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Study of the hormones which stimulate 
mammary gland growth has been aided 
greatly by estimation of the deoxyribonuclejc 
acid (DNA) content of the glands. I t  has 
been shown that pregnant rats a t  the end of 
pregnancy and ovariectomized rats stimulated 
with estradiol benzoate (EB) plus proges- 
terone (P) show great variation in the total 
DNA/100 g bw. The theory has been ad- 
vanced that part of the variation in the total 
DNA of the glands of individual rats is due 
to variation in the secretion rates of 
various hormones from the pituitary and the 
placentae of pregnant rats. 

In a previous study(1) the mean total 
DNA of the mammary glands of rats a t  the 
end of pregnancy was 7.41 mg/100 g bw. In  
the present study (Table I) the mean total 
DNA of a group of ovariectomized rats ad- 
ministered 2 p g  EB + 6 mg P for 19 days was 
5.57 mg; thus, the pregnant animals showed 
33% greater DNA than the rats adminis- 
tered the 2 ovarian hormones. While it is 
believed the EB + P are of primary im- 
portance in stimulating growth of the mam- 
mary gland during pregnancy, these data 
suggest that these hormones may not be able 
to stimulate increased secretion of other 
hormones in the absence of the placenta. 
These other hormones may synergize with 
EB + P in pregnant animals to increase the 
DNA of the mammary glands. If the ad- 
ministration of an exogenous hormone has a 
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greater synergistic effect upon DNA in the 
ovariectomized rats than upon the pregnant 
animal, it would suggest that the pregnant 
condition is stimulating the secretion of more 
endogenous hormone. 

In a previous report the effect of various 
hormones on mammary gland growth of preg- 
nant rats was presented( 1 ) .  The object of 
the present report is to present data on the 
effect of these same hormones in synergism 
with EB + P on the DNA of the mam- 
mary glands of ovariectomized rats. 

Materials and methods. Groups of adult 
ovariectomized rats of the Sprague-Dawley- 
Rolfsmeyer strain with a mean body weight 
of 245 g were maintained in a room at  
78 t 1°F. Purina Lab Chow with an energy 
value of 4.41 calories per gram and 23.4% 
total protein was fed during control and ex- 
perimental periods. Ovariectomized rats were 
allowed 7 days for recovery and were sac- 
rificed on day 2 7  after castration. 

EB and P were dissolved in sesame oil 
(USP) and injected daily subcutaneously in 
0.2 ml of oil for 19 days. The other hormones 
were dissolved in alkaline physiological saline 
solution and were injected subcutaneously 
daily a t  approximately the same time: prota- 
mine zinc insulint 1 uniU0.l ml, L-T4 3 pg/ 
0.1 ml/lOO g bw, and GH 1 mg/O.l ml. 
Bovine growth hormone (GH)O was in- 
jected in increasing doses of 1 mg from day 
1 to 6, 2 mg from day 7 to 12, and 3 mg from 
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a day 13 to 19 in combination with other hor- 
mones. 

The animals were injected as follows: (1) 
28 rats received 2 pg EB + 6 mg P + 0.5 ml 
of  alkaline saline; (2) 21 rats received EB + 
P + 3 pg/lOO g bw of L-T4; (3) 18 rats 
received EB + P + 3 units of insulin; (4) 
18 rats were given EB + P + 3 pg L-Tk/lOO 
g bw + 3 p of insulin; ( 5 )  12 rats received 
EB + P + bovine GH + 3 p of insulin; 
(6) 11 rats received EB + F + 3 ,pg L-T4/ 
100 g bw + GH + 3 p of insulin. The rats 
were sacrificed one day after the last in- 
jection and 6 abdominal-inguinal glands re- 
moved and DNA determined by the Webb- 
Levy method( 2 )  previously described using 
highly polymerized DNA as a standard.11 The 
initial body weight was used in determination 
of total DNA/100 g bw. 

ResuZts. The mean mammary DNA of the 
control rats injected with 2 pg EB plus 6 mg 
P based on the initial body weight was 5.57 
t 0.24 mg/lOO g bw (Table I). Injection of 
EB + P + 3 ,pg L-T4/100 g bw increased 
mean DNA to 5.97 t 01.29 mg/100 g bw, a 
non-significant increase of 7% over the con- 
trols. Three units of protamine zinc insulin 
plus EB + P increased the mean DNA to 
6.89 t 01.57 mg/100 g bw, a significant in- 
crease of 24%. The combination of EB + 
P + L-T4 and insulin increased the mean 
DNA to 6.15 t 0.27 mg/lO~O g bw, a non- 
significant increase of 10%. EB + P plus 
graded levels of bovine GH plus insulin in- 
creased the mean DNA to 7.62 t 0.27 mg/ 
1010 g bw, a significant increase of 37%. ?"he 
combination of EB + P + GH + insulin + 
L-T4 increased the mean DNA to 8.401 t 
0.37 mg/100 g bw, a highly significant in- 
crease of 51%. 

Discussion. The injection of 2 pg EB + 6 
mg P daily for 19 days stimulated the greatest 
growth of the lobulo-alveolar system (as meas- 
ured by DNA) in ovariectomized rats(4). 

In pregnant rats, the injection of GH had 
a non-significant effect upon mammary gland 
DNA, whereas in the ovariecltomized rats 
GH + EB + P stimulated gland growth 
53%(3).  This suggests that increased GH 
may be secreted during pregnancy but not by 

11 From Nutritional Biochem. Corp. 
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the injection of EB + P. Similarly, insulin 
had little effect on gland growth in pregnant 
rats( 1) but in ovariectomized rats, a sig- 
nificant 24% increase in DNA was observed 
in synergism with EB + P. In these studies 
L-T4 had little effect in either type of ani- 
mals. While GH stimulated a significant 13% 
increase, insulin had little effect in pregnant 
animals when administered separately. The 
combination of the two hormones had a sig- 
nificant mammary growth stimulating effect of 
62% in pregnant( 1) and 37% in ovariecto- 
mized rats. Similarly, while GH and L-T4 had 
little value separately in pregnant animals, the 
combination stimulated an increase of 29% 
( 3 )  when the latter were stimulated also with 
EB + P. 

The combination of insulin and L-T4 
stimulated slight growth in both types of ani- 
mals. Finally, the combination of GH, L-T4 
and insulin stimulated a significant 41% in- 
crease in DNA in pregnant animals( 1) and a 
significant increase of 51% in ovariectomized 
rats in synergism with EB + P. 

With the exception of GH alone and with 
L-T4, the mean DNA of the pregnant rats 
considerably exceeded the mean DNA of the 
ovariectomized rats. This observation sug- 
gests that the pregnant state stimulates the in- 
creased secretion of endogenous hormones 

CHRONICALLY RADIATED RATS 

which are not stimulated by EB + P. 
Summary. The synergistic effect of various 

hormones upon mammary gland growth has 
been studied in adult ovariectomized rats 
stimulated with estradiol benzoate (EB)  and 
progesterone (P) for 19 days. The mean 
deoxyribonucleic acid (DNA) of 28 control 
rats was 5.57 mg/100 g bw. When treated 
with EB and P plus 3 units of insulin, a mean 
DNA of 6.89 rng/100 g bw, a significant in- 
crease of 24% (P<O.O5) was observed. EB 
and P plus growth hormone (GH) plus 
protamine zinc insulin increased the mean 
DNA to 7.62 mg/100 g bw, a highly signi- 
ficant increase of 37% (P<O.OOl). When EB 
+ P + GH + insulin + L-thyroxine (L-T4) 
were added, a mean DNA of 8.40 mgJlOO g 
bw was observed, a highly significant increase 
of 51% (P<O.OOl). Non-significant in- 
creases in DNA were observed with L-T4 and 
with L-T4 plus protamine zinc insulin. 
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Sustained depressioa of erythropoiesis and 
development of progressive anemia during 
continuous exposure to irradiation has been 
well documented by Lamerton ( 1 ) . Resump- 
tion of erythropoiesis during continued ir- 
radiation was, however, observed by Brambel 
et d who exposed rats to 70 R per day( 2 ) .  
After 5 to 6 weeks of exposure, there was a 
rapid increase of normoblasts in the spleen, 
followed shortly thereafter by a sustained 
reticulocytosis and stabilization of the hemo- 

globin level in the peripheral blood. Brambel 
et aZ suggested that the observed resumption 
of erythropoiesis during continued irradiation 
might represent an adaptation phenomenon. 
The present paper will adduce evidence for 
the alternative hypothesis that erythropoiesis 
develops in the spleen in response to a severe 
degree of anemia which develops a t  about 5 
weeks of chronic radiation. T o  test this hy- 
pothesis, severe anemia was produced early 
in the course of chronic radiation by the in- 


