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Objective. To characterize PCB 153 action on the ovary, the direct effect of PCB153 was inves-
tigated in vitro using a co-culture of pig granulosa and theca cells collected during different stages
of follicular development.

Methods. The cells were cultured in the absence or presence of 5, 10, 50 or 100 ng/ml of PCB
153. Media were changed after 48, 96 and 144 h and frozen until further estradiol (E2), progester-
one (P4) and testosterone (T) analysis.

Results. 48 hrs exposure of follicular cells collected from small-size follicles to all the investi-
gated doses of PCB 153 caused statistically significant decrease in progesterone (P4) secretion and
at doses of 50 ng and 100 ng/ml in testosterone (T) secretion. No effect on estradiol (E2) secretion
was observed. After 96h and 144h exposure to PCB an increase in P4 secretion with concomitant
drastic decrease in T secretion and a tendency to decrease in E2 secretion was observed. Similarly
as in the case of small follicles, the action of PCB on steroid secretion by cells collected from
medium follicles depended on time of exposure. The increase in T secretion and no influence on P4
and E2 secretion was observed after 2 days of exposure to PCB. Antiestrogenic action of PCB was
noted after 4 and 6 days of exposure to PCB. In large, preovulatory follicles 2 days exposure to
PCB had no effect on steroids secretion while longer exposition to this congener caused statistically
significant antiestrogenic action.

Conclusion. The presented paper suggests various actions of PCB 153 as an endocrine disrupter
on estradiol, progesterone and testosterone secretion from ovarian cells in vitro which were depen-
dent on both exposure length and stage of the follicular development.
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ESTROUS CYCLE-DEPENDENT CHANGES IN STEROID SECRETION

Laboratory of Physiology and Toxicology of Reproduction, Department of Animal Physiology, Institute of Zoology,

Among the environmental chemicals that may be
able to disrupt the endocrine systems of animals and
humans, the polychlorinated biphenyls (PCBs) are
a chemical class of considerable concern. Polychlo-
rinated biphenyls (PCBs) are lipophilic industrial
chemicals that are regularly detected in human breast
milk, serum, and tissues. One of the most prominent
environmental contaminant is non-coplanar 2,2°,4,4°,
5,5’-hexachlorobiphenyl (PCB 153). This congener

is the most prevalent in biological tissues (SAFE 1994;
KivBROUGH 1995; KROGENAES et al. 1998). BARSOTTI
et al. (1976) showed that one of the most serious
results of PCB exposure in the female monkey was
the effect on reproduction. They observed menstrual
cycle’s irregularities and prolonged menstrual bleed-
ing. The precise mechanism of PCBs’ endocrine dis-
rupting effect is unknown, but the effects may be
caused via the interference with the synthesis, secre-
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tion, transport, binding, action or elimination of en-
dogenous hormones. McKINNEY and WALLER (1994)
and PauweLs et al. (1999) showed strong correlation
between levels of PCB 153 in serum and follicular
fluid obtained from women undergoing in vitro fer-
tilization and embryo replacement. There are rela-
tively few reports on PCB 153- induced endocrine
reproductive changes. Recently, our data from stud-
ies involving isolated ovarian follicular cells, col-
lected from preovulatory follicles and cultured as
a monolayer or in co-culture, showed the dose-, time-
, and tissue-dependent action of PCB 153 on steroid
secretion (Woitowicz et al.2000a, 2000b).

Taking into consideration that the disorders in fol-
liculogenesis involve not only preovulatory follicles
but mostly the early preantral and antral follicles,
we attempted to characterize PCB 153 action on fol-
licular steroidogenesis using a system of porcine th-
eca and granulosa cells in co-culture collected from
follicles of different size.

Material and Methods

Reagents. Parker medium M199, trypsin, and calf
serum were purchased from the Laboratory of Sera
and Vaccines, Lublin Poland. Antibiotic antimycotic
solution (100x) and testosterone were obtained from
Sigma Chemical Co. St. Louis, MO, USA. Stock
solution of PCB 153 (2,2',4,4°, 5,5’-CB; 25 mg/ml)
was prepared by dissolution of the pure powder in
ethanol (Prochem GmbH, Wesel, Germany; purity
0.997).

Tissue preparation and cultures. Pig ovaries in
the early, mid and late follicular phase of the estrous
cycle were obtained from a slaughterhouse. Follicles
were classified as small (1-3 mm in diameter), medi-
um ( 4-6 mm in diameter) or large (7-10 mm in di-
ameter) according to GREGORASZCZUK and SKALKA
(1996). The separation of Gc from the theca layer
was performed according to the technique described
by StokLosowa et al. (1982). Granulosa cells and th-
eca cells were inoculated at a concentration of
6.8x10%and 2.1x10°cells/ml respectively, thus at the
concentration comparable to that observed in vivo
(Gc: Tc = 3:1). Cells were cultured in Parker Medi-
um (M199) supplemented with 10 % calf serum with
or without PCB153. The cultures were maintained
at 37 °C in humidified atmosphere of 5 % CO,,.

The cells were cultured with 5.0, 10.0, 50 or 100
ng of PCB 153 for 48, 96, and 144 hrs and the media
were frozen (-20 °C) prior to steroid analysis. Every
treatment was conducted in 5 wells and each exper-
iment was repeated 3 times.

Steroid analysis. Progesterone, estradiol and test-
osterone concentrations were determined radioim-
munologically using Spectria RIA kits (Orion, Di-
agnostica, Finland), supplied by Polatom (Swierk,
Poland).

Statistical evaluation. All data points are expressed
as means + SEM from at least three different exper-
iments (n=3), each in triplicates. Significance of dif-
ferences between the concentrations of progesterone,
estradiol and testosterone in the control and experi-
mental cultures were compared by analysis of vari-
ance followed by Duncan’s multiple range test.

Results

Small follicles. The exposure of follicular cells
to all investigated doses of PCB 153 for 48 h caused
significant decrease in progesterone secretion (56 %,
46.9 %, 46.8 % and 47.9 % of the control culture
after 5, 10, 50 and 100 ng/ml of PCB 153, respec-
tively, P<0.05). After the doses of 50 and 100 ng/ml
also a decrease of testosterone (T) secretion was
found (P<0.05), while no effect on estradiol (E2)
secretion was observed. (Fig. 1a). In addition, the
increase in progesterone secretion was found after
96 h (129 %, 135 %, 123 % of the control cultures
after 10, 50 and 100 ng/ml of PCB, respectively; P<
0.01) and after 144 h (260 %, 260 % of control level
after 50 and 100 ng/ml of PCB, resp, P< 0.001) Ex-
posure to PCB had no effect on estradiol secretion
(Figs. 1b-c).

Medium follicles. Similarly as in the case of small
follicles, the action of PCB 153 on steroid secretion
depended on exposure length. PCB added for 48 h to
the culture medium of cells isolated from medium-
size follicles remarkably increased testosterone se-
cretion (606 %, 585 % and 570 % of that in the con-
trol culture after 10, 50 and 100 ng/ml of PCB, re-
spectively; P<0.001) and had no influence on proges-
terone and estradiol secretion (Fig. 2a). However,
after the exposure has been prolonged to 96 h,
a decrease in estradiol secretion after all doses pf
PCB was found (64 %, 36.3 % and 34.1 % of the
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Fig 1 Dose-dependent effect of in vitro treatment with PCB
153 on progesterone (P4), testosterone (T) and estradiol
secretion (E2) by small follicles. Data are means of
4 replicates. * P<0.05; ** P<0.01; *** P<0.001.

control culture after 10, 50 and 100 ng/ml of PCB
153, respectively; P< 0.01) with simultaneous in-
crease (P<0.01) in progesterone secretion under the
influence of the highest dose of PCB (Fig. 2b). De-
creased secretion of all the investigated steroids af-
ter 6 days of exposition to PCB was noted (Fig. 2c).

Large follicles. PCB153 added for 2 days to the
culture media of cells collected from the preovulato-
ry follicles did not influence their steroid secretion
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Fig. 2 Dose-dependent effect of in vitro treatment with
PCB 153 on progesterone (P4), testosterone (T) and
estradiol secretion (E2) by medium size follicles. Data are
means of 4 replicates. * P<0.05; ** P<0.01; *** P<0.001.

(Fig. 3a). However, after 4 days of exposure to this
congener the tendency to decrease progesterone, tes-
tosterone and estradiol secretion was noted (Fig. 2b).
Moreover, high antiestrogenic action of PCB 153 was
observed after 6 days of exposure to PCB 153 re-
sulting in a striking decrease of estradiol secretion(
67.6 %, 17.1 %, 14.1 %, 12.7 % of controls after 5,
10, 50 and 100 ng/ml of PCB, respectively, P< 0.05
and <0.001) (Fig, 3c¢).
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Fig. 3 Dose-dependent effect of in vitro treatment with
PCB 153 on progesterone (P4), testosterone (T) and
estradiol secretion (E2) by large preovulatory follicles.
Data are means of 4 replicates. * P<0.05; ** P<0.01; ***
P<0.001.

Discussion

The present study in vitro clearly demonstrates the
alterations in follicular steroidogenesis induced by the
polychlorinated biphenyl PCB 153. Ovarian follicles
are remarkably vulnerable to agents that cause DNA
damage such as ionizing radiation and chemotherau-
peutic drugs (HIMELSTEIN-Braw et al. 1977).

The observed decrease in progesterone (P4) and
testosterone (T) secretion and no statistically signif-
icant effect on estradiol (E2) secretion by cells from

small follicles exposed for 48 h to PCB suggests that
it acts at the stages before the progesterone forma-
tion. This mechanism of action has been suggested
for dioxin as an endocrine disrupter in follicular cells.
RicHArDs (1980) showed atretogenic action of test-
osterone on preantral follicles. However, longer ex-
posure caused an increase in progesterone secretion
with concomitant drastic decrease in testosterone
secretion and a tendency to decrease estradiol secre-
tion thus suggesting inhibition of P450 17a-hydrox-
ysteroid dehydrogenase, an enzyme converting
progesterone to testosterone.

The observed PCB153 induced increase in proges-
terone secretion by cells collected from small antral
follicles with concomitant decrease in estradiol se-
cretion accounts for the induction of luteinization and
in this case inhibition of aromatization process in
the follicles.

Previously it has been shown that high level of
progesterone might have an inhibitory effect on aro-
matase activity (SCHREIBER et al. 1980; GREGORSZC-
ZUK 1994). Taking into consideration that during the
early stage of follicular differentiation, androgen acts
as an enhancer of FSH-stimulated follicular differ-
entiation, a failure in this process, as observed un-
der the influence of PCB 153, might result in inap-
propriate androgenic stimulation, and consequently
follicular atresia.

As follicular differentiation progresses, under in-
creasing stimulation of FSH and LH (TeTsuka and
HirLier 1997) androgen is mainly utilized as
a substrate for estrogen synthesis.

In these follicles, the expression of androgen re-
ceptor (AR) is decreased and androgen acts mainly
as a substrate for estrogen synthesis. For healthy fol-
licular development a smooth transition of androgen
utilization from action via AR to metabolism via
P450_  is necessary. The relative expression of AR
and P40_ may be an important factor determining
the mode of androgen utilization.

In these experiments we observed that, similarly
as in the case of small follicles, the action of PCB on
steroid secretion by medium size follicles depended
on the duration of exposure. The increase in test-
osterone and no influence on progesterone and es-
tradiol secretion was observed after 2 days. Remark-
able increase in testosterone levels in cultures of cells
collected from medium antral follicles and then af-
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ter longer exposure to PCB153 a decrease in estra-
diol secretion (96 h) or all investigated hormones
after even longer exposure (144 h) points to possible
action on follicular atresia. Antiestrogenic action of
PCB noted during long-term exposure confirms this
suggestion.

Hemrichs et al. (1971) suggested that exposure of
women to high levels of DDT might account for the
increased incidence of polycystic ovarian disease. In
patients with polycistic ovary syndrome (PCOS), fol-
liculogenesis does not proceed normally (Erickson and
YEN 1984). The initial steps, recruitment and growth
to the small graafian stages are functional in PCOS,
but the terminal step, the selection of dominant folli-
cles that can ovulate, does not occur regularly. In some
unexplained way, this condition leads to the accumu-
lation of large numbers of small graafian follicles
(commonly referred to as cysts) in which the theca
interstitial cells produce abnormally large amounts of
androgen, but the granulosa cells fail to aromatize it
to estradiol. A likely explanation for these changes is
related to progesterone-testosterone-estradiol imbal-
ance in the medium follicles, these hormones being
responsible for follicular development and selection
for ovulation. FAUsEr and HsueH (1995) showed that
final stages of follicular maturation are suppressed
during chronic hyperandrogenism, as observed in the
polycystic ovary syndrome.

In large preovulatory follicles the alteration of ste-
roidogenesis was noted only after long term exposi-
tion to PCB 153. Drastic decrease in estradiol secre-
tion after all doses of PCB used in the presented ex-
periment was noted after 144 h of culture. The se-
cretion of estradiol-17f in the maturing preovulatory
follicles is obligatory for granulosa differentiation
and induction of estrous at the proper time in rela-
tion to the preovulatory maturation (AINSWORTH et
al. 1990). This is in accordance with Li et al. (1994)
who found that PCB 153 has an estrogenic effect in
rats. Reduced circulating levels of estradiol without
difference in serum concentration of progesterone,
were observed also by ALvarez et al. (2000) in HCB
(hexachlorobenzene - polychlorinated aromatic hy-
drocarbon) treated cycling rat. Low estrogen level
in PCB treated follicles seem to be involved in
blocked ovulation.

In conclusion, the current study demonstrated that
the exposure of porcine follicular cells to PCB 153

influenced the steroidogenesis and the action of that
congener was dependent on the follicular stage and
duration of exposure. Taking into consideration that
sites and effects of individual steroids vary with the
developmental state of the follicles, it may be sug-
gested that possible mechanism of PCB action con-
sists of its ability to mimic natural hormones. It could
be also concluded that PCB showed greater and faster
effect on steroidogenesis when administered during
early follicular development than during later stages
of development.
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