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when exposed to #742. The increase in cell
division and changes in cell morphology may
be clues as to what causes the malforma-
tions.

Summary. L-fibroblast cell cultures were
treated with varying concentrations of 1, 3,
5, (10), 16-estratetraen-3-ol (#742) dis-
solved in propylene glycol. Propylene glycol
(2%) was found to stimulate the mitotic
rate. With #742 added the mitotic rate and
total cell number were increased markedly.
The presence of propylene glycol and #742
caused a distinct change in the morphology
of the cells present in the cultures.
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Calcification of the Ovarian Follicle in Rats.* (29368)

Howarp S. Grop,! HErRBERT S. KUPPERMAN AND ALBERT S. GORDON
Departments of Therapeutics and Medicine, New York University School of Medicine and
Department of Biology, Graduate School of Arts and Science, New York University

Parathyroid extract (PTE) under certain
conditions can cause deposition of calcium in
soft tissues. Calcification may occur in the
cortex of the kidney(1,2,3,4)5), in the gastric
mucosa and in a variety of other soft tissue
sites(6) after adequate dosages of PTE.
There are, however, no reports of PTE-in-
duced calcification in the reproductive or-
gans. This communication is concerned with
PTE-induced calcification of the ovarian fol-
licular apparatus of the rat.

Materials and methods. Immature female
rats of the Wistar strain weighing 30-50 g
were divided into 3 groups. The experimen-
tal group was injected subcutaneously with
40 units of “Parathyroid Extract” (Lilly)
twice daily for 3 days. One group of con-
trols was given PTE, inactivated by either

* This work was derived in part from a disserta-
tion for the degree of Doctor of Philosophy in the
Department of Biology at New York University by
H. S. Grob. Supported in part by a grant from
Nat. Inst. Health, Cancer Research Training.

t Present address: Dept. of Biological Sciences,
Hunter College, New York City.

pepsin-digestion or formalin according to the
methods of Shetlar(3). This material was
given subcutaneously in amounts and for pe-
riods of time comparable to the use of the
active extract in the experimental group. A
third group of female rats of comparable
weight and age served as uninjected controls.
All animals were maintained on a diet of
commercially available rat pellets and tap
water administered ad lbitum.

The experimental animals were sacrificed
24 hours after the last injection by ether
asphyxiation and were autopsied immediate-
ly. Samples of ovary, uterus, cervix, vagina,
and kidney were removed from these ani-
mals as well as from the controls, fixed in
10% neutral-buffered formalin, embedded in
paraffin and sectioned. Alternate sections
were stained with either hematoxylin and
eosin, the von Kossa technique, Alizarin Red
S or the PAS technique. Metachromasia was
studied in the tissues by staining with
Thionin.

Results. A summary of the microscopic
findings is presented in Table I. Calcium
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TABLE I. Tissue Changes Induced by Parathyroid Extract.

Tissue Hand E 'von Kossa  Alizarin Red 8 PAS Metachromasia
ovary inereased basophilia caleium caleium increased inereased
uterus normal negative negative normal normal
cervix 2 1 bR ” 2
vagina tEd ” ” » ”

i increased basophilia caleium caleinm i i
kidne increased basophil it al inereased increased

was found only in the kidneys and ovaries
of animals injected with the active PTE.
Calcium deposition in the kidney was limited
to the cortex and was found mainly in peri-
tubular areas (Fig. 1, 2).

FIG. 1. Kidney of PTE-treated rat, von Kossa
stain, low power, black areas indicate sites of cal-
cium deposition.

Calcium was seen in the ovary within the
cells lining intermediate-sized follicles. These
follicles were in early stages of antrum for-
mation. Maximal calcification was noted in
the granulosa cell layer, with minimal cal-
cium deposition in the theca interna (Fig. 3,

PRER,

FIG. 2. High power view of PTE-treated kidney,
von Kossa stain. Note that calcium deposition
occurs in the kidney tubules.

4). Calcium deposition was not detected in
interfollicular areas of the ovary.

Increased PAS positive material and in-
creased metachromasia were observed only
in ovaries and kidneys which contained cal-
cium deposits when studied by the von Kossa
or Alizarin Red S techniques.

The tissues taken from the control groups
showed no calcium or any of the other
changes which were exhibited by the experi-
mental group.

FIG. 3. Ovary of PTE-treated rat, von Kossa
stain, low power, calcium deposition occurs only
within follicles.

Discussion. The data reported here are
the first which show experimentally induced
calcification of gonadal tissue. In these stud-
ies calcium was found to be deposited only
in the granulosa cells and theca interna of
follicles that were undergoing antrum forma-
tion. At this time in the maturation of the
follicle estrogens are being deposited in the
follicular fluid. The weight of histochemical
evidence indicates that the theca interna is
the principal site of estrogen biosynthesis in
the developing follicle(7). Corner(8), and
Bullough(9), have suggested that endoge-
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FIG. 4. High power view of PTE-treated ovary,
von Kossa stain, calcium deposition is noted only
in the granulosa cell layer of this follicle.

nous estrogens may exert a localized stimula-
tory effect upon the cells of the developing
follicles. The possibility exists then that
estrogens may sensitize the granulosa cells to
the calcification-inducing action of PTE.

Administration of PTE results in a signifi-
cant increase in serum citric acid which pre-
cedes the appearance of hypercalcemia(10,
11,12). The deposition of calcium in tissues
is believed to be dependent upon the pres-
ence of an oxidizing substrate as an energy
source for crystal formation(13). Estrogens
are capable of increasing the utilization of
citric acid(14). In addition, estrogens induce
a 3- to 4-fold increase in amount of calcium
deposited in PTE-induced nephrocalcinosis
(15).

Villee(14,16) has postulated a mechanism
of action for estrogens that depends upon the
presence of a pyridine nucleotide transhy-
drogenase, which is estrogen-sensitive. This
enzyme increases the rate of utilization of
citric acid in the tricarboxylic acid cycle by
making co-factors available for isocitric de-
hydrogenase. The estrogen-stimulable en-
zyme has been demonstrated in human pla-
centa, endometrium, myometrium and mam-
mary gland, and in rat ventral prostate,
uterus, and pitvitary tumors(17). To our
knowledge, studies on this enzyme system
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have not been performed in ovarian tissue.
Demonstration of such a system in the ovari-
an follicle would lend further support to the
concept that estrogens are capable of stimu-
lating cell layers within the follicles respon-
sible for hormone production.

Summary. The induction of calcification
in rat ovarian follicles by administration of
parathyroid extract is reported. Calcium
deposition is limited to the membrane granu-
losa and thecae interna of follicles in the
early stages of antrum formation. It is sug-
gested that the ‘“calcifiability” of these tis-
sues may be due in part to an action of en-
dogenous estrogens.
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