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SON : Plasma and blood volume in the calf {rom birth till 90 days o{
age. Acta vet. scand. 1975, 16, 178-185. - Determinations of plasma
volume were made of 9 clinically healthy Swedish Red and White
calves from birth to 90 days of age by means of the isotop dilution
technique. Commercially available 1311 labelled human serum albumin
was used. Calculation of the total blood volume was based on the
plasma volume and packed cell volume.

The plasma and blood volumes increased per kg body weight in
average 17 and 14 % respectively from directly after birth to 24 hI'S.
old. From 1 to 90 days of age the plasma and blood volume fell steadily
per kg body weight. Plasma volume expressed as a percentage of body
weight was 5.3 % at birth, 6.5 % at 1 day old, and 4.9 % at 90 days
old. Corresponding values for blood volume were 8.4, 9.3 and 7.0 0/0 .

P I a sma v 0 I u me; b 100 d v 0 I u me; g row i n g c a I v e s;
1311 s e rum a I bum i n.

Blood and plasma volume in the calf is dependent on age and
body weight. With 32p labelled erythrocytes, Hansard et al. (1953)
found that the blood volume in Hereford calves was 120 ml/kg
body weight at 2-6 weeks of age and 58 ml/kg at 6-8 months
of age . Using Evans blue, Dalton & Fisher (1961) measured the
plasma volume in 1-3-week old Ayrshire calves as 66.0 ml/kg
body weight, corresponding to a blood volume of 110 ml/kg.
McEvan ei al , (1968), also with Evans blue, studied changes in
the plasma volume following the ingestion of colostrum and were
able to show that the plasma volume had increased by 30 ml/kg
after 3 days. Using 1311 labelled bovine serum albumin, Howes
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et al. (1963) calculated the plasma and blood volume of adult
cattle to be on average 3.1 and 5.8 %, respectively, of body weight.

The aim of the present work was to carry out 1311 based deter
minations of the plasma 'and blood volume of clinically healthy
calves from birth to 90 days of age under controlled feeding con
ditions.

MATERIAL AND METHODS

The experimental animals consisted of 9 Swedish Red and
White calves, 6 bulls and 3 heifers. Newborn calves were pur
chased from stock-owners in the vicinity of Stockholm and trans
ported as soon as possible after birth to the Veterinary College,
where they were housed in an isolated section of the stable. The
first volume determinations could thus be carried out 4-8 hI'S.
after birth. Before this determination the calves had received no
food whatsoever. After this, the calves received colostrum for
24 hI'S. The amount fed comprised 15 % of body weight, and the
ration was divided into 4 feeds. The calves were thereafter given
ordinary milk, amounting to 10 % of body weight, in 2 feeds .
After about a week, hay was given ad lib ., and after about 4 weeks
the calves were allowed access to meal. During the whole experi
mental period the calves also had access to water, either in
buckets or drinking bowls. Apart from immediately after birth,
blood volume determinations were carried out at 1, 8, 16, 30, 60,
and 90 days of age. Volume determinations were always oarried
out 2 hI'S. after the morning feeding. The calves were weighed
immediately before the determination. Only completely clinically
healthy animals were used for the blood volume determinations.
For this reason the number of experimental animals was reduced
on 2 occasions, namely at 60 and 90 days of age, by 1 and 2
calves, respectively.

The blood volume was determined by means of the isotope
dilution technique. Commercially available 1311 labelled human
serum albumin was used. The solution for injection was prepared
by diluting a basic solution with physiological saline so that the
activity was 5 !!Ci/ml. Plasma volume determination was carried
out as follows: the right jugular vein was punctured with a
needle which was inserted into the vein up to the hilt. Blood
samples were taken in heparinised tubes for control samples and
for packed cell volume determination, Approx. 10 !!Ci in 2.0 ml
of solution was then injected. The syringe and needle were
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washed out with blood after the injection, while the whole needle
was still fully inserted in the jugular vein. Blood samples were
taken from the left jugular vein in heparinised tubes 10, 20, and
30 min. after injection. The samples were centrifuged, and 2.0 ml
plasma was drawn off for measurement of radioactivity. In 4
30-day old calves samples were also taken at 5, 10, 15, 30,45, and
60 min. after injection.

Measurement of 1311 was performed in a scintillation detector
equipped with a single channel analyser. A standard 'solution
prepared from the injection solution was measured at the same
time as the plasma samples. The statistical counting error was
always less than 3 %. Radioactivity in the plasma samples (cpnr/
ml ) was plotted on semilogarithmic paper. Extrapolation to the
time of injection (time 0) was carried out, following which the
plasma volume could be calculated. Since volume determinations
were carried out on the same calves on several occasions, cor
rections were made for residual activity in the blood plasma
(control samples) . Calculation of the total blood volume was
based on the plasma volume and packed cell volume.

Packed cell volumes were determined after centrifugation at
12,000 r.p.m, for 5 min. in a microhematocrit centrifuge.

RESULTS

Fig. 1 provides an example of the elimination of 1311 labelled
serum albumin from the blood plasma of 1 of the 4 calves in
which samples were taken from 5 to 60 min. after injection. Com
plete mixing of the labelled albumin had occurred by 10 min.
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Fig u r e 1. Concentration of 131J in blood plasma of a calf after
intravenous injection of 1311 human serum albumin.
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after injection. The same observation was made in the other 3
calves in which an increased number of samples was taken.

As is evident from Fig. 1, the graph of elimination of the
labelled albumin followed a simple exponential course from
sampling at 10 min. after injection to sampling at 60 min. after
injection. Thus in order to calculate the total plasma volume, an
extrapolation of the graph to time 0 can be made. Examination
of eliminabion speeds at different ages showed that these did not
differ significantly. Plasma volume determination based entirely
on blood samples taken 10 min. after injection produces an over
estimation, which for the total material amounted to 6.2 % of
the real plasma volume, i.e. that obtained by extrapolation to
time O.

Tabl e 1. Blood and plasma volume, venous hematocrit (PCV) of
9 calves in relation to body weight. Data at age &0 and 90 days are
based on measurement of 8 and 7 calves, respectively. (m. ± s.e.m.) ,

Age Body Plasma Blood Total Total PCV Plasma
days weight volume volume plasma blood volume

kg ml/kg ml/kg volume volume % of
body body ml ml body
weight weight weight

0 33±1 54±3 84±5 1760±12,0 2760±220 36±2 5.3
1 34±1 63±3 93±4 2140±150 31&O±220 32±2 6.3
8 38±2 58±2 86±4 2200±140 32&O±230 32±3 5.8
16 43±2 59±2 84±2 2530±150 372{)±220 30±2 5.9
30 53±3 57±2 79±2 28Hl±160 4170±220 27±2 5.3
60 70±2 50±3 70±3 387,0±2()O 4890±260 29±3 5.5
90 96±4 48±3 68±4 4660±190 6700±280 30±2 4.9

It is evident from Table 1 and Fig. 2 that the plasma and
blood volumes increased both overall and in proportion to body
weight from directly after birth to 24 hrs, old. The increase in
plasma volume per kg body weight was on average 17 % and illl
blood volume 14 %. This increase in plasma and blood volumes
was statistically significant (P < 0.001). From 1 to 90 days of
age the plasma volume (expressed in ml/kg body weight) then
fell steadily (Fig. 2 and Table 1). The blood volume fell similarly
(Table 1).

Plasma volume expressed as a percentage of body weight was
5.3 % at birth, 6.5 % at 1 day old, and 4.9 % at 90 days old.
Corresponding values for blood volume were 8.4, 9.3 and 7.0 %.
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In the present experiment, 1311 labelled human serum albumin
was used to determine plasma and blood volumes in calves from
birth to 90 days old. Plasma volume was calculated after extra
polation to dhe time of inj ection. This ensured greater accuracy
in the plasma volume determinations.

The rate of elimination of the labelled albumin was found to
be approximately the same in both different age groups and in
different individual, clinically healthy calves. However, in ailing
(e.g. scouring) calves, elimination may be considerably more
rapid (Mollerberg, to be published). It is therefore important
that sampling after injection is carried out on several occasions
in order that a correct extrapolation to the time of injection may
be made.

Evans blue has previously been employed for plasma volume
determinations in calves (Wells & Horn 1966). One of the dis
advantages of this method is that it is difficult to determine the
concentration in hemolytic or lipemic samples of plasma (Solo
mon 1971 ) . Lipemia is often seen in milk-fed calves.

The blood volume in this investigation was determined by
an indirect method, i.e, it was based on the plasma volume and
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venous packed cell volume values. In several animal species, as
in the human, it has been shown that the whole body hematocrit
is lower than the hematocrit when obtained from samples from
a large blood vessel. In order to obtain the whole body hematocrit
in humans, the venous hematocrit is therefore multiplied with
a factor (0.915) (Solomon) . Menzies ei al. (1965) have shown
that the correlation factor for sheep is 1.01. The authors found
that the factor was not statistically different from 1.00. There
is no correlation factor available for calves, so that no correction
of the venous hematocrit to the whole body hematocrit has been
carried out. An exact determination of the total red cell volume
can only be obtained with blood cells labelled with 51Cr, for
example. For practical reasons this method is less suitable for
newborn calves and for continuous examinations on the same
animal.

A marked increase in both the plasma and the blood volumes
occurred during the first 24 hrsvafter birth, i.e. between the first
2 volume determinations. Similar results for calves have pre
viously been reported by McEwan et al. (1968) and in piglets
by e.g. Gentz et al. (1970). In the present investigation the calves
had received colostrum 4 times during the first day of life. The
increase in volume can therefore probably be associated with the
feeding of colostrum. It is well known that proteins of different
types (mainly globulin in the colostrum) are absorbed from the
alimentary tract of calves (Bangham et al, 1958). This probably
means that fluid is taken up together with the proteins in order
to maintain a constant osmotic pressure. The initial increase in
plasma volume in relation to body weight is followed by a steady
fall to 90 days of age . A sirnrlar tendency has been observed in
pigs and is considered to be dependant on an increased accumu
lation of body fat and a fall in the body water content (Hakka
rainen 1972). A certain fat accumulation has been noted in calves
on approximately the same rations as those fed in this investi
gation (Butterfield et al. 1966) .

The total increase in blood volume follows the increase in
total plasma volume, since no changes in the packed cell volume
were detected after the colostral period.

The packed cell volume fell from an average of 36 % before
colostrum feeding to an average of 32 % at the second sampling
at about 1 day old . The total blood cell volume was therefore
unchanged; before colostrum it was 1000 ml, and at the second
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sampling 1200 ml (see Table 1). This demonstrates the necessity
of relating the values of different blood parameters with changes
in the plasma volume. For example, an increase of about 2 g/100
ml in the gammaglobulin content during the colostral period is
even greater if allowance is made for the increase in plasma
volume during the same period.
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SAMMANFATTNING
Plasmaoch blod volym hos kalv fran fodelsen till 90 dagars dlder.
Plasrnavolymsbestamningar gjordes pa nio stycken kliniskt friska

kalvar av SRB ras fran fodelsen och till 90 dagars iilder med isotop
utspadningsteknik. Kommersiellt tillgangligt 131J-markt humant serum-
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albumin anvandes, Den totala blodvolymen raknades ut med hjalp av
plasmavolym och hematokrit.

Plasma- oeh blodvolymen okade per kilo kroppsvikt med i medel
tal 17 respektive 14 % fran alldeles efter fOdelsen till ett dygns aIder.
Fran ett till 9{) dygns alder sjonk plasma- och blodvolymen per kg
kroppsvikt. Plasmavolymen uttryekt som proeent av kroppsvikten var
5,3 % vid fOdelsen, 6,5 % vid ett dygns alder oeh 4,9 % vid 90 dygns
alder. Motsvarande varden for blodvolymen var 8,4, 9,3 oeh 7,00/0.

(Received October 22, 1974).
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