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Increase in Circulating ‘Red Cell Volume of Normal and Hypophysecto- 
mized Rats after Treatment with ACTH.* (18601) 
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AND JOHN M. ODA. (Introduced by J. H. Lawrence) 

Front the Division of Medical Physics, and the Institute of Experimental Biology, University o f  
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The presence of low hemoglobin concentra- 
tions in hypophysectomized animals was first 
noted in hypophysectomized dogs by Aschner 
( 1). That this low concentration actually 
reflects a decrease in red blood cell volume 
per unit body weight has been shown by the 
P3? tagged cell method(2). The repair of 
this anemia has been the subject of many 
papers (4,8,11,12 ) . Some authors (8) con- 
clude that the alterations in red cell concen- 
tration following hypophysectomy are due to 
“general metabolic changes” rather than the 
absence of a specific hemopoietic hormone. On 
the other hand, a specific hemopoietic hormone 
has been .postulated as existing in the hy- 
pophysis ( 5,6,9). 
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The general subjects of red blood cell pro- 
duction, destruction and volume in relation 
to endocrine secretions have received little 
attention because of lack of methods for their 
ddermination. However, concentrations of 
red cells and hemoglobin in large vessels and 
changes in these concentrations subsequent to 
or concomitantly with clinical and experi- 
mental endocrine changes have been studied 
extensively. The points of immediate inter- 
est are ‘total red cell volumes, marrow volumes, 
and in particular, the manner in which these 
volumes change. This report concerns only 
the changes in total circulating red cell vol- 
ume per uni’t mass of tissue in normal rats 
and hypophysectomized rats with and with- 
out breatment with ACTH. 

Methods. Ninety-day-old female Long- 
Evans rats were studied in 4 groups of 10 
animals each: Group ( I )  hypophysectomized 
control, group ( 2 )  hypophysectomized re- 
ceiving 1 mg ACTH daily, group (3) normal 
control, group (4) normal receiving 1 mg 
ACTH daily. The animals were hypoph- 
ysectomized b y  the parapharyngeal approach 
on the first day of the experiment. The ACTH 
was given in 5 mg intraperitoneal doses 
twice daily for 34 days to half the members 
and for 116 days to the rest of the members 
of the groups receiving the hormone. The 
total red cell volumes were determined with 
P3? tagged cells using the method of Hevesy 
( 7 )  as modlfied by Berlin e t  aL(3 ) .  Each 
animal was anesthetized with ether and the 
tagged cells were injected into the saphenous 
vein and allowed to mix for 5 minutes, at 
which *time the abdomen was opened and as 
much )blood as possible was drawn from the 
inferior vena cava into a heparinized syringe. 
The Ps2 was assayed on an aliquot of this 
blood with the aid of an end window Geiger- 
Muller counter. Hematocrits were done with 
calibrated capillary tubing. The pituitary 
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TABLE I. Total Circulating Red Cell Volume in Soriiial and H!-i’opli~~ectomized Rats Treated with 
-~drenocorticotropic Hormone. 
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site was esamined under a binocular dissect- 
ing microscope to check the completeness of 
h ypophysectomy . 

Results. The data are presented in Table 
I. The red cell volumes are given in terms 
of cubic centimeters of packed red cells per 
hundred grams of body weight. In both of 
the hypophysectomized control groups the 
total red cell volumes were considerably below 
the values obtained for the normal animals: 
and in agreement with the total red cell vol- 
umes in hypophysectomized rats as shown by 
Berlin et d ( 2 ) .  However, the group of 
hypophysectomized animals receiving 1 mg 
ACTH daily for 34 days showed a significant 
increase in total red cell volume as compared 
to the untreated hypophysectomized controls. 
The average total red cell volume for these 
*KTH treated hypophysectomized animals 
was 2.19 cc;’lOO g body weight as compared 
to 1.51 cc/‘loO g body weight for the un- 
treated hypophysectomized animals sacrificed 
at  this same time period. The normal 

animals receiving 1 mg ACTH daily for 
34 days showed no significant increase 
in their total red cell volume when com- 
pared with their controls. The average 
red cell volume for the ACTH treated 
normals was 2.66 cc!100 g body weight and 
for the untlreated normal controls was 2.62 
cc,/lOO g body weight. 

The total red cell volumes in hypophysecto- 
mized animals after 1 16 days of treatment 
with 1 mg kCTH daily increased greatly 
(2.38 cc/lOO g body weight) over the value 
for total red cell volume in hypophpsecto- 
mized controls 116 days after hypophysectomy 
(1.54 cc/lOO g body weight), and in fact 
were brought to within the range of the total 
red cell volumes (2.38 cc/100 g body weight) 
in normal animals of the same age. 

Although no significant change iln total red 
cell volume was seen in normal animals after 
34 days of treatment with ACTH, there was 
a significant ,polycythemia produced after 116 
davs of ACTH treatment. An average total 
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red cell volume of 3.10 cc/lOO g body weight 
was produced in these animals as compared 
to the average of 2.38 cc/lOO g body weight 
for normal controls at this same age. 

The average total red cell volumes for the 
2 groups of normal controls differ slightly; 
however, when significance tests were applied, 
this difference was shown not to be significant. 

The adrenal weights were lmeasured in the 
animals autopsied at  206 days of age. As 
can be seen from the table, these weights are 
directly related to the red cell volume data. 
The untreated hypophysectomized rats had 
an average adrenal weight of 11.5 mg (2 
adrenals) . In  the hypophysectomized rats 
treated with ACTH the adrenal weights gave 
the same average ( 5 7  mg) as did the normal 
controls. The normal rats treated with ACTH 

average of 116 mg. 
These data are interesting in view of the 

fact that Sundstroem(l0) found, along With 
the well known polycythemia, greatly in- 
creased adrenal weights present in rats placed 
in an atmosphere of reduced oxygen tension. 

Conclusions. 1. Administration of ACTH 
prevents the decrease in the total circulating 
red cell volume which is normally found in 
hypophysectomized rats. 2. Administration 
of ACTH for 116 days to normal rats elevates 
the total circulating red cell volume to ap- 
proximately 1.3 times that of the normal un- 
treated controls. 

ACTH was supplied through the courtesy of Pro- 
fessor Cboh Hao Li, Department of Biochemistry, 
University of California, Berkeley. 
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P3* Localization in the Intestine. (18602) 
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Radioau tographic and histochemical obser- 
vations have been made on sections of frozen- 
dried rat and mouse intestine containing Pan. 
The tissue sections were prepared and 
mounted and radioautographs were made 
using procedures reported previously ( 1,2 ) . 
These procedures are designed toward quali- 
tative and quantitative preservation and re- 
tention at the original sites of tissue constitu- 
ents. The radioautographs of rat and mouse 
duodenum and small intestine have shown a 
more striking concentration and localization 
pattern with P32 than has been observed for 
other soft tissues. This localization occurs in 
the glands of the mucosa with the greater 
concentration at the more basal goups of 
cells (Fig. 1). 

Studies of the solubility of localized P32 in 
~~ 
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frozen-dried sections of rat intestine have 
been reported (3 ) . The localized P32 exhitbits 
the same general solubilities as the back- 
ground P32 in other regions of Ithe tissue, in- 
dicating a similar chemical form. The Pa is 
not in phospholipid form as it does not &dis: 
solve in organic solvents; other solubility 
tests have indicated the presence of free phos- 
phate ions and at least a partial protein link- 
age. The use of formalin or Bouin's solution 
as a fixative results in a radioautograph show- 
ing the same general type of localization pat- 
tern, but of diminished intensity as compared 
to the results with frozen dried tissues. This 
would be expected on the basis of solubility 
data. 

Observations made at varying time inter- 
vals from isotope administration to killing the 
animal have shown that the typical localiza- 
tion pattern is present in the intestine at 30 
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