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INTRODUCTION

The need for a knowledge of the amount of circulating bleoed in
man and animal has stimulated investigaters in many fields of research
to study and apply various methods and techniques for the quantitative
determination of bloed volume, This has resulted in controversies and
in cenflicting reports in the literature, Through these efforts te
perfect methods and establish constant values for the different species
much infermation has been acquired from which our present concepts have
been formulatede

The increasing pepularity and adaptability ef farm animals feor
nutritional, radiation and therapeutic studies using labeled elements
and compounds require that acceptable bloed volume figures be establishe
ed for use in experimental interpretations of these results, Aside from
the limited early results summarized by Dukes (1947) those for the
growing bevine reported by Missouri werkers (1931) and the studies with
swine by Hansard et al. (1951), few values have been reperted on bleoed
volume determination with farm animals,

In view of the limited infermation in the literature concerning
the bleod volume of the varieus species of farm animals, this study was
initiated with the follewing ebjectivess (1) te determine an adaptable
procedure for blood volume studies with farm animals of various ages;
(2) to perfect the necessary techniques for routine determinatiens of
bleed volume for the various speciesy (3) to establish an acceptable
value for the bleod volume of the various species at definite ages and
weightsy (L) to determine the limitations of the accepted procedure




2
as affected by in vitre and in vive studies that make for variatiens in
values reportedy and, (5) te correlate the results of this study
with values and metheds reported in the literature,




LITERATURE REVIEW

Interesting and detailed reports of the results and the various
methods employed for the determination eof bleod volume in man and
animals have been made by numerous investigators,

The dilution principle has been employed in the greater pertion
of these studies, Erlanger (1920) has reviewed and summarized the early
literature and discussed the direct and indirect classification of
absolute determination procedures, The shertcemings of the early direct
determinations by actual collection of all bleed by hemorrhage and
perfusion are self-evident, The indirect methed has therefore been meore
attractive and of particular interest to the animal physielegist and
nutritionist since it is better adapted for routine investigations and
does not require sacrifice of the animal,

A water dilution methed for the determination of bleod volume
was first employed by Valentine (1838). Weber and Iehman (1850), using
this methed, concluded that the blood made up one-eighth of the bedy
weight of man, Intravenous injections of salt solution as a means of
bloed volume determination was used by Sandler and Kronechen (1881),
They substituted an equal velume of sedium chleride selution fer bleod
and determined the degree to which it diluted the hemoglobin, The
rapid disappearance of the sodium chleride, and the water in Valentine's
studies proved to make both of these metheds unsatisfactery,

Keith, Rountree and Geraghty (1915) perfected a blood volume
methed using vital red dye. Repeated determinations by this methed at
short intervals with nermal young dogs gave a bleod velume value eof




10,1 per cent of the body weight, The in wive disappearance of the
dye freom the blood stream was found %o be 3,0 per cent at 72 minutes
after intravenous administration,

Employing the dye methed, Turner and Herman (1931) found 6,25
per cent of the bedy weight of grewing heifers to be bleed, 8,11 per
cent for lactating cows and 6,38 per cent fer nonelactating cews,

Courtice (1949) estimated the bleed velume of a variety of
nemal animals using the Te182) dye precedure, Sixty rabbits, twenty-
nine degs, thirty geats, and twe herses had an average bleed velume of
TeOy 79y 740y and 7,2 per cent of bedy weight, respectively, He con-
cluded that the bleed velume varied accerding to bedy weight and not
bedy surface area,

Hevesy (1942) intreduced the isetepe dilution principle for
bleed velume determinations and described a methed whereby radieactive
tri-sedium phesphate was incubated with rabbits bleed fer two hours
at 37.5° Centigrade and reinjected into the snimal, The rabbits were
bled at 3, 5, 7, 9 and 15 minute intervals with almost identically
calculated results for all bleedings, The cerpuscle content of the
animals varied between 20,5 and 25,6 grams per kilegram bedy weight.

Gibsen et al, (19L6) has described a modification of Hehn's
original technique fer determining circulating red cell velume by
means of two radieisetepes of iren, This methed was preposed to give
an absolute measure of the circulating red cells, which is independent
of the venous, arterial and auricular hematecrits, It previded an
accurate measurement of the total circulating bleed as used in cone
Junection with the dye plasma velume methed in ferty nermal dogs.
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Results obtained by the radiscactive iron methed were 15 per cent less
than the results from the dye plasma precedure,

The determination of circulating red cell velume in man using
radioactive phesphorus was described by Reeve and Veall (1949). The
bleod was incubated with P2, washed free of radicactive plasma and
veinjected inte the subject, Appreximately 10 per cent of the P32
disappeared frem the bloed per hour, The use of a Geiger-Muller tube
especially designed for liquid counting greatly simplified the neces~
sary manipulations of standards and samples,

Several other radiesctive isetepes have been found useful in
bloed volume determinations, Petassium 42 has twe preperties that makes
1t especially sdapted for bleed velume studies, It decays with emissien
of heta particles and Y-rays which are easily detectable in liquid
‘samples, It has & shert half-life of 12,k hours which makes it pessible
%e re-use the subjects after short intervals of time, Yalow (1951) used
K42 tagged erythrecyte in bleod velume determinations with man, The
results were almost identical teo those previeusly obtained using the
p32 procedure,

Gray and Sterling (1950) estimated the circulating red cell
volume in dogs using radieactive chreomium, Ninety per cent of the crSl
was taken up by the cells at two hours incubatien in vitre and was
retained for one day without significant less.

Tabern (1951) ef Abbett Laborateries, discussed a methed for
bleod velume determination perfected by Steraasli, Krieger, Friedelland
and Helden using T331 tagged serum, At the end of one hour, $0 per cent




of the injected tagged protein was present in the bloed and 78 per
cent was still present at four hours, The eptimum time after injectien
for taking bleed samples appearsd to be 10«25 minutes,

The mean blood and packed cell velumes of tweniywtwe adult male
rats were measured by Sharpe (1950) using cells which had been previous-
1y tagged with radicactive iren, The blood volume was found te be 1495
nilliliters per 100 grams bedy weight and packed cell velume was 2,32
milliliters per 100 grams body weight,

Several investigators have compared the various procedures and
metheds of determining Lleead velume with different animal species in
an elfort to carrelate the walues in the literature and to adapt the
best procedures for thelr individual studies,

Smith ot al, (1921) made a comparisen of the Welcker, carben
nenexide, and dye methods on the same dog within & short interval of
time. The dye methed measured the plasma volume while the carbon
monexide and Welcker metheds measured the red cell and hemeglobin
volumes, The true total bleed velume was calculated frem the sum of
the dye and the carben monexide metheds,

Gibsen ¢b al, (1946) presented a comparison of the dye methed
with the Fe5? dilutien procedure in detemmining the plama and circus
lating red cell volume of rabbits, It was found that the resulits with
the Fe’? tagged cells averaged about 25 per cent lower than the T=182)
dye method,

In a comparisen of three methedss Tw182l, P32, and 1131,
Krieger eb ale (1948) found that T3} permitted accurate bleod velume
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determinations for a much lenger time after injection. Ten dogs were

used in the determinatiens and the results showed the average blood
velume to be as followss T=182L===10,5 per cent, P32ema9,7 per cent,
and T131ewn9,l; per cent of body weights

Berlin et al. (1949) used the Fe59 and P32 labeled red cells
4n the determination eof the bleoed velume of rats, He found essentially
no difference in the bloed volume as determined by the two metheds,
Determinations with P2 indicated the bleod velume of nermal rats te
be 459 + 0,57 ce per 100 grams bedy weight, The red cell volume aver-
aged 2,16 + 0,20 cc per 100 grams, and the hematocrit L5.8 £ 2.6 per
cente

Courtice and Gunten (1949) in an experiment using rabbits, cem=
pared the T«182l; method with the carben menexide procedure first intree
duced in 1900 by Haldane and Smith. These results showed that there
was no marked difference between the two metheds, The accuracy ef the
carbon menexide method wes tested by estimating the bleod velume befere
and after the remeval of a known velume of bleed,

later in the same year, Courtice and Gunten (1949) repeated the
comparisen ef carben menexide and dye metheds with man, The carben
monexide values were always semewhat higher than the dye methed values,
probably due to the fact that the carben menexide is absorbed frem the
circulatery system or to the variatien in the initial bleed carben
menexide,

A direct comparisen of the bleod plasma value for degs using
T«182); and antigen distribution was made by Gregersen st al, (1950).
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This experiment was designed te test for the loss of dye in vive during
the mixing peried by cemparing directly the plasma velume by the T-182)
dye methed with three antigens, By means of simultanecus measuremenis
the volume of distributien values obtained using the dye methed was
found to be identical with that of bevine albumin, bevine glebulin, and
pelysaccharide S ITI, It was stated with considerable certainty that
there was no initial rapid less of significant ameunts of T-182L by
staining er phagecytesis, and that this method was a true measure of
the plasma velums,

Wasserman, in a cemparison of the P32 and the T-182L dye metheds,
reported higher values by the latter methed, A 15 per cent difference
between the bedy and venous packed cell velumes was attributed teo a plasma
occlusion facter as well as to inherent variation between venous bleed
and the bloed in the circulatory system, Melain et al. (1951) calculated
the bleed and plasma velumes en deogs and rabbits by the bleeding and dye
metheds, The bleeding methed gave the mest consistent results, The
results frem the bleeding methods were: rabbitse~sl3 t 0,8 ml bleed
per kilegram, and dogs--~62 £ 1,2 ml bleed per kilogram, Vhen pletted
in the erdinary way, the results of the dye studies exceeded these of
the bleeding technique by averages of 67 per cent for rabbits and Lk
per cent for dogs,

Smith et al, (1920) eutlined a methed in which the dye bleod
volume methed was adapted te repeated determinations en the same animal
at shert intervals, The ability te estimate bleod velume changes during
short intervals made it pessible teo study the exchange of fluids which
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may go on within the bedy, This methed was checked in vitre and the
error was found to be less than 5 per cent in each case,

A hematecrit methed uveing packed red cells for injectien is
described by Strumia et al. (1949)s This methed was based upen the
red cell dilutien principle, The hematecrit was taken before and after
the injectioen of packed red cells and the blood velume calculated frem
the dilutien facter of the increased red cells in the bleeds The values
ebtained by the packed cell methed were 10«12 per cent less than these
obtained from the dye methed thereby appreximating mere clesely the
values obtained using the radieactive cell dilutien procedure,

Several facters have been reperted by investigaters as having an
influence upen the bloed velume values,

Berlin et al. (1950) made a study of the blood volume in chrenic
leucemia patients using the P32 labeled red cells, This study showed
a considerable variation in the bleed volume of leucemia patients due
to varying plasma velumes,.

Berlin et al. (1951) feund the blood velume in women to be
slightly less than in men, prebably because of the increased amount eof
adipose tissue, It was preposed that if the bleed velume was calculated
en the basis eof fat free bedy weight there would be little difference,

Courtice and Gunten (1949) found that a variation of the fluid
content of the diet may affect the plasma volume significantly,

Turner and Herman (1931) reperted a difference in lactating and
nen=lactating cowse They found the bleed velume of lactating cows te
be appreximately 25 per cent higher than that of nenslactating cows.
The stage of lactation was net mentioned,
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Dukes (1933) has reperted the bleed velume of cheep to increase
with pregnancy and te decrease with ages
Hansard et als (1951) reported bleed volume of swine to decrease
with increased age and bedy welght, and emphasized quantitative isotepe
administration to be essential for compatabls bleed velume values,




FXPERTMENTAT, PROCEDURES

General Precedure

In the initial phases of this study the dye, P2, and 1131
metheds were compared in individuals of different species for bleed
volune determinations, The P32 labeled red cell methed gave results
cempatible with published figures, The I131 labeled plasma procedure
was inconsistent except in limited individual cases and species, In
consideration of these findings and the reports of the several investie
gateors in the literature, it was cencluded that a medification of the
P32 1abeled red cell methed employed by Reeve and Veall (1949) was
adequate and mest satisfactery feor this study invelving all species of
farm animals, :

The sheep, swine, cattle, and burres used in these studies were
nermal, healthy individual animals procured frem the station farm
flocks and herds, Each animal was oriented in a metabolism unit
(Hansard, 1951) previous te the test peried, Bloed was drawn for
labeling with activity, and immediately previous to desing the animal
was catheriged (Hansard et al, 1951) te facilitate quantitative adminise
tration of the labeled red bleed cells,

Thirty to ferty milliliters of an enimal's bloed was drawn inte
2 125 nilliliter Erlemmeyer flask and five te ten micrecuries eof :
isetenic P32 solutien per milliliter of bloed was addeds The blood was
then incubated in & Warburg shaker unit at 37.5° Centigrade for variable
periods ef time up te four heurs, At the designated intervals,
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5 milliliters of the radieactive blood was removed from the flask and

centrifuged in a 10 milliliter centrifuge tube for 30 minutes at 1,800
repems (radius of 25 em and thrust of 900). The radieactive plasma
was drawn off with a suction tube after which 20 milliliters of ice~cold
physiological saline was added and theroughly mixed with the red cells,
(Tt should be emphasized that all manipulatiens of the bleod and red
cells must be dene gently) The red cell suspension was centrifuged
again for 10 minutes at 1,800 r.pem, and the saline drawn off, The

red cells were washed three more times as described abeve, after which
they were made up to the eriginal volume with saline, One milliliter
of this well-mixed cell suspension was diluted te 50 miliiliters frem
which an a2liquot was taken for measurement of activity, This was cam=
pared to a standard prepared at the same time by diluting 1 milliliter
of the eriginal ineubated blood to a sufficient velume to give counts
per minute comparable te the samples to be measured, and the per cent
uptake by the red bleed cells calculated, This was repeated at the
designated intervals indicated in Table 'V,

Following four hours incubation perled the remaining blood was
removed frem the water bath and a standard prepared, The red cells
were then washed free from their radieactive plasma as described above,
made to volume, and 2 5 to 10 milliliter aliquot immediately adminis-
tered quantitatively to the immobelized animal as described by
Hansard ot als (1951),

At designated intervals after injection, venous bloed samples
were drawn from the oppesite side of the animals neck for hematocrits
and measurement of activity., Ten milliliters velume of the whole bloed




sample was then counted, using a specially designed Geiger-Muller
Counter for liquid samples (Reeve and Veal, 19h9).

The total blood volume was caleulated by dividing the total
counts injected by the net counts per milliliter of whole bleod, The
per cent blood volume was then calculated by dividing the total milli-
liters of blood (assuming the specific gravity equal to one) by the
weight of the animal expressed in grams,

Iedine 131 Procedure
Blood was drawn, defibrinated and shipped in a refrigerated con-

tainer te Abbott's Laborateries where the blood serum was iedinated with
1331 to contain 0,18 te 0,40 me per milliliter, The experimental animals
were then dosed with aliquots ef the iedinated serum centaining 150 te
300 fue 7331 depending upen the species and size of the animal, The
procedures for animal management and dose administration was the same as
used for the P32 method previously described, Blood was drawn for
hematocrits and measurement of activity at 15 te 25 minute intervals,
Approximately 15 milliliters of the test bleod was centrifuged for 20
minutes at 1,800 ropems The radicactive plasma was drawn off and an
aliquot used for activity measurement as previously described for p32,
A standard was prepared by diluting a small pertion of the original
iedinated serum to a volume sufficient to give counts per minute come
parable to the samples to be measured,

Calculations were made by dividing the total counts per mimute
injected by the counts per minute per milliliter of plasma to give the
total milliliters of plasma in the animalt's bedy, The hematocrit was
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multiplied by 0,95 to correct for the plasma trapped in the packed cell
celum (Leeson et als, 1951)s Using these corrected hematecrit values,
the total milliliters of wheole bleed was calculated, The per cent bleod
volume was calculated by dividing the total milliliters of bloed (assumiag
the specific gravity equal to ens) by the weight of the animal expressed

in grams.




RESULTS AND DISCUSSION

Various investigaters have reported such factors as age, con-
dition and lactation teo have a definite effect upen the bleod volume
of man and animals, Dukes (1933) propesed the bleod velume value to
be independent of bedy weight in degs weighing 7 te 2l pounds and in
goats weighing 16 te 67 pounds, However, he noted that the bleod
volume in lambs decreased with increasing age between birth and 190
days with the greatest decrease eccuring in the first 30 te 60 days,
Berlin et al, (1951) found the bloed volume in women to be slightly
less than that of men, However, he prepesed that if the bleed velume
was calculated on the basis of the fat free body there would be little
sex difference, Turner and Herman (1931) reperted a 25 per cent highe
er bleed velume in lactating than in nen-lactating cews.

Burres

A summary of the forty-six bloed velume determinations made
with thirty-seven burres is shewn in Table I, Twenty-eme of these
determinations were based upon the P32 precedure and twenty-five upen
the 151 methed,

The values obtained using the P32 methed averaged 9.52 per cent
for the young burres, ranging in age frem 1,53 menths, and 6,74 per
cent for mature burres as illustrated in Table II,

There was no significant difference in the values for burres
ebtained by the P32 and the 131 metheds, The bloed velume for the
mature burres using the I131 method averaged 6,66 per cent (Table ITI)
for the twentysfive burres studied, The same variation with age was




TABLE I

SUMMARYs EFFECT OF AGE AND W UPQN THE BLOOD VOLUME
OF BURROS USING THE P32 AnD 1131 METHODS

Method Number of Weight  Per Cent
Used Animals Age Pounds _ Bloed Volume
1131 2 1 Day k9e5 19,1
p32 b 1.5=3.0 Menths 110,0 9,52 & JA51
31 23 Mature 36,0 6466 & 1.20

p32 17 Mature 339.0 6.7h & 978
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TABIE II

EFFECT OF AGE AND WEIGHT UPON THE BLOOD VOLUME
OF BURRCS USING P32

Purre ; Cell Pack Per Cent
Numbex Sex Age Pounds Volume Elood Volume
L50 F 1.5 Menths 90 39k 9.46

k9 F 2 Months 100 35,8 10,10

g F 2 Months 120 392 940

k6 F 3 Months 13k 38.h 945

110 38.2 9452 + J51

L1 M Mature 288 32,8 5.92

i 3540 6416

la 35.7 SeT1

k1 3he5 6457

8 K| Mature 3k 3kl 6als7

1,8 33k 5495

18 38.2 6eli2

8 35.3 5460

L3 M Mature 358 33.1 6.15

L3 33.1 6478

L3 3641 5490

L3 340 6405

220 M Mature 27 3he9 6470




TABIE IT
EFFECT OF AGE AND VEIGHT gmnmsm.ommm
OF BURROS USTNG P32 (Continued)
Burre Wedght Cell Pack
Number Sex Age Pounds Volume Blood Volime
39 M . Matuve 37 3l 8,64
199 F Mature 370 40,2 7459
2hh P Mature 376 3.7 8.0
7 F Mature 406 35.1 8.6
Average 339 3L.8 6sTh + 4978




TABLE IIX

EFFECT OF AGE AND WEIGHT UPON_THE BLOOD VOLUME

(F BURROS USING THE 1131

METHMD

Burre Cell Pack Per Cent
Number Sex lieight Volume Blood Volume
8L M 21,8 29,1 Te52
18l M 248 10,6 8.60
gk i 26} 32,5 6430
5k M 282 3646 6,60
k1 M 296 35.9 727
137 M 300 29.7 5410
95 M 302 k1.6 7496
235 M 306 39.0 6450
a M 308 333 Le90
223 M 318 37.5 5.40
186 M 326 3Lk 5.10
197 M 347 35.3 TeliS
17k M 350 kol 9495
65 M 353 36.h 8,03
178 M 358 30,6 k.80
28 M 360 3ke3 k.60
1,8 M 368 35¢3 6428
160 F 368 379 7.60
51 M 378 hl.h 730
L3 M 380 3ke2 7407




TABIE III

EFFECT OF AGE AND WEI UPON THE BLOOD VOLUME
OF BURROS USING THE I&< METHMD (Centinued)

Burre Cell Pack Per Cent

Number Sex : Weight Volume Bleod Volume
Ly lao 38,7 7,08
249 420 31.3 5.96
206 h53 38,8 Te70
1608 M 37 Shel 18,2
2068 M 62 18,8 20,0
Average L9.5 51,5 19.1

& One day old celts, All other animals are mature,
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noted with this method as demenstrated by the P32 procedure., Indie
vidual determination on twe ene=day old burres showed an average
bleed velume of 19,1 per cent as compared te 9.5 per cent at 1.5 te
3 menths of age by the T131 and the P32 metheds, respectively, This
indicates that the velume adjustment occurs very rapidly during the
firet few days of 1ife and then more slowly te mature age.

In order to estimate the veriation of individual animals at
different time intervals, twelve bleod velume determinabiens were
made on three burres over a four wesk period, Table IV summarizes
these data and indicates the variaticn between determination on the
same individual to be much less than that between animals,

Five of the blood velume determinatiens (mumbers 199, 2lh, and
7 in Table II, and, 160, and 206 in Table III) with mature burros were
made on lactating animals, It is noted that all five of these values
were at the top of the range between individuals, These data are not
conclusive, but they indicate agreement with reperts by Turner and
Herman (1931) that the bloed velume of lactating animals is calculated
te be about 25 per cent higher than nenelactating animals,

The uptake of P32 in vitre by burre red cells is sumarized in
Table V. The mature burro red cells appear to take up the P32 at a faster
rate during early incubation, but after three and four hour ineubation
there was no significant difference in the total per cent uptake at
the different ages, The decrease in per cent uptake after three hours
would indicate this to be sufficient incubation time, However, for all
animals, four hour perieds were used, The in vive less of P32 fram the




TABLE 1Iv

RESULTS OF REPEATID BLOOD VOLUME DETERMINATIONS AT SHORT INTERVALS
ON THE SAME ANTMAL USING P32

Burre Weight Cell Pack Per Cent
Number Sex Age Peunds Volums Blood Veolume
L (1) M Mature 288 32,8 592
(2) 35,0 6.16
(3) 35.7 5.T1
(k) 3Le5 6.57
Average 3heS 6416 *+ 15
8 (1) M Mature 345 3hek 6147
(2) 33k 5495
(3) 38,2 6.1i2
(k) 35.3 5460
Average 3543 6,11 + 113
b3 (1) M Mature 358 33.1 6.15
(2) 33.1 6479
(3) 36.1 590
(L) 3Le0 6405
Average 3kl 6.22 : 392




TABIE V

ACCUMULATIVE PER CENT UPTAKE OF P32 IN VITRO BY THE RED CELIS
OF THE VARTOUS SPRCIFES ATIM ANIMALS

— m Incubated at %35‘ %E‘ﬁn @

Mature Durre 16,0 22,6
Colt 6.h 91 12,4 18,6 24,0
Mature Bovine 3.3 5e2 10.h 11,9 1,1
Calf 2.2 Le3 549 10,2 15,0
Mature Sheep 2,9 be7 8.0 10,1 12,8
Lanmb 1.9 3.6 645 845 1L1
Mature Swine Te3 11.5 17.1 th? 26.0

Pig 11,3 15,5 21,0 2347 25,0
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bloed is indicated by the results tabulated in Table VI, If it is
assumed that the bss at 15 minutes is 0, the disappearance fram the
circulating bleed amounts %o 12 and 24,0 per cent at 30 minutes and
ene hour, respectively, er about 6 per cent for each 15 minute intere
vale

Cattle
A suvmmary of the bleed volume determinatiuns made for eighteen

cattle employing the P32 procedure is presented in Table VII, These
data for the individual animals, as shown in Table VIIT indicate the
bleed velume to range frem 12,9 per cent for a two day old calf te
168 per cent for a nine year old cow, Like the burres, the bloed
volume change appears %o be most rapid early in life, decreasing very
rapidly during the first thirty te sixty days and more slewly teward
maturity, There seems to be little difference in the per cent blood
velume in the two months old calf and the mature bevine regardless of
age, The four eight to ten year old animals were lactating cows, Be=
cause they were in late lactation and pessibly because they were older
animals, there was no significant difference in their bleod velume over
that of the other groups,

The accumilative per cent in vitre uptake of P32 by the red
bloed cells of the bevine is summarized in Table V, Unlike the burres,
there was no neticeable difference in the rate of uptake by the young
and mature bovine, Following administration ef the labeled cells, the
in vive less of P32 from the bovine blood was 9aB per cent at one-half
hour ;nd 23,3 per cent at one hour, (Table VI)




ACCUMULATIVE PER CENT LOSS OF p32

TABIE VI

3 X0

15 30 1
Species Minutes Minutes Hour
Burre 0 1ha2 2.0
Bevine 0 9.8 2343
Swine 0 baly 13.6
Sheep ) 10,3 19.5




TABIE VII

SUMMARY: EFFECT OF ACE AND WEIGHT UPON THE BLOOD VOLUME

OF CATTLE

Number of Wedght Per Cent
Animals Age Pounds Blood Volume

2 2-6 Days 60 11,65

1 3 Veeks 108 8416

3 2-3 Months 2h2 6,17 + o558

5 6=8 Menths AN 577 + +65h

3 =15 Months W7 5466 + 4791

b 8«12 Years 1,05 5,68 + 829

18




TABIE VIII

EFFECT OF AGE AND WEILGHT UPON BLOOD VOLUME

IN CATTLE

27

Bevine Weight Cell Pack Per Cent
Number Sex Age Pounds Volume BEleod Volume
B2 F 2 Days 56 42,8 12,90
B F 6 pays 6l 35.1 10,35
B.V, M 3 Veeks 108 2949 846
Average 76 3549 10,57 + 2,228
234 F 2 Months 212 1.3 6.08
220 M 3 Menths 226 h1.3 6480
213 M 3.5 Months 292 5049 5eT0
Average 243 liheS 6,17 + o559
961 M 6 Months 156 31,0 B.70
902 M 7 Menths 500 lihe6 Le90
988 M 8 Menths 562 3646 6.7h
990 M 8 Menths 570 .7 570
989 M 8 Menths 634 h2.6 5.81
Average Skl 3943 5477 + «65L




TABIE VIII

EFFECT OF AGE AND WEIGHT UPON THE BLOOD VOLUME
IN CATTIE (Continued)

Bovine Weight  Cell Pack Per Cent

Numbez Sex Age Pounds Volume Bloed Volume
14,36 M 1}, Months 730 1.9 5019
470 M 15 Menmths 750 35.7 6457
186 M 15 Menths 760 3640 5¢21

Average 7 3749 5466 + 771
89 F 9 Years 1,095 371 L.68
125 F 12 Years 1,138 Ik 6411
26 F 10 Years 1,118 0.8 6460

Average 1,095 1046 5.68 + 829
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vhen T131 labeled bovine aid swine plasma was used in bleed

volune determinations with cattle and swine, invariably, the values
were high and erratic, With cattle, the values ranged fram 9,6 per
cent be 13,6 per cent for six determinations and with swine, the values
ranged irem O.i4 per ceni 4o 05,2 per cent for eight deberminalions,
Since thare were no consistent values from the use of this methed and
the reasens for these high values have not been fermulated, no data
will be reperted from this precedure with cattle, sheep and swine,

Sheep
Nineteen blood veolume determinations were made with gixteen

animals of various ages and weights as indicated in Table IX. A
svmmary of this study is presented in Table X. An average bleod volume
of 7.98 per cent was ebtained with four week old lambs, 6,27 with six
month old lambs, 5,51 with yearlings, 5,83 with three year old ewes and
840 with aged ewes, Tambs younger than four weeks were not available,
consequently, the cemparative rapld decrease in early life is not
shewn, Hewever, it is noted that there was a slight decrease in the
blood velume values of the four week old groups ever the mature ewes,
This difference between the four week old and the six month eold groups,
and the difference between the six month old and the three year old
ewes was statistically significant at the 5.0 per cent level (Chamber,
1952)s An average ef 8,0 per cent bleed volume was ebtained fer the
three aged ewes, The enly possible explanation for these higher values
was the fact that these ewes were in extremely thin conditien, Accorde-
ing te Berlin et als (1951), this sbsence of fat could account for the




TABIE IX

BFFECT OF AGE AND WEIGHT UPON THE BLOOD VOIUME
OF SHEEP

Number Sex Age Pounds Volume Blood Volume
2125 F ki Veeks 2l k5.3 8433
2125% 5 Weeks 26 h1.5 8.11
2100 L Veeks 25 k8.1 7450
2088 b veeks 28 42,7 7452
20838 S Veeks 33 hhe7 8.16
Average 27 ko5 798 + oli51
93 F 6 Months 8k L7.8 6437
77 T 6 Menths 88 47,8 6427
62 F 6 Months 9 h7.1 640
55 F 6 Menths 9 hi3.2 64kl
Average 92 46,5 6427 + 4193
33 F 1 Year 126 51.k 5¢35
52 F 1 Year 136 40,0 585
32 F 1 Year i1 1193 533
Average 135 Mog Be51 2 ,295




TABLE IX

EFFECT OF AGE AND WEIGHT UPON THE BLOOD VOLUME
F SHEEP (Continued)

) |

Sheay " Jielght  Cell Pack Per Cent
Number Sex Age Pounds Volume __FHloed Veolume
23 F 3 Years 136 33.h Selily
23* 3 Years 138 36,1 5490
191 F 3 Years 169 3341 6479
2k F 3 Years 180 33k 519
Average 156 3L40 583 ¢t 70k
59 F 7 Years® 98 39.8 849
421810 F 7 Years? 106 40,2 Teb
1150975 F 7 Years® 2 3047 Teb
Average s 3649 840 .4 «»781

8 These determinations were made one week later,
D These individuals were in extremely thin condition.




TABLE X

SUMMARYs EFFECT OF AGE AND WEIGHT UPON THE BLOOD VOLUME

OF SHEEP

Number of Weight Per Cent
Aninals Age Pounds Blood Volume
5 by Weeks 27 7498 *+ J51
L 6 Months 92 6427 * 2193
3 1 Year 135 5451 + J70k
1 L 3 Years 156 5483 + 70k
‘ 3 7 Years ns 8.0 + (81

L
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increase in blood volumes

The rate and total per cent uptake of P32 in vitre by the red
cells of sheep was greater in the mature animals thyn the lambs throughe
eut incubatien as indicated in Table V, However, follewing adminise
tratien of the labeled red cells to the animal, the less of P32 frem .
the bloed in vive averaged 1043 per cent at ene-half heur and 19,5

per cent at ene heur for all ages as shown in Table VI,

Swine

In the bleod volume studies with swine, twenty-five determinations
were made with sixteen animals of different ages und weightc as showm in
Table XI, A sumary of this study is presented in Table XIT. An
average blood velume of 7,L per cent was obtained for the ten pound pigs,
with the values decreasing more or less regularly to an average of li.6
fer the 34l pvnd animals, Consideration of this data indicated that
despite the variation between individuals there was no real decrease
of the Dlood volume with inereasing bedy size, Furthermere, as is
indicated for cattle and the burre, the effect was mere pronounced with
the lowest weight groups, It is indicated that the blood velume of
swine is somewhat lower than for the other species, This may be
explained by the higher fat content of the normal grewihg pig over that
of the other specles,

The resulte of in vitre studies with swine bleed is illustrated
in Table Vs An average of 15 per cent of the added P32 pasced inte the
red cells in the first houry, 19 per cent in two hours, and 24 per cent
in three hours and 26 per cent in four hours. In contrast to the burre,



EFFECT OF ACE AND WEIGHT UPON THE BLOOD VOLUME

TABLE XI

OF SWINE
Swine Weight Cel.l Pack Per Cent
Number Sex Pounds Volume Blood Velume
3 F 8 3h,0 Te3
2 M 10 3L,0 Te9
3 M n 10,2 740
Average 10 3640 Teh T 458
b M 15 h0e2 646
s F 20 k2.3 647
[ M 21 40,9 606
7 F 22 10,6 649
Average 20 11,0 6,7 X A
2 F 7 3.8 640
25 F (] 30.3 59 .
27 F 78 37.9 641y
26 ¥ as 37.8 506
n ] 9 11,9 646
28 M 97 h3.1 645
29 M 97 39,0 6.8
30 M 102 30.3 6.1
Average 98 391 63 + Gl




TABIE XTI

EFFECT OF ACE AND WEIGHT UPON THE BLOCD VOLUME

@ SWINE (Coentinued)

Swine velght Cell Pack Per Cent
Number Sex Pounds Volmme Blood Volume
32 M 13 393 Se9
33 118 33,2 Se3
3 134 37.9 645

Average 122 36.8 Se9 *+ 6000
L9 164 39,3 6e3
39 182 100 o8

0 200 11306 590

Average 182 w.9 Selt : ,‘m
L5 F 328 397 L6
L6 F 333 38,6 he3
ho F 3Ly 28.5 Sel
37 M 370 3649 kel

Average 3hh 38.L b6 + o356




TABIE XII

SUMMAEYs EFFECT OF AGE AND WEIGHT UPON BLOMD VOLUME
OF SWINE

Number of Weight Per Cent

Aninals Age Pounds Blood Velume
3 2«3 Veeks 10 Tolh * LS8
b li=6 weeks 20 6.7 £ 4173
8 3«li Menths 98 6,3 * Lok
3 =5 Menths 122 Se9 * 600
3 7=8 Months 182 Se X 81k
L 2 Years 3hh b6 t 356
25
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bovine, and sheep, the red bleod cells of young pigs appeared to take
up the »32 faster than these of older mimals during the early phase
of incubation, but levelsd off te aboub the same rate as that of the
older swine red dells after about three hours incubation,

Following administralion ef Uie labeled red cells Lo the animaly
the rete of loss of P32 Prem the bBlood in vive wes G4l per cent at
thirty minutes and 13,0 per cent at one hour, As indicated in Table
VI, this is slightly lower than the rate of loss Ly sheep and only
about half that of catile or the burre,

For use by those interested in calculatien of the plasma or
red cell volumes, the hematecrit values for the various species are
included aleng with the per cent blood velume figures, Ne uarked
age or species differences were noted in the hemabocrit values, The
burre with a cell pack volume of 35,0 per cent was lowest, then swine
384y cattle 38,8, and shesp h1l.9 per cent,




SUMMARY AND CONCLUSIONS

Blood volume studies were made using the P32 and 1131 methods
with burres, cattle, eheep and swine, Forty-six blood volume deter-
minations vere made with burres, eighteen with cattle, nineteen with
sheep, and twenty-five with swine,

The per cent blood volume for the young and old groups of the
different species ranged frem 19,10 to 6,66 for burres, 12,90 te 5,68
for cattley 7,98 to 5,51 for sheep, and 7,L0 te Le60 for swine, respec-
tively, There was some variation between individuals and bebtween age
groups but with these species there was a definite tendency toward a
decrease in the per cent blood volume with increased age, This was
especially marked during the first sixty days after birth,

This study indicates: (1) the P32 labeled red blood cell
method was satisfactory for the determination of bleed volume in farm
animals, (2) the T3l procedure was satisfactory with burres, but did
not appear to be satisfactory with cattle or swine, (3) a definite
decrease in the percentage of bleod velume was found with increased
age and weight, (L) three hours incubatien of the blood with P32 was
sufficient for all species, (5) the in vitre uptake of P32 by swine
red blood cells was semewhat faster than by the other species, and
(6) there was no marked difference in the in vive less of the P32

frem the red bloed cells of the different species,
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