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Abstract. The objective of this study was to evaluate the
effectiveness of different hormones on spawning success and
sex steroid changes in Caspian Kutum, Rutilus frisii kutum.
Groups of five fish were injected intramuscularly as follows: 2
mg kg-1 common carp pituitary extract (CPE) as the positive
control, 100 IU kg-1 human chorionic gonadotropin (hCG), 2 μg
kg-1 luteinizing hormone releasing hormone analog (LHRHa2),
10 μg kg-1 synthetic analogue gonadoliberins (sGnRHa), 0.2
mL kg-1 Ovaprim which is a complex of salmon GnRH
analogue with a dopamine receptor antagonist (domperidone),
a combination of 2 μg kg-1 LHRHa2 and 100 IU kg-1 hCG, a
complex of 10 μg kg-1 sGnRHa and 100 hCG IU kg-1, and saline
solution as the negative control. Blood samples were taken
simultaneously with injections and after ovulation. The results

showed that no fish ovulated in the negative control group. In
the CPE treatment group, 4 of 5 fish ovulated. In the other
experimental groups; no response was observed in the hCG
group, while the females injected with sGnRHa-alone,
LHRHa2-alone, and sGnRH+hCG had low spawning
percentages. Of the hormones tested, the combination of
sGnRHa+domperidone was the most effective spawning
inducer and the greatest spawning success was obtained.
Significant decreases after injection were observed in plasma
concentrations of 17â estradiol, 17á-hydroxy progesterone,
and progesterone in all treatments, while plasma testosterone
concentrations increased significantly. This study revealed that
a combined sGnRHa and dopamine antagonist can improve the
effectiveness of artificial reproduction of Kutum. Since the
combination of sGnRHa and domperidone is purer than CPE
and has the most effective in inducing ovulation, it is preferred
for inducing spawning in this species.
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Introduction

The Kutum, Rutilus frisii kutum (Kamensky),
a member of the cyprinid family, is an endemic spe-
cies to the Caspian Sea. This species is distributed
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from the estuary of the Volga River up to Astrakhan
Bay, but the main population is confined to the
south-western part of the sea (Abdoli 1999). This
species is anadromous, inhabits the sea in small
schools, and migrates to shallow river waters for
spawning from March to April. A synchronous group
pattern of ovarian development has been reported in
this fish (Sharyati 1993), and, therefore, eggs are re-
leased once after ovulation. Kutum is considered one
of the most valuable commercial species in the Cas-
pian Sea region so that it comprises more than 70%
of the total catch in the southern part of this sea.
Stocks of valuable species are threatened by several
factors including heavy fishing pressure, increasing
water pollution, and habit alteration and destruction.

In order to rehabilitate the stock of this important
species, brood fish are caught in the sea and estuar-
ies for controlled reproduction, and over 200 million
Kutum fingerlings (1-2 g) are produced and released
by the Iranian Fisheries Organization into the Cas-
pian Sea annually. However, most of the broodstock
caught for this aim are not fully mature, so it is neces-
sary to transfer the unripe fish to hatcheries for hor-
monal induction. Most studies on this species have
focused on reproduction status in the wild, especially
during spawning migrations (Farabi et al. 2007,
Shafiei Sabet et al. 2009, Heidari et al. 2010), while
less research has been done on hormonal stimulation
for breeding programs (Paykan Heyrati and
Dorafshan 2006, Paykan Heyrati et al. 2007,
Ahmadnezhad et al. 2012). Conventionally, ovula-
tion is induced in captive Kutum using common carp
pituitary extract (CPE) or a synthetic analogue of
GnRH (sGnRHa). However, the use of CPE possess
some problems such as high costs, unpredictable re-
sults because of great variability in pituitary
luteinizing hormone (LH) content, the negative im-
pact on the physiology of the treated fish, and the risk
of pathogen transmission from donor fishes to the re-
cipient broodstock (Drori et al. 1994, Zohar and
Mylonas 2001). In addition to these problems, some
Kutum brood did not respond to CPE injections. Al-
ternative methods for inducing spawning in many
teleosts include applications of human chorionic go-
nadotropin (hCG) and hypothalamic hormones with

or without dopamine antagonists (DA) (Zohar 1989,
Haddy and Pankhurst 2000, Zohar and Mylonas
2001, Levavi-Sivan et al. 2004, Kagawa et al. 2009,
Kiewek-Martinez et al. 2010). Different forms of go-
nadotropin releasing hormone agonists (GnRHa)
stimulate the secretion of endogenous gonadotropins
in teleost fish (Van Der Kraak et al. 1998). In addi-
tion, the ability of externally applied GnRHa to in-
crease LH secretion in teleosts is also believed to be
under the strong endogenous inhibitory impact of
dopamine, and, consequently, the fish fail to ovulate
(Yaron 1995). Such an inhibitory impact has been
well documented in goldfish, Carassius auratus (L.)
(Peter et al. 1991); common carp, Cyprinus carpio L.
(Billard 1990); European eel, Anguilla anguilla (L.)
(Dufour et al. 1988); and catfish, Clarias gariepinus

(Burchell) (De Leeuw et al. 1986). Spawning is usu-
ally induced in these species only after using a com-
bination of GnRHa and DAs. The importance of DA
inhibitor regulation varies among teleost species
from weak to strong. Therefore, it is necessary to ex-
amine the response of each species to DA under local
conditions.

Many studies have shown that different repro-
duction parameters including latency time, working
fecundity, number of eggs, the fertilizability of eggs,
and sex steroids are affected by different hormonal
manipulations (Szabó et al. 2002, Mylonas et al.
2003, Arabaci et al. 2004, Aizen et al. 2005, Barrero
et al. 2008). Previous studies revealed that hormonal
manipulations produced differential effects on sex
steroid hormone levels (Haddy and Pankhurst 2000,
Aizen et al. 2005, Barrero et al. 2008, Pham et al.
2010). Barrero et al. (2008) reported short-term ele-
vations of testosterone (T) and 17â estradiol (E2) in
adult catfish, Ictalurus punctatus (Rafinesque) in re-
sponding to hormonal treatments (CPE and LHRHa).
Pham et al. (2010) reported that different exogenous
hormones (LHRHa, CPE and hCG) decreased plasma
T levels, but increased plasma concentrations of E2

and progesterone (P) in female Waigieu seaperch,
Psammoperca waigiensis (Cuvier).

No information is available regarding the best
kind and dosage of hormone for the artificial repro-
duction of Kutum. No data is available regarding
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hormonal changes during final maturation and
spawning after hormonal manipulation. Therefore,
the objective of the current study was to determine
ovulatory response of Kutum to various agents (CPE,
hCG, sGnRHa and LHRHa2 alone or in combination
with hCG, and the combination of sGnRHa with DA
which is used commonly for induction of spawning),
and also to examine the endocrine response of the
fish to different treatments by measuring plasma
concentrations of T, E2, 17á-hydroxy progesterone
(17-P), and P.

Materials and methods

Fish stocks and fish maintenance

The experiments were conducted at the Dr.
Yousefpour Fish Hatchery Center in Siahkal, Guilan,
Iran in April 2009. The Kutum broodstocks were
caught in shallow, inshore habitats at water depths of
0-10 m on the Anzali coast of Guilan, Iran using
a commercial beach seine during the spawning mi-
gration in April. The fish were then transported to the
hatchery by truck in containers equipped with aera-
tion systems. At the hatchery, 40 three-year-old fe-
male fish with mean body weights of 965.8 g ± 54.7
(mean ± S.E) were selected based on the softness of
their abdomens. Before injection, these fish were
weighed individually, marked by placing tags on the
dorsal fin, and divided randomly into eight experi-
mental groups.

The tagged fish were held in an outdoor circular
fiberglass tank (diameter 2.33 m and depth 45 cm,
volume 1.92 m3) under a natural photoperiod of
14L:10D. The tanks were supplied with
flow-through water at 20.2 l min-1 throughout the ex-
periment. Mean water temperature, dissolved oxy-
gen, and oxygen saturation were 13.7�C ± 1.3, 9.3
mg l-1 ± 0.8, and 89.7% ± 6.8, respectively. No sig-
nificant differences were observed in the age or fish
body weights among the experimental groups.

Hormones and drugs

CPE was obtained from our hatchery-matured com-
mon carp, dried, and stored until use. Liquid
Ovaprim (1.0 mL), containing 20 ìg of (D-Arg6,
Pro9-Net)-salmon GnRHa and 10 mg of
domperidone, was obtained from Biomeda MTC An-
imal Health (Ontario, Canada). Human chorionic go-
nadotropin (hCG, Corion; LG Life Sciences, India)
was purchased from a local medical store.
Luteinizing hormone releasing hormone analog
(LHRHa2) was purchased from Ningbo Sansheng
Pharmaceutical Co. (China). (D-Arg6,
Pro9-Net)-salmon GnRHa (sGnRHa) was obtained
from Bachem Chemicals (Switzerland).

Experimental design

The effect of handling stress on the broodstock was
minimized by anesthetizing the fish with clove pow-
der (200 mg l-1). Groups of five fish were injected
with the following agents: CPE (2 mg kg-1 body
weight (BW) as the positive control according to
hatchery experience); hCG (100 IU kg-1 BW);
sGnRHa (10 ìg kg-1 BW); LHRHa2 (2 ìg kg-1 BW);
Ovaprim (comprising 20 ìg sGnRHa+10 mg
Domperidone; 0.2 ml kg-1 BW); LHRHa2+hCG (2 ìg
kg-1 BW+100 IU kg-1 BW); sGnRHa+hCG (10 ìg
kg-1 BW+100 IU kg-1 BW); saline solution (0.9%
NaCl as the negative control). The hormones and
dosages used in this study were selected according to
previous studies on this species, similar teleosts
(Zohar and Mylonas 2001, Szabó et al. 2002,
Dorafshan and Paykan Heyrati 2006, Paykan Heyrati
et al. 2007) and preliminary experiments in Iranian
government hatcheries. All agents, with the excep-
tion of Ovaprim that was obtained in solvent form,
were dissolved in a carrier (0.9% NaCl) and injected
once into the base of the pectoral fin at a volume of 1
ml kg-1 BW.

After injection, the fish were examined for signs
of maturation and ovulation exhibited as abdominal
swelling and determined by applying slight manual
pressure to the abdomen 12 h post-injection and
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subsequently every 2 h for 72 h. When ovulation oc-
curred, the eggs were obtained from the fish by
hand-stripping and artificially fertilized with milt col-
lected from two non-injected males using the dry
method. Sperm quality and quantity was evaluated
under a light microscope before the milt was added
to the egg batches; this ensured that the sperm used
in the study had motility exceeding 80% and had the
proper density. The sperm:egg ratio was approxi-
mately 1:100 by volume for fertilization. The fertil-
ized eggs of the individual broodstock females were
rinsed with fresh water for 45 min to eliminate egg
stickiness, and then they were transferred to Zuger
jars. In order to determine working fecundity, the
eggs stripped from each brood female were weighed
separately to the nearest 0.01 g. The fertilization rate
(%) was calculated by counting the live and dead eggs
under a dissecting microscope 48 h after fertilization
when the eggs were at the gastrulation stage.
Spawning success was calculated using the number
of females that ovulated after injection divided by the
total number of females injected. The latency period,
which is the time between injection and ovulation,
was also determined according to Drori et al. (1994).

Blood was drawn from the females before hor-
monal manipulations and immediately after ovula-
tion to evaluate whether the hormone treatment
affected sex steroid levels. Blood samples were also
taken 72 h after injection from the fish that did not
reach the spawning stage. Blood samples of approxi-
mately 2-ml were drawn from the caudal vasculature
of anesthetized fish using a 5-ml heparinized syringe
equipped with a 25-G needle. The plasma was sepa-
rated by centrifugation for 10 min at 1500 × g and
stored at -70�C until the sex steroid analysis.

Samples and data analysis

Sex steroid concentrations (T, E2, 17-P, P) were de-
termined with specific radioimmunoassay (RIA) us-
ing kits by Immunotech (Marseille, France)
according to Kubokawa et al. (1999) with some slight
modification. Inter-assay variations for T, E2, 17-P,
and P were 14.8, 12.1, 6.5, and 11.8%, respectively.

Specificity tests were performed according to our

previous studies on this species. All samples were

measured in duplicate.

Spawning success was analyzed with the
Chi-square test. The normality of the data and the ho-
mogeneity of variance were checked with
Kolmogorov-Smirnov and Levene’s tests, respec-
tively. The effects of the various agents on spawning
parameters and sex steroids were analyzed with
analysis of variance (ANOVA), and significant differ-
ences among means were evaluated with Tukey’s
post hoc test. The paired sample t-test was used to
detect differences in sex steroid circulating levels be-
fore injection and after ovulation in each group. Sta-
tistical analysis was performed with SPSS (Version
15, SPSS Chicago, IL, USA), and differences of P <
0.05 were considered to be statistically significant.
The data are presented as mean ± standard error
(SE).

Results

Chi-square test indicated significant difference in

spawning success among various agents (P < 0.001),

and the results of spawning responses to the various

agents are presented in Table 1. No fish ovulated in

the group receiving only the saline solution (negative

control). In 2 mg kg-1 BW CPE-treated fish, which

was the positive control group, 4 of 5 fish ovulated

(80%). In the other treatments; no fish ovulated in the

group receiving 100 IU kg-1 BW hCG. Females

treated with sGnRHa-alone (10 ìg kg-1 BW),

LHRHa2-alone (2 ìg kg-1 BW), and sGnRHa+hCG

(10 ìg kg-1 BW+100 IU kg-1 BW) showed low

spawning percentages (20%). Treatment with a com-

bination of LHRHa2+hCG yielded only 60% spawn-

ing, but working fecundity and hatching rates were

the highest. The combination of LHRHa2+hCG was

more efficient in inducing ovulation than the combi-

nation sGnRHa+hCG treatment (20%). Injecting the

female brood fish with 0.2 ml Ovaprim kg-1 BW re-

sulted in the highest spawning percentage (P < 0.05).
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The number of eggs per each gram of egg weight
and working fecundity were not significantly differ-
ent among the groups (P > 0.05). Spawning occurred
19-22 h after the injection. No significant difference
was observed in latency period among fish treated
with either of the hormones; however, the shortest la-
tency period was observed in CPE-treated females

(19.2 h ± 0.3), followed by the group receiving com-
bination of Ovaprim (21.2 h ± 0.9). The percentage
of fertilized eggs ranged from 76 to 84%. There were
no significant differences in fertilization rates among
the groups (P > 0.05).

The concentration of plasma T elevated signifi-
cantly after hormonal induction in all groups (t-test,

Spawning induction in Kutum, Rutilus frisii kutum (Kamensky), with different hormones: Analysis of... 275

Table 1
Effect of various hormonal treatments on spawning parameters of Kutum, Rutilus frisii kutum (n =5 for each treatment, mean ±
SE). CPE – carp pituitary extract; sGnRHa – (D-Arg6, Pro9-Net)-salmon GnRHa; LHRHa2 – luteinizing hormone releasing
hormone analog; hCG – human chorionic gonadotropin; Ovaprim – 20 ìg sGnRHa+10 mg domperidone

Treatment Dosage
Female body
weight (g)

Spawning
success
(%)

Latency
period (h)

Number
of eggs g-1

Working
fecundity
(×103)

Fertilization
rate (%)

Saline (0.9% NaCl) - 878 ± 137.1 0 nd nd nd nd

CPE 2 mg kg-1 878 ± 104.5 80 19.2 ± 0.3 312.9 ± 10.3 33.3 ± 5.7 78 ± 3.7

sGnRHa 10 µg kg-1 998 ± 194 20 22.3 242.9 63.1 81.8 ± 2.6

LHRHa2 2 µg kg-1 940 ± 179 20 22.1 275 11 79.3 ± 4.6

hCG 100 IU kg-1 972 ± 172.9 0 nd nd nd nd

Ovaprim (sGnRHa+
Domperidone)

0.2 ml kg-1 914 ± 153.6 100* 21.2 ± 0.9 260.8 ± 18.8 32.3 ± 8.1 76.4 ± 3.1

sGnRHa+hCG 10 µg kg-1+100 IU kg-1 1206 ± 170 20 22.6 251.2 27.6 80.3 ± 4.7

LHRHa2+hCG 2 µg kg-1+100 IU kg-1 940 ± 179 60 21.2 ± 1 276.7 ± 7.3 65.8 ±16.7 84.1± 4.1

nd – values not determined because of a lack of ovulation, *Significantly greater in comparison to all other treatments (P < 0.05,
Chi-square test)
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Figure 1. Effect of different treatments on plasma testosterone levels in female Kutum, Rutilus frisii kutum. N = 8 fish for hormone deter-
minations before injection. Means with different letter subscript notation are significantly different (P < 0.05). Statistically significant dif-
ferences before injection are marked with asterisks (* P < 0.05; ** P < 0.01; *** P < 0.001). Groups with different letter indexes differ
significantly statistically. CPE – carp pituitary extract; sGnRHa – (D-Arg6, Pro9-Net)-salmon GnRHa; LHRHa2 – luteinizing hormone re-
leasing hormone analog; hCG – human chorionic gonadotropin; Ovaprim – 20 ìg sGnRHa+10 mg domperidone.



P < 0.05) except in sGnRHa-alone and CPE (t-test, P >
0.05; Fig. 1). The mean plasma T levels were signifi-
cantly different among hormonal treatments (ANOVA,
P = 0.001; Fig. 1). The levels of E2 decreased signifi-
cantly after injection in all treatments (t-test, P < 0.05),
and no significant differences were observed in the con-
centration of plasma E2 among treatments (ANOVA, P
= 0.837; Fig. 2). Following injection, plasma P levels
were significantly lower than those before injection in
all groups (t-test, P < 0.05), but the mean P level did not

decrease significantly in fish treated with
sGnRHa-alone and CPE (t-test, P > 0.05; Fig. 3). Con-
centrations of plasma P were significantly lower in fe-
male fish treated with hCG and sGnRHa+hCG-treated
than those that received CPE (ANOVA, P = 0.006; Fig.
3). Similarly, a significant decrease was observed in
17-P levels after hormonal manipulation (t-test, P <
0.05), but no significant differences were observed
among fish treated with various agents (ANOVA, P =
0.611; Fig. 4).
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Figure 2. Effect of different treatments on plasma estradiol levels in female Kutum, Rutilus frisii kutum. N = 8 fish for hormone determina-
tions before injection. Statistically significant differences before injection are marked with asterisks (* P < 0.05; ** P < 0.01). CPE – carp
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Figure 3. Effect of different treatments on plasma progesterone levels in female Kutum, Rutilus frisii kutum. N = 8 fish for hormone deter-
minations before injection. Means with different letter subscript notation are significantly different (P < 0.05). Statistically significant dif-
ferences before injection are marked with asterisks (* P < 0.05; ** P < 0.01). CPE – carp pituitary extract; sGnRHa – (D-Arg6,
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20 ìg sGnRHa+10 mg domperidone.



Discussion

No fish ovulated in the control group, indicating that
hormonal induction is necessary for Kutum broods
in capivity condition. The results of this study dem-
onstrate that a single injection of sGnRHa combined
with domperidone as the DA is a successful hor-
monal treatment to induce Kutum spawning. In-
ducing spawning with a superactive analog of GnRH
together with DA has been documented in most tele-
ostean fish including goldfish (Peter et al. 1991);
common carp (Billard 1990); European eel (Dufour
et al. 1988); catfish (De Leeuw et al. 1986); Ameri-
can shad, Alosa sapidissima (Wilson) (Mylonas et al.
1995); hybrid tilapia Oreochromis niloticus ×

Oreochromis aureus (Levavi-Sivan et al. 1995); grey
mullet, Mugil cephalus L. (Aizen et al. 2005); Sene-
gal sole, Solea senegalensis Kaup (Agulleiro et al.
2006); pond loach Misgurnus anguillicaudatus (Can-
tor) (Wang et al. 2009); asp, Aspius aspius (L.)
(Targoñska et al. 2010; 2011); African catfish
(Sharaf 2012); and European grayling, Thymallus

thymallus (L.) (Szmyt et al. 2012).

The current study revealed that CPE had lower
potency in spawning success (80%) compared to the
sGnRHa+domperidone treatment (100%). The main
difference between the CPE and sGnRHa treatments

is that sGnRHa stimulates a higher level of hypothal-
amus-pituitary-gonad axis (HPG) than does CPE.
This could also be attributed to the greater effective-
ness, purity, and exact dosage of synthetic hormones
(Yaron and Levavi-Sivan 2006). The application of 2
mg kg-1 BW CPE is a conventional method for induc-
ing spawning in Kutum based on local hatchery ex-
perience. Nevertheless, the current study
demonstrated that the dose applied is not effective in
inducing complete spawning in Kutum. Studies on
other cyprinids demonstrated that higher doses of
CPE (3-6 mg kg-1 BW) administered in two injections
increase the success of artificial spawning (Billard
1990, Szabo et al. 2002, Arabaci et al. 2004).

In this study, the dosage of 100 IU of hCG kg-1

BW had no stimulatory effect in broodstock spawn-
ing. In many teleosts, spawning and oocyte matura-
tion were successfully induced with a single injection
of a much higher dose than 100 IU hCG kg-1 BW
(Haddy and Pankhurst 2000, García-Alonso and
Vizziano 2004, Denson et al. 2007). Therefore, fur-
ther experiments are required to determine the effect
of higher doses of hCG for inducing ovulation in
Kutum.

Injections of both LHRHa2 and sGnRHa alone
were not effective in inducing spawning in Kutum.
The low ovulation in broods treated with sGnRHa
alone may be due to inhibitory effect of dopamine on
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Figure 4. Effects of different treatments on plasma 17á-OH progesterone levels in female Kutum, Rutilus frisii kutum. N = 8 fish for hor-
mone determinations before injection. Statistically significant differences before injection are marked with asterisks (* P < 0.05; ** P <
0.01). CPE – carp pituitary extract; sGnRHa – (D-Arg6, Pro9-Net)-salmon GnRHa; LHRHa2 – luteinizing hormone releasing hormone ana-
log; hCG – human chorionic gonadotropin; Ovaprim – 20 ìg sGnRHa+10 mg domperidone.



LH secretion. On the other hand, the ineffectiveness
of LHRHa2 and sGnRHa after a single treatment
could be related to the short half-life of these agents
and/or rapid degradation activity by endopeptidases
located in the pituitary, liver, and kidney of the in-
jected fish (Zohar et al. 1990, Zohar and Mylonas
2001). In contrast, the application of LHRHa2 com-
bined with hCG resulted in higher ovulation rates,
which were probably caused by the synchronic ef-
fects of LHRHa2 and hCG on the pituitary gland and
gonads, respectively, as has previously been de-
scribed by Zohar and Mylonas (2001). Therefore,
this combination of hormone not only induced
a surge of gonadotropin release from the pituitary,
but also acted directly at the level of the gonad.
Thereby, the failure of hCG-treated fish to spawn
might have been caused by lowered LH secretion or
a lack thereof.

Considering that spawning was induced by other
hormonal treatments in this study, it seems that the
inhibitory effects of dopamine on GtH release in
Kutum is less predominant compared to other cypri-
nids such as Chinese loach, Paramisgurnus

dabryanus Dabry de Thiersant (Lin et al. 1989); com-
mon carp (Drori et al. 1994); nase, Chondrostoma

nasus (L.) (Szabo et al. 2002); koi (Arabaci et al.
2004); and asp (Targoñska et al. 2010).

The mean latency period recorded in the current
study after hormonal treatment was higher than that
reported for asp (Lin et al. 1991), ornamental com-
mon carp (Arabaci et al. 2004), and tench, Tinca

tinca (L.) (Kujawa et al. 2011), but it was lower than
in previous studies on Kutum (Dorafshan and
Paykan Heyrati 2006, Paykan Heyrati et al. 2007).
These discrepancies are probably related to species
differences, physiological conditions, various hor-
monal treatments, and water temperature. However,
the CPE-treated fish have a shorter latency time than
the groups injected with the combination of
sGnRHa+domperidone or LHRHa2+hCG. Similar
results were obtained not only with other cyprinids
(Billard 1990, Brzuska 2005, Kucharczyk et al.
2005, Paykan Heyrati et al. 2007, Krejszeff et al.
2008, Targoñska et al. 2011), but also with percids
(Kucharczyk et al. 1996, 1998, Szczerbowski et al.

2009). One explanation for the shorter latency time
in the CPE-treated group could be linked with the di-
rect activity of the CPE at the level of the gonads
which elicited a quicker response, while GnRH ana-
logues act at a higher level of the HPG axis
(Donaldson and Hunter 1983).

Fertilization rates and working fecundity were
not significantly different among the treatments,
suggestin that the induction of ovulation with various
agents did not have any adverse effect on egg viabil-
ity. Similar results were reported in common carp
(Drori et al. 1994, Kulikovsky et al. 1996).

In the current study, significant increases in
plasma T concentrations were observed in all treat-
ments groups except that of CPE. A similar increase
in T levels by maturing oocytes has also been demon-
strated in the goldfish (Kobayashi et al. 1987),
milkfish, Chanos chanos (Forsskål) (Tamaru and Lee
1987), and striped trumpeter, Latris lineata (Forster)
(Pankhurst 1997). The precise role of this androgen
is unclear in females, and further studies are needed
to determine the relationship between this steroid
and the reproductive cycle of female fish. High levels
of plasma T in Kutum can be explained by the de-
crease of aromatase activity and/or its role as
a pheromone. However, further studies are required
to examine the pheromonal function of this andro-
gen. The concentration of plasma E2 declined after
hormone injection. Similar results has been observed
in other teleosts in where the highest of E2 levels were
measured before ovulation and then decreased dur-
ing spawning (Kubokawa et al. 1999, Mylonas and
Zohar 2001, Rinchard et al. 2001). The low plasma
concentrations of E2 following hormonal treatment
and associated with high T values suggest that
vitellogenesis has been completed and the females
were ready to spawn. On the other hand, the low con-
centrations of E2 exert negative feedback on the pitu-
itary and result in an ovulatory gonadotropin peak
(Richard et al. 2001). Furthermore, the low concen-
trations of P and 17-P after injection suggest that
these two steroids were probably consumed in the
thecal layer, and then were converted to a matura-
tion-inducing steroid in the underneath granulose by
20â-hydroxysteroid dehydrogenase (Kanamori et al.
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1988). Differences in the levels of sex steroids among
the experimental groups could be related to differ-
ences in gonadal stages.

In conclusion, the current results indicated that
the use of the proper agent in a precise dose could in-
duce Kutum to ovulate, while applying the wrong
agents for inducing spawning resulted in ovarian
atresia and reproduction failure. The results also
showed changes in steroid concentrations before in-
jection and after spawning and among the treatments
in T and P levels, which could be caused by the func-
tions of different inducing hormones on the HPG
axis. Since the combination of sGnRHa with
domperidone is cheaper and more available than
CPE and can produce a higher number of ovulating
females, this treatment is suggested for inducing
ovulation in Kutum broodstocks.
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