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Serous Cysts Are a Benign Component of the Cyclic Ovary in the Guinea Pig with an
Incidence Dependent upon Inhibin Bioactivity
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ABSTRACT. Ovaries were collected from normal cycling female guinea pigs on each day of the estrous cycle (n=5 per day) for histological
analysis of ovarian morphology. Three types of ovarian cysts were observed: serous cysts, follicular cysts and parovarian cysts. The
most common were serous cysts (cystic rete ovarii), which were present throughout the estrous cycle with an overall incidence of 63.5%
(54 out of 85 animals). Follicular cysts occurred in 22.4% of guinea pigs overall (19 out of 85). Only one parovarian cyst (1 out of
85) was observed in the present experiment. Follicular cysts always coincided with serous cysts and were less common during diestrus.
The incidence of serous cysts did not vary significantly across the estrous cycle. In a second experiment, cycling female guinea pigs
were arrested in a prolonged luteal phase by a progesterone implant in order to achieve ovarian synchrony. They were then treated with
inhibin antiserum (0.5 or 1 m/ per animal i.v.; n=6 per group) or normal goat serum (controls; n=6 per group). There was a dose depen-
dent increase in the incidence of serous ovarian cysts following passive immunization against the inhibin o-subunit. These results sug-
gest that serous cysts are a normal component of the cyclic guinea pig ovary and that alterations in the inhibin-follicle-stimulating

hormone system appear to modulate the incidence of serous ovarian cysts in this species.
KEY WORDS: guinea pig, inhibin, ovarian cyst, passive immunization, serous cyst.

Infertility associated with ovarian cysts is common in a
variety of species, including humans and guinea pigs [12,
25,35, 36, 48]. Investigation of cystic or polycystic ovarian
disease is complicated because of the benign nature of the
occurrence of these cysts in the ovary of females in many
species [18, 49]. In the present study, we examined the inci-
dence of ovarian cysts in otherwise healthy female guinea
pigs of reproductive age and investigated the potential role
of inhibins in the pathophysiology of cystic ovarian disease
in this species.

We chose the guinea pig as our experimental model
because of the similarities of the reproductive cycle between
the human and guinea pig, and the ready availability of rel-
evant hormonal data for this species. However, little infor-
mation is available about the incidence of ovarian cysts in
the guinea pig, particularly in young females [14]. The his-
tological characteristics of ovarian cysts during the estrous
cycle of the guinea pig remain unknown as well.

Inhibins are glycoprotein hormones of gonadal origin,
composed of two dissimilar disulfide-linked subunits (o and
B). They are developmentally and physiologically impor-
tant growth factors with structural homology to a large
group of proteins including the transforming growth factor-
B (TGF-P) [51], and have been reported to play a role in cys-
tic ovarian diseases [4, 5, 19]. Similar to other members of
the TGF-f3 family, inhibins interact with cell surface recep-
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tors [29]. Inhibin suppresses secretion of gonadotropins
from the anterior pituitary gland, and preferentially inhibits
follicle-stimulating hormone (FSH) secretion through sup-
pression of FSH f-subunit protein synthesis [8]. In addi-
tion, inhibin decreases the number of gonadotropin
releasing hormone (GnRH) cell surface receptors on the
gonadotrophs [9]. In the ovary, granulosa cell-derived
inhibin can enhance LH-stimulated androgen secretion from
thecal cells [20]. Matzuk et al. [30] found that transgenic
mice lacking the inhibin o-subunit developed granulosa cell
tumors within a few weeks after birth. This observation led
to the suggestion that the inhibin o-subunit is a tumor sup-
pressive factor in mice [30]. Immunoneutralization of
inhibin consistently induced multiple ovulation in many
mammals [15, 42, 44], and has been shown to be a more
effective method of inducing superovulation in some spe-
cies than the method using FSH and equine chorionic gona-
dotropin (eCG) treatment [10, 33, 42-44].
Immunoneutralization of inhibin has been used to investi-
gate ovarian endocrine responses, follicular development,
and ovulation rate [16, 50]. However, induction of ovarian
cysts in response to immunoneutralization of endogenous
inhibin has not been documented.

MATERIALS AND METHODS

Animals and sampling procedure: Adult nulliparous
female guinea pigs of the Hartley strain (obtained from
Saitama Experimental Animal Supply Co., Ltd., Saitama,



130 F.X. SHI ET AL.

Japan), weighing 300-900 g, were used at 3—6 months of
age. They were housed in metal cages with 3 animals per
cage in a room with controlled temperature (23 * 1°C) and
lighting (lights on 0500 to 1900 hr), and provided with com-
mercial pellets (GB-1: Nihon Nousan Kougyou Co., Ltd.,
Kanagawa, Japan) and tap water ad libitum. Estrous cycle
was monitored by daily examination of the vaginal mem-
brane and smears were taken by lavage when the vagina was
open. The day of ovulation was estimated as the day when
maximal cornification was seen in the smear before the ovu-
latory influx of leukocytes, and was designated Day 0 of the
cycle.

To investigate the prevalence of ovarian cysts during the
estrous cycle, eighty-five guinea pigs (5 animals on each
day of the cycle) were sacrificed and their ovaries were
removed, weighed and immediately fixed in 4% paraformal-
dehyde (PFA) for histological examination.

In order to determine whether neutralization of endoge-
nous inhibin changes the incidence of ovarian cysts in
guinea pigs, ovaries and plasma were collected following
immunoneutralization of inhibin as described previously
[45]. Briefly, each of 18 female guinea pigs received a sub-
cutaneous implant (Silastic tubing, 1.0 cm long, 0.4 cm i.d.;
Dow Corning Co., Midland, MI, U.S.A.) of crystalline
progesterone for 3 to 4 weeks; this treatment produced
plasma concentrations of progesterone (7.9 + 0.9 ng/ml/;
n=9) similar to those found during the luteal phase and also
those found when ovulation is prevented [45]. This treat-
ment regime synchronized ovarian functions by sustaining
the cycle with a prolonged luteal phase. The animals
received 0.5 or 1.0 m/ of inhibin antiserum i.v. (n=6 per
treatment group). Control animals received 1.0 m/ of nor-
mal goat serum (NGS). The ovaries were collected for his-
tological examination after the animals were sacrificed by
an overdose of ether anesthesia at 48 hr post-immunization.
Inhibin antiserum used in the immunoneutralization experi-
ment was generated using methods described previously [1].
The antigen for inhibin antiserum was porcine [Tyr 30]-
inhibin a (1-30) conjugated to rabbit serum albumin, kindly
provided by Dr. N. Ling (Neuroendocrine Biosciences Inc.,
San Diego, CA, U.S.A.). The titer of the antiserum was
determined as described previously [1]. The antiserum used
in the present experiment had a titer of 1:1,000,000 as
defined by a final dilution of the antiserum required to bind
50% of added '*’I-labeled bovine 32-kDa inhibin. Control
serum was obtained from a castrated goat immunized
against bovine serum albumin. The Institutional Animal
Care and Use Committee of the Tokyo University of Agri-
culture and Technology approved all procedures involving
animals in this study.

Histology: Ovaries were immediately removed from ani-
mals at necropsy, weighed and fixed in 4.0% PFA at room
temperature overnight. After transferring through a graded
series of alcohol and xylene, the tissues were embedded in
paraffin and sectioned at 10 um thickness. The cystic ova-
ries were sectioned through the cyst wall at the thickest part
of the parenchyma in an attempt to identify functional ova-

rian tissue. The ovarian sections were mounted onto slides
and stained with haematoxylin and eosin (HE).

Criterion for cyst identification: Identification of cystic
ovaries in the present experiment was based on the ovarian
tissue morphology of other reports [25, 35-37]. Follicular
cysts were defined as large (>500 um in diameter) cysts
with a thin wall made up of one or several layers of granu-
losa cells, with a thickened, vacuolated theca layer in disar-
ray, and full of fluid. Follicular cysts generally have no ova,
so they can be distinguished from atretic follicles. Parova-
rian cysts were defined as vesicular structures located in the
mesosalpinx or mesovarium. Serous cysts (also called cys-
tic rete ovarii [14, 25]), were identified by their simple cili-
ated low cuboidal to columnar epithelium. Serous cysts
having a diameter of more than 500 um were evaluated by
histological examination (this excluded small vascular tis-
sue and small empty spaces of the ovary).

Statistics: All data were expressed as mean * standard
errors (£ SEM). Differences in ovarian weights and the
prevalence of ovarian cysts between groups were analyzed
using one-way ANOVA followed by Duncan’s multiple
range test or student’s ¢ test. A p value < 0.05 was consid-
ered significant.

RESULTS

Incidence of ovarian cysts during the normal estrous
cycle of the guinea pig: All three types of ovarian cysts (fol-
licular, parovarian and serous) were found in the ovary of
the guinea pig based on ovarian morphology and histology
(Fig. 1). Serous ovarian cysts were most common (Fig. 1 A
to H) and were observed on every day of the estrous cycle
(Fig. 2). The prevalence of serous cysts overall was 63.5%
(54 out of 85 animals). Ovaries with serous cysts were con-
sistently heavier than those without serous cysts (Fig. 3).
Most serous cysts could be distinguished by the naked eye
(Fig. 1. A, B) and were most common in the hilar region. In
this region, there was a complex of branched tubular struc-
tures without a clear demarcation of their lumens (Fig. 1. A,
B, E). Microscopic examination at higher magnification
revealed large numbers of serous cysts, which varied con-
siderably in diameter. The cystic walls appeared to be com-
posed of two similar cell types; one was ciliated epithelium
showing cylindrically shaped cells (Fig. 1D), and the other
was cohesive and atypical cells, apparently composed of
several layers linked with microvessel structures (Fig. 1H).
Red blood cells were observed among the cohesive and
atypical cells in the membrane wall of serous cysts (Fig.
1H). Invaginations of connective tissues were also seen
within some serous cysts (Fig. 1A).

Follicular cysts were less prevalent than serous cysts
(22.4% incidence; 19 out of 85 animals) and the occurrence
of these cysts in the ovary consistently coincided with the
presence of serous cysts (Fig. 1 A, E, F). The incidence was
greatest near the time of estrus (Fig. 2). Histologically,
these follicle-derived cysts were relatively large with a thin
wall made up of several layers of granulosa cells, and con-
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Fig. 1. Representative microphotographs of ovarian cysts in the guinea pigs. sc, serous cyst; fc, follicular cyst; pc,
parovarian cyst; O, ova; GC, granulosa cells; CE, ciliated epithelium; DF, differentiated cells; RBC, red blood cells.
Bar: A, C and G=500 um; B and E=250 yum; F=100 yum; D and H=50 um.

tained an increased amount of fluid in the lumen (Fig. 1A, E, Only one of the guinea pigs sacrificed on day 11 of the
F). An oocyte was seen only in one follicular cyst (Fig. 1E). estrous cycle had a parovarian cyst in the ovary.
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Fig. 2.

Prevalence of ovarian cysts in guinea pigs during the estrous cycle. One

ovary from each of five animals was used each day. Note the coexistence of serous
and follicular cysts in the ovary during the estrous cycle.
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Fig.3. The weights of ovaries with no cysts (n=30), follicular

cysts (n=2) or serous cysts (n=54, including 16 ovaries coex-
isted with follicular cysts). **P < (0.01 compared with the value
of other groups (Duncan’s multiple range test).

Effects of passive immunization against inhibin o-sub-
unit: Forty eight hours after injections of inhibin antiserum,
ovarian weights had significantly (P<0.05) increased in a
dose-dependent manner (Fig. 4A). Following the injection
of inhibin antiserum, all of the animals developed serous
cysts, whereas only about 67% of the animals injected with
NGS had serous cysts in the ovary (Fig. 4B). Since there
were no differences in the prevalence of serous cysts
between the two immunized groups, the data from the two
groups were pooled. Thus, the prevalence of serous cysts in
the immunized groups was significantly (P<0.05) higher
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Fig. 4. Effect of passive immunization against the inhibin a-sub-
unit on weight of ovaries (A) and prevalence of serous cysts
(B). Values represent mean + SEM for 6 animals. * P<0.05;
**P<(.01 compared with the value of controls (Duncan’s mul-
tiple range test).

than that in the non-immunized control group. There were
no differences in the prevalence of follicular cysts between
immunized groups and the control group (16.7%,; 2 out of
12 vs. 16.7%; 1 out of 6, respectively).

DISCUSSION
The present results indicate that while both serous and

follicular cysts occur commonly in healthy female guinea
pigs of reproductive age, serous cysts occur throughout the
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reproductive cycle and are by far the most common cystic
ovarian structure in this species. Only a single parovarian
cyst was observed in the present study. The incidence of
serous ovarian cysts and their prevalence in comparison
with other types of ovarian cysts are in agreement with pre-
vious observations in older guinea pig [14, 25, 36]. The
present results also show that passive immunization against
the inhibin o-subunit can increase the prevalence of serous
cysts in guinea pigs. Taken together, these data suggest that
defects in the inhibin-FSH system are sufficient to increase
the incidence of serous ovarian cysts, the most common
form of ovarian cysts in this species.

It is as yet unclear what roles, if any, inhibin has during
the formation of ovarian cysts, especially in the human.
Serum inhibin concentrations are elevated in most post-
menopausal women with mucinous carcinomas of the ovary
and some women with other types of epithelial ovarian
tumors [19]. Concentrations of inhibin in serum fall after
tumor removal [19]. It was reported that human ovarian
cystic fluids produced a marked inhibition of FSH-binding
activity in the absence of an effect on FSH or LH secretion
[38]. Polycystic ovarian syndrome (PCOS) is the most com-
mon pathological cystic ovarian disease in human and is
associated with a deficit in the paracrine control of folliculo-
genesis [4]. Autocrine/paracrine factors, especially those
which are FSH-dependent, e.g. inhibin [51], probably play
an important role in the pathogenesis of this ovarian abnor-
mality [2]. The occurrence of hyperestrogenism together
with hyperandrogenism in PCOS suggests that PCOS
affects steroidogenesis in granulosa as well as theca cells
[2].

Serous cysts, or in other words, cystic rete ovary [14, 25],
are common [11, 34] in adult humans, and can also be
observed occasionally in girls as well [7]. The lack of a suit-
able animal model has been an obstacle to the investigation
of serous cysts in humans [31]. The guinea pig might be a
good candidate for this purpose because of the morphologi-
cal similarity between serous cysts in the human and guinea
pig, characterized by a fluid-filled antrum surrounded by a
dense epithelium or a highly vascularized basement mem-
brane [13, 25, 32, 36]. Furthermore, a higher natural inci-
dence of cystic rete ovarii in the guinea pig [14, 25, 36]
provides sufficient statistical power to dissect the effects of
experimental treatments on the prevalence of this condition.

In previous studies, guinea pigs with serous ovarian cysts
exhibited occasional clinical signs such as anorexia, alope-
cia, or lethargy [3], but no serious effects on fertility were
observed [28], even in pregnant guinea pigs [40]. Wilker-
son [49] stated that the rete ovarii is a normal structure in the
adult ovary of humans, cows, sheep, pigs, dogs, cats, rabbits
and rats. In the present study, the prevalence of serous cysts
was a little lower than that in aged Abyssinian-Hartley
crossed guinea pigs (76%; 63 out of 83) [14] and Abyssinian
guinea pigs (76%; 54 out of 71) [25], but higher than similar
aged Hartley-albino guinea pigs [35]. This probably reflects
strain-specific differences. Several researchers consider

that serous cysts might be induced by contamination of feed
with estrogen [40], but we saw no other evidence (e.g. uter-
ine hypertrophy, aberrant vaginal cytology) of estrogenic
contamination in our feed source.

Aberrant hormonal profiles have been suggested as a
mechanism for ovarian cysts by several authors [6, 46, 47,
52]. In the present study, passive immunization against the
inhibin o-subunit increased ovarian weights in a dose-
dependent manner. This increase appeared to be associated
with the formation of serous cysts. Passive immunization
against inhibin increases plasma concentrations of FSH in
many kinds of mammals, e.g. rats [1, 39], hamsters [26],
cows [24], ewes [50] and mares [33]. The inhibin antiserum
(TNDH-1) used in the present study displayed no significant
cross-reaction with LH, FSH and prolactin of rats, cattle and
sheep, GnRH, transforming growth factor-f or activin,
whereas it cross-reacted with inhibin pro-aC and free
inhibin a-subunit [23]. n vivo efficiency of the antiserum
was ensured by an increase in plasma concentration of FSH
in a dose dependent manner after an i.v. injection of the anti-
serum according to the method described previously [45].
Immunoneutralization of endogenous inhibin can increase
plasma FSH probably through up regulation of pituitary
FSH subunit mRNAs [8]. The increased FSH enhances the
serous cyst formation, possibly by increasing the permeabil-
ity of serous cysts resulting in fluid accumulation.

In a previous study in the rat, treatment with antiserum to
inhibin resulted in a decrease in ovarian weights and fewer
follicular cysts [22]. However, in the present study, passive
immunization against inhibin did not alter the incidence of
follicular cysts. This may be related to our use of progester-
one implants to provide ovarian synchrony. Progesterone
implants prevent follicular development [27, 41] and may
have inhibited the occurrence of follicular cysts in the
present study.

In conclusion, serous ovarian cysts are common through-
out the estrous cycle of the guinea pig. Passive immuniza-
tion against the inhibin o-subunit in guinea pigs rapidly
increased ovarian weights and the prevalence of serous
cysts. Inhibin appears to modulate the incidence of serous
ovarian cysts presumably through its regulation of FSH.
Thus, the guinea pig may be a good model animal for the
investigation of human serous ovarian cysts (cystic rete ova-
rii).
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