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Intrasplenic ovarian tumorigenesis is the most suitable experimental
model to study the role of hormones in carcinogenesis. If increased secretion of gonadotrophins causes ovarian tumorigenesis in the spleen, one
can find ways to control the secretion of gonadotrophins so as to prevent
the tumor formation. Pineal is the one gland which is known to regulate
gonadotrophin secretion. In the present studies, isologous pineals were
transplanted into the anterior eye chamber of Swiss females bearing
autologous ovaries in the spleen, with appropriate controls. The results
showed that two pineals maintained in the ocular chamber for four
months could prevent tumor formation of the ovarian transplants in the
spleen. Control animals maintained for the same period of time as experimental animals had ovarian transplants turn into a tumor. These experiments clearly demonstrated that the pineal had an inhibitory effect on
intrasplenic ovarian tumorigenesis. Since two pineals were required to
bring about the effect, it implies that the amount of the factor present in
the endogenous gland is not enough to prevent the tumorigenesis. The
inhibitory action in these experiments must be via the pituitary, since
it is not inhibition of tumor growth but it is prevention of transformation of the normal ovary into a tumor. This prevention is possible only if
hormone stress is withdrawn from the system. These results suggest the
prospects of prevention of cancer by some factor present in the pineal.
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Effect of isologous pineal transplants on tumorigenesis of autologous intrasplenic ovarian transplants in
Swiss mice
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Introduction

Intrasplenic ovarian tumorigenesis, an experimental model, first developed by Biskind and Biskind [1],
was shown to be the consequence of increased gonadotrophin secretion in the animal [2]. A question was,
therefore, asked if the tumorigenesis of the intrasplenic ovary could be prevented by the factor(s) that
control(s) the secretion of pituitary gonadotrophins.
The pineal is known to have a regulatory effect on the
gonadotrophin secretion [3, 4, 5]. Pineal extracts have
been shown to inhibit the effects of both exogenous and
endogenous gonadotrophins [6]. Further, melatonin
free pineal extracts have been shown to have gonadotrophin inhibiting activity [7, 8].
Hormones have been shown to be involved in the
genesis and growth of neoplasia [9, 10, 11]. Sustained
high levels of hormones exert a physiological stress
over the target cells which react to it, transforming
into neoplasia. Controlled levels of hormones, therefore, may reduce the risk of development or progression of cancer. In the present studies, the effect of
additional isologous pineal glands on the tumorigenesis of ovary in the spleen has been investigated.
Materials and Methods

planted into the anterior eye chamber of these
animals by the method described earlier [12].
A total of ten mice were transplanted with two
pineals per animal.
Control Groups:

Two control groups were maintained: Control Group I consisted of five animals with intrasplenic ovary only. Control Group II consisted
of five animals with intrasplenic ovary and liver
pieces in the anterior eye chamber serving as
sham controls.
All the mice were killed after four months of
transplantation. Ovary and pineal transplants
were retrieved and fixed in Bouin’s fixative.
The sections of the tissues were stained with
hematoxylin and eosin.
Results
1. Forty-day-old ovary:

The ovary of a 40-day-old Swiss mouse has
a few Graafian follicles, a few secondary follicles and many primary follicles (Fig. 1). Mitotic
activity in granulosa cells of growing follicles

Forty-day-old Swiss females were used for the
intrasplenic transplantation of the autologous ovary.
Pineals were collected from 60-day-old Swiss males.
Female mice were divided into three groups:
1. Experimental Group: Intrasplenic ovarian transplants with intraocular pineal transplants; 2. Control
Group I: Intrasplenic ovarian transplants; and 3. Control Group II (sham control): Intrasplenic ovarian
transplants with liver pieces into the ocular chamber.
Transplantation of the ovary into the spleen:

Animals were anesthetized with sodium barbiturate (300 ug/10 gm body weight) to perform bilateral
ovariectomy and subsequent transplantation of an
ovary into the spleen. One of the two ovaries was cut
into pieces of about 0.8 mm size and transplanted
autologously into the spleen with the help of a sharp
hypodermic needle (21 guage, 1.5 inches length). The
other ovary was discarded. A total of twenty animals
were so transplanted, out of which ten were included
in the experimental group while five were in each of
the two control groups.
Intraocular transplantation of pineals:

A day after the ovary was transplanted into the
spleen, pineals from 60-day-old males were trans-

306

Fig. 1. Ovary of a 40-day-old Swiss mouse showing follicles
at varying stages of differentiation. Mostly they are secondary
follicles. Stromal tissue (thecal cells) is scanty.
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was appreciable (about 10–12 mitoses per growing follicle). Thecal layer was very scanty.
2. Intrasplenic ovary:

The 4-month-old ovarian transplants in the spleen
in all the five animals turned tumoral. (Fig. 2). The
normal morphology of the ovary was replaced by a
mass of thecal cells and glandular tissue consisting of
primary and secondary follicles. The average greater
diameter of the tumors was 4.12 mm.
3. Intrasplenic ovary (with liver grafts):

This group was a sham control. The liver grafts
apparently had no interfering effect on the tu-morigenesis of the intrasplenic ovarian transplants which
grew into a tumor. The average greater diameter of
the tumors was 4.0 mm. The tumor mass was predominantly formed of thecal cells.
4. Intrasplenic ovary (with two pineal grafts):

Fig. 2. Intrasplenic ovarian transplant maintained for four
months. The transplant has turned tumoral.

Fig. 3. Intrasplenic ovarian transplant maintained for four
months. (The animal also received two pineals from male
Swiss mice in the ocular chamber.) The ovarian transplant
has not turned tumoral. The normal ovarian organization is
evident. Thecal cells, however, appear to have proliferated a
few layers.

The ovarian transplants in all the ten animals in
this experimental group did not turn tumoral (Fig. 3).
They showed normal morphology of follicles although
thecal cells proliferated to a few layers. Mitoses were
observed in granulosa cells of growing follicles.
Histological sections of pineal grafts showed that
the grafts were viable in the ocular chamber (Fig. 4).

Fig. 4. Pineal transplant in the ocular chamber. The transplant
is indicated by an arrow. Two pineals from male Swiss mice were
grafted. Apparently, they fused to form one transplant.
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Discussion

The pineal gland has been shown to have a
regulatory effect on a wide range of physiological
processes [13, 14]. Besides melatonin, serotonin
and their derivatives, the gland synthesizes certain polypeptides [15, 16]. These products have
been shown to inhibit secretion of anterior pituitary hormones including gonadotrophins. The
gland has been shown in a variety of systems to
have a direct inhibitory effect on mitosis [17], and
so also on tumor growth [18]. It also appears from
the reports that the neuroendocrine gland is not
required to be in its normal location to be functional. The chick embryonic pineal gland has been
shown to be functionally active in organ culture
[19]. Shein also has shown that noradrenaline
stimulated rat pineal organ cultures synthesized
melatonin from 14C tryptophan [20].
In the present report, the effect of additional
pineals on the tumorigenesis of intrasplenic ovarian transplants has been studied. We have earlier
reported that autologous ovaries in the spleen of
Swiss mice developed into a tumor after about
three months of transplantation [21]. The experiments presented herein have demonstrated that
the intrasplenic ovarian transplants did not
develop into a tumor during the period of four
months when the animals bore two pineals in the
ocular chamber.
We grafted varying numbers of pineals like one,
two and three per animal. The response of ovarian
transplants to two and three pineals was similar.
One pineal graft per animal did not elicit an inhibitory response. These two groups—one pineal per
animal, and three pineals per animal—are not
included in this report. The results of two pineals
per animal are reported herein.
The consideration to use male donors for pineals
was that we wanted to spare females for transplantation of the ovary.
The present experiments clearly demonstrated
that the pineal had an inhibitory effect on intrasplenic ovarian tumorigenesis. It also suggests that
the animal’s endogenous pineal is not sufficient to
prevent the tumorigenesis. It thus appears that
the pineal factor that brings about inhibition is
required to be in a greater amount than it is present in the pineal of the animal. This is met by two
pineal transplants.
The mechanistic explanation for the action of
pineal transplants on ovarian tumorigenesis is not
possible with these experiments. The action can
be either direct on the transplants or via the pituitary. However, we conjecture that the inhibitory
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action in this case is via the pituitary, since it is not
the inhibition of tumor growth but it is prevention of the transformation of a normal ovary into a
tumor. This prevention is possible only if hormone
stress is withdrawn from the system.
The present experiments are, in this way, different. The effect of the pineal has been observed
on the development of a tumor and not on tumor
growth. This experimental system is used perhaps
for the first time to demonstrate the pineal effect
on tumorigenesis. (An extensive literature search
did not reveal any reports using this system. Nor
are there related reports in recent years.) These
results suggest the prospects of prevention of
cancer by some factor present in the pineal.
These experiments may prove to be supplementary to the earlier observations on the anticancer
activity of pineal factors [22].
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