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Previous studies of mammary gland growth 
in the rat using deoxyribonucleic acid as an 
index have involved sexually mature females 
during pregnancy ( 1,2,3,5),  and ovariectomized 
animals stimulated with estrogen and proges- 
terone for 19 days(4). Earlier studies of mam- 
mary gland growth in immature rats were con- 
cerned with visual examination by means of 
whole mounts of the glands from birth to 
sexual maturity( 6,7,8). During this period the 
rudimentary duct system develops extensively 
into the fatty pad. It has been suggested that 
duct growth is at first isometric, i.e., the same 
rate as body growth; but after sexual ma- 
turity, duct growth is allometric, i.e., more 
rapid than body growth( 9- 1 1 ) . 

The present study was designed to deter- 
mine the rate of growth of the duct system of 
young normal female rats compared to a simi- 
lar group administered the estrogenic hormone 
as measured by DNA. 

Materials and methods. Twenty-day-old fe- 
male rats were divided into 2 groups. One 
group, serving as controls, received 0.2 ml of 
sesame oil, whereas each animal of the second 
group received 1 pg of estraditol benzoate (EB) 
in 0.2 ml of sesame oil daily. Animals of each 
group were sacrificed 20, 40 and 60 days after 
the first injection. The initial mean body 
weights of the 2 groups were similar, about 50 
g. They were maintained on Purina Lab Chow 
with tap water ad libitum in a constant en- 
vironmental temperature of 78 t 1°F. Six 
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Series 3042. Approved by Director. This hvestiga- 
tion was supported in part by a grant from USPHS. 

abdominal-inguinal mammary glands were col- 
lected on ice from each animal and the DNA 
was estimated by the method previously de- 
scribed ( 1 ,6). 

Results. The mean DNA/100 g body 
weight (BW) of the control female mammary 
glands at 4'0 days was 2.60 2 0.16 mg, at 60 
days 3.42 t 0.12 mg, and a t  80 days 3.62 -4 
0.26 mg (Table I). 

The daily injection of 1 pg EB for 20 days 
resulted in no difference in the mean body 
weights of the treated and control groups. 
However, after 40 and 60 days of EB a de- 
crease of 15 and 39 g in mean body weights 
respectively was observed, compared to the 
controls. 

The mean DNAJlW g body weight of the 
treated group a t  40 days was 2.81 t 0.14 mg, 
significantly higher ( P  <O.OOl) than its con- 
trol; a t  60 days 3.45 t 0.15 mg; and at 80 
days 3.0 _t 0.18 mg, about 2'0.6% less than 
the corresponding control (0.02 > P < O D 1  ) . 

Discussion. Based upon the visual observa- 
tion of duct growth in immature female rats, 
it has been suggested that early duct growth is 
isometric in relation to body weight gain until 
pvberty, then duct growth is stimulated at a 
greater rate by recurring estrous cycles(9,lO). 
Since this strain of rats reaches puberty at  be- 
tween 30 and 40 days, the mean control value 
at  40 days would represent isometric growth. 
The increased growth of the duct system of 
the EB injected group indicates that the duct 
system is susceptible to allometric growth a t  
this time. At 60 days of age, the control and 
experimental groups showed the same DNA/ 
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100 g BW, indicating marked duct growth in 
both groups. This indicates that the recurring 
estrous cycles stimulated duct growth com- 
parable to that stimulated by 1 pg/day of EB. 
Since the ovaries of the experimental group 
were infantile, this level of estrogen depressed 
gonadotropin secretion and the growth of the 
ducts was dependent upon exogenous estrogen. 

At 80 days of age, the control group showed 
further slight duct growth as indicated by 
DNA. The experimental group showed a de- 
pressed body growth rate due to estrogen and 
a reduced level of duct growth in comparison 
with the controls. The reduced level of DNA 
a t  80 days compared to 60 days is not inter- 
preted as an indication of involution of the 
duct system, but rather due to the variability 
in the extent of duct growth in individual ani- 
mals of the two groups. In  a comparable study 
of normal and experimental duct growth in 
male rats, i t  is interesting to note that EB for 
60 days stimulated duct growth to the same 
extent as in the females of the present experi- 
ment ( 1 2 ) .  This observation indicates that the 
duct systems of the mammary glands of male 
and female rats are capable of being stimu- 
lated equally by estrogen. 

Summary. The normal growth of the mam- 
mary glands of immature female rats of the 
Sprague-Dawley-Rolfsmeyer strain was com- 
pared to that induced by 1 pg/day of estradiol 
benzoate (EB) from 40 to 8.0 days of age by 
the DNA method. The mean DNAJ100 g BW 
of normal female rats a t  40 days of age was 
2.60 t 0.16 mg, at 601 days 3.42 t 01.12 mg, 
and at 80 days 3.62 t 0.18 mg. The rats in- 
jected with EB for 20 days (age 40 days) 
showed mean DNAJ100 g of 2.81 -t. 01.14 mg, 
significantly higher (P < 0.001 ) than the con- 
trol, with no difference in BW. After 40 days 
of EB (age 60 days), the mean DNA/1,00 g 
BW was 3.45 t 0.15, the same as the control, 
but had a lower mean body weight of 15 g. 
After 60 days of EB (age 80 days) , the mean 
DNA/100 g BW was 3.0 -t- 0.18 mg, signifi- 
cantly different from the control (0.02> P 
<O.Ol), but had a lower mean body weight of 
39 g. The treated rats plateaued in their body 
weight after 40 days of treatment, whereas the 
controls showed continuous growth. 
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An optimum yield of mammary tumors oc- 
curs when methylcholanthrene (Mc) is ad- 
ministered per os to female rats 30-60 days 
of age( 1) ; successive daily doses of the car- 
cinogen, including those given after the rats 
are 4 months of age or older, continue to con- 
tribute to the final tumor yield(2). If, how- 
ever, administration of the initial dose is de- 
layed until the rats are 4 months of age, the 
tumor yield is markedly reduced(3). These 
data indicate that the age of the animal when 
the carcinogen is first administered, governs 
its tumor-inducing, but not its growth-pro- 
moting, properties. Since the period of great- 
est susceptibility to tumor induction is coin- 
cident with the period of greatest growth rate, 
an attempt was made to increase tumor in- 
duction in 4-month-old female rats by addi- 
tion of growth hormone to the d&iy regimen. 
Prolactin was administered to control rats 
since it is the only one of the minute quanti- 
ties of contaminating hormones not normally 
found in virgin rats(4). 

Method. Female Wistar rats were divided 
into 4 groups of 20 animals each and treated 
according to the plan in Table I. The rats 
were caged singly in wire mesh cages and 
were given Wayne Lab-Blox ad libitum. 

* This project was suppouted by Grant #CA-06653 
fr,om Nat. Inst. Health. 

t The growth hormone and lactogenic hormone 
used in this study were generoudy supplied by the 
Endocrine Study Section, Nat. Inst. Health. 

TABLE I. Tum0.r Incidence in 4 Groups of Ex- 
perimental Female Rats. 

No. of 
animals 

Age Treat- No. of with No.of 
Group (mo) ment" animals tumor tumors 

A 4 GH&Mc 19 9 35 
B 4 Prolactin 19 9 25 

C 4 Me 16 11 38 
D 1 Me 19 18 108 

& Me 

* Growth hormone ovine. NIH-GH-S6. 
Prolactin ovine. NIH-P-S6. 

Methylcholanthrene dissolved in olive oil was 
administered five days weekly through an 
esophageal catheter. All 4-month-old rats re- 
ceived doses of 5 mg daily whereas the 30-day 
rats received 2 mg daily for ithe initial 30 
days of experiment, after which the dose was 
increased to 5 mg daily. Hormolnes were ad- 
ministered subcutaneously twice daily for the 
initial 4 months of the experiment. The total 
daily dose of growth hormone was 3.2 USP 
units and that of prolactin of 01.8 I.U., the 
latter an estimate of prolactin contamination 
in the growth hormone preparation. The ex- 
perimental plan and results are shown in Ta- 
ble I. 

Results and discussion. The administra- 
tion of growth hormone resulted in a con- 
stant increase in weight of the recipient 
adult rats, whereas the animals receiving pro- 
lactin failed to gain at the same rate as those 
treated with methylcholanthrene alone (Fig. 


