JOURNAL OF CURRENT RESEARCH IN SCIENCE (ISSN 2322-5009)
CODEN (USA): JCRSDJ
2013, Vol. 1, No. 4, pp:192-198
Available at www.jcrs010.com
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HORMONAL INDUCTION AND SYNCHRONIZATION OF OVULATION IN ENDANGERED CASPIAN
BROWN TROUT (SALMO TRUTTA CASPIUS KESSLER, 1877) AND ITS EFFECTS ON EGG QUALITY
Seyed Ehsan Mousavi
Department of Fishery, Qaemshahr branch, Islamic Azad University, Qaemshahr, Iran
ABSTRACT: The aim of this study was to evaluate the effects of different hormones to induce and
synchronizing of ovulation in an early spawning of Salmo trutta caspius. Fish were selected in the
beginning of the spawning season and were allocated into five groups and were treated intraperitoneally;
(I) 0.5 ml of sGnRHa in two injections (GnRHa–Dom, GnRH-1), (II) 0.5 ml propylene glycol-dissolved
mGnRHa in two injections (GnRHa–Met, GnRHa-2), (III) 0.5 ml propylene glycol-dissolved [D-Trp6mGnRH] in two injections (GnRHa–Met, GnRHa-3) and (IV) 0.5 ml propylene glycol-dissolved sGnRHa in
two injections (GnRHa– Met, GnRHa-4) and (V) 0.5 ml propylene glycol in two injections (control group).
The GnRHa and dopamine antagonist doses in all hormone treatments were 20 µg kg-1 and 10 mg kg-1
body weight respectively. In each injection, fish received half dose of hormone. All treatment groups
received two injections four days apart. All fish in treatment I & II groups had 100% ovulated within 15 &
14 days after treatment, respectively. While 50% and 83.33% of the fish in the treatment III & IV ovulated
within 18 to 21 days after treatment respectively. The control group had only 33.3 % after 31 days. Fish
injected with the GnRHa had a mean time ovulation of 13 days, compared with 24 days for control treated
fish. None of the treatments caused any pre- or post-spawning mortality in the broodstock. Fertilization,
eyeing and hatching percentages of the produced progeny were normal in all the treatment groups and
did not differ significantly among them (p>0.05). In conclusion, all GnRHa-DA treatments were effective in
advancing the onset of ovulation, synchronizing the ovulation of the treated fish and shortening the egg
collection period, relative to the control without affecting broodstock survival and egg quality.
KEYWORDS: GnRHa, Dopamine antagonist, Induction of ovulation, Salmo trutta caspius.
INTRODUCTION
The Caspian brown trout, Salmo trutta caspius,
one of the most important fish of Caspian Sea
belongs to Salmonidae, and is an endangered
anadromous fish which such as sturgeon fish,
has been artificially reproduced for restocking
purpose (Yousefian et al., 2010; Mousavi et al.,
2011). Cultivated stocks have been reared for
enhancement and protection of wild populations
and maintenance of this species depends on
stocked fish originating from aquaculture
systems. The acceleration of final oocyte
maturation is important in this fish, due to the
economics of broodstock management. In most
fish species, however, the need to collect the
eggs by stripping is a serious limitation, as the
time of ovulation must be predicted with
accuracy, as over-ripening may take place in
minutes or hours after ovulation (Mylonas et al.,
2010; Yousefian and Mousavi, 2011a; Yousefian
and Mousavi, 2011b). While in salmonid this
characteristic may be advantageous particularly
by using combined hormones allows collection
of eggs from a number of females that have
ovulated at different times during the course of a

week and fertilization with selected sperm. The
control
of
reproduction
by
hormonal
manipulations and inducing final ovulation are
successfully practices in fishes of Caspian Sea
(Yousefian et al., 2010; Yousefian and Mousavi,
2008; Mousavi and Yousefian, 2012). Gonadal
maturation in teleost fish is primarily regulated
by the brain–pituitary–gonadal axis. The GnRH
stimulates the synthesis and release of pituitary
gonadotropin (Mousavi and Yousefian, 2012;
Yousefian and Mousavi, 2011a; Yousefian and
Mousavi, 2011b), and GTH stimulates the
production of steroid hormones in the gonads
(Mylonas et al., 2010; Zohar et al., 2010).
The introduction of GnRH analogs (GnRHa) has
proven to be efficient in inducing maturation
and spawning in many fish species (Vazirzadeh
et al., 2008; Yousefian et al., 2008; Yousefian et
al., 2009; Park et al., 2007; Arabaci et al., 2004).
Likewise,
anti-dopaminergic
drugs,
domperidone and metoclopramide, have also
been found to be highly effective for stimulating
the spawning process of fishes mainly in
cyprinids and catfishes (Billard et al., 1984;
Yousefian et al., 2008). Notwithstanding that
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in the early spawning strain of Caspian brown
final maturation and ovulate during their annual
trout, Salmo trutta caspius.
reproductive season, it is still not easy to predict
the exact timing of ovulation in individual
MATERIAL AND METHODS
females, necessitating frequent checking of a
The experiment was carried out at the
broodstock over a period of more than a month
Kalardasht Salmonids Reproduction Center
(Crim and Glebe,1984). Checking brooders one
(KSRC), Iran, during the spawning season of
by one at the time of spawning season in very
Caspian brown trout. Sexually maturing 2-yearscold water is an important and difficult part of
old female Caspian brown trout (S. trutta
artificial propagation of salmonid fish species.
caspius) with a mean (±S.D.) weight of
There are several methods available for
265±18.68 g were randomly selected and
spawning induction: injection of pituitary
transferred to one 6-m3 concrete raceways
extracts, human chorionic gonadotropin (HCG),
supplied with running water, approximately 4
gonadotropin (GtH), gonadotropin-releasing
weeks prior to the normal spawning (early Dechormone (GnRH) and GnRH agonists. GnRH and
Feb) date.
its agonists for spawning induction therapies
Female/male ratio was set to be 1:2.
have important advantages over the use of GtH
Broodstocks were maintained under natural
preparations. GnRH can provide a more
water temperature (6.5 ± 0.3 °C) and
balanced stimulation of reproductive events and,
photoperiod. Fish were acclimated to the
better integration of the events with other
holding condition for a week.
physiological functions, by directly or indirectly
affecting release of other hormones necessary
2.1. Hormonal Treatment
for successful final oocyte maturation and
The treatments included (a) an intraperitoneal
spawning ( Zohar and Mylonas, 2001; Yousefian
injection
of
a
commercial
salmon
and Mousavi, 2011a; Yousefian and Mousavi,
GnRHa/domperidone preparation (Ovaprim,
2011b). There are several methods for
Syndel Laboratories Ltd., India; 20 µg [Dadministration of GnRHa to broodstocks include;
Arg6,Pro9- Net] sGnRHa+ 10 mg domperidone
injection of hormone in vehicle, the use of
per ml propylene glycol) , (b) an intraperitoneal
GnRHa with dopaminergic drugs, sustained
injection of GnRHa [D-Ala6,Pro9-Net] LHRHa
release preparation, of these methods, the best
(Ningbo SanSheng Pharmaceutical Co., Ltd,
one is the sustained release preparation of
China) in combination with dopamine receptor
GnRHa (Zohar and Mylonas, 2001; Mylonas et
antagonist, Metoclopramide (Osvah Co., Tehran,
al., 2010).
Iran), (c) an intraperitoneal injection of GnRHa
Sustained release preparations of GnRHa replace
[D- Trp6-mGnRH] in combination with
the multiple GnRHa treatments that are often
Metoclopramide, (d) an intraperitoneal injection
necessary for a successful response (Zohar and
of GnRHa [D-Arg6,Pro9, Net] sGnRHa in
Mylones, 2001). On the other hand, the length of
combination with Metoclopramide, (e) a Control
gametogenesis of salmonid species is under
group without any treatment). Water
gonadotropin control (Mylonas et al., 2010;
temperature was 7.5 °C at the beginning of the
Arabaci et al., 2004; Vazirzadeh et al., 2008).
experiment. After allowing the fish to
Thus it could be hypothesized that advancement
acclimatize in a new raceway for one week, they
and synchronization of ovulation would require
were anesthetized in tricaine methane-sulfonate
a more prolonged and controlled stimulation of
(MS222, 100 ppm) and female fish (n=50) were
GtH secretion compared to that required in
randomly divided into five groups (n=10) and
other species (Zohar and Mylones, 2001).
injected intraperitoneally with one of five
These delivery systems alleviate the need for
treatments. Fish in group 1 (n=10) received two
multiple treatments, but they are expensive and
injections with sGnRHa+domperidone (trade
not readily available worldwide. Therefore, in
mark Ovaprim) spaced 4 days apart (GnRHa-1).
the present study three different GnRHa and two
Fish in group 2 (n=10,GnRHa-2), group 3(n=10,
different anti-dopaminergic drugs were used by
GnRHa-3) and group 4 (n=10, GnRHa-4) were
double injection protocol. Thereby, the aims of
injected with GnRHa ([D- Ala6,Pro9-Net] LHRHa,
this study were to evaluate; (a) assessing the
[D-Trp6-mGnRH] and [D-Arg6,Pro9, Net]
effect of different kinds of GnRHa (in a same
sGnRHa respectively) diluted with propylene
dose, 20 µg per kg body weight) and two
glycol and mixed solutions of GnRHas with
different kind of anti-dopaminergic drugs, (b)
Metoclopramide (GnRHa+Met in groups 2,3 and
the effect of GnRHas+DA on advancement and
4) at Day 0 and Day 4. In each injection, fish
synchronization of ovulation and (c) egg quality
received half dose of hormone. Control fish
(n=10) received only 0.5 ml per kg-1 body
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Fish injected with the GnRHa-1, GnRHa-2,
The final concentrations of GnRHa and Met
GnRHa-3 and GnRHa-4 had a mean time to
(Dopamine antagonist) were 20 µg GnRHa kg-1
ovulation of 8.5, 7.2, 15 and 12.5 days,
body weight (BW) and 10 mg kg-1 body weight
respectively, compared with 24.2 days for
(BW), respectively. Total volume of each
control treated fish (Figure 2).
injection was 0.5 ml (males were given half the
The mean time to ovulation for fish injected with
female dose). All treatments were prepared just
the GnRHa-1 group and GnRHa-2 group were
before the injections.
significantly shorter compared with control
group and the GnRHa-3 and GnRHa-4 treatment
2.2. Egg Collection and Quality
groups (p < 0.05).The GnRHa-3 and GnRHa-4
After treatment, fish were checked for ovulation
treatment groups advanced significantly the
twice a week, by manually stripping eggs using
spawning date compared to control group of the
gentle pressure on the abdominal region. Once
Caspian brown trout (p < 0.05) (Figure 2).
ovulation was initiated, fish were checked for
ripeness daily. Each ovulated fish was stripped
and the eggs were fertilized using sperm from
three males. To evaluate egg quality, three
samples of about 150 eggs from each female
were incubated separately in plastic floating
trays. After eyeing, the dead eggs were
preserved and cleared in Stockard solution
(5:4:6:85 v/v formaldehyde: glacial acetic acid:
glycerin: water). Therefore, egg diameters, the
fertilization, eyeing (as percentage of fertilized
eggs) and hatching rate (as percentage of eyed
eggs) were determined (Mylonas et al., 1992).
Figure 1: The effect of treatment with
2.3. Calculations and Statistical Analyses
GnRHas+Met (group 2,3 and 4) in propylene
Data on the mean time to ovulation were
glycol and GnRHa+Dom (group 1) in propylene
analyzed using non-parametric Analysis of
glycol on cumulative ovulation of Caspian brown
Variance (ANOVA, Kruskal–Wallis; SPSS). Egg
trout.
quality data were analyzed using analysis of
variance (ANOVA) after arcsine- transformation
of data in case of percentages. Statistical
significance was accepted at P<0.05. Data is
reported as mean±S.D.
RESULTS
3.1. Effects of Gnrha Administration on the
Induction and Synchronization of Ovulation in
Caspian Brown Trout
Treatment with the GnRHa-1 and GnRHa-2
significantly advanced the spawning date in
Caspian brown trout (Figure 1). In all GnRHa
treatment groups, ovulation was initiated as
early as day 10 after second injection
treatments. Ovulation reached 100% on day 1415 days in the fish receiving the GnRHa-1 and
GnRHa-2. In the control group, the cumulative
percentage of ovulation increased slowly from
day 16 to day 31 reaching 33.33% at the end of
the experiment (Day 36). At the end of the
experiment (day 36), 50% (GnRHa-3) and
83.33% (GnRHa-4) of fish injected with (GnRHaDA) had ovulated within 21 and 18 d
respectively (Figure 1).

Figure 2: Mean (±S.D.) time to ovulation.
Different letter superscripts indicate statistically
significant differences among means (ANOVA,
P<0.05). GnRHa-1: D- Arg6, Pro9- Net plus
Domperidone, GnRHa-2: D-Ala6, Pro9-Net plus
Metoclopramide, GnRHa-3: D-Trp6-mGnRH plus
Metoclopramide, GnRHa-4: D-Arg6, Pro9, Net
plus Metoclopramide, Control group: Propylene
glycol.
3.2. Effects of Gnrha Treatment on Egg Quality
and Post-Spawning Mortality
The fertilization percentage, eyeing percentage,
hatching percentage and egg diameters are given
Table 1. Fertilization, eyeing, hatching success
and egg diameters of the eggs produce by the
five treatments were normal and no significant
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is evident that dopamine antagonists have a
mentioned above among groups (p>0.05). In
significant impact on influencing the process of
present study, no mortality was observed in the
final oocyte maturation and ovulation through
fish
given
GnRHa+DA
treatments
an indirect pathway, i.e., pituitary LH secretion
intraperitoneally, which were monitored for 2
by GnRHa (Billard et al., 1984; Yaron et al.,
months after treatment.
2003) For the use and comparing of different
GnRHa for the purpose of controlling spawning,
Table 1: Mean (±S.D.) of fertilization percentage,
GnRH analogues have often proven more
eyeing percentage, hatching percentage and egg
effective than native forms because of their
diameters of eggs produced from Caspian brown
resistance to enzymatic degradation (Goren et
trout according to the treatments
al., 1990). It was (coincident) with the result we
Treatment
Fertilization (%)
Eyeing (%)
Hatching (%)
Egg diameters
found for Caspian brown trout. Analogues of
Control
83±6.8 a
92.8±3.1 a
92±1.8 a
3.8±0.2 a
mammalian and salmon forms, such as those
GnRHa-1
81±7.7 a
92.3±2.2 a
92±0.8 a
3.7±0.1 a
GnRHa-2
78±9.5 a
91.7±2.3 a
91±1.7 a
3.7±0.1 a
used in the present study have employed,
GnRHa-3
77±10.4 a
92.4±2.5 a
94±2.2 a
3.7±0.2 a
GnRHa-4
79±8.6 a
92.6±2.6 a
92±2.4 a
3.7±0.1 a
however in comparisons using mammalian (DNo statistical difference was detected among any
Ala6, Pro9, NEt-mammalian) and salmon (Dof the parameters (ANOVA, P>0.05).
Ala6, Pro9, NEt-salmon) analogues, no
differences in efficacy were found in gilthead
DISCUSSION
seabream (Zohar et al., 1989) or landlocked
In last three decades the use of hormone to
salmon (Crim et al., 1988b) but the salmon
induce spawning and synchronizing of ovulation
analogue was shown to be more potent in
has been of great interest, in order to maximize
causing gonadotropin release in other species
yield while minimizing the number of pawners
such as the rainbow trout (Crim et al., 1988c).
(Yousefian et al., 2010). Although Caspian brown
The failure that observed in group 3 and 4 in
trout such as other salmon and trout spawn at
compared to group 1 and 2 treatments that
specific seasons of the year, it is still not easy to
reliably induce maturation is probably the result
predict with precision the timing of ovulation in
of this short residence time of GnRHa in
individual fish, necessitating frequent checking
circulation, which ranges from a few hours to a
of captive broodstock over a period of a month
few days depending on GnRHa, initial dose, fish
or even longer (Crim and Glebe, 1984; Bromage
species and water temperature As stated earlier
et al., 1992; Arabaci et al., 2004).
by Zohar and Mylonas, (2001), FOM may require
Several methods have been used to induce
many days to be completed, and GnRHa must be
ovulation and spawning in salmonid species.
maintained elevated in the circulation
These
include
salmon
gonadotropin
throughout this time in order to induce the
preparations (Hunter et al., 1978), gonadotropin
necessary elevations in plasma LH.
and tamoxifen treatment (Donaldson et al.,
Also, fish do not begin FOM immediately after
1981), salmon pituitary extracts (Hunter et al.,
GnRHa injection, even though plasma LH or
1981) Recently, GnRHa+ PIM (Billard et al.,
steroid levels may begin to increase within
1984; Park et al., 2007) and GnRH agonists have
hours after treatment. The results (which part of
gained favour among commercial fish producers
results)in present study were consisted with
to advance and synchronize of spawning
other investigations on coho salmon (Fitzpatrick
(Mylonas et al., 1992; Breton et al., 1990) The
et al., 1984) and brown trout (Mylonas et al.,
typical effective dose for commercial salmonid
1992).
species such as rainbow trout and brown trout
In the present study GnRHa+DA were effective
(Salmo trutta) is ranged 10-20 µg kg-1 b.w. of
in advancing the ovulation time and
GnRHa and 1-10 mg kg-1 of DA in two injection
compressing the ovulation season when using a
apart 3-6 days (Billard et al., 1984; Mylonas et
double injection in all treatment groups. The
al., 1992). Therefore this was used as the median
result showed treatment of GnRHa (group 3 and
dose in the present study.
4) were significantly lower effect compared with
Combined injection of GnRHa and Pimozide and
group 1 and 2 in inducing and synchronize
the effect of PIM on advancement and
ovulation. This failure is probably related to the
synchronization of spawning has been reported
stimulation of a brief gonadotropin (GtH)
in rainbow trout (Billard et al., 1984), Arctic
secretion, which can be effective only in fish at a
charr (Salvelinus alpinus) (Gillet et al., 1996) and
very advanced stage of final oocyte maturation
Chum salmon (Oncorhynchus keta) (Park et al.,
as stated earlier by (Breton et al., 1990).
2007) that is consistent with its reported role as
The present study clearly showed that the
a dopamine antagonist.
GnRHa in combination with dopamine
Notwithstanding a controversial role of antiantagonist treatment and administration of
dopaminergic drugs on ovulation in salmonids, it
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development in the present study. In previous
effective, as reported by previous works
investigations, GnRHa alone and/or DA-mixed
(Arabaci et al., 2004; Park et al., 2007).
treatments
induced
ovulation
without
In our study we focused on a practical evaluation
significant effects on egg quality in rainbow
of one commercial preparations containing
trout (Arabacı et al., 2004), Arctic charr
GnRH analogues and three kind of GnRH
(Haraldsson et al., 1993) and brown trout
combined with DA for ovulation stimulation in
(Salmo trutta) (Billard et al., 1984).
Caspian brown trout.
In contrast, GnRHa+PIM injection in brown trout
Treatments of some GnRH agonists such as
and GnRHa injection in coho salmon (O. kisutch)
those used in present study are effective in
have also resulted in lower percent fertilization
inducing ovulation in rainbow trout (Crim et al.,
and lower survival at the eyed egg stages
1988a; Crim et al., 1988b; Breton et al., 1990;
(Billard et al., 1984; Fitzpatrick et al., 1984). This
Pankhurst and Thomas, 1998). The biological
discrepancy may be ascribed to early ovulation
activity and/or binding affinity was studied in
with incomplete final oocyte maturation due to
rainbow trout, landlocked salmon Salmo solar,
relatively higher doses of gonadotropin
winter flounder P. americanus (Crim et al.,
(Mylonas et al., 1992). Inducing ovulation with
1988b) goldfish Carassius auratus (Habibi et al.,
GnRHa combined with dopamine antagonists did
1989) and African catfish Claries gariepinus (De
not have any adverse effect on egg viability.
Leeuw et al., 1988).
All treatment by GnRH had positive effect in
CONCLUSION
inducing and synchronizing ovulation that
In conclusion, GnRHa-DA was effective in
illustrate the potential of this hormone in
advancing the onset of ovulation, synchronizing
inducing artificial reproduction. GnRH acts at a
the ovulation of the treated fish and shortening
higher level of the hypothalamus–pituitary–
the reproductive period, relative to the control
gonad axis than gonado-tropins. Consequently,
group. GnRHa-DA treatments did not affect
GnRH can provide a more balanced stimulation
oocyte diameter or egg quality based on the
of reproductive events and, presumably, a better
fertilization, eyeing and hatching percentages.
integration of these events with other
This study demonstrated that a combination of
physiological functions, by directly or indirectly
GnRHa and DA is an effective and reliable
affecting the release of other hormones
method for induction of ovulation in Caspian
necessary for successful ovulation (Zohar and
brown trout and can be very useful for hatchery
Mylonas, 2001).
and brood fish management in the Caspian
In the other hand, in lower doses, double
brown trout spawning and restocking programs.
injections showed better results than single
injection; it probably related to rapid
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