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INTRODUCTION

One of the steps through which chickens pass during the dressing
operation is the severing of the carotid artery in order to remove as
mich blood from the carcass as will flow out naturally, A large per-
centage of the blood of the body is located in the small veins and
caplllaries, and as soon as the heart stops pumping the blood
imediately stops circulating, For these reasons much of the blood
remains in the body after death. Thie blood is present in the carcass
of the bird until consumed and manifests itself in the cooked product
a8 black strings which are no more than blood vessels containing
coagulated blood. Although this may not change the flavor of the meat,
it is objectionable to the consumer, who does not understend what 1its
presence means,

Preliminary investigations on the bleeding of poultry showed that
the amount of blood lost during dressing in proportion to body weight
varied considerably among individuals of compareble weight groups.

This blood loss did not appear to be wvery closely correlated with the
external criteria of satisfactory bleeding. Thus 1t appeared necessary
to determine the amount of blood in normal chickens before proceeding
with factors affecting bleeding.



REVIEW OF LITERATURE

As a normal constituent of the body of all animals, blood is
present in rather large quantities as compared with other body fluids
and has been the subject of comsiderable research and study. These
studies are necessitated by the very character of the action of blood
in the body. Even small changes, either in amount or of any constituent
of the blood, are immsdiately reflected in the extermal behavior or
reactions of the body.

Because of inadequate laboratory equipment and techniques for the
proper measurement of the amount of blood, early investigators dealt
almost entirely with the chemical constituents of the blood., In fact,
it was as late as 1628 that Dr, William Harvey was able to demonstrate
the mechanics of the circulation of blood in the body.

The mesthods of determining blood volume fall into two general
classifications: (1) the direct method, in which the subject must be
sacrificed and the total volume of blood determined by combining the
quantity lost by bleeding with the quantity remaining in the body, the
latter value having been determined in different ways by the various
inveatigators; (2) the indirect method, in which either dyes or color-
less solutions are injected into the blood stream and the dilution of
the dye or the blood determined in subsequent samples. Another of the
indirect methods used by some Investigators was the use of the capacity
of the hemoglobin of the blood to displace oxygen with carbon monoxide
and the accompanying color change resulting therefrom. The inhalation
of a known emount of carbon monoxide and the colorimetric estimation of

the amount of oxygen displeced gives a basis for determining the eamount



_ of blood in the body. Each of these methods will be discussed
individually, but the indirect method is the only one which is usable
for routine clinical diagnoses,

Haller (Welcker, 1854) is reputed to be the first to attempt any
determinations of blood volume. His work consisted of weighing the
blood lost by criminals on the execution block. He reports only two
cases and the weights of the blood obtained were 28 and 29 pounds,
respectively. No report was given of the weight of these two criminals,
80 no percentage figures can be computed. Welcker (1854) used this
blood loss technique on small laboratory animals. He also washed out
the blood vessels as well as possible and then minced the tissue,
washing thoroughly to remove all hemoglobin. He then compared dilutions
of a sample of blood from the animal with the combined blood and
washings obtained. He divided the dilution of the original sample
which most nearly matched the color of the blood washings into the total
volume of blood and washings. This gave a value for the amount of blood
contained in the body of the animal., This method is subject to several
sources of error: (1) the coloring matter of the muscles and tissue
interferes with the matching of the color of the two samples; (2) the
turbidity edded to the solution by the muscles and tissues masks the
color and makes matching difficult; (3) the loss of blood pigments due
to clotting also leads to further error. These sources of error not-
withstanding, his value of 1/13 or 7.7 percent of the body weight being
blood was used as standard for sesveral years and many of the workers

who came later based their calculations on his values.



Bischkoff (1856 and 1858) applied the technique of Welcker to two
condemmsd criminals and obtained values for man very close to Welcker's
values for small animals,

Throughout the next several years many workers tried to improve
on Welcker's original technique. Mallessez (1874k) attempted to over-
come a part of the difficulty by counting red blood cells rather than
by colorimetric comparison, He leached the tissue and washed the blood
vessels with a solution containing gum arabic, sodium chloride and
sodium sulphate. He used this solution in an attempt to prevent
hemolysis and also made an attempt to prevent coagulation of the blood.

Other workers tried other methods of improving the technique. For
example, Suter and Jaquet (1897) tried flushing the circuletory system,
using pulsating pressure and Dreyer and Ray (1910) substituted Lockes
solution for the sodium chloride solution. A very complete review of
these direct methods as well as the indirect methods with a frank
criticism can be found in a review by Erlanger (1921). Inspection of
his table listing the results of studies of blood volume of rabbits by
the various investigators does not reveal that any of the seemingly
better methods ylelded any larger volumes.

The determination of blood volume by indirect methods seems to
have originated with Valentin (1838). The principles used by him were
used later, so a short discussion of his method 1s in order. A sample
of blood 1s withdrawn and the solids content determined., Then a known
emount of water is injected intravenously. After a time lapse which is
suppesed to suffice for the complete mixing of the injected water with

the blood, but before too mich water has left the circulation, the



solids content is again determined. It is presumably only a matter of
calculation to determine the amount of blood in the body &t the time
of the injection of the water,

The principles of this method have been used by several workers
in an attempt to determine blood volume. Most of them have changed 1t
in some way in an attempt to secure greater accuracy. The use of
saline solutions by Ssnder and Kronecker (1881), who determined
hemoglobin dilution, and by Sherrington and Copeman (1893), who used
the change in specific gravity of the blood as an index of dilutionm,
are two of these attempts.

The accuracy of the sodium chloride dilution methods is based on
two conditions: (1) that the mixing time is sufficiently long to allow
complete and uniform mixing of the diluent through the blood stream;
(2) that the loss of the diluent from the blood stream between injection
and subsequent sampling is negligible. That these two conditions are
not fully met is pointed out by Erlanger (1921). He indicates that
most of the advocates of this method cite Cohnstein end Zuntz (1888) es
having demonstrated the slow disappearance of isotonic saline solution
from the circulatory system. However, these two workers, according to
Erlanger, used incorrect values for the percentage of the body weight
which is blood and thus have unjustly considered their technique
accurate. Other workers, Sherrington and Copeman (1893) and Smith and
Mendel (1920), have shown thet large emounts of the saline solution are
lost from the blood stream soon after injection.

Other solutions have been used in an attempt to more nearly
satiefy the conditions required for accurate determinations by this

method., Loewy (1920) injected isotonic glucose. However, the



cbjection can be raised that perhaps it is the water which leeves the
blood stream and thus the interchenge of elemenits between the blood
and the cells of the body introduces error into the calculations. The
injection of a compatible serum was suggested by Mallassez (187%) as &
means of meeting the condition of low loss from the blood stream during
the post-injection period.

Robertson and Bock (1919) tried the injection of Bayliss' solution
(€ percent gum arabic in 0.9 percent NaCl) as the diluent and
hemoglobin as the index of dilution. These workers hed an opportunity
to test in the same patient the reading by this method and by the vital
red method. The latter method, to be described later, gave a reading
3 percent higher than the former method. Rightly or wrongly, they
charge the error against the gum-arabic method.

Quincke (1879) injected blood from normel subjects into the blood
stream of subjects suffering from pernicious snemia, He attempted to
ascertain the blood volume by determining the degree of dilution by
red cell counts. The accuracy with which antitoxin levels in the
blood can be determined and the persistence of the antitoxin In the blood
led von Behring (1912) to ettempt its use in blood-volume determinations.,
However, differences in levels of the antitoxin in different parts of
the blood stream are suggestive of its free passege into the lymph
stream, Behring states thet the method mey be used satisfactorily if
all preceutions are observed. Several workers followed his suggestions
but the method seems to have had very limited usage.

Gréhent end Quinquad (1882) proposed end tested the technique of
carbon monoxide inhalation and subsequent determination by gasometric

methods of the amount of hemoglobin remaining combined with oxygen.



They used dogs for their blood volume determinations. Haldane and
Smith (1899-1900) modified the technique and applied it clinically for
determinations on man, In their applications, the patient breathes for
five nminutes & measured volume of carbon monoxide. A semple of blood
is withdrawn and 1ts carbon memoxide content estimated by the carmen
titration method of Haldane. The carmen titration method has proved
unsatisfactory to meny workers, end Oerum {1506) and Zuntz and Plesch
(1508) attempted to improve on the carbon monoxide measurement. How-
ever, these methods are difficult and hard to mester.

Ven Slyke and Salvesen (1919) developed a simple gesometric
method which can be used to determine the quantity of gas quickly and
accurately. Salvesen (1919) used this method for the estimation of
blood volume in rsabbits and in man.

Although the use of the inhalation methcd in smell animals glives
fairly comsistent results, its use in man has given widely divergent
resgults., One reascn for these differences is probebly the time allowed
by the different workers for the mixing of the gas throughout the blood
stream. Another source of inaccuracy was the definition of normal
individual subjects given by the various workera. One of the subjects
used by Haldane and Smith was very obese, a low percentage of blood
volume per unit of body weight belng obtained. Plesch reported that
some of his subjects were fat, Thus 1t is hard to draw consistent
conclusions from thelr results.

The use of a vital dye, which 1s Injected into the blood stream,
for blood volume determinations wes first advanced by Keith, Rowntree,
and Geraghty (1915). The dye method, although essentially en injection

method, 18 so much simpler in 1ts application and so widespread in ite



usage that a separate discussion of it is included here., In selecting
a dye for their determinations, Keith and his coworkers wented one which
wae non-toxic. They also had to satisfy the conditions as outlined for
the saline solution injections. They decided on the use of vital red
for thelr indicator and found only slight variations between the blood
volumss for normal subjects when considered on a body weight basis.
Their data tend to refute the findings of Haldane and Smith, and tend to
support the findings of earlier workers.

Operating in a base hospital during World War I, Robertson and
Bock (19195.), using the method of Keith, determined the plasma veolumes
and hematocrit reading of wounded soldiers admitted to the hospital.
They found the method to be very reliable in the determination of blood
volume before transfusion and on predicted volume after transfusion.

Hooper, Smith, Belt, and Whipple (1920) in en attempt to improve
Keith's method, found that the disappearance of vital red from the blood
stream was very slow. They were alsc uneble to demonstrate the presence
of the dye 1In sny of the body excretions. Utilizing the fact that the
dye disappears slowly from the blood stream, Smith (1920) found that
repeated determinations could be made on the same individusal at short
intervsals.

Smith, Arnold, and Whipple (1921), in testing the Welcker, cerbon
monoxide, and dye methods of blood volume determination, state that
some discrepancy may exist through the exclusive use of any one method
or eubstence, They object to the use of the hematocrit for corpuscular
volume determination, since the hematocrit readings of blood taken from
various parts of the circulatory system will vary. They suggest the use

of the dye method for the determination of the plasma volume and either



the Welcker method or the cerbon monoxide method for the red cell
volume determination. Later workers in this field are explicit in thelr
instructions to use a large blocd vein for the sampling, since in these
veins the stasis or sludging of blood would be at a minimum and the
hematocrit reading more accurate,

In a study to determine whether other dyes were as well suited as
vital ned for plesma volume determinations, Dawson, Evans and Whipple
(1920) tested some 60 different dyes covering the entire color renge.
Of this large number, they found only three which were usable. Theee
were vital red, alresdy used, and two blue dyes T-1824k and T-1835
(alkaline). These workers indicate in their results that the two blue
dyes asre preferable for three reasons: (1) they leave the circulation
somevhat more slowly than vital red; (2) the blue color cen be reed much
moxe accurately on the colorimeter of the type they were using; (3) the
blue color does not obscure hemolysis, which is a constant source of
trouble in this type of analysis., Gibson end Evans (1937), using a
spectrophotometer, concur in the use of Evans blue.

As a result of a study of the blood volume of 49 male and Lkl
female human subJjects, Rowntree and Brown (1929) found & low
variebility when the individusls were grouped according to underweight,
standerd weight, and overweight. Thelr results agree with the findings
of Haldane end Smith (1899) and Keith et al (1915) in that as the
individual approechee obesity the percentages that plasma volume and
blood volume are of body weight decreases .

Rowvntree and Brown also found a decrease in blood volume &s a
result of short periods of induced heat. However, Overmen and Feldman

(19%7) found higher values for the blood volume in monkeys in summer
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than in winter. The differences in the resulte of the two studies
could well be the acclimitization of the enimals in the latter study.

The relationship between age and blood volume in bebies up to one
year of age has been studied by Lucas and Deering (1921). They made
blood volume determinations regularly on infants from three hours to
one year of age, They found the volume to vary widely during the first
15 days, after which the range lessens but the plasma volume incresses
throughout the entire first year, Bekwin and Rivkin (1924), Marriot
(1920), and Darrow, Soule, and Buckmen (1928), studying the same
problem confirm this observabion, Infants seem to have blood volumes
too large Tor their body weight. The change at two weeks 1is evidently
related to some change in erythrocytes, in which the plasma volume
increases in relation to red cell volume,

The blood volume of rabbits, goats, dogs, and horses is reported
by Courtice (19%3). His results show a high correlation between body
weight and blood volume for the different species., His values for
blood and plasma volumes for doge agree closely with the results of
earlier studies except that his values for a group of greyhounds show a
much larger per unit volume then other animals., This, he explains, is
due to the more heavy musculeture of the body in relation to total body
welght.

With the recent esdvances in the use of radiocactive isotopes, their
use in the f£ield of clinical investigations hes been studied. Gibson,
Peacock, Seligmen, end Sack (1946), compering the radioactive iron and
the dye methods for the determination of blocd volume, found the former
gave consistently lower results. Meneely, Wells, end Hahn (1947) found

considerable individual veriations in blood volumes when using the



radiocactive iron method and concluded that much additional work was
necessary on the technigue before much faith can be put in the results
secured.

The comparison of blood volumes cobtained by use of radiocactive
phosphorous and by the use of T-182h (Evan's Blue) dye is reported by
Mayerson et al (1948). They found only slight variation between
individuals of the same weight as well as between radiocactive and dye
methods of blood volume determinations. Their use of & procedure first
outlined by Hahn and Hevesy (19L0) and simplified by Nieset et al (1948)
increases greatly the possibilities of this technique for future usage.

At the present time the dye method of determining blood volume
seems to be the best for routine clinical investigations. Many
observations of great value were made by the use of the dye method of
Keith in its original form. However, these subsequent studies revealed
that it was by no means fool-proof, Efforts to erradicate socurces of
error and inaccuracies led to many modificetions., Meny of these
modifications made the dye method a rather elaborate and time-consuming
procedure, requiring highly specialized and expensive equipment.

Gibson (1936) described a modification which simplifies the procedure
considerebly, and Gibson and Evens (1937) discussed its theoretical
basis. They also gave the results of volume determinations on several
humen subjects, indicating only slight variations between individuals,
They employed a spectrophotometer for dilution determinations and
extrepolated the results of samplings subsequent to dye injJection to
zero time. By this procedure they obtain a value for the blood volume

at zero time or at the time of the Injection of the dye.
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Gregersen (194L) further simplified the Keith technique by making
one sampling of the blood exactly 10 minutes after the injection of the
dye into the blood stream, He also injected a stendardized amount of
dye from an ampule. In this way, calculation of the plasme volume wes
eliminated and wes determined by reference to a table of deneitles
predetermined from various dilutions of the dye in plasma.

Nitshe and Cohen (1947) also used only a 1lO-minute period for
mixing before sampling the dyed blood. However, they did not use
ampules as Gregersen did; instead, they calculated a value called K.
This value was a constant for a particular spectrophotometer and for a
particular stock solution of dye. It was calculated in ordexr that
samples of plasma containing dye might be compared spectrophotometrically
with undyed samples,

This is by no means a review of every pilece of work on blood volume
in the literature. Many of the studies have dealt with bloocd volume
determinations under pathologicel conditions and are not relevant to the
present study. Only those works which present techniques or modifications
of present techniques have been reviewed.

The results of the study by Gibson and Evans (1937a) using their
method on umens gave bases for the following conclusions: "(1) the
total blood volume of normal males is greater than that of females, the
difference being due to the greater red cell volume of the males;

(2) blood volume declines with increasing age after middle age; (3) the
blood volume per unit of weight is high in muscular and thin individuals
end low in obese persons’,

From this study as well as others reviewed, wvalues of 70 to 100 cc.

of blood end 40 to 60 cc. of plesma per kilogram of body welght are
representative for normal human subjects.
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There has been soms work done on laboratory animels such as dogs,
goat-s, monkeys, and horses. The values for the blood volume of these
animals fall in the same ra.ngés as those for men. The smaller
laboratory animals, such as rats and mice, have been the subjects of
a very limited amount of research on blood volume, This is no doubt
due to their small size., ILippman (19%7) summerizee the results of
several studies of blood volume determinations on rats and the values
fall in the same range for these smell animals as those glven sabove.

There are very few reports in the literature of studies on the
blood volume of fowls, Why this should be is hard to deduce, except
that the use of the fowl as & laboratory animal in the testing of
pathological conditions affecting humans is necessarily limited.

Welcker, in the course of his studies, 1856-1893, on the blood
volums of a great number of species of animals studied some of the
fowl species, including chickens. He reported in 19q3 that the value
for blood weight as a percent of body weight in the Gallus Bankive
Domssticus was 3.68., This is the result of a study of only one
individual. His values of blood volume of geese are 5.71 and 6,75 per=-
cent of the body weight. He studied the blood volumes of several of
the wild birds also, reporting values varying from 3.43 percent to
9.35 percent for small snd large birds, respectively. He found values
of 11.3, 13.7 and 20.8 percent for the blood volume in relation to body
welght for chicks on the day of hatching. These high values for very
young chicks are in close agreement with the findings of Lucas and
Dearing (1921), who also found relatively high values for human

infents.,
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Weighing the blood lost by 131 chickens, Zailtechek (1908) found
that the chickens lost 3.8 percent of the body weight when the
Jugular vein was severed. The close agreement of this value and that
of Welcker leads to the conclusion that Welcker, in his study, weighed
only blood lost. Zaitschek found small variations in blood loss
between the individuals used in his study. The average blood loss was
41.6 grams per individual, with a standard deviation of only T7.9%
grams,

Magnan (1912) studied the blood volume of several species of
wild fowl and, using the original Welcker technique, determined the
weight of the blood lost when the carotid artery was cut. To this he
added the weight of the blood obtained by flushing the circulatory
system with a 0,7 percent saline solution. He obtalned values for the
weight of the total volume of blood ranging from 39 to 86 grams per
kilogram of body weight. The largexr values were not for heavier birds
but rather for birds whose natural habitat was near the sea and which

were also good divers,
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PROCEDURE

The blood volume was determined for a group of New Hampshire
chickens ranging in age from six weeks to adult stock. The young
chickens were all battery raised. The hens were maintained in
batteries and were all in laying condition. The adult male birds were
from the laying pens on the University poultry farm,

All blood volume determinations were made by the dye method, using
T-1824 (Evans Blue) dye. The procedure, which is described in detail
here, was that of Nitshe and Cohen, loc c¢it, The constant or K for
the solution and spectrophotometer was determined as follows:

1. A stock solution was prepared by dissolving 800 mg. of Even's
Blue dye in 200 ml, of 0.9 percent saline solution. This stock
solution was also used for subsequent blood volume determinations. The
saline solution was used to prevent hemolysis,

2., One ml, of the dye solution was delivered intoc a 50 ml.
volumstric flask and mades up to volume with distilled water.

3. One-half ml, of the dye solution was delivered into a 50 ml,
volumetric flask and made up to volume with distilled water.

L, Prom each of these flasks 0,6 ml, was delivered into separate
absorption cells and 5,4 ml, of plssma from the species of animal
being tested was added. This gave concentrations of 0,008 and 0,004 mg.
dye per ml. solution respectively.

5., The optical densities of the dye-containing samples were

determined with a spectrophotometer a wave length of 610 millimicrons.
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The control or undyed sample was made up of 0.6 ml. of 0.9 percent
saline and 5.4 ml, of the same plasma.

6. The formila, X = -g, where D is density and C the concentration,
was used iIn the calculation of the K value.

For the actual determination of the blood volume, a sample of
blood was withdrawn from & cubital (brachial) vein. This constituted
the undyed sample to be used as zero optical density or standerd.
Approximately 0.3 mg. of dye per kilogram of body weight was then
injected into the brachial vein, using a very carefully calibrated
syringe. This was allowed to circulate in the blood stream until
sufficient time had elapsed for complete dispersal throughout the
circulatory system of the body. This time has been determined to be
10 minutes for humans, Since the pulse rate is higher and the body
much smaller in chickens than in humans and since the disappearance
rate of the dye from the blood stream 1s so slow, the 10-minute period
was thought to be a sufficient time and was used throughout this study.
As soon as this mixing time had elapsed, a semple of blood was with-
drawn from the opposite cubital (brachial) vein for the blood volume
determination.

Most of the methods of blood volume determinations require the
withdrawal of five to ten ml. of blood for the hematocrit and plasma
volume determinations. Because of the emall size of the chicken and
because of the necessity of having at least seven ml. of plasma in the
ebsorption cell, it was decided to modify the technique slightly. This
modification consisted of the withdrawel of only three ml, of blood.
One ml., was used in the hematocrit and two ml. was diluted with eight

ml. of 0.9 percent seline. The undyed semple wes processed in the same
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mammer in order that both samples would have the same opticel density
except for the amount of dye contained in the dyed sample.

Using this sample of dyed blood, the percentage of red and white
blood cells were determined. This was accomplished by using Wintrobe
hematocrit tubes. Both the hematoerit and the dilute sample of dyed
blood were centrifuged for 30 minutes at approximately 3000 rpm. The
percentages of red and white cellé were added together and recorded as
corpuscular volume,

Nitshe and Cohen stated that the light absorption by the dyed as
compared with the undyed sample was determined by use of the
spectrophotometer with a 620 millimicron filter. The spectrophotometer
available for use in this study had only a 610 millimicron Ffilter
avajlable, However, exemination of the light absorption curwve for
Evan's Blue as presented by Gibson and Evans (1937) showed the effect
of this difference of 10 millimicrons in wavelength to be less than
0.01 in optical density.

After both dyed and undyed samples have been centrifuged and the
optical density determined, the plasma volume (PV) can be determined by
using the following formila: .M.g. = PV, in which M = No. of Mg. of dye
injected, K = Constant previously described, and D = Density reading of
the spectrophotometer.

This PV will be approximetely L4 times too large because of the
dilution with water. The exect dilution (Plasma Volume Correction
Factor, PVCF) can be determined by the formla:

PVCF = —2— X 2 , in which %CV = % of

+ (2 - X 2
corpuscular volume as determined from the hematocrit.
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The value thus obtained is multiplied by the PV of the previous
formula in order to determine the true plasma volume (TPV).
TPV = PV X PVCPF
The total blood volume is calculated from the formulas
TBV = _T.IP;Y__. X 100
P = corrected volume of plasma per 100 ml.

calculated as follows:

P = 100 - iVolmne of cells X 100) ;
Volume of plasme and cells ) )

Thus the total blood volume is reported in ml, per enimal, in which
form it may be related to body weight, surface area, or any other
measure desired.

To test the validity of this technique in vitro, samples were
prepared by filling beekers with varying amounts of blood and the volume
determined in accordance with the above outlined procedure., Eight-tenths
milliliter of the stock solution of Evan's Blue was added to each beaker
and mixed thoroughly. The samples were withdrawn with the sams syringe
which was used for injections. The values reported below are not only
results of duplicate samplings from the same In vitro sample but also
from different samples contalning the same number of ml, of blood. Some
of the valuss were also determined at the conclusion of the study in
order to determine whether the dye had changed in concentration during

the period of etudy. Tsable 1 shows the results of these trials.
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Teble 1. Blood volume determinations by the dye
method on measured samples of blood

Average calculated

No, of samples Actual volume cc volume co
7 50 %9.1 % 2,7
L 60 59.4 £ 3.6
3 70 70k T 1.2
6 100 99.5 ¥ 1.7

It will be noted from this teble that the blood volume as determined
by the spectrophotometer was very close to the measured blood volume.
There i1s some variation present in these readings, a part of which may
be due to the quantity of blood clinging to the side of the graduate
when pouring into the beeker, The coefficient of correlation between
measured and calculated blood volume was r = 0,990, This high

correlation seemed ample jJustification for the technique as described.
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RESULTS AND DISCUSSION

The results of this study are presented in two parts, first,
the determination of the blood volume of New Hampshire chickens, and
second, the results of the application of these blood-volume data to
the measuring of the completeness of bleeding of chickens killed by
different methods.

Part I. Blood Volums of New Hampshire Chickens

Before proceeding with the determination of blood volume of a large
number of chickens, 1t was declded to test by In vivo methods the
accuracy of the method. This wes accomplished by determining the blood
volume twice on the same chicken. It was felt that, if the values thus
obtained were approximately the same, the procedure would be valid for
further use, Twenty birdes were used (8 males end 12 femeles) verying
in weight from 900 to 3600 grams. It was fortunate that theese weights
were selected, as later work showed this to be the weight renge in which
individual variation is greatest. The blood volume was determined on
these birds twice, with six or seven days elapsing between determin-
ations, This lapse of time was allowed in order thet all of the dye
would be lost from the blood stream, although Gibson end Evans (1937)
showed thet repeated as well. as continuous determinations can be made
using the dye method. Also it was desired that the chickens would
completely recover from the withdrawal of blood in the previocus deter-
minstion.

The results of these two determinations show a coefficient of

correlstion of r = 0.93, indiceting a close agreement between the two
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values obtained., There was, as was expected, some variation between
the two values. Approximately one-half of the birds showed a decrease
In blood volume and the rest of them showed & slight increase in blood
volume at the time of the second determination,

Females ~ Total blood volume -~ The blood volume of 113 normal New
Hampshire females was detexrmined, Inspection of a scatter diagram of
blood volume plotted egainst boedy ﬂ'éight indicated that a straight line
could not be used to exprees the data correctly. This wes evident since
a straight line showed that a chicken weighing approximately 200 grams
contained no blood vwhatscever. Alsoc, the values for the blood volume
of adult hens obtained by interpolation from the straight line were
much larger than the values cbtained by actual blocd volume determinetion
on hens of the same weight., One of the motives for fitting curves to
non-lineer data 1s the elimination of the inaccuracies which non-
linearity of regression may introduce. Because these inaccuracies
were introduced by attempting to fit a straight line to the data, it was
decided to use a curvilinear regression and to calculate a curve which
would express the data accurately. It was found, by calculstion and
plotting the values, that a asecond mégree perabola type of curve best
fitted the scatter diegrem of the data at hand., The equation for this
type of curve is Y = a + BX + cX? (Snedecor 1046),

The regression curve showing the relation between the values for
the bloocd volume and body weight of the femeles is shown in Figure 1.
The values for the constents used In calculating the points on this line
are; a = ~6,2; b = 0.11973; ¢ = ~0.00002, The stendard error for the
estimete of Y 18 14.3 cc., the limits of which are indicated on Figure 1

by the broken lines.
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The blood volume for females welghing approximately 40O grams was
Pound to be Ll cc. or 10.6 percent of the body weight. The volume
increases in almost a straight line relationship up to a weight of
1200 grams, when the blocd volume is approximetely 108 cc. Above this
weight the blood volume begins to level off and additional increments
of weight are accompanied by relatively smaller increments of blood.

It was observed that within this range, 400 to 1200 grams,
individual variation was less than in birds of the heavier weights,
Variations in blood volume at weighte above 1200 grams are undoubtedly
dus to variations in the deposition of fat in the carcass of the bird.
Up to 1200 grams most of the weight gains of the bird are dues to
general body tissues vhich are rather highly vascularized. At weights
above 1200 grams a higher percentage of the weight Incresses is due to
the deposition of fat in the muscles as well as In the viscera, Fatty
tissue is not as highly vascularized as is muscle tissue, Thus weight
chenges due to increases of fat would not be accompanied by as much
increase in blood volume as when weight increases are due to general
body growth.

Individual chickens vary in the deposition of fat and so when this
deposition begins, individual variation in blood volume would increase,
Also because some chickens grow to a heavier woelght than others before
begiming to deposit fat individual variation would be greater.

The curve, 28 calculated from the values of blood volume in
females, indicates thet at a weight only slightly above the weights
encountered in this study the blood volume would actually decrease.
This 1s undoubtedly not the case. What is probebly true is that above

the weights used in thie study, increases in weight are accompanied by
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only slight increases in blood volume, Thus the curve above this
point is very flat and because of the increases in blood volume at the
lighter weights, the formla for the curve causes it to descend at
weights above 2990 grams. If hens above this weight are used, the
entire formila must be recalculated and the curve redrawm. Although
this curve seems to hold for the birds studied, it is not known at
this time whether it will hold true for breeds which mature at
different weights from New Hampshires,

Males - Total blood volume -- The blood volume of 110 New
Hampshire males was determined, and inspection of a scatter diagram
of the blood volume plotted against body weight led to the conclusion
that the relationship between the two wvalues was also curvilinear,
Thus the same equation was used for calculating the regression line
for total blood volums in males as was used in females., Filgure 2
shows the regression line calculated by this formmla and i1llustrates
the relationship between blood volume and body weight of the males,
The values for the constents are; a = 1,98; b = 0.10138; ¢ = -0,0000025,
The standard error for the estimate of Y is 23,48, the limits of which
are shown by the broken lines in Figure 2,

The males used for these blood volume determinations ranged in
weight from 300 to 4000 grams end the respective blood volumes ranged
from 48 cc to 365 cc. The blood constitutes 1l.2 percent of the body
weight in the smaller males and 9.2 percent at the heavier ones.

Although the reletionship between blood volume and body weight is
curvilinear, the curve in Figure 2 appears to be nearly straight. There
48 almost as much increase in blood volume per weight increase at the

1ighter weights., This differs considerably from the femeles, which
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showed a leveling of the curve sbove 2000 grams. Throughout the life
of males, weight increases consist of incresses in general body tissue
and not fat, thus explaining this sex difference. The males do not
deposit nearly as mch fat as the females in either tissue or viscera
and the blood maintains more nearly the same percentage of the body
welight throughout thelr lives.

At weights below sexual maturity, the blood volume for males and
females is very close to the same value, Inspection of the scatter
disgrams showed that individual variation in both sexes was also low
at these lighter weights., These individual variations increase at
heavier weights reaching a greater magnitude for males than for
females, This is evident from the values for the standard error for
the estimate of Y, which is 23,48 for males and 13.4 for femsles.
From these figures it would appear that there is a much larger
variation in males than in females, However, when the larger volume
of blood in the males is considered, the coefficient of veriability
is approximately equal between the two sexes (which is 41,6 for
males and 33.8 for females.)

From the preceeding discussion it is evident that there is a
gexnal dimorphism in the blood volumes of normal New Hampshire chickens,
This difference is not evident in young chickens below 800 grams dbut
becomes evident above this weight. The blood volumes In meles Increases

more raplidly and over a much longer period of times than it does in

females,
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Females - Corpuscular volume —-- As shown in Figure 3, the red end
white blood cells comprise slightly less than 30 percent of the total
blood of the females. This percentage remains almost constant through-
out the weight range studied. Thus it would appeer that neither weight
nor age has mich effect on the corpuscular ccmposition of the blood of
females., The females studied varied not only in welght but also in
age Prom young chickens to adult hens. This observation is in accord
with that of Juhn and Domm (1930), who found very little change in
erythrocyte count in Brown Leghorn females from hatching time to 490
days of age. It would follow from this that any Increase in blood
volume observed in femalss is an increase in plasma volume with a
corresponding increase in corpuscular volume, Also in the heavier
weights studied, although the blood comprised a smaller percent of the
body weight, the corpuscular volume of the blood remains the same,

Males -~ Corpuscular volume ~~ The relationship between corpuscular
volume, as a percentage of total blood volume, and body weight in
males 1s shown in Figure 3. The scatter diagram is included with the
freehand curve drawn from it to glve an indication of the individusl
variation found. Tt will be seen from the curve that the percentage
of red and wvhite cells remains fairly constant at about 30 percent
until & weight of 1800 grems hes been attained. Between this weight and
2800 grems the percentage increases rapidly to about 45, after which
the curve again levels off and rises only slightly throughout the rest
of the weight range studied. It would appear from this that a part of
the increase in blood volume of males over females 1s due 4o this increase

in corpuscular volume.
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The change in corpuscular volume which occurs at about 1800 grams
is probebly influenced as mich by age as by welght, However, the exact
age of the males in this study wes not kmowm and the effect of age
mst be deduced from body weight. The results of the study by Julm
and Domm previously roferred to showed that the erythrocyte count in
Brown Leghorn males increased considerably at the time of sexual
maturity and was maintained at this higher level throughout the period
covered by their observations.

The sex differences ln corpuscular volume as disclosed by this
study are rather interesting. At the lighter weights the percentage
of red and white blood cells present in the blood is almost the same
in males and females. Below 1600 grams the blood of the males contains
about two percent more red and white blood cells than that of the
females, Above this weight the difference begins to be very noticeable,
The percentage for males increases rapidly to one and one~half times
its former value and for females remeins almost condtant throughout the
rest of the weight range. Additional etudy is needed on this point to
determine whether this change in males is influenced most by sexual
meturity, aging, or body weight.

Blood volumes of treated chickens -- There were avallable at the
time of this study 2 number of chickens undergoing a test on a dlet
containing thiouracil and thyroprotein. This treatment is being tested
by this leboratory as a means of increasing fat deposition. So far as
18 known no studies have been made on the effect of these chemicals on
blood volume. Since the birds were avallable, it was decided to
determine the blood volume of & representative sample of these birds to

determine what effect the drugs might have on blood volume.
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The blood volume of the treated chickens was determined by the
procedure previously outlined. The blood volume of untreated chickens
of the same weight was determined by interpolation from the curves in
Figures 1 and 2. The chickens were separated according to sex and
interpolation made from the proper curve. By using this method it
was found that the average blood volume of the treated females was
17.6 ce. or 14 percent below the normel value and of the treated males
31.% cc. or 18 percent below the values for normal birds of comparable
weights, Although it 1s realized that this does not take into account
the error due to individual variations, still this is a considerable
relative decrease in blood volume in relation to body weight. These
results would indicate that the treatment causes a greater proportion
of the body to be fatty tissue, which 1s not high in blood capacity.
This is in accordance with the general observations on the effect of

feeding thiouracil and thyroprotein.

Part II. Studies of Completeness of Bleeding

Since this study established a measure of the amount of blood in
the body of normal chickens, it was decided to test different methods
of killing chickens for their effect on the completeness of bleeding.
The completeness of bleeding can be dstermined by comparing the actual
loss of blood from an individual of a given sex and welght with the
volume of blood present in the same bird., This latter figure can be
obtained by interpolation from the curves presented in this study.

The simplest way to determine the amount of blood lost is to
weigh the chicken before bleeding and again after all bleeding has
stopped. The difference between the two weights is the weight of blood

lost. To determine whether this method gives en accurate measure of
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blood loss, a trial was made in which the loss of blood was determined
by catching and weighing the blood. This blood loss was compared with
the amount of loss as determined by the change in body weight. The
two groups of chickens weighed approximately the same and were killed
by similar methods., The average blood loss by the group for which the
blood was weighed was 46.8 T 8.0 percent of the total volume of Blood
in the body. For the group in which the blood loss was determined by
change in body weight the blood loss was 45.3 I 6.3 percent of the
total blood volumes in the body. These two figures indicate that the
latter method is satisfactory in determining the amount of blood lost.

Three groups of 60 chickens each were killed by three different
methods; (1) by severing the juglar vein by a cut through the skin of
the throat similar to 'Kosher' killing, although no attempt was made
to be sure that the trachea or esophagus was severed; (2) by severing
the juglar vein in the conventional menmer of inserting the knife into
the mouth and also debraining the bird with the knife; (3) by
decaplitation,

All birds were weighed before killing and again after bleeding
hed completely stopped. The difference between the two welghts was
recorded as blood loss., Since the birds had been sterved for 12 hours
previocus to slaughter, little trouble was experienced from loss of
weight by fecal material being excreted or by regurgitation during the
dying struggles. Howsver, cereful watch was kept of the birds and If
any such loss occurred the bird was discarded.

The results of the triel comparing the blood loss by the different
types of killing are presented in Table 2. These results show that
chickens lose between 35 and 50 percent of the blood in the body during
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Teble 2, The cc, of blood lost per 100 cc, of total blood
volume for chickens killed by different methods
Group Hethodg of Killing
Kogher _Stuck Beheaded

Males Treated 46,8 + 7.8 45,6 + 3.0 41,6 + 5.0

Controls 43.1 + 5.1 368.7 + bk,2 35.7 + 2.k
Females Treated 48,3 + 5.k 5.4 + 5.9 38.9 + 6.1

Controls 43,3 + 6.1 43.6 + 4.8 Lok + 4.6
Males Treated and

Controls 44,8 + 6.8 41,9 + 5.1 38.5 + 5.1
Females Treated and

Controls L5,7 + 6.1 b5 & 5.5 39¢5 + 5.9
Both Treeted 47,6 + 6.5 45.5 + b7 40.1 + 5.9
Both Controls 43.2 + 6.1 41,1 + 4.8 37.9 + 4.6
Average 45,3 + 6.3 43.2 + 5.8 39.0 + 5.6
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the bleeding period. There is considerable variation among individuels
regardless of the method of killing employed. In all cases the highest
vercentage of blood was lost by those chickens which were 'Kosher'
killed. Killing by beheading seems to be the poorest method of killing,
since the loss of blood 1s relatively the least. The loss of blood by
chickens which were killed by the conventional method of sticking and
debraining agrees closely with that of the 'Kosher' killed birds.

The difference between the blood loss of the 'Kosher' method of
killing and the stuck and debrained method of killing is not statisti-
cally significant. However, the differences between the blood loss by
elther of these methods and the beheaded birds are highly significant
statistically at the 1 percent level., Females tend to lose a higher
percentage of thelr blood than males, although the difference is not
statistically significant. This higher percentege in the femsles 1s
probably due to the smaller volume of blood contained by them. This
leads to the conclusion that death results as a loss of a percentage
of the blood in the body rather than a loss of blood as e percentage of
body weight.

Throughout this test the thiouracil treated birds lost a slightly
higher percentage of blood than the controls., This difference was not
great enough to be statistically significant. Since all of the blood
volumes for the treated groups were corrected in accordance with the
result of the preceeding section, this Increased loss 1s no doubt due
to the lesser volume of blood in the body of these birds.

As was stated earlier, there was some individual veriation in
blood loss by all of the methods of killing. The 'Kosher' killed

birds wxhibited greater variebility in blood loss than elther of the
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other two methods. This is probebly because of the greater veristion
possible in meking the cut by this method. Although it is possible to
obtain more complete bleeding by this method of killing, it is also
possible that a less complete cut may be made and the individual
variation greater.

Very little sex difference exisis between the standard deviations

for blood loss.
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SUMMARY

A procedure 1is given for determining the blood volume of chickens,
This is a modification of the technique of Gibson and Evans (1937) and
Nitshe and Cohen (1947). These earlier techniques were modified so
that only three cc, of blood rather than five or ten cc. needed to be
withdrawn from the bird. One cec. of this terminal blood was used for
the hematocrit determination and the remaining two cc, were diluted
with eight cc,of 0.9 percent seline sclution. In this way the macro
absorption cells may be used in the spectrophotometer to determine the
optical density of the solution. From this optical density, the
dilution of the dye in the blood stresm can be determined and by use
of the formmlae presented, the plasme volume and total blood volume in
the body can be celculated.

Data are presented in support of this technigue in which the
volume of blood of in vitro samples agrees closely with the volume as
measured, Also presented are the results of repesated determinetions on
the same chicken, which show close agreement between two determinstions.

Regression curves are given for the values of blood volume es
determined for 113 New Hempshire females end for 110 males of the same
bresd, These curves indicate & curvilineer relationship between blood
volume and body weight. Comperison of the curvees for the two sexes shows
that a sexusl dimorphism exists in blood volumes, The difference becomes
apparent at weights above 800 grems end continues throughout adult life.

The blood volume of femeles increeses during growth at weights

below 1800 grams, after which the curve for blood volume ageinst body
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weight levels off to an almost flat line. In meles the blood volums
continues to incresse in en slmost straight line relationship up to
welghts of approximately nine pounds. The increese in total blood
volume in females appeaxrs to be an increase in both plesme. and
corpuscular volume, In males, corpusculer volume increases rapidly at
weights above the age of sexual maturity, reaching a value one and one=
half times larger than in young chickens,

The changes in blood volume as a result of feeding thiouracil
indicate that increases iIn body welght are due to the depcsition of
a tissue low in blood content, undoubtedly fat.

Data are presented on the loss of blood as cc.of loss per 100 cc
of blood volume by three different methods of killing on 170 birds,
These data show that birds which are ‘Kosher' killed and birds which
are stuck and debrained lose appréximetely the same amount of the blood
in the body. Both of these methods effect significantly more complete
bleeding than does decapitation., Males and females lose aspproximetely
the seme percentage of the blood in the bedy, which leads to the
conclusion thet blood loss is dependent on the amount of blood in the

body rather then on the body welght of the bird.
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CONCILUSIONS

1. Blood volume can be accurately determined by using a
relatively simple adaptation of the dye technique.

2. The blood volume of young chicks of either sex is practically
the same, comprising approximately 10 percent of the body weight.

3. After sexual maturity there is a leveling off of the curve
representing blood volume of females plotted against body weight while
the curve for males continues in almost a straight line positive
relationship throughout the weights encountered in this study.

4, The volume of red and white blood cells as a percentage of
total blood volume remains almost constent in females throughout the
welght range of this study. In males, this percentage increases
rapldly at weights above sexunl maturity ege, attalning a wvalue of
one and one-half times greater than the value for young chickens.

5. Welght increases during thiouracil treatment are due to
tissue low in blood content. ,)

6. Chickens lose between 35 and 50 percent of the blood in the
body when bled in the killing operation.

T. 'Kosher! killed birds and birds which are stuck and debrsained
lose significantly larger percentages of the blood in the body than
do birds which have been decapitated.

8. Males and femeles lose approximately the same percentage of
the blood in the body when killed by eny of the three methods tested.

9. Death results from blood loss es a percentage of the blood

in the body, not as a percentege of body weight.



38

LITERATURE CITED

Bakwin, Henry and Helen Rivkin, 1924, The estimation of the volume
of blood in normal infants and in infants with severe melnutri~
tion. Am, Jour. Dis, Child., 27:340-351.

Bischkoff, L. W., 1856, Bestimmng der Blutmenge bei einen Hinge-
richten, Zitschr. f. Wissensch, Zool, 7:331 and also 1858,
Abermalige Bestimmng der Blutmenge bei einen Hingerichten.
ibid. 9:65. Quoted from Erlanger and from Keith,

Colnstein, J, and N. Zuntz, 1888, Arch, d., f. gesammbt, Physiol.
h2:303. Quoted from Erlanger.

Courtice, F. C., 1943, The blood volume of normel animals., Jour,
of Physiol, 102:200-305.

Dm’ D. CC’ H. C,. Soule’ and T, E. Bucm, 19280 Blood volume
in normel infants and children., Jour. of Clin, Invest. 5:243-258,

Dawson, A, B,, H, M, Evans, and G. H. Whipple, 1920. Blood volume
studfes, III. Behavior of a large series of dyes introduced
into the circulating blood, Am, Jour. of Physiol. 51:232-256,

Dreyer, G. and W, Ray, 1910, Phil, Trans, London. B, 201:133.
Quoted from Erlanger.

Dukes, Henry H., 1935. The physiology of domestic animals, Third
Edition., Comstock Pul, Co. 643p,

Erlanger, Joseph, 1921l. Blood volume and its regulation. Physiol.
Rev, 1:177=207.

Gibeon, John G., 2nd, 1936. A method of determining the blood
volume., New England Jour., of Med., (Proc) 214:60T7.

end Williem Evens, Jr., 1937. Clinical studies of the
blood volume. I. Clinical application of a method employing
the AZO dye "Evens Blue" and the spectrophotometer. Jour. of
Clin. Invest. 16:301-316,

1937a, Clinical studies of the blood
volume. IIL. The relation of plesma and total blood volume to
venous pressure, blood velocity, rate, physicel measurements,
age, and sex in ninety normal humans. Jour, of Clin, Invest.
16:317-328.




Gibson, John G., 2nd, Wendell C., Peacock, Arnold M. Seligman, and
Theodore Sack, 1946, Circulating red cell volume measured
similtaneously by the radiocactive and dye methods, Jour. of
Clin., Invest. 25: 838-8,4'7.

Gregersen, Magnus I., 1944, A practical method for the determination
of blood volume with the dye T-1824k, Pamphlet published in
New York,

Gré'ha.nt, N. and E, Quinquad, 1882, Mesure du Volume de Sang Contenu
dans l'organisme d'un Mammifere Vivant, Comp., Rend. Aced, Sci.
94:1450. Quoted from Erlanger.

Hahn, L. and G. Hevesy, 1940, Acta Med., Scand, l:3. Quoted from
Nieset.

Haldane, J. and J. Lorrain Smith, 1899-1900. The mass and oxygen
capacity of the blood in men. The Jour. of Phsiol. 25:331-343,

Haller. Quoted by Welcker.

Harvey, William, 1628, An anatomical disquisition on the motion of
the heart and blood in animals, Willis translation edited and
revised by Alexander Bowie. Quoted from Dukes.

Hooper, Co W., Ho, P. Smith, A. E, Belt, and G, H. Whipple, 1920,
Blood volume studies. I. Experimental control of a dye blood
volume method., Am, Jour., of Physiol. 51:205-220.

Juhn, Mery and L., V. Domm, 1930. The relation of gonadel condition
to erythrocyte nunber in fowls., The Am, Jour, of Physiol,
ol: 656-661.

Kej.th) Ne. M.’ L., G Rm&ee, end J. T. Geragh‘by', 1915. A method
for the determination of plasma and blood volume, Arch, of
Int, Med, 16:547-576.

Latimer, Homer B. end Lois T, Pedersen, 1923. The variability in
the gross body weight and the weights of the liver, feathers,
and blood of 131 chickens. Poultry Sci. 3:11-1k,

Lippmen, Richard W., 1947. Blood, plasma, and "drewn blood” volumes
in the rat. Proc, Soc. Exp. Biol., and Med, 66:188-191.

Loewy, J., 1920, Zentralb.f.imn, Med. %1:337. Quoted from Erlenger.

Lucas, W, P. and B. L. Dearing, 1921l. Blood volume in infants
estimated by the vitel dye method, Am. Jour, Dis. Child.

21:96-109,

Magnan, M. A., 1912, ILa Que.ntite' de Seng chez les différents groupes
d'0Oiseaux. Bulle, Paris Mus. D'Hist. Nat, 18:389-391.

158136



Mallessex, L., 1874, Nouveaux procgdge pour appre'cier la masse
totale du sang, Arch. de Physiologie Norm., et Path., 6 Serie
a:797. Quoted from Erlanger and Keith.

Marriott, W. McK., 1920, Some phases of the pathology of nutrition
in infancy. Am, Jour. Dis. Child., 20:L461-485.

Mayerson, H. S., Champ Lyons, William Parson, Robert Nieset, and
¥W. V. Trautman, Jr,., 19fb8._ Comparison of results of measure-
ment of xred blood cell volume by direct and indirect techniques.
Am, Jour. of Physiol., 155:232-238.

Meneely, G. R., E. B, Wells, and P, F. Hahn, 1947. Application of
the radiocactive cell method for determination of blood volume
in hamans, Amn, Jour, of PhyBiOlo 1&8:531"’537.

Nieset, Robert T., Blanche Porter, W. V. Trautman, Jr., Ralph M. Bell,
William Parson, Chemp Lyons, and H., S. Mayerson, 1948, Determin-
ation of circulating red cell volume with radioactive phosphorous,
155: 226~-231,

Nitshe, G. A., Jr. and P. P, Cohen, 1947. Simplified determination
of blood volume, Am. Jour., of Clin, Path. 17:239~243.

Oerum, H. P. T., 1906, Arch. f. d. gesammt. Physiol. 1l4:1. Quoted
from Erlanger,

Overman, Richard R. and Harry A, Feldman, 1947, Circulatory and
f£luid compartment physiology in the normel monkey with especial
reference to seasonal variations. Am. Jour. of Physiol,

148: 455-459.

Qu.i.n.Cke’ Ho, 1879. Deutsch, Arch, f, Klin, Med., 20: 27. Q,uO‘bed from
Erlanger,

Robertson, O. H. end A. V. Bock, 1919. Special Report No. 25, Med.
Res, Com, 213. Quoted from Erlanger.

_____» 1919a. Blood volume in wounded
soldiers. IL. Blood volume end related blood chenges after
hemorrhage., Jour. of Exp. Med. 29:139-153.

Rowntree, L. G. and George E, Brown, 1929. The volume of the blood
and plasma in heelth and disease, W, B, Saunders Co. 219p.

Salvesen, Harold A., 1919. The detexrmination of blood volume by the
cerbon monoxide method, Jour, of Biol, Chem. %0:109-125,

Sander, J. and H, Kronecker, 1881, Arch. f. Physiol. §¥71. Quoted
from Erlenger.

Sherrington, C, 8. and S. Monckton Copeman, 1893. Variations
experimentally produced in the specific gravity of the blood.
Jour. of Physiol. 1k:52-96,



ki

Smith, H. P., 1920. Blood volume studies., II. Repeated determinations
of blood volume at short intervels by means of the dye method.
Am, Jour. of Physlol. 51:221-231,

Smith, H, P., H. R, Arnold, and G. H. Whipple, 1921. Blood volume
studies. VII. Comparative values of Welcker carbon monoxide,
and dye methods for blood volume determinetions. Am. Jour. of
Physiol. 56:336-360.

Smith, Arthur H. and Lafayette B, Mendel, 1920, The adjustment of
blood volume after injection of isotonic solution of varied
compositions. An. Jour. of Physiol. 53:323-343.

Snedecor, George W., 1946, Statisticel methods. Y4th edition., The
Collegiate Press, Ames, Iowa. 485 p.

Suter, F. and A. Jaquet, 1897. Mierscher's ges Abhandl, 533. also
Cor. Bl., f. Schw, Aertzte, 1898, 28:104k, Quoted from Erlanger.

Valentin, G. G., 1838, Repert. f. Anat. u. Physiol. 3:281l. Quoted
from Erlanger.

Van Slyke, Donald D. and Harold A. Salvesen, 1919. The determination
of carbon monoxide in blood, Jour. of Biol. Chem, L40:103-107.

Von Behring, E. 1912, Beitr. z. exper. Therap. No. 12, Quoted from
Erlanger.

Welcker, Herman, 1854, Bestimming der Menge des Kdrperblutes und
der Blutfirbekraft, sowie Bestimmng von Zahl, Maass,
Oberflache and Volumen des einzelnen Blutkorperchens beim Tiere
und beim Menchen, Prager Vritljschr. 4#:1l. Also Ztschr fur rat,
Med. 1858, 4:145. 2Quoted from Erlanger and from Keith.

Welcker, Herman end Alexander Brandt, 1903. Gewichtswerte der
Korperorgane bel dem Menschen und den Thieren. Archiv fur
Anthropologie, 28:1-89,

Zaitechek, Von A., 1908, Uber die Verteilung des Lebengewichtes
auf die Organe beim Huhn., Landw. Jehrb. Bd. 37:150-1T1.
Quoted from Latimer.

Zuntz, N. end J. Plesch, 1908, Biochem. Zeitschr. 11:47. Quoted
from Erlanger,



