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Abstract—One hundred and sixty-eight female Sprague—Dawley rats were divided
among 4 groups (42 rats/group) and were irradiated with 400 rad ["*'Cs] v rays to the
whole body when 59 days old. The estrogen antagonist tamoxifen was injected s.c. daily
from 29-89 days of age (Series 1) or from 89-149 days of age (Series 2), prior to the
onset of palpable mammary tumors. Two groups of rals were injected with the diluent
and served as controls. All rats were palpated bi-weekly for mammary tumors and killed
37 weeks after y-irradiation. The number of mammary carcinomas which developed in
each group and their significance levels were: series 1, controls, 31; tamoxifen treated,
11, P<0.01; series 2, controls, 33; tamoxifen treated, 17, P<0.01. Tamoxifen
treatment did not significantly influence the incidence of benign mammary tumors
(fibroadenomas) nor the rate of body weight gain. Thus, the effective use of an estrogen
antagonist for the prophylaxis of radiogenic mammary carcinomas has been demon-
strated in this study.

INTRODUCTION Tamoxifen antagonizes the action of estrogen
ONE OF the most important advances during by competing for cytoplasmic receptor com-
the past decade has been the development of plex, by altering the association of the receptor
anti-hormonal drugs for the treatment of a complex and nuclear binding sites and/or by
number of endocrine-related pathologies, not interfering with the regeneration of the cyto-
the least of which is human breast neoplasia. plasmic receptor[4].
Tamoxifen (ICI  46,747)  {trans-1-(p-B- In 1971, Terenius [5] and Heuson and col-
dimethylaminoethoxyphenyl)1,2 diphenyl but- leagues [6] demonstrated that treatment of
l-ene], a non-steroid belonging to the female rats with an estrogen antagonist (MER-
triphenylethylene class of compounds, is a potent 25, U-11, 100A) would significantly suppress
estrogen antagonist in rats and humansfl, 7,12-dimethylbenzanthracene (DMBA)-induced
2]. It is one of the most widely used anti- mammary carcinogenesis. These observations
estrogens for the treatment of human breast were confirmed and extended by Jordan[7],
cancer because of its effective oncolytic activity who reported the efficacy of tamoxifen in this
and its relatively insignificant side effects[3]. neoplastic process. The endocrine dependence

of the polycyclic hydrocarbon-induced rat
mammary carcinoma is now well known([8].
Mammary tumors can be induced in rats by
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secretion. The effect of anti-estrogens on the
genesis of such tumors is described in this
report.

MATERIALS AND METHODS

One hundred and sixty-eight female
Sprague-Dawley rats (Spartan Research Ani-
mals, Inc.,, Haslett, MI) were housed in a
temperature-controlled (24+1°C) and light-
controlled (14 hr/day) room and fed Wayne
Lab Blox (Allied Mills, Inc., Chicago, IL) and
water ad libitum. At 59 days of age, all rats were
irradiated with 400rad [®'Cs] y-rays to the
whole body in a four pi irradiator at a dose rate
of 1000 rad per min. The estrogen antagonist
tamoxifen was injected s.c. daily to 2 groups of
rats (42 rats/group) from 29-89 days of age
(series 1) or from 89-149 days of age (series 2)
prior to the onset of palable mammary tumors.
In series 1 and 2, the rats were injected with
200 ug tamoxifen dissolved in 0.1 ml peanut oil
for the first 35 days and 50 ug tamoxifen in
0.1 ml for the last 25 days. Two groups of rats
(42 rats/group) were injected s.c. with peanut
oil only and served as controls.

All rats were palpated bi-weekly for mam-
mary tumors. The tumors were removed,
fixed, sectioned, stained with hematoxylin and
eosin, and examined histologically. All rats
were killed 37 weeks after irradiation. Ovaries,
uteri, adrenals and pituitaries were removed
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and weighed. In rats of series 2, 24 hr after the
last injection of tamoxifen, a 1.0 m! of blood
was obtained by cardiac stab from each of 10
tamoxifen-treated rats and from 10 control rats
and analyzed by radioimmunoassay for prolac-
tin (National Institute of Arthritis, Metabolism
and Digestive Diseases rat prolactin radioim-
munoassay kit). Mean differences between
blood prolactin levels and organ weights were
evaluated statistically by Student’s ¢ test.
Mammary tumor incidence was analyzed by y?
analysis.

RESULTS

Treatment of female rats with tamoxifen for
60 days, i.e., 30 days before and 30 days after
irradiation (series 1) or for 60 days beginning
30 days after irradiation (series 2), significantly
(P <0.01) reduced the incidence of mammary
carcinomas (Figs 1 and 2, Table 1). No
significant effect of anti-estrogen on the in-
cidence of benign mammary tumors
(fibroadenomas) was observed (Table 1). No
significant differences in mean uterine, ovarian,
adrenal and pituitary gland weights were
observed between control and tamoxifen-
treated rats killed 33 (series 1) and 25 (series 2)
weeks after cessation of tamoxifen treatment.
Serum levels of prolactin (ng/ml) were not
significantly different in tamoxifen-treated rats
(165.1 +33.5) when compared with control rats
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Fig. 1. Effect of tamoxifen treatment (29-89 days of age) on the genesis of mammary adenocarcinomas in
irradiated female Sprague—Dawley rats. (42 rats/ group) Control vs. tamoxifen, P < 0.01.
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irradiation have received less attention than
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Fig. 2. Effect of tamoxifen treatment (89-149 days of age) on
the genesis of mammary adenocarcinomas in irradiated female
Sprague—Dawley rats. (42 rats/group) Control vs. tamoxifen,
P<0.01.

Table 1. Effect of tamoxifen on the genesis of mammary tumors in irradiated female Sprague—Dawley rals

Number of rats Number of mammary tumors Percent of rats with
at onset of study at termination of study* mammary tumors
adenocarcinomas fibroadenomas adenocarcinomas fibroadenomas

Series 17
Control 42 31° 20¢ 23/42 (55%) 14/42 (33%)
Tamoxifen 42 11° 244 10/42 (24%) 14/42 (33%)
Series 2!
Control 42 332 16¢ 22/42 (52%) 11/42 (26%)
Tamoxifen 42 17° 114 15/42 (36%) 10/42 (24%)

*All rats were sacrificed 37 weeks after irradiation.
400 R of total body irradiation at 59 days of age, Tamoxifen was administered daily at 29-89 days of age.

*400 R of total body irradiation at 59 days of age, Tamoxifen was administered daily at 89-149 days of age.
abp < 0.01.

4P = no significance. Mean latency periods of fibroadenoma appearance were: series 1, controls, 261 days,
tamoxifen-treated, 256 days; series 2, controls, 252 days, tamoxifen-treated, 257 days. Thus tamoxifen treatment
also did not significantly influence mean latency period of benign mammary tumor appearance.

(174.4 = 38.0). Tamoxifen, at the dose levels
used, did not significantly alter body weight
gains. Non-tumor related mortality was mini-
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Morphologicaily, the mammary tumors which
follow y-irradiation in rats are primarily
adenocarcinomas resembling the mammary

mal and comparable among the 4 groups of neoplasms induced by DMBA, although

numerous benign mammary tumors, usually

with long latency periods, do appear in irradi-

DISCUSSION

ated rats[10, 12]. Mammary adenocarcinomas

Mammary tumors induced in rats by ionizing in rats induced by irradiation have also been

those induced by polycyclic hydrocarbons. mone [13] responsive.

reported to be prolactin [11] and ovarian hor-
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The results of this study clearly show that the
genesis of radiation-induced mammary car-
cinomas in rats can be substantially suppressed
by the administration of tamoxifen for periods
prior to the overt emergence of these neo-
plasms. The frequency of occurrence of benign
mammary neoplasms, on the other hand, were
not affected by treatment with the estrogen
antagonist. This suggests that the endocrine
conditions which predispose to the genesis of
mammary carcinomas after irradiation are dis-
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tinctly different from those which predispose to
benign mammary neoplasms. The lack of a
significant effect of tamoxifen on serum
prolactin levels provides evidence that the
activity of the anti-estrogen is direct, i.e., not
mediated via an altered secretion of prolactin.
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