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The blood volume (ml/kg body wt) of a 
number of species of animals is significantly 
higher at birth than when they become adults 
(1-4). Whether this is true in the human is 
less clear because of the variability of the 
data for the newborn (5-8). I n  a number of 
species including the human there is a period 
during the early part of growth in which 
there is a continuous decrease in venous he- 
matocrit, hemoglobin content, total hemo- 
globin, and in the red cell volume per unit 
body weight (1, 2 ,  8-11). I n  the dog, the 
change in the relationship of these variables 
to body weight and to each other with growth 
has received little attention. Therefore, the 
changes in these parameters were measured 
in beagles from the day of birth to 1 year of 
age. 

Materials and Methods. The data were 
gathered from our colony of purebred 
beagles ranging in age from 1 day to 1 
year. Maintenance of the colony has been 
described elsewhere ( 12). 

All animals were sedated with morphine 
sulfate subcutaneously or anesthetized with 
morphine subcutaneously and sodium pento- 
barbital intraperitoneally or intravenously. 
The dosage of drugs and route of administra- 
tion were adjusted to the age (size) of the 
pup. There were no significant differences be- 
tween measurements done on morphine 
sedated or fully anesthetized (morphine and 
pentobarbital) pups; however, since the 1- to 
2-week-old puppies did not tolerate anesthe- 
sia well, they were sedated with 0.5 to 1 mg 
of morphine sulfate alone. Dogs less than 3 
months old received 2-5 mg/kg of morphine 
and 7-15 mg/kg of pentobarbital, and those 
3 months or older received the full adult 

1 Th:s study was supported by Grant HE-11395 
from the National Heart Institute. 

doses of morphine (10 mg/kg) and pento- 
barbital ( 15 mg/kg) . 

Red cells were tagged with 51Cr using a 
modification of the method of Gray and Ster- 
ling (13). A portion of the mother’s blood 
was tagged for pups younger than 7 weeks 
old (weaning age) , a littermate’s blood from 
7 weeks until they were 3 months old, and 
the pups’ own blood after the age of 3 
months. From 10 to 20 ml of whole blood was 
incubated for 30 min at room temperature 
with 2 pCi of radioactive sodium chro- 
mate/ml of blood. At the end of 30 min, 
ascorbic acid was added to prevent further 
tagging and the blood was centrifuged. The 
plasma was discarded and the cells were 
washed twice with 0.9% saline. Then the 
tagged cells were resuspended in saline to the 
original volume and a standard was 
prepared for counting. The volume of tagged 
red cells injected varied from 0.5 ml in very 
young to 10 ml in 1-year-old dogs. Blood 
samples ( 1 . 2  ml) were drawn into hepari- 
nized syringes from the jugular vein either 
through a catheter or by veni puncture 10, 
20, 30, and 60 min after injection. One half 
to 1 ml of whole blood was pipetted into 
counting vials and saline was added to bring 
the total volume to 2 ml. The samples were 
monitored in a deep-well scintillation counter 
with a pulse height analyzer, and radioactiv- 
ity was expressed as counts per minute minus 
background per milliliter of packed red 
cells. Red cell volume was calculated from 
the formula: cell volume = total counts in- 
jected + counts per milliliter of packed red 
cells. Hematocrits were done on all blood 
samples by the micromethod. No correction 
was made for trapping of cells. Hemoglobin 
concentration was determined by a Spencer 
H b  meter. The pups were divided into groups 
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FIG. 1. Mean red cell and plasma volume per unit body weight in beagles: Plasma volume data 
are from Ref. ( 1 2 ) ,  as explained in text. The width of the columns represent the spread in days of 
a particular age group. N = number of cases. P values signify the Student's t test differences 
between a column in which it is recorded and the previous column. 

by age, using weekly intervals up to 9 
weeks, monthly intervals up to 6 months, and 
then into 9- and 12-month-old groups. 

Results. The data for 291 beagles from 63 
litters are presented in Table I. 

Red cell volume. Total red cell volume in 
the beagle increased with age and paralleled 
the increase in body weight during the 1-year 
period studied. The red cell volume ex- 
pressed in milliliters per kilogram of body 
weight fell significantly from the first to the 
second week and from the second to the third 
week. From the third through the ninth 
week the cell volume varied only slightly. In  
the third month the red cell volume increased 
with a further significant increase in the 
fifth month and no further change through 
the twelfth month. Red cell volume (ml/kg) 
was directly related to venous hematocrit. 
The slope of the line was highly significant 
with a correlation coefficient of .85.  

Venous hematocrit. The mean venous he- 
matocrit of beagle pups declined from the 
first through the fifth week of age. From the 
fifth to the sixth week there was a significant 
increase; then the venous hematocrit varied 
only slightly up to the fourth month when it 
again increased significantly. Finally, the 
adult value was reached in the fifth month. 

Hemoglobin. Hemoglobin concentration 
followed the changes in venous hematocrit. 
There was a gradual reduction in hemoglobin 
concentration from the first through the fifth 
week of age. Starting with the sixth week 
there was a progressive increase in hemo- 
globin concentration until the adult level was 
reached at  5 months of age with no further 
significant change through the twelfth month. 

Blood volume. The blood volume was esti- 
mated by taking the present data on red cell 
volume and combining them with the plasma 
volume of beagles from our colony having the 
same age, weight, and venous hematocrit 
(Fig. 1) (12). The blood volume of beagles 1 
week old was higher than that of any other 
age group. Blood volume decreased sharply 
during the second week with a downward 
trend through the ninth week; i t  then in- 
creased in the third month but decreased 
again in 4-month-old beagles to the lowest 
volume of any age group. The adult level of 
blood volume was reached between the fifth 
and sixth months. The blood volume, when 
calculated from the red cell volume and the 
venous hematocrit, followed the same general 
trend as the sum of cell and plasma volume. 

Discussion. In  beagles, during the period 
between birth and 1 year of age, several 
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significant changes were measured in each of cell and plasma volumes (ml/kg) (12). The 
the variables. During the first 5 weeks after 
birth there was a gradual reduction in the 
venous hematocrit, unit red cell volume 
(ml/kg) , and hemoglobin concentration, and 
the reductions were parallel to each other. 
In  5-week-old beagles the venous hematocrit 
was 26.5 t 0.88%; red cell volume, 22.1 t 
0.93 m1,’kg : and hemoglobin concentration, 
7.9 t 0.26 g/100 ml. These low values 
confirm that an anemic period exists in the 
beagle during the early rapid phase of 
growth, as has been reported for a number of 
other animals including the human (1, 2 ,  8- 
11). The cause of the anemia is not clear. In  
the rat ( 2 ) ,  evidence suggests that, although 
during the anemic period red cell production 
was a t  its maximum, it would not keep up 
with the very rapid rate of increase in body 
weight. The administration of iron prevented 
the early anemia with growth, which was also 
seen in the pig (10). These data suggest that 
the anemia during the early period of growth 
was the result of a deficiency of iron in the 
milk of the mother, but no one has tested this 
in the dog. 

The increases in venous hematocrit, red 
cell volume, and hemoglobin concentration 
which begin in the sixth week were associated 
with the weaning period, a phenomenon seen 
in other species (1, 2 ,  9-1 1, 14).  Other physi- 
ological events which appear to be associated 
with weaning are a significant decrease in 
plasma volume when expressed in milliliters 
per kilogram of body weight (12) ,  total body 
water and extracellular water as a percent- 
age of body weight, biochemical and meta- 
bolic maturation of the brain, and finally, a 
significant change in behavior ( 15) .  The next 
significant increase in venous hematocrit, 
red cell volume, and hemoglobin was between 
the fourth and fifth months and established 
the adult values ( 15).  

Whether these various physiological events, 
which occur a t  these periods, have any re- 
lationship to each other or occur independ- 
ently of each other cannot be answered on 
the basis of present knowledge. 

The marked fall in blood volume (n~lVkg) 
between the first and second weeks was the 
result of a significant decrease in both red 

blood volume ratio (ml/kg) was relatively 
stable between the second and sixth weeks, as 
there were no significant changes in either 
cell or plasma volume ratios, but in the sev- 
enth week plasma volume ratio decreased 
markedly (9 ) ,  and, as a result, blood volume 
ratio decreased also. In  the third month the 
increase in blood volume ratio was the result 
of an increase in red cell and plasma volume 
ratios, while in the fourth month, when the 
lowest blood volume ratio was measured, the 
decrease was a consequence of a significant 
fall in plasma volume ratio. During the fifth 
and sixth months the adult blood volume 
ratio was established due to a significant rise 
in cell volume ratio in the fifth month and a 
lesser increase of plasma volume ratio in the 
sixth month. 

Summary. Red cell volume (ml/kg) , 
venous hematocri t,  and hemoglobin concen- 
tration of beagles decreased from the first 
through the fifth week of age, then increased 
gradually till a t  5 to 6 months the adult 
values were reached. The reversal of the 
downward trend coincided with the weaning 
period. The changes in red cell volume 
(ml/kg) , hematocrit, and hemoglobin con- 
centration were parallel from the first week 
to the first year of age. Throughout growth, 
red cell volume (ml/kg) was linear to 
venous hematocrit. The blood volume (ml/ 
kg) of 1-week-old beagles was higher than 
that of any other age group, including adults. 
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Edward Crowell. &o, it is a pleasure to thank the 
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