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As preceding investigations have demonstrated, the reactivity of our first generations [7] of transplantable can-
cer of rat mammary glands (RMK-1) is similar with respect to hormonotherapy methods that differ in mechanism of
action to the reactivity of human mammary cancer [8]. This made it possible to use RMK-1 as an experimental
model for elaborating new methods of hormonotherapy, in particular in combination with chemotherapy.

The reactivity of mammary cancer to Thio-Tepa, which is achemotherapeutic preparation from the ethyleni-
mine group, has presently been established in the clinic [3, 14, 17, 21, 23]. There is also information available that
the combined use of Thio-Tepa and hormones in the treatment of patients with advanced forms of breast cancer has
a more pronounced antitumor effect than each of these preparations separately [11, 13, 19, 20, 21}, According to
the data in the literature, the enhancement of the antitumor effect in the combined use of chemo-preparations and
hormones is due to summation of their inhibiting effect on the tumor.

It is known that Thio-Tepa acts as a cytotoxic agent directly on tumor cells [6]. It is also established that
Thio-Tepa affects the entire organism, and particularly the organs of the endocrine system [1, 4, 15, 16]. For ex-
ample, data are available on the damaging action of Thio-Tepa on ovaries [1, 15, 22]; it was established in our
laboratory that Thio-Tepa stimulates the follicle-stimulating function of the rat hypophysis [4]. On the basis of
these data it was hypothesized that Thio-Tepa enhances proliferative processes in breast tumors, and, consequently,
increases the sensitivity of the proliferating tumor cells to its cytotoxic effect. Therefore, we can assume that the
antitumor effect of Thio-Tepa in mammary cancer is due not only to  cytotoxic  action, but also to the indirect
effect through the hypophysis [4].

In connection with this we assumed that Thio-Tepa, simultaneously with stimulating the follicle -stimulating
function of the hypophysis, elevates the sensitivity of the hypophysial cells producing the follicle-stimulating hor-
mone (FSH) to estrogens which regulate the production of this hormone in the hypophysis. As a result of this, in the
combined use of Thio-Tepa and estrogens the latter should induce a more pronounced suppression of the production
of FSH.

It is known that large doses of estrogens suppress the follicle-stimulating function of the hypophysis, and we
established that the mechanism of the antitumor action of estrogens in breast cancer leads to suppression of the pro-
duction of FSH [10] as one of the hormones determining the proliferative processes in the mammary gland [12].
Hence, it follows that an enhancement of the antitumor effect of estrogens in combination with Thio-Tepa is possible
because under these conditions estrogens more markedly suppress the follicle-stimulating function of the hypophysis.

The purpose of this study was to verify the expressed hypothesis of the mechanism of the antitumor effect of
a combination of Thio-Tepa with estrogens in mammary cancer.
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Antitumor Effect of Thio-Tepa in Combination with Synestrol in RMK-1

Generation Index of folli-

cle-stimulating

Experimental Conditions Tth 10th activity of hy-
No. of rats | Inhibition of | Ne. of rats; Inhibition of | pophyses

growth (in %) growth(in %)
Control 10 0 10 0 3.5
Thio-Tepa (2 mg/kg per day) 10 56 10 23 4.9
Synestrol (0.2 mg per day) 11 83 10 13 3.0
Thio-Tepa (2 mg/kg per day)
+ synestrol (0.2 mg per day) 11 98 11 58 2.3
METHOD

The work was carried out on the 7th and 10th generations of RMK -1 transplanted on female weanlings. Treat-
ment of the tumors began two weeks after transplantation and continued on the average four weeks. Thio-Tepa was
injected intraperitoneally in a physiological salt solution in a dose of 2 mg/kg per day and the estrogens (synestrol)
subcutaneously as a suspension in a physiological salt solution in a dose, therapeutic for rats, of 0.2 mg per day. The
antitumor effect was evaluated by the formula commonly used in chemotherapy.

To confirm the assumed mechanism of action of the combination of Thio-Tepa with synestrol (enhancement
of the suppression of the follicle-stimulating function of the hypophysis), in addition to the antitumor effect we inves-
tigated the follicle-stimulating function of the hypophysis in experimental rats and the morphology of their ovaries.

The follicle-stimulating activity of the hypophyses of the rats was determined by the change in the weight of
the uterus of the infantile mice [2] that had been injected with acerone-dried rat hypophyses as a suspension in a
physiological salt solution based on 1 hypophysis per mouse. The results were evaluated as an index representing the
ratio of the weight of the uterus and ovaries of mice multiplied by 1000 to their body weight, Five rat hypophyses
were tested in each experimental group.

The histological preparations of the ovaries were prepared by the usual method: the ovaries were fixed in a
20% solution of formalin, imbedded in paraffin, and stained with hematoxylin -eosin.

RESULTS

It follows from the table that in the 7th generation with the injection of Thio-Tepa alone or synestrol alone,
inhibition of the growth of RMK -1 was respectively 56 and 83% and with their simultaneous injection it increased to
98%, i.e., there were practically no tumors. During subsequent reinoculations a certain decline in the therapeutic ef-
fect of Thio-Tepa and synestrol, as well as of their combination, was observed owing to the gradual decrease in the
reactivity of RMK -1 with respect to the hormonal effects [9]. For example, in the 10th generation with the combined
effect of Thio-Tepa and synestrol, inhibition in the growth of RMK -1 was only 58%.

Changes in the index of the follicle-stimulating activity of the hypophyses in experimental rats were as follows
(over-all for the 7th and 10th generations). If after the injection of the hypophyses of control rats with an inoculated
tumor the index was 3.5, then after the injection of the hypophyses of rats that received Thio-Tepa alone it increased
to 4.9, and after the injection of the hypophyses of rats treated with synestrol alone, it dropped to 3.0, However, af-
ter the injection of the hypophyses of rats that received Thio-Tepa in combination with synestrol, the index dropped
to 2.3. If we take into account that the control infantile mice which were injected only with a physiological salt so-
lution, the index was 1.8, then it becomes evident that the treatment with Thio-Tepa in combination with synestrol
markedly reduces the content of the follicle-stimulating hormone in the hypophysis.

In the histological investigation of the ovaries of rats with tumors treated with Thio-Tepa alone, we did not ob-
serve a primary cytotoxic effect on the granulosa cells of the developing follicles, and we could record only a negli-
gible increase in the number of atresic follicles in comparison with the control. More pronounced was the cytotoxic
effect in the proliferating cells of the theca interna in which a sparser arrangement of the cells, as well as disintegra-
tion of the nuclei and cells, was noted. There is the opinion that the theca tissue of the ovary is the main source of
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estrogens [5, 18, 24], consequently its damage from Thio-Tepa apparently causes a reduction in the secretion of es-
trogens by the ovaries. The interstitial tissue of the ovaries, which is well expressed in rodents and which also se-
cretes estrogens, in the rats treated with Thio-Tepa alone is morphologically functionally active and hardly differs
from the control, which in turn can serve as a morphological index of the presence of FSH in the body.

In the ovaries of rats that received synestrol alone, the follicular apparatus changed little. The number of
atresic follicles and corpora lutea in them did not differ from the control. At the same time we noted a pronounced
suppression of the functional activity of the cells of the interstitial tissue: there was little protoplasm in the cells
and it was unvacuolated, which can indicate a drop in the content of FSH in the hypophyses.

In the ovaries of rats that received Thio-Tepa and synestrol, the cytotoxic effect and the degree of atresia of
the follicles were similar to the effect of Thio-Tepa alone. However, primordial follicles were almost completely
absent and there was very little interstitial tissue, which indicates the absence of FSH in the body.

Thus, the data on the antitumor effect of a combination of Thio-Tepa with estrogens agrees with the data on
the change in the follicle-stimulating activity of the hypophyses in these rats and with the morphology of their ovar-
ies. This confirms the hypothesis that the mechanism of the antitumor action of Thio-Tepa in combination with es-
trogens in mammary cancer is associated with a more pronounced suppression of the production of FSH 6wing to an
increase in the sensitivity of the hypophysial cells to the suppressing action of large doses of estrogens.

It is necessary to point out that if when using Thio-Tepa alone its stimulating and suppressing effect is mani-
fested in tumors, then in combination with synestrol the main seat of the demonstration of the stimulating and sup-
pressing action of both preparations is transferred to the hypophysis, i.e., to an organ whose hormones regulate the
proliferative processes in mammary tumors. With such a mechanism of the combined action of Thio-Tepa and syn-
estrol the possibility is not precluded, of course, of a direct cytotoxic action of Thio-Tepa on the tumor cell.

These data permit the conclusion that the combined use of Thio-Tepa and estrogens is advantageous in ad-
vanced forms of mammary cancer. At the present time the achievements of combined Thio-Tepa and hormono-
therapy of mammary cancer have already been tested and confirmed in the clinic [10, 11, 18-21].

At the same time our data permit us to mention the new possibility of a complex chemo-and hormonotherapy
of mammary cancer, assuming that the chemo-preparations can be used in combination with hormones not only as
inhibitors of tumor growth, but also as factors sensitizing the function of the endocrine glands regulating the growth
of this tumor to the effect of the hormones.

SUMMARY

Treatment of rats with inoculated cancer of the mammary glands (RMK-1) by means of Thio-Tepa (2 mg/kg
daily) in combination with hexoestrol (0.2 mg daily) intensified the antiblastic effect, provoked a marked reduction
of the follicle-stimulating hormone level in the hypophysis and changes in the ovaries, indicating a reduction of
follicle-stimulating hormone in the organism. The mechanism of enhanced antiblastic effect produced by a com-
bination of Thio-Tepa with estrogens in cancer of the mammary gland is associated with a greater depression by es-
trogens of the follicle -stimulating hypophysis hormone production as one of the hormones determining the prolifera-
tive processes in the mammary gland tissue. The data obtained indicate a possibility of a combined chemo-and hor-
mone-therapy, in which the chemopreparations may be used in combination with hormones not only as inhibitors of
the tamor growths, but also as stimulants of their growth.
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