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Recent investigations of relative volume 
changes in the body fluid compartmen,ts with 
growth revealed that in the period between 
birth and 1 year of age the red cell, plasma, 
and blolod volumes as well as the extracellular 
and total body water of beagles expressed in 
milliliters per kilogram of body weight were 
highest during the first week after birth 
(1-3). At 6 months of age the dogs reached 
maturity for all of these parameters. The 
distribution of tagged red cells and radioio- 
dinated protein in the large and minute ves- 
sels of mature animals has been reported for 
several species including the dog (4-8) ; how- 
ever, whether or how the distribution is influ- 
enced by the growth process has not been 
invesitigated. Therefore, in this paper data 
are presented on the red cell and plasma 
volumes contained in the small vessels of 
some of the major organs of developing bea- 
gles from 5 hr to 7 months of age. 

Materials and Methods. The beagles, rang- 
ing in age from 0 day (from 4 to 15 hr after 
birth) to 7 months of age, were anesthetized 
with a combination of morphine sulfate sub- 
cutaneously and stodium pentobarbital in- 
travenously. The dose of each drug was ad- 
justed to the age and size of the dog ( 2 ) .  
Other experimental procedures were the same 
for all animals. The right atrium was cannu- 
lated with polyethylene tubing of appropriate 
size via the right external jugular vein folr 
irijections and for withdrawal of blood. Red 
cell and plasma volumes were determined by 
standard dilution methods using 51Cr-tagged 
red cells (autologous, mother's, littermate's) 
and 1311-tagged human serum albumin, re- 
spectively, as described previously ( 1 ) .  After 

1 This study was supported by Grant HE-1139.5 
- 

from the National Heart Institute. 

TABLE I. Bleeding Volumes. 

0 
(4-1 5 hr) 0.241 + 0.005 26.8 28.1 

(24-48 hr) 0.273 0.009 50.4 48.4 

7-8 
(av 7.3) 0.464 & 0.03G 41.7 44.7 
41-56 
(av 46) 2.31 & 0.185 50.4 60.0 

3-7 moil ths 
(90-225 days) 6.91 5 0.481 52.4 59.0 

1 

mixing was complete in the circulation (30 
min for red cells; 10 min for albumin) a 
blood sample was drawn, and then the ani- 
mals were sacrificed by bleeding them either 
from the carotid artery, or in the case of very 
young pups (0-8 days) from the atrial 
catheter, until the bleeding stopped. The 
bleeding volumes for the different age groups 
are shown in Table I. The organs were ex- 
cised, blotted to remove excess blood, 
weighed, recolrded, and digested in concen- 
trated HN03 (51Cr) or 40% KOH (1311) as 
reported elsewhere (6 ) .  The heart, lungs, 
kidneys, spleen, and stomach were digested 
as whole organs, while in large dogs aliquots 
of liver and intestines were used. Skin sam- 
ples from the thoracic and abdominal regions 
and muscle samples from the left foreleg 
and right hindleg of each dog were excised 
and digested. The blood sample taken just 
prior to bleeding was used to calculate the 
circulating red cell and plasma volumes and 
the cell and plasma volumes in the small 
vessels of the tissues. In order to compare the 
W r  and lS*I spaces of the various tissues of 
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the growing beagle, the data were expressed 
in milliliters of cells, plasma, and blood per 
100 g of wet tissue weight, and the total 
organ blood volumes as a percentage of the 
measured blood volumes. T o  calculate total 
organ volumes, the skin and skeletal muscle 
were taken to comprise 16.11 and 42.840/0, 
respectively, of the total body weight (9) .  
These values were probably somewhat in er- 
ror for very young pups since i t  has been 
reported that the integument comprises a 
higher and skeletal muscle a lower percentage 
of body weight in the newborn beagle up to 
approximately 7 weeks of age (10). Average 
recovery for the individual isotopes was 8 1 Fh 
for ln11 and 74% for >lCr, with no special 
attempt to recover the total amount injected, 
as we did not analyze the brain, skeleton, and 
some other small organs. 

Results. The data are expressed in millilit- 
ers of cells and plasma per 100 g of wet 
tissue weight as shown in Table IT. The total 
blood volume of organs as a percentage of the 
total circulating blood volume (relative or- 
gan blood volume) is shown in Table TIT. 

Red cell volume. Red cell volume per unit 
weight of wet tissue for all organs was higher 
in the 4- to 15-hr-old (0-day) pups than that 
of the 1-day-olds (24-48 hr ) .  The reduction 
was statistically significant far the heart, 
stomach, GI tract, and skin. The combined 
red cell volume of the nine tissues represent- 
ed 2874 of the total circulating red cell 
volume in 0-day-old and 1 6 v  in l-day- 
old pups. Red cell volume (m1/100 g )  of 
the heart, stomach, and muscle did not 
change significantly from the first day on. 
The tissues of the lungs, kidneys, liver, 
and spleen of the 3- to 7-month-old beagles 
contained more red cells per unit weight 
than those of the 0-day-old pups. The 
greatest variation in red cell content was 
found in the spleen and lungs. This was true 
for all age groups studied. After the first day 
the combined tissue cell volume was approx- 
imately a constant percentage of the total 
measured red cell volume, from 17 to 2076 in 
the different age groups. I n  all groups of dogs 
the muscle, liver, and skin comprised ap- 
proximately two-thirds of the body weight 
and contained approximately two-thirds of 

the combined red cell volume of the nine 
organs analyzed. 

Plasma volume. The  plasma volume 
(m1/100 g )  of the 1-day-old pups was sig- 
nificantly greater than that of any other age 
group. Organ plasma volumes were more 
variable depending on the age and the partic- 
ular organ. Between 0 and 1 days the plasma 
volume (m1/100 g) of the heart decreased 
significantly while that of the kidney in- 
creased significantly, with no further changes 
in either organ through the period of study. 
The plasma volume of the lungs, spleen, and 
stomach did not change significantly with 
growth. Plasma volume of the liver was re- 
duced from 1 day through 46 days, and then 
it increased in the 3- to 7-month-old beagles. 
The  plasma volume of the intestines de- 
creased progressively with growth, but the 
differences were significant only between 1 
day and 1 week and 1 week and 7-8 weeks of 
age. Skin plasma volume (ml/kg) decreased 
between 1 day and 1 week of age while 
muscle plasma volume did not change until 
the eighth week when there was a significant 
reduction. Relative organ plasma volume was 
42y of the total circulating plasma volume 
in the 0- and 1-day-old beagles, and 2070 a t  
5-7 months of age. The liver, muscle, and 
skin were the three organs containing the 
largest amounts of plasma. 

Bload volume. I n  general, the tissues with 
the highest blood volume (m1/100 g) were 
the spleen, liver, lungs, heart, and kidneys. 
In spite of variation in the cell and plasma 
volumes of the various organs, milliliters of 
blood per 100 g wet tissue remained relative- 
ly constant from birth through the seventh 
month. Exceptions were the intestines, mus- 
cle, and skin insofar as the blood volume of 
these tissues decreased by one-half to two- 
thirds from 0 day to 3 to 7 months of age. 
With the exception of the stomach, the rela- 
tive blood volume of each organ decreased 
from birth to 7 months of age. The blood 
contained in the nine organs of the newborn 
pup represented 36% of the total measured 
blood volume, while it was only 2 1 % in the 3- 
to 7-month-old group, but in both groups 
the liver, muscle, and skin contained 70% of 
the total organ blood volume. 
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Hematocrits. The hematocrits were calcu- 
lated for each organ by dividing the red cell 
volume (m1/100 g) by the combined red cell 
and plasma volume (blood volume, m1/100 
g)  of that organ. I n  all age groups the hemat- 
ocrit of the spleen was higher than the corre- 
sponding body and venous hematocrits. In  
addition, the liver had a higher concentration 
of red cells than the total body and the large 
vessel blood in the 46-day and 3- to 7-month- 
old groups. The lowest hematocrits record- 
ed were those for the 46-day-old pups. 

Discussion. Residual red cell and blood 
volumes (m1/100 g wet tissue) in the small 
vessels of each of the nine organs analyzed 
were highest in the newborn pup (0 to 1 day 
old). The combined residual blood volume of 
the nine organs expressed as a percentage of 
the animals’ total circulating blood volume 
was reduced progressively with age, from 
36% in the 0-day-old to 20% in the 3- to 7 -  
month-old pups. Among some of the factors 
determining the amount of blood remaining in 
the tissues after an acute, lethal hemorrhage 
would be the amount of blood removed prior 
to excision of the tissues. However, this does 
not necessarily follow from these data since 
the bleeding volume of the 0-day-old pups 
was 28% of the blood volume and the remain- 
ing blood in the organs represented 36%, 
while in the 1-day-old pups the bleeding vol- 
ume was 48% with 32% remaining in the 
organs, and in the 1-week-old pups with a 
45% bleeding volume, the organs contained 
24% of the total blood volume. Perhaps a 
reasonable explanation for the relatively 
larger amount of blood in the small vessels of 
the very young pups is that reflex control of 
the circulation is not yet fully developed at  
birth. Recently it was reported that the au- 
tonomic control of the heart of the newborn 
clog was poorly developed and at  3 months of 
age it was only 50% of that of an adult dog 
(11). This is also true for newborn humans, 
who, in contrast to adults, do not maintain 
their blood pressure well during hemorrhage 
or anoxia ( 12). However, the rabbit seems to 
be an exception to these findings since the 
circulatory mechanisms of a newborn rabbit 
to maintain arterial pressure were found to 

be as efficient as those of an adult rabbit 
(13).  

The data on 3- to 7-month-old dogs com- 
pare well with data on adult mongrel dogs by 
the same method (6) .  In  the living animal 
the small vessels of the muscle, skin, and 
liver of the dog, as well as of other species, 
contain a large percentage of the total blood 

Organ or small vessel hematocrits, with the 
exception of the spleen and in the 46-day 
and 3-  to 7-month-old pups the liver, were 
lower than the jugular or large vessel hemato- 
crits, as has been found for adult mongrel 
dogs (5-6). Total body hematocrit was also 
less than the venous hematocrit; however, 
with growth, the ratio tended to approach 
unity. This might be a reflection on the abili- 
ty of the older pups to constrict their 
spleen as a result of the bleeding, thereby 
increasing the small vessel hematocrit (14). 

Summary. Residual red cell, plasma, and 
blood volumes were measured in the small 
vessels of nine major organs of the de- 
veloping beagle, ranging in age from 4 hr to 7 
months. The animals were sacrificed by 
bleeding. The tissues analyzed were the 
heart, lung, kidney, spleen, liver, stomach, 
intestines, muscle, and skin. The data showed 
that these organs contain a significantly 
larger volume of the total blood volume in 
the newborn than in the 3- to 7-month-old 
dogs. In  all age groups the muscle, skin, and 
liver contained the largest amount of blood, 
approximately 70% of the total organ blood 
volume. With the exception of the spleen, 
and in some cases the liver, the organ hemat- 
ocrits for a particular age group were lower 
than the corresponding total body and the 
large vessel hematocrits. 

volume (4-7). 
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