, which is a specific basie stain
for nuclear chromatin.

The dye should be bought ready-made.

(1) Fixation: Heat, or absolute methyl aleohol.
(2) Staining: In the concentrated solution, 5-10 minutes.
(3) Wash thoroughly under the tap; dry; mount in neutral balsam.

The protoplasm of the lymphoeytes is stained intensely red, as is also
the protoplasm of the plasma eells, and of Tiirk’s irritation forms (patho-
logical myeloblasts) ; markedly polychromasic R. B. C, stain red,

Nuclei of lymphocytes stain bluish-green, those of polymorphonuclea
leukoeytes more violet. Tt is asserted that a eell whose protoplasm does not
stain bright red eannot be a lymphoeyte,

Nuecleoli are stained red, though the rest of the nucleus is blue. The
nucleoli stain best after fixation for one minute on the copper bar and
prolonged staining for several hours (Butterfield).

(6) Srains To Demonsrrare Tie ALTMANN-ScuribbE GRANULES
(Mitochondria)

Two methods are employed for this (1) Schridde’s method, and (2)
Freifeld’s method.  The details of these two methods are to be found in
0. Naegeli's Blutkrankheiten und Bluldiagnostik, 2nd edition, 1912, pp.
30-32,

In smears stained by Schridde’s method, the eosinophilie granules are
reddish-black, the neutrophils pale brownish-red, the basophils eolorless
like vacnoles; the lymphoeytes contain perinuclear yellowish or earminc-
red granules or rods,

By Freifeld’s method, the lymphocytes show an unstained protoplasn:,
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except that it contains intensely red points and rods—the so-called acido-
phil Schridde-Altmann granules,

The myeloblasts, stained by either method, contain peculiar red streaks
and loops that are often very similar to the fuchsinophil granules of the
lymphoeytes, but the myeloblasts, it is asserted, are distinguishable from
the lymphocytes in that the streaks and loops are present in large numbers,
and diffusely throughout the protoplasm, not limited to the perinuclear
region.

A whole series of methods has been worked out for staining the blood eells
in sections of the hemopoietic organs. For these the reader is referred to Naegeli's
treatise.

(d) Staining of Unmixed Blood (So-called *“ Vital >’ Staining)

There is some discussion as to whether we have to deal here with a
true “vital” staining, or with the staining of dying cells.

Method of Pappenheim.—1. With a glass rod, spread a thin layer of
a solution of the dye (eresyl blue in absolute aleohol ; neutral red ; carbol-
pyronin-methyl-green), and let it dry. IHence the name, “dry method.”

2. Make a fresh blood preparation in the ordinary way, but place the
cover glass, blood-droplet down, on the thin layer of dry stain, instead of
upon a clean slide. Seal with vaselin.

Method of Widal, Abrami and Brulé.

(1) Collect a little blood in a pipet and quickly dilute it with 10
times its volume of the following isotonic solution:

Unna’s polyehrome methylene blue. .. .10.0
Solution of sodium chlorid (8 per cent).10.0
Solution of sodium oxalate (2 per cent). 1.0

Mix thoroughly and allow to stand for 10-15 minutes.

(2) Centrifugalize ; spread a little of the centrifugate on a glass slide.
Dry in the air. Fix now with heat; mount.

Method of Vaughan.

(1) Puncture the ear ; wipe away the first drop of blood ; then quickly
with a glass rod, apply over the puncture wound a minute drop of Unna’s
polyehrome methylene blue and allow a small drop of blood to mix with
the stain.

(2) Make from this mixture of blood and stain, a fresh preparation
with cover glass and slide, in the ordinary way. Seal with va olin. Ex
umine with oil-immersion lens,
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7. The Red Blood-Corpuscles in Dried and Stained
Smears

We shall consider: (1) the morphology of the ordinary, non-nucleated
corpuscles (erythrocytes), (2) that of the nucleated red corpuscles (ery-
throblasts), and (3) certain deviations from the normal appearance of
stained red corpuscles.

(a) Non-nucleated Red Blood-Corpuscles (Erythrocytes)

Size.—These average 7.5 p in diameter, in the normal adult, but may
vary in size between 6 and 9 u under normal conditions. Normal cells
stain with acid dyes (eosin, orange G., acid fuchsin). Tn mixtures of acid
fuchsin and orange G (as in Ehrlich’s triple stain) the corpuscles “prefer”
the orange G. This normal acidophil tendency is known as orthochromatic
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staining; under pathological conditions, some of the R. B. C. become poly-
chromatophilic (see below).

Anisocyrosis,—The normal erythroeytes show scarcely any variations
in their size and shape. When marked differences in size oceur, the condi-
tion is spoken of as anisocytosis: there one may find all sizes of cells, from
the small microcytes (1-6 p), to the large macrocytes (9-16 p), or even
larger cells, measuring even up to 25 p in diameter (gigantocytes).

MEASUREMENTS OF THE CORPUSCLES.—In making measurements of the diameter
of red corpuscles in stained films, we use an ocular micrometer, draw out the
tube of the mieroscope to 160 mm., and control the values of the divisions of the
micrometer scale in the ocular with the rulings in the Biirker counting-chamber,
where the side of each of the smallest squares is 1/20 mm. (=050 x) long. If
anisocytosis exist, we measure the diameter of 200 cells, and count the percentage
of normocytes (6-9 p), microcytes (1-6 p) and macrocytes (over 9 u).

Poikilocytosis.—When the red cells of either small or large size show
irregularities in their outline, they are designated as poikilocytes. These
may have arisen, either as the results of pressure exerted at the time the
smear was made (artefacts), or from true pathological conditions (severe
anemias), the poikilocytes then eireulating in the blood as such. In chlo-
rosis, when the Hb is below 40 per cent, mild poikiloeytosis is common;
also in the severer “secondary” anemias (carcinoma, ulcers, hemorrhoids,
nephropathies) it is often seen. But it is most outspoken in the severe
hemolytic anemias. Poikilocytosis associated with many macrocytes
and the occurrence of many megaloblasts is one of the striking features of
the blood in so-called pernicious anemia (Addison-Biermer type of hemo-
Iytic anemia), and may exist when the Hb-content is as high as 60-70
per cent; now and then, poikilocytosis may be slight, even in an extreme
case of “pernicions” anemia (Naegeli). On the whole, the diagnostic sig-
nificance of poikilocytosis is slight; it indicates anemia, but tells us by
itself, nothing of the type.

(b) Nucleated Red Blood-Corpuscles (Erythroblasts)

These nucleated red corpuscles, always present in the normal red mar-
row of the bones, never oceur under normal conditions in the circulating
blood. They are often to be found in the cireulating blood, however, in
pathological states (anemias), and are the best evidence we have of a
hieightened regenerative activity on the part of the bone-marrow, of an “ac-
cclerated erythropoiesis.” In certain severe anemias, the marrow loses its
regenerative power; such anemias are known as aplastic, or aregeneratory
anemias (q. v.). The erythroblasts, for convenience of deseription and on
account of their origin and significance, are subdivided into three groups:
(1) normoblasts; (2) megaloblasts; and (3) intermediate forms.
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i. Normoblasts

The normoblasts (Pl. XIV) are of the same gize as an ordinary R. B.
(., or a little larger, and may show either orthochromatie, or polychromatic,
protoplasm, according to their age; occasionally, they contain sharply-cir-
cumscribed basophil granules.

The nucleus, usually round, varies a good deal in size and shape ; some-
times it is eccentrically placed. It has a strong affinity for basic dyes,
staining often very intensely, by reason of its pyknotic strocture, The
nuclens may occasionally show a true chromatin net-work, often of the
wheel-spoke type (younger forms). The older pyknotic forms often show
evidences of nuclear fragmentation (karyorrhexis). Two or more nuclei
may be present ; occasionally, karyokinetic figures are seen.

Unusually small normoblasts are known as microblasts. In severe
anemias, the protoplasm of the erythroblasts is rarely orthochromatie, but
instead is to a variable degree polychromatic; the younger forms, with
nuclei showing chromatin network, are mostly polychromatie, while the
older forms, with pyknotic nuclei, approach to orthochromasia.

ii. Megaloblasts

These are large, nucleated, red cells with abundant, markedly poly-
chromatophil protoplasm, and large, round or oval, rather feebly-staining,
nuclei, the nucleus alone being as large as, or larger than, an ordinary
erythroeyte. The nucleus generally exhibits an exquisite chromatin net-
work, and a nuclear membrane. 1In fresh preparations, these megaloblasts
may show ameboid movements (Thayer).

Along with a large number of macrocytes in the blood, the appearance
of megaloblasts is characteristic of the blood of the Addison-Biermer typo
of hemolytic anemia. But megaloblasts and macrocytes may oceur (in
small numbers) in the blood in other hemolytic anemias, and, occasionally,
even in posthemorrhagic and in myelopathic anemias; they are not un-
common in the anemias of children, though, more often, large young normo-
blasts are here mistaken for megaloblasts (see below).

The megaloblasts correspond to the nucleated red corpuscles of early
embryonic life (¢. v.) ; a few megaloblasts do occur in the normal marrow
of adults (Grawitz, Bunting), but, as we have seen, erythropoiesis in nor-
mal adults is carried on, almost wholly, by normoblasts.

iii. Intermediate Forms of Erythroblasts

These forms cannot easily be classified in either of the other two
groups. Some think that all the erythroblasts have a common origin, th:t
some of the descendants of the primitive cell become normoblasts, some f
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them megaloblasts, and that intermediate forms are an indication of imper-
fect differentiation, or development, in one or the other direction. Others
believe that the normoblasts are derived from cells of the megaloblast-type,
and that, in this derivation, they pass through stages corresponding to the
“iutermediate” forms, Usually the character of the nucleus (size, network,
intensity of staining) will permit one to place an unusual type of erythro-
blast in either the normoblastic or the megaloblastie group, or the size and
staining of the protoplasm may suffice for this; thus, an older megaloblast,
whose nucleus is becoming pyknotie, may present a nucleus resembling
much that of a normoblast, but it lies in a large, broad orthochromatic pro-
toplasm ; or, again, a large young normoblast may betray its nature by its
small amount of protoplasm (markedly polychromatic) and its typical
normoblastic type of nucleus, filling up most of the cell. The tyro should
be cautioned against designating these large normoblasts as megaloblasts,
simply on account of their size. It is quite likely, as Naegeli suggests,
that many of the “megaloblasts” deseribed as oceurring in forms of anemia
other than the Addison-Biermer type, and, especially, in anemia pseudo-
leukemica infantum, and in the myelopathic anemias (e. g., carcinosis of
the bone-marrow) have been, in reality, the large young mormoblasts
(“macroblasts”) so commonly found in such conditions.

Both megaloblasts and normoblasts get rid of their nuclei in the same
way (intracorpuscular karyolysis or karyorrhexis).

Some authors have suggested that both of the main forms of erythro-
blasts are derived from lymphoeytes, the smaller lymphoeytes giving rise to
normoblasts, the larger lymphocytes to megaloblasts ; but the evidence for
this view is insufficient. The view advanced by Schridde, that the megalo-
blasts are the direct descendants (first generation) of the cells of the walls
of the blood vessels, and that the normoblasts represent a second generation,
would seem more probable,

iv. Blood Crises

Sudden, transitory “flooding” of the blood with erythroblasts is ocea-
sionally met with when the bone-marrow is stimulated to great regenerative
activity. I have known periods when several hundred thousand normo-
blasts temporarily were present in a cubie millimeter of blood. Such
“spurts” of regenerative activity are known as “blood erises.”

The opposite phenomenon is seen when, in a severe anemia with fair
regenerative activity, there is a sudden suppression of erythropoiesis, with
rapid disappearance of all erythroblasts from the circulating blood. T am
aceustomed to speak of this phenomenon as a “negative blood crisis.”
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(¢) Deviations from the Normal Appearance of Stained Red Blood-
Corpuscles

We have now to consider: (1) diffuse basophilie staining of the proto-
plasm of the red corpuscles (polychromasia), and (2) local basophilic
stainings in the red corpuscles (basophilic granulation, larger nuclear
fragments, Howell’s bodies, chromatin dust, Cabot’s rings, red granules,
red filaments, ete.). These abnormalities are best seen, when present, in
smears stained with Wilson's or with Giemsa’s stain,

i. Diffuse Basophilic Staining of the Erythrocytes and Erythoblasts (Polychroma-
tophilia; Polychromasia)

Some of the erythrocytes, under abnormal conditions, instead of stain-
ing orthochromatically, show a tendeney to take up basic dyes, and for this
reason are called polychromatophilie cells. The degree of polychromasia,
varies, from slight grades in which the basic stain is just visible, to those
in which there is an intense staining with the basic dye alone. This
polychromasia, seen best in simple methylene-blue stainings, though well
shown also in smears stained with Wilson's, Giemsa’s or Jenner's stains,
oceurs in two distinet types (a) the diffuse type to which the term poly-
chromasia is usually restricted, and (b) the punctate type. This latter
type is commonly referred to as basophilia, or as basophilic granulation
of the red corpuscles, and is characterized by the presence, in the body of
the red cells, of granules, varying in size and shape, which stain with the
basic dyes. It will be deseribed separately a little further on.

One of the best ways to become familiar with the appearance of poly-
chromasie cells is to make a smear of red marrow, where large numbers of
non-nucleated erythroeytes, and also numbers of erythroblasts, show a
greater or less degree of polychromasia. In clinical work, we have fre-
quent opportunity, in the various anemias, to study these polychromasic
cells, both nucleated and non-nucleated, in the cireulating blood. When
they were first observed by Ehrlich, they were believed to be signs of
degeneration, or of coagulation necrosis, of the red corpuscles, but we now
know them to be, at least in the majority of cases, simply evidences of the
youth of the cells, though of course it is possible that these young cells may
be less resistant than normal cells to various noxae.

It is also true that polychromasia may sometimes be a sign of senility,
or of actual degeneration, of red corpuscles.

Marked polychromasia does not mean, necessarily, a lack of hemoglobin
in the red blood-corpuscles (Naegeli), for in marked polychromatie blood,
such as that seen in the hemolytic anemias, the color-index may be high;
and this is said to be true, even when macrocytes are not present in the
blood.
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In some cases of severe anemia, besides the common form of deep blue
polychromasia, one sees, with Wilson's stain or with Giemsa’s stain, certain
red corpuscles colored entirely red (Naegeli, Ferrata and Viglioli). This
so-called “azurophil polychromasia” has been thought to be due to a diffu-
sion of nuclear chromatin throughout the protoplasm, but Naegeli leans to
the view that it is merely a peculiar staining of certain grades of poly-
chromasia, depending upon special physical-chemical influences,

ii. Local Basophilic Staining in the Erythrocytes

In the protoplasm of red blood-corpuscles either orthochromatie, or
polychromatic, local areas, stained in basic dyes (basophil substances), may
often be met with in pathological states, and a knowledge of them and of
their significance, is important in clinical hematology. For the most part,
they represent appearances due to the process of development of erythro-
blasts into erythrocytes, but the exact significance of many of these phe-
nomena is as yet not fully understood.

(1) Nuclear Fragments

Fragmenting nuclei of erythroblasts are frequently seen, when either
normoblasts or megaloblasts are present in the blood. This fragmentation
of nuclei is technically known as karyorrhexis. Sometimes one sees a
number of separate fragments; sometimes, the fragments are arranged in
rosette-like nuclear figures; sometimes minute picces seem to have been
pinched off from the main mass of the nuelens. They stain as nuelei do
(red, or blue, in Wilson’s, or in Giemsa's, stain; blue in carbol-pyronin
methyl green; purple in hematoxylin).

Such nuclear particles are present in the forms of anemia in which
normoblasts and megaloblasts are most abundant (toxie anemias, Addison-
Jiermer anemia, anemias of childhood, ete.). They are, as might be
expected, most abundant at the time of a blood crisis.

(2) Howell's Bodies

These are small particles, larger than ordinary granules, and smaller
than ordinary nuclear fragments, but they undoubtedly represent nuclear
remains, since they stain like the chromatin of nuclei (bright red or blue
in Giemsa’s, or in Wilson’s stain; purple in hematoxylin). They are
always perfectly round, and are sharply circumseribed from the rest of the
corpusele.  Usually, only one body is present, though sometimes two may
bo seen. TIn rare instances, multiple Howell’s bodies are met with in a
single cell. They are more often seen in orthochromatic corpuscles than
in the polychromatic forms, Occasionally they are accompanied by typical
basophilie granulation.
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The physiologist, W. TI. Howell, observed them first in the posthemor-
rhagic anemia of cats; in Germany, they are deseribed as the “Iowell-Jolly
bodies.” They have been especially carefully studied by R. S. Morris in
experimental anemias, who saw them, sometimes, when the nucleus of the
erythroblast seemed to be quite intact. They have been noticed, by
Naegeli, in lead poisoning, even when no anemia accompanied it.

(3) Chromatin Dust

Sometimes one sees at or near the extreme periphery of red corpuscles,
single, minute, bright red granules in specimens stained by Giemsa’s or by
Wilson’s stain. These are very much smaller particles than Howell’s
bodies, but probably represent a still later stage of the reduction of nuclear
chromatin (Weidenreich). Occasionally, such particles are double, or
multiple. They have been thought by some observers to be centrosomes,
but there is no support for this opinion, nor is it probable that, as has been

- suggested, they are extruded from the corpuscles to form hemoconia. Most
probably, they ultimately dissolve up in the cells.

(4) Cabol’s Rings

The internist, Richard Cabot, of Boston, deseribed, in 1903, remark-
able bodies in the red corpuscles in certain cases of anemia. They assume
the form of round rings, loops, figures of eight, ete. Sometimes several
rings are visible in a single corpuscle, or one ring may be seen broken up
into parts, These figures are now generally deseribed in the literature as
“Cabot’s ring-bodies,” or, simply, as “Cabot’s rings.”

They have been observed in the blood of the severer anemias (Addison-
Biermer type, anemia psendoleukemica, lead poisoning, acute leukemia).
They are almost never seen in orthochromatic corpuscles, but always in
markedly polychromasic cells. It is very common to see basophilic gran-
ules, or one or more of Howell's bodies, in the same cell. These rings are
best demonstrated with Giemsa’s stain or with Wilson’s stain. The smears
should be very thin, and the staining prolonged. Sometimes, they can be
seen, in Wilson specimens, unstained within the polychromasic cells. Tt is
asserted that they are fairly well-stained, also, with earbol-pyronin methyl
green; both red and green rings appear (Ferrata). They can also be
stained in Heidenhain’s iron hematoxylin,

Since they are never met with in smears from the bone-marrow, nor in
human or animal embryos, Naegeli is probably right in regarding them as
pathological phenomena appearing during karyolysis in regenerative cells
in the blood. They are, in my opinion, remains of the nuclear membrane.
Their clinical significance, if they have any, is not yet understood.
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(5) Red Granules, Red Filaments, elc., Stainable in Erythrocytes with
Methylene-Azure-and-Eosin Mixtures

Naegeli first described a bright red, coarse, basophilic granulation brought
out by Giemsa’s stain in erythrocytes; large numbers of granules appear in a
single cell. He found many such cells in the blood of pernicious anemia and in
that of anemia pseudoleukemica infantum. This kind of granulation has also
been met with in lead poisoning and in other anemias and leukemias. They were
early described in this country by Cabot (1903). Like Cabot’s ring-bodies, they
appear never to be met with in embryonie blood. Naegeli suggests that they may
result from the splitting up of Cabot’s rings into granules, though other nuclear
parts may also contribute to the granulation besides the wall of the nucleus, the
part supposed to give rise to Cabot's rings.

Sometimes, fine red spots, or extremely minute filaments, are also seen in red
corpuseles. Naegeli observed them in severe lead poisoning, along with abundant
blue basophilie granulation, in a ease in which normoblasts, Howell's bodies and
(‘abot’s rings were abundant. They have also been seen in pernicious anemia
and in other severe forms of anemia, but never in embryonie blood.

(6) Schiiffner’s Granules

These are minute, dark reddish, chromatin-like dots, observed in the
red cells in certain forms of malaria. They are revealed best with
Romanowsky stains, T. R. Boggs has shown that these granules are by
no means identical with ordinary basophil granules,

(7) Basophilic Granulation of the Red Corpuscles

While the preceding abnormalities of staining are relatively rare in
the blood, the basophilic granulation now to be deseribed is a very common
appearance, and is what is meant ordinarily when “basophilic granulation
of the red corpuscles” is mentioned. One sees coarser and finer granules,
intensely stained with basic dyes, inside the red corpuscles. They are
usually round, though sometimes angular, in shape. There may be only a
few in the cell, in which case they are prone to be large and multangular,
or there may be great numbers of them, in which case the granules are
smaller and round. Often, large and small granules occur together in the
sume corpuscle.

These basophil granules are best seen in simple methylene-blue stain-
ing when the granules stain deep dark blue, but they also show up well
with the Romanowsky stains (Giemsa’s, Wilson’s), appearing here also as
deep-blue granules.

These granules attained to an especial importance when their constant
ocenrrence in the blood in lead poisoning became known. In this connee-
tion, they are often referred to as “Grawitz granules,”

There has been much diseussion as to whether this basophilic granula-
ticn represents a degeneration of the protoplasm, or is a sign of regenera-
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tion. Grawitz especially championed the degeneration view, and believed
that the occurrence of this basophilic granulation always represents some
obscure blood intoxication. Other hematologists just as strongly deny the
degenerative significance of basophilic granulation and support the view
that we have to deal here with young cells, and that the occurrence of
basophilic granulation runs more or less parallel with the occurrence of
erythroblasts in the blood, the latter being an undoubted sign of regenera-
tive activity of the bone-marrow.

Basophilic granulation has been met with in every variety of anemia,
but it may be absent also in a given case of any form of anemia, a fact
which, as Naegeli points out, indicates that the change cannot be due to
the anemia itself, but must depend upon definite biological conditions fre-
quently accompanying anemia.

As has already been said, this basophilic granulation is most pro-
nounced in lead poisoning, as was st recognized by Behrend (1899). It
is especially marked when there is much anemia accompanying the poison-
ing; but the degree of granulation does not go parallel to that of the intoxi-
cation ; the number of basophilie cells may vary greatly from day to day.

In embryonie red corpuseles (animal and human), some basophilic red eells
are always present at certain stages, and they are more numerous in the bone-
marrow than in the eirculating blood. They are met with sometimes in adult red
marrow, though in small numbers. Tt is interesting that, in aplastic anemia, the
blood may be free from basophilic red cells, even when they are preseni in eon-
siderable numbers in the marrow (Naegeli; Carslaw and Dunn).

The granules are never present in parts of a red corpuscle free from hemo-
globin. They are invisible in ultra-violet light.

As to the actual genesis of the basophilic granulation within the corpuscle,
there is still much dispute. Some believe that they are derived from the nuelear
substances; others regard them as originating in the protoplasm itself, especially
as, in (liemsa’s stain, these granules are blue, while nuclear derivatives are red,
but it should be remembered that pyknotie nuelei stain blue in Giemsa's stain.

The close relation of the granules to polychromasia is certainly striking
to every worker, and in my laboratories it has been common to speak of
’ W l
the basophilic granulation as punctate polychromasia, and of ordinary
polychromatophilic protoplasm as diffuse polychromasia.

For a full discussion of the different views regarding these abnormal appear-
ances in the red corpuscles, the reader is referred to the careful deseriptions in
C. P. Emerson’s Clinical Diagnosis, and to that “mine” of hematological observa-
tions, O. Naegeli's Blutkrankheiten und Blutdiagnostik.
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8. The White Blood-Cells in Dried and Stained Smears

Under normal conditions certain definite varieties of leukocytes only,
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the percentage relations of the various leukoeytes to one
(2) the determination of their absolute number per ¢. mm.
wpplying the percentages thus found to the total count of the

white corpuscles made from the blood at the same time, by the hemocytom-

eter.,

(See below, Enumeration of the Different Varieties of White Blood

Corpuscles in Stained Smears).
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(a) Ehrlich’s Classification of the Normal White Blood-Cells

The white cells of normal blood may be conveniently divided into six
groups: (i) polymorphonuclear neutrophils (P. M. N.); (ii) polymor-
phonuclear eosinophils (P. M. E.); (iii) polymorphonuclear basophils
(P M. B.); (iv) small mononuclears (8. M.) or lymphocytes (L.);
(v) large mononuclears (L. M.); and (vi) transitionals (T.).

i. Polymorphonuclear Neutrophils (P.M.N.)

These are the most numerous; they make up, on the average, between
60 per cent and 70 per cent of the total number of white corpuscles of
normal blood, i. e., in absolute numbers they amount to from 4,000 to
5,000 per ¢. mm.

The cells are 9-12 p in diameter, The nucleus presents variable forms;
it may be rod-shaped, tortuous, S-shaped, or V-shaped; or it may appear
to be divided into several segments, or lobes, though these are, in reality,
always connected by delicate chromatin threads. Ultra-violet light passes
through the nucleus of a P. M. N. more readily than through the nucleus
of a lymphocyte (Grawitz). The nuclei stain intensely in basie dyes; on
close examination, one can see, besides the deeply stained basie chromatin,
the unstained transparent lacunae of oxychromatin, the latter being more
abundant in the interior than at the periphery of the nucleus. There are
no nucleoli.

The protoplasm is relatively abundant, is usually slightly oxyphil,
though in young forms slightly basophil, and is thickly studded with
minute, even-sized, neutrophilic granules (egranules of Ehrlich); these
granules have not exactly the same affinities for acid and basie dyes—they
are not quite “neutrophil;” for the acidophil tendency preponderates to a
slight degree in the older cells, and the basophil tendency in the younger.

These neutrophilic cells are the common pus cells; they are actively
phagoeytic elements. They are of myeloid origin, being derived from
n-myelocytes (¢. v.). They contain leukoprotease (proteolysis, antolysis),
peroxidase (bluing guaiac tincture), and phenolase (synthesis of indo-
phenol blue). They may be responsible for the earriage of antitoxic and
bactericidal substances, though these also occur free in the sernm. They
also contain iodophilic substances, especially when suppuration is going
on in the body.

Summary of Steining Features of P. M. N.
In Enguicn’s TripLE StaiN.—(1) Nueclei, dark green, or blue, often with
black, jagged granules lying upon them; these granules are the perinuclear
granules of Neusser, now known to be artefacts (precipitates). (2) Protoplasn,
thickly studded with extremely minute lilae, or reddish-violet, granules.
In Jexner's Stain.—(1) Nuelei, dark blue, oxychromatin shows well
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(2) Protoplasm, granules pink or violet; younger granules pinker, older granyles
bluer.

I Wiuson’s or Gremsa’'s Starn.—(1) Nuclei, dark reddish purple, oxy-
chromatin often visible. (2) Protoplasm, granules poorly differentiated, often
unevenly stained, red to violet-red, or lilac.

ii. Polymorphonuclear Eosinophils (P.M.E.)

These make up from 2 per cent to 4 per cent of the white corpusgles of
normal blood, 4. e., in absolute numbers, 150-300 per e.mm. They are
usually a little larger than the P. M. N., and are easily distinguishable
from them by their nuclei and, especially, by the large size of their gran-
ules, and the staining behavior of the latter.

The nucleus is somewhat simpler (less segmented, plumper, the parts
more rounded, than in the preceding variety), and the basochromatin is
less abundant, staining more feebly. There are no nucleoli.

The protoplasm can scarcely be seen on account of the granules; in
simple methylene-blue staining it is seen to contain a delicate basophil
reticulum. It contains very large acidophil granules, easily recognizable,
as we have already seen, in unstained preparations by their strong refrac-
tion. I believe that T was the first microchemically to demonstrate that
these granules contain iron (ammonium-sulphid reaction), an observation
subsequently eonfirmed by Russian workers, The granules stain well in
acid dyes, best of all in Jenner’s stain.

The P. M. E. arise from the e-myelocytes of the bone-marrow.

Summary of Staining Features of P. M. E.:

In Enruicn’s TripLE StarN.—(1)Nucleus, pale blue, undifferentiated, often
with black perinuclear granules of precipitate. (2) Protoplasm, filled with large
brilliant red granules, or (with Morris's mode of preparing the stain) with brick-
red, or copper-colored, granules.

In Jexner's Stain—(1) Nucleus, pale blue. (2) Protoplasm, closely
crowded with exquisitely differentiated, brilliant red, granules.

In WiLsox's, or IN GiEMsA’S StaiN.—(1) Nuecleus, reddish-purple. (2) Pro-
toplasm, granules poorly stained, pink, red, yellow, or purplish-brown—rather
disappointing.

iii. Polymorphonuclear Basophils (P.M.B.) or “ Mast-cells” (Ma.)

These average 8-10 p in diameter; they are thus relatively small leuko-
cytes, The mast-cells make up about one-half per cent of the white corpus-
cles of normal blood ; in absolute numbers, from 40 to 50 cells per c.mm.

The nucleus is very different from that of the neutrophils and from that
of the eosinophils; it has a polymorphism of its own kind, reminding me
somewhat of the nucleus of a small megakaryocyte of the marrow ; it stains
fecbly owing to its relatively small content of basichromatin, and it is
somewhat obscured by the deeply stained granules that lie above it. There
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are no nucleoli. In the protoplasm are contained coarse, basophilie, gran-
ules, which, in unstained preparations, are not refractive; these granules
are easily soluble in water, so that, with some kinds of fixation, they dis-
solve out, leaving vacuole-like spaces. The staining of the granules in the
ordinary stains, though basophil, is also somewhat metachromatie,

The mast-cells of the blood contain phenolase and peroxidase, differing
in this respect from the mast-cells of the fixed tissues (Pappenheim).

The idea formerly held that these basophilic leukocytes are degenera-
tion-forms has been given up. They are normal blood eells, and arise from
the b-myelocytes of the bone-marrow, not from lymphoeytes. In leukemia,
very much larger forms of mast-cells appear in the blood, often in con-
siderable numbers (q. v.).

Summary of Staining Features of the P, M. B. (or Mast-cells).

I Enruicn’s TrieLe StaiNn.—(1) Nueleus, bluish-green. (2) Protoplasm,
strikingly white, usually free from granules, the former sites of these being some-
times represented by “vacuoles”; very “resistant” granules may be present, stained
almost black.

IN Jexner's Srain.—(1) Nuclens, pale blue. (2) Protoplasm, filled with
coarse violet-lilae, or purple, granules; granules well preserved, owing to abso-
lute-methyl-aleohol fixation. This is probably the best clinical staining-method
for the demonstration of these granules,

In WiLson’s, or 1N Giemsa’s, Stain.—(1) Nucleus, reddish-purple, well-dif-
ferentiated (if not over-stained), showing the typical, peculiar, form. (2) Pro-
toplasm, sometimes contain well-preserved granules, stained reddish-purple; some-
times, the granules are dissolved out, leaving vacuole-like spaces, in which event
the protoplasm is mauve-colored in Giemsa’s stain.

In SimpLE Danvnia—Granules violet.

iv.  Small Mononuclears (S.M.) or Lymphocytes (L.)

These cells are about the size of normal ervthrocytes (7-9 g in diam-
eter), and contain a relatively large, deeply staining, round or oval, often
somewhat indented, nucleus, which nearly fills the cell; the nucleus is sur-
rounded by only a narrow rim of slightly basophil protoplasm. Under
normal conditions, they make up from 20 to 25 per cent of the white blood-
cells, in absolute numbers, 1,500-2,000 per c.mm. In sucklings, they make
up 50 per cent of the total white count (Benjamin) ; in childhood, up to
the 10th year, the lymphocytes average between 40 per cent and 60 per
cent of the total white count (Naegeli).

The nucleus of the lymphocyte has a strong affinity for basic dyes, being
poor in oxychromatin. A compact nuclear framework, not unlike the
“wheel-spoke” arrangement of the nuclens of the normoblast, ean often be
made out. Every lymphoeyte contains one or two oval nucleoli, each with
a distinet limiting-membrane. In smears stained by Wilson’s, or by Giem-
sa’s, stain, the blue nucleolus may help, in differential counts, to identify
the cell as a lymphocyte (Naegeli).
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The protoplasm of the lymphoeyte, when unstained, looks granular both
on ordinary microscopic examination, and on “dark-ficld” examination ;
but by most staining methods (except those of Romanowsky and of
Schridde), no granules appear.

There is a slight basophilie intra-protoplasmie network, least marked
near the nueleus ; this accounts for the clear perinuclear zone so often seen
in the lymphocytes in stained smea

With Wilson's, or with Giemsa's, stain, about } of the lymphocytes
(not more) contain a few red granules (some fine, some coarse) ; these are
the so-called azure granules (Michaelis and Wolff). Aeccording to Naegeli,
such azure granules occur only in cells of lymphadenoid origin; they are
never present in cells of myeloid origin (myeloblasts), nor in the large
mononuclear or transitional forms; if this be confirmed, it will be a helpful
method of distinguishing lymphocytes from the cells that sometimes
resemble them very closely.

The lymphoeytes of the ehronie lymphatic leukemias do not contain azure
granules; but the large pathologieal lymphoeytes of certain acute lymphatie leu-
kemias almost all contain abundant azure granules. (See the beautiful Plate 17
in Naegeli’s treatise.) £

The lymphoeytes also contain a small number of short, rodlike perinuclear
fuchsinophil granules (Schridde) in specimens stained by the Altmann-Schridde
method; similar fuchsinophil structures occur in myeloblasts and in transitional
forms, but it is said that in their shape, number and distribution the latter differ
from the lymphoeytie structures. These fuchsinophil structures of the lympho-
eytes are doubtless mitochondria. Sehridde’s fixation is not the best for mito-
chondria. The studies of mitochondria by E. V. Cowdry, who uses R. R. Bensley's
methods of fixation and staining, make it seem desirable that the whole matter of
mitochondria in lymphoeytes, myeloblasts, ete., be restudied by these better
methods.

In children, and in pathological bloods, a larger lymphoeyte (lymphoblast)
(12-15 # in diameter) oecurs; it differs in no way except in its size from the
ordinary small lymphoeyte; it seems to correspond to the cells of the germinal
centers of the lymph glands.

Lymphoeytes never contain neutrophil, eosinophil or basophil granules.
There is no evidence that they contain leukoprotease, phenolase, or peroxi-
dase. The lymphocytes are of lymphadenoid origin (lymph glands, mal-
pighian follicles of spleen, lymph nodules of organs). They do not arise
from lenkopoictie tissue of the bone-marrow proper, though probably a
few arise from the minute lymph nodules that oceur there as well as in
other organs.

The cells that resemble lymphoeytes and which oceur in the bone-
marrow in great numbers (myeloblasts of Naegeli), are, in reality, en-
tirely different cells. (For pathological lymphocytes, Rieder’s forms, ete.,
see lwlow).
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Summary of Staining Features of 8. M. or L.:

In Enguicn's Triere Stain.—(1) Nueleus, bluish-green, undifferentiated;
black dots (ppt.). (2) Protoplasm, a small rim, pale, or feebly rose-colored,
often with a elear perinuclear ring, as though the nucleus had shrunk away from
the protoplasm. No granules,

In Jexser's Stain.—(1) Nucleus, dark blue. (2) Protoplasm, pale blue,
perinuclear lighter zone. No granules.

In WiLson's axp IN Giemsa’s StaiN,~(1) Nuecleus, beautiful dark reddish-
purple; the indentation is well shown, but not quite so well as in hematoxylin
preparations; in broken or squeezed lymphocytes, a single blue nucleolus may be
visible. (2) Protoplasm, light blue; perinuclear paler area; in 1/3 of the cells
a few red azure granules.

IN CArBOL-PYRONIN METHYL GREEN STAIN.—(1) Nucleus, blue; nucleoli, red.
(2) Protoplasm, deep, brilliant red.

In differential counts made with Wilson’s stain, some of our best clinicians
adopt the rule that mononuclear cells smaller than the average-sized polymorpho-
nuclear neutrophil (10 x) shall be classed as small mononuclears (lymphoeytes),
and that mononuclear eells larger than this shall be classed as large mononuclears
and transitionals. In normal blood, such a rule will lead to a count in elose
agreement with counts based upon the specific morphological and tinetorial char-
acters of lymphoeytes, but in young children and in various pathological states
where large lymphocytes oceur, a count made according to this rule could, it seems
to me, be misleading.

v. Large Mononuclears (L.M.)

These and the next type, the transitionals, belong in reality together, as
the transitionals are probably older forms of the large mononuclears, differ-
ing from them in size, in nuclear form, and in ease of differentiation of the
granules. Still, for didactic reasons, it is convenient to treat the two

| forms separately.
! The large mononuclears and transitionals are large white cells (12- syn
i 20 1), and always, in contrast with lymphocytes, show a relatively abun- lym
{ dant protoplasm. They are easily broken up, and in smears are often so tive
] found. The L. M., without the transitionals, make up about 6-8 per cent
| of the normal white count, in absolute numbers, 400 to 600 per ¢.mm. .
'Y The nucleus is large, round or oval, often slightly indented, poor in disp
t basichromatin and, therefore, it stains feebly by all methods. It resembles ?1'";"
i closely the nuclens of a myeloeyte. No nucleoli are visible in the nuclei in spleq
1 smears treated with the usual blood-stains, but, on “vital” staining, each Tiirl
1 nucleus is seen to contain 3-4 nucleoli. adve
i The protoplasm contains a delicate network (feebly basophil in simple "';"""
d methylene blue or in hematoxylin staining), but there is no special perinu :h:::.:
} i clear pallor, thus differing from the protoplasm of the lymphocyte. In the ¢
: unstained blood, extremely minute granules are seen to fill the protoplasm, also
i but on staining smears no granules, or very few, are seen by the usual has
i methods, except that (1) in Ehrlich’s triple stain, a few lilac granules may ‘\l:ll(;n
H be scen, especially in the transitionals (hence the name given to these by ;

impo
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Ehrlich, who, erroneously, thought them to be stages intermediate between
large mononuclears and polymorphonuelear neutrophils), and (2) in Jen-
ner’s stain, a few, single, small, sharply differentiated, red granules can
here and there be seen.  But, as Naegeli has demonstrated, extremely mi-
nute stainable granules are present in enormous numbers in every one of
these cells, and can be brought out by especially careful Giemsa staining.
In ordinary Giemsa smears, stained briefly, only a few red granules appear,
but longer staining of well-spread smears with a perfect Giemsa staining
reveals a very large number of fine granules distributed generally through-
out the protoplasm, most abundant at the periphery, but also abundant
everywhere throughout the protoplasm of the cell, even close to the nueleus,
Of 100 large mononuclears and transitionals studied in one case, Naegeli
found 87 very closely erowded with granules, 13 showing abundant gran-
ules, none scantily granular, and none devoid of granules,

It scems probable to me that we are dealing here with a granulation
sui generis—best designated as the “mono-granulation”; no white blood-
cell, other than the large mononuclear and the transitional, contains this
granulation,

There has been much dispute as to the nature of these granules. They are
certainly different from the azurophil granules of lymphoeytes and from the
neutrophil granules of the polymorphonuclear leukoeytes, though they resemble
the latter more elosely than they do the former. The “mono-granulation” is regarded
as azurophil by some (Pappenheim, Hirschfeld, Ferrata), as neutrophil by others
(Cabot, Naegeli, Eric Meyer, Schleip, Ziegler), and as a mixture of azurophil
and neutrophil by others (Tiirk, Benjamin).

The large mononuclears contain phenolase, as the indophenol-blue
synthesis is positive; this is in striking contrast with the behavior of the
lymphocytes, which never contain phenolase. The L.M. also yield posi-
tive peroxidase-reactions,

The origin of the large mononuclears and transitionals has also been much
disputed. It seems ‘o me probable that Naegeli, Rieux, and Ziegler are right in
regarding them as myeloid in origin. It has been held by others that they come
(1) from the lymph glands (Benda, Weidenreich, Pappenheim), (2) from the
spleen-pulp cells and lymph-cord cells of the lymph glands (Meyer and Heineke,
Tiirk), (3) from the (ndothelial cells of the vessels (Weidenreich), or (4) from
adventitia cells (Sternierg, Helly); but the arguments in favor of these views
seem to me to be defeeti o, In favor of a myeloid origin are (1) the form and
strueture of the nucleus, (?) the presence of phenolase, and of peroxidase, (3) the
character and distribution of the granules, and (4) especially, the behavior of
the eells in pathological statcs (inerease when myeloid leukopoiesis is stimulated,
also when the spleen is remov.d, and when the lymphadenoid tissue of the body
has undergone extensive destriction; decrease when myeloid leukopoiesis is
depressed, as in long-continued severe hemolytic anemias, in aplastic anemias,
and in the lymphadenoses). One difficulty in determining their origin is the
impossibility, as yet, of staining the mono-granulation in histol ti
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Summary of Staining Features:

In Euruicn’s Trirre StaiN.—(1) Nuecleus, very pale blue. (2) Protoplasm,
abundant, pale rose, with or without fine reddish-lilac granules.

In Jexner's Srain,—(1) Nuelei, dark blue. (2) Protoplasm, blue network,
sometimes a few red granules.

In Giemsa’s Srain,

(a) Brief Stain—(1) Nuclei, reddish-purple, well differentiated. (2) Pro-
toplasm, a few red granules.

(b) Longer Stain—(1) Nuclei, overstained. (2) Protoplasm, thickly studded
with fine lilac granules from periphery to nucleus.

If the rule of some be adopted that mononuclears above 10 u in diameter be
grouped, in differential counts, with the L. M., then this group will include,
besides the true L. M., a few cells of the true lymphoeytic type (8. M.), the size
of, or larger than, an average P. M. N. The argument of those who follow this
rule is that while they clearly recognize the non-identity of these two cell types
(large lymphoeytes and large mononuclears), the practice of separating these
two groups in making differential counts is of theoretical, rather than of prac-
tical, advantage. Personally, I cannot help but feel, that it is better sharply to
distinguish between true lymphoeytes and true large mononuclears in making
differential counts, especially in any unusual case.

vi. Transitionals (T.)

These are the largest cells encountered in normal blood; they have
deeply notched, or “saddle-bag” nuclei, staining somewhat more deeply
than the nuclei of the large mononuclears, but still feebly and like them

; . . P
surrounded by an abundant, slightly basophil, protoplasm. They contain e

more granules than the L, M., some of the granules staining lilac with
Ehrlich’s triple stain. In other respects, what has been said for the L. M.
above, holds also for these “transitionals.”

They were called transitionals because Ehrlich thought them, erro-
neously, to be forms intermediate between L. M. and P. M. N. We now
believe them to be the maturer derivative of L. M. ; they do not become Schuw
transformed into polymorphonuclear neutrophils,

They are often much inereased in Hodgkin’s disease (q. ».). Normally, Stiub
they make up between 2 and 3 per cent of the total count of the white cells, '
in absolute numbers, 150-225 per e.mm. Weint
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(b) White Cells Not Appearing in the Blood Except in
Pathological States

[nder pathological conditions, several varieties of white blood-cells,
not present in normal blood, may appear in the cireulating blood and be
recognizable on microscopic examination.  They include the following:
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i. Cells of Myeloid Origin.

(1) Myelocytes (M.):

(a) Neutrophilic myelocytes (n-M.)

(b) Eosinophilic myelocytes (e-M.)

(¢) Basophylic myelocytes (b-M.), or Mast-myelocytes.
(2) Myeloblasts (Mb.):

(a) Ordinary normal bone-marrow type (o-Mb.)

(b) Pathological type (p-Mb.) (Tiirk’s “irritation-form”).
(3) DBone-marrow giant cells or megakaryocytes (Mg.)

ii. Cells of Lymphadenoid Origin.

(1) Lymphoblasts (Lb.):

(a) Ordinary germinal center type (o-Lb.)

(b) Pathological type (p-Lb.) (Rieder’s form).
(2) Plasma cells (PL)

i. Cells of Myeloid Origin
(1) Myelocytes (M.)

These cells are the predominant cells in the normal bone-marrow. Nor-
mally, they are never present in the blood, but they do go over into it in a
number of pathological states, especially in myeloid leukemia, when they
may be present in the blood in enormous numbers, These myelocytes are
large cells (15-20 p).

The nucleus stains feebly ; it is eccentrie, round or oval, and is some-
times indented ; there are no nucleoli visible with some of the stains, but
very beautiful nucleoli may be seen in smears stained with Giemsa’s stain
or with carbol-pyronin methyl green. The pallor of the stained nucleus is
due to poverty in chromatin (so-called leptochromatie nucleus).

The protoplasm is usually abundant, often broader on one side of the
nucleus than on the other, is slightly basophil, and is studded with granules
(nentrophilie, eosinophilic or basophilic).

(a) Neutrophilic Myelocytes (n-M.).—The n-myelocytes are the pre-
dominating cells in the marrow and are the form of myelocyte that
enters the blood in largest numbers in pathological states, Some of the
granules are a little more basophil than others, so that the granules may
look somewhat unevenly stained.

The n-M. arise from the myeloblasts of the bone-marrow.

(b) Eosinophilic Myelocytes (e-M.).—The e-myelocytes are not infre-
quently seen in the blood in myeloid leukemia ; they may oceur in the blood
in smaller numbers in outspoken eosinophilie leukoeytoses,

Most of the granules stain like ordinary eosinophil granules, but on
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account of their youth, some of them contain a basophil component so that,
in the same cell, different colored granules may be visible.

The e-M. arise from the myeloblasts of the marrow.

(¢) Basophilic Myelocytes (b-M.).—The b-myelocytes, or mast-cell
myelocytes, are always small. The granules are more resistant to water
than those of the polymorphonuclear basophils. They may contain imma-
ture, as well as mature, granules,

These b-M. also have their origin in the myeloblasts of the marrow.

‘When myelocytes are in the blood, one may also sometimes see forms transi-
tional between the myeloeytes and the polymorphonuclear leukoeytes. These are
the so-called meta-myelocyles. The nucleus shows a beginning segmentation, the
cell is smaller, the nucleus richer in basichromatin.

Transition forms between the myeloblasts and the myelocytes may also enter
the blood—so-called pro-myelocytes. The nueleus is large and poorer in chroma-
tin; nucleoli are distinetly demonstrable; a strongly basophilie protoplasmie net-
work can be seen, and single immature granules are present. The neutrophilie
pro-myelocytes contain immature neutrophilic granules, which stain violet in
methylene blue, but are so fine that they are easily distinguishable from the
granules of mast-cells, According to Naegeli, these are young neutrophil granules,
not, as Pappenleim maintains, azure granules.

Summary of Staining Behavior of Myelocytes:

In Engruien’s Triene Stain.—(1) Nucleus, pale blue. (2) Protoplasm of
the n-myelocytes closely studded with minute lilac granules, of the e-myelocytes
with red or yellow granules, of the b-myeloeytes with vacuoles.

In Giemsa’s Staix.—(1) Nucleus, reddish-purple; peculiar network or stria-
tion; often blue nucleoli. (2) Protoplasm markedly basophilic in the younger
forms, less basophilic in the older forms; granules in the n-myelocytes, dark
reddish-violet, not nearly so well differentiated as in Ehrlich’s stain; in the
e-myeloeytes, the granules may be blue, or red; in the b-myelocytes, large, widely
separated, blue granules, often mixed with mauve granules in the more mature
forms.

(2) Myeloblasts (Mb.)

These are the non-granular cells of the marrow, which are believed to
be the mother-cells of the granular myeloeytes. Clinicians owe a great debt
to O. Naegeli, of Zurich, for having established the independence and the
exact position of the mycloblasts, Formerly, they were confused with large
lymphoeytes, but now we ean feel very sure that these cells are entirely
different from lymphoceytes, and that they are always of myeloid, never of
lymphadenoid, origin.

They are the dominant cells in the embryonie myeloid tissue, and they
are quite numerons in the normal bone-marrow of children, though in
adults the bone-marrow cells consist chiefly of granular myeloeytes, In
the bone-marrow in the anemias and in the leukemias, however, myeloblasts
are more abundant,




110 DIAGNOSIS OF DISEASES OF THE BLOOD

Myeloblasts sometimes go over into the blood ; they do so in especially
large numbers in the acute myeloid leukemias; a few may be seen in the
blood in the more chronic myeloid leukemias. They are then found in
companionship with granular myelocytes,

The myeloblasts are large cells (12-20 p), though small forms do occur
(micro-myeloblasts), and it is these that are most often confused, nowa-
days, with large lymphocytes,

The nucleus is round or oval and resembles that of the myelocytes, hav-
ing a fine, feebly-staining (leptochromatic) framework. There are from
2 to 6 nucleoli, easily stainable in Wilson’s stain, and on vital staining, but
these exhibit no distinet nucleolar wall.

The protoplasm contains a fine basophilic reticulum, which, in contrast
with that of the lymphocyte, extends right up to the nuclear margin, not
leaving any clear perinuclear area. In young myeloblasts, no granules can
be demonstrated by the ordinary methods, though in transition forms to
myelocytes (the so-called pro-myelocytes) a few immature granules are
demonstrable.

By Schridde’s method, fuchsinophil structures are demonstrable in the
myeloblasts, but they differ in form and distribution from those of the
lymphoeytes. These structures should be studied by Bensley’s methods, as
applied by Cowdry.

The myeloblasts may contain the proteolytic ferments, as well as phe-
nolase and peroxidase ; lymphocytes do not contain these ferments,

According to Naegeli, the distinguishing characters of the myeloblasts, as
compared with the lymphoeytes, are the following:
(1) Morphological differences.
(a) Nuclear structure different.
(b) Constant absence of true perinuclear clear area.
(e) Constant absence of genuine azure granules.
(d) Differences in number and structure of nucleoli.
(2) Biological differences.
(a) Presence of proteolytic ferments.
(b) Presence of phenolase and peroxidase (indophenol-blue synthesis;
positive guaiae reaction).
(e¢) Definite proof of transition forms between myeloblasts and myelocytes.
(d) Ocecurrence, along with erythroblasts, in hematopoietie foei.
(3) Histological differences.
(a) Absent from lymphatic organs, especially from the lymph follicles
and the germinal centers.
(b) Always found in loose tissue, along with other myeloid cells, and not
in follicles.

Two types of myeloblasts may enter the blood in the pathological states:

(1) The ordinary bone-marrow type, often occurring in very large
numbers, and

(2) The “pathological” type, asserted by Naegeli to be identical with
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Tiirk’s irritation forms; when present, they occur singly, or in small
numbers.

(a) Ordinary Type of Myeloblast (o-Mb.).—This corresponds to the

general description of myeloblasts given above.

Summary of Staining Features:

In Ehrlich’s Triple Stain—(1) Nucleus, feebly stained, undifferentiated, like
the myeloeyte nueleus, (2) Protoplasm, rose-colored, or pink.

In WiLsoN's SraiN (or Giemsa’s).—(1) Nucleus, reddish-purple with fine
reticular network or striation; blue nucleoli, with no distinet nucleolar wall.
(2) Protoplasm, deep blue; no perinuclear clear area; no granules; in the small
myeloblasts (miero-myeloblasts) there may be a narrow rim of protoplasm, much
like that in lymphoeytes, but some protoplasm can always be seen outside of
every part of the nucleus (Klein). A cell containing azure granules is never a
myeloblast (Naegeli).

(b) Pathological Myeloblasts (p-Mb.) (Turk’s “Irritation Form”).—
These cells are now thought to be myeloblasts. They are as a rule large
cells.

The nucleus is round or oval, and shows a delicate chromatin network
(lepto-chromatie nucleus), and several nucleoli, though these cannot be
distinetly seen in Wilson stainings.

The proloplasm is relatively abundant, strongly basophil, and nearly
ulways definitely vacuolated ; it never contains granules. In smears stained
by Wilson's or Giemsa’s method, the protoplasm is of a deep ultramarine-
blue color, and a similar appearance is seen with Jenner’s stain, These
“irritation forms,” or pathological myeloblasts, have been met with in the
blood in various infectious diseases, especially in eroupous pneumonia
(Tiirk), in encephalitis, and in acute fat-necrosis with a high grade of
leukoeytosis (Naegeli), in German measles (Iildebrandt), in lead poison-
ing, in acute myeloid lenkemia, and in many anemias, especially in severe
anemias of the Addison-Biermer type They have also been met with in
some of the anemias of children. These cells do not oceur in normal blood.

Summary of Staining Behavior of p-Mb.

In Ehrlich’s Triple Stain—~(1) Nucleus, pale blue. (2) Protoplasm, intense
reddish-brown.

In Wilson’s or in Giemsa’s Stain—(1) Nucleus, reddish-purple; nuecleoli not
distinetly visible. (2) Protoplasm, deep, ultramarine blue, usually with distinet
vacuoles; no granules, and, especially, no azure granules, present.

In Hematoxylin and Eosin—(1) Nucleus, pale purple, or lilac, with several
pale nucleoli; nucleus larger and much paler than that of lymphoeytic plasma
cells.  (2) Protoplasm, very pale purple, with vacuoles; no distinet perinuclear
clear area.

In Carbol-pyronin Methyl Green—(1) Nucleus, eccentrie, violet, less blue
than that of a lymphoeyte in the same stain; red nucleoli sometimes visible.

(2) Protoplasm, more abundant than that of a lymphoeyte, deep red and
vacuolated.
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(3) Bone-Marrow Giant-Cells or Megakaryocytes (Mg.)

The megakaryocytes (Howell) of the bone-marrow, which give rise to
the blood platelets (J. H. Wright), are ordinarily, enormous cells with
large, hollow, convoluted nuclei, numerous nucleoli, and colonies of centro-
somes (Heidenhain). A few of the smaller ones occasionally get over into
the blood ; they are quickly filtered out of the circulating blood by the ca-
pillaries of the organs (lungs, liver, spleen).

Summary of Staining Behavior:

In Enruicu’s TripLE StaiNn.—(1) Nueleus, greenish-blue. (2) Protoplasm,
rose-colored.

IN WiLson’s, or Giemsa’s, StaiN.—(1) Nueleus, reddish-purple; nueleoli not
distinetly seen. (2) Protoplasm, blue, containing islands, or perinuclear areas,
of very fine, and rather indistinet, pink or red granules. The periphery of the
protoplasm is usually free from granules.

ii. Cells of Lymphadenoid Origin
(1) Lymphoblasts (Lb.)

These are sometimes known as “pathological” lymphocytes. Two
forms are met with in the blood.

(a) Ordinary or Germinal-Center Type of Lymphoblast (o-Lb.).—
Ordinary lymphoblasts (o-Lb.) or large lymphocytes correspond to the
normal cells of the germinal centers; these are not infrequently seen in
the normal blood of children, and they are oceasionally met with in adults
under pathological conditions. They stain like normal lymphoeytes, dif-
fering from them only in their larger size and (slightly) more abundant
protoplasm.

(b) Pathological Type of Lymphoblasts (p-Lb.) (Rieder’s Forms).—
These are the giant lymphoeytes, and include those with lobulate and
tripartite nuclei—the so-called “Rieder forms.”

Their nuclei stain very badly in Ehrlich’s triple stain, and in Jenner’s
stain. In methylene azure and eosin (Wilson’s or Giemsa’s stain) the
nuclei stain more deeply. The protoplasm is relatively seanty. In places,
the nuclens is at the edge of the cell. The protoplasm contains a basophil
reticulum, often with a definite perinuclear clear area, and is sometimes
vacuolated. Azure granules are sometimes present, occasionally in large
numbers in the protoplasm.

These cells never contain proteolytic ferments, phenolase, or peroxidase.

These pathological types are met with in acute lymphatic leukemia, and
in aleukemic lymphadenoses, Oceasionally they are seen in chronic
lymphatic lenkemia, in Basedow’s disease, and in various infectious
diseases (Naegeli). These cells are very easily injured ; in smears, naked
nuclei are sometimes seen, and structureless nuclear clumps (Gumprecht’s
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Summary of Staining Behavior of p-Lb.:

In Ehrlich’s Triple Stain—(1) Nucleus, very pale greenish-blue, sometimes
scarcely stained at all. (2) Protoplasm, often unstained, or rose-colored.

In Hematoxylin and Eosin—(1) Nucleus, pale purple-blue. (2) Protoplasm,
blue, with blue nodules of chromatin network; perinuclear clear area.

In Giemsa’s Stain—(1) Nucleus, deeply stained, reddish-purple; ecoarse
chromatin framework. (2) Protoplasm, bluish; often a deep ultramarine blue;
vacuolated. In acute lymphatic leukemia, the cells may contain numerous azure
granules.

(2) Plasma Cells (PL)

True plasma cells are only rarely met with in the blood; those that
are seen are of lvmphadenoid origin.  The cells resemble lymphoeytes. but
they are a little larger, have an eccentric nucleus with a so-called “wheel-
spoke” structure and thick chromatin framework. The protoplasm is
intensely basophil, and contains numerous vacuoles. There is always a
marked perinuclear elear area. Oceasionally, azure granules are visible
(Naegeli). Such plasma cells are far less common in the blood than
are “pathological” myeloblasts (Tiirk’s irritation forms); the latter have
been erroneously designated plasma cells, but can be, as a rule, dis-
tinguished from them, by the appearance of their nuclear structure.

Summary of Staining Behavior of Pl.:

In Hemaroxyuin axp EosiNne—(1) Nuecleus, eccentrie, deeply stained, violet-
black; the nucleus has a coarser framework than even that of the small lympho-
eyte. (2) Protoplasm, strongly basophil, lilac, vacuolated; perinuclear clear area,
usually present.

In Enruicn’s Tripre Stain—(1) Nueleus, reddish-purple; coarse frame-
work. (2) Protoplasm, light blue, with eclear perinuclear area; sometimes
vacuoles; oceasionally fine azure granules.

11. Enumeration of the Different Varieties of White
Blood-Corpuscles in Stained Smears (So-called Dif-
ferential Count of the Leukocytes)

Fully as important as the count of the total number of white corpuscles,
is the determination of the absolute numbers of the different varieties of
white cells present in the blood. When the total count is normal, there may
still be great deviations from the normal in the relative numbers of the
different varieties of white cells present; thus the lymphocytes, the eosino-
phils, or the meutrophils are often present, respectively, in dispropor-
tionately large or small numbers, pointing to pathological states.

Before undertaking a differential count of the white blood-cells, one
<hould make sure that he has (1) a total white count per c.mm. of the
same blood, and (2) a faultlessly spread and stained blood film, preferably
made by the cover slip rather than the slide method, and made at the time
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Table Illustrating the Origin of the Red and the White Blood-Corpuscles®
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PLATE XIII

Wilson stain Ehrlich stain % 1"ooal

Polymorpho-nuclear

64288% 4769
neutrophile

Palymorpho-nuclear

eosinophile 2708%| 205
Polymarpho-nuclear

basophile §‘ ) 633% 49

(mast cell) N

Y <o)
Small mononuclear P{.v;[ 22255% 1656
(lymphocytes) L5 4

w»

%
Large mononuclear t" o \,-‘? | 8083% 50

Transitional 281 %| 205
mononuclear
Neutrophilic myelocyte . i
* e -
Y v
Eosincphilic myelocyte
*
Basophilic myelocyte \
*
=
r
£
Myeloblast f \
*
y
fSchaefer and D.Pennington fec % Cells not present in normal blood

Percentage and absolute number are based on total white count of 7300
White Tilood-corpuseles.  (Original Drawiug
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the blood is taken for the total count. For routine differential counting,
Jenner's stain or one of the modified Romanowsky stains answers every
requirement, and for those unpractised in blood work, gives more reliable
data than the Ehrlich stain. Differential counts made with the Ehrlich
stain, however, should always be used as a check when there are any
numbers of unusual cells present. This is particularly necessary for the
beginner in order to avoid confusing large mononuclear cells containing
many pseudogranules with true myeloeytes, (It will be remembered, of
course, that the psendogranulation of the large mononuclear and transi-
tional cells does not stain with the triacid mixture.) As a general rule,
the examination of all pathological bloods should be controlled by films
stained with the old Ehrlich stain,

To avoid counting the same cells twice, and to make sure that the whole
of the smear is carefully gone over, a “mechanical stage” is a necessity.
The count should include an analysis of at least 300 cells, and in unusual
cases 500, or, better, 1000 cells should be analyzed. Especially, when it
is important to determine the exact percentage of the less numerous ele-
ments, such as the mast-cells, the plasma cells, or the eosinophile cells, an
analysis of less than 500 leukocytes is unreliable. An oil-immersion
lens, with Abbé condenser, and a medium strong eye-piece should be em-
ployed, as a high magnification is required to resolve the finer of the
granulations,

Besides the microscope is placed a sheet of paper, with columns for the
different cells, as follows:

DirrerenTIAL Count 1N StarNep Broop Smear.  (Total White Count per c.mm, = )
Date: Stain used:

Normal Varieties of White Cells.

P.M.N. | PM.E. l‘.l\l.ll.’ S.M. \ L.M. }'I\
Erythroblasts “ Pathological Varieties of White Cells.
Normoblasts. | Megalobl n-M. | e-M. | b-M. | o-Mb.| p-Mb.|o-Lb,| Uliclass-
_Ip-Lb. PL

As a cell is identified, a stroke is placed in the corresponding column.
In case a “smashed” cell is seen it is recorded also. Usually, it can be
identified, but now and then one cannot be classified, but it should be kept
track of nevertheless, in the extra column, designated “unclassified.”

Some hematologists use a square ocular-diaphragm, counting only the
cells within this square, as the mechanical stage is moved along.
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After a sufficient number of cells have been analyzed, the number in
each column is added up and the percentage of each variety in the total
number analyzed determined. Then, from the total white count, the
absolute number of each variety per c.mm. can be estimated. Thus, for
example, in a normal blood, with a total white count of 7,500 cells, the
differential count of 500 cells might be as follows:

Varieties of Cells

P.M. N.
(= Polymorphonuclear Neutrophils)
P.M.E.
(= Polymorphonuclear Eosinophils)
P. M. B.
(Polymory
S. M.
(= Lymphocytes)
(a) Small.
(b) Large.
L. M.
(= Large Mononuclears)

N 1

T

(= Transitionals)
n-M.

(= Neutrophilic Myelocytes)
e-M.
(= Eosinophilic Myelocytes)
b-M.
(= Basophilic Myelocytes)
0-Mb.

(= Ordinary Myeloblasts)

p-Mb.

(= Pathological Myeloblasts)
o-Lb.

(= Ordinary Lymphoblasts)

p-Lb.
(= Pathological Lymphoblasts and Rieder

PL
(= Plasma Cells)
u
(= Unclassified)




IMPORTANT METHODS OF EXAMINING BLOOD 119

In some instances, especially where one is following the results of a
special kind of therapy, it is desirable to make frequent differential counts
and to record the results graphically in the form of “leukocyte curves.”

Recent work (Bunting, 1911; 8. R. Miller, 1914) has tended to show that the
percentage values for the leukoeytes of nmormal blood vary within much wider
limits than is commonly taught. This is probably due to a great number of
factors, such as climate, altitude, the state of the circulatory system and of diges-
tion, the prevalence of vagotony, ete. It is probable that the normal differential
formula differs in various sections of the country; especially in the region of the
Great Lakes, the prevalence of general lymphadenoid hyperplasia has been noted,
associated with values for the mononuclear elements mueh higher than are com-
monly seen elsewhere (Bunting).

A table based upon a recent study by 8. R. Miller illustrates very well
the variations as observed in a large number of healthy adults in Balti-
more. In these differential counts, the rule, to which I have referred, of
placing mononuclears up to 10 g in diameter in the S. M. group, those
above 10 u in diameter in the L. M. group, was followed.

(a) Differential Counts of Normal Blood

Tue Grove Distrisurion, Averace Per-CENT VALUES, AND ABso-
Lute Numsers o e LevkocyTes, A8 DererMINED 18 650 Counts oN
230 Normar Persons (S. R. MiLLer).

P.M.N. P.M.E. l P.M.B. H 8. M. L. M. T
2 2 ] ] 2 Fl
Percentage ! g Percentage| 3.; Percentage, ! 5 || Percentage| : E Percentage| 3’ Percentage ‘ E
Values |22 || Values |23 Values (23| Values' | £3 || Valuea | S 31| Values |58
Over 80%| 4 || Over 5%| 74 || Over 19%[137 || Over 30%| 57 || Over 15%| 18 || Over 4%| 70
" 70-80%| 136 1% (351 || 25-30%) 124 || 10-18% 101 249 (413
60-70%| 362 34%)| 72 || None 162 || 20-259| 243 5-10%350 0-29 (158
50-60%| 126 2-3%[207 10-20%| 219 || Under 5%|172
10-50%| 21 1-2% 125 Under 10%| 7
Under 40%| 2 plor | R oy TR T e
No.ofCounts| 650 650 650 650 650 1650
Total |
average %(64.2 2.8 6 22.5 5.0 2.8
Total aver-
age No
per c.mm. | 4,780| 206 49 1,656 550 205

As examples of differential counts in disease contrasted with normal
counts the following table will suffice. The figures given for normal blood
correspond to the averages found in normal persons in the clinical labora-
tory for the Johns Hopkins Hospital; the figures given for the several
diseases are taken from the table in Seiffert and Miiller:




(b) Differential Counts in Some Pathological States
. . Addison-Biermer . Chronic Myeloid /Chronic_Lympha-
Normal. Chlorosis Type of A;m:nu Poeumonia I::lckem};im denondcleukm

Red Blood-Corpuscles. . .

. 15,000,000 = 1007,

4,350,000 =877,

11,200,000 =249,

4,655,000 =937,

2,750,000 =557,

Hemoglobin...... 14 gm. = 1007 56% 37% 90% % 35%
Color-Index......... 100:100 =1 56:87 =0.64 _37:24=1.5~I 90:93=0.97 50:55=0.91 35:50=0.70
Total white count.. 7,770 8,700 2,500 19,600 460,000 500,000
Polymorpho-neutrophil. . . . 63.5% = 4,900 739, =6,351| 53.5%,=1,337| 84.5%,=16,562| T ==151,800 7% =35,000
Eosinophils. . .. 2.8% =218 20,=174 0 0 6%, = 27,600 2% =10,000
Mast-Cells. ... ... 0.5% =42 0.5%=43.5 0 0 109, = 46,000 0
Lymphoeytes. . ............... 220, =1,725 249,—=2088| 45.29%,=1,130| 10%=1,960 —4,600 907, = 450,000
Large Mononuclears and Tran-

R 10.8%;, =828 0.5,=43.5 1.3%=32.5 5.57%,=1,078 15% = 69,000 1% = 5,000
Neutrophil Myelocytes...... 0 0 0 0 35% = lﬁl.m)l)l 0

(The figures for the normal blood are the averages as determined in the Clinical Lab. J. H. H.—those for the abnormal bloods are taken

from Seiffert and Miller.)
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(¢) Modifications of Ehrlich’s Classification of the Normal White
Blood-Cells

It should be noted here that during the past few years there has been a good
deal of eriticism of the old classification of the white blood-cells originally ad-
vocated by Ehrlich. Notwithstanding the faet that these eriticisms and newer
suggestions for the classification of leukoeytes have come from sueh recognized
authorities as Mallory, Bunting, Warfield, Simon, ete., it has seemed advisable
to me to adhere for the present at least to the older and more generally adopted
ideas of Ehrlich. The ideas of the classification of white ecells, according to the
suggestions of Warfield, will be briefly outlined here, however, for the use of
those who prefer to follow them in differential counts.

The only point in dispute relates to the non-granular cells, all agreeing with
the old classification of Ehrlich as regards the P. M. N,, the P. M. E. and the
P. M. B.

Instead of the division of the non-gravular cells into (1) small mononuelears
or lymphocytes, (2) large mononuclears and (3) transitionals, the newer school
suggests the division of these ecells into (i) lymphoceytes, (ii) endothelioeytes and
(iii) large mononuclears, described as follows:

(i) Lymphocytes

These vary in size from that of a red cell to that of a P. M. N, They are
recognizable by their staining reactions rather than by their size, and exhibit the
following characters. The nucleus stains very dark and consists of a very compact
chromatin network. The protoplasm is clear, variable in amount, and may con-
tain a few coarse granules.

This group of cells as thus described, therefore, includes (1) the original small
lymphoeytes of Ehrlich, (2) the larger forms varying in size up to a P. M. N,,
and (3) a few larger cells with the above staining reactions, which, on account of
their size, are usually counted with the large mononuclears in the old classification.

(i) Endotheliocytes

These include all of Ehrlich’s erroneously-named transitionals, and also all of
the large mononuclears except those mentioned under lymphoeytes, which have the
lymphoeytie staining reactions and differ from lymphocytes only in size.

These endotheliocytes are the largest cells of normal blood and are characterized
by (a) variability in size and shape; (b) a nucleus that is large, variable in shape,
being round, kidney-shaped, ete., with loose ehromatin network; and (¢) a proto-
plasm that is abundant, reticulated in appearance, and often, apparently, filled
with fine granules, which, however, are not true granules, but are really nodes of
the reticulated protoplasm. This pseundogranular appearance is common to this
entire group of cells.

Endotheliocytes are referred to by some workers as splenocytes,

(iii) Large Mononuclears

These are characterized by being larger than a P. M. N, usually oval in shape,
with a very deeply staining round or oval nucleus, which is usually eccentric.
The nueleus is much more deeply staining and much more compact than that of
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the endotheliocytes. The protoplasm is abundant and stains a very deep blue,
almost as deep as the nucleus. These cells correspond to Tiirk’s “irritation forms.”

The figures for the normal differential count on this newer basis are given by
Warfield as follows:

P.M. N 50-60 per cent
P. M. E w8 e &
P. M. B 42« «

Lymphocytes, mature (small)...20-30 “ «
Lymphocytes, immature (large). 5-10 “ «
Endothelioeytes .........c0000n 5-9 « «
Large mononuelears............ 9w w

Pappenheim’s Terminology of Pathological White Cells in the Blood.—
Very interesting studies of the pathological forms of white corpuscles met with
in the blood in the leukemias have been made by Pappenheim of Berlin. His
terminology is complex, though in reality easy to understand if one reads his
text in association with the excellent figures in his atlas. His lymphoidocytes of
the marrow correspond to the micro-myeloblasts of the elassification used in my
deseriptions. References are given to the more important of Pappenheim’s pub-
lications, and they should be read by all active workers in hematology.
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12. Microscopic Examination of the Blood for Para-
sites, and for Other Foreign Bodies

(a) Animal Parasites

The animal parasites most frequently found in the blood in the United
States are the organisms that cause malaria (tertian, quartan, and
estivo-autumnal.

The best method of staining the malarial parasites in blood smears is to apply
the Giemsa or the Wilson modifiealion of the Romanowsky stain, taking eare that
all the vesscls used, as well as the water employed for dilution, are free from acid.
In searching for gametes, the concentration method of Bass and Johns is helpful.
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The appearances of the parasites are described in the article on Malaria
in the Section on Infectious and Parasitic Diseases; in this section also
are described the appearances and methods of demonstrating other animal
parasites found in the blood: (1) Trypanosomes, (2) larvae of Filaria
banerofti (in the blood only at night), (3) larvae of Filaria loa (in the
blood only in the daytime), (4) larvae of Filaria perstans (in the blood both

i

Fig. 304.—Larvae of Filaria bancrofti in the Blood of Man. (After Railllet, in M. Braun's
“Die thierischen Parasiten des Menschen,” published by Bale Sons and Danlelsson, Lon-
don.)

day and night), (5) the embryos of Trichinella spiralis. 1In bilharziosis,
the parasites of (6) Schistosomum hematobium, or (7T) Schistosomum
japonicum live in the blood of the portal vein and its branches, but are not
found in the general cirenlating blood of the finger or of the ear.
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(b) Bacteria

In general bacterial infections, there are bacteria in the cireulating
blood, but only occasionally are these recognizable, microscopically, in
fresh or stained preparations (Spirilla of relapsing fever; T'reponema
pallidum of syphilis ; anthrax bacilli; ravely, tubercle bacilli). The others
(especially typhoid bacilli and the pyogenic microorganisms of septic
infections) must be isolated by eultural methods.
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[Nore.—See also references under Blood Cultures and under Tuberculosis in Part 1V.]

(¢) Foreign Particles

A black pigment, probably hematin, is sometimes seen free in the blood,
sometimes encased in leukoeytes, in malarial invasions,

During digestion, extremely minute fat droplets may be seen dancing
about in the blood plasma in fresh preparations. The so-called hemoconia,
or “blood-dust” of Miiller, we have already deseribed.

13. Bacteriological and Serological Examinations
of the Blood

The five most important clinical methods coming under this category
are: (a) blood cullures, to demonstrate the presence, or absence, of bac-
teria; (b) agglulination tests, especially, the Widal reaction in typhoid
fever; (e) /;l‘t‘t'i[:ilfl: l'('«l('/it:llx, l'.‘|l('l‘ii|“‘\' those used to 1ll.\‘lillglli.~ll human
from animal blood, in medico-legal eases; (d) complement-fixation test
for detecting the presence of specific antibodies (and also specific antigens),
especially the Wassermann reaction for syphilis; and (e)Abderhalden’s
reaction for specifie ferments, especially for (I) the ferments that will
hydrolize placental protein (diagnosis of pregnaney); and (I1) the fer-
ment that will hydrolyze the protein from carcinomatous tissue (diagnosis
of cancer). The first four of these methods, as well as other immunity-
reactions, have been diseussed in the section dealing with the diagnosis of
infectious diseases; the fifth, Abderhalden’s reaction, will be deseribed
here.

Abderhalden’s Reaction

In 1912, Emil Abderhalden published his dialysis procedure for the
demonstration of defensive ferments in the blood sernm and other fluids
of the body. This procedure, which he had gradually worked out during
the preceding twelve years before publishing it, is based upon a simple
theory.

Theory.—The hlood maintains, with astonishing accuracy, its normal
composition,  When various substances (e. g., water, sugar, ete.) suddenly
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enter the blood, in large amounts, the normal composition is restored in an
astonishingly short time by exeretion, diffusion, ete.; but if substances
entirely foreign to the blood, either substances foreign to the body as a
whole, or pathological substances arising in the body itself, in either case,
material foreign to the plasma (e. g., pathological thyroid secretion, car-
cinoma protein, ete.) gain entrance to it, and are not easily gotten rid of,
“defensive ferments” are formed, whose function it is to disintegrate sub-
stances foreign to the plasma, to rob them of their specifie structure and to
change them into a condition that will permit of their excretion.
Obviously, these ferments must be strictly specifically adapted to the sub-
stances for which they are formed.

The demonstration of these ferments is now actually possible either
through (1) Abderhalden’s dialysis-procedure, or (2) Abderhalden’s optic
method.

i. Aberhalden’s Dialysis Procedure

The method (Abderhalden reaction) is very simple in principle, but
practically very subtle, delicate, and exposed to a great number of sources
of crror. (Fig. 305.)

In a small Erlenmeyer flask (a), especially made for the purpose, is
placed 20 c.c. of sterile distilled water (¢). In this is put a clean sterile
dialysing tube or thimble (4), contain-
ing 1.5 c.c. of serum (f) from the pa-
tient to be examined. In the serum
is placed a small piece of organ or
tissue (e), corresponding to the origin
of the foreign substance suspected to
have gained entrance to the plasma
and to have excited the production of
a specific ferment to disintegrate it.
For example, if one were attempting to
make a differential diagnosis between
carcinoma and simple uleer of the
stomach, one would test some of the pa-
tient’s serum with a piece of carcinoma
tissue in one thimble, and another por-

Fig. 305.—Diagram Illustrating the . 3 = ] Rain
Method of Testing for Speciic De.  tion of his serum with a piece of nor-

fensive Ferments by the “Dialysis  mal gastric mucons membrane, in a
Proceeding.”  (Abderhalden’s Re- . . :
Sockan. second thimble. These bits of tissue
are prepared in such a way as to be
absolutely free from blood and from peptone. The water (¢) and the
serum (f) in the thimble are now covered with a layer of toluol (d and g),
and the whole apparatus is left for 16 hours, at exactly 37° C., in the
thermostat.
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If the serum contain a ferment capable of hydrolysing the tissue used,
it will, at the end of 16 hours, have hydrolysed a part of this tissue, and
the resnlting peptone will have dialysed out into the water outside the
thimble (¢). The content of this water in peptone can be determined by
the use of a very sensitive “ninhydrin reaction,” which is capable of recog-
nizing peptone in dilutions of 1:65,000. If the reaction be positive, and
the two control tests, (1) serum without tissue, and (2) serum plus physi-
ological salt solution, are negative, the existence of the suspected defensive
ferment in the serum of the patient concerned is proven. Important diag-
nostic conclusions can obviously be made.

The test has thus far been chiefly applied in the early diagnosis of
pregnancy (use of placental protein), and in the early diagnosis of carci-
noma (use of carcinoma tissue), but a large number of investigators, nota-
ble among them Lampé of Munich, have been applying the reaction to the
discovery of specific ferments in the serum for the various tissues of the
body, especially those of the endocrine glands concerned in the formation of
the internal secretions.

During 1913, Dr. Karl v. Noorden, Jr., applied the technic in my serv-
ice at the Johns Hopkins Hospital, and some experiments have also been
made in Baltimore by Dr. Judd and by Dr. 8. R. Miller. I have been
very much impressed with the large number of precautions that must
be taken in order that errors may be avoided. The technie is so subtle,
that no one should attempt it unless he can devote his undivided atten-
tion to it, at least for months, This is even more requisite than with
the Wassermann reaction.  Obviously, the general practitioner eannot him-
self be expeeted to perform such tests; but it may be that skilled workers
in laboratories in the larger cities will make it possible for the practitioner
to have blood examined for him for Abderhalden’s reactions in special
cases, It is too early as yet to pass final judgment upon the value of the
method ; but, certainly, no other new method has in recent times attracted
g0 much attention as this among clinicians,

It would be out of place, in this text-book, to go into the enormous num-
ber of details that must be observed in testing for Abderhalden’s reac-
tion; at least twenty pages of this volume would be required. The full
details are to be found in the last edition of Abderhalden’s monograph on
the subject, and, fortunately, this has been translated into English (See
reference).

I canmot help but feel doubt as to the practical value of a method, the
technic of which is so diffieult.

ii. Abderhalden’s Optic Method
. A second method, known as the optic method, can be used as a control
f Abderhalden’s dialysis procedure. Tn prineiple, it consists of following
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changes in optically-active substances, by determining alterations in the
rotatory power by means of a polarization apparatus,

When defensive ferments act upon a colloid, they change it into a dif-
fusable erystalloid, which, as we have seen, can be tested for, qualitatively,
by the dialysis procedure.

In the optic method, the test cannot begin with protein, but must begin
with a peptone prepared from the specific protein concerned.

The technic of the method is very simple. 1In a test tube is placed 1 c.c.
of sterile blood serum, absolutely free from hemoglobin and from blood
corpuscles. To this is added 1 c.c. of a 5-10 per cent peptone solution,
made from the organ, or the protein, against which a defensive ferment is
suspected to be present. The serum and the peptone solution are thor-
oughly mixed, and the mixture poured into a 2 e.c. polarization tube. The
rotation of the mixture is measured as soon as the temperature has reached
37°C., and at regular intervals thercafter. If, after some time, no altera-
tion in the rotatory power develop, we can assume that no fermentative
hydrolysis has taken place. 1f, however, after a time, the rotatory power
differs from that at the beginning of the test, we can conclude that a fer-
mentative degradation has oceurred, For the details of this method, the
original publication should be consulted.
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C. Methods of Examining the Blood
Clinically Important, but Less
Frequently Employed

We shall consider here: (1) the determination of the coagnlation time;
(2) the determination of the viscosity of the blood ; (3) the testing of the
resistance of the red corpuscles to anisotonic solutions; and (4) the deter-
mination of the response of the red corpuscles to iso-agglutinins (and
isohemolysins).

1. Determination of Coagulation Time

The methods devised for this purpose are not very reliable.  Since the
original method was introduced by Vierordt, varions modifications have
been employed. Of these may be mentioned those of Wright, Brodie and
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Russell, Boggs, Biirker, Ilinman and Sladen, Kottman, and Howell. The

number indicates how unsatisfactory our state of knowledge here is, d
al

(@) Wright's Method ::

A little blood is sucked into several capillary tubes of equal ecaliber. The 1
blood is blown out of one tube after another, say every half minute or every 1
minute, until, finally, a capillary tube is reached that is plugged by a blood clot. U
Methods similar to Wright’s are used by Sabrazés and by Schultz. Wright L
found the coagulation time, by this method, to vary, in normal cases, between o
2} and 6 minutes; in hemophilia, he found a coagulation time of 9-10 minutes. w
This method is not used elinically in this country. m

(b) Brodie and Russell’s Method

A hanging drop of blood, in a moist chamber, is exposed to a feeble tangential
current of air sufficient to set the red corpuscles in rotary motion, and is observed
under the microscope until the movement of the red corpuseles is interfered with
by the fibrin formation. Modifications of this method have been suggested by
Pratt, by Griitzner, and by Boggs. The best instrument involving this principle
is probably that of Boggs.

i. The Coagulometer of Bogds

This is a modification of Brodie and Russell’s instrument. Tt consists
of a moist chamber into which a truncated glass cone projects from above,
terminating in a surface 4 mm.
in diameter. A metal tube pro-
jects into the chamber from the
side; it ends in a tip which comes
close to the lower saurface of the
cone just mentioned. To the
outer end of this metal tube is
attached a rubber tube and bulb,
through which a current of air
may be directed, tangentially, to-
ward the lower surface of the
cone. A coverglass is attached
to the upper surface of the cone;
at the edge of it there is a pinhole
opening. To test the coagulation
time a drop of blood is placed
upon the lower surface of the
glass cone, the cone is adjusted
in the chamber, and the instru-
ment placed on the stage of the
microscope.  One observes the

Fig. 806.—Bogg's Coagulometer with Bulb At-
tached, Viewed from Above.
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drop under a low power, and by squeezing the bulb, directs a current of
air against its edge; this starts the corpuscles into lively movement in a
cireular direction. As soon as fibrin begins to form, the movement of the
single cells ceases, and the corpuscles begin to move in large masses, and,
later still, these masses tend to become fixed, so that,
though they are dislocated in the direction of the air cur-
rent, they spring back as soon as pressure on the bulb
ceases. This is close to the end-point, which is reached
when a very gentle air current causes radial elastic
motion like that “of a rubber ball pressed in at one point
and released.” Figures illustrating the movement of the
corpuscles, of the masses and of the end-point are given in
Emerson’s “Clinieal Diagnosis,” and in Morris’s “Clinical
Laboratory Methods.” The time elapsing from the
moment the drop of blood appears in the wound to this
end-point is known as the “coagulation time.”

One now removes the cone, wipes off the drop of blood
with a soft cloth, or with filter-paper, confirming at the
same time the existence of a clot. Should the coagulation
not be complete, the result should be discarded and an-
other determination made. Fig. 307.

With normal blood this instrument of Boggs shows a mf:ﬁﬁ“'”ﬂ“"’t"l‘lﬂe‘
coagulation time varying between 3 and 8 minutes, averag- Brodie - Russell
ing about 5 minutes. ;;’I‘,"‘:":;':;":;":‘

In taking the drop of blood, the finger should be from the side.
hyperemic, so that the blood will flow freely from the qu'xy ;;‘f"’,'li‘l':”)’m';:
puncture. A little practice is needed in order to secure a  Co., Philadel-
drop of constant size when the blood is touched with the P
cone at right angles to its surface. No pressure is per-
missible in obtaining the drop of blood, as the admixture of lymph shortens
the coagulation time. It goes without saying that the apparatus should
be absolutely clean. In making pressure upon the bulb, only a gentle
current of air should be produced, at not too frequent intervals—not
oftener than every 30 seconds.

(¢) Biirker’'s Method

In the concavity of a hollow ground glass, on a small rotating table, is placed
a drop of distilled water, and, into this, a drop of blood from the finger-tip is
allowed to fall. Every 30 seconds one passes a long-drawn-out, but blunt, glass
rod through the mixture, the little table being rotated each time about 90 degrees.
‘When coagulation sets in, a thread of fibrin is lifted up by the glass rod. With
maintenance of a temperature of 25° C., the normal coaguletion time by this
method was found by Biirker to be 6-7 minutes. This method is not used clinically

in this country,
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(d) Hinman and Sladen’s Modification of Milian’s Method

The hyperemic ear-lobule is punctured, the first drop of blood that appears
is wiped off, and the second drop is touched by the under surface of an ordinary
clean glass slide in several places, a small droplet being collected at each place.
The slide is then turned over quickly to prevent the drops from running. By
superimposing the slide upon a millimeter scale, droplets having diameters of
4-5 mm. are selected; the other drops are wiped off. The slide is then held
vertieal v.

One may observe the profile of the drop, which sags, looking like a falling tear,
previous to coagulation, and, as soon as coagulation is complete, assumes a uni-
form convexity. Or, he may examine the droplet by transmitted light; before
coagulation takes place, the dependent part of the drop looks denser; as soon
as coagulation has oceurred, the center of the drop will be the most dense part.
Coagulation is confirmed by the transfer of the drop to a piece of linen, or of
filter paper.
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Fig. 308.—Effect of Drugs on Coagnlation Time in a Case of Erythema
nodosum. (After F. Hinman and F. J. Sladen, J. . H. Bull.)
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Hinman and Sladen examine several drops of 4 mm. and 5 mm. in diameter,
the former coagulating more rapidly than the latter. The mean of the coagulation
times required for the several drops is called the “coagulation time of the blood.”
Any coagulation time under eight minutes is regarded as normal; if more than
eight minutes be required, coagulation is said to be pathologically delayed. In
normal cases, the coagulation time found varies usually between five and eight
minites.
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(e) The Coagulo-Viscosimeter of Kottman

By this instrument the beginning and the development of the coagulation of
the blood can be quantitatively followed in their time relations. For the use of
the instrument, the original article by Kottman should be consulted.

(f) Howell’s Method

Probably the most accurate method of determining coagulation time is
that recommended by Ilowell (Arch. Int. Med., xiii, 1914, p. 80). Two or
four e.c. of blood are aspirated direetly from the median basilic vein into
a sterile syringe and then immediately expelled from the syringe into a
wide tube (21 mm. diameter), which has been especially cleaned with a
bichromate-acid mixture. The period elapsing between the moment the
blood is drawn and the moment at which a clot has formed that is firm
enough to permit the tube to be inverted, is regarded as the “coagulation
time” (Ilowell). By this method, the coagulation time (Tlowell) of
normal blood, varies between 20 and 40 minutes. “Reliable results are
obtained only in those cases in which the needle of the syringe enters the
vein readily on the first puncture.”
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2. Viscosimetry, or the Determination of the Viscosity
of the Blood (1), and of the Serum (n.)

The determination of the viscosity, or internal frietion, of the blood
and of the blood serum is of considerable value (see introductory note on
Physical Properties of the Blood). The original method for measuring
viscosity involved the use of Ostwald’s apparatus. For work on experi-
mental animals, a special apparatus has been devised by Burton-Opitz of
Columbia University, New Yorrk.

Most of the recent clinical observations have, however, been made by
(1) the viscosimeter of Hirsch and Beck ; (2) that of Determann; (3) that
of Hess, and (4) that of Determann and Hess. Only the two latter
methods will be described.

(a) Method of W. Hess

With Hess’s instrument, the relative viscosity of the blood to that of water
is determined, and the result read off direetly. The apparatus is well shown in
Fig. 309.

By means of the rubber bulb (Gb), water is sucked in from a pipet into the
glass tube (G) (the stop-cock (H) being open), as far as the ecapillary tube
(K,); then, water is sucked through the capillary tube as far as the mark O on
the calibrated tube (M,). The suction is now interrupted, and the stop-cock (H)
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closed, the tube (E), which can be removed from the instrument and is inter-
changeable with other tubes of the same sort, being held in position by the
spring (F).

The hyperemic finger-tip is pricked just deeply enough to permit a droplet
of blood to flow freely out. This is taken up by the smooth end of the tube (E),
the blood being allowed to flow in spontaneously until the
tube is § full of blood. The tube is next turned upside
down, so that the blood flows to the other end, and begins
to come out, when it is at once attached to the capillary
tube (K,), and fixed in place by means of the spring (F).
By suction, the blood is drawn through the capillary tube
(K,) as far as the mark 0 on the tube (M,); the suction
is then interrupted.

The stop-cock (H) is now opened, after which the con-
tents of both tubes (water in one, blood in the other) can
be exposed to exactly the same suction- or pressure-influ-
ences, Suetion is started, ! is continued until the blood
reaches the mark 1; it is thoo interrupted, and one reads off
on the scale the distance to which the water has, during the
same suction, travelled. The result is the degree of viscos-
ity of the blood under examination.

The stop-cock () is now closed, the blood is pressed ]
out into a piece of linen, the little tube (I) is taken off, H
and ammonia is sucked twice through the capillary (K,)
and the calibrated tube (M,) and pressed out again; a little
more ammonia is then sucked in, and the free end of the ity >
tube is closed by a rubber cap. To make another deter-
mination, the water is again adjusted to the zero point, the
stop-cock is closed, the ammonia removed, and another blood
tube put in. N

The greatest cleanliness is essential, if reliable results
are to be obtained. Every now and then the apparatus
should ve thoroughly cleaned with strong nitrie acid. If g 309.—Viscosimeter
only a little blood be obtainable, or, if the blood be very of Hess. (After P.
concentrated, it may be sucked in as far as the mark }; the Krause, ::Kllﬂ'““h°
number on the water scale at the end of the suction is then {l""‘""""k', b

Sise shed by G, Fischer,
multiplied by 2. Jena.)

It is desirable that the work be done at a constant tem-
perature; determinations made at the room temperature of about 17° C. (62.6° F.)
are subject to an error of about 4 per cent.

(b) The N-w Determann-Hess Viscosimeter

In this instrument, the principles of the old Determann apparatus, and of
the Hess apparatus, are ecombined. Gravity is used as the driving force. It acts
simultaneously upon two fluid columns (I and IT, at A, Fig. 310), which flow
through two adjacent capillaries, @ and b, of the same length, and of the same
caliber. These ecapillaries open into small tubes, marked by a centimeter scale.
After filling the water-mantle ¢ with water at 20° C., blood is sucked in to the
non-calibrated end of the tube I, and distilled water into tube II. In each case,
the fluid is sucked in as far as the beginning of the capillary.
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The amount of blood required is about 0.1 e.c. This blood is best obtained
from the finger-tip, made hyperemic by a warm hand-bath. All stasis, and all
pressure, should be avoided. If desired, the blood may be made
non-coagulable by gently rubbing into the blood droplet a granule
of hirndin placed on the end of the tube, though on working
quickly, this is not necessary; or, if the blood be drawn from a
vein at the bend of the elbow, one can place a little hirudin upon
the piston of the syringe. Inclining the apparatus away from the
horizontal, one ean, by alternately shutting and opening the capil-
lary tubes, bring the ends of both columns of fluid to the zero-
point of the seale; this is very easy after a little practice.

The apparatus is now suddenly set npright, and the blood is
allowed to flow as far as the mark 1 on the centimeter seale. The
tubes are then made horizontal again, and one looks to see to what
b mark on the seale the distilled water has attained. On reading off
" b the number we at once have the degree of the relative viscosity of
the blood under examination.
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3. Determination of the Resistance of the Red Blood-
Corpuscles in Anisotonic Solutions

The principle involved has already been discussed under the Physical
Properties of the Blood (q. v.).

The importance of these resistance determinations has heen especially
emphasized by the French school, particularly in connection with congen-
ital hemolytic jaundice. Moss’s modification of von Limbeck’s method is
the procedure I advise.
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(@) Hamburger's Method

Into each of a series of conical glass vessels (each containing 2 c.c. of salt
solution, the concentration showing an inerease of 0.01 per cent NaCl in each
vessel of the series), a small quantity (0.05 e.c.) of blood is introduced by means
of a calibrated pipet; after standing for fifteen wminutes, the tubes are all cen-
trifugalized. The tube containing the solution that is just colorless, that is,
showing no hemolysis, indicates the resistance limit.

(b) wvon Limbeck’s Method

Here 1 c.c. of salt solution is placed in each of a series of test tubes, the
strength of the solution ehanging for each tube; one drop of defibrinated blood is
then added to each tube. The concentrations of the salt solution extend from
0.2 per cent to 0.85-per-cent NaCl; the difference between the concentration of
one tube, and that of the next, amounts always to 0.03 per cent. The tubes are
allowed to stand for six hours; then the hemolytic limit is noted.

An easy method for making salt solutions of different concentration is that
used by W. L. Moss (1911):

: Solution of Distilled Resultant

Tube No. 19 NaCl. Water Dilution
7.6 c.c. 25¢e 0.75%
 ; i 3 i 0.7 %
- 356 ¢ 0.67 ';
6 S R} i 0.6 %
56 ¢ 45 “ 0 5.”'
5 . 5 i 05¢
Bl 2 586 ¢ 0 4'.’
4, 6. 04
3.5 6.5 “ 0.35%
3 - 7 o 03 %
25 ¢ .85 * 0.25%
3. '« 8. 02 %

Normally, the minimal resistance is about 0.47 per cent NaCl; the maximal,
0.3 per cent NaCL

(e) Janowski’s Method

A blood eount is first made in the ordinary way; afterwards, hlood counts are
made by diluting the blood 1: 200 in salt solution of three strengtls, 0.4 per cent,
0.35 per cent, and 0.3 per cent. The number of red blood-corpuscles dissolved, in
each instance, is thus determined.
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4, Determination of the Response of the Red Blood
Corpuscles to Iso-agglutinins and Isohemolysins

When making blood transfusions, it is important, if possible, to select
a donor who belongs to the same iso-agglutinin group as the recipient (W.
L. Moss). A full account of the exact method of determining these groups
is to be found in Moss’s papers in the Johns Hopkins Hospital Bulletin.

If for any reason the exact group eannot be determined, the safety of
the blood of the donor for the recipient may be tested for as follows:—

(1) Collect a few drops of the patient’s blood in a glass tube, in the same
way as for a Widal reaction; after coagulation has oceurred and the clot sepa-
rated, the serum is ready for testing.

(2) Collect one or two drops of the patient’s blood in a centrifuge tube con-
taining a few cubic centimeters of 1.5 per cent sodium citrate dissolved in a
0.85-per-cent solution NaCl. Wash the corpuscles thus obtained twice in normal
salt solution by centrifugalizing, and then make an approximately 1-per-cent
suspension of corpuscles in normal salt solution.

(3) Collect in a similar way serum and corpuscles from the prospective donors.

(4) Test the agglutinating action of the serum of the patient against the
corpuseles of each of the prospeetive donors.

(6) Test the serum of each of the donors for its agglutinating action against
the corpuscles of the patient.

In making these agglutination tests one uses the hanging-drop method,
a small drop of the serum being added to an equal quantity of the suspen-
sion of corpuscles; the presence or absence of agglutination is observed
under the microscope at the end of one hour.

In interpreting the results, if the serum of individual A does not agglu-
tinate the corpuscles of individual B, and if B’s serum does not agglutinate
A’s corpuscles, the two individuals belong to the same iso-agglutinin group.
As Moss points out, it,is not necessary to test for isohemolysins, since it
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has been shown that, if isohemolysin be present, it follows the same laws as
those that govern iso-agglutin.

Recently, a simple and expeditious method has been suggested by Dr.
Peyton Rous and J. R. Turne? (see reference).
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D. Methods of Examining the Blood Only
Occasionally, as yet, Resorted to Clinically

A number of methods occasionally resorted to, especially in research
work, may now be very briefly referred to, and references will be given to
original articles, which may be consulted by those who desire to employ
them. It seems wiser to deal with these methods in this way rather than
to burden this volume with full descriptions of them.

1. Determination of the Total Amount of Blood in
the Human Body

Any one of several methods may be employed for clinical determinations:

(a) The method of Morawitz, who calculates it from the volume per cent of
the arm-blood, as determined with the plethysmograph.

(b) The method of Haldane and Smith, with earbon monoxid.

(¢) The method by inhalation of CO of Zuntz and Plesch.

(d) The eolorimetric method of Plesch (1909), in which the blood is diluted
and the relative diminution of the eolor in comparison with that of the undiluted
blood is established with the ¢hromophotometer.

(¢) The application of the optical method of Abderhalden and Schmid (1910),
in which a 25-per-cent solution of dextrin in physiological salt solution is injected
into the blood; the specific rotation of the plasma before and after injeetion
permits of a caleulation of the total amount of blood.

(f) The antitoxin method of von Behring, in which the total amount of blood
is ealeulated from its antitoxin content after intravenous injection of a known
amount of tetanus antitoxin,

(g) Recently (1915) N. M. Keith, L. G. Rowntree and J. T. Geraghty have
devised an ingenious and simple method for the determination of plasma and
blood volume, which yields very accurate results and seems destined to supplant
the older and less elinically applicable methods. The principle underlying this
method is the introduction direetly into the eireulation of a non-toxie, slowly
absorbable dye (vital red), which remains in the plasma long enough for thorough
mixing, and the determination of its concentration in the plasma colorimetrically
by eomparison of a suitable standard mixture of dye and serum.

Probably the most convenient and least harmful methods are (d) Plesch’s
colorimetrie method, (¢) Abderhalden and Schmid’s method, and (g) the method
of Keith, Rowntree and Geraghty.
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2. Volume of the Blood Corpuscles and of the Plasma
(a) Hematocrit Method (Blix-Hedin, Daland, Capps)

The blood is collected in a graduated capillary tube and ecentrifugalized. The
internal diameter of the eapillary tube is 1 mm.; in the calibration it is divided into
50 equal parts. After centrifugalization, one reads off the volume of the formed
elements in the centrifugate. In Deland’s hematoerit, the tube is divided into
100 equal portions, each division of the scale representing roughly 100,000 normal
red corpuseles. To avoid eoagulation, a granule of hirudin is mixed with the
blood droplet; or, the blood may be mixed with an equal volume of 2.5-per-cent
solution of potassium bichromate, or, if preferred, with an 0.92-per-cent isotonie
salt solution; with these dilutions the readings must be eorrespondingly corrected.

To obtain ecomparable results, a centrifugal apparatus with ten thousand re-
volutions per minute is required; and the centrifugalization must be always
carried on for the same length of time, and at the same speed. The volume-
quotient (Capps) has already been described. For the details of the method,
Capp’s article should be consulted.

Emerson uses the hematoerit for separating the corpuscles from the plasma
when lipemia, cholemia, or hemaglobinemia is suspected.

(b) Method of Sedimentation in the Blood-voluminimeter
(Biernacki; Grawitz)

(1) Collect a few e. e. of blood.

(2) Add a little dry sodium oxalate (0.2 per cent), to prevent coagulation.

(3) Allow to stand for 24 to 48 hours in a graduated glass eylinder known
as a blood-voluminimeter (Grawitz). The volume of corpuscles and of plasma
are then read off.

(¢) The Electrical Conductivity Method

Since the R. B. C. diminish the electrical conduetivity of the blood serum in a
constant way, according to their volume; the determination of the electrical con-
ductivity ean be used also for determining the volume of the R. B. C. (Bugarszky
and Tangl).
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(Oppenheimer).

3. The Determination of the Total Solids (Dried Residue)
and of the Water-Content of the Whole Blood of the
Plasma and of the Serum

A small quantity (3 ¢. ¢.) of whole blood, plasma or serum, is exactly weighed,
and dried for several days to constant weight in an exsiccator over H,SO, or
CaCO,, and the residue subsequently weighed.

The best method is probably that of L. ¥. Shackell (1909), which excludes
the possibility of injuring the constituents of the blood. He freezes the blood
in a mixture of ice and salt, then places it in an H SO, -exsiccator, and exhausts the
air with a mercury pump, until the pressure is reduced to a small fraction of a
millimeter. In 4 days, the desiceation will have gone on to constant weight.
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4, The Determination of the Specific Gravity of the
Blood and of the Serum

(@) Method of Hammerschlag

Clinically, Hammerschlag’s method is ecommonly employed.

(1) P.epare a mixture of chloroform (sp. gr. 1,526) and benzol (sp. gr. 0,88)
so that it has a sp. gr. of 1,066,

(2) Allow a drop of blood tu fall into this mixture; if it sinks, the specific
gravity is greater than 1,066; if it floats it is less.

(3) Add chloroform or benzol as required until a mixture having the same
specific gravity as the blood is reached, that is, until the drop of blood “neither
floats nor sinks.” (For the precautions to be used sce the article by Zuntz.)
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(b) Method of Schmaltz

More aceurate results can be obtained by the use of the eapillary pyknometer
of Schmaltz, a small tube with open, flattened ends, containing about 0.2 g.

(1) Clean the tube with aleohol and ether, dry and weigh.

(2) Fill the tube with distilled water (15° C.) and weigh.

(3) Dry the tube again; fill it with blood; wipe ends of tubes; weigh.

The absolute weight of the blood, divided by the weight of the water, gives
the specific gravity of the blood.
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5. Determination of the Actual, and of the Potential
Alkalinity of the Blood

From the standpoint of pure physical ehemistry the blood is neutral, but, on
titration with ordinary indicators, it yields an alkaline reaction. (For explana-
tion see Physical Properties of the Blood).

(a) The Actual Reaction of the Blood (Quantitative Determination
of H- and of OH-Ions)

For exact determination, it is necessary to use the “gas-chain” method of
measurement, as applied by L. Michaelis; instead of his gas electrode, the
electrode of Hasselbach (1910) may be used. As far as I know, the indicator
method of Sirensen has not been much applied to blood; there would be two
main difficulties (absorption of the indicator by colloids and masking of the
indicator color by the color of the blood).

i. Levy, Rowntree and Marriott’s Simple Method for Determining Variations in the
H, 1 den-i 'y tration of the Blood

Principle of the Method.—DBy means of dialysis against 0.8-per-cent
salt solution the proteins and coloring matter of the blood are excluded
from the dialysate, which contains salts and is well adapted to the use of
an indicator, Phenolsulphonephthalein is added to the dialysate, and the
solution so obtained is compared with a series of standard colors of known
hydrogen-ion concentration until the corresponding eolor is found.

Materials Required.—1. Srtaxparp Covrors.—These are prepared as
follows:
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(a) 1/15 mol. acid (or primary) potassium phosphate. 9.078 grams
of the pure recrystallized salt (KH,P0,) are dissolved in freshly-distilled
water and made up to 1 liter,

(b) 1/15 mol. alkaline (or secondary) sodium phosphate. The pure
recrystallized salt (Na,HHPO, . 12 11,0) is exposed to the air, protected
from dust, for from ten days to two weeks. 11.876 grams are then dis-
solved in freshly-distilled water and made up to 1 liter.

If sufficiently pure, the solutions will give a deep rose-red color with
phenolphthalein,

The solutions are mixed in the proportions indicated below, to obtain
the desired plI:!

P b sadianes 6 46.(&'&87.07417 2/7.3(7.4| 7.5/ 7.6/ 7.7/ 7.8/ 8.0] 8.2) 8.4

Primary Potass. Phos.,
BBiissvssavsansans 73| 63| 51| 37| 32| 27| 23( 19]15.8/13.2/11.0| 8.8| 5.6 3.2] 2.0

Secondary Sod. Phos.,

" e 27| 37| 40| 63| 68| 73| 77 818442|80,880.0|01.2|04.4M.SOB0

Three c.c. of each of the mixed solutions thus obtained are placed in
suitable test tubes (100 x 10 m.m., inside measurement). Five drops of
an aqueons 0.01-per-cent solution of phenolsulphonephthalein are added to
each tube. The tops are sealed off. The series of colors representing dif-
ferent concentrations of hydrogen-ions constitute the stardards for com-
parison,

2. Corropion Sacs.—One ounce of celloidin (Anthony’s negative
cotton) is dissolved in 500 c.c. of a mixture of equal quantities of ether and
ethyl aleohol. The solution should stand for at least three or four days,
after which the clear supernatant solution is ready for use. A small test
tube (120 X 9 mm., inside measurement) is filled with this mixture, in-
verted, and half the contents are poured out. The tube is then righted and
the collodion allowed to fill the lower half again. A second time it is in-
verted and rotated on its vertical axis, the collodion being drained off, The
tube is then clamped in the inverted position and allowed to stand for ten
minutes. It is filled five or six times with cold water, a knife-blade is run
around the upper rim, and a few c.c. of water are run down between the sac

1To avoid writing large figures it is ecustomary to use the logarithmic nota
3
i p: Y 3 P ® ¢ 0 ia v, ¢
tion and to express, for example, 10,000,000 N as 10-'N, or, more conveniently, a
suggested by Sirenson, to drop the 10 and minus sign and say pH7. The higher
the exponent, the more alkaline, or, what is saying the same thing, the less aci!
is the solution.
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and the glass of the tube. By gentle pulling the tube is extracted, after
which it is preserved by complete immersion in water,

3. Sarr Sorvrion.—An 0.8-per-cent solution of sodinm chlorid is
employed. This must be free from alkali and from acids other than car-
bonie. It is best kept in a Jena glass flask, protected from acids in the
air by means of a soda lime tube.

Technic of the Method.—The determination may be carried out on
serum, or on whole blood, (oxalated).* The work must be done in a
room free from fumes of acids or ammonia. One to three c.c. of clear
serum or of blood is run, by means of a blunt-pointed pipet, into a dialyzing
sae, which has been washed inside and outside with salt solution, and
which has been tested for leaks by filling with salt solution. The sac is
Jowered into a small test tube (100 X 10 mm., inside measurement), con-
taining 3 c.c. of the salt solution, until the fluid on the outside of the sac
is as high as the fluid on the inside. Tt is allowed to remain five minutes.
The sac is removed and five drops of the indicator are thoroughly mixed
with the dialysate. The tube is then compared with the series of standards
until the corresponding color is found. This indicates the hydrogen-ion
concentration present in the dialysate, and for practical purposes may be
regarded as the hydrogen-ion concentration of the blood or serum on which
the determination has heen carried out.

Results Obtained with the Method.—Oxalated blood from normal per-
sons gives a dialysate with a hydrogen-ion concentration varying from
7.4 to 7.6, while that of serum ranges from 7.6 to 7.8. In a small series
of cases of clini

acidosis in which the test has been carried out, the
serums have varied from 7.55 to 7.05 and the oxalated bloods from 7.3
to 7.05.

(b) The Potential Reaction of the Blood

Aside from the exact methods of physical chemistry, several methods have
been used for determining the alkalinity, or acid-capacity, of the blood. Some
of these deal with unaltered blood, others with laked blood. These methods
measure the sum of the actual ions (see above) and of the potential ions.

Probably the best elue to “acidos can be gained by applying Van Slyke's
method of determining the earbonate content of the serum.

i. Loewy's Method

(1) Colleet 5 e.c. blood in a 50 e.e. flask with graduated neck containing 45
e.c. ammonium-oxalate solution (0.25 per cent) to prevent coagulation. Mix well.

(2) Take 5 e.c. of the mixture and titrate with N tartarie acid against lacmoid
paper as an indicator. The end-reaction is indicated on the lacmoid paper by a
sharp red line in the periphery of a drop of the fluid placed upon it.

*The blood is collected in tubes containing a little dry powdered sodium oxalate
(free from earbonate).
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ii. Salkowsky's Mellloll
By this method a definite of Iphate is added to the blood;
ammonia is set free by the alkali of the blood and determined by Schloumgl
method.

iii. Dare’s Method

This is based upon the principle that ‘he light-extinction of oxyhemoglobin
on spectroscopie examination disappears at the point of exact neutralization of
the blood. Dare’s hemoalkalimeter is a simple instrument and deserves more
attention than it has received. The details of its application are to be found in
Dare’s original article, and also in Ralph Webster's Diagnostic Methods.

iv. Sellard’s Method

(1) To 1 e.e. of blood serum, add 24 parts of absolute ethyl aleohol. Mix well.

(2) Filter into a clean poreelain evaporating dish.

(3) To the filtrate add three drops of a l-per-cent phenolphthalein solution
and evaporate slowly to dryness over a steam-bath.

The results are valued as follows: (1) normal alkalinity—a pink color appears
before evaporation to dryness; (2) slight reduction of alkalinity—a pink eolor
appears just at dryness, but quickly disappears; it will reappear on the addition
of a drop of water; (3) moderate reduction of alkalinity—no pink color appears
even on drying, though if when dry a drop of water be added a pink color is as-
sumed; (4) marked reduction of alkalinity—no pink eolor appears on drying or on
adding a drop of water after drying.
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6. The Determination of the Volume and of the
Tension of the Gases of the Blood

(a) The Volume Per Cent of 0, and CO,
The methods for determining these have been deseribed under hemoglobin
estimations.
(b) The Tension of the Gases in the Blood

For methods of measurement, see Loewy’s article. See, also, reference above
to Van Slyke.
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7. Determination of the Osmotic Pressure (Molecular
Concentration) and of the Electrical Conductivity
(Electrolytic Dissociation) of the Blood

The determination of the osmotie pressure (molecular content) may be made
with Beckmann's apparatus or eryoscopy, by which the lowering of the freezing
point is measured.

Electrical conductivity (ionic content) is determined by the Kohlrausch
method, which makes use of a Wheatstone bridge with telephone, as in researches
in physical chemistry. (For full particulars, consult Hamburger’s “Osmotischer
Druck und Ionenlehre”; also H. P. Jones's Physical Chemistry.)

8. Determination of the Content of Nitrogenous
Substances in the Blood

One determines first the total nitrogen of the whole blood, of the plasma, and
of the serum, and subsequently the so-called rest-nitrogen, or incoagulable nitrogen
after removal of the coagulable protein substances. Separate determinations of
globulins, albumins, ammonia, urea, amino-nitrogen, hippuric acid, total purins,
urie acid, bile pigments and indican are made.

For clinical studies, one can work with small quantities of blood (about 5
e.e. of blood or blood serum) by Abderhalden’s method. A full deseription of
the methods will be found in F. Samuely’s article in the second volume of Handb.
d. biochem. Arbeitsmethoden (Abderhalden), 1910, 357-377.

(a) Total Protein of the Blood
i. Kjeldahl Method

Five e.c. of blood are exaetly weighed and washed into a flask with distilled
water. The total nitrogen is determined by Kjeldahl’s method.

In another specimen of blood the amount of incoagulable nitrogen is deter
mined (see below) and subtracted from the total nitrogen. The difference repr
sents the nitrogen of the total protein.
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ii. Microkjeldahl Method for Small Amounts of Blood or Other Nitrogen-containing

Fluids

In recent years the development of micro-chemical methods has gone ahead
with astonishing rapidity, thanks especially to the researches of Folin in Boston
and of I. Bang and of Pregl in Europe. One of the most convenient of these
micro-chemical methods is the one permitting of the use of a very small amount
of protein-containing fluid for analysis. At my request, Dr. R. R. Snowden has
written out an account of the microkjeldahl method used in the chemical division
of the laboratory of the elinic in which T work. It is as follows:

Preliminary Digestion.—The substance containing the nitrogen is accurately
measured into a 50 e.e. long neck, pear-shaped Kjeldahl flask, an amount being
taken that will contain from two to fifteen milligrams of nitrogen. To this is
added 2 c.c. of concentrated sulphurie acid (C.P.), about 1 gram of potassium
sulphate (C.P.), and a small erystal of copper sulphate. The tip of the flame of

Fig. 811.—Apparatus for Microkjeldahl Test.

a miero-burner is then applied to the flask and the heating eontinued for two
or three minutes after the mixture has become a elear blue. The arrangements
for digestion and carrying off the fumes are illustrated in Figure 311. As will
be seen, the flask is held in a clamp, placed midway on the neck, this clamp
being fastened to an iron stand; by reason of the double joint in the elamp the
flask ean be tipped to any angle. During the digestion it is slanted in such a
way that the neck of the flask opens within the fume absorber. The fumes are
earried back by the air eurrent and the acids are caught by the alkali, which thus
protects the metallic parts of the pump.

When the digestion is complete, the mixture is allowed to cool, the flask is
tipped to the upright position and 20 . e. of distilled water are added. The
ammonia is then collected in a standardized acid solution by means of combined
distillation and aeration, the system being composed of glass tubing (diameter
3 mm.) and rubber corks, and so arranged that the air current first bubbles
through the mixture in the Kjeldahl flask and then through the standard solution
of acid. Fig. 311a shows the disconnected apparatus, rubber stopper “A” being
of a size to fit snugly into the neck of the Kjeldahl flask, and thistle tube “B”
being of sueh a length that the tip (drawn out fine) eomes to within about 1
em. of the bottom of the Kjeldahl flask. The second length of glass tubing, “C,”
begins 1 em. below the stopper and, after emerging from the stopper, bends
sharply downward and passes, after a second bend, through stopper “D,” which
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fits accurately into a Jena glass test tube (thin walled, 20 x 200 mm.). The glass
tubing “C” reached to a point about 1 em. from the bottom of the test tube, be-

Fig. 811a.—Apparatus for Microkjeldahl Test,

./

ing drawn to a fairly fine tip, or
ending in a small bulb through
which are several small openings.
The length of the glass tube, “C,”
should be as short as possible in
order to reduce the error incident
to the absorption of alkali from
the glass during the distillation,
Into the Jena glass test tube

is accurately measured 20 c. e. of 5%
HCI, or 1’_(‘) HCI, depending on the

amount of nitrogen that will be
recovered. Into this tube is then
fitted stopper “D” and the system
is then arranged as in Fig. 311b,
the test tube being almost sub-
merged in ice water. A brisk air
current is then started and into
the thistle tube is poured 8 c. . of
40-per-cent NaOH, neutralizing
the excess of acid and liberating the
ammonia. The flame is then ap-
plied to the Kjeldahl flask until vig-

orous boiling results, the steam being carried over with the air current and econdens-
ing in the acid solution. The ammonia, of course, is carried over with the steam and

is caught by the acid.
Even though some of the
steam should pass through
the acid without conden-
sation, the ammonia will
all be caught. If the boil-
ing is too brisk and the
steam comes over too rap-
idly, this will become evi-
dent by the fact that but
few bubbles will reach the
surface of the acid solu-
tion, the steam condens-
ing at once. At this point
the heat should be re-
duced, lesta positive pres-
sure developed in the
Kjeldahl flask and steam
and ammonia eseape back
through the thistle tube.
The air current reduccs
the tendeney to foam, so
that talenm power or glass
beads are unnecessary.

Fig. 811b.—~Apparatus for Mlcrokjeldahl Test.
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The boiling is earried on until 10-15 . e. have been distilled over. This can
be roughly noted by the rise in the level of the fluid in the test tube. When thus
complete, the air current is slowed and the stopper “A” disconnected. The test
tube is then disconnected and the tip of the glass tube “C” is allowed to drain for
30 seconds against the side of the tube. The contents of the tube are then washed
into a beaker and the excess of acid titrated with sodium hydrate, using cochineal
as an indicator.

Discussion.—When the amount of nitrogen to be recovered lies between one

and five milligrams, 5% HCl is used to cateh the ammonia, 20 ¢. e. being taken.

If it lies between five and twenty milligrams, % HCI is used, taking 20 e. e.

When quantities less than a milligram are being determined, Nesslerization
according to Folin’s method is more accurate. The best results with titration
are obtained when 5-10 mg. of nitrogen are present in the specimen.

This method requires as much time and more watching than the large Kjel-
dahl, the advantages being that smaller quantities of nitrogen can be taken and
no elaborate or expensive apparatus is necessary. It can be easily carried out
in & small laboratory or a physician's office, provided a good suction pump is at
hand. The whole procedure can be completed within half an hour.

The method has been in use in the chemical laboratory of the hospital for
some time and has been carefully checked up. Its error lies between one and
two per cent, which is well within the limits of error present in the collection
of clinical specimens.

iii. Refractometer Method (E. Reiss)

The protein content of the plasma or of the serum can be very satisfactorily
determined by means of Pulfrich’s refractometer. It must be understood that
the refractometric examination is not a specific examination for protein, but is
an estimation of the concentration of ull the substances present in a fluid as
expressed by the refraction of light. To ealculate approximately the protein-
content from this physical value is practicable only for fluids whose protein-
content represents the main mass of all the dissolved substances, and in which
the other dissolved substances are relatively constant in quantity and quality
(E. Reiss). These conditions are fulfilled by blood serum, and less satisfactorily
by exudates and transudates. The ecerebrospinal fluid contains too little protein,
and albuminous urine is too variable in its content of albumin, to permit of satis-
factory refractometric estimations.

Protein has a relatively high refraction index. It is about as great as that
of NaCl and larger than that of the other substances occurring in any quantity
in blood serum. Refractometry requires only a very small amount of serum and
is a very simple procedure, which can be rapidly carried out.

The sample of blood is taken from the patient fasting, in the morning (finger-
tip or ear; no pressure), in a little tube like that used for collecting blood for a
Widal test. It is well to fill two such tubes, 0.5 e.c. in each, so that one ean be
used for a control. The serum is separated from the blood by centrifugalization,
or by longer standing. One or two drops of serum are dropped upon the refrac-
tometer prism, held perpendicularly. Then the accessory prism is set in place,
the “beaker-mantle” applied, its cover closed, and the whole apparatus is placed
in the water-bath. When the drop betwen the prisms has reached the tempera-
ture of the water-bath (17.5° C.), the reading is made. From Reiss's table, the
percentage of protein can be directly calculated from the scale of the refractom-
eter.
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iv. Robertson’s Refractrometric Method for Determination of Total P
Total Albumins, Total Globulins and Total Non-proteins

Blood is collected in centrifuge tubes, permitted to elot, and centrifugalized.
To a portion of e¢lear serum, an equal volume of saturated solution of ammonium
sulphate is added. This precipitates the globulins, the precipitate being removed
by centrifugalization. A little of the supernatant fluid is diluted to one-half, and
read in the refractometer. On eorrecting the reading for ammonium sulphate, the
result gives the total albumin plus the non-proteins. The volume of the non-
protein is determined from the clear fluid remaining after removal of the proteins
from another portion of the serum by means of heat and acetic acid. The total
globulins are obtained by subtracting the reading of the albumins on the refrac-
tometer from that of the whole serum after deducting the value of the non-
proteins.

Tranter and Kowe, working with Robertson, find that in normal persons
the total proteins range between 6.7 and 8.7 per cent; the total albumins lie
between 4.95 and 7.7 per cent; the globulins lie between 1 and 2.54 per cent; and
the non-proteins lie between 0.98 and 1.19 per cent, the refractivity averaging
0.00175.
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(b) The Globulins and Albumins of the Blood

For special purposés, it may be desirable to inform ourselves regarding
(i) the fibrinogen, (ii) the thrombin, (iii) the antithrombin, (iv) the serum
_globulin, and (v) the serum albumin.
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i. Fibrinogen Content of the Blood

For the best methods of determining fibrinogen in the blood, see the
article by G. L. Whipple (Amer. Jour. Physiol., 1914, xxxiii, 50), and
that by E. W. Goodpasture (Amer. Jour. Physiol., 1914, xxxiii, 70).

Quantitative methods of determining fibrinogen have been devised by
Frederitig (fractional heat coagulation) ; by Doyan, Morel and Peju (pre-
cipitation by acetic acid; by Reye (1898) and by Porges and Spiro (salt-
ing out of plasma, treated with fluorid of sodium, with neutral ammonium
sulphate solution) ; by Wolilgemuth (serial coagulation tubes of salt plas-
ma obtained by mixing blood with 20-per-cent magnesium sulphate solu-
tion).

ii. Thrombin and Prothrombin Content of Blood

The best methods are those of W, 1L Iowell (Amer. Jour. Physiol.,
1910, xxvi, 453; Arch. Int. Med., 1914, xiii, 76). For studies on pro-
thrombin (or thrombogen), sce Ilowell’s articles, and also those of Mora-
witz, L. Loeb, Noef, Schmidt, and Wohlgemuth (1910).

iii. Antithrombin Content of Blood

See articles by W. IL Howell, (1910; 1914) and by G. IL. Whipple
(Arch. Int. Med., 1913, xii, 637).

iv. Serum Globulin

This ean be determined by the method of Panzer, who devised it espe-
cially for the study of globulin in the cerebrospinal fluid (See Wien. klin.
Wehnschr., 1899, 805-807.)

v. Serum Albumin

The total protein of the serum, less the serum globulin, gives the con-
tent in serum albumin. The method of separating different colloids by
ultrafiltration (II. Bechold) might well be applied in hematology.
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(¢) Removal of Proteins from the Blood

i Removal of Proteins by Electro-positive Colloid Iron Hydroxid (Rona and
Michaelis)

The method is applicable for serum, or for the whole blood, and is probably
the best method available. It can be used, also, for milk, urine, and other protein-
containing fluids.

(1) Colleet 50 e. e. of blood serum, blood plasma, or whole blood and dilute
with 12 or 14 volumes distilled water; record precisely the total volume of
the fluid.

(2) Without changing the reaction, and without adding any salt of any sort,
add 40 c. c., drop by drop, of liquor ferri oxyd. dial. (proven to be free from
chlorin and from acid), shaking well during the addition. This completely pre-
cipitates the protein.

(3) Filter through a folded paper filter. The filtrate should be as clear as
water, and should be free from both protein and iron. Its volume shpuld be
exactly determined and recorded.

Make the filtrate feebly acid with acetic acid and concentrate in vacuo, or on
the water-bath, to 4-6 ¢. e. This can be done without darkening the eolor of the
fluid, and the concentrate ean be used for polarization experiments if desired.
(For details, see Rona (P.) and Michaelis (L.), Biochem. Ztschr., 1908, vii, 820;
xiii, 121; xiv, 476.)

The special application of this method to small quantities of blood when it is
desibed to determine the quantity of sugar present in the blood is described
further on.

A similar method can be used, also, for the purifying of ferments. It has
been shown, for example, that the protein ean be removed from mixtures con-
taining serum-albumin and invertin, leaving the invertin behind; in this case, the
mixture is acidified and kaolin is used instead of dialyzed iron. (See L.
Michaelis.)
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(d) Total Non-protein Nitrogen

In order to determine the amount of incoagulable nitrogen, or rest-nitrogen,
present in the blood, the coagulable protein must be first removed. Several
methods of removing protein from fluids are in vogue. Among these may be
mentioned (1) precipitation with aleohol; (2) removal by means of kaolin, or
colloidal hydroxid of iron (Rona and Michaelis, 1908—see above); (3) by the
mastix method (Michaelis and Rona); (4) by precipitation with eorrosive subli-
mate (Schenk, 1893).

For ordinary clinieal purposes the following method, used by the assistants
in the Baltimore Clinie, has sufficed:

(a) Add 5 e.e. of the blood to be tested to 75 e.e. of 95-per-cent aleohol
and allow to stand for at least 12 hours.
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(2) Filter, collecting the filtrate directly in a Kjeldahl flask, washing the
precipitate several times with 95-per-cent aleohol.

(3) Drive off the alcohol by heating over a steam-bath.

(4) In the residue determine the nitrogen content by the Kjeldahl method.

(5) Calculate the grams of nitrogen per litre of blood serum.

Many workers now supplement this by a second precipitation of the aleoholie
filtrate with zine chlorid solution.

From now on, I think it better to remove the coagulable proteins by the use
of dialyzed iron.
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(e) Ammonia-content of the Blood

This is now best estimated by the eolorimeter method of Folin and Denis
(Jour. Biol. Chem., 1912, xi) with the aid of Nessler’s solution and the Duboseq
colorimeter.
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(f) The Urea-content of the Blood (Marshall)

By far the best method is that of E. K. Marshall. This depends upon the
prineiple that the urea in the blood can be hydrolyzed by the urease of the
Soja bean into ammonium ecarbonate and the amount of the latter determined
by Folin’s air-current method for ammonia.

The technie is simple:

(1) Two specimens of blood serum of 2 e. e. each are accurately measured
into test tubes.

(2) To one of the tubes is added 1 c. c. of the Soja bean extract. The surface
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of the serum in both tubes is covered with toluol to prevent putrefaction. The
two tubes are placed in the thermostat at 37.6° C. for 2-6 hours. The ammonia-
content of both specimens is then determined by Folin's air-current method, the

ammonia being caught in g) HCL  (See Folin's method for estimating ammonia).

The difference in ammonia-content between the two specimens represents the
amount of ammonia that has resulted from the decomposition of the urea in

the tube containing urease. The number of cubie centimeters of (% HCI neu-

tralized by this ammonia, multiplied by 0.0006 gives the amount of urea in grams
present in the specimen; or, multiplying by 0.00028, we get the amount of urea
nitrogen from either of these volumes. The amount in grams per litre of serum
can be easily caleulated.

The Soja-bean, or Soy-bean, extract can be made by mixing 10.0 grams of
powdered Soja beans with 100 e. e. of water, allowing it to stand, shaking fre-
quently, for one hour. Then 10 e. e. of % HC1 are added and the whole allowed
tostand 15 minutes longer. Filter and preserve under toluol. This solution
keeps for from 5 to 6 days. Instead of this extract, the Soja bean powder (1.0)
can be used. I advise strongly obtaining the active ferment in tablets from
Hynson, Westeott & Co., Charles and Franklin Streets, Baltimore.
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(g) Amino-nitrogen of the Blood

This is best determined by Van Slyke’s method, which makes use of the prin-
ciple that aliphatic amino-groups react with nitrous acid to give off free nitrogen,
both from the acid and from the amino-group, quantitatively. A known amount
of nitrous acid is used, and, after the nitrogen has been evolved, the nitrous acid
remaining undecomposed is absorbed by alkaline permanganate solution. The
pure nitrogen is then measured and the amino-nitrogen value caleulated from
Van Slyke’s tables.

The method is applied to blood in the following way:

(1) Mix 30-50 e. e. of blood with 9-10 times its volume of 95-per-cent aleohol,
and record the volume of the mixture. Shake thoroughly, and allow to stand
for 24 hours.

(2) Filter through a dry folded filter into a graduate, without washing the
precipitate. Note the volume of the filtrate and work it up as an aliquot part of
the blood-and-alcohol mixture.

(3) Concentrate in vacuo, or on the water-bath, to 3-5 ¢. e.

(4) Decompose the amino acids by Van Slyke’s method. The decomposition
of the amino acids is completed in 5 minutes at 15-20 degrees, in 4 minutes at
20 degrees, in 3} minutes at 20-25 degrees, and in 2-3 minutes above 25 degrees.

(5) The gas is purified and measured in Van Slyke’s apparatus. A correc-
tion can be made for urea. For full details, consult the original paper.
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(h) Amino Acids of the Blood

The work of isolating the individual acids of the blood has only just been
begun. It is necessary, as yet, to convert them into difficultly-soluble derivatives,
especially into B-naphthalin-sulpho derivatives, and the like (Fischer-Bergell).

It is to be hoped that, in experimental work on animals, the “artificial-kidney
method,” recently devised by J. J. Abel, may soon give us much new information
concerning the content of the blood in the various individual amino-acids.
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acid, a=nitrogen. J. Biol. Chem., Baltimore, 1915, xx, 217-230.

mino-acid content of the blood.

Van Slyke (D. D.). Correction. Analysis of proteins by determination of the chemical
groups characteristic of the different amino-acids. J. Biol. Chem., Balti-
more, 1915, xriii, 411.

(i) Hippuric Acid of the Blood

(1) Remove the protein of the blood by the method of Rona and Michaelis.
2) A]uplv the method of Wichowski (deseribed in Hofmeister's Beitriige,
1905, vii, 265) or the methods described in Kingsbury's article.
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(j) Purin Bodies of the Blood
i. Determination of the Total Purins

The method of K. Wiener permits of the determination of the free and com-
bined purin bodies of the blood. For other methods see references.
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ii. Defermination of the Uric Acid of the Blood

Several methods have been recommended, but they may all be discarded in
favor of the new method of Folin and Denis (Jour. Biol. Chem., 1913, xiii, 469).
This is a colorimetric method with the use of a phospho-tungstate reagent.

(1) Collect 15-25 c.c. blood; mix with 0.1 gram powdered potassium oxalate,
and pour the mixture into five times its weight of a boiling %0 acetic-acid
solution and filter.

(2) To the filtrate add 5 c.c. of 50-per-cent acetic acid, and concentrate the
solution,

(3) To the concentrate, add five drops of 3-per-cent solution of silver lactate,
two drops of magnesia mixture, and 10-15 drops of concentrated ammonia, and
centrifugalize.

(4) Pour off the supernatant fluid, and to the residue add five drops of
hydrogen sulphid water and one drop concentrated HCI; drive off the excess of
H,S by heating the centrifugalizing tube in boiling water.

(5) Centrifugalize again, and transfer the supernatant fluid to a graduated
flask, and add to it 2 c.c. of the urie acid reagent (obtained by boiling 100.0
sodium tungstate with 80 c.c. of 85-per-cent phosphorie acid and 750 ec.c. water,
and bringing the mixture up to exactly one litre), and 10-20 c.c. saturated soda
solution; then add water to make 25, 50 or 100 c.c.

(6) Compare the color, in a eolorimeter, with that of a standard solution made
by adding 0.001 grams of pure uric acid, 2 c.c. of urie acid reagent, and 20 c.c. of
soda solution. One can use either the Duboseq colorimeter, or Autenrieth and
Funk’s colorimeter.

For the latter, a special wedge-tube has been prepared containing a permanent
blue solution. In ecalibrating the wedge-tube, uric acid (0.01 per cent) is dis-
solved in 0.1-per-cent lithium carbonate solution; 1, 2, 3, . . . 10 e.e. of this urie
acid solution is placed in a 50 c.c. graduate and to it are added 2 e.c. of the
‘“uric acid reagent,” 5 c.c. of saturated sodium earbonate solution; then water is
added to the mark 50. After being shaken well, the mixture is allowed to stand
for 15 minutes at the room temperature. Then the clear portion of the blve fluid
is poured into the trog of the colorimeter, and one determines, in the ordinary
way, by dislocation of the comparison wedge, the scale marks on the colorimeter
at which the two solutions in the trog and in the wedge show the same tint. It is
found that the amounts of uric acid given below correspond to the scale marks
placed beneath them:

Milligrams urie acid ......... 01 02 03 04 05 06 07 08
Color equivalent on the scale.. 90 80 70 59 50 40 29 19

With the help of this color-wedge, ainounts of 0.1-0.8 mg. of urie acid can be
determined. The readings are most accurate between the scale marks 80-30, that
is for a uric-acid content of 0.2-0.7 mg.

For full directions for the determination of urie acid by means of this wedge
in the Autenrieth-Kionigsherger colorimeter, see the article by Autenrieth and
Funk (Miinch. med. Wehnsehr,, 1914, Ixi, 457). The method is applicable to
the determination of uric acid in the blood, or in the urine.

The method of Folin and Denis is not yet wholly satisfactory but its originators
are trying to improve it so that later we may have a still more reliable method.
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(k) Bile-pigments of the Blood

These are best determined by Hammarsten’s method. (See his textbook.)

(I) Indoxyl, Indol and Skatol of the Blood

These are best determined by the method of Hervieux (Compt. rend. Soec. de
biol., Paris, 1904, lvi, 622).

9. Studies of the Ferments and Antiferments in
the Blood

During the last few years there has been an astonishing activity among workers
who are interested in the investigation of the ferments and the antiferments in the
blood. The technic of ferment investigation has grown with rapidity. The main
facts are easily accessible in the monograph of Oppenheimer, and in that of
‘Wohlgemuth, the references to which are given below.
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(a) Ferments in the Blood Affecting Proteins

i. The Coagulative Ferments

Thrombin and Prothrombin.—These are best determined by the method of
Howell (Amer. Jour. Physiol.,, 1910, xxvi, 453; Arch. Int. Med., Chicago, 1914,
xiii, 76. See also Whipple, Arch. Int. Med., Chicago, 1913, xii, 637).

Fibrinolytic Ferment.—Goodpasture’s work on this ferment is referred to
under “Hemorrhagie Diseases.”

Lab-ferment.—(See Morgenroth, Centralbl. f. Bact., 1899, xxvi, 349.)

Precipitins.—(See Section on Infectious Diseases.)

ii. The Hydrolytic Ferments

Leukoprotease.—For determining the presence of this ferment, we use the
method of Miiller and Joechmann.

(1) On a Loffler serum plate, with smooth surface, place a drop of an emulsion
of polymorphonuclear leukocytes, and, in order to avoid bacterial growth, place
it in a thermostat at 50°-55° C.

(2) After a few hours, examine the surface of the plate; if proteolysis has
occurred, it will be obvious as a little hollowed-out area, or dimple, at the site
of the drop.

A drop of blood will react positively, if there be a large number of poly-
nuclear leukocytes, or of myeloeytes, in the blood (as in myelogenous leukemia);
a drop of normal blood, or a drop of blood from a lymphatie leukemia, does not
cause proteolysis,
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(b) Ferments in the Blood Affecting Purins
i. Nucleases

These split nucleinie acid into Levene’s nucleotides and nucleosides, three
ferments corresponding to the three stages. It is believed that nuclease and
nucleotidase are secreted by the intestine, and that nucleosidase is found only
within the cells.

To test for these ferments, a solution of alpha-thymo-nucleinate of sodium
is used (see articles by ¥. Sachs, Ztschr. f. physiol. Chem., 1905, lvi, 337; by W.
Jones, and by Levene). For references, See Part XIII

ii. Desamidases
These include guanase, which transforms guainin into xanthin, and adenase,
which transforms adenin into hypoxanthin, (See Walter Jones, “Nueleie Acids,
Their Chemical Properties and Physiological Conduet,” New York, 1914, 1-118.)

iii. Purin Oxidases
These include (1) xanthin oxidase, which transforms hypoxanthin into xanthin
and xanthin into urie acid, and (2) wricoridase, or so-called uricolytic ferment,
which oxidizes urie acid. The latter ferment exists in many aminals but not in
man.
The application of the study of these ferments to hematology has only just

begun. We mention these studies since it is likely that, in the near future, they
may loom larger than at present.

(¢) Ferments in the Blood Affecting Carbohydrates
i. Diastase
Make a starch-paste plate (10 per cent), and place on it a droplet of an

emulsion of leukoeytes, or of blood rich in white cells.

If diastase be present,
amylolysis occurs, with formation of a dimple.

ii. Glycolytic Ferment

This ferment decomposes dextrose. It is very sensitive to acids and to alkalis.

It can be demonstrated in blood by the method of P. Rona and Doeblin (Biochem.
Ztsehr., 1911, xxxii, 489).
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(d) Ferments in the Blood Affecting Fats
i. Lipase
Wax Method.— (1) Make a plate of yellow wax (melting-point 63-64 degrees).

(2) Place upon the plate a drop of blood, or of serum. If lipase be present,
lipolysis will become obvious, through formation of a dimple (Bergell).

Monobutyrin Method (Kastle; Hanriot).

(1) Make a 1-per-cent solution of monobutyrin (ethyl butyrate) in water,
shake vigorously, neutralize with dilute soda solution and filter.

(2) To 10.0 e.c. of the filtrate, add 3-4 c.c. of blood serum in each of two
flasks, and keep for 24 hours in the thermostet. At the same time, make two
control tests with boiled serum.

(3) Remove from the thermostat and to each hask add 50 c.e. of 90 per cent
aleohol, 5 c.e. ether, and a few drops of phenolphthe lein; titrate with l% NaOH
until the first rose color appears. Average the results obtained from the two
flasks, in each instance. Subtract the results obtained in the control flasks from
the results obtained with the non-heated serum; this will give the amount of
fat cleavage.
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(e) Ferments in the Blood Affecting Tyrosin, Phenol, Guaiac and
Hydrogen Peroxid
i. Tyrosinase
This ferment has been found in man in melanotie tumors. It converts tyrosin
into melanin and it converts adrenalin into a dark brown pigment. Its occurrence
in the blood has not yet been demonstrated, but studies on the blood would seem

worth while, in special cases. (For the methods of demonstrating it, see Brugsch
and Schittenhelm, “Technik der Speziellen Untersuchungsmethoden,” 1914, ii, 846.)

ii. Phenolase

This ferment oxidizes aromatic amines and phenols, giving rise to colored
substances. It has been studied in the blood, and in the blood-building organs,
by Winkler and by W. H. Schultze, who have made use of the so-called indo-
phenyl-blue synthesis of Roehmann-Spitzer.

(1) Fix the blood smear, or the smear from the bone-marrow, in formol
alcohol, and then immerse it for several minutes in each of the following solu-
tions, suecessively:

(2) One-per-cent alkaline solution of alpha-naphthol (prepared by heating
one part of a-naphthol in 100 parts water, adding drop by drop 1 c.c. KOH).
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(3) One-per-cent aqueous solution of dimethyl-p-phenlylendiamin (Merck),
which should be filtered before use.

(4) Transfer to distilled water. The specimen can then be examined directly
under the microscope.

Polymorphonuclear leukoeytes and myeloeytes show a beautiful blue color in
the protoplasm (granules), while the nuclei remain uncolored. The stain is
durable for a half to one hour and can be kept in dry preparations still longer.
Lymphoeytes and certain young forms of myeloblasts do not yield the reaction.
Large mononuclear and transitionals yield a positive reaction. None of the other
cells of the body except the cells of the lacrymal and salivary glands yields the
synthesis.

A modification of the method known as modification B, consists in mixing
equal parts of a 2-per-cent solution f-naphtholnatrium (Merck’s mikrozidin) and
a l-per-cent solution hydrochlorate of dimethyl-p-phenylendiamin. Filter. The
granules stain green; in tap-water, the color changes to deep violet-black.

iii. Peroxidases

These ferments are eapable of transferring oxygen, but only in the presence
of hydrogen peroxid. We test for them by bringing the ferment-solution, in the
presence of H,0,, in contact with some body that is easy to oxidize, such as
guaiac, benzidin or lenkomalachite green.

To apply this method to blood (Brandenburg), one dissolves a few drops of
blood in 2-4 e. e. distilled water (to destroy the R. B. C.), and then pours can-
tiously upon it a layer of fresh 5-per-cent alcoholic tineture of guaiae, which
contains some peroxid. If peroxydase be present, a deep blue ring will appear at
the point of contact of the two fluids, the color soon changing to a dirty gray.

When the reaction is positive it is due to peroxydases arising from poly-
morphonuelear leukoeytes, or myelocytes. It does not oceur unless as many as
20,000 white cells per cubie millimeter are present. Lymphoeytes do not contain
this ferment.

For quantitative determinations of peroxydases see Kastle and Schedd (Amer.
Chem. Jour., 1902, xxvi, 526), von Fuerth and Czylhartz (Hofmann’s Beitriige,
1907, x, 358), and Kastle and Amoos (Bull. xxxi, Hygienie Laboratory, United
States Publie Health and Marine Hospital Serviee, 1906).

Smears of blood ean be stained as follows (Kreibisch): Stain with solution
(1- or 2-per-cent in distilled water) of benzidin-mono-sulphate of soda (obtainable
from Adler of Karlsbad), to which is added a drop of a very dilute solution of
H,0, (2 drops of a 30-per-cent solution to 10 e¢. ¢. water). Counterstain, if
desired, with Jenner’s stain.

The reaction is positive in P. M. N,, P. M. E,, P. M. B,, L. M., and T.; in M.
and Mb.; but it is always negative in S. M. and Lb.

iv. Catalase

This ferment decomposes hydrogen peroxid into molecular oxygen and water.
Its presence ean be demonstrated by the method used in my wards by Winternitz,
Henry and MePhedran:

(1) Colleet 0.025 ¢. ¢ of blood from the lobule of the ear with an especially
graduated pipet.

(2) Dilute immediately with 10 ¢. ¢. distilled water, i. e, a dilution of one
part of blood to 400 parts of water.
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(3) In each of two salt-mouth bottles (100 e. e.), place 5 e. e. of the diluted
blood, using one bottle for the test and the other as a control.

(4) In one of the bottles, place a small vial eontaining 5 c.e. of commercial
hydrogen peroxid (3 per cent), made neutral. Connect the bottle with a gas
burette to collect the gas formed by the action of the catalase upon the hydrogen
peroxid. Agitate for one minute, and make readings every 15 seconds.

In normal cases, there is a liberation of 14 to 17 e. e. of oxygen in 15 seconds.
The amount liberated is constant, for each person, over long periods. In patho-
logical states, there are variations in the total amount, or in the daily amounts.
For the diagnostic value of this test, see the Introduction.
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(f) Ferments in the Blood Affecting the Blood Corpuscles

These include the iso-agglutinins and the isohemolysins that aet upon the
red corpuseles. The isohemolysins follow the same rules as the iso-agglutinins,
so that we test only for the latter. (See above; Moss's Method for Testing for
Iso-agglutinins.)

(g) Ferments in the Blood Affecting Cells, and Products of Cells,
Foreign to the Blood

i. Bacterio-agglutinins; Bacteriolysins; Opsonins

These are probably of the character of ferments, though only the complement
of the bacteriolysin is a ferment, since its amboceeptor is thermostable. These
ferments are deseribed in the section on Infectious Diseases.

ii. Abderhalden’s Defensive Ferments

These include the ferments against placental protein, against earcinoma pro-
tein, thyroprotein, ete. The method for testing for them has been deseribed above
under Abderhalden’s Reaction (Dialysis Procedure; and Optie Method).

Reference
Karsner (H. T.), Amiral (H. H.) & Bock (A. V.). A stwdy of the influence of splenectomy

and of certain organs and organ extracts on the hemopsonins of the blood
serum. J. Med. Research, Boston, 1914, xrx, 383-391.

(h) Antiferments in the Blood

i.  Antithrombin

The blood may contain an excess or a deficit of antithrombin (Whipple).
When antithrombin is in excess, grave hemorrhagie symptoms may develop (see
articles by Howell, and by Whipple, referred to under Thrombin and Fibrinogen).

ii. Antitrypsin
Determination of the Antitrypsin Titer by the Method of Miiller-Joch-

mann,—The blood serum to be tested is mixed in definite proportions with a
solution of trypsin. A small drop of this mixture is placed upon a Lifiler serum
plate and allowed to act at 55-60 degrees. The formation of a dimple dn the plate
shows that tryptie digestion has occurred.

We next determine by mixing a definite amount of trypsin with increasing
or diminishing amounts of blood serum, how much serum must be added in order
just to inhibit the trypsin effect. Of course one must know the trypsin titer for
normal serum.

Method of 0. Gross.—As is well known, easein in alkaline solution is pre-
cipitated by acetie acid, while the digestive produets of easein (eascoses) are not.
In ease all easein is digested, the addition of acetic acid no longer eauses turbidity.
One determines, simply, in what proportions tryj in and serum must be mixed
in order that the trypsin effect upon easein is just inhibited. The titer for the
serum under examination is compared with the titer of normal serum.
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For the use of the antitrypsin reaction and the diagnosis of earcinoma, see
Introduction.
iii. Anti-fibrinolytic Ferment

The oceurrence of this antiferment in normal blood has been demonstrated.
(See reference to Goodpasture’s work, under Hemorrhagie Diseases.)
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10. Determination of the Carbohydrates and Acetone
Bodies in the Blood

(a) Glycogen in the Blood

There is always a little glycogen in the white corpuscles; but, in order that it
may be easily demonstrated, it must be present in pathological amounts. Such
larger amounts occur especially in suppurations, when the glycogen can be demon-
strated in the leukoeytes and platelets by means of iodin.

The Iodin Reaction.—(1) Make a blood smear and dry it in the air in the
ordinary way.

(2) Tmbed it in a drop of the following mixture: Pure iodin 1.0, potassium
iodid 3.0, distilled water 100.0, gum arabic q.s., to syrupy consistence.

In the leukoeytes, and in the blood platelets, if glycogen be present, a diffuse
brown discoloration appears, or brown granules become visible (iodophilia).

(b) Dextrose in the Blood (Glucose)

On account of the growing importance of studies on hyperglycemia, exact
methods of estimating the sugar in the blood have become of importance elinieally.
Since the amount of dextrose present is always small, and since only small amounts
of blood are usually available for examination, it has been necessary to devise
especial methods for these exact determinations. The four best methods at present
are: (1) the colorimetric method as modified by Forschbach and Severin; (2) the
titration method of Bertrand as modified by Moeckel and Frank; (3) the rapid
clinieal test recently devised by Gitlow and Harowitz (1914); and (4) the method
of Lewis and Benediet.

i. Colorimetric Method (Forschbach and Severin)

(1) With a pipet, place 5 e. e. of defibrinated blood in an especial Erlenmeyer
flask, provided with a glass stopper, and which has been exaetly weighed before-
hand; determine the weight of the blood added.

(2) Remove the protein (method of Rona and Michaelis), by adding 35 e. e.
of dialyzed iron (liquor ferri oxydati dialysati, Merck) and 10 e e. of a cold
saturated solution of sodium sulphate. This brings the volume of the fluid to
exactly 50 e. e. Shake immediately, but for only a short time, and filter through
a Nutsche.
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After 10 or 20 minutes there will be obtained 30-35 e. e. of a colorless filtrate,
free from protein and from iron.

(3) According to the content of the blood in sugar, place from 5-30 ¢. ¢. of
this filtrate in an Erlenmeyer flask containing 5 grams potassium earbonate (C. P.)
and 4 grams potassium sulphocyanate (C. P.), dilute with water to 35 ec.c., and
then add 100 e.c. of Bang's copper solution (160 g. KHCO,, 100 g. K,CO,, 66 g.
KCl, and 100 e. e. 4.4 per cent CuSO,, 5 H,0, in one liter of water), and boil
for 3 minutes.

(4) Cool immediately, and wash the fluid out into a 50 e.c. graduated flask,
quantitatively, by means of a 10-per-cent caleium-carbonate ealcium-sulphoeyanate
solution, filling up exactly to the 50 c.c. mark. Compare the eolor with a freshly
prepared test-solution, without addition of sugar, in Plesch’s ehromo-photometer,
or in the wedge-tube apparatus designed for hemoglobin estimations of Auten-
rieth and Konigsberger, and caleulate the result from the accompanying table.

Thickness Dextrose content of the Thickness Dextrose content of the

of layer |Reduced Solution in Milligrams|| of layer | Reduced Solution in Milligrams
of test of test

Solution Solution e

B 10 c.c. 5 c.c. 2 c.c. - 10 c.c. 5 c.c. 2 c.c.
Millimeters| Bang sol. Bang sol.| Bang sol. Millimeters| Bang sol.| Bang sol.| Bang sol.

7 69

4 75

1 81

(] 88
86

0.25 0.125 0.050 15.2 3. 1.550 0.622
0.50 0.250 0.100 15.1 3. 1.585 0.634
1.00 0.500 0.200 15.0 3.4 1.610 0.644
1.06 0.530 0.212 14.9 3.28 1.640 0.656
1.12 0.560 0.224 14.8 3.1 1.665 0666
1 0.585 0.234 14.7 3.3 1.695 0.678
1.2 0.615 0.246 14.6 3.4 1.720 0688
.2 0.645 0.258 14.5 3.4 1.725 0.690
1.4 0.6 7l 14.4 3.1 1.750 0.700
| 0 14.3 3.5¢ 1.775 0

8 0. 14.2 3.6 1.800 0.7:
1.5: 0. 14.1 3. 1.825 0

19 0 14.0 3 1.850 0.74
1.64 0 13.9 3.7 1.875 0

1. 0. 13.8 3.8 1.905 0
1.7 0. 13.7 3 1.935 0

| 8% 0.¢ 13.6 3.94 1.970 0

¥ 0 13.5 4. 2.000 0
1.9: 0.9 13.4 4. 2.030 0.

2. 1 13.3 1 2.0565 0.8:
2. 1.0: 13.2 4.17 2.085 0.8
2. ) 13.1 4.22 2 0

2. 1.08 13.0 4.28 2 0.8
2.2 1 12.9 4.33 2 0.5
2. | N 12.8 4.39 2 0
2.33 1 3 12.7 4.4 2 0
2.39 1.1¢ 12.6 4.50 2 0.¢
2.4 ) B 12.5 4.56 2 0.¢
2.50 3 12.4 4.63 2.8 0.9
2.5 1.2 12.3 4. 2 0.9
2.6 1.3 12.1 4. 2. 0.9
2.7 1.3 12.1 4. . 0.4
2.7 1.3¢ 12.0 4. 0.4
2. 1.43 11.9 4.9 0.4
2.93 1. 11 5.

3. 1. » s
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88
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The whole procedure ean be carried through in 20 to 30 minutes. If one use
only 2.5-3.0 c.c. of blood, one uses 5 c.c. of Bang’s solution; if 1-1.5 c.c. of blood
are used, only 2 c.c. of Bang’s solution are required; of course, in the end-caleu-
lations, the results are correspondingly reduced.

ii. Method of Moeckel and Frank

These authors remove the protein with dialyzed iron, and then determine the
sugar by Bertrand’s method. The results are very aceurate even with small amounts
of blood. (See Ztschr. f. physiol. Chem., Ixv and Ixix.)

The sugar-content of the plasma lies between 0.07 and 0.11 per cent, that of
the whole blood usually between 0.065 and 0.095 per eent. Since there are often
differences between the content of the total blood and that of the plasma in sugar,
it is, in general, preferable to make a sugar estimation on the plasma, rather
than on the whole blood, since it is the plasma that is predominantly concerned
in carbohydrate metabolism.

iii. Method of Lewis and Benedict

This is the method the use of which T advise. These authors dilute
2 ¢ e of blood with 8 ¢, c. of water and 15 ¢. c. of concentrated picric
acid solution, The proteins of the blood become precipitated and are
filtered out. To 8 ¢. e. of the filtrate are added 2 e. e. of concentrated
picric-acid solution and 1 e. ¢, of 10-per-cent sodium-carhonate solution;
the mixture is evaporated over a free flame in a Jena test tube to small
volume, or until a precipitate forms. A little water is now added and
the solution brought to the boiling point; the fluid is then transferred to
a 10 ¢. e. measuring flask, water added to make up the volume, and the
solution filtered and compared in a Duboseq colorimeter with a standard
picramic-acid solution that is so prepared as to correspond in color to
that produced by 0.64 mg. of dextrose under the conditions above de-

seribed.

R. G. Pearce shortens the time required in using this method by heating the
tubes in an autoclave under a pressure of 2.5 kg. per sq. em. for 15 to 30 minute
periods. A large number of specimens may be tested at one time. As his pro-
cedure does not entail any evaporation, he found it convenient to use 6 ¢. e. of the
filtrate in place of 8 e. e. After the autoclaving, he brings the solutions up to
10 e. e. in a measuring flask and compares them with the standard. These solu-
tions show 75 per cent of the sugar contained in the tubes made up with 8 e. e
of the blood-filtrate. He finds that the standard solution of pieramie acid used by
Benedicet and Lewis may be diluted one fourth, and the readings may then be made
direct.

For a method of rapidly determining the value of the solution in terms of
sugar, Pearce makes use of curves plotted on millimeter paper, which are very
convenient (see his article).

According to Lewis and Benedict, the blood-sugar content of healthy persons
varies between 0.09 and 0.11 per cent (average = 0.1 per cent).
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(¢) Acetone in the Blood
i. Method of Embden and Kalberlah

(1) Dilute 100 e.c. of blood with 4-5 times its volume of 1-2 per cent solution
of primary potassium phosphate,

(2) Distill off from the mixture (cooling well) about 100 c.c.

(3) Acidulate the distillate with 11,50, and again subject to distillation,
allowing } or } to distill over.

(4) In the latter distillate, determine the acetone according to the method of
Messinger-Huppert (conversion of the acetone in alkaline solution by iodin and
iodid of potassium into iodoform, titrating back the excess of iodin with thio-
sulphate.
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(d) B-oxybutyric Acid in the Blood

This is best determined by Geelmuyden’s method.  (See Ztschr. f. physiol.
Chem., 1908-9, lviii, 2566.) This acid is, of course, a fatty acid but is considered
bere beeause of its relation to acetone.
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11. Determination of the Fats and Fatty Acids
in the Blood

In outspoken lipemia, the presence of fat can be recognized by the naked eye
examination of the serum, or, in smaller amounts, on microseopie examination,
or on centrifugalization in a hematocrit. If one colleet the blood in capillary
tubes and leave them lying in a horizontal position, the fat collects in the upper-
most layer and can be extracted by ether.

For exact studies of the fat in the blood, blood plasma, or blood serum, we
resort to aleoholic extraction with subsequent saponification of the aleoholie
extract by the method of Kumagawa-Suto (Biochem. Ztschr., 1908, viii, 218).

(a) Study of Fats by Method of Kumagawa-Suto

(1) Colleet 10-30 ¢.c. of blood and mix with 3-5 times its volume of absolute
aleohol. Allow this to stand over night, filter through a Nutsche, and wash
repeatedly. Extract the residue in a hot extractor with absolute aleohol 3-5 hours
over the flame. Add this alecoholic extract to the aleoholie filtrate already obtained.

(2) To the total alcohol extract, add 7-8 c.c. saturated NaOH (sp. gr. 1.5)
and saponify on the water-bath for a half to one hour.




FATS OF THE BLOOD 17

(3) After evaporation of the aleohol, dissolve the residue in a little warm
water, place in a separating funnel, and shake thoroughly with hydrochlorie
acid; then proceed by Kumagawa-Suto’s method (ether and petroleum-ether
extraction). After this the cholesterin is separated from the neutral fats. (See
original article.)

(b) Study of Fats after Extraction

When the fats have been separated, their exact study requires:

(1) The determination of the melting-point.

(2) The determination of the acid number (number of milligrams of KOH
necessary to neutralize the fatty acids contained in one gram of fat).

(3) The determination of the saponifieation number (number of milligrams
of KOH uniting with the fatty acids arising on the saponification of one gram
of fat).

(4) The iodin number (the percentage of iodin bound by a given amount of
fat). This is a measure of the content in unsaturated fatty acids.

(5) The Reichert-Meissel number (amount of volatile fatty acids contained
in five grams fat).

(6) Acetyl number (number of oxy-fatty acids, aleohols, and other con-
stituents containing OH groups).

For the technie of these various procedures, the handbooks of organie and
industrial chemistry may be consulted.

The determination of the iodin number has been used by Eppinger, King and
Medak for the determination of the unsaturated fatty aeids in the blood in
anemias, before and after splenectomy. (See Eppinger, Berl. klin. Wehnsehr,,
1913, i, 1509; 1572.)

(¢) Lactic Acid in the Blood

This is best determined by the method of Peritz and Glikin, (See Ztsehr, f.
exp. Pathol. u. Therap., 1910, viii, 255.)

(d) Cholesterin in the Blood

This ean be determined by the method of Kumagawa-Suto already mentioned,
or more simply by the colorimetric method of Autenrieth and Funk. (See Miinch.
med. Wehnsehr,, 1013, 1243.)

Cholesterin is really a secondary aleohol, but it is usually studied with the fats,
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12. Determination of the Inorganic Constituents
of the Blood

(a) Total Ash of the Blood

For this purpose, the methods deseribed by H. Aron in the article “Aschen-
analyse,” in the Handbuch der biochemischen Arbeitsmethoden (Abderhalden),
1909, i, 372-428, should be followed.

(b) Calcium and Magnesium of the Blood

MeCallum has demonstrated a diminution of the lime salts in the blood in

tetany. (Jour. Exp. Med,, xi, 118,) The importance of an adequate caleium
content for proper coagulation has long been known. For methods, see Aron’s
article.

(¢) Potassium and Sodium of the Blood
See Aron’s article. Also, Federer, Ztschr. f. physiol. Chem., 1914, Ixxxix, 232,
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(d) Chlorids of the Blood
i. von Hoesslin’s Method

(1) Dilute 5 e.c. of serum with distilled water.
(2) Add a little HNO, and filter.
(3) Titrate by Volhard’s method with ammonium sulpho-cyanid (sce Urine).

ii. Rojee and Fritsch’s Method

(1) Weigh exaetly, about 10 e.e. blood in a 250 c.c. flask, and dilute with
150 e.c. distilled water.

(2) Add 50 ee. (exactly) liquor ferri oxydati dialy
of a 20-per-cent solution MgSO,. Add water to exactly 250 c.e., and shake vio-
lently for several seconds. Allow to stand a few minutes and filter, through a
folded paper-filter, into a dry flask.

(3) In exactly 100 e.c. of the water-colored filtrate, determine the chlorids,

i (Merck), and 5 ec.e.

N & 3 3 .
by Mohr's method, with i silver nitrate solution, using neutral potassium

chromate as indicator.
(4) Make a “blind experiment,” without blood, and subtract the number of
e.c. of silver solution used from the amount used in the actual experiment.

iii. Micro-estimation of NaCl

By the method of Bang (Biochem. Ztsehr., 1913, xlix ), the amount of
NaCl in as little as 100 milligrams of blood can be determined,

(iv) Chloridometry in Small Amounts of Blood According to McLean and Van Slyke

Principle.—The protein is removed, and the chlorides are titrated in
the protein-free filtrate with a silver-nitrate solution, the excess of silver
being titrated back, using a delicate indicator, with a solution of potassium
iodide.

Removal of the Proteins.—This is best done by coagulation. Two
cubie centimeters of the fluid to be tested (oxalated blood ]||u~|||;|; nurine
exudate) are drawn into a 2 e, pipet that has been ealibrated to con-

tain 2 4 or — 0.005 e.c.  From the pipet, the fluid is transferred quanti
tatively to a 20 e.c. stoppered volumetric flask, which contains 10 c.e. of a
10-per-cent solution of magnesinm sulphate. The pipet is rinsed twice
by drawing up into it the solution from the flask. Two drops of acetic acid
(50 per cent) are added, and distilled water to the 20 c.e. mark. The
flnids are mixed by inversion of the stoppered flask, and heated in a steam
bath to 100° for 10 minutes. Evaporation is prevented by keeping the
stopper loosely in place, and on cooling the contents return to their original
volume. The proteins are coagnlated and the chlorids distributed evenly
between the fluid and the precipitated albumin,

After cooling, the contents of the flask are poured on about 0.3 gms.




—_—

174 DIAGNOSIS OF DISEASES OF THE BLOOD

blood charcoal (Merck’s “Blood Charcoal, Reagent,” purified by acid and
free from chloride is essential) in a small beaker and mixed. A few
minutes later, the liquid is filtered through a dry folded filter, and a water-
clear filtrate obtained. Should a little charcoal pass through at first, the
carly part of the filtrate should be poured back into the same filter, when
it will pass through again colorless,

Titration of the Protein-free Filtrate.—The chlorides are now pre-
cipitated with AgNOj in the presence of 1INO,, the AgCl removed by
filtration, and the excess silver titrated back with KI with nitrous acid
and starch as indicator (end:point blue).

SovuTions:
1. The Silver-nitrate solution. This is an acid M/29.25 solution of
silver nitrate, 1 c.c. of which is equivalent to 2 mg. of NaClL

BABMEN e 10053 A UK a R o BRI 5.812 gm.
HNO,; (Sp. Gr. 1. 250 c.ce.

T A AT R e A R, 1,000 c.c.

IT. The potassium-iodide solution. This is a solution of M/58.6
potassium iodide, 1 c.c. of which is equivalent to 1 mg. of NaCl

L B 3.0 gm,
L e P R S 1,000 e.c.

The solution is standardized against the silver solution by adding 5 c.c.
of the latter to 5 c.c of solution 111 (see below) and titrating with the
iodide solution to the blue end-point. The iodide solution is then diluted
so that 10 e.c are exactly equivalent to 5 e.c of the silver solution.

111. The sodium citrate, sodium nitrate and starch solution.
Sodinm citrate (Nay,CgHyO.+54H,0). ... 446.0 gm.

ol BN . .00 iei il isharnitaties 20.0 gm.
BOABED WO '« o v sn 0 uininiue s e b mienn 2.5 gm.
SV OO e & s 370 501 Akl & SRS N 1,000.0 c.c.

The starch is dissolved by heating with 500 c.c. of water. The salts
are added, and the mixture heated until all are dissolved. Filter while
Lot through cotton. Wash filter with hot water; cool filtrate and make
up to 1,000 e.e. The solution keeps indefinitely. If it become cloudy on
standing, its efficacy is not impaired.

Tue Trrrarion.—The titration is done in a certified 25 c.c. grad-
uated eylinder into which the 10 c.c. of the protein-free filtrate are placed,

5 c.c. of the acidiﬁcd 2%“2—5 silver nitrate solution (==solution 1) added,
and the whole made up to the 25 c.c. mark with water, [In case the fil-
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trate contains more than 10 mg, of NaCl, a smaller quantity of the filtrate
must be used. |

Two drops of octyl (caprylic) alcohol are added, the vessel stoppered,
and the whole mixed well by inversion several times. Precipitation is im-
mediate,  After 5 minutes, the solution is filtered (clear) through a dry
folded filter.

An aliquot part of the filtrate—20 c.c.—is next taken with a pipet
for titration, Just before titration with Solution II, one volume of
Solution I1T is added equal to the volume of Solution T represented in the
filtrate to be titrated. A slight turbidity appears. Solution 1I is then
run in from a buret to the end-point—the first definite blue color. The
result may be ealeulated from the following formula:

Grams NaCl per liter=12.5 (8—c.c. KI solution used)

c.e. of protein-free filtrate.

The method is very aceurate; the error is much less than 1 per cent
of the chlorids in the original 2 c.e. of fluid tested.

(e) Iron of the Blood

The colorimetric method of determining iron in the blood has already been
described.  (See Hemoglobin Estimations.)
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E. Methods of Examining the
Hematopoietic Organs

1. Examination of the Bone-marrow

If we exceptethe tenderness of flat bones, especially of the sternum, on
percussion, in anemie states, the bone-marrow is not directly accessible to
clinieal examination, and we have to form deduetions regarding the patho-
logical changes going on in it from examinations of the blood (white and
red corpuscles) and oceasionally of the urine (presence or absence of
Bence-Jones body).
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2. Examination of the Lymph Glands

(a) Inspection and Palpation of the Lymph Glands

The lymph glands are much more accessible to elinieal examination.
The normal lymph glands are scarcely palpable, but in disease they will
become very much enlarged so that they are not only palpable, but also
visible as masses in the subeutaneons tissnes. They should be systemat-
ically examined in groups, and for each group one must keep in mind the
territory from which the lymph is derived. If the lymph glands be en-
larged, the size and consistence should be earefully determined, and it
shonld be noted whether the enlarged glands are diserete, or are matted
together.  Trregularity of the surface may be important. Tuberenlons
lymph glands often contain arveas softer than others; in neoplastic lymph
glands, hard, irregular nodules may be palpable.
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(b) Exploratory Puncture of Lymph Glands

Swollen lymph glands may be punetured and fluid be withdrawn from
them by a hypodermic needle and examined for cells, bacteria and para-
sites, This method has proven very fruitful in the demonstration of the
presence of trypanosomes in the sleeping sickness of Africa (Todd). It
may also clear up the diagnosis in pyogenic infections, in tuberculous
abscess, in lues, or in bubonic plague.

(¢) Excision of a Lymph Gland for Histological, or Bacteriological
Diagnosis

This method is particularly valuable for differential diagnosis of glun-
dular diseases in the neck. A gland may easily be removed under cocain
anesthesia, and one portion of it used for eultures (Rosenow’s method)
and for smears, another portion of it for animal inoculation, and a third
portion after fixation in formol, sectioning, and staining, for histological
examination. A diagnosis may by this means often be made certain when
otherwise it could at best be probable.  Among the causes of general
glandular enlargement are: (1) syphilis; (2) leukemia; (3) tuberculosis;
local or regional glandular enlargements are found in conneetion with
various local infections (arthritis, tuberculosis, Ines, uleus mollis, bubonie
plague, Hodgkin's disease), and, also, with carcinoma, or, less often,
sarcoma, in neighboring organs,

Subeutaneous enlargements resembling lymph nodules may be met
with in chronic pyemic processes, and especially in blastomyces infeetions,
Here attempts at excision for diagnosis reveal the presence of pus and on
microscopical examination bacteria or fungi may be found.
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3. Examination of the Spleen

The methods of examining the spleen inelude inspection, palpation,
percussion, x-ray examination, and (rarely) exploratory puncture.

(a) Inspection and Palpation of the Spleen

Only when the spleen is greatly enlarged, as in cases of myeloid len-
kemia, does the tumor become visible on inspection of the abdomen. It may




178 DIAGNOSIS OF DISEASES OF THE BLOOD

then cause bulging of the left side of the abdomen and enlargement of the
lower aperture of the thorax on the left.

The most practical method of examination of the spleen is by bimanual
palpation, the physician to the right of the couch and the patient lying,
part way turned over upon his right side (diagonal position). Normally,
the organ is not palpable, and if the edge can be felt, it means, either that
the spleen is out of position, or that it is enlarged.

To palpate the spleen, the right hand is placed flat upon the abdomen,
the finger-tips lying just below the margin of the ribs, in the left hypo-
chondrium, The left hand lifts the patient’s lower thorax on the left from
below, and the patient is told to take a deep breath. The mass formed
by an enlarged spleen moves up and down with the movements of respira-
tion. If the spleen be enlarged, the anterior pole will be felt to pass under
the fingers as a smooth round body. In some instances the spleen is felt
best as it emerges during inspiration; in other instances, one gets it best
as it recedes during expiration. If the enlargement be greater, the an-
terior edge can easily be felt and sometimes a noleh on the medial edge.
Sometimes the spleen is so large that it may descend into the pelvis and its
medial edge may even cross over the middle line to the right side of the
body. I have seen cases in which more than half the abdominal cavity
was occupied by an enormons spleen.  In such eases, we note whether the
surface of the spleen is smooth, or rough, and nodular, and irregular, and
whether fluctuation can be felt in it. Oeccasionally a friction fremitus can
be felt over the spleen in perisplenitis.

On palpation, we detect not only enlargement of the spleen, but also
alterations in its consistence. Tt is usnally soft in typhoid fever, firmer
in malaria, and very hard in leukemia, in Banti’s discase, in chronie
inflammations, in venous stasis, and in neoplasms,

Percussion of the Spleen

(b)

On percussion, the normal splenie dullness extends from the 9th to the
11th rib on the left side. 1t does not pass further forward than the costo-
artienlar line (line joining the left sternoclavieular joint with the tip
of the 10th rib); it emerges behind with the dullness over the kidney
and spine. The area of dullness in the mid-axillary line amounts to 5-7
em.  If the colon be filled with feces, or the stomach be much distended
with gas, the percussion of the spleen yields unsatisfactory results, Per-

cussion is, for obvious reasons, often misleading in pulmonary emphysema,
in meteorism, and in ascites,

Enlargement of the Spleen.—This is met with in (a) many infections
diseases (typhoid, malaria, typhus, relapsing fever, sepsis, occasionally, in
pneumonia) ; (b) in chronie passive congestion, portal or general (throm-
bosis of the splenic or of the portal vein, cirrhosis of the liver, cardiac
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decompensation) ; and (¢) in diseases of the blood, and of the blood-making
organs (the leukemias and pseudolenkemias, Banti’s disease, ete.).

When the spleen is much enlarged, the colon lies behind it, a point
that helps to differen-
tiate enlargement of the
spleen  from a large
mass due to the kidney.

(¢) Exploratory Punc-
ture of the Spleen

One resorts to ex-
ploratory puncture of
the spleen only rarely,
thongh the blood thus
obtained may show ma-
larial parasites or Leish-
man - Donovan bodies
when they cannot be
found in the peripheral
blood.  Death has more
than onee ocenrred from
splenic puncture made

for diagnostic purposes,
. Fig. $12.—Diagram Tllustrating Position of a Splenic

due to tearing of the Tumor.

distended ecapsule and

hemorrhage into the peritoneal eavity. If puncture is done, the patient
should be warned to hold his breath during the operation. During my
period as pathological anatomist, 1 had occasion to observe, at autopsy, a
rent in the spleen, which had caused death from hemorrhage into the
peritoneal eavity; a good internist had made an exploratory puncture to
establish the diagnosis of malaria, and the patient, contrary to definite
warning, had taken, suddenly, a deep inspiration, at the moment the
needle was introduced.

In tropical splenomegaly, the diagnosis is often made by means of
splenic puncture, smears of the splenie juice being thus obtained, dried,
and stained by Leishman’s method, when the Leishman-Donovan bodies ean
be seen in the cells.  Splenic puncture is ravely required for diagnosis. |
advise against resorting to it unless under exceptional and urgent indica-
tion,




Secrion 11
SPECIAL DIAGNOSIS OF TIHE PRINCIPAL DISEASES OF
THE BLOOD AND OF THE HEMATOPOIETIC
ORGANS
Only the more important conditions can be referred to. In some
of them, the blood itself is markedly changed, along with changes in the
blood-building organs; in others, very marked changes occur in the
blood-building organs without marked concomitant blood-changes. The
lencoeytoses and leucopenias have already been considered. We shall take
up here:
1. The anemic or erythropenic states,
2. The erythroeytoses and the erythremie states.
3. The leukemic states.
t. The pseudoleukemias and other leukemoid states,
5. Diseases characterized by disturbances in the coagulability of the
blood (the hemorrhagic diseases).

6. Disorders (other than the hemolytic anemias) in which hemolytic
phenomena are dominant.

7. The discases of the spleen.

A. The Anemias or Erythropenias

1. Classifications of the Anemias

Great difficulty is encountered in satisfactorily classifying the anemias,
owing to the fact that the etiology of many forms is but poorly, or not at
all, understood.

(a) Primary and Secondary Anemias

A common elinical classification has been the division into (1) primary
or idiopathic anemias, and (2) secondary anemias, By a primary anemia
180
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was meant a genuine disease of the blood itself; by a secondary anemia,
an alteration in the blood consequent upon a disease of some organ or due
to some known etiological factor, Thus, the Addison-Biermer type, or so-
called pernicious anemia, and chlorosis, were placed among the primary
anemias; most other anemias were regarded as secondary. DBut, in the
last analysis, there is no such thing as a primary anemia. Every ancmia
must be secondary to some deleterious influence, for the blood is not an
organ, but the product of many organs, predominantly of the bone-marrow
and of the lymphadenoid tissues as far as its cells are concerned.  The
red blood-corpuseles do not multiply in the blood itself,

(b) Anemias in Which the Blood Formation is of Post-Embryonal
Type and Those in Which it is of Embryonal Type

The next step forward in the classification of the anemias was made by
Ehrlich, on the basis of the regenerative forms that appear in the blood.
The red corpuscles of postembryonic life are derived from the normoblasts
of the bone-marrow, while those of early embryonie life are derived from
larger cells—the so-called megaloblasts. Ehrlich’s studies showed that in

some anemias the regenerative form is predominantly normoblastie, in
others, predominantly megaloblastic ; thus, in the posthemorrhagic anemias
and in chlorosis, no megaloblasts are seen; but, if erythroblasts appear
in the blood, they are of the type of normoblasts. On the other hand,
in pernicious anemia, and in the anemia pseudoleukemica infantum, the
predominant erythroblast in the blood is a megaloblast. Accordingly, the
anemias were subdivided by Ehrlich into:

(1) Anemias of postembryonal blood-formation type, and
(2) Anemias with embryonal blood-formation type.

It was believed, at that time, that the prognosis in the latter is always
bad.

More recent studies, however, indicate that a certain number of mega-
loblasts may oceur in almost any kind of anemia, even in the posthemor-

rhagic anemias. Moreover, intermediate forms between normoblasts and
megaloblasts are frequently seen in the blood, both in human anemias,
and in the anemias of experimental animals; and some anemias in which
lnf'gn]ni»]nds. to a eertain extent, appear, are enrable,

As Morawitz emphasizes, a classification of the anemias on the ground
of the regeneration types seen in them is not a very happy one, for (1)
the embryonal and the postembryonal regeneration types eannot be sharply
separated from one another, transitions existing between the two: (2) the
megaloblastic type is not an expression of a specifie toxie effect, but occnrs
in the most different conditions; and (3) in itself, it has nothing “per-
nicious” about it, but, on the contrary, seems to represent, really, a
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favorable form of reaction of the hematopoietic organs. The conditions
that determine the appearance of megaloblasts in the blood include (1)
the age of the person affected ; the younger the patient, the more likely is
the megaloblastic reaction to appear; (2) the intensity of the erythropoietic
stimulus, the megaloblastic reaction occurring only with intense stimuli;
(3) the disintegration of red blood-corpuseles within the body, it having
been shown that regenerative processes are more intense in the marrow
when the anemia is of the sort in which red blood-corpuscles undergo
disintegration inside the body itself, rather than in anemia in which the
blood is simply lost from the body by hemorrhage. This difference may
depend upon the retention of the formative material within the body, or
upon specific stimulation of some sort; we do not know. Certain it is
that megaloblasts are more common in the hemolytic types of anemia than
in any other form, and, on this account, an enumeration of the mega-
loblasts and of the normoblasts, respectively, is often of help in the differ-
ential diagnosis of the different forms of anemia.

(¢) Anemias Classified According to Pathogenetic and Etiological
Differences

With Pappenheim, Masing and Morawitz, [ am inclined to attempt a
classification of the anemias based upon a general pathogenetic and etio-
logical point of view. This attempt is surrounded with peeuliar difficulties,
owing to the fact that the etiology of many forms of anemia is but poorly
understood, and the etiology of the Addison-Biermer type and of some
other types is entirely unknown. Though Hunter of London has done
much to increase our knowledge of the severe anemias, the etiology and
pathogenesis is not so simple as one might be inclined to believe from a
perusal of his publications. Any classification must at present be tenta-
tive, and subject to change as our knowledge of the anemias grows.

Morawitz's main subdivision into (1) anemias due to temporary or more
permanent increase in the amount of blood destroyed, and (2) anemias
dependent upon deereased blood formation, must appeal to evervone, I
shall adopt it as the basis of the classification used in this treatise, thongh,
in the further subdivision of the anemias, it will be seen that my classi-
fication differs somewhat from that of Morawitz. The classification which
I, for the present, adopt is as follows:

1. Anemias due to hemorrhage, or to increased blood destruction.
(1) Anemias due to hemorrhage (the posthemorrhagic anemias),
(a) Aecute posthemorrhagic anemia.
(b) Chronie posthemorrhagic anemia.
(2) Anemias due to increased blood destruetion (the hemolytie
anemias).
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(a) Hemolytic anemias of unknown etiology.
(i) Acute form with lenkoeytosis,
(ii) Chronie type (Addison-Biermer anemia).

(b) Dibothriocephalus anemia.

(¢) Hemolytic anemias oceurring in lues, in earcinoma,
and in the puerperium,

(d) Hemolytic anemias due to known chemical substances
(potassium chlorate, phenylhydrazin, nitrobenzol, ete. ).

(e) Anemia pseudoleukemica infantum,

(f) Congenital and familial hemolytic jaundice.

I1. Anemias due to defective or to decreased blood formation.
(1) Chlorosis,
(2) Anemias accompanying tumors or sclerosis of the hone
marrow (the myelopathie anemias).

(3) Anemias accompanying hypoplasia of the bone-marrow.

(a) In states of inanition and eachexia.
(b) In conditions of unknown origin (aplastic, or are-
generatory, anemia).

In the ]m.&'l/u'nmr'r/lugfr anemias, there is, nearly alwayvs, a low color

index, the bone-marrow being unable to compensate for the loss of hemo-
globin as rapidly as for the loss of red corpuscles.  When hemorrhages
often repeated and long continued, the time will come when the hone
marrow can no longer respond to regenerative stimuli.  When such a time
arrives, the anemia will no longer be an anemia wholly due to loss of blood,
but will in part depend upon insufficient blood formation (Morawitz and
Blumenthal).

are

The term hemolytic anemia is used to include not only the cases in

which hemolysis occurs in the cireulating blood but also the conditions
in which there is inereased blood destruetion in the spleen and liver,
owing to the circulation of some poison in the blood that inereases, in
some way, the vulnerability of the red corpuscles and leads to their phago-
cytosis in the blood-destroying organs, A well-known example, which may
be cited, is the effect of phenylhydrazin, or of pyrodin, upon the hemo-
globin of the red blood-corpuscles; in experimental anemias due to
poisons, there is no hemoglobinuria, or only rarely, for the hemoglobin
does not seem to be set free in the blood ; on the contrar:
injured, and are rapidly removed from the cirenlating blood, being caught
up by the phagoeytes, especially by those of the splenic pulp. If injuries,
such as those that give rise to the hemolytic anemias, persist for a long
time, we may not only have inereased blood destruetion, but, after a period
of accelerated hematopoiesis, the bone-marrow may gradually hecome ex-
hausted and erythroblasts will begin to disappear from the blood. In

ary, erythrocytes are
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such cases, the hemolytic anemia becomes complicated by an anemia due
to decreased blood formation. 1t is, however, surprising to find how far
the body can go in its regenerative activity; in the severe hemolytic
anemias, the red marrow, instead of being limited to the few bones in
which it normally exists, encroaches widely upon, and largely revlaces, the
yellow marrow of the long bones.

In the hemolytic anemias, besides the evidence of erythropenia, we
have hints of inereased blood destruction in (1) the subicterie tint of the
skin and mucons membranes, (2) the dark color of the urine, and (3)
urobilinuria  (Syllaba), though these are not constantly present. At
autopsy, large amounts of hemosiderin, evidently derived from the dis-
integrated corpuseles, are found stored up, especially in the liver (Hunter,
Quincke).

It has been maintained by some that the anemias here designated as

hemolytie, represent, in reality, a primary disease of the hone-marrow, this
organ giving rise in such states to red corpuscles of less than normal
resistance.  While this possibility must be granted, it seems very probable,
from what we know of the experimental anemias and of the di-bothrio-
t cephalus anemia, that in the hemolytic anemias we have, in reality, to
| deal with the cireulation of toxie substances in the blood, and that these

injure normal corpuseles rather than that corpuseles of low resistance
are formed and succumb abnormally easily to the ordinary wear and
tear of life,

It will be noted that the Addison-Biermer type of anemia is included
among the hemolytie anemias as a chronie form of unknown etiology. The
term “progressive pernicious ancmia” has been used in the bibliography
to include not only this Addison-Biermer type, but also di-bothriocephalus
anemia and certain other forms of curable anemia. Common to them
all is the high color-index and the presence of megaloblasts and macrocytes
in the blood. It seems, however, especially important to separate the
Addison-Biermer type with its malign prognosis, from the curable forms
of hemolytic anemia with their benign prognoses, Tt will be seen that the
curable forms are those in which the etiology is known, and in which the
cause can be removed. Tt may be that we &
cause of the Addison-Biermer type. Let us hope that this cause, when
found, may prove to be a removable one.

It will be noted that, with Morawitz, 1 do not group the so-called
aplastic, or aregeneratory anemia with the Addison-Biermer type at all.
It would scem to be an anemia primarily due to an incapacity on the
part of the bone-marrow to manufacture the red cells, while the Addison-
Biermer is an anemia due to inereased blood destruction, and in it the
bone-marrow seems to possess exceptional powers of regenerative activity,
at any rate for a long time.

In the great group of anemias due to a defective or decreased blood

all some time discover the
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formation, the defect may lie chiefly in an inability to produce hemoglobin,
as in chlorosis, or in an inability to build red corpuscles, as in aplastic
anemia, some myelopathic anemias, and the anemias following prolonged
inanition or cachexia, In these cases the blood picture differs strikingly
from that seen in the hemolytic anemias, since signs of regenerative
activity (erythroblasts, polychromasia, basophilic granulation of the red
cells) are largely, or entirely, absent from the blood.

Morawitz gives chlorosis a separate place, since in his opinion, it is
less the Dblood picture than the total eclinical symptom-complex that
separates chlorosis from other forms of anemia. It seems to be convenient,
however, to put it among the anemias due to defective blood formation.

Clinieally, oue can usually quickly differentiate between anemias due
to inereased blood destruetion and those due to deereased blood formation,
by the appearance of erythroblasts and other signs of regenerative activity
(polychromasia, anisoeytosis) in the peripheral blood in the former. This
criterion, however, will not always suffice, since in the posthemorrhagic
ancmias there may be only a few erythroblasts in the blood, and, moreover,
in the hemolytic anemias the nucleated red eells may be present in large
numbers only at times of the so-called blood-crises,

In the anemias due to decreased blood formation, erythroblasts and
polychromasie cells are only rarely found. Of course, a tumor destroying
a large part of the hone-marrow may now and then excite a localized area
of the marrow to inereased activity, when, temporarily, nucleated reds may
appear in the blood ; but in such cases, as Morawitz emphasizes, the correct
diagnosis can usually be made from the other symptoms,

It is not surprising that, when there are marked disturbances of
erythropoiesis, there should also be some disturbance of leukopoiesis. As
might be expected, the signs of inercased lenkopoiesis are more marked in
the posthemorrhagic and in the aeute hemolytic anemias than in the
anemias due to defective blood formation. As signs of such aceelerated
leukopoiesis, there is often an outspoken leukoeytosis and sometimes a few
myeloeytes go over into the blood.  Oeceasionally, in tumors irritating the
bone-marrow, a great many myeloeytes may appear in the blood, giving
rise to the so-called “irritation myelocytosis,” in which the blood picture
may suggest a combination of an anemia with a leukemia.  In the chronie
hemolytic anemias, and in the aplastic anemias, there is a diminished
myeloid leukopoiesis, with diminution of the granular cells of the blood,
a total leukopenia, and, accordingly, a relative lymphocytosis. It seems
probable that the lenkopenia that sometimes accompanies the Addison-
Biermer type is due to a complicating depression of the bone-marrow
function.  Obviously, careful differential counts of the lenkoeytes in the
blood may, along with the red count, the color-index, and the study of
the stained red corpuscles, be very helpful in the differential diagnosis
of the different forms of anemia.
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2. Anemias Due to Hemorrhage or to Increased Blood
Destruction

i. Anemias Due to Hemorrhage

(a) The Posthemorrhagic Anemias

In these anemias, the number of red blood-corpuscles is diminished.
The hemoglobin is diminished in even greater degree, so that the color-
index is low. There is often an accompanying leukocytosis of the nentro-
philic type in the acute forms; and there may be a leukocytosis of the
eosinophilic type in the chronic forms, due to uncinariasis or to other forms
of helminthiasis. There is but little anisoeytosis, though there may be
some poikilocytosis in the severer cases, Regeneration forms oceur, but
usually in small numbers, and the erythroblasts are of the normoblastic
type. The water-content of the blood is often temporarily inereased. The
platelets may often become increased, especially soon after a hemorrhage,
and the coagulation time is shortened.

i. Acute Posthemorrhagic Anemias

Definition.—These are the anemias that follow the sudden loss of a
large amount of blood. An adult will usually die if he lose more than
half his blood ; a child, after a loss of much less blood. In adults, there-
fore, a hemorrhage amounting to two liters must be considered very grave,

Symptoms.—If the hemorrhage prove fatal, death seems most often
to be due to asphyxiation from insufficient oxygen (functional effect),
though it is not always easy to distinguish between the symptoms due to
loss of oxygen and those dependent upon insufficient filling of the vascular
system and the fall of the arterial pressure (mechanical effects).

The mechanical effects can, of conrse, be overcome by intravenous
infusions of salt solution, the functional effects, at least temporarily, by
a direct or indirect transfusion of blood.

In non-fatal cases, attempts at regeneration quickly appear. The blood
restores its water-content most quickly, and, next, the protein-content of
the plasma. The regeneration of red corpuscles goes on more slowly, and
the rebuilding of hemoglobin more slowly still.

The above facts explain why we have successively in the blood-picture,
a hydremia, a leukoeytosis, an oligoeythemia, and an oligochromemia,
these defects disappearing during convalescence in the order named.

Loss of blood is a powerful stimulus to the regenerative activity of the
bone-marrow. Accelerated erythropoiesis leads to the regeneration of the
red corpuscles and the hemoglobin; aceelerated lenkopoiesis leads to re-
generation of the white cells. These are sometimes reproduced, at first,
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in excess, and a neutrophylie leukoeytosis is one of the most constant of
posthemorrhagie phenomena. A few myeloeytes may also go over into the
eirculating blood at such a time.

The length of time required to restore the blood to normal varies with
the size of the hemorrhage, the age of the patient, his state of nutrition,
ete. Usually, several weeks are necessary for complete recovery.

As a rule, only a few normoblasts go over into the blood, but many
polychromasie red cells are visible for some time after the hemorrhage.
The blood platelets are increased in number, and the coagulation time is
ghortened.

The neutrophilie lenkoeytosis and the normoblastemia soon disappear.
The color-index remains low for some time.

ii. Chronic Posthemorrhagic Anemia

Definition.—These are the anemias that follow upon repeated small
hemorrhages, oceurring over a considerable period.

Symptoms.—The symptoms vary much in the different cases, depend
ing upon the size, frequency, and localization of the hemorrhages, and the
duration of the cause. The elinical picture varies according to whether
the blood is lost from the body (external hemorrhage), or the hemorrhage
takes place inside the body (e. g., in the intestinal canal), so that the
hemoglobin can be reabsorbed and used for the manufacture of new
corpuscles. In the latter case, the color-index is not so low, and basophilie
granulation of red cells is more outspoken than in cases of recurring ex-
ternal hemorrhage.

Etiology.—(a) ITemorrhages from mucous membranes (uleus ven-
trienli, ulens duodeni, hemorrhoids, reeurring epistaxis, menorrhagia) ; (b)
helminthiasis (hook-worm disease, bilharziosis); (e¢) amebiasis (amebie
dysentery); (d) hemorrhages in diseases associated with hemorrhagic
diathesis (scorbutus, hemophilia, ete.).

In the Southern United States, and in Porto Rico, posthemorrhagic
anemia due to uncinariasis is very common. In the Johns Hopkins Hos-
pital, we received formerly many of these cases from the Carolinas and

Georgia, and we also have manifold opportunity of becoming acquainted

with the anemia secondary to amebic dysentery.

In these cases of posthemorrhagic anemia due to animal parasites, the
clue to the etiology lies (1) in the accompanying cosinophilia, and (2)
the finding of the parasites (worms, amebae) on microscopical examina-
tion of the feces.

The di-bothriocephalus anemia (4. v.) is not a posthemorrhagic anemia,
but a hemolytic anemia.

Blood Findings.—These resemble those of acute posthemorrhagic
anemia, but the diminution in red cells and the loss of hemoglobin, occur-
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ring gradually, may reach a much lower level without causing death, The
hemoglobin may fall as low as 20-25 per cent, and the red cells to
1,000,000 or lower. Normoblasts and poikilocytes appear in the blood,
in these graver cases, in considerable numbers; polychromasic red cor-
puscles are common,.and there may be some anisocytosis, a few microeytes
and macrocytes appearing in the blood ; an occasional megaloblast may be
seen.  As a rule, there is a slight leukoeytosis,

Diagnosis.—This is usually casy, if the whole state of the patient be
considered, and a systematic examination of the blood and of the feces
(occult blood, parasites) be made.

The severer forms might be mistaken for an Addison-Biermer anemia,
but only on superficial examination. The low color-index, the discovery
of the etiological factor, the predominance of normoblasts over megalo-
blasts in the blood, the low grade of anisocytosis, the pallor of the urine,
the absence of the straw-colored tint, exclude an Addison-Biermer anemia.
Now and then, a ease may be seen in which the color-index is rather high,
and the discovery of the etiological factor difficult. In such cases the
diagnosis may for a time be in doubt.

(b) Anemias Due to Increased Blood Destruction

(The Hemolylic Anemias)

This group, as we have seen, includes all the cases that were formerly
deseribed as pernicious anemia, except the group of aplastic anemias. Tt
includes, therefore, not only (a) the gennine Addison-Biermer type and
() the acute types of unknown etiology, but also (¢) the hemolytic ane-
mias in which the etiology is known (see below).

i.  Chronic Hemolytic Anemia of Unknown Etiology

(Addison-Biermer Type of Anemia)

If the term progressive pernicious anemia is to be used at all, it should
include this group and also the aplastic group of anemias. The general
tendency at present is to give up entirely the use of the term “pernicious
anemia,” since its sole criterion is perniciousness, and when this eriterion
is used as a basis for nosological grouping, it leads, as we have seen, to the
inclusion under one heading of diseases that are entirely different from
one another when viewed pathogenetically. I must agree, therefore, with
William Hunter, Morawitz, O. Naegeli and others who recommend that we
discard the term progressive pernicious anemia altogether.

There can be no doubt that, among the cases studied by Addison,
Biermer and the clinicians who succeeded them, a number of different
diseases were grouped together. Gradually, however, the etiology of sev-
eral of these diseases has been discovered, and this has led to their removal
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from the larger group. We now reserve the term Addison’s anemia, or
Biermer's anemia, for cases of chronie hemolytic anemia in which on
systematic examination we can discover no cause, even at antopsy. The
blood picture, however, is in no way different from that of the chronic
hemolytic anemias of discoverable etiology. The diagnosis, therefore, de-
pends upon (1) the demonstration of the presence of the blood picture
characteristic of chronic hemolytic anemia, and (2) the exclusion of any
etiological factor, in the present state of our knowledge, discoverable.

Criteria That Permit the Diagnosis of Chronic Hemolytic Anemia.
—These include (1) The characteristic blood findings (marked anisocy-
tosis and poikilocytosis; high color-index; the presence of megaloblasts;
basophilie granulation of the red corpuscles; and leucopenia, with rela-
tive lymphoeytosis).

(2) The insidious onset, with weakness without apparent cause.

(3) The characteristic course, with high-colored urine, urobilinuria,
fever, straw-yellow tint to the skin and mucous membranes, gastro-intes-
tinal disturbances, and nervous symptoms.

In excluding the hemolytic anemias of discoverable etiology, we sys-
tematically rule out (1) di-bothrioeephalus anemia, (2) lues, (3) carcin-
oma, (4) the puerperium, and (5) chemical poisoning with KC1O,, pyro-
din, phenylhydrazin, nitro-benzol, ete,

I emphasize this limitation of the term Addison-Biermer anemia at
the beginning, for it is of the greatest importance not to confuse this
progressive and fatal type with the other forms of chronie hemolytie
anemia, since the former, in my experience, is sooner or later invariably
fatal, and the latter are almost invariably curable, provided the etiology
be discovered and the cause be removable.

Theories as to Etiology.-—We may as well admit that we are abso-
lutely ignorant as to the cause of this disease. We do know (1) that it
is uncommon before middle life and in later life, the majority of the
cases occurring in middle-aged people; (2) that well-to-do people are
affected almost as often as the poor; (3) that, in certain instances, the
disease occurs in families; (4) that it is distributed all over the world;
and (5) that men and women are almost equally affected.

In the European bibliography, it is generally stated that women are more
often affected than men, almost twice as often; Lazarus among 274 eases states
that 102 were in men and 172 in women. In my personal experience, many
more men than women have been affected, and this agrees with, the experience
of Osler, who states that the disease is twice as common in males as in females.

Pathogenesis.—One thing seems clear; the disease is due to increased
blood destruction. Some noxa must enter or be formed in the body; this
injures the red corpuseles and leads to their premature removal from the
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blood. We come to this conclusion on account of what we know of the
similar hemolytic anemias due to dibothriocephalus and to pyridin poison-
ing. But where does this noxa, or hemolysin, arise? Various theories
have been advanced, some blaming the gastro-intestinal tract (Grawitz,
W. Hunter), either the mouth (stomatitis, glossitis), the stomach (achylia
gastrica), or the intestine (auto-intoxication). Extracts of the gastric and
intestinal mucous membranes from patients dead of this anemia are said
to be more hemolytic than extracts of normal mucous membranes ( Berger
and Tsuchiya) ; it has also been assumed that the inereased hemolysis is
due to the presence of an excess of oleic-acid esters and similar lipoids.
Recently, the theory that in this disease the hemolysins originate in the
spleen has been made the basis of the experimental treatment by splenec-
tomy.

Let me emphasize again that the nature of the hemolysins, and the place
of their origin, in the Addison-Biermer type, are as yet entirely unknown.

Symptoms.—The subjective complaints are not dissimilar to those in
other forms of anemia (weakness, fatigability, headache, dyspnea, dizzi-
ness, ringing in the ears, palpitation). There is usually marked anorexia,
and often constipation or diarrhea; meteorism and eructations are also
often complained of. The patient gradually grows pale, and the skin
assumes a lemon-yellow tint. It is surprising, however, how long a pa-
tient, owing to the gradual onset of the anemia and the tolerance acquired
to it, can keep up his occupation before consulting a physician, One
may, on the very first examination, find the blood count below 2,000,000,
A sudden disturbance of vision, due to retinal hemorrhage, may first bring
the patient to his doctor. Most often, however, it is progressive weakness
that leads to consultation.

The patients are usually apathetic; the mentality becomes slowed.

On physical examination the pallor of the skin and mucous mem-
branes and the lemon-yellow tint are so striking that one may suspect
the condition when the patient enters the consulting room. This appear-
ance of the skin and mucous membranes is very different from the waxy
pallor of the young chlorotic, and from the gray pallor of carcinoma
cachexia.

In this anemia, the patients do not look cachectie ; indeed, they are often
plump rather than thin. The ankles may be a little edematous. Petechiae
and ecchymoses are common, as in all severe anemias, Pigmentation is
rare.

Palpitation and dyspnea are often tronblesome symptoms. Anemic
murmurs may be audible over the heart and a bruit de diable is sometimes

audible over the bulb of the jugular vein. The cases are sometimes

diagnosed, erronconsly, as subacute infective endocarditis.
On examination of the stomach-juice, there is always achlorhydria, and
often complete achylia gastrica, Since dyspeptic symptoms commonly
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accompany the condition, it is no wonder that the diagnosis of carcinoma
ventriculi is often erroncously made. The intestinal disturbances may be
very troublesome. | have seen several patients who suffered from periodie
crises of abdominal pain that excited the suspicion of the existence of
some surgical abdominal condition. The liver may be enlarged and firm,
a sign that, together with the icterus, sometimes leads to an erroneous
diagnosis of primary hepatic disease. The spleen is, as a rule, not palpa-
ble, though in the cases that are operated upon, or that come to autopsy,
the spleen may be found somewhat enlarged, which does not surprise us
when we consider the increased blood destruction. The urine is nearly
always high-colored, and its urobilin-content is large, There may be
albuminuria, but other renal symptoms are uncommon,

Examinations with the Zuntz-Geppert apparatus show no marked disturbance
of gas metabolism, despite the high grade of anemia. It is probable that an
aceelerated ecirculation of the blood compensates for the oligemia and the oligo-
eythemia,

Fever is present, at least in most cases. It is rarely high, and the chart is
very irregular. Its cause is unknown. It may contribute to misleading the elini-
cian into diagnosing an uleerative endocarditis, or an obscure tuberculosis.

Symptoms referable to the spinal cord are not uncommon. Many of
my patients complained of tingling in the hands and feet as an early
symptoiu, and anesthesias, ataxias and spastic paraplegias are by no means
uncommon, Frank Billings, in this country, has carefully deseribed these

anemic cord disturbances (see Combined Selerosis, in section on Diseases

of the Nervous System). In the severer eases, the elinieal picture may
resemble either that of a tabes dorsalis, or that of a spastic paraplegia,
according as, respectively, the posterior funiculi, or the lateral funiculi,
predominantly suffer,

Remissions.—One of the most remarkable features of the disease is
the tendency to remissions either spontanconsly, or under eareful treat-
ment (rest in bed, hydrochlorie acid, arsenic, intestinal lavage, ete.). The
patients may improve rapidly. They often think that they are cured, and
return to their oceupations for a longer or shorter period, but the symp-
toms, in my experience, inevitably recur. A patient may have two or
three such remissions before entering upon his terminal attack.

Duration.—The disease is of variable duration. In some cases death
occurs in a few months; as a rule it is postponed for from one to three
years after onset. Now and then n patient lives much longer. Whether
actual eure ever occurs is still doubtful.

Summary of Blood Findings in the Addison-Biermer Type of Anemia.
Tue Ren Broov-corpuscrus.—The number may be very low; when the
anemia is outspoken the number is usually below 2,000,000, It may fall
as low as 143,000 per e.mm. (Quincke), or as low as 138,000 (Naegeli).
I have, myself, seen several cases where the blood count fell below 500,000,
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In the fresh blood slide, one is struck”at once by (1) the outspoken
anisocytosis, usually more than 25 per cent of the erythrocytes being macro-
cytes, and (2) the high grade of poikiloeytosis. Another feature in the
fresh blood slide is the good color of most of the individual red cells, in
marked contrast with the pallor of the cells in ehlorosis and in the secondary
anemias,

In stained preparations, a good many of the erythrocytes are polychro-
masic, and basophilie granulation is very common. There are nearly
always nucleated red corpuscles in the blood, and, at times of blood crises,
these may be present in very large numbers.  Both normoblasts, with dark
pyknotic nuclei, and megaloblasts, the latter often predominating, are pres-
ent. Among the latter, enormous examples (gigantoblasts) are some-
times seen.

It must be remembered, however, that in this anemia there are some-
times periods when signs of regeneration temporarily disappear from the
blood. The absence of nucleated reds, of polychromasie cells and of baso-
philie granulation, on a single examination, does not necessarily exclude
the Addison-Biermer type.

HemoerosiN-conTeENT.—This is always diminished, but usually not
to so great an extent as the red corpuscles,

Covor-inpex.—This is, accordingly, usually high, nearly always
more than 1, and often higher than 1.5, Tt is one of the most impor-
tant signs of a chronic hemolytic anemia. There may be periods, how-
ever, in which the color-index is not over 1, or in which it may a little
less than 1.

Tue Wiire Broop-ceLrs,—As a rule there is a moderate leukopenia,
due to diminution of the white cells of myeloid origin, especially of the
polymorphonuclear nentrophils, though the eosinophils and the large mono-
nuclears are also diminished. The absolute number of the cells of lymph-
adenoid origin is usually not decreased, and they show, accordingly,
a relative increase, sometimes making up half, or more than half, of the
total white count.

Tue Broop Praterers are usually diminished in number.

Oruer Broop-rinpinas.—The total amount of blood is usnally dimin-
ished. The coagulation time is usually lengthened. The water-content of
the blood is increased. The viscosity is low. The specific gravity is low,
and may fall below 1,040. Most of these signs are due to the diminution
in the number of the blood corpuscles, since the protein-content of the
plasma may be normal.

Differential Diagnosis.—The diagnosis should not be diffienlt if what
has been said regarding (1) the blood findings of chronic hemolytic
anemia, (2) the anamnesis and the course of the disease, and (3) the
absence of discoverable etiology, be considered. It is important not to
depend on any one of these three factors alone, in making a diagnosis.
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Fig. 1 Pernicious Anemia Showing Normoblastic Crisis Wilson Stain x 360
(Original Drawing.)
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Fig. 2.—Perniclous Anemia Showing Marked Anisocytosis and Poikiloeytosis, Diffuse
Dasophilin, Megaloblast, Fragmentation of Nucleus, and So-called Extrusion of
Nuclens. x 800,  Wilson Stain. (Original Drawing.)
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We differentiate the Addison-Biermer type of anemia (1) from other
chronic forms of hemolytic anemia (discoverable etiology, anamnesis);
(2) from acute hemolytic anemias (blood findings, including leukocytosis ;
course) ; (3) from anemia pseudoleukemica infantum (youth splenomeg-
aly); (4) from carcinosis of the bone-marrow (physical examination,
myelocytosis) ; (5) from posthemorrhagic anemias and chlorosis (history,
low color-index, normoblasts, leukocytosis); (6) from aplastic anemia
(absence of nucleated reds, of polychromasic corpuscles and of basophilie
granulation of red cells from the blood, on repeated examinations); (7)
from subacute infective endocarditis (blood culture, blood findings); (8)
from hepatopathies (blood findings, history); (9) from carcinoma ven-
tricult (motility tests, x-rays, blood findings).

ii. Acute Hemolytic Anemia of Unknown Etiolody (Leukanemia)

This condition was first deseribed by Leube and Arneth, who designated the
disease “leukanemia,” since they thought it represented a combination of leukemia
with the Addison-Biermer type of anemia. There were macrocytes and megalo-
blasts in the blood, in addition to a neutrophilic leukoeytosis and a moderate
grade of myeloeytosis; the disease ran the course of an acute infection and termi-
nated fatally.

The term leukanemia was badly chosen, since at autopsy no signs of leukemie
proliferation were found. It is advisable to drop altogether the use of the term
leukanemia, as no condition has yet been discovered that really represents a com-
bination of leukemia with the Addison-Biermer anemia. Some of the cases are
instances of the Addisonian anemia, some are instances of acute leukemia.

iii. Dibothriocephalus Anemia

Definition.—An anemia presenting, clinieally, the symptoms and the blood
findings of a chronie hemolytic anemia very similar to the Addison-Biermer type,
but associated with presence of the large fish-tapeworm, dibothriocephalus
latus, in the intestine.

Course,—The disease is common in Finland, and in other countries in which
fresh-water fish are much eaten. Most of our knowledge of this anemia is due to
the investigations of Finnish observers (Tallqvist, Schapiro, Schauman).

Pathogenesis.—The mere presence of the dibothriocephalus in the intestine
does not cause this type of anemia. It is only when parts of the worm, or whole
worms, undergo disintegration within the intestine that the anemia develops. It
would seem that, during such disintegration, specific hemolytie poisons are set free
and are absorbed. On timely expulsion of the worm, cure results, but, if the dis-
ease has lasted too long, cure does not follow expulsion.

The nature of the hemolytie substance has been disputed. According to Tall-
qvist and Faust, it is a lipoid, namely, the cholesterin ester of oleic acid. Appar-
ently, individual predisposition plays a part. Other tapeworms rarely, if ever,
give rise to this type of anemia, though in two cases invasion of the intestine by
Tenia saginata is said to have caused such an anemia, cure resulting in both in-
stances after expulsion of the tapeworm (Reckzeh, Naegeli).

Diagnosis,—This depends on (1) the blood findings of chronic hemolytio
anemia, and (2) the discovery of the etiology (ova, or proglottides, in the feces).
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iv. Other Chronic Hemolytic Anemias

Chronic Hemolytic Anemia in Lues.—This is undoubtedly rare, though cases
have been reported (F. Miiller, O. Naegeli). One must always keep in mind the
possibility of the accidental eoncomitance of an Addison-Bicrmer anemia and a
luetie infection. If the Wassermann reaction be positive, however, one should
never negleet a thorough salvarsan therapy, especially as the administration of
salvarsan is one of the best forms of arsenical therapy, even in ordinary Addison-
Biermer anemia (Boggs).

Chronic Hemolytic Anemia Due to Carcinoma.—The majority of anemias
secondary to carcinoma are not of the chronie hemolytic type. They take as a
rule, the form either of a chronic posthemorrhagic anemia or of an inanition
anemia, and they usually show a low color-index, very few nucleated red corpus-
cles, and especially few megaloblasts or none, and often a leukocytosis. In a few
instances, however, a true chroniec hemolytic anemia, indistiguishable, as far as
the blood findings are concerned, from that met with in the Addison-Biermer type,
has been described in association with earcinoma ventriculi (Cabot, von Noor-
den). It seems to me probable that, in these cases, as Naegeli suggests, there
was an accidental concomitance, rather than a causal relationship.

Chronic Hemolytic Anemia in Pregnancy and in the Puerperal Period.—
This also is exceedingly rare. Most of the anemias, so deseribed, have been post-
hemorrhagic anemias. Undoubtedly, however, a true chronic hemolytic anemia
may oceur in this association. It is not unlikely that, in certain women, hemo-
lysins of fetal or placental origin develop during pregnancy, just as, in certain
other women, a pernicious form of intoxication oceurs in pregnancy and causes
the so-called pernicious vomiting of pregnancy (Whitridge Williams). It would
seem that the prognosis is good if the pregnancy be interrupted, or if the patient
does not die before normal term has been completed.

Chronic Hemolytic Anemias Due to Chemical Intoxications.—In experi-
mental animals, typical hemolytic anemia ean be produced by poisoning with
pyridin, phenylhydrazin, ete. There is, at first, a leukocytosis, but it is followed
later by a leukopenia, and, sometimes, by the typical blood-picture of an Addison-
Biermer anemia.

Among such anemias in human beings, that occurring in lead-poisoning may
be of this type, though the anemia of lead-poisoning rarely reaches a high grade.
The anemia of nitro-benzol poisoning deseribed by Ehrlich may also belong to
this type. The anemia of benzol poisoning, studied carefully by Selling in my
clinie, is probably not a hemolytic anemia, but rather an anemia due t» decreased
blood formation, since the benzol has a specific destructive effect, firs: upon the
leukopoietic tissue, and later upon the erythropoietic tissue of the bone-marrow.

Anemia pseudoleukemica infantum.—I include this disease under
the hemolytic anemias because the majority of cases would appear tc belong
to this type, though undoubtedly some of the cases reported can sciveely
be regarded as hemolytic anemias, It is necessary to emphasize that ane-
mia pseudolenkemica infantum is not a unity, but includes anemias of
different sorts, just as did the “pernicious anemias” of older writers,

This disease, first described by von Jaksch and Hayem, is a severe
anemia of gradual onset and may be of long duration.

Broon FispiNes IN ANEMIA PSEUDOLEUKEMICA INFANTUM.—The
Red Blood-corpuscles—These may be markedly diminished in number
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(usually, to a count of from one to two millions). In the fresh blood, there
is moderate to marked anisocytosis. In stained specimens, nucleated red
corpuscles are usually present in enormous numbers and there is usually a
predominance of megaloblasts, Polychromasic red corpuscles are very
common, as are also basophilic granulations of the red corpuscles.

Hemoglobin C'ontent.—This is markedly lowered, but usually not to so
great a degree as the number of red cells,

Color-index.—This is, accordingly, usually above 1.

The White Blood-corpuscles—Their behavior is variable.  Usually
there is a lenkocytosis of neutrophilie type, often marked (20,000 W. B. C.
or more), thus differentiating the disease, strikingly, from the Addison-
Biermer anemia of adults, and causing it to approach more closely to the
acute hemolytic anemia of known etiology (or leukanemia of Leube).
Myelocytes often appear in the blood along with this nentrophilie leukocy-
tosis, a finding that has erroncously led many eclinicians to make the
diagnosis of myeloid leukemia in children so affected.  One should always
remember that, in children, the appearance of myelocytes in the blood is a
common accompaniment of any condition in which the bone-marrow is
stimulated to accelerated activity, In a few cases, the lymphocytes have
been absolutely inereased in number, indicating an aceelerated lymphade-
noid leukopoiesis in addition to the inerease in myeloid leukopoiesis.

At antopsy, extensive hyperplasia of both the erythropoietic and the
leukopoietie tissue of the bone-marrow has been found, as well as myeloid
metaplasia in other organs (spleen, liver, lymph glands). The yellow
marrow of the long bones is often converted into red marrow. No leukemic
changes have been found.

The prognosis in anemia psendoleukemica infantum is often good,
though some of the cases, despite careful treatment, terminate fatally.

For a full analysis of the literature of the subject, the collective review
of Flesch may be consulted.

3. Anemia Due to Defective or to Decreased Blood

Formation

(a) Chlorosis

Definition,—This is a disease, especially of young women, affecting
them in a characteristic way. There are (1) peculiar changes in the
blood, including (a) a marked diminution of the hemoglobin-content,
with relatively slight diminution in the number of red blood-cells per
cubie millimeter, and, aceordingly, a low color-index, with no signs, or
very few signs, of an accelerated erythropoiesis, and with undisturbed
leucopoiesis, (b) a polyplasmia, or serous plethora, without hydremia, and
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(¢) an increase of the blood platelets; and (2) a host of other symptoms,
especially subjective symptoms, not due directly to the anemia, but rather
to disturbances of chemical and nervous correlations, probably dependent
upon an as-yet-unexplained endoerinopathy.

The administration of iron acts as a specific in curing the disease,
at least in the majority of cases.

Etiology.—The cause of this disease is unknown. It is very common,
though physicians see less of it now than formerly, since the department
stores have begun to sell Blaud’s pills.

It is more common in some families than in others, but usually occurs
sporadically. It affects young women after the age of puberty, most
often between the 20th and the 25th year of life. Only 2 of 242 cases
began after the 24th year (von Noorden), though if it be once established
earlier, there may be recurrences, even after the 30th year. Chlorosis
does mot occur before puberty, and it does not occur in the male sex.
It seems likely that the cases reported as chlorosis in the male have been
other forms of anemia.

A change in the external circumstances of life has frequently been
noted as preceding the onset of chlorotic phenomena. In Germany,
especial emphasis has been laid upon the frequency of the development
of chlorosis in servant-girls on leaving country life to take up a position
in the city. The disease is by no means confined, however, to the working-
classes, but is common also among the well-to-do and leisure-classes.
Whether the wearing of corsets and gastroptosis is responsible in any
of the cases, seems very doubtful. The theory that unsatisfied sexual
desire plays an important part in the etiology of chlorosis does not, in
my opinion, have much basis, though it is a striking fact that marriage,
and especially the bearing of children, is often associated with the dis-
appearance of chlorotic symptoms in those affected.

Symptoms.—Aside from the symptoms that accompany all forms of
anemia (weakness, vertigo, headache, dizziness, ringing in the ears, black
spots before the eyes, dyspnea on exertion, palpitation), chlorotic patients
often present symptoms usually described as ‘“hysterical.” They are
pathologically irritable, capricious, and have weeping-spells. The appe-
tite is poor, and the patients often desire unusual foods, especially sour
foods (pickles). As in pregnant women, there may be perversion of the
appearance of chlorotic symptoms in those affected.

Gastro-intestinal symptoms are common (distention, eructation,
colicky pains, constipation). The patients complain of feeling cold, or
state that their hands and feet are cold while the head is hot and congested.
Many patients keep up their daily occupations, but go about them in a
“draggy” sort of way. Other patients are so exhausted that they beconie
incapable of work and take to their beds.

On examination, the waxy pallor of the skin and mucous membranes
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is striking. The patients are usually well nourished ; indeed, they may
be fat, but they have a pasty, almost edematous, look about the face and
beneath the eyes, and there may be actual edema of the feet and ankles.
Oceasionally, the pallor is masked by vasomotor dilatation in the cheeks.
My first teacher of internal medicine, Professor McPhedran of Toronto,
always emphasized the importance of suspecting anemia in young women
who had especially red cheeks. If the conjunctivae and tongue of such red-
cheeked girls be examined, the pallor is usually evident. The skin never
shows the lemon-yellow tint so characteristic of the Addison-Biermer type
of anemia. There are often dark rings about the eyes, and oceasionally a
greenish appearance is seen; to this, the disease owes its name, but the
symptom is certainly not commonly present.

Anemic murmurs are audible over the heart, and there may be dilata-
tion of both sides of the heart. A bruit du diable can be heard in the
veins of the neck; it is very loud when the patient sits or stands; one
listens with the stethoscope placed just above the sternoclavicular joint,
over the bulb of the jugular vein.

Chlorotic patients seem to be occasionally subject to infectious phlebitis
with thrombosis. These thrombi are most common in the veins of the
lower extremity. Occasionally, thrombosis of the venous sinuses of the
brain oceurs and ends fatally ; fortunately, it is a very rare complication,

Another complication of chlorosis, much more common, is uleus ven-
triculi.

Constipation is usually a striking feature. Some authors attribute
the disease to intestinal auto-intoxication dependent upon the constipa-
tion. The spleen is sometimes enlarged and palpable, though by mo
means constantly.

Amenorrhea is almost a constant accompaniment; it may be the first
symptom complained of. Other patients suffer from menorrhagia, dys-
menorrhea, or leukorrhea.

The urine is pale, and there may be moderate polyuria. The urobilin-
content is not higher than normal, but rather lower, indicating the absence
of inereased hemolysis,

The nervous symptoms are almost as constant as the blood findings
in chlorosis (see above). TIn some cases, edema of the optic disk and
edema of the retina have been observed ; it has even been suggested that
the nervous phenomena of chlorosis may depend upon a low grade of
cerebral edema.

Summary of the Blood Findings in Chlorosis.—Tur Rep Broon-cor-
ruscLes.—The number is, as a rule, somewhat diminished in the severer
cases, but in mild cases the red blood-count may be normal. On the
average, however, the number varies between three and four millions per
cubie millimeter. There is no decrease in the number of red blood-cor-
puscles in the total amount of blood, even when the number in the unit
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of volume is less than normal, since there is a marked increase in the
total amount of blood in the body in chlorosis.

In the fresh blood, the pallor of the individual corpuscles is very
striking. There is often some avisocytosis, and, in severe cases, this
and poikilocytosis may be marked. If macrocytes are present, they are
easily distinguishable from those of the chronic hemolytic anemias by
their pallor.

Only in the severer forms are nucleated red corpuscles seen. When
present, they are always, or practically always, normoblasts. Polychro-
masic red cells are usually present, but basophilic granulation of the red
blood-corpuscles is not common, though it is sometimes seen.

Hemocromiy Content.—The diminution of this is the striking
feature of chlorotic blood. Even when the red count is nearly normal,
the hemoglobin-content is usually low. The percentage, however, never
reaches the extremely low grades met with in the Addison-Biermer type or
in the aplastic type of anemia. Values below 20 per cent (Sahli) are
rare in chlorosis.

Covor-1xpEX.—The low color-index is the most typical phenomenon
in the blood of chlorosis. It may be very low, often as low as 0.5; in
other words, each corpuscle may, on the average, contain only half its
normal amount of hemoglobin,

Wiire Broop-ceris.—There are no marked alterations, either in
the total count or in the differential formula, a helpful diagnostic point.
When alterations are met with in chlorosis, they represent complications.

Brooo Prarerers.—These are often increased, in marked contrast
with the condition in the Addison-Biermer type of anemia (Muir).

Oruer Broov-rinpines.—The total amount of blood is increased, as
has been shown both by the infusion method and the CO method. Both
the water of the blood and the protein of the blood are considerably in-
creased in amount. There is a true polyplasmia. The coagulation time
is normal, or shortened.

Prognosis.—Most patients do well if given plenty of iron, good food, fresh
air, and rest. A few cases, however, have proved very rebellious to treatment,
and have been subject to frequent recurrences. Some girls have an attack every
year, over a long period. Once pregnant, the recurrences usually cease. Von
Noorden has deseribed a chronie form of ehlorosis, dating from early childhood,
in feeble girls, some of the cases remaining anemic throughout life, despite mar-
riage. It may bo that these are not true cases of chlorosis, but are instances of
chronie hypoplasia of the hematopoietic organs (Naegeli).

Diagnosis.—There should be no difficulty, if the age of the patient,
the sex, the blood findings, and the other symptoms described, be care-
fully considered.

Differential Diagnosis.—The disease must be differentiated (1) from
incipient pulmonary tuberculosis (greater erythropenia, color-index not
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80 low, pulmonary signs, x-rays, tuberculin reaction); (2) from Graves's
disease (cardinal symptoms, blood findings); (3) owing to the amenor-
rhea, from beginning pregnancy (blood findings, pelvie examination, Ab-
derhalden reaction); (4) from neurasthenic and hysterical states (blood
findings, exact psychic and neurological examination); and (5) from
other anemias (blood findings, anamnesis, general physical examination).

(b) Anemias Accompanying Tumors, Sclerosis, or Other Lesions of
the Bone-marrow

(The Myelopathic Anemias)

Under this heading, Morawitz has grouped the anemias that develop when
the normal bone- MATTOW ln lnrgely replaced by tumor growths, by osteoselero-
sis, or by leuk or y kemie proliferations. In all these conditions, the
erythropoietic tissue is more or less suppressed. Anemia develops, and though
extramedullary foei of erythropoiesis may develop in other organs like the spleen
and liver, they are insufficient to supply the normal number of red corpuscles.
Along with these processes, certain parts of the erythropoietic or leukopoietic mar-
row may be temporarily stimulated. This accounts for the appearance of nucle-
ated red corpuscles, of neutrophilic leukocytes, and of myelocytes, in the blood in
some of these conditions.

(¢) Anemias Accompanying Hypoplastic States of the Bone-marrow

Such hypoplastie states include (1) those occurring in states of inanition and
cachexia, due to chronic infections, or to malignant growths somewhere in the
body, and (2) those of unknown origin.

i. Anemias Accompanying a Hypoplasia of the Bone-marrow Due to States of
Inanition or Cachexia

Here belong the anemic states accompanying chronie disease such as (1)
tuberculosis, (2) syphilis, (3) malignant neoplasms (carcinoma, sarcoma), (4)
nephritis, and (5) other states of prolonged malnutrition. These anemias are
often, accordingly, “secondary” anemias.

Blood Findings.—Rep Broon-corpuscres.—Sometimes the pallor is due not to
a diminution of the red count or of the hemoglobin in the volume unit, but to a
diminution of the total quantity of blood—a true oligemia. But in the majority
of cases there is also diminution in the red count per ¢.mm. and in the hemo-
globin-content. In the fresh blood slide, there is usually no very marked aniso-
eytosis or poikiloeytosis, except in the severer forms. Nucleated red corpuseles,
if present at all, occur in small numbers only, and are then almost always of
the normoblastic type. Megaloblasts and macrocytes are absent, and there is no
marked basophilic granulation of the red cells.

HemoarosiN ConTENT—This is reduced, usually in somewhat greater propor-
tion than the number of red cells.

Covror-1NpEX.— Usually below 1, llmngh it may be nearly normal.

Waire Bwon-mm-u%un—'l‘lwm is often a moderate leukoeytosis, especially
in the ving neopl a finding distinguishing this form of
anemia both from the Addison-Biermer type and, more especially, from the aplas-
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tie type. In the differential count, the leukocytosis is nearly always found to be
of the neutrophilic type. Myeloeytes are not present in the blood, as a rule;
they occur if there are metastases of tumors in the bone-marrow.

It would seem that the hypoplasia of the bone-marrow in such cases affects
chiefly the erythropoetic tissue, rather than the leukopoietic tissue.

Prarerers.—There may be no marked alteration in the number of blood plate-
lets. In some cases, they are diminished, and the coagulation time of the blood is
delayed.

ii. Anemia Due to Hypoplasia of the Bone-marrow of Unknown Origin (Aplastic
Anemia of Ehrlich; Aregeneratory Anemia of Pappenheim)

Definition.—The so-called aplastic anemia is a well-marked type of
severe anemia, due to decreased blood formation from hypoplasia of
the erythropoietic tissue of the bone-marrow.

Etiology and Pathology.—The cause is entirely unknown. At autopsy,
a hypoplasia of the bone-marrow is obvious. The yellow marrow of the
long bones is not changed into red marrow, and the bones that normally
contain red marrow are found-to be impoverished in nucleated red cells,
the tissue of the marrow being made up chiefly of myeloblasts, There
is a real atrophy of the marrow.

Symptoms.—An anemia of high grade develops, which might, on super-
ficial examination, be thought to be of the Addison-Biermer type, but
the lemon-yellow tint of the skin is lacking, and the urine is pale. There
is a marked tendency to hemorrhagic diathesis.

Blood Findings.—Rep Broop-corruscrLes.—The findings differ from
those of chronic hemolytic anemia in that, despite the great diminu-
tion in the number of red blood-corpuscles, there are no signs of accelerated
erythropoiesis. The blood contains neither normoblasts nor megaloblasts,
and there is no anisocytosis.

Hemoerosiy Content,—This is reduced, usually pari passu with the
number of red cells.

Covor-1npEx.—This is, accordingly, about normal.

Wurre Broop-corruscrLes.—The total count is markedly diminished.
There is an outspoken leukopenia, depending upon a reduction in the
number of white cells of myeloid origin, whereas the cells of lymphadenoid
origin are not affected. There is, accordingly, a relative lymphocytosis,
in this respect resembling the Addison-Biermer type.

Brooo PrateLers.—These are markedly diminished in number, The
coagulation time is prolonged.

Diagnosis.—The high grade of anemia, in the absence of regeneration
forms in the blood, with pale urine, rules out a chronic hemolytic anemia,
and proves that we are dealing with an anemia due to deficient blood
formation. The leukopenia, with relative lymphoeytosis, distinguishes this
aplastic anemia from the secondary anemias in cachectic states described
above.
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B. Diseases in which the Number of Red
Blood-corpuscles in the Volume Unit
Are Increased (Polycythemia rubra)

We now come to a consideration of a group of conditions in which
there is a more or less permanent increase in the red blood-corpuscles
in the volume unit. These states are divisible into two great groups:
(1) those in which the increase of the red corpuscles is symptomatic,
accompanying other pathological states—the so-called erythrocytoses; and
(2) those in which the increase of the red blood-corpuscles seems to be
an independent disease of unknown etiology, associated with a hyperplasia
of the erythropoietic tissue of the bone-marrow (the erythremias).

It will be noticed that the terminology here follows that of the analogous
conditions in which the white cells are affected ; namely, the leukocytoses
and the leukemias,

1. The Erythrocytoses

Definition.— (See above.)

Classification.—Two main groups of erythrocytoses have been dis-
tinguished: (1) those accompanying chronic dyspneic states; and (2)
those accompanying sojourn at high altitudes.

Etiology.—The actual cause of erythrocytosis is not known. In some
of the cases, it seems to depend upon stimulation of the bone-marrow by
lack of oxygen, but experimental work (Morawitz and Siebeck, Fitz-
gerald) indicates that, while this explanation may suffice for some of the
erythrocytoses, it will not for all. The condition requires further study.

The Erythrocytoses in Chronic Dyspnea.—Among the conditions
that give rise to chronic dyspneic states and that are accompanied
by erythrocytoses may be mentioned (1) congenital heart disease, espe-
cially the morbus ceruleus due to pulmonary stenosis, (2) myocardial in-
sufficiency in acquired heart disease, especially mitral disease, (3) stenosis
of the respiratory passages (laryngeal stenosis, tracheal stenosis).

In congenital heart disease, the red count may reach 9} millions.
Certain individual factors must be considered, since not every case of
congenital heart disease with cyanosis shows hyperglobulia. At autopsy,
in the cases that manifest it, hyperplasia of the red marrow has been
found.

In the myocardial insufficiency of acquired cardiac disease, erythrocy-
tosis is not constant, and, when present, is of lower grade than in con-
genital heart disease. The number of red corpuscles rarely exceeds seven
willions. In how far concentration of the blood, and in how far ie-
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creased formation of blood, are responsible for hyperglobulia is not known.
When compensation is improved, hyperglobulia often diminishes; this
speaks in favor of an altered distribution of the red corpuscles, or of a
concentration of the blood.

The erythrocytosis associated with stenosis of the upper air passages
rarely reaches a high grade. In experimental animals, and in experiments
on man with Kuhn's mask, a moderate hyperglobulia can be produced
in a short time.

The erythrocytosis associated with the cyanosis of extreme emphysema
should be studied more carefully.

Erythrocytosis on S8ojourn at High Altitudes.—People living at an
altitude, usually have a higher red-cell count than normal (5.5-7 millions).
It has often been asserted that the number stands in fairly direct propor-
tion to the altitude, but this is disputed.

We must distingnish between the increase in the red corpunscles that
occurs immediately after going from a low level to an altitude (as in
the rapid ascent of a mountain, in a balloon ascension, or in an air-ship
trip), and that which occurs after longer sojourn in high places. In the
former case, a new formation of red corpuscles cannot account for the
increase, and there are no signs in the blood of accelerated erythropoiesis,
such as nucleated reds or polychromasia. This form or erythrocytosis
must be due to altered distribution of blood (Zuntz, A. Loewy), or to
concentration of the blood (Grawitz), probably to the former.

On the other hand, the erythrocytosis following upon longer sojourn
at high altitudes is probably due to increased erythropoiesis,

Experimental Erythrocytosis Following Injection of Epinephrin.—
In a recent research Lamson, in Abel’s laboratory, has found that poly-
cythemia may be easily produced experimentally in animals in different
ways, especially by the injection of epinephrin. He concludes that there
is a mechanism for the regulation of the red-corpuscle content of the
blood ; that this regulatory mechanism is under nervous control, reacting
to lack of oxygen as a stimulus; that the adrenal glands play a part in
this mechanism; and that the liver is the organ that supplies the body
with red cells to meet its acute demand.

2. The Erythremias

(Vaquez's Disease, Osler’s Disease)

Definition.—By erythremia is meant a disease in which there is an
increase in the total number of red blood-corpuscles, and in the total
quantity of blood, without discoverable cause, usnally associated with
splenomegaly, and often with eyanosis and constipation. It was first de-
scribed by Vaquez (1892), but became more generally known through the
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researches of Osler (1903), who first put the disease on a firm clinical
basis.

Etiology.—This is entirely unknown.

8ymptoms.—The onset is insidious, usually in middle life, with head-
ache, dizziness, pains in the region of the spleen and liver, cherry-red
color of the face, ears, and mucous membranes,

The splenomegaly varies in degree, but is usually not excessive. The
spleen is hard, and, if enlarged enough for the surface to be felt, is smooth.
The liver is sometimes palpable. The blood pressure is not necessarily
high, though in one group of cases, described by Geisboeck as “polycy-
themia hypertonica,” there is arterial hypertension. Tt is surprising that
the heart is not more involved, considering the increased viscosity of
the blood, but, evidently, other circulatory mechanisms compensate, so
that the work of the heart is not essentially increased. Constipation
is often a marked feature.

Summary of the Blood Findings.—Rep Broop-corruscres.—The
number is greatly increased, averaging between 7 and 10 millions. In
one case, 13 millions were found (Koester). The number often varies
markedly, in different periods, in the same person.

The fresh blood is thick and sticky, and of a darker color than normal.
The stickiness is especially noticeable on making smears. Normoblasts
are occasionally present, rarely megaloblasts. Polychromasic cells are
common, and there is sometimes a little anisocytosis; these phenomena
point, of course, to accelerated erythropoiesis,

Hemocrosiy CoxteEnT,—This is markedly inereased, but not to so
high a grade as the number of red corpuscles. The values vary between
120 and 150 (Sabli). In Koester’s case, the hemoglobin was 240 per
cent.

Coror-1xpEX.—This is usually less than 1.

Wurre Broop-corruscres.—The total count is usually somewhat
increased. A meutrophilic leukoeytosis is occasionally seen, and a few
myelocytes may be met with in the blood (Tiirk).

Prarerers.—These are usually somewhat increased.

Oruer Broov-rinpinas.—The total amount of blood is increased
(Morawitz and Siebeck, Parks Weber, A. Loewy). The viscosity is
greatly increased, owing to the polyeythemia rubra. The blood serum
may contain a normal amount of protein (Bence), or it may be protein-
poor (Weintraud). The coagulation time may be shortened ; sometimes
it is normal.

Complications.—Some of these patients suffer from severe hemor-
rhages (epistaxis, enterorrhagia), even when the blood pressure is not
high. Meningeal hemorrhage, or cerebral hemorrhage, sometimes occurs,
and may be fatal. Thrombosis of the cerebral vessels and of the splenic
vessels, with infarct production, is not uncommon.
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Prognosis.—The course of the disease varies much in different cases.
Mild cases may suffer but little inconvenience, and may live a long time.
In the severer cases, the outlook is grave, but there may be gratifying
remissions, even in these. MecLester has been able in a case he has
studied to keep the red count down by administering benzol.

Pathological Anatomy.—The findings at autopsy show a hyperplasia of the
erythropoietic tissue (Weber and Watson, Lommel). Red marrow is found in
many places where yellow marrow is normally present. There may also be extra-
medullary erythropoietic foei, especially in the spleen (Hirsehfeld). The en-
largement of the spleen is, however, most often due to infarets, hemorrhages,
eysts, or simple hyperemia. The vessels at autopsy are everywhere greatly dis-
tended with blood.

The di is undoubtedly due to i d duction of red cells rather
than to abnormal length of life of the corpusc les. The urobilin-output is high.
The oxygen-capacity of the hemoglobin is normal (Butterfield). The total gas-
metabolism is increased (Senator) as a rule, though in some ecases there is no
change (Grafe).

We have no clew to the stimuli that cause the pathologically-increased ery-
throcytosis.
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C. The Leukemias

Definition.—By leukemia is meant a condition in which there is
extensive proliferation of the leukopoietic tissues of the body, either
lymphadenoid or myeloid, with the appearance in the blood of white
blood cells not normally present. There is, usually, at the same time,
an increased number of the normal white cells, but not always,

Historical.—Leukemic states were first recognized, at autopsy, by Virchow
(1845), and soon after the disease was recognized during life by Vogel.

Our knowledge of leukemia has, however, undergone remarkable develop-
ment since then. We have learned, in the first place, to distinguish between the
leukoeytoses and the leukemias, not on the ground of the total white count, for
there are sometimes leukocytoses with more than 100,000 white cells per -e. mm.,
and there are often leukemias with less than 50,000 leukoeytes per e.mm., though
as a general rule the total count is much greater in leukemia than in leukoeytosis.
An important step forward was also made when it was recognized that qualitative
deviations in the white cells are more important for differentiation than quanti-
tative changes in the total count. This step was taken by Ehrlich, and followed
the introduction, by him, of differential counting of electively-stained smears.
It was soon found that, in some cases of leukemia, cells of lymphadenoid origin
predominate, and that, in other cases of leukemia, cells of myeloid origin pre-
dominate. For a time it was thought that the presence of myelocytes in the
blood was sure evidence of the existence of a leukemia, but later on the non-
leukemic myelocytoses (bone-marrow carcinosis, anemia pseudoleukemica in-
fantum) came to be recognized. Finally, elinical and autoptic studies have demon-
strated that proliferations of either the lymphadenoid or the myeloid tissue,
wholly similar to those that occur in the leukemias, may take place without
the appearance of immature cells in the blood (aleukemic lymphadenoses and
myeloses, q. v.).

Though in the majority of instances a diagnosis can be made by a differential
count of the white blood-cells alone, it must be emphasized that, in some cases,
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the blood-picture by itself is insufficient for diagnosis. As in most clinical stud-
ies, we should never depend upon any one method of examination, no matter
how helpful this may be, but should study the patient as a whole, by all avail-
able diagnostic methods, before drawing our final conclusions.

On acount of the great enlargement of the spleen in some forms of leukemia,
it was by some thought that leukemia is splenogenous in origin; but we know
now that this is not true, and that the leukemias are divisible into two great
groups: (1) those of lymphadenoid origin, and (2) those of myeloid origin.

Leukemia is not, however, a disease of an organ, but in all cases represents
a pathological produetivity of tissues, widespread throughout the body—in
the one group of cases, the lymphadenoid tissue all over the body, in the other
group of cases, the myeloid tissue of the marrow of the various bones of the
skeleton. In order to tell which of these tissues is undergoing proliferation, we
study especially the forms of the abnormal white cells that appear in the blood;
in other words, the blood-change is not primary in the leukemias, but is, on the
contrary, a secondary phenomenon. The primary condition is the pathological
stimulation to proliferation of a definite kind of leukopoietic tissue, and this
hyperplasia of the lymphadenoid tissue, on the one hand, or of the myeloid tissue,
on the other, may precede for some time the appearance of the leukemie blood-
picture; in other words, the lymphadenoid lenkemias may be preceded by an
aleukemie lymphadenosis, and the myeloid leukemias may be preceded for a time
by an aleukemie myelosis.

Aside from the characteristic morphological differences already deseribed be-
tween white corpuscles of lymphadenoid origin and white eorpuscles of myeloid
origin, it is the behavior of the blood in pathological states, such as the leukemias,
that has led me to adopt the dualistic doetrine of the origin of the white cor-
puscles, and in this I find myself in agreement with the majority of present-day
elinieal hematologists.

Frequency and Distribution.—Leukemia is a relatively rare disease.
That we see it more commonly now than formerly, is probably no indica-
tion of a greater frequency, but rather due to the fact that blood examina-
tions are more common, that the disease is better known, and that it
is now more often recognized. Statistics indicate that, in hospital prac-
tice, there are only one or two leukemic patients per thousand admissions,

The disease is commonest in middle life, but may oceur at any age.
Both acute and chronic forms are recognized. In children and young
adults, the disease is most often acute, Men are somewhat more fre-
quently attacked than women.

Leukemia is met with in human beings in all parts of the world. Tt
is also seen in animals; Noecard has described it in horses, cattle and
dogs; Ellermarnn and Bang, in chickens, Thus far, it has not been
observed in guinea-pigs, nor in rabbits. Myeloid forms of lenkemia ap-
pear to be somewhat more common than lymphadenoid forms.

For a full description of leukemia in fowls, see the article by
Schmeisser.

Etiology.—This is entirely unknown. There is some evidence that favors the
idea that it is of infectious origin. I have, personally, been struck with the num-
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ber of instances of myeloid leukemia in which the patients have described to me
an earlier, severe, pyogenic infection. In one case of lymphatie leukemia, a pa-
tient, whom I saw with Dr. T. R. Brown, had been bitten a few months before
by an insect in Switzerland, the insect bite being followed by a severe phlegmon.
In a case of myeloid leukemia, shown me by Dr. H. A. Macallum, of London,
Ont., the eondition developed some time after a most extensive suppurative process.

Various supposed parasites (amebae of Loewit; azure-staining, rodlike inclu-
sions of Pappenheim) have been described in the white cells, but there is, as yet, no
evidence that these are etiological agents.

We must hope that work on the experimental leukemias of animals may before
long throw light upon the etiology. Chicken leukemia can be transferred from
bird to bird (Ellermann and Bang, Schmeisser), either by injection of the whole
blood, or of the cell-free serum. Attempts to transfer leukemia from dog to dog
have thus far failed (Weil and Clere).

Forms of Leukemia.—It is very easy to distinguish chronic myeloid
leukemia from chronie lymphadenoid leukemia by the blood picture. It
may be extremely difficult to distinguish acute lymphadenoid leukemia
from acute myeloid leukemia by the blood picture, or indeed by any other
method during life, though the separation of the two at autopsy is rela-
tively easy. A very skilled hematologist may, it is true, distinguish the
cells of acute myeloid leukemia from those of acute lymphadenoid leu-
kemia, but even he may have to resort to special methods, very delicate
in their nature, and it is too much to ask the general practitioner to
make the distinction. As yet, the differential diagnosis between these
two forms of acute leukemia is of no practical importance, for in both
types, the disease runs a rapid and fatal course, and neither type is
amenable to any form of therapy. For didactie reasons, however, I shall
deseribe the myeloid leukemias, both acute and chronie, entirely separate
from the lymphadenoid leukemias, chronic and acute. It is highly im-
portant that this fundamental division be recognized by students and
practitioners,

1. The Myeloid Leukemias
(The Leukemic Myeloses)
Chronie myeloid leukemia is the most common form of leukemia. Tt

is much more common than acute myeloid leukemia.

(a) Chronic Myeloid Leukemia
(Chronic Leukemic Myelosis)

Bymptoms.—The onset is insidious, and the disease has usually pro-
gressed far before the patient consults a physician. Usually, it is the
enlargement of the spleen, or a progressively increasing weakness or
pallor, that brings the patient to consultation.
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PLATE XV

Fig. 1.—Lymphatic Leukemia Wilson Stain « 800, (Original Drawing.)

-

Fig. 2.—Myel Lenkemia Rhowing Neutrophilie Myclocytes, Eosinophilie Myelo.
eyte, Mast Cell, Nucleated Red Cell, and a Myeloblast Ehrlich Stain x KOO,
(Original Drawing.)
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On close analysis, various subjective symptoms may have been noticed
(heavy feeling and pains in the left side of the abdomen, digestive
disturbances, weakness; palpitation, dyspnea, emaciation). Sometimes
hemorrhages occur early (epistaxis, retinal hemorrhage, labyrinthine
hemorrhage).

On physical examination, there is pallor, usually emaciation, some-
times petechiae and other signs of hemorrhagic diathesis, such as spongy
gums. The most important sign is enlargement of the spleen, due to
the development in it of extramedullary leukopoietic foei of myeloid type.
On palpating the abdomen, the physician may be surprised to find an
enormous organ, and, strange to say, in many cases, the patient has
not noticed it. It is nearly always some fingers’ breadth below the left
costal margin, and in some cases fills up the whole left side of the abdomen ;
I have even scen it extend over into the right abdomen far beyond the
umbilieus. It may not be tender, though, if perisplenitis has occurred,
tenderness may be elicitable, and sometimes friction fremitus. The sur-
face is smooth. The notch in the spleen can usually be felt. The con-
sistence is firm.

The lymph glands may be somewhat enlarged owing to extramedullary
leukopoietic foci of myeloid nature. The liver is also usually enlarged,
due to the presence in it of leukopoietic foei. The bones, especially the
sternum and ribs, may be tender on percussion.

Many patients have irregular fever; some have night sweats, signs
that, erroneously, sometimes lead to a diagnosis of pulmonary tuber-
culosis,

There are usually digestive disturbances (anorexia, diarrhea, constipa-
tion) variable in degree.

The urine often shows deposits of urates, and the uric-acid content
of the urine and of the blood is high, owing to disintegration of leukocytic
nuclei. An actual attack of gout may be precipitated by x-ray treatment.
Aside from the disturbances of purin metabolism due to disintegrating
nuclei, no marked metabolic disturbances have been made out. Examina-
tions of gas metabolism yield as a rule normal values.

In the nervous system, aside from visual, cochlear and vestibular dis-
turbances due to hemorrhages in the retina or in the labyrinth, there may
be paralyses, due to cerebral hemorrhage, or sometimes symptoms refer-
able to lesions of the posterior and lateral funiculi, as in all cases of severe
anemia,

Summary of the Blood Findings in Chronic Myeloid Leukemia.—Rrn
Broon-corruscrrs,—The number varies much. It may be normal at the
beginning, but later on anemia develops. It is not uncommon to find
signs of accelerated erythropoiesis, even before anemia appears (normo-
blasts, polychromasia, basophilic granulation of red corpuscles). Megalo-
blasts do not occur unless the anemia becomes marked.
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Hemocrosiny Content.—This conforms closely to the decrease in num-
ber of red corpuscles, but is a little more marked.

Covror-inpEx.—This is, accordingly, somewhat lower than normal
when anemia has developed.

Wurre Broop-corruscres.—It is, to some extent, the quantitative,
but, more especially, the qualitative, change in the white blood-cells that
is so striking in the blood in myeloid leukemia. The total count is usually
very high, averaging between 100,000 and 200,000, sometimes reaching
500,000 per ¢. mm., rarely more. In some cases, there are periods when
the total white count is only slightly increased, but even then the differ-
ential count permits of a positive diagnosis as a rule.

The deviation from the usual differential formula in stained smears is
characteristic; in the majority of cases, the blood picture is dominated
by the presence of a large number of n-myelocytes though there is also
a great increase in the polymorphonuclear eosinophils and in the poly-
morphonuclear basophils ; usually, too, e-myelocytes and b-myelocytes are
also present. The greatest increase of all is usually in the polymorphonu-
clear neutrophils. Not only is their absolute number enormously in-
creased, but they often maintain their normal percentage-relationship in
the blood, averaging 60-70 per cent of all the white elements. Not in-
frequently, a number of transition forms between n-myelocytes and poly-
morphonuclear neutrophils are present; these are the so-called n-meta-
myelocytes,

There is usnally both a relative and an absolute increase in the poly-
morphonuclear eosinophils and the polymorphonuclear basophils ; together,
they may make up 10 per cent of all the white cells. In rare cases, the
polymorphonuclear basophils are present in excessive numbers, so that
they dominate the blood picture (so-called “mast-cell leukemia™).

The percentage of n-myelocytes present may be very large, but it is
so variable that it is scarcely worth while to give figures. These cells vary
greatly in size. Ocecasionally karyokinetic figures are visible in them.
The granules of the n-myelocytes often stain unevenly, immature granules
with basophilic tendency being interspersed among the typical neutrophil
granules. In the e-myelocytes, immature granules with basophilic tend-
ency can also be seen among the red e-granules,

Besides the myelocytes, myeloblasts are also present, in most cases,
in greater or less numbers, and they may be accompanied by transition
forms between them and the myelocytes; these transition forms are the so-
called pro-myelocytes. In exacerbations of the disease, there is usually
a great increase in the myeloblasts in the blood. This is particularly
true of the exacerbations following the favorable remissions due to x-ray
treatment or to benzol treatment.

The small mononuclears or lymphoeytes are present in about their
normal absolute numbers, but, on account of the great increase in the
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cells of myeloid origin, the relative number of small mononuclears is
greatly diminished. The large mononuclear and transitional forms are,
as a rule, not increased. This is rather surprising if, as many of us
believe, they are of myeloid origin. It would seem that, even in the
myeloid proliferation, the stimulus producing it exerts an elective in-
fluence.

Broonp Prarerers.—The number is usually increased.

Oruer Broon-rinpines.—The total amount of blood appears to be
somewhat inereased, though exact studies are not available. The coagula-
tion time is lengthened, notwithstanding the fact that the blood platelets
are increased in number. The fibrinogen is diminished.

Atypical Blood-pictures in Myeloid Leukemia.—The summary given
above applies to the average case, but remarkable deviations from this
typical picture are not infrequently met with. The deviations from the
type may follow any one of three directions: (1) the total white count
may be nearly normal, especially in early stages or after treatment (x-ray,
benzol, arsenic), or after some intercurrent infectious disease (typhoid,
sepsis, tuberculin injections) ; (2) the increase in the polymorphonuclear
eosinophils and in the polymorphonuclear basophils may be absent; (3)
the white cells may consist, to a very large extent, of myeloblasts, espe-
cially in acute exacerbations.

Duration and Termination of the Disease.—The disease is incurable,
though long remissions may occur, especially after certain therapeutic
efforts. The average duration is 2-4 years, though I know of cases living
ten years after a positive diagnosis had been made. As a rule, the disease
advances more or less steadily, the splenomegaly becomes ever more
marked, the cachexia increases, the anemia increases, and death ensues
from general weakness or more often from terminal infection or hemor-
rhage. The remissions are at times very gratifying, but unfortunately the
hopes engendered are not long supported. Too often, the exacerbation
that follows a remission leads to a clinieal picture of severer type than
any previously experienced ; the chronic lenkemia may take on the features
of an acute leukemic process (predominance of myeloblasts).

At autopsy, the proliferation of myeloid leukopoietic tissue is the charae-
teristie feature. It involves not only the normal red marrow, but also the mar-
row of the long bones, the spleen, the liver, certain of the lymph glands, the kid-
neys, and sometimes the serous membranes and the skin.

(b) Acute Myeloid Leukemia
(Acute Leukemic Myelosis)
This, though a rare diseasé, is commoner than has heretofore heen

suspected. Many of the cases formerly described as acute lymphatic
leukemia are now known to have been acute myeloid leukemia, in which
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the white cells consist almost entirely of Naegeli’s myeloblasts. For
scientific accuracy, in cases of acute lenkemia one should try to dis-
tinguish between myeloblasts and lymphoblasts. Tf n-myelocytes and pro-
myelocytes are present, the differentiation is helped. Otherwise, one has
to depend upon the demonstration of the indophenyl-blue synthesis in the
myeloblasts (never present in lymphoblasts), or upon other subtle hemato-
logical staining-reactions (gq. v.)

Acute myeloid leukemia runs the course of an acute malignant in-
fectious disease, with high fever, hemorrhagic diathesis and rapidly de-
veloping anemia, Normoblasts often appear in the blood.

At autopsy, the findings resemble those of chronic myeloid leukemia and in-
elude typieal penvamulu proliferations of myeloid leukopoietic tissue, both in-
dullary and ext dull (spleen, liver, ete.). In these prohferntlons,
myeloblasts may predominat: but in their staining-reactions and in their dis-
tribution the cells of these myeloblastic proliferations differ from the cells of
the proliferations of lymphadenoid tissue met with in acute lymphadenoid leu-
kemia.

2. The Lymphadenoid Leukemias
(Leukemic Lymphad, Lymphatic Leukemias)

Here, too, we distinguish a chronic form from an acute form. It is
interesting that most chronic leukemias are myeloid and not lymphadenoid.
Most acute leukemias have hitherto been supposed to be lymphadenoid,
but recently it has appeared more probable that the acute leukemias also
are more often myeloid than lymphadenoid in nature.

(a) Chronic Lymphadenoid Leukemia
(Chronic Leukemic Lymphadenosis, Chronic Lymphatic Leukemia)

Symptoms.—The onset is insidious. The patient begins to grow pale,
to feel weak, and perhaps to suffer from dyspnea and palpitation. He
may early notice a little enlargement of the neck due to swelling of the
cervical lymphglands,

On examination, one finds, on palpation of the regional lymphglands
in various parts of the body, a general lymphgland enlargement. The
carvical glands are usually the largest, but the axillary and inguinal
Iymphglands are also enlarged. The enlargement is, as a rule, not great;
the glands may be of the size of beans, rarely larger than hickory-nuts.
They are fairly firm, a little sensitive on pressure, and can be moved
about freely in the subeutaneous tissue, never being adherent to the skin.
The tonsils are also often enlarged. Occasionally, there are lymphoid
nodules in the skin itself, not unlike what is seen in mycosis fungoides.

The spleen is palpable, sometimes quite large, but never attaining to
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anything like the size met with in chronic myeloid leukemia. Tt is firm
and smooth. The enlargement rarely permits one to feel the notch. The
liver is usually somewhat enlarged and firm.

The endogenous-uric-acid content of the blood and of the urine is
increased. Occasionally, there is albuminuria and cylindruria. Bence-
Jones body may be present (Askanazy), but this does not distingnish the
process from myeloid leukemia, as Boggs and Guthrie have found Bence-
Jones body in the urine of that disease.

In a typical case, the palpable lymphglands may not be enlarged,
even when the blood picture is conclusive. We must assume that, in such
cases, the hyperplasia affects especially the internal lymphglands (bron-
chial, mediastinal, retroperitoneal, mesenteric).

Irregular fever of low grade may accompany the process.

Summary of Blood Findings in Chronic Lymphadenoid Leukemia.—
Rep Broov-coreuscres.—The number may be normal, though, as a
rule, there is some anemia, and occasionally it is of high grade. Nucle-
ated reds (normoblasts) are far less common than in chronic myeloid
leukemia, but if the anemia reach a high grade, normoblasts appear as well
as polychromasie forms.

Hemocronin Content.—This follows the total red count closely, but
the hemoglobin is usually a little more reduced.

Coror-inpex.—This is, accordingly, either normal, or a little lower
than normal.

Wurre Broon-corruscrLes.—The total count is high, averaging be-
tween 100,000 and 500,000. The qualitative changes in the differential
count are remarkable. The small mononuclear elements, or lymphocytes,
dominate the blood picture, the increase in the white cells consisting en-
tirely of these cells. As a result, the white corpuscles of myeloid origin
(polymorphonuclears, large mononuclears and transitionals) make up only
a very small percentage of the total count, though their absolute numbers
may be normal, or only slightly diminished.

In this chronic disease, the lymphocytes present are chiefly of the
small variety, though these may differ from normal small lymphocytes
in that the azure granulation is present in a smaller proportion of the
cells than normal, or it may be absent altogether (Naegeli). In addition
to the small lymphocytes, larger forms frequently appear, either ordinary
large lymphocytes (q. v.) or Rieder cells (¢. v.). Sometimes plasma cells
are also present,

In rare cases, the majority of the white cells may be large lymphocytes,
and these may contain azure granules (Naegeli) ; Sternberg regards these
cases as sarcomatoses, but his view has not yet been generally accepted.

Morawitz emphasizes the “uniformity” of the blood picture in chronie lymph-
adenoid leukemia, as contrasted with the “variety” of the blood picture in chronie
myeloid leukemia, and with this all experienced elinical observers will agree; in
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the former instance, the white eells of the smear are almost entirely small mono-
nuclear elements; in the latter instance, the smear is “variegated,” being crowded
with a great variety of white cells (polymorphonuclears, mononuclears, all kinds
of granulations).

Broon Prarerers.—These may be diminished in number, and the
coagulation time is lengthened.

Duration of the Disease.—As in chronic myeloid leukemia, though
there is a general tendency to progression, the course of the disease is usu-
ally marked by remissions and exacerbations. The prognosis is about the
same as in chronic myeloid leukemia. Patients may die within a few
months, or they may live longer than a decade. As far as we know, com-
plete recovery does not occur. The lymphadenoid hyperplasia is more or
less amenable to therapeutic measures (x-rays, benzol, radium), but the
results are not so striking, as a rule, as in chronic myeloid leukemia.
Death usually occurs from some intercurrent infection (sepsis), from the
hemorrhagic diathesis, or from a progressive cachexia.

Autopsy Findings.—There is generalized hyperplasia of the lymphadenoid tis-
sue throughout the body (lymph glands, spleen, bone-marrow, Peyer's patches
and solitary follicles of the intestine, tonsils, parenchymatous organs). In the
bone-marrow, the myeloid tissue is more or less suppressed by accumulations of

foci of lymphoid cells (lymphadenoid tissue).

(b) Acute Lymphadenoid Leukemia

(Acute Leukemic Lymphadenosis, Acute Lymphatic Leukemia)

This is a rare disease, though consultants are apt to see it, owing to
its peculiar manifestations. I have seen a good many cases of it during
the past ten years.

The onset is sudden, like that of an acute infectious disease, and
without apparent cause. It is commonest in children and in young people,
though it may occur at any age. In my experience, it is invariably fatal,
usually within about two months after onset, never lasting over a third
of a year. Cases lasting longer than this come under the head of chronic
lymphadenoid leukemia. All the cases of lymphadenoid leukemia that
I have seen in children have been of the acute type.

Baetjer and Miller have collected a series of cases in which, though
the blood picture seemed to be that of lymphadenoid leukemia, the patients
recovered. Whether these were instances of true leukemia or of non-
lenkemic lymphoeytosis accompanying infections is still in doubt.

Symptoms.—The disease is ushered in with rapidly rising tempera-
ture, headache, pains in the limbs, sometimes with vomiting, often with
chill. The patients may complain of symptoms referable to the mouth
or throat, such as difficulty in swallowing, or pain on mastication. The
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gums quickly become spongy and begin to bleed, and soon a general
hemorrhagic diathesis de.elops.

Every physician should know that an acute febrile disease in a young
person, associated with severe stomatitis, with hemorrhages from the gums,
and with the development of a general hemorrhagic diathesis, is very
suggestive of acute leukemia, and that the blood should be immediately
examined.

The tonsils are often involved, becoming swollen, red, and sometimes
covered with a whitish, foul exudate. Though the cervical lymphglands
may be enlarged, there is no lymphgland enlargement as a rule at the
beginning. Even the spleen may not be palpable at first. The urine
contains albumin and casts, and usually, an excess of urie acid. As the
disease progresses, a general lymphgland enlargement of moderate grade
may appear.

Summary of the Blood Findings.—During the first few days the blood
may not show any very striking changes, but usually by the end of a
week, at the latest, the outspoken signs of acute leukemia appear in the
blood.

Rep Broop-corruscres.—These are present in normal numbers at
first, but as the disease progresses, the red-cell count diminishes, and a
more or less high grade of anemia may develop, in which event, nucleated
red cells may appear in the blood, though they are less common than in
acute myeloid leukemia.

Hemoarosiy Coxtent.—This runs nearly parallel to the red-cell
count, though, when a high grade of anemia develops, the hemoglobin is
often more diminished than the red cells.

Coror-inpEX.—This is normal, or nearly normal, at the beginning,
but as anemia develops, it becomes less than 1.

Wurre Broop-coreuscrLes.—At the very beginning, the total white
count may be normal, or only a trifle higher than normal (aleukemic
stage), but in a few days the total count quickly runs up to 100,000 or
200,000 per ¢, mm., in some cases reaching 500,000 per ¢, mm. When the
total count has become increased, the differential count also shows a re-
markable transformation. Nearly all the white corpuscles are mononu-
clear cells, often as many as 95 per cent of the total count consisting
of lymphoeytes, among them, many large lymphocytes and Rieder cells.

When one sees that 90-95 per cent of the white cells are of the lym-
phoeytic type, and the onset has been acute, with stomatitis, fever, and
the, rapid development of a hemorrhagic tendency, one can be sure that
he is dealing with an acute leukemia and that it will soon terminate
fatally

As has been pointed out, only a skilled hematologist ean say positively, in some
cases of acute leukemia, whether the cells are of lymphadenoid origin or of myeloid
origin. There will even be difference of opinion among men who have worked
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much with differential stains. If the eriteria, established by Naegeli, for lymph-
adenoid cells on the one hand, and for myeloblasts on the other, be accepted, and
the blood be studied by methods that reveal the differences mentioned, a defi-
nite conclusion can, as a rule, be arrived at. For practical purposes, however,
this is not of great significance, since it is the diagnosis of acute leukemia that is
of importance, at present, rather than a distinction between the lymphadenoid and
the myeloid types; in both cases, death invariably results within a short time.

It must not be forgotten that a few myeloeytes may oceur in the blood in acute
lymphadenoid leukemia; should such be found, they must be looked upon as signs
of an “irritation myeloeytosis,” dependent upon lymphadenoid proliferation in
the bone-marrow (Morawitz).

Brooo Prarerers.—These are usually diminished in acute lymph-
adenoid leukemia.

Etiology.—The cause of acute lymphadenoid leukemia is entirely
unknown,

In many instances streptococci are found in the blood, especially toward the
end of the disease, probably a secondary not a primary infeetion, the resistance
being lowered by the absence of white corpuscles of myeloid origin. Some au-
thors, however, believe that acute leukemia may itself be the sign of an acute
septie infection (Sternberg, Ziegler, Jochmann).

Pltlloloty—At nutnpsv, the histological lesions are very much like those
in ic lymphad kemia, though the proliferation of lymphatie tissue
is not quite so extensive, and there may be more large lymphoeytes and Rieder
forms than in the chronie disease. Isolated masses of lymphadenoid tissue, sug-
gesting tumor formation, are sometimes seen, especially in the thymus and in
the mediastinal glands, and the differential diagnosis from lymphosarcoma may
then be difficu’t.

Differential Diagnosis.—(1) From primary septic disease; (2) from
the simpler forms of stomatitis and tonsillitis; (3) from other diseases
associated with hemorrhagic diathesis.
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D. States More or Less Resembling Leukemia
(The So-called Pseudoleukemias and
Leukemoid Diseases)

We must now consider' a group of diseases concerning which a vast
deal of confusion prevails in medical writings, for the reason that, for a
long time, a group of wholly different diseases resembling one another
closely and in turn as a whole resembling to some extent the conditions
in leukemia were not distinguished from one another, but were grouped
together as psendolenkemias (Cohnheim). Gradually medical men have
learned how to separate from this group, one after another, certain definite
disease-entities. If the term pseudoleukemia be used at all now it should
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be used for the whole group, and with the clear consciousness that the
states subsumed under this heading may be pathogenetically wholly un-
related to one another, just as we use the term jaundice to designate a
symptom in a number of wholly unrelated diseases. I am hopeful that,
before long, we may discard the term pseudoleukemia altogether, and keep,
in our medical terminology of the states now included under it, only the
names that designatc really different disease-entities. For historical
reasons, however, and on account of the vogue of the term in medical
writings generally, it seems necessary still to explain the sense in which
the pseudoleukemias have been and are now understood. Among these
pseudoleukrmias and lenkemoid states have been included the following:
(1) aleukemic lymphadenosis; (2) aleukemic myelosis; (3) chronic
infectious granulomatous processes involving the lymph glands, (a) Hodg-
kin’s disease, (b) tuberculosis of the lymph glands, (¢) syphilis of the
lymph glands; (4) the leukemoid diseases, (a) lympho-sarcomatosis
(Kundrat), (b) the chloromas, and (¢) the myelomas (Kahler). After
this introductory statement, these several diseases will now be separately
described.

1. The So-called Pseudoleukemias

(a) Aleukemic Lymphadenosis

Definition.—A disease characterized by a diffuse, generalized hyper-
plasia of the lymphadenoid system all over the body (lymph glands,
spleen, bone-marrow, tonsils, lymphatic tissue of mucous membranes and
parenchymatous organs), histologically indistinguishable from the lym-
phadenoid hyperplasia met with in the lymphadenoid leukemias, but not
associated with a leukemie blood-picture.

It will be seen that this di is distinguishable from lymphatie leul
only by the absence of an inerease of the lymphoc)wa in the blood Like l)mph—
adenoid leukemia, it may occur either in a chronic or in an acute form. The close
relationship of the two diseases is further emphasized by two facts: (1) a lymph-
adenoid leukemia may be preceded by a stage of aleukemie lymphadenosis, and
(2) an aleukemic lymphadenosis may, after persisting for a long time, suddenly
and without apparent reason, go over into a lymphadenoid leukemia. One caunot
help but feel that the etiology of aleukemie lymphadenosis and of lymphadenoid
leukemia must have something in common, but why it is that a lenkemic blood-
picture develops in some cases with the lymphadenoid proliferation, and not in
others, we were utterly unable to explain. Obviously, some factor other than the
main etiological factor causing the lymphadenoid proliferation must enter in to

t for the develoy t of a leukemic blood-picture,

8ymptoms.—The symptoms in aleukemic lymphadenosis (chronie and
acute) are the same as those of lymphadenoid leukemia (chronic and
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acute), except for (1) the difference in the blood findings, and (2) a
somewhat more favorable prognosis, or at any rate, a longer duration.

Diagnosis.—In the chronic forms the diagnosis can be made only
through excision of an enlarged lymphgland and histological examination
of the gland. This will sharply separate the disease from the various
infectious granulomata, while the blood picture separates it from the
leukemias, In the acute form of aleukemic lymphadenosis, the diagnosis
can rarely be made during life, though it may be suspected. The true
nature of the disease is revealed first by the autopsy findings.

(b) Aleukemic Myeloses

There are, apparently, rarer than aleukemic lymphadenosis, but recently single
cases of so-called myeloid pseudoleukemia, or of aleukemie myelosis, have been
deseribed (Hirschfeld). This disease stands in precisely the same relation to the
myeloid leukemias as does aleukemie lymphadenosis to the lymphadenoid leukemias.
The fact that it is rarer may depend upon the more intimate relation of the
myeloid leukopoietie tissue to the blood vessels, so that proliferations of this tis-
sue are more often associated with a leukemic blood-picture than is the lymphade-
noid proliferation.
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(¢) Chronic Infectious Granulomatous Processes Involving the
Lymph Glands

Knowledge of the infectious granulpmata involving the lymph glands
has made great progress, especially in American clinies, and the Ameri-
can bibliography is much clearer on this subject than the European. It
is somewhat surprising that European observers seem still to be more
or less confused with regard to this group of diseases. Recently, however,
American work has become better known in the European clinics, and
some of the European writers, notably Morawitz, Naegeli, and Pappen-
heim, discriminate clearly among the various diseases of the group.

In America, through the influence largely of Osler, the prevalence of
Hodgkin’s disease has become well recognized, and thanks to the researches
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of Dorothy Reed, of Longcope, and of MeCallum, the histological picture
has been so sharply characterized that we now have no difficulty when
the lymph glands are enlarged in diagnosing Hodgkin’s disease, provided
we are permitted simply to make a histological examination of a lymph
gland removed intra vitam. Moreover, recently, the bacteriological studies
of Bunting and Yates in this country, and of Negri and Mieremet abroad,
have revealed the frequent presence of a definite diphthercid bacillus in
the glands in Hodgkin's disease, a discovery that has been quickly turned
to therapeutic purposes by Billings and Rosenow in Chicago.

Bunting’s ideas on the subject (1915) may be formulated as follows (per-
sonal communication) :

Among lymphglandular enlargements, he finds a group s bdivisible histo-
logically into three types—

(1) An inflammatory type, e. g., Hodgkin’s disease.

(2) A large-celled proliferation-type.

(3) A small-celled proliferation-type.

Each of these may, or may not, be associated with extraglandular tumors.

Hematologically, in these cases he finds:

(1) The white-blood-cell picture that he has deseribed in the early stage of
Hodgkin's disease, or

(2) A leukemic blood-picture with the predominant cell of the same type as
that seen in the sections of the glands.

On making bacteriological cultures, Bunting finds that a diphtheroid organism
may be cultivated apparently readily from all three types. Though he has not
had a large number of cases, he has had positive eultures (1) from twelve cases
of Hodgkin’s disease; (2) from four of the large-celled proliferation-type (aleu-
kemia); and (3) from two of the small-celled proliferation-type, one of them
with, the other without, a leukemie blood-pieture. In only one of the Hodgkin's
cases were the cultural results negative.

Clinically, Bunting believes that a primary focal infection may be determined
in each case. The disease seems uniformly to run a fatal course.
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i. Hodgkin's Disease

(Infectious Granuloma, Malignant Granuloma, Generalized Lymphadeno-
ma, Malignant Lymphona)

Definition.—A disease characterized by an infectious granulomatous
process, involving especially the lymphadenoid tissue of the body, and
associated with the presence in the lymph glands (1) of characteristic




of
as
im
ot

es

m
18

ed

RESEMBLING LEUKEMIA 225

histological lesions (fibroblasts, giant cells, eosinophils), and (2) often
of a cultivable, pleomorphie, diphtheroid, Gram-positive, non-acid-fast
bacillus, the Corynebacterium granulomatis maligni.

Etiology. The bacterial agent that ]mnillll\ canses the disease has
wdy been referved to above. E. E. Irons cautiously emphasizes the
fact that the evidence of a cansal relationship is not yet convineing, though

alr

it is strong.  We now know how often bacteria may be present in the

Fig. Hodgkin's Disease, Unilateral. (Med. Service, J. H. H.)

lymph nodes as accidental inhabitants, and it is possible, as Irons hints,
that the diphtheroid bacillus is such an aceidental inhabitant.
Symptoms.—The onset is insidions, the patient as a rule noticing,
first an enlargement of one side of the neck, which brings him to his
physician.  On examination the latter finds that the enlargement is due
to swollen lymph glands. Subjectively, there may not have been much
inconvenience, though in some cases a patient will complain of lowering of
his bodily and mental powers, easy fatigability, dyspnea and palpitation on
exertion, anorexia, and beginning emaciation. Itching of the skin is a
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prominent early symptom in many ecases, and various peculiar skin
eruptions may be seen. While the lymph glands first to be enlarged are
usually those of the neck, lymphadenoid proliferation may begin else-
where (axilla, groin, spleen, mediastinum, ete.). Less often, the discase
begins acutely. Most puzzling are the cases in which only the internal
lymphadenoid tissues are involved ; but sometimes, in these, the relapsing
fever (Pel and Ebstein), so characteristic of many of the cases of the

Fig. 314.~Hodgkin's Disease, Bllateral. (Med. Service, J. H. H.)

disease, may give the clew to the diagnosis. The periods of pyrexia have
been well deseribed by MacNalty. After a period of fever of low grade,
or of normal, or subnormal, temperature, there is a steady rise for from
two to four days, when a temperature of 105° F. may be reached. The
temperature remains at this level, usually for about three days, and then
falls by lysis during another period of three days, after which it becomes
subnormal. Then an afebrile period of ten days, two weeks, or more
may occur, to be followed by another period of pyrexia. Such relapsing
pyrexia may go on for months., Osler has deseribed a case in which the
pyrexia lasted exactly fourteen days in many successive paroxysms, the

glands swelling and becoming hot and tender during the febrile period.
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Troussean divided the disease into three stages: (1) the latent period, (2)
the progressive period, and (3) the eachectic period. It is often possible to make
out these three stages of the disease, but it does not always follow this typieal
course. The glands of the neck may be involved for months, or even for years,
before the other glands of the body become involved. When the mediastinal glands
become enlarged, the signs of intrathoracie tumor (cough, dyspnea, eyanosis, dila-
tation of the veins of the thorax, ete.) develop. As the disease progresses, the
patients become anemie, emaciated, and cachectie.

Summary of the Blood Findings—Rerp Broon-corrvscres.—In the
early stages, the number is nunchanged, but later anemia develops, and
toward the end may become of high grade A remarkable exception may

Fig. 315.—IModgkin's Disease. Enormous Shadow, Marked by Arrows, Due to Enlarged Medias-
tinal Glands. (By courtesy of Dr. Baetjer and Dr, Waters : X-Ray Department, J. H. H.)

exist in the cases with large intrathoracie growths causing eyanosis and
dyspnea; here, a dyspnoeic erythrocytosis may develop, the red count
reaching six millions or more, with corresponding high hemoglobin-values.
Hemoaropiy ConTeNT.—This corresponds to the number of red cells,
or is relatively a little more reduced.
Covor-iNpEx.—When anemia develops, the color-index is lower than
normal.

Wiire Broon-corruscrrs.—The total count may, at first, be un-
changed, though later there is usually a moderate increase, the count
r('uvhing from 10,000-30,000-50,000 l(-nkw_\'lvs.
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The differential count shows a normal or a high percentage of poly-
morphonuclear neutrophils. The eosinophils may show a diminished per-
centage in the early stages, though even then the absolute numbers are
often increased. In some cases, there is an enormous increase in the
eosinophils. In a patient of mine showing a high total white count, over
60 per cent of all the white cells were eosinophils, The lymphocytes are
usually decreased, both in
percentage and in absolute
numbers,  Oceasionally my-
elocytes are present,

A striking feature often
seen in the early stages, is
a large number of large
mononuclears and especially
of transitiona! forms. DBunt-
ing has especially emphasized
the presence of a large num-
ber of transitional forms, and
thinks that he can make the
differential ~ diagnosis, in
doubtful eases, by the blood
smear.  In our experience at
the Johns Hopkins Hospital,
transitionals have been very
numerous in the blood of
Hodgkin's cases. It is not un-
common to find 7-10 per cent,
or more, of the total eount
made up of transitionals. An
oceasional n-myeloeytemay be
seen. The total connt of white
corpuscles is not always in-

Fig. 316.—Blood Platelets and Detached Pseudopodia
of Megalokaryocytes in Smears of the Peripheral = % 4
Blood in Hodgkin's Disease. (After C. H. Bunt-  creased in ITodgkin's disease;

fng, 4 B, B, Bull.) it may even be diminished,

at least at certain periods.

Broop Prarevers.—These are often markedly inereased, and in ad-

dition, pseudopodialike masses, due to pinching off from the protoplasm of

megalokaryoeytes, are often visible in smears made from the blood (Bunt-
ing).

o0sis,—The duration of the disease varies greatly in different ecases.
Spontaneous remissions are not infrequent, and, now that we have learned how
to utilize the x-rays, arsenic, and autogenous vaccines (Billings and Rosenow),
long periods of remissions can be maintained; whether a complete cure can ever
be brought about is not yet certain.
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Acute cases occur in which the disease progresses rapidly to a fatal termi-
nation within a few months. On the average, the disease lasts two or three
years, but I have patients under observation who have lived much longer, and
are still living. Remarkable changes in the size of the glands occur spontane-
ously, and under treatment.

Bunting and Yates are now testing immunizing methods in conjunction with
surgical therapy.

Diagnosis.—The essential points are the following: (1) signs of
hyperplasia of the lymphadenoid system; (2) absence of a leukemic blood-
picture; (3) presence of a neutro-
philie leukoeytosis, of an eosinophilia,
and of a remarkable increase in the
transitionals; (4) typical histological
lesions (Dorothy Reed) in a lymph
gland excised for diagnosis; and (5)
growth of a diphtheroid bacillus in
cultures made from an exeised gland.

Differential Diagnosis.— ( 1)
From leukemia (blood pieture).
(2) From tuberculosis of the lymph
glands (histological examination of

Fig. 317. — Characteristic  Histology of

excised gland, tubereulin reaction, Hodgkin's Discase, Swollen “Endothelial”
tendeney of elands to coalesce and to  Cells Are Seen Lying on the Fibrils of
BRGERCY OF § " SDERD 3 ‘ t the Retieulum. In (he Interstices of the
break down, absence of Ilodgkin’s Stroma are Found Lymphoeytes, Eosin-
blood-picture, eulture from lymph ophils and Large Epithelold Glant Cells.

(After Dorothy M.
gland. It must be remembered, how- ports.)

ever, that not a few cases of Iodg-

kin’s disease are complicated by tuberculous infections toward the end);
(3) From aleukemic lymphadenosis (histological examination, eulture
from lymph glands, absence of Hodgkin's blood-picture; lymphopenia) ;
(4) From Ilymphosarcoma (usually larger tumor, invading adjacent
structures, histological picture, blood picture); (5) From syphilis (see-
tions, and culture, from lymph gland, Wassermann reaction).

Reed, J. H. H. Re-
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ii. Tuberculosis of the Lymph Glands

(Tuberculous Lymphadenitis)

Several forms of tuberenlosis of the lymph glands oceur,  In one form
—generalized tubereulous lymphadenitis—all the lymph glands of the
body are involved, and the clinical and histological picture may, for
a time, closely resemble that of aleukemic lymphadenosis.

Again, the so-called “serofula™ of children and of young adults is, in
most cases, due to tuberculous infection of the cervieal lymph glands.”

The commonest form of lymphgland tuberculosis in young children
is tuberculosis of the bronchial glands

Diagnosis of Tuberculosis of the UJervical Lymphglands.—We have

to rule out (1) Hodgkin’s disease 2) aleukemic lymphadenosis; (3)
Iymphosarcoma; (4) exudative esis (Czerny); (5) simple adenitis
secondary to chronie nasophar tis (infected adenoids and tonsils) ;

and (6) syphilis of the lymph slunds.

In advanced cases, the diagnosis is easy. The glands are large, be-
come matted together, and often soften and break down, with abscess,
or fistula formation. Secondary infections with pyogenic organisms are
not uncommon, '

If one consider the state of the patient as a whole, the exact condition
of the individnal Iymphglands, the blood picture, and the results of tuber-
culin and Wassermann tests, there should be but little difficulty in arriv-
ing at a correct diagnosis.

Diagnosis of Tuberculosis of the Bronchial Glands.—This may be
exceedingly diffienlt to make sure of, even when we suspect its existence.
If the child, hitherto healthy, gradually grows weak and anemic, loses
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its appetite, ceases to gain in weight, begins to show an irregular fever,
and especially if it develop a cough not unlike that of pertussis and an
expiratory dyspnea, we must strongly suspect the existence of a bronchial-
gland tuberculosis. There is usually tachycardia and some dyspnea. If
the masses become large, there may be signs of compression of the N.
recurrens, of the cervical sympathetic, of the trachea, or of the innominate
vein,

Swelling of the paramammillary or of the thoracic lymphglands, and
tenderness on percussion of the spines of the second to the seventh tho-
racie vertebrae are not uncommon. Relative dullness over the fifth and
sixth thoracic vertebrae may be found when the glands at the bifureation
of the trachea are enlarged (de la Camp). On auscultation, bronchial
breathing over the spines from the fifth and sixth thoracic vertebrae down-
ward may be present. Normally, the breathing there is vesicular, or at
most bronchovesicular.  Carefully taken rontgenograms of the thorax
may reveal enlarged bronchial glands, especially if calcification has taken
place in parts. Tuberculosis of the glands elsewhere, especially of the
supraclavicular glands, may be helpful in arriving at a decision. In
young children a positive von Pirquet’s reaction favors the diagnosis.
As Harold Parsons emphasizes, it is important to make the diagnosis
early, before the signs have become outspoken.

The dangers of bronehial-gland tuberculosis should always be kept
in mind; it is not infrequently the starting point of a tubereulous menin-
gitis, or of a miliary tubereulosis.

Diagnosis of Tuberculosis of the Mesenteric Glands.—This condition,
known in the older bibliography as tabes mesenterica, is much less common
than tuberculosis of the bronchial glands. The disease presents itself as
a slowly developing cachexia, with irregular fever, and diarrhea. Some-
times it is possible to palpate the enlarged glands, but this is usually
difficult or impossible on account of meteorism. Extensive tuberculosis
of the mesenteric glands may go on without symptoms for a long time.
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iii. Syphilis of Lymph Glands

The diagnosis is usually easy by means of the history, hy the Wasser-
mann reaction, and, when in doubt, by histological examination of one
of the glands to rule out other forms of lymphoma.




RESEMBLING LEUKEMIA 233

Glandular enlargement in syphilis is more commonly generalized. The epi-
trochlears, the occipitals, and the glands of the anterior axillary chain are fre-
quently involved; non-syphilitic glandular diseases very seldom affect these glands.
In syphilis the enlargement of the glands is usually only moderate; but the
increased consistency, which makes them readily palpable, gives them a character-
istic “shotty” feeling. In the glandular group that receives the lymphatic drain-
age from the primary lesion it is the rule to find one or two markedly enlarged
glands that are characteristically painless.

2. The So-called Leukemoid Diseases

Under this heading are included (a) lymphosarcomatosis, (b) the
chloromata, and (¢) the myelomata.

(a) Lymphosarcomatosis (Kundrat)

Iere we have to deal with a very peculiar affection, which seems to
stand mid-way between generalized aleukemic lymphadenosis and genuine
malignant sarcoma.

The disease begins locally, but quickly spreads to all the lymph glands
in the region in which it begins through the rapid formation of metastases
by way of the lymph channels. Some have even regarded it as a “system
disease,” like the leukemic and the aleukemie lymphadenoses. Its re-
semblance to true sarcoma is shown by its disrespeet for gland boundaries,
but it does not invade neighboring organs in the destructive way char-
acteristic of true sarcoma.

This disease may begin in any part of the lymphadenoid apparatus (cervieal
glands, mediastinal glands, tonsils, intestine, spleen). There is a marked tend-
ency to extension of the process along the sheaths of the blood vessels and nerves.
In one of my patients, the whole vena cava was surrounded longitudinally for a
long distance. This had caused narrowing of the lumen and partial venous
obstruetion.

In the blood the red cells are diminished, especially as the disease
advances. The white blood-corpuscles are usnally increased in number,
owing to a neutrophilic leukocytosis, and there is sometimes a marked
lymphopenia. The blood findings are, however, not at all characteristic.

I am personally inclined to look upon this disease as an especial form
of Hodgkin's disease, though the proof of this has yet to be brought, and
the histological findings differ somewhat.
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