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o METHODNS OF EXAMINATION
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Fic. 1. Zhe Thoma Hematocylomerer.,
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cover glass placed on the plate is exactly o.1 millimeter. The
upper surface of the disc is ruled as shown 1 Fig 2. The
central square is ruled with lines y'; mm. apart giving 4oo
squares each containing ¢}y sq. mm. The Zappert-Ewing

ruling, the cne to use preferably, has besides this central 400
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10 METHODS OF EXAMINATION

usually be found sufficient for this. The diluting fluid in the
long arm of the pipette is then expelled by compressing the
rubber tube and twisting it.

One should never blow in the tube as that would be apt to
cause saliva to mix with the diluted blood. After a few drops
have been expelled a medium sized drop, obtained by simply
compressing the rubber tube, is placed on the center of the
counting chamber and the cover glass adjusted. In placing
the cover glass care must be taken to avoid including air bub-
bles. If one side of the cover is placed in position and the
other gradually lowered there will be no danger of including air
bubbles. The cover glass should be placed as quickly as possi-
ble. A delay will result in an uneven distribution of the red
corpuscles, the surface of the drop before being covered being
rounded the corpuscles fall on the ruled disc from unequal
thicknesses of fluid. The drop should be large enough to fill or
very nearly fill the central disc without running into the trench
or between the cover glass and the plate. The proper size of
the drop must be learned by experience. With a little prac-
tice one can get the proper sized drop at the first trial. If the
cover glass fits closely a play of colors (Newton's rings) will be
seen between the cover glass and the plate. If they are not
_ seen it is because the cover glass is not in place. The layer of
blood is consequently more than o.1 mm. in thickness. Gentle
pressure on the corfers of the cover glass may facilitate the
appearance of the colors, but they must remain after the pres-
sureis removed. The counting chamber and cover glass should
be cleaned and another drop adjusted if the fluid runs into the
trench or between the cover glass and the plate, if the disc is
not well filled with fluid, if air bubbles are included, if the
interference colors (Newton's rings) are not seen, or if the blood
is found to be unevenly distributed. Time is saved by brush-
ing off dust or lint from both counting chamber and cover glass
with a small camel's hair brush before filling the counting
chamber.

Counting. The counting chamber should be kept level
after the drop of blood is placed in it. The count is made on a
microscope with a level stage. It is convenient to use a X 4
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ESTIMATION OF HEMOGLOBIN L3

transfer a large drop with the glass rod to the Thoma counting
chamber and cover with a thin cover glass. If the corpuscles
are fairly evenly distributed, let the chamber rest quietly for
about five minutes. Count the red corpuscles and blood
plates in about six frames of 16 squares each. This usually
gives about 100 blood plates. With a small number of blood
plates or with not so even a distribution more than six frames
should be counted. The number per emm. is obtained by
multiplying the number of erythrocytes, obtained in the usual
manner, by the ratio of blood plates to erythrocytes.

ESTIMATION OF HEMOGLOBIN.

There are several instruments for obtaining the amount of
hemoglobin, the more important of which are Tallgvist’s,
Gower's, Dare’s, Oliver's and Fleischl-Miescher's.

Tallgvist’s hemoglobin scale. This apparatus consists of
fifty leaflets of absorbent paper bound in a booklet with a
scale of ten standard tints cor-
responding to the color of -
blood stains having a hemo-
globin value of 10, 20, 30, 40..
too. In making the test a
small piece of the absorbent
paper 15 touched to a drop of
blood which is allowed to soak
in gradually. As soon as the
blood has lost its humid gloss
and before drying has taken
place the stain is placed
against a white background
and compared with the tints of
the standard scale. The tints
should be compared by day-
light. Thisis one of the most
convenient of the hemoglobi-
nometers. The booklet is of
a size convenient to be carried in the pocket, requires only a
few seconds to make a test and has no pipettes or other parts

Fic. 6. Tallguist's hemoglobin scals.



10 METHODS OF EXAMINATION

to be cleaned. The error in use does not amount to more than
ten per cent. This instrument i1s sufficiently accurate for
ordinary clinical work.,

Gower’s hemoglobinometer. This instrument consists o

two sealed glass tubes contaming glycerin tinted with pier

"=

carmine to represent the tint of a one per cent. solution
normal blood. One of these tubes, marked with a white dot,
1s for use by daylight and the other, marked by a black dot, for
use by candle hight. Besides these tubes there 1s a tubs
similar size graduated into 140 parts, each of which contains 20
cmm., a capillary pipette marked at 20 emm. and a block for
holding the tubes when making the comparison.

Method of ustng. The blood is drawn into the pipetts

the mark 2o emm., the outside wiped oft and

i,

the content
expelled into the di-
luting tube, which
should contain a little
distilled water. The
inside of the pipette 1s
rinsed out by alter-
nately drawing in and
L'x‘:ll.'l'.le_:_’, water Irom

the tube. While ex-

pelling blood or water
Irom the '||';i|l_"|'_|. the
woimit of the pipette
!
should be raised shight-

ly above the surtace

0f Tihie water 1in

'.1!*.!!' Lo avold 'x

bubbles. Rinsing the

pipette also serves to
mix the blood with
the water. After rinsing the pipette, water is added gradually

to the diluted blood in tl

e tube until it is of the same tint as
the standard tube. The blood and water should be mixed by
closing the tube with the thumb and inverting it several times.

Do not shake the tube and produce bubbles in it as bubbles



DARE'S HEMOGLOBINOMETER 17

will render it difficult to read the amount. Comparison is
made by placing both the standard tube and the diluted blood
in the block and viewing them by reflected light. It is better
to hold a paper or other white background behind the tubes
and let the light fall over the shoulder while making the com-
parison. When they are of the same tint the hemoglobin value
1s read from the diluting tube, reading at the middle of the
meniscus. As the readings on the lower part of the scale are
not accurate, it is advisable to use two pipettes of blood for low
percentages, dividing the result obtained by two.

Gower's hemoglobinometer is used extensively, though not
so extensively as a few years ago. A deaded disadvantage 1s
that the tint of the standard solution is not permanent, becom-
ing darker after a time. It does not give the hemoglobin value
closer than about five per cent. The instrument is not
enough moreaccurate than Tallgvist'stomakeitadvisable touse.

Dare’s hemoglobinometer. The instrument consists essen-
tially of a capillary pipette and a standard color scale represent-

ing the hemoglobin
values from 1o-120.
The pipette i1s com-
posed of two glass
plates,one transparent
and the other white
z which has a depres-
sion of measured
depth ground in one
end so that when the
plates are clamped in
the holder the depres-
sion forms a capillary
chamber which fills
automatically when
either of the three
sides is touched to a
drop of blood. The
standard color scale
consists of two prismatic glass plates tinted to give

Fic. 8. Dare's hemoglobinomeler.






OLIVER'S HEMOGLOBINOMETER L)

Oliver’s hemoglobinometer. This instrument consists of
twelve colored glass dises corresponding to the hemoglobin
percentages from 1o to r12e. The intermediate percentages
are found by means of colored glass riders placed on the discs,
the one marked 5 to be used with the higher percentages, the
one marked 214 to be used with the lower percentages, each
adding five per cent. to the hemoglobin value. The blood is
measured in an automatic pipette and is diluted in a mixing
cell which is provided with a bluish glass cover

Method of using. The capillary pipette is filled by touch-
ing it to a drop of blood, which is expelled into the mixing cell
by means of a medicine dropper previously filled with water,

Fic. 9. Oliver's hemoglobinometer.

The dropper has a rubber tube on the end that fits aver the
pipette. The blood is mixed with the water by the handle of
the pipette. The cell is then filled with water and the blue
glass cover slid into place. A small air bubble should be
inclosed. The reading is made by candle light in a dark room






METHOD OF USING 21
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Fio. ro.  Fleischl-Micscher hemomeler.

Method of using. The blood is procured with the usual
precautions and is drawn into the pipette to the mark }, £ or
}2. Diluting fluid, a filtered one per cent. solution of sodium
carbonate, 1s drawn up to the mark as in the hematocytometer.
It is well shaken, and the diluting fluid expelled from the long
arm of the pipette. Then one compartment of the mixing cell
1s filled with the diluted blood, the other compartment filled
with water, the glass disc slid into place and the metal cap
adjusted. The cell is placed in position on the stage so that
the part containing water is over the colored wedge. Compari-
son should be made by the light of a candle or petroleum lamp
placed at some distance from the hemometer. A better result
will be obtained in matching the blood and scale by moving
the scale by short quick movements.

A table accompanies each instrument in which is given the
number of grams of hemoglobin corresponding to the reading
obtained with that instrument. The Fleischl-Miescher hemo-
meter 1s one of the most accurate of those used for obtaining
























CORPUSCLES AND PLASMA 29

found that the same method can be readily applied to animals.
He found the volume of blood in male rabbits to be 4.85%; of
the body weight in grams, varying in seven cases between 6.09
and 4.29; and in female rabbits 5.329; of the body weight,
varying in four cases between 6.28 and 3.719,. The oxygen
capacity per 1co grams body weight he found to be o.706 ce. in
the buck, varying between 0.968 and o.577 cc., and ©.739 cc. in
doe rabbits, varying between o.825 and o.596 cc.

THE RELATIVE VOLUME OF CORPUSCLES ANXD OF PLASMA.

The hematocrit as modified by Daland consists of a horizon-
tal armature carrying two capillary tubes to be placed on the
shaft of a centrifuge in place of the armature carrying the
urine tubes. The capillary tubes of the hematocrit are each
graduated in 100 degrees and are held in place by springs.
One of the tubes is filled with water and placed in the armature,
the other tube is filled with blood by touching one end to a
large drop of blood and holding the tube horizontally or the
other end somewhat depressed. It is at once placed in the
armature with the zero end outward. The tubes are revolved
at a speed of 8,000-10,000 per minute for three minutes, by
which time the column of red corpuscles will be found unchang-
able. The volume of red corpuscles is read easily, the tubes
having a lens front. If the blood cannot be centrifuged at
once 1t must be diluted. Daland used a 2.59; aqg. soln. of
potassium dichromate, mixing the blood with an equal volume
of diluting fluid. This is done, using the red pipette, by draw-
ing blood to the mark 1, then a small air bubble, then an equal
volume of diluting fluid, then another small air bubble and so
on until three or four tube lengths are obtained. The blood
and diluting fluid should be mixed at once by gentle shaking,
care being taken not to produce air bubbles. Both capillary
tubes are to be filled with the diluted blood and centrifuged as
with fresh blood. The result must be multiplied by two. This
method seems to be sufficiently accurate for determining the
relative volume of corpuscles and plasma, excepting in cases
of leukemia or extreme leucocytosis, when enough leucocytes
























CHAPTER II.

MORPHOLOGY OF THE FORMED ELEMENTS.

RED CORPUSCLES (ERYTHROCYTES).

In the circulating blood these elements have a cup shape in
man, horse, cow, sheep, dog, cat, rabbit, Guinea pig (Weiden-
reich, Lewis) and presumably in other domesticated mammals
excepting camels. This shape may be seen in the counting
chamber when Toisson's fluid is used as a diluent, or when
blood is examined in physiological salt soln. Ordinarily when
examined in the fresh condition or in dried preparations the
red corpuscles appear as bi-concave discs of a pale straw color,
the color being deeper in the peripheral part of the disc and.
nearly absent in the central part. The size of this central
clear area varies in different cémditions. In cases of anemia
it may be relatively large. The red corpuscles in mammals
are not nucleated as a rule in the circulation except during the
intra-uterine period. Small numbers of nucleated red cells
may be found in the circulating blood in the young. In the
domestic fowl the red corpuscles are elliptical nucleated cells,
The size of the red corpuscles varies with the different species
of animal. The averages for each animal will be found inthe
tabulated summaries in Chapter III. In stained preparations
the red corpuscles take the acid stain, the difference between
the central clear area and the deeper colored peripheral part
being clearly shown. In pathological conditions marked
changes in the size, shape and staining properties are some-
times shown. Instead of being of about the same size, marked
variation may appear in cases of anemia. It is to be noted
that in the young there is normally a considerable variation in
size. Very small corpuscles, about one-half the average size
are called microcytes. Corpuscles one-half larger to twice the
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EXPERIMENTAL LEUCOCYTOSIS 73

leucopenia followed by leucocytosis m animals (Lowit),
Goldschneider and Jacob obtained similar results from the
injection of glycerin extracts of spleen, thymus and bone
marrow; but obtained negative results from extracts of thy-
roid, liver, kidney and pancreas. After the intravenous and
subcutaneous injection of a solution of ether, Derouaux found
a transient leucopenia followed by a polynuclear leucocytosis
lasting several days succeeded by a secondary mononucleosis.
Inhalation of ether he found followed by polynuclear leucocy-
tosis. Harvey found that a lymphocytosis occurred after the
injection of pilocarpin, muscarin and barium chloride, This
was of purely mechanical origin, due to contraction of plain
muscle in the spleen and lymphatic glands, as it may be inhi-
bited if atropine precedes the incorporation of any drug which
stimulates plain muscle.

Von Limbeck injected cultures of bacteria into the knee
joints of fasting dogs and found the maximum leucocytosis was
reached 6—24 hours after the injection, with ordinarily two
to three times the normal number of leucocytes of which 88—g3
% were polymorphs. Pyogenic staphylococel were the most
active, increasing the leucocytes to six - seven times the nor-
mal number. Streptococcus pyogenes was next and Fried-
lander’s pneumococcus third in activity. Rieder repeated
v. Limbeck’s experiments on dogs and rabbits and found an
increase in leucocytes preceded by a temporary decrease. In
some cases the injection was followed by leucopenia and the
death of the animal. Bacterial proteins produced a decrease
one to two hours after injection followed by an increase, or
occasionally persistent leucopenia. A number of experiments
has shown that nearly all of the pathogenic bacteria induce
leucocytosis. The duration of the stage of leucopenia and the
grade of leucocytosis vary with the different bacteria, the
virulence of the cultures used and the resistance of the animal.

Some of the substances that have been found by various
investigators to produce leucocytosis are: sodium chloride
solution, salts of mercury and of antimony, arsenic trisulphate,
dilute acids and alkalis, silver nitrate, cupric sulphate, potas-
sium iodide, sodium salicylate, salicylic acid, acetic ether
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150 DISEASES DUE TO ANIMAL PARASITES

diagnosis (without excision of a bit of muscle) to one whose
recognition is usually easy. Opie in an experimental study
fed pork containing different numbers of trichina larve to
Guinea pigs and obtained the following results: “The admin-
istration of trichina spiralis to the Guinea pig causes an
increase of the eosinophile leucocytes in the blood, comparable
to that which accompanies human infection. There is no con-
stant alteration of the number of these cells until the end of
the second week after infection, when their relative and abso-
lute number rapidly increases and reaches a maximum at the
end of the third week. At this time embryonic trichina are in
process of transmission from the intestinal mucosz by way of
the lymphatic vessels and the blood through the lungs to the
muscular system.” Drake examined the blood of 15 swine,
the muscle of which he had found contained larval trichinz,
and found that there was no increase in the numbers of eosino-
philes. The blood contained the following percentages of
leucocytes: lymphocytes 5372, average 63.2; polynuclears
26—42, average 32.7; eosinophiles o.5—10, average 4.03. He
concludes that there is in swine trichinosis no increase in the
percentage of eosinophiles. Another explanation. however, is
possible, that his ex-
. aminations weremade
in a stage too late to
show the increase.
Filariasis. In an
old dog much emaci-
ated and showing
marked ascites, Bur-
nett and Traum found
larve of Filaria im-
mitis in the peripheral
blood. Theblood ex-
amination gave the
following : red corpus-
cles 2,642,000, hemo-
globin 57, leucocytes
24,590. Of the leucocytes there were lymphocytes 89, large

Fi16. 24. Filaria immitis in blood, dog.
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