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Abstract

Ovarian maturation is regulated by several factors. Hormone action is main factor for the oocyte development and maturation of
fishes. Gonadotropins are well characterized in fishes, they are follicle stimulating hormones and luteinizing hormone. Oocyte
maturation in fish is initiated by the release of luteinizing hormone secreted from pituitary. LH stimulates the production of 17
a-hydroxyprogesterone (17a-HP), which is converted to 17a, 20B-dihydroxyprogesterone (DHP) the maturation inducing
hormone (MIH). Not much of the work reported the in vitro studies in the hCG action of oocyte maturation in the fish species of
C. nrigala. Hence the present study focused on the incubation studies to know the levels of various steroids profiles during the

various developmental stages of oocyte.
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I ntroduction

Oocytes incubated in culture medium have been
demonstrated to secrete steroid hormones (Petrino et
al., 1989a) in the presence of steroid precursors. In
teleost fishes C18 and C19 steroids are generally
secreted during gonadal growth and C21 steroids
during spawing period (Fostier et al., 1983; Goetz,
1983; Scot and Canario, 1987). A Shift in the
steroidogenic pathway from E2 to 17,20B-P occurs in
ovarian follicle cells prior to oocyte maturation
(Nagahama, 2000; Planas et al., 2000). Investigations
in oocyte maturation in fishes indicate that estrogens
are generadly not effective in inducing final oocyte
maturation (Goetz, 1983). In Salmonids and
Cyprinids, 17,20B-P was indentified in vivo and in
vitro as Maturation inducing steroid (MI1S) (Nagahama
et al., 1983; Fostier et al., 1983; Scot and Canario,
1987). Kime (1993) suggested that other steroids
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could be implicated in final oocyte maturation in other
fish. For instance, 17,20B-P and 17,21-P were the
main metabolites in vitro in Pleuronectiforms and
Siluriforms, respectively (Upadhya and Haider, 1986;
Scott and Canario, 1990). 17,203-P was identified as
MISin Clarias batrachus (Inbarg et al., 2001).

Fish gonadotropins are not easily available hormones
from mammalian sources are commonly used as
aternatives in various studies in fish (Kwok et al.,
2005). Oocyte maturation is first initiated by a LH
surge from the pituitary which triggers the production
of 17a-hydroxyprogesterone from the thecal cells.
17a-hydroxyprogesterone is then converted into
170,20B- dihydroxyprogesterone (170,20B3-P) known
as maturation inducing hormone in the granulosa cell
layer of cyprinid fishes like goldfish and zebrafish
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(Nagahama and Y amashita, 2008; Patino et al., 2001).
MIH activates MPF by binding to membrane progestin
receptor leads to final oocyte maturation which
includes meiotic resumption of oocytes and
breakdown of germinal vesicle (Kondo et al., 2001;
Patino et al., 2001; Thomas et al., 2004; Miura and
Miura, 2008; Nagahama and Y amashita, 2008).

This study was the first to examine the in vitro
synthesis of steroids by the regulation of hCG in the
oocyte sample of C. mrigala by in vitro method.
Patino and Thomas, 1990 reported that in many
teleosts, oocyte maturation is promoted by LH in two
ways. The first step is to increase the oocyte
maturational competence and the second step is to
promote the MIH production. hCG induces oocyte
maturation in asimilar fashion to fish LH, and interact
with fish LH receptors (Pinter and Thomas, 1999).
Tsai et al., 2010 studied the in vitro cultures of early
stage zebrafish ovarian follicles for the first time.
Ovarian follicles of croaker were treated with
gonadotropin showed upregulated mPRa protein level,
accompanied the development of oocyte sensitivity to
20B-s and completion of oocyte maturation (Tubbs
et al.,, 2010). These findings consistent with those
obtained in spotted seatrout and goldfish (Tokumoto
et al., 2006; Zhu et al., 2003b). Studies of Pang and
Ge, 2002; Patino and Kagawa 1999; Zhu et al., 1989;
Kagawa et al., 1994, reported that in teleosts hCG
promotes the oocyte maturation competence. Wang
and Greenwad et al.,, 1993; Wang et al., 2005
revealed that hCG induces significant increase in the
growth of primary folliclesin mice. Results of Kumar
et al., (20014, b) reported that hCG activates FSH and
L S receptors of channel catfish. Pang and Ge, (2002)
studies supported the significant maturation of
zebrafish stage |11 oocytes by hCG. Progesterone and
gonadogropins interaction and their effects on
folliculogeneisisin cat were proposed by Roche, 1996;
Monniaux et al., 1997; M cGee and Hsueh, 2000.

In atlantic croaker spontaneous ovulation of fully
grown follicles and germinal vesicle breakdown of
intra follicular oocytes were significantly higher at a
pH of 8.5than 7.5 (Patino et al., 2005). hCG activated
both FSH and LH receptors in catfish (Kumar et al.,
20014, b). In mice hCG showed significant increase in
the growth of primary follicles (Wang and Greenwald,
1993; Wang et al., 2004). However, the lacuna of
information about the hormones induction of ovarian
steroidogenesis in difference during the development
of ovary in C. nrigala. Hence, incubation studies
were carried out to identify the steroidogenesis
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difference during the hormonal induction of ovarian
devel opment.

Materials and M ethods

Collection of Fish

Female fish of Cirrhinus mrigala were collected
during the reproductive period from Saathanur
reservoir located in Thiruvannamala  district.
Thiruvannamala is located at 12.22°N'79.07, E*'. It
has an average elevation of 171 meters (561 feet) and
is situated 185 km from Chennai and 210 km from
Bangalore. Saathanur Dam across Thenpennai River is
atourist place near Thiruvannamalai.

I ncubation studies

The femae fish used for the study showed
Latevitellogenic oocytes. The ovaries were dissected
out after sacrificing the fish. The ovarian fragments
were introduced into culture vials each containing 3
ml of the incubation medium.

The culture medium was prepared by dissolving 7.3
gm NaCl, 0.18 gm KCl, 0.07 gm MgSO, 0.18 gm
MgCl,, 0.29 gm CaCl, 0.95 gm HEPES and 1.0 gm
Glucose in 1 litre of distilled water and the medium
was maintained at 18°C. pH was maintained at 7.2.
Incubation of oocytes was carried out in culture vias.
3ml medium was used for each incubation.
Incubations were carried out using hCG. Oocytes were
incubated with these two hormones in different time
intervals of 30 minutes, lhour, 2 hours, 4 hours, 8
hours and 16 hours in the concentration of 1ug/ml. In
the experimental incubation vials each containing 3ml
of medium and 3ug of hCG. Three replicas were
maintained for same concentration in different time
intervals to get the concordant result. The incubation
was maintained for 16 hours at 18°C in a modified
BOD incubator. The incubated medium was stored in
separate vials at -70°C for further processing to know
the synthesis of steroids from the incubated oocytes.

Steroid Extraction

The incubated medium was extracted thrice with
dichloromethane - 3ml, 2ml and 2 ml respectively.
The mixture was vortexed and centrifuged at 4000
rom and the supernatant was separated. The
supernatant collected was pooled and dried. The dried
extract was then dissolved in 50 pl of dichloromethane
and methanol (9:1).
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High-performance Liquid Chromatography

Acetonitrile and water (40:60) were used as the
solvent with a flow through rate 1ml/minute. The C18
column (ODS 0.2u) used for separation. The UV-
visual detector used to identify the synthesis of
steroids from in vitro oocytes incubated medium used
at 244nm and 254nm. 17a,20B, 21-P; 11-KT; 17,21-P,
21-P; 17,20B-P; 17a,200-P; T; 11-DOC; 17a-P and P4
(the order mentioned here as per the retention time)
were used as reference.

Results

In vitro sysnthesis of steroids by the induction of
hCG

HPLC analysis revealed the presence of al the steroid
metabolities identified by the incubations carried out
with latevitellogenic oocytes with hCG and LH at
different time intervals in the concentration (1pg/ml).
The standards of steroids were run separately the peak
chromatogram and tables were observed and the entire
steroids standard collectively mixed together then
these standards were run too analyzed by HPLC, the
peak chromatogram results represent in (Table. 1),

standards steroid graph and 30 mins control peak
chromatogram in (Fig. 1 and 2.). Oocytes incubated
without hCG for experiment control 30minutes
yielded 17, 21-P, 17,20B3-P, 11-KT, T and 21-P peaks
were observed. 30 minutes incubated oocytes with
hCG yielded 17, 21-P, 17,203-P, 11-DOC, 11-KT, 21-
P, 17,200-P, P4 and 20B-P peaks were observed. The
synthesis of steroids 17, 21-P, 17,20p-P, 11-KT, T, 21-
P, 17,200-P, P4 and 20pB-P peaks were observed from
oocytes incubated with hCG at lhour. 2 hours
incubated oocytes incubated with hCG yielded 17,21-
P, 17,20B-P, T, 21-P, 17,200-P, P4 and 20B-P peaks
were observed. Oocytes incubated 4 hours with hCG
to synthesized the steroids of 17,21-P, 17,203-P, 11-
KT, T, 21-P, 17,200-P, P4 and 20B-P peaks were
observed. The synthesis was carried out with hCG at
8 hours yielded the steroids 17,21-P, 17,20B-P, 11-KT,
17,20B,21-P, T, 21-P, P4 and 20B-P peaks were
observed. 16 hours oocytes incubated with hCG
yielded the steroids of 17,21-P, 17,203-P, 11-KT,
17,20B3,21-P, T, 21-P, P4 and 20B-P peaks were
observed. Oocytes of control maintain without hCG at
16 hours incubation yielded the steroids of 17,21-P,
17,20B-P, 11-KT, T, 21-P, 17,200-P, P4 and 20(3-P
peaks were observed.

Table 1. Showsthein vitro synthesis of steroidsin the ovary of C. mrigala by theinduction of hCG in
different time durations.

SteroidsName Ovaryincubated with hCG hormonein different timeintervals
30mins. control | 30mins. | 1hour hCG | 2hour hCG | 4hourshCG | 8hourshCG | 16 hourshCG
hCG

170,21-Hydroxypr ogester one 4+ e+ +++ e+ e+ +H++
170,208,21-Trihydr oxypr ogester one ++ i
11-Deoxycorticoster one - +

11-K etotestoster one + ++ + ++ ++
Testosterone ++ ++ +++ ++ +++ +++
Progesterone + + + + +
21-Hydr oxypr ogester one +H++ ++ +H++ +++ ++ +++ 4+
20B-Hydroxypr ogester one +H+ ++ +HH+ ++ +++
170,200-Dihydr oxypr ogester one ++ ++ ++ - +
170,20B-Dihydr oxypr ogester one +++ ++ ++ ++ ++ +++ +H++

(+)- indicates the presence of the steroids in trace levels, (++)-indicates the moderate levels, (+++)-indicates the
increased levels, (++++) - indicates the highly increased levels of steroids in the incubated oocytes and (-)-indicates

the absence or non-detectable range of steroids.
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Fig. 1 shows the standards of various steroids peak detected by HPLC A and B shows the peaks chromatogram of
standards steroids and 3D graph respectively.
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Fig. 2. Thein vitro synthesis of steroidsin the 30 minutes control tissue of ovary in the C. nrigala.
A and B shows the chromatogram of steroids and 3D graph of steroids respectively.

Discussion

The present results revealed the in vitro synthesis of
steroids in the incubated oocytes in the C. nrigala by
the induction of hCG at different time durations.
Severa steroids 17,21-P; 17,20B-P; 17,203,21-P; 11-
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KT; T; 21-P; 17,20a-P; 20B-P and P4 peaks were
observed by HPLC and confirmed the steroids were
involved in the oocyte steroidogenesis in the
C. nrigala.Nelson and Kraak, (2010) report suggested
that the insulin like growth factor IGF isinvolved in
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oocyte maturation and that follicles become
responsive to IGFs at an earlier stage compared to
17,20B-P. IGF-I aso increased the responsiveness of
the follicle to 17,20B-P, they are suggesting a role in
promoting maturational competence. 1GF-1 alone and
in combination with hCG stimulated the production of
17,20B-P by ovarian follicles incubated in vitro. More
recently Pramanick et al., 2014 suggest the 17,203-P
produced in follicle cells by the induction of
gonadotropin is able to induce oocyte maturation in
Tenualosa ilisha.  17,20B-P induced the oocyte
maturation in this fish is mediated through activation
of Phosphatidylinositol 3 kinase (P13) kinase pathway.
According to Algriany et al., (2004) factors present in
follicles at later stages of follicular growth play an
important role steroidogenesis in oocyte maturation
mechanisms and thereby enhance developmenta
competence of oocytes. Chen et al., 2013 reported
and suggest no evidence for the
dihydroxyprogesterone mediated increase of 11-KT
production, In contrast present findings given ided
results of hCG induction of oocytes steroidogenesis in
the C. nrigala was not drastically changes the 11-KT
and T synthesis. This is the first report of identifying
the steroidogenic profile patterns of several steroids
involved in the mechanism of oocyte maturation by
the action of hCG incubated in the oocytes of
C. nrigala. Incubation studies were carried out
different time intervals with a reduction of changes
observed in the patterns of expression in the periods of
30 minutes, lhour, 2 hours, 4hour, 8hours but dlightly
varied in the several ovarian steroids peaks were
observed in oocytes of C. mrigala incubated hCG of
16 hours.

Results from our study reported the variations of
steroids in the various developmental stages of oocyte
of C. mrigala. Present study deals with hCG
incubation were given at 30 mins, lhour, 2hours,
4hours, 8hours and 16hours time interval of the
ovarian steroids observed. This action of hCG to
increase steroids levels in 17,20B,21-P binding to
ovarian membrane of C. nrigala and the ability of
oocytes to respond to 20B-S, the maturation inducing
steroid in this species (Trant and Thomas, 1986, 1988)
and undergo meiotic maturation (Thomas et al.,
2001). Results of Tsa et al., 2010 indicates that
diameter of stage Il follicles increased after hCG
treatment. hCG promotes growth in early stage
follicles of zebrafish. This result supports their
function in regulating the oocye maturational
competence. hCG tiger to increases the oocyte
maturation of steroids level in the fish species of C.
nmrigala. Gonadotropins upregulated membrane
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progestin  receptor protein  levels in  oocytes.
Meanwhile, the sensitivity of ooocytes to MIS in
several fish species including seatrout, goldfish,
atlantic croaker and zebrafish has been increasing
concomitantly (Tan et al., 2009; Tubbs et al., 2010;
Zhu et al., 2003b). According to the results of Tubbs
et al., 2010 the first stage of follicular development in
croaker is gonadotropin dependent but steroid
independent and marked by the devel opment of oocyte
maturational competence. They also reported that the
upregulation of mPRa protein in respond to hCG
treatment is based on time course. Results of Hanna
and Zhu, 2011 reported that numbers of oocytes
undergoing final oocyte maturation were increased,
when mPRa is overexpressed. These results were
consistent with the results of Zhu et al., 20033, Hanna
et al., 2006).

Results of our studies were consistent with the report
of Zhu and Hanna, 2008 which showed that the effect
of membrane progestin receptors various levels.
Interestingly, an evaluation of individual incubated
time durational in vitro synthesis of steroid profile in
the C. mrigala revealed modest elevations in MIS
steroids approaching the delineation between the
baseline and elevated values. Future, study required
focused on the specific role and mechanisms of
hormones for the ovarian steroidogenesis of
C. nrigala.
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