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SEASONAL RESPONSE OF CARP (CYPRINUS CARPIO) OVARIAN
CELLS TO STIMULATION BY VARIOUS HORMONES AS MEASURED
BY STEROID SECRETION: TISSUE CULTURE APPROACH.

J. GaLas, P. EPLER!, S. STOKLOSOWA

Laboratory of Animal Endocrinology and Tissue Culture, Institute of Zoology, Jagiellonian University, 30-060
Krakow, Poland; 'Department of Ichtyobiology & Fisheries, Agriculture University, 30-149 Krakow-MydIniki, Poland

Objective. To study seasonal variation of steroid secretion by dispersed carp ovarian follicular
cells as influenced by carp pituitary homogenate (CPH), human chorionic gonadotropin (hCG) or
17a, 20B-dihydroxy-4-pregnen-3-one (17a,2030H-P).

Methods. Carp ovaries were collected each month throughout the year from January to Decem-
ber. The cells of ovarian follicles were dispersed by trypsin treatment and cultivated as monolayers.
Control cultures were grown in medium M 199 alone. Media for experimental cultures were sup-
plemented either with CPH, hCG or (17a,20B0H-P). The direct effect of these three factors on
progesterone (P,), androgens and estradiol (E,) secretion by isolated follicular cells in cell culture
was assayed by appropriate RIA.

Results. In control cultures the higshest levels of P,, A and E, appeared before spawning time
and at the time of vitellogenesis. Under the influence of CPH the secretion of P, increased in
December. Significant increase of androgen secretion was seen in May, while that of E, appeared
in February, May, September and December. In December, February and November the secretion
of E, was suppressed by hCG. The most intense stimulation of steroidogenesis was observed after
17a,20BOH-P treatment. It increased the level of P , at the time of its maximum in the control
cultures; androgen level was elevated throughout the whole year; E, secretion was stimulated only
during the spawning time, while during vitellogenesis E, level declined.

Conclusion. It was shown that steroid secretory pattern of follicular cells changed during the
year and that the three factors used (pituitary homogenate, hCG and 17a,20B0H-P) exerted direct
influence upon steroids secretion.
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It is known that follicular cells isolated by en-
zyme treatment from carp ovarian follicles survive
in cell culture and secrete steroid hormones (Stok-
rosowaA and EpLER 1985; PETRINO et al. 1989 a,b).
GaLas and Bieniarz (1989) showed characteristic
seasonal fluctuations of three ovarian steroids
(progesterone, androgens and estradiol) as measured
by their level in the carp plasma and ovarian tissue
homogenates. Ovarian steroids, as reported by Jar-
ABERT and FosTier (1984 a,b), Suzuxki et al. (1991),
Bieniarz and EpLER (1992), Fukapa et al. (1994)

are involved in fish oocyte maturation and vitello-
genesis.

Carp pituitary homogenate containing two fish
gonadotropins (GtH-1, GtH-II) is known to be re-
sponsible for estradiol-17B production, stimulating
in turn 17a,20B30H-P secretion (TYLER et al. 1991).

Human chorionic gonadotropin (hCG) was also
used in experiments on fish reproduction. It was shown
that this hormone stimulated germinal vesicle break-
down (GVBD) in oocytes of several fish species (Pa-
TNo and THomMas 1990; DeGant and BokER 1992; York
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etal. 1993) and steroid production in vitellogenic and
full-grown ovarian follicles (SrivasTava amd VAN-DER-
Kraak 1994). As about 17a,20BOH-P, DEGant and
BokEr (1992) observed that it stimulated GVBD in
Trichogaster ovaries during reproductive season.

170,20BOH-P is formed by the conversion from
P, in ovarianm follicles (NAGAHAMA 1987; SANGA-
LANG et al. 1988; KiMmE et al. 1991) and is known as
the steroid stimulating last stages of oocyte matura-
tion in fish. By several authors it is called MIS (mat-
uration-inducing steroid) or MIH (maturation-induc-
ing hormone). The most recent data by NAGAHAMA
(1997) show that 17a,20BOH-P initiates the transla-
tion of cyclin B mRNA in the oocyte.

Data concerning the seasonal secretory variation
of follicular steroids as well as their regulation are
scarce. Since the follicle is the most hormonally ac-
tive ovarian compartment, a model of isolated folli-
cular cell culture was chosen to study the steroid se-
cretion, apart from the complex structure of the whole
ovary. The sensitivity of follicular cells to CPH, hCG
and 170,20B0H-P during the annual reproductive
cycle expressed in terms of steroid secretion was of
special interest.

Materials and Methods

Animals. The material for culture were ovaries of
6-year-old female carp spawners (average weight
3 kg) from one breed. The stage of ovarian maturity
was established according to Sakun and Bucka
(1968). Altogether 48 females were used in the ex-
periments. The animals were reared at the Experi-
mental Fish Farm, Agriculture University at Krakow-
Mydlniki, Poland. The ovaries were collected each
month throughout the year.

Isolation of follicular cells. Immediately after
sacrifice the ovaries were aseptically removed. Fol-
licles were dissected from the surrounding con-
nective tissue stroma and rinsed several times in
sterile phosphate buffered saline (PBS). To obtain
a suspension of single follicles vigorous pippet-
ing was applied. The largest follicles (0.8-1.2 mm
in diameter) were collected. Further procedure fol-
lowed the protocol used by StokLosowa and EPLER
(1985).

Briefly, obtained cell suspension was inoculated
in Leighton tubes. The initial inoculum contained

2x10¢ cells per 1.5 ml of medium. Cells were cul-
tured as monolayers in M199 medium supplement-
ed with 10 % calf serum, penicillin (120 IU/ml) and
streptomycin (0.1 pg/ml). Viability of cells assessed
by trypan blue exclusion test was 95 %. The cells
were cultured at 37 °C which appeared to be the op-
timal temperature for satisfactory cell growth.

Cell culture. Following types of cultures were
used: 1. control culture in medium M199 alone, 2.
culture treated with carp pituitary homogenate (CPH)
dissolved in the medium to a concentration of 50 pg/
ml. Lyophylized CPH was prepared by a routine in
house procedure, 3. cultures with addition of 10 IU
hCG/ml medium, 4. cultures supplemented with 170,
20BOH-P (150 ng/ml of medium). The cultures were
grown in quadruplicates and replicated 3 times. Af-
ter 2 days the media were collected and frozen for
further steroid analysis.

Steroid analysis. Progesterone (P,), oestradiol (E,)
and androgens (A) were analysed by specific radio-
immunoassays described elsewhere (StTokLosowa et
al. 1982).

Progesterone was estimated using [1,2,6,7-
SH]progesterone (spec. act. 96 Ci/mmol: Amersham
Internationl plc) as a tracer and an antibody induced
in sheep immunized against 11a-hydroxyprogeste-
rone succinyl:BSA (a gift from Prof. B. Cook, Uni-
versity of Glasgow, Glasgow, Scotland). The lower
limit of sensitivity was of the order of 50 pg. Cross
reaction was 1.8 % with pregnenolone, 1.5 % with
corticosterone, 0.8 % with 17a-hydroxyprogestero-
ne, and 0.1 % with testosterone. Binding of four re-
lated steroids such as 20a-dihydroprogesterone,
20B-dihydro-progesterone, 17a-hydroxy-20p3-di-
hydroprogesterone, 17d, 20a-hydroxyprogesterone,
and other steroids was below 0.01 %. Coefficients
of variations within and between assays were below
5.0 % and 9.8 %, respectively.

Oestradiol-17p was determined using [2,4,6,7,16-
SH]oestradiol (spec. act. 140 Ci/mmol: Amersham
International plc, Amersham, Bucks, UK) as a tracer
and an antibody raised in a rabbit against oestradi-
0l-17B-6-carboxymethyloxime:BSA (a gift from
Prof.R.Rembiesa, Institute of Pharmacology, Polish
Academy of Sciences, Cracow, Poland). The lower
limit of sensitivity of the assays was of the order of
5 pg. Cross-reaction was 1 % with keto-oestradiol-
17, 0.8 % with oestrone, 0.8 %, with oestriol and
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Fig. A Carp follicular cells in two day culture. Cells were stained with Oil Red O (ORO) to visualize lipids (red droplets) in
cytoplasm, x 150.

0.01 % with testosterone, other major ovarian ste-
roids showing less than 0.1 % cross-reaction. Coef-
ficients of variations within and between assays were
below 4 % and 7.5 %, respectively.

Androgens were measured using [1,2,6,7-
SH]testosterone (spec. act. 89 Ci/mmol:Amersham
Internationl plc) as a tracer and an antibody raised
in a rabbit against testosterone-3-0-CMO:BSA (a gift
from Dr.B.Ricarova, Institute of Radiology, Czech
Academy of Sciences, Prague, Czech Republic). The
lower limit of sensitivity was of the order of 5 pg.
Cross-reaction of this antibody was 18.3 % with di-
hydrotestosterone and 0.1 % with androstenedione,
while with other major ovarian steroids it was less
than 0.1 %. Since this antibody bound also 18.3 % di-
hydrotestosterone, the measured steroids were re-
ferred to as androgens rather than testosterone. Co-
efficients of variations within and between assays
were below 5.0 % and 9.7 %, respectively.

Oestradiol and progesterone were detected directly
in the media, while androgens were extracted with
ethyl ether. All samples were assayed in duplicate.

Statistical evaluation. The concentrations of steroids
were computed in pg/ml of culture medium and were
expressed as means+S.E. Statistical differences were
calculated by Kruskall-Wallis range test (Zar 1974).

Results

The cells attached to the bottom of culture dishes
after 6 hrs in vitro and after further 18 hrs formed
colonies (Fig A) similar to that described and shown
by Stokrosowa and EpLER (1985).

Progesterone secretion: A. control culture. Six-
ty pg of P, per ml of the medium was secreted in
December and then gradually declined to an unde-
tectable concentration in March (Fig. 1). From April
until May the level of secreted hormone increased
up to 125 and 218 pg/ml respectively, then it fluctu-
ated from 25 pg/ml in June through 112 pg in July to
180 pg in November (Fig. 1).

B. Experimental cultures. The presence of CPH
in the culture medium stimulated P, secretion 5 fold
(300 pg/ml; P< 0.05) only in December, while its
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Fig. 1 Annual profile of progesterone secretion by carp follicular cells. Chh = carp pituitary homogenate, hCG = human
chorionic gonadotropin, 17a,2080H-P = 17a,20Bdihydroxy-4-pregnen-3-one. Values are means=S.E.; asterisks show the
level of significance vs. control in each month (* = P<0.05; ** = P <0.01; *** = P<(.001).
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Fig. 2 Annual profile of estradiol secretion by carp follicular cells. Chh = carp pituitary homogenate, hCG = human
chorionic gonadotropin, 17a,2080H-P = 17a,20Bdihydroxy-4-pregnen-3-one. Values are means=S.E.; asterisks show the
level of significance vs. control in each month (* = P<0.05; ** = P <0.01; *** = P<(.001).

secretion apparently declined from February until
April and then June down to the undetectable con-
centration (P<0.05) (Fig. 1). The cultures supple-
mented with hCG did not differ in P, secretion when
compared to the control, although in June and No-
vember they showed a certain insignificant increase.
The presence of 170,20BOH-P in the medium ex-
erted a visible effect on P, secretion raising it up to
725 pg/ml in April, 394 pg in May, and 718 pg in

July (P<0.01, P<0.05, P<0.001, respectively) (Fig.
1).

Oestradiol secretion: A. control culture. The se-
cretion of E, in control follicular cells isolated from
carp ovaries in December was 476 pg/ml of control
medium. It increased in February up to 780 pg/ml,
to 1307 pg in April and to 1146 pg in May. In June,
however, the secretion of E, declined dramatically
to 40 pg. Maximal secretion (1638 pg/ml) was ob-



CARP OVARY — SEASONAL CHANGES

129

b—Control ——chh —&—hCG = %= 17¢. ZOBOH-Ij

1600

1400 4

1200 -

1000 -

800

pg/ml

600 -

400 -

200 A

ok
4
“~

Fig. 3 Annual profile of androgen secretion by carp follicular cells. Chh = carp pituitary homogenate, hCG = human
chorionic gonadotropin, 17020BOH-P = 17020Bdihydroxy-4-pregnen-3-one. Values are means=S.E.; asterisks show the
level of significance vs. control in each month (* = P<0.05; ** = P <0.01; *** = P<(.001).

served in July, after which it gradually decreased to
572 pg/ml in November (Fig. 2).

B. Experimental cultures. Cultures treated with
CPH showed an increase in E, secretion in Decem-
ber, February, May and September — 517, 1114,
1664, 1376 pg/ml (P<0.05, 0.05, 0.001, 0.05, re-
spectively) (Fig. 2). On the other hand, hCG sup-
pressed E, secretion in cultures in December, Feb-
ruary, and November — 370, 322, 442 pg/ml,
(P<0.01, 0.001, 0.05, respectively) (Fig. 2). The
presence of 17a,20BOH-P in the culture medium
caused an increase of E, secretion by cultures of
cells collected in April and May — 2905 pg/ml ver-
sus control 1307 pg/ml (P<0.001) and 1369 pg ver-
sus control 1146 pg (P< 0.05), respectively. In July
and December the secretion of E, declined to 864
pg/ml (P<0.001) and 402 pg/ml (P<0.05), respec-
tively (Fig. 2).

Androgen secretion: A. control culture. Control
cultures secreted the highest amount of androgen in
March (80 pg/ml), May (226 pg/ml), and September
(103 pg/ml) (Fig. 3).

B. Experimental cultures. CPH added to the con-
trol medium significantly stimulated secretion of
androgens in May only (456 pg/ml; P<0.01) (Fig. 3).
hCG added to the culture medium did not exert any
effect on androgen secretion. On the other hand, 17a,
20BOH-P added to the medium markedly stimulat-

ed androgen secretion in all (except June) investi-
gated months (P<0.001) (Fig. 3).

Discussion

Our research model of cell culture allows the in-
vestigation of secretory potency of isolated compo-
nents of the ovary apart from the complexity of the
entire organ. Based on the data obtained in mam-
mals which showed that ovarian cells in culture se-
creted steroid hormones for 48 hrs in vitro in
a manner reflecting in vivo pattern at the time of cell
harvest (SzoLrys et al. 1982; Mapes 1986), steroid
secretion by follicular cells during a 2-day culture
was studied also in this experiment. Specific in vitro
dynamics of steroid secretion by isolated carp ovari-
an follicular cells during the annual cycle was showed
for the first time in this experiment. Similar annual
fluctuations were described in blood plasma and ova-
rian tissue homogenates by GarLas and BIENIARZ
(1989). In the present study E, was a dominant hor-
mone secreted to the culture medium by carp follic-
ular cells. Maximal amount was secreted in April
and May, thus before and during spawning time. The
results obtained previously by Garas and BIENIARZ
(1989) are in agreement with these reported in the
present work. Another maximum of E, secretion was
observed in cultures of follicular cells collected in
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July and September. This high level of secretion was
thus closely correlated with vitellogenesis — a very
important stage of fish reproduction. The role of E,
in this process was described elsewhere (JALABERT
and FosTier 1984b; Burzawa-GERARD 1991; NAGLER
and IpLER 1992; KwonN et al. 1993). The ovarian ori-
gin of E, in fish was well documented (StokLosowa
and EpPLER 1985; PETRINO et al. 1988b; NAGLER et al.
1992; VENKATESH et al. 1992). Kagawa et al. (1982b)
proposed two cell type model of E, secretion based
on studies on the wall of Sa/mon ovarian follicle
where E, secretion results from the interactions be-
tween granulosa and theca cells. Both cell types con-
tain active aromatase, although in different amounts.
Thecal aromatase is less active. However, it has not
been yet established in carp which cell type of ovari-
an follicle has the ability to aromatize testosterone,
since so far such two cell types have not been dis-
cerned. In follicular cell suspension prior to culture
as well as later in monolayers StokLosowa and EPLER
(1985) observed two cell types, dark cells showing
stronger activity of steroid dehydrogenase (delta’,
3BHSD) and light cells showing weaker enzyme ac-
tivity.

Simultaneously with preovulatory maximum of E,
also maximal level of androgen secretion was ob-
served. This was in accord with the findings by Man-
NING and KiME (1984). Another increase of andro-
gens secreted to the culture medium was seen in Sep-
tember along with intense vitellogenesis. It is possi-
ble that this steroid could be used as the substrate for
aromatization to E,.

The smaller amount of androgens, with simulta-
neous increase in E,, speaks for active conversion.
As about P, an important metabolite in steroidogen-
esis, its maximum occurred in April and May, which
might be related to its intense conversion to 17d,
20BOH-P essential for final oocyte maturation (Ca-
NARIO and Scot 1988, 1990; Suzuki et al. 1991 ; Bien-
1ARz and EPLER 1992; VENKATESH et al. 1992).
YosHiKUNI and NagaHama (1994) showed that 170,
20BOH-P acts on an external surface receptor of rain-
bow trout oocytes to induce maturation.

Recently, PINnTER and THomAs (1995) showed the
presence of both cytosolic and nuclear P, receptors
in the ovary of spotted sea trout. However, they did
not perform the experiment during the annual cycle
but collected samples arbitrarily once in Spring and

once in Autumn. It is possible that steroid receptors
in fish exhibit similar time dependent changes dur-
ing the annual cycle as receptors in rodents during
the sexual cycle (RicHarDs et.al. 1974). This would
explain the fluctuations in sensitivity of follicular
cells to stimulating factors applied.

The effect of carp pituitary homogenate and hCG
on annual steroid secretion by follicular cells was of
interest. DrRorI et al. (1994) and YAroN (1995) ob-
served that the action of pituitary extracts on steroid
secretion was correlated with the stage of oocyte
maturation. Mature carp females injected with CPH
to induce spawning showed a 10-fold increase in E,
concentration and a 20-fold increase of androgen
level in carp plasma (Garas and BIENIARZ, unpub-
lished; EpLER et al. 1987; EpLER et al. 1989). The crude
carp hypophyseal gonadotropin used contains both
gonadotropins GtH-I and GtH-II and their binding
to follicular cells is modulated by steroids and GH
(QuEsNEL and BreTon 1995). In the present experi-
ment CPH stimulated mainly E, secretion by carp
follicular cells in culture. That stimulation was es-
pecially significant in February, May, September and
December. This could suggest that at that time
(spawning and vitellogenesis) the cells were more
responsive to that homogenate.

Human chorionic gonadotropin, proved to stimu-
late maturation of the gonads of several fish species
(BaraNNIKOVA et al. 1975; ScotT and CaNaRrio 1990;
Kacawa et al. 1994). JaMAL-UDDIN and BHATTACHARYA
(1986), showed hCG binding sites in fish ovary.
MucniEr et al. (1997) showed a decrease of testoster-
one and E, secretion by fish ovarian fragments incu-
bated with hCG. Suppressive action of hCG upon E,
secretion during 24 hrs culture of Limanda limanda
ovaries was also observed by Canario and Scort
(1990). Similar correlation was observed in this ex-
periment (Fig. 2).

In the past, hCG was extensively used for induc-
ing spawning in fish hatcheries. However, recent re-
ports indicate that repeated hCG treatment induces
hCG antibodies which impair fish fertility. More-
over, BARANNIKOVA et al. (1975) showed that hCG did
not affect oocyte maturation in carp what was also
supported by EpLER et al. (1986) who did not ob-
serve any induction of spawning by hCG in the carp.
The results of this work could support their results
that hCG is not effective in carp reproduction. This
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could be a result of species specifity of the hormone
or of a different mechanism of hCG action on tish
follicle.

17a,20B0H-P production by fish ovaries was
shown by PETrRINO et al. (1989b), CanarIO and ScotT
(1990) and Suzuki et al. (1991). BiLLarD et al. (1992)
showed fluctuations in the secretion of this steroid
by carp testes from 17th until 41st month of life.
GoEtz et al. (1997) showed that 17a,20BOH-P stim-
ulated ovulation in vitro and prostaglandin (PG) syn-
thesis by yellow perch follicles incubated with frag-
ments of interstitial tissue.

There is no information so far concerning the re-
activity of ovarian cells to this steroid. It may well
be induced in para- or rather autocrine fashion, sim-
ilarly as E, affects granulosa cells in mammalian
follicles (RicHARDS 1974). In the presence of 17d,
20BOH-P in the culture medium, secretion of P,
showed two distinct maxima in April and July (Fig.
1). Since there was no significant cross-reactivity of
17a,20BOH-P with P, in RIA assay, the increase of
P, could result from stimulation by exogenous 17a,
20BOH-P (Fig. 1).

At the presence of 17a,20B0OH-P androgen secre-
tion was higher than in the control cultures in all the
studied months except for June. It is difficult to ex-
plain this finding. It cannot be excluded that 170,
20BOH-P serves as a substrate for androgen synthe-
sis. Interesting biphasic action was exerted by 170,
20BOH-P on E, secretion, which was stimulated be-
fore ovulation and inhibited at the beginning of vi-
tellogenesis (July) and then in December.

On the other hand, JALABERT and FosTiER (1984a)
showed that in Oncorhynchus mykiss a high level of
E, significantly suppressed secretion of 17a,20BOH-
P by the follicles. They concluded that high levels of
E, could also prevent oocyte maturation before vi-
tellogenesis was completed. In the present experi-
ment it was observed that 17a,20BOH-P in Decem-
ber and in July suppressed aromatization, because
the increase in A secretion was accompanied by the
decrease in E,. Thus, this progestagen could suppress
aromatization like P, does in mammalian ovarian
follicles (ForTUNE and VINCENT 1983). Also in fish
the progestagens inhibit the aromatization before
ovulation. It seems likely that 17a,20BOH-P, apart
from its action as MIS, could be an important mod-
ulator of follicular steroidogenesis in fish. It would

be interesting to detect in another experiment, how
much 17a,20BOH-P is secreted by ovarian cells dur-
ing the annual cycle.
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