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Changes in the levels of prostaglandin F., (PGF2.) and E, (PGE>) in culture
medium during in vitro ovulation of Rana dybowskii follicles were ex-
amined. The ovulation was induced by frog pituitary homogenate (FPH) or
TPA (12-O-tetradecanoylphorbol-13-acetate, a protein kinase activator) and
the levels of PGs were measured by radicoimmunoassay. When the ovarian
follicles were cultured, only a few oocytes were ovulated by 12 h, but half
of them were ovulated by 24 h in response to FPH, whereas around 30% of
oocytes were ovulated by 12h and maximum ovulation (around 50%)
occurred by 24 h in response to TPA. Without any stimulation (control), no
ovulation occurred. TPA elevated the level of PGF., to high levels when com-
pared to control (basal levels), but the increase by FPH was less evident.
Likewise, the levels of PGE; increased markedly in response to TPA, but
rather decreased by FPH treatment. Interestingly, PGF., induced ovulation
but PGE: suppressed FPH- or PGF induced oocyte ovulation. Basal levels
of PGs increased steadily during culture. When thecajepithelium (THEP)
layer and granulosa cell-enclosed oocytes (GCEOs) were separated by
microdissection and cultured independently, higher levels of both PGs were
secreted by THEP than by GCEOs. Synthesis of PGs by follicle or follicular
components was strongly suppressed by exogenous cAMP or indome-
thacin. These results suggest that: 1) PGF,, plays an important role in Rana
ovulation, 2) protein kinase C is involved in PGs production, and 3) theca/

epithelium layer is responsible for the PGs production in Rana.

The preovulatory surge of luteinizing hormone (LH)
induces a series of ovulatory changes culminating in
the rupture of the follicle in mammals (Richards and
Hedin, 1988; Irianni and Hodgen, 1992; Erickson, 1996).
This process has been compared to an inflammatory
response, in which the key regulators appear to be
prostaglandins (PGs), plasminogen activators, steroids,
and collagenase (Espey, 1980; Irianni and Hodgen,
1992). Various steroids and prostaglandins are pro-
duced by ovarian follicles in association with gonado-
tropin-induced ovulation in vertebrates (Cetta and Goetz,
1982; Tsang et al., 1988; Gobbetti and Zerani, 1992a,
b; Hsu and Goetz, 1992). Although PGs play a role in
ovulation, different types of PGs are known to act
differently in mediating the ovulation process in various
vertebrates. For example, in fishes, F type PGs stimulate
in vitro oocyte ovulation but E type PGs do not (Goetz
and Theofan, 1979), while E type PGs play important
roles in ovulation in mammals (Murdoch et al., 1993).
It was also reported that PGE, and PGF,, acted
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antagonistically each other for luteal function in fishes
and mammals (Michael et al., 1993; Murdoch et al.,
1993). Recent reports also indicate that protein kinase
C (PKC) mediates LH action in ovulation, while cAMP
acts as a negative regulator in the ovulation process in
various vertebrates (Goetz et al.,, 1982; Goetz, 1993;
Morris and Richards, 1995; Chang et al., 1995, 1996).
However, the ovulation process is a very complex
event and the precise role and action mechanism of
PGs in the ovulation process is not clearly understood
(Morris and Richards, 1993; Shoham et al., 1995;
Hedin and Erickson, 1997).

In the present study, using the frog ovarian follicle
culture system, we examined the different roles of
PGE> and PGF, during in vitro ovulation of frog fol-
licles and determined which type of tissues are res-
ponsible for the synthesis of PGE, and PGF;, in ovarian
follicles. In addition, the role of PKC and cAMP in the
ovulation process in the frog was examined.

Materials and Methods

Animals

Frogs (R. dybowskij) were collected from the stream in



Prostagiandin Synthesis by Rana Ovarian Folicles

the Chonnam area, a southwestern part of the Korea
peninsular from October to March. Animals were kept
in a state of artificial hibernation in glass tanks con-
taining various sizes of stones in a cold room. Cold
underground water or dechlorinated tap-water was
supplied continuously through the tank (Kwon et al.,
1992). Frogs were used for experiments within a week
after collection.

Hormones and Reagents

TPA was dissolved in 8 mM of dimethylsulfoxide. cAMP
was dissolved in amphibian Ringer (AR) in a stock of
2mg/ml. A potent cyclooxygenase inhibitor, indomethacin
(IM), prostaglandin Ez, and prostaglandin Fz, were dis-
solved in absolute ethanol in 2 mg/ml, 10 mg/mi, and
10 mg/ml, respectively. Frog-pituitary homogenate (FPH)
was prepared from female frogs. Glands were homo-
genized in AR with an ultrasonic homogenizer (Ultrasonic
W-380, U.S.A.). The homogenate was centrifuged (4C,
15,000 g, 20 min) to remove debris and the supernatant
was frozen (-20T) in aliquots until needed.

All the reagents in stocks were diluted with corre-
sponding vehicle before use. Vehicle concentration was
maintained at 0.25% or 0.55% (v/v) of AR. All the
concentration of reagents treated were chosen based
on previous reports (Goetz et al., 1989; Kwon et al,
1992; Chang et al., 1995).

Preparation of follicular tissues

Frogs were killed by decapitation and their ovaries
were carefully removed and transferred to petri-dishes
containing AR. Ovarian fragments containing about 20
follicles were dissected from the ovary by using watch-
maker’'s forceps under stereomicroscope. Ovarian frag-
ment was used in the experiment for ovulation because
ovulation can be achieved more readily from ovarian
fragments than from isolated ovarian follicles (Kwon et
al., 1992).

Granulosa cell-enciosed oocytes (GCEOs), theca/
epithelium (THEP) layer and denuded oocytes (oocytes)
were separated from ovarian fragments by manual
dissection under a stereomicroscope (Kwon and Ahn,
1994). Using watchmaker's fine forceps, the THEP
layer with blood vessels, was peeled away from the
follicles in ovarian fragments, and simultaneously the
GCEOs were separated from ovarian fragments. Usually,
most granulosa cells remained on the membrane of
the oocyte rather than on the THEP layer. In order to
obtain denuded oocytes, GCEOs were further proc-
essed by washing 3 times with calcium-free ARs with
15 min shaking. Only those oocytes that have a smooth
oocyte surface without any attached granulosa cells
were considered as oocyies.

Culture of follicular components

In vitro culture was carried out using multiwell culture
dishes (24 wells/dish; Nunc, Denmark). Ovarian frag-
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ments containing 20 follicles or different follicular com-
ponents were cultured for various durations of time (O,
3, 6,9, 12h) in AR in the presence or absence of
FPH (0.05gland/ml), TPA (10uM), cAMP (2.5 mM),
indomethacin (5 ug/ml), PGE,, or PGF2, (5 pg/ml). The
duration of follicle culture and the doses of FPH or
chemicals were chosen based on a previous report
(Kwon et al., 1992).

Ovarian fragments were transferred to each well of
the culture plate containing 2 ml of AR and test agents
were added to each well later. These plates were then
incubated in a shaking incubator (80 oscillations per
minute) at 22°C for various periods of time. After cul-
ture, oocytes liberated from the ovarian fragment were
counted and culture media were saved and kept in a
deep freezer (-20C) until assayed for prostaglandin
radioimmunoassay.

Different types of follicular components obtained from
20 follicles each were also incubated in wells contain-
ing 2ml of AR per well with or without test agents.
Thus, THEP layers peeled from 20 follicles, 20 indivi-
dual GCEOs and 20 individual oocytes were placed in
each well and various test agents such as FPH (0.05
gland/ml), TPA (10 uM), cAMP (2.5 mM), indomethacin
(5 ug/ml), PGE;, and PGF2, (5 pg/mi), were added later
and cultured for 24 h.

Radioimmunoassay (RIA) of Prostaglandins

The amount of PGE, or PGF,, secreted into the
medium by ovarian follicles or follicular components
during culture were measured by RIA. The general
assay procedure for prostaglandin was adopted from
Cetta and Goetz (1982) and our previous work (Chang
et al.,, 1995). Prostaglandin Fz; antiserum (Sigma) was
reported to crossreact 66% with prostaglandin Fiq,
less than 0.1% with prostaglandin F; and Ez, and less
than 0.01% with prostaglandin A1, A2 or B1. The
sensitivity for PGF2-RIA was 5 pg of PGFaf/tube. PGE:2
antiserum (Sigma) was reported to crossreact 65%
with PGE+, 5% with PGF1q, 1.5% with PGF2, 13% with
PGB1, 6% with PGB2, 28% with PGA1 and 7% with
PGA2. The sensitivity for PGE;-RIA was 15pg of
PGEz/tube. Labeled PGFx([5, 6, 8, 9, 11, 12, 14, 15]
n-3H-prostagIandin F2q; 203 Ci/mmol) and PGE: ([5, 6,
8, 11, 12, 14, 15] n-H- prostaglandin; 187 Ci/mmol)
was obtained from Amersham (Buckingamshire, U.K.).
Each sample was quantified for tritium using a Packard
Tri-Carb 2300, liquid scintillation analyzer. Duplicate
hormone standards (PGFz,; 5-1,000 pg/100ul, PGEx;
25-2,000 pg/100 pl) were included in each assay. The
between and within assay coefficients of variation for
PGFz, were 7.7% (n=22) and 4.3% (n=10) and those
for PGE; were 7.5% (n=28) and 4.0% (n=10), respec-
tively.

Statistical Analysis
The ovulation rate was calculated and data was pre-



sented as percent (%) ovulation. Experimental treat-
ments were done in duplicate or triplicate using ovarian
fragment and follicutar components obtained from an
individual frog. The average ovulation rates obtained
from replicates were transformed using arcsin-square
root transformation before statistical analysis. The ovula-
tion data and PGs levels were analyzed by one- or
two-way analysis of variance (ANOVA) or Student’s
t-test.

Resuits

Time course of FPH or TPA induced ovulation during
ovarian fragment culture

Initially, experiments were carried out to determine the
time course of in vitro oocyte ovulation in the frog.
Ovarian fragments containing 20 follicles obtained from
frogs collected in February were cultured for up to 24 h
in the presence or absence of FPH (0.05 gland/ml) or
TPA (10uM), and ovulated oocytes were counted at
designated time points (0, 3, 6, 9, 12, and 24 h) (Fig.
1). Only a small number of oocytes ovulated by 12 h,
but around half of the oocytes (48%) ovulated by 24 h
in response to FPH. However, TPA induced ovulation
began to occur by 6h and significantly increased by
9-12h (P<0.05, when compared to control) and con-
sistently increased until cultured for 24 h (51%). With-
out addition of hormone or phorbol ester, the oocyte
ovulation was not- observed throughout the culture
period (control). Thus, it is evident that TPA stimulates
ovulation more effectively than FPH by 9-12h of cul-
ture (P<0.05, when compared to FPH treated group),
but not by 24 h of culture.

100 -

80 4
8
E 60 ~ ‘l‘*
2 -2
3 L *
® 40 .o 1
I*’f”
[+ w
20 -
’
’
i :
. P . .'A‘
O_r—w T T T ?
0 3 8 9 12 15 18 21 24

Culture Time (h)

Fig. 1. Time course of ovulation by ovarian fragments obtained from
frogs collected in February. Ovarian fragments were cultured in the
absence (@) or presence of FPH (A, 0.05 gland/ml) or TPA (¢, 10 M)
for up to 24h. At designated time points, the ovulation rate was
examined under a microscope. Each point represents the average of
percent ovulation (x+=SE) per fragment (5 animals). *P<0.01.
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Effects of FPH and TPA on the secretion of PGFz, and
PGE; by the ovarian fragments following in vitro culture

To determine whether FPH or TPA stimulate synthesis
of PGF., and PGE: by ovarian follicles, ovarian frag-
ments were cultured for up to 24 h in the presence of
FPH (0.05 gland/ml) or TPA (10 uM) and, at designated
time points, PGs levels in culture medium were
measured by RIA (Fig. 2). The amounts of PGFz, in
medium increased markedly by 9h and increased
consistently until 24h in response to TPA (P<0.05,
when compared to control or. FPH treated group). The
level of PGF2, also increased steadily to higher levels
by 24h (P<0.05, when compared to basal level) in
response to FPH. Basal levels of PGF,, also steadily
increased throughout the culture period (P<0.01, by
one-way ANOVA) although less evident than those
observed in TPA or FPH treated groups (Fig. 2). Levels
of PGE; increased markedly by 9h and reached the
most by 24h in response to TPA (P<0.05 when
compared to basal or FPH treated groups). Interestingly,
however, PGE; levels were much lower throughout the
culture hour in the presence of FPH than those
observed in basal levels (P<0.05, when compared to
control at 24 h). Thus, it is evident that FPH rather
suppressed PGE: synthesis by follicles while TPA
stimulated it. It is also of interest that absolute amounts
of PGE: secreted by the follicles were much higher
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Fig. 2. Time course of prostaglandin secretion by ovarian fragments
obtained from frogs collected in February. Ovarian fragments were
cultured in the absence (@) or presence of FPH (A, 0.05 gland/ml) or
TPA (H, 10uM) for up to 24 h. At the designated time points, the
culture medium was collected and the concentration of prostaglandin Fa,
and prostagiandin E; in the medium were measured by RIA. Each point
represents the average picogram of PGFz, and E. (MeanXSE) per
follicle (5 animals). *P<0.01.
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Fig. 3. Effect of prostaglandin E2 on FPH- and PGFa-induced ovulation
in vitro. Ovarian fragments obtained frogs collected in February and
early March were cultured for 24 h in the presence or absence of FPH
(0.05 gland/ml) or PGF2, (5 pg/ml) with or without PGE, (5 ng/ml). Ovula-
tion rate was examined after 24 h of culture. Each bar in the figure
represents the average percent ovulation (x*SEM) per fragment in 11
frogs. *P<0.05.

than those of PGF2, throughout the culture period (Fig.
2).

Effect of PGE, on FPH or PGFa2, induced ovulation

In preliminary experiments, we found that treatment of
PGFz,, but not PGE2 to cultured ovarian follicles
induced oocyte ovulation in vitro. Experiments were
carried out to assess the effect of PGE; on FPH- or
PGFze-induced ovulation. The ovarian fragments har-
vested during February and early March were cultured
in the presence of FPH (0.5 gland/ml) or PGFz, (5 pg/ml)
with or without PGE; (5 ng/ml). Ovulated oocytes were
counted after 24 h of culture. As expected, treatment of
FPH or PGF2, induced ovulation effectively by follicles,
but simultaneous addition of PGE, suppressed the
FPH- or PGFz-induced ovulation significantly (P<0.05,
by t-test) (Fig.3). Treatment of PGE. alone to the
follicles did not induce ovulation and rather suppressed
the ovulation which occurred spontaneously (control)
(Fig. 3). Thus it is evident that PGE, acts negatively on
oocyte ovulation in vitro.

Productions of PGE> and PGF;, by different types of
follicular components

Experiments were carried out to determine which
components, THEP layers or GCEOs, are responsible
for producing PGF2, and PGE: in ovarian follicles. In-
tact follicles, GCEOs, THEP layers, or denuded oocytes
were obtained from ovarian fragments by microdissec-
tion. The follicular components were cultured for 24 h
in the presence or absence of FPH or TPA. The levels
of PGE2 and F», in the medium were determined by
RIA (Fig.4). In the presence of FPH, much higher
levels of PGF., were produced by intact follicles (323
pgffollicle) and the THEP layer (192 pgffoliicle) than
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Fig. 4. The production of PGFz, and PGE: by different types of follicular
components in R. dybowskii. Intact follicles, granulosa cell-enclosed
oocytes (GCEOs), theca/epithelium (THEP) layer, and denuded oocytes
were obtained from frogs collected in January to March and cultured for
24 h in the presence or absence of FPH (0.05 gland/ml) or TPA (10 uM).
The concentrations of PGF2, and PGEz in medium were measured by
RIA after 24 h of culture. Each bar in the figure represents the average
concentration (x+SE) of PGs per follicte (3-5 animals). *P<0.01.

those produced by GCEOs (70 pg/follicle) or denuded
oocytes (59 pgffollicle) (P<0.01, when compared THEP
layer with GCEOs by two-way ANOVA). Likewise, TPA
stimulated PGF., production by intact follicles (359
pgffollicle) and THEP layer (294 pg/follicle), but much
less by GCEOs (121 pgffollicle} and oocytes (86 pg/
follicle) (P<0.01 between THEP and GCEOs). Even in
the absence of TPA or FPH, considerable amount of
PGF2 was produced by intact follicles (170 pg/follicle)
and the THEP layer (124 pgffollicle), but not by GCEOs
(72 pgffollicle) and oocytes (37 pgffollicle). Similarly, very
high levels of PGE: were produced by intact follicles
(1,725 pgffollicle) and THEP (2,116 pg/follicle) while negli-
ble levels of the hormone were produced by GCEOs
or oocytes in the presence of TPA. Interestingly, FPH
did not stimulate PGE: production by intact follicles or
THEP and produced lower levels than basal levels
(Fig. 4). It is also of interest that considerable amounts
of PGE2 were produced by intact follicles (1274 pg/
follicle) and THEP (985 pgffollicle) without any stimula-
tion (basal levels).

Effects of cAMP on FPH-induced PGF, and PGE;
synthesis in ovarian follicular tissues

Previously, we observed that cAMP suppressed the
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Fig. 5. Effects of CAMP on FPH- and TPA-stimulated production of PGE,
and PGF, by follicular components in R. dybowskii coilected in March.
Intact follicles, GCEOs complex, THEP layer, and oocytes were obtained
by microdissection and cultured in the presence or absence of FPH
(0.05 gland/mf) with or without cAMP (2.5 mM) for 24 h. After 24 h of
culture, concentrations of PGFz, and PGE; in medium were measured
by RIA. Each bar in the figure represents the average concentration (x+
SE) of PGs per follicle (3 animals). *P<0.05.

production of PGF», by intact follicles in culture. In
order to ascertain whether cAMP acts differently on
PGs production by different tissues, THEP layer and
GCEOs were separated from ovarian follicles and
cultured in the presence or absence of FPH (0.05
gland/ml) with or without cAMP (2.5 mM). PGFz or
PGE: levels in the medium were measured for 24 h of
culture (Fig. 5). Higher levels of PGF2, were produced
by intact follicles (290 pgffollicle) and THEP layer (276
pgffollicle) than by GCEOs (136 pgffollicle) (P<0.01,
when compared THEP with GCEOs). Addition of ex-
ogenous cAMP, suppressed the FPH stimulated PGFz,
production by intact follicles (70 pg/follicle) and THEP
layer (16 pgffollicle) (P<0.07) and the levels were lower
than basal levels (Fig. 5). Even in the absence of any
stimulation, considerable amounts of PGE, were pro-
duced by intact follicles (1,172 pg/follicte) and THEP
(1,282 pg/foliicle) (Fig. 5). Treatment of FPH decreased
the basal production of PGE: to lower levels by intact
follicles (527 pgffoliicle) and THEP (737 pg/follicle).
Simultaneous addition of FPH and cAMP produced the
lowest levels of PGE: by intact follicles (190 pg/follicle)
and THEP (137 pg/follicle). GCEO’s and oocytes pro-
duced almost non-detectable levels for PGE,. Thus, it
is evident that cAMP suppressed the synthesis of
PGF2, and PGE; by ovarian components and did not
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Fig. 6. Effect of IM on TPA-stimulated production of PGFz and PGE;
by follicutar components. Intact follicles, GCEO complex, THEP layer,
and oocytes were isolated from ovarian follicles and the follicular
components were cultured in the presence or absence of TPA (10 uM)
with or without IM (5 ug/ml) for 24 h. After culture, the amounts of PGF,
or PGEz in medium were measured by RIA. Each bar in the figure
represents the average concentration (X+SE) of PGFz, or PGE; per
follicle (3 animals). *P<0.01.

exhibit any distinguishing effect on different tissues.

Effects of Indomethacin on TPA-induced PGF., and
PGE: synthesis by different types of follicular com-
partments

Experiments were carried out to ascertain whether IM
suppressed TPA-induced PG synthesis by different
ovarian components. Various follicular components were
cultured for 24 h in the presence or absence of TPA
(10 uM) with or without IM (5ug/mi) and then PGs
levels in media were measured. As seen in Fig. 6, TPA
stimulated PGF2, production by intact follicles and
THEP layers and PG productions were inhibited signi-
ficantly by the presence of indomethacin (P<0.01, by
t-test) in both groups. IM also strongly suppressed
TPA-induced production of PGEz by intact follicles or
THEP layers significantly (P<0.07).

Discussion

The data presented here demonstrate that PGF2,, not
PGE,, is associated with ovulation. We also note that
the theca-epithelium layer is a major site of prosta-
glandins syntheses, and protein kinase C mediates LH
action on prostaglandin synthesis in amphibian ovarian
follicles.
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It is of interest that protein kinase C activation is
more effective than frog gonadotropin in inducing
ovulation and stimulating PGF;, and PGE: production
in vitro (Figs.1 and 2). Particularly, it appeared that
FPH consistently suppressed PGE: production by
ovarian follicles while protein kinase C activation
stimulated it (Figs.2, 4, and 5). This suggests that
protein kinase C activation is not the only signal
transduction pathway for gonadotropin action and other
signal transduction pathway may be present in follicles
which is responsive to gonadotropins. Possibly, PGE:
production is suppressed by some factors present in
this alternative pathway which is triggered by gonado-
tropins.

Since PGE, suppressed PGFz- and FPH-induced
ovulation, it is likely that PGE. acts as a negative
regulator of ovulation in amphibian follicles (Fig. 3). In
several fishes, it was reported that the levels of F type
prostaglandins were high at the time of ovulation and
the levels of E type prostaglandins were high just
before oocyte maturation and low at the time of
ovulation (Cetta and Goetz, 1982). Since oocyte ma-
turation occurred prior to ovulation in fish as observed
in other vertebrates, PGE2 is not directly linked to
ovulation in this animal (Goetz et al., 1989). Various
steroids, and PKC activators were known to induce
PGF2. synthesis and ovulation during in vitro culture of
ovarian follicles in fishes (Ranjan and Goetz, 1987,
Berndtson et al., 1989; Goetz et al., 1991; Ballou et
al., 1992). In addition, PGE; and PGE2 were known to
increase intracellular cAMP production and inhibit spon-
taneous ovulation in brook trouts and gold fish (Goetz
and Nagahama, 1985). Taken together, as observed in
the data presented here, PGF», plays a positive role
and PGE: a negative role in ovulation of fishes. In
contrast to this, in mammals, gonadotropin or hCG
induces PGE: as well as PGF2, synthesis and ovula-
tion (Higuchi et al., 1995) and the levels of PGE: are
much higher than those of PGFz, during in vitro ovula-
tion (Murdoch et al., 1993). Thus, in mammals, PGE:
as well as PGF2, seem to play an important role in the
ovulation process (Wang and Leung, 1989; Higuchi et
al., 1995)

Although there is much knowledge about the site of
prostaglandin synthesis in other animals, there was no
report about the site of prostaglandins synthesis in
amphibian ovarian follicles. In the present studies, we
succeeded to separate the theca/epithelium layer from
granulosa cell enclosed oocytes using a ricrodissec-
tion technique and make it possible to examine which
components of follicle are responsible for the produc-
tion of prostaglandins by follicles. Data presented here
clearly show that the theca-epithelium layer is a major
site of prostaglandins synthesis in follicles (Figs. 4 and
5).

There have been a number of investigations on the
role of CAMP in ovulation or prostaglandin synthesis by
ovarian follicles in fishes. Exogenous cAMP was known
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to suppress PGF., synthesis and ovulation in some
fishes (Goetz et al., 1982, 1991). Data presented here
also indicated that cAMP suppresses TPA or FPH
induced prostaglandin production in Rana follicles (Fig.
5). It was also reported that treatment of cAMP analog
suppressed PGF., synthesis and ovulation in rabbit
ovaries in culture (Yoshimura et al., 1994). Thus it
seems likely that cCAMP plays a negative role in ovula-
tion in various vertebrates inciuding mammals. However,
considering the fact that a pulse increase in cAMP
levels commonly occurs in vivo, we can not completely
exclude the possibility of the positive action of a cAMP
surge in the ovulation process.

Previously, 'we have shown that TPA- or FPH-
induced ovulation and PGF, production by ovarian
follicles were inhibited by indomethacin {(Chang et al,
1996; Espey et al., 1986). The present data also
demonstrated that TPA-induced prostaglandins syn-
theses were drastically inhibited by indomethacin in
various follicular tissues (Fig. 6). Thus, it is evident that
IM suppressed the synthesis of PGE:z as well as PGFz,
regardless of the type of tissues.

In summary, the present study demonstrates that
prostaglandin F», plays a key role in ovulation in amphi-
bians and protein kinase C mediates gonadotropin
action in inducing ovulation and stimulating PGFz.
synthesis. In addition, it is demonstrated, for the first
time, that prostaglandins are synthesized predominantly
by the theca-epithelium layer in frog follicles.
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