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SUMMARY

The data from this experiment make it very evident that the
ovary of the A X C rat furnishes something that is required for
the earliest production of the greatest number of mammary
cancers during continuous administration of diethylstilbestrol.
It further appears that the substance furnished by the ovary is
not progesterone. The tumors that do appear tend to grow
rather more slowly than those in animals bearing ovaries.

INTRODUCTION

In our earliest reports of the estrogen induction of breast
cancer in the A X C rat (2), most of the female rats treated
with estrogen for prolonged periods of time died of uterine
infections, frequently before the earliest tumor in that
treatment group was seen. Examining this problem we (3) and
others (1) learned that these deaths could be prevented by
hysterectomizing the rat before the administration of estrogen
was begun. In our studies the ovaries were left in situ. Cutts
(1) reported without presenting data that oophorectomy in his
hooded rats increased the latent period of tumor formation
without influencing the number of tumors produced by
estrone pellets.

We (3) reported that synergism exists between diethylstil
bestrol and irradiation in the production of mammary cancer
in the A X C rat. As we began to evaluate various factors in this
synergism, we were able to report that progesterone exerts a
substantial protective effect (4). It therefore became of great
importance to evaluate the role of the presence of the ovary
on synergism.

MATERIALS AND METHODS

Five groups each of 42 female A X C rats weighing between
40 and 50 g at weaning (29 to 31 days) were hysterectomized
at 43 to 45 days to prevent the fatal estrogen-induced uterine
infection. In the remaining animals the ovaries were removed
at the time of hysterectomy, and these latter animals were
divided into 3 groups, for a total of 5 groups. Group 1 was
anesthetized with ether at 57 to 59 days but no pellet was
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implanted. (This group is not reported in Table 1 because no
animals have developed mammary tumors although the
youngest is older than 116 weeks.) Group 2 received a
diethylstilbestrol-cholesterol pellet s.c. while under the ether
anesthesia. Group 3 had the ovaries removed during hysterec
tomy and a s.c. diethylstilbestrol-cholesterol pellet implanted
subsequently. Group 4 was exactly the same as Group 3 but
they were given, in addition, a s.c. injection of 2 mg of
progesterone in sesame oil once weekly in order to induce a
cycle. Group 5 was also identical to Group 3 but they received
both diethylstilbestrol-cholesterol pellets and pure progester
one pellets. In all groups with pellets, the pellets remained in
place until the animals died or were sacrificed. In Groups 3,4,
and 5 vaginal smears were obtained for 10 days out of each
month, and when evidence of deterioration of the progester
one effect was seen in Group 5 an additional progesterone
pellet was implanted. Although none of the animals in this
study were irradiated, 48 hr after pellet implantation all the
animals were anesthetized with sodium pentobarbital
(Nembutal), 0.1 ml of solution containing 6.5 mg for every 20
g of body weight, given i.p., so that they would be comparable
in all other regards to our rats that received irradiation. The
animals were assigned to the appropriate treatment group by
randomization methods with the use of a table of random
numbers and suitable decks of cards. A total of 11 animals
died of the multiple anesthetics, the manipulations, or
infections between initiation of the study and completion of
all the manipulations. The number of rats listed in Table 1,
Column 1, are those that survived all these manipulations.

RESULTS

As can be seen from Chart 1, there was a substantial delay
in the onset of the 1st tumors in all 3 groups without ovaries
and a much smaller number of tumors was seen in these
groups.

The tumors were all essentially the same as previously
reported and were similar in all groups. The basic pattern is
that of a poorly differentiated solid (medullary) infiltrating
carcinoma with little desmoplastic reaction, showing a variable
degree of glandular and papillary differentiation. The
predominant solid carcinomata contain large central zones of
necrosis within nodular aggregates of tumor cells. Lumen
formation within some tumor nodules produces a cribriform
pattern. In others there are irregular areas of duct and
papillary formation lined by columnar cells with inspissated
secretion within lumens.
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Ovary in Estrogen Mammary Carcinogenesis

Table 1

No. ofratsGroup2345TreatmentDES-choI.,covaries

intactDES-chol.DES-chol.,

pro
gesterone, 2mg/wk

ofinjectionDES-chol.,
pro

gesterone pelletInitial41384236At

1sttumorseen39383933Ratswithtumors23211817Mammarychainsat

risk"78767866Totalgrosstumors138293545First

palp
abletumor(wk)24353433Median

time
for1sttumor(wk)43.551.548.043.5Av.tumorgrowthrates60,0,0.0204115102124No.

of
tumors/chainsat

risk1.700.380.450.68

0 The 2 mammary chains in each animal were both exposed to circulating estrogen so both chains are considered at risk.
b Average tumor growth rate equals weekly sq cm increase in area of cross-section obtained by dividing cross-sectional area

obtained at removal or death by the number of weeks during which the tumor has been palpable.
c DES-chol., diethylstilbestrol-cholesterol.
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Chart 1. Curve 1, oophorectomized animals, diethylstilbestrol-choles
terol pellet; Curve 2, oophorectomized animals, diethylstilbestrol-cho
lesterol pellet and progesterone, 2 mg/wk; Curve 3, oophorectomized
animals, diethylstilbestrol-cholesterol and progesterone pellets ; Curve 4,
diethylstilbestrol-cholesterol pellet alone, ovaries intact.

The solid areas consist of aggregates of large ovoid and
polyhedral cells with nuclear crowding, moderate pleomor-
phism, and occasional gigantoform nuclei. The nuclei are
hyperchromatic, with coarse chromatin clumps, prominent
nuclear membranes, and 2 or 3 nucleoli.

The cells of the neoplasma are several times the diameter of
the adjacent normal ductal and alveolar cells. Mitoses are
frequent (often 3 or 4/high-power field) and occasional
abnormal mitotic figures are seen.

The neoplasms usually show mixed patterns, solid and
glandular. MÃ©tastasesin regional lymph nodes show similar
histolÃ³gica! patterns.

Table 1 shows the comparative incidence in the same
fashion mat we had previously reported (1,4). In addition we
are reporting an index of the tumor growth rates for the
various groups.

To date the animals in Group 1 have been followed for
more than 2 years and no mammary tumors have been
observed. They are also the only animals in this report that are
still alive. Although the estrogen-treated animals all grew
somewhat more slowly and leveled off at smaller sizes than the
Group 1 animals, these differences are not substantial.

As noted above, the earliest tumor was seen in Group 2,

which also had the greatest number of tumors in the largest
number of animals. The numbers of tumors are significantly
greater in this group when calculated in absolute numbers or
by the mammary chains at risk.

The greatest delay in 1st tumor appearance as well as the
median time of 1st tumor appearance was seen in Group 3.
This group also had the smallest number of tumors and these
tumors were the slowest growing of all those observed in this
study.

The addition of weekly injections of progesterone (Group
4) increased the number of tumors slightly without any other
significant effects.

On the other hand, in Group 5, where the progesterone was
continuously present from the implanted pellets, we saw a
median time for the 1st tumor that was the same as seen for
animals with their ovaries. However, the 1st tumor appeared 9
weeks after the 1st tumor in Group 3 and the total number of
tumors seen was still only one-third of those seen in animals
bearing their ovaries.

The estrogen-treated animals in this study that did not
develop multiple mammary tumors generally developed large
pituitary tumors and died or were sacrificed when moribund.
The pituitary tumors were chromophobic in appearance and
were extremely hyperemic with large sinusoids.

It is apparent from the data presented in this study that the
ovary plays an important role in the diethylstilbestrol
production of mammary cancer in the A X C rat, the presence
of the ovary being required for the highest tumor incidence at
the earliest time. It is further apparent that progesterone is
probably not the missing element when the ovaries are
removed, since neither continuous nor cyclic administration of
progesterone together with diethylstilbestrol is capable of
replacing the ovarian effect.

DISCUSSION

This experiment makes it very evident that the ovary of the
A X C rat furnishes something that is required for the earliest
production of the greatest number of mammary cancers during
the continuous administration of diethylstilbestrol. Since the

OCTOBER 1974 2709

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2391682/cr0340102708.pdf by guest on 19 M

ay 2023



A. Segaloff

experiment also makes it appear that the substance furnished
by the ovary is not progesterone, many further studies will be
required to identify the substance.

The studies of Cutts (1) suggest the possibility that the
missing agent may be relaxin. We hope to be able to test
whether or not we can increase growth rate and incidence of
tumors with the addition of relaxin and to see whether relaxin
can increase a slower growth rate in animals that develop their
tumors while oophorectomized.

It should also be recognized that the rat ovary may make
androgens as well as 20a-hydroxy-4-pregnen-3-one and that
these may contribute to the phenomenon and should also be
tested.
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