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Abstract 

The use of recombinant gonadotropin-releasing hormone (rGnRH) has very rarely been tested in fish 
to promote spawning. This study evaluated the impact of recombinant chicken gonadotropin-releasing 
hormone (rcGnRH) with metoclopramide on the release of sex steroids and final maturation induction in 
goldfish (Carassius auratus) broodstock. For this purpose, goldfish broodstock was divided into four 
groups and treated with 0.9% NaCl with 20 mg/kg metoclopramide (Met) (C); 10 μg/kg body weight (BW) 
rcGnRH with 20 mg/ kg metoclopramide (rcGn10); 15 μg/kg BW rcGnRH with 20 mg/kg metoclopramide 
(rcGn15); and 20 μg/ kg BW rcGnRH with 20 mg/kg metoclopramide (rcGn20). The capability of the 
rcGnRH for eliciting biological response was tested in vivo by evaluating the changes of 17β estradiol 
(E2), testosterone (T), and 17α, 20β-dihydroxy-4-pregnen-3-one (DHP) and the induced spawning. 
Blood samples were obtained at 0 h, 12 h, and 24 h after injection. The rcGn10, rcGn15, and rcGn20 
treatments induced lower E2 concentration, especially 24 h post-injection. T levels were significantly 
higher in rcGn10, rcGn15, and rcGn20 treatments 12 h post-injection than at 0 h and then decreased at 
24 h post-injection. Furthermore, the rcGnRH tested significantly enhanced DHP secretion in rcGn10, 
rcGn15, and rcGn20 treatments 12 h post-injection before a decline at 24 h post-injection. No significant 
difference between the sampling times was found in the C treatment for the 3 sex steroids tested. The 
results also displayed that rcGnRH at 10–20 µg/kg of body weight can trigger spawning with the highest 
speed and efficiency of spawning at 20 µg/kg. The obtained results represent a possible strategy for 
enhancing the artificial reproduction and ovulation of broodstock fish by rGnRH and further support the 
use of recombinant hormones to promote reproduction in aquaculture. 

1. Introduction  __________________________________________________________________  

The development of aquaculture activity requires more 
sustainable strategies, including the artificial reproduction of 
broodstock (Mylonas and Zohar 2001). One of the 
prerequisites for successful artificial reproduction is controlling 
the reproductive process of fish in captivity and the obtention 
of high-quality eggs (sperm and eggs). Different hormones are 
used for the artificial reproduction of aquatic animals in 

breeding centers, notably the analogs of GnRH (Zohar and 
Mylonas 2001). 

GnRH is a decapeptide neurohormone secreted by the 
hypothalamus (Okubo and Nagahama 2008). GnRH is 
composed of peptides that can be targets of endopeptidases 
that reduce its half-life and make GnRH available for only 5 
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min, and then, it can be degraded by peptidases (Gothilf and 
Zohar 1991). The synthesized GnRH analogs (GnRHa) were 
designed to resist circulating enzymatic degradation and have 
higher stability than natural GnRH against enzymatic 
degradation, with a half-life of 23 min compared to the one of 
original salmon GnRH, which lasts 5 min (Gothilf and Zohar 
1991). Despite the higher stability of synthetic GnRHs than 
natural GnRH, a single injection is often not sufficient to trigger 
the induction of final oocyte maturation (FOM). Failure to 
respond to a single injection of GnRHa in the induction of final 
sexual development of fish is related to its short half-life in the 
blood circulation. Final oocyte maturation may take several 
days to be completed in fish, so high concentrations of GnRHa 
must be maintained in the circulatory system during this time 
to induce the required high concentration of LH. On the other 
hand, fish do not start FOM immediately after GnRHa injection, 
and plasma LH and steroid concentrations may increase 
several hours after hormone injection. Therefore, due to its 
short half-life in the circulatory system, it needs to be injected 
continuously (Mylonas and Zohar 2001). Numerous manipula-
tions for GnRHa injection are problematic; they can be 
stressful and cause damage to fish and, in turn, may adversely 
affect their reproduction (Leather-land et al. 2010). The 
stressful farming conditions affect fish reproduction, making it 
necessary to find a hormonal treatment with a long half-life that 
can be effective with an optimal injection dose. 

There are several chemical and genetic techniques to increase 
the half-life of peptides-based hormones. For the former ones, 

the addition of polyethylene glycol (PEG) and lipidation to the 
peptide is suggested to increase the half-life and reduce renal 
refinement rates (Kontermann 2005; Szlachcic et al. 2011; 
Che-kan et al. 2016). For the latter ones, one strategy consists 
of producing recombinant GnRH hormone dotted with 
gonadotropin-releasing hormone associated peptide (GAP) 
sequence that may further help to maintain the stability of the 
hormone produced. Although GAP was proposed to fix GnRH; 
however, it led to the inactivation of peptides activity (Andersen 
and Klungland 1993). Recombinant DNA results in forming 
active biologically polypeptides hormones in bacteria with 
reasonable cost compared to chemical synthesis (Xu et al. 
2006). That technique has proved recent effectiveness in 
sterlet sturgeon (Mohammadzadeh et al. 2020a, b), but it is 
unknown if it applies to other teleost species. 

Goldfish (Carassius auratus) belongs to the Cyprinidae family 
and originated from central Asia and China with a high 
marketable request in aquaculture, especially as an 
ornamental species (Wen et al. 2020). It has been 
recommended as a model fish species for reproductive, 
endocrinological, immunological, toxicological, and molecular 
related studies (Munakata and Kobayashi 2010; Ota and Abe 
2016; Omori and Kon 2019). Therefore, it is a relevant model 
to further improve and understand the endocrine control of 
fish’s ultimate maturity using promising hormonal therapies 
such as recombinant hormones. 

 

2. Material and Methods __________________________________________________________   

2.1. Broodstock rearing condition and 
treatment  

Sexually mature female goldfish with an average weight of 
72.26 ± 6.21 g and age of 7 months were purchased from a 
local fish breeding center (Guilan, Iran) and transformed into a 
private wet lab in the local fish breeding center (Gorgan, Iran). 
The selection of female broodstock was made according to 
anatomical appearance (soft and protruding abdomen), which 
is a reliable way to determine spawning readiness during 
natural spawning and to assess the stage of oocyte 
development (central position of the nucleus) (Podhorec et al. 
2016). The selected fish were randomly distributed into four 
treatments (n = 10), and was placed into a 250-L aquarium. 
After a 2-day adaptation period and a gradual increase in 
ambient temperature, the water conditions used were as 
follows: temperature 26.33 ± 0.3 °C, natural photoperiod (16 h 
light and 8 h dark), pH 8.3 ± 0.3, and dissolved oxygen 11.5 ± 
0.8 mg/L. After two other days in these conditions, fish was 
injected a single intraperitoneal injection containing one of the 
following treatments with 0.9% NaCl as vehicle: 20 mg/kg of 
metoclopramide (C); 10 μg/kg body weight (BW) rcGnRH with 
20 mg/kg metoclopramide (rcGn10); 15 μg/kg BW rcGnRH 
with 20 mg/kg metoclopramide (rcGn15); 20 μg/kg BW 
rcGnRH with 20 mg/ kg metoclopramide (rcGn20). rcGnRH 
was produced base on our previous work (Mohammadzadeh 
et al. 2020a, b). Metoclopramide was incorporated in all 
treatments, like dopamine receptor antagonists, to optimize 
the ovulatory process in cyprinid fishes. Before each 
manipulation, fish were anesthetized with clove powder at a 
dose of 15 ppm. Breeders were tested for ovulation 8 h after 
the injection, and this manipulation was repeated at 2-h 

intervals up to 24 h post-injection. In response to gentle 
pressure, the spawning-ready fish were stripped to collect the 
eggs in a dry container. The latency period was recorded as 
the lapse of time between the hormone injection and 
spawning. Only spawned fish were thus taken into 
consideration for the calculation of the latency period. 

2.2. Sampling and hormone analysis  

First, fish were anesthetized with 15 ppm clove powder extract. 
Blood samples (6 fish into each tank) were collected from the 
behind of the anal fin with a 2-mL heparinized syringe at the 
injection time, 12 h post-injection, and 24 h post-injection (only 
in spawned fish). The samples were then transferred to the 
tubes, centrifuged (1600 g for 10 min) to separate plasma, and 

stored at − 20 °C for later analysis. 

Enzyme-linked immunosorbent assay (ELISA) commercial kits 
were applied to measure sex steroid concentration (ng/mL) of 
testosterone (T, Cat. No: 3725–300, AccuBind ELISA 
Microwells, Monobind, Inc. Lake Forest, CA, USA), 17β 
estradiol (E2, Cat. No: 4925–300, AccuBind ELISA Microwells,  

Monobind, Inc. Lake Forest, CA, USA), and 17α, 20β-
dihydroxy-4-pregnen-3-one (DHP, Cat. No: CK-E91529, 
Eastbiopharm, USA). The intra- and inter-assay coefficients of 
variation were 5.8%, 9.8% (n = 10), 6.4%, 9.5% (n = 10), 10%, 
12% (n = 8) for E2, T, and DHP, respectively. 

2.3. Statistical analysis  
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SPSS software (version 16, Chicago, IL, USA) was used to 
analysis data. This research has been done using a completely 
randomized design with different treatments. Kolmogorov–
Smirnov and Levene’s tests were applied to check the data 
normality and homogeneity of variances, respectively. One-
way analysis of variance (ANOVA) was used to analyze 
differences in the treatments’ latency time. The effect of the 

treatments and the sampling times on the sex steroid levels 
was examined by a two-way analysis of variance (ANOVA). 
Differences between several treatments were determined by 
Tukey’s post hoc tests. To investigate potential correlations 
between the sex steroid hormones, a Pearson correlation test 
was used. 

 

3. Results  ______________________________________________________________________ 

3.1. Spawning performance  

The spawning productivity of goldfish broodstock injected with 
rcGnRH showed eight females injected with rcGn10, six 
females injected with rcGn15, and ten females injected with 
rcGn20 spawned, but no females spawned in the control group 
(Table 1). The ovulation rate of broodstock receiving rcGnRH 
was enhanced in females treated with 20 μg/kg of body weight. 
The groups of females treated with 20 μg/kg of rcGnRH 
exhibited a decreased latency period than the two other groups 
injected with rcGnRH (Table 1; P < 0.05). 

3.2. Hormone levels  

While the E2 level was similar among the groups at 0 h, it was 
impacted by the treatments at 12 h and 24 h post-injection (Fig. 
1; P < 0.05). At 12 h, a significant decrease of E2 levels was 
observed in the rcGn15 treatment relative to the control group. 
However, all rcGn10, rcGn15, and rcGn20 treatments led to 
significantly lower E2 concentration 24 h post-injection than 
baseline measures (Fig. 1; P < 0.05). 

After 12 h post-injection, the concentration of T was 
significantly higher in rcGn10, rcGn15, and rcGn20 than at 0h, 

and it was also higher than the concentration measured in the 
control group. Twenty-four hours post-injection, the T level 
returned to the initial level in the rcGn10 and rcGn20 groups 
while only the rcGn15 group showed a higher level than the 
control group (Fig. 2; P < 0.05). The control group did not show 
any significant difference among the different sampling times 
(Fig. 2; P > 0.05). 

No difference in DHP levels was found among treatments at 
the injection time (Fig. 3; P > 0.05). Twenty-four hours post-
injection, the level of DHP was increased in the rcGn10, 
rcGn15, and rcGn20 treatments, before decreasing 24 h post-
injection (Fig. 3; P < 0.05). As for E2 and T, the DØ level 
remained steady along the control group’s experimental time-
course. 

Negative correlation between plasma E2 and DHP was 
showed by a Pearson linear correlation test (Fig. 4; Pearson 

correlation = − 0.382; P = 0.010). There was a negative 

correlation between E2 and T (Fig. 5; Pearson correlation = − 
0.263; P = 0.026). Finally, a significant positive correlation was 
also obtained between T and DHP levels (Fig. 6; Pearson 
correlation = 0.797; P = 0.000). 

4. Discussion  ___________________________________________________________________  

In the artificial reproduction of fish, gametes’ quality and 
quantity are essential factors that affect reproductive success. 
In some fish species, artificial reproduction is difficult to 
perform without using stimulation with relevant hormones 
(Brzuska 2001; Yaron et al. 2009). Besides, the stress 
resulting from the repeated manipulations of the injected 
breeders may affect the reproduction quality (Milla et al. 2009; 
Pourhosein Sarameh et al. 2012; Falahatkar and Poursaied 
2013). Thus, it is essential to apply the hormonal stimulation 
using useful substances that minimize the stress with a few 
hormones and a limited number of injections. 

The present results showed that goldfish broodstocks injected 
with recombinant cGnRH showed a more efficient spawning 
rate than non-injected females. Concurrent with the present 
study, the injection with GnRHa resulted in improved spawning 
rate in tench (Tinca Tinca) broodstock (at 25 μg/kg mGnRHa) 
(Podhorec et al. 2016). In goldfish broodstock, the injection of 
GnRHa at 10 μg/kg resulted in enhanced final maturation 
(Zadmajid et al. 2009). The results confirmed that GnRH-type 
molecules could enhance final oocyte maturation and, thus, 
spawning rate (Drori et al. 1994; Targonska and Kucharczyk 
2011). Synthetic hormones are excessively applied to induce 
final maturation in fish and have an adequate degree of 
success (Mahadevi et al. 2018). 

But recombinant GnRH has been rarely used so far as it has 
only proved efficiency in Sterlet sturgeon (Mohammadzadeh 
et al. 2020a, b). With the present results, we suggest that 

recombinant GnRH can also promote the maturation of 
oocytes in the broodstock for sufficient spawning. 

A thoroughly efficient and more rapid spawning was observed 
in the present study by injecting maturing goldfish females with 
20 µg kĝ1 of rcGnRH (rcGn20) while some females failed to 
spawn with the doses of 10 µg/kg and 15 µg/kg. More recently, 
Mohammadzadeh et al. (2020a, b) investigated the possible 
induction of spawning in Sterlet sturgeon (Acipenser ruthenus) 
with recombinant GnRH and concluded that the injection of 
rGnRH at 10 μg/kg was the most effective dose to  

augment the maturation of broodstocks. Thus, the current 
study further supports that rcGnRH is recommended at a 
specific amount to induce an accelerated spawning fully 
effective. In this way, Drori et al. (1994) reported that the 
hormonal injection of GnRHa at low concentrations did not 
show high spawning effectiveness in common carp (Cyprinus 
carpio). Hence, the optimum level of GnRH-type molecules, 
including the recombinant GnRH, is one of the main factors 
that guarantee the efficacy of the hormonal injection in terms 
of efficiency and action speed. 

The results showed that the level of E2 was markedly 
decreased after 12 h and/or 24 h post-injection with rcGnRH 
at 10, 15, and 20 μg/kg. Similarly, the concentration of E2 was 
decreased in the Sterlet sturgeon females injected with rGnRH 
(Mohammadza-deh et al. 2020a, b). Plasma E2 is generally 
increased during the vitellogenesis period, and then, it 
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decreases before the final stages (Mojazi Amiri et al. 1996; 
Barannikova 1999). The E2 reduction in the rGnRH treated 
groups is accompanied by completed oocyte maturation in 
goldfish broodstocks. In this regard, the estrogens are known 
to inhibit the meiotic maturation through the G-protein-coupled 
estrogen receptor (GPER) (Majumder et al. 2015). Altogether, 
data support that the action of rcGnRH on the ovulatory event 
is linked to the depression of the estrogen transduction 
pathway. However, in other species, the injection of GnRH 
analogs at the early FOM triggers either elevation of E2 with 
the induction of ovulation or no apparent effect on E2 (e.g., 
Podhorec et al. 2016; Zareski et al. 2019; Shokr 2020). Thus, 
further investigations are needed to understand if these 
discrepancies are due to species specificities or the type of 
GnRH-like molecules (GnRHa or rcGnRH). 

In fish, the high levels of T before ovulation would participate 
in regulating the final stages, leading to the synchronicity of 
final oocyte maturation and ovulation (Bayunova et al. 2006). 
These high T levels are also associated with reproductive 
behavior initiation, allowing broodstock to reach the ovulation 
stage more quickly (Ceapa et al. 2002). In the present study, 
T levels showed values in the broodstock groups treated with 
rcGnRH after 12 h and 24 h postinjection higher than at the 
initial time or than the control groups. In agreement with the 
present study, Mohammadzadeh et al. (2020a, b) concluded 
that the level of T was increased by the hormonal injection of 
rGnRH at an equivalent dose (10 µg/kg) in Sterlet sturgeon. 
The high T levels after GnRH injection and the observed 
decline around ovulation reflect the influence of GnRH on the 
pituitary gland that releases the LH (Falahatkar et al. 2016; 
Podhorec et al. 2016) and, in turn, the ovarian T secretion. Our 
data further support that GnRH-like molecules are involved in 
the final stages of reproduction in fish. 

In goldfish, DHP is the potential maturation-inducing steroid 
(MIS) (Nagahama et al. 1983). The present results show that 
DHP concentration had marked increases in broodstock 
treated with rcGnRH at 12 h post-injection compared to the 
control. In the same way, Mohammadzadeh et al. (2020a, b), 
Podhorec et al. (2016), and Aizen et al. (2017) showed that the 
injection of rcGnRH or GnRHa resulted in increased DHP 
concentration in sterlet sturgeon, tinca, and common carp, 
respectively. These data support that the effectiveness of 
GnRH-like molecules on fish spawning effectiveness passes 
through hypersecretion of the MIS. The present results also 
show concomitant enhanced production of DHP levels and 
reduced E2 levels in goldfish broodstock treated with rcGnRH, 
which is in line with Mohammadzadeh et al. (2020a, b), who 
reported similar observation for progesterone and E2 in 
Persian sturgeon. These results suggest that enhanced 
progestagens and lowered E2 are associated with the shift in 
the steroidization pathway. This result may stem from 
decreased 17–20 lyase activity and increased 20-β-
hydroxysteroid dehydrogenase activity (Aizen et al. 2012, 
2017). In many teleosts, two genes were identified encoding 
17, α-hydroxylase (P450c17); one of which is P450c17-I, and 
its expression indicates lyase activity producing 19-carbon 
steroids that may be precursors of estrogen and this variant of 
P450c17 is expressed in ovarian granulosa cells during 
vitellogenesis (Zhou et al. 2007). Another variant is P450c17-
Π, which encodes 17-α, a hydroxylase that lacks lyase activity 
and is expressed only in oocytes at the maturation stage 
(Nagahama and Yamashita 2008). Therefore, increased DHP 
level and decreased E2 level in rGn10, rGn15, and rGn20 
treated broodstock may indicate that the females reached the 
ovulation stage by increased DHP levels, potentially through 
stimulation of P450c17-Π and inhibition of P450c17-I. To link 
them with goldfish ovulation, further investigations would be 
needed to analyze the kinetics of these enzymes’ activity and 
E2/DHP blood plasma levels along the process of final oocyte 
maturation in goldfish. 

5. Conclusion  __________________________________________________________________  

In conclusion, the obtained results illustrated that the hormonal 
injection with rcGnRH in goldfish broodstock resulted in 
achieving ovulation in relation to modulation of the significant 

sex steroids. Recombinant GnRH seems to be a practical 
strategy applied in the artificial reproduction of fish to increase 
seed production and allow their availability throughout the 
year.
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Table 1. Reproduction performance in goldfish (Caras-sius auratus) broodstock after injection with 0.9% NaCl with 

20 mg/kg metoclopramide (C); 10 μg/kg body weight (BW) rcGnRH with 20 mg/kg metoclopramide (rcGn10); 15 

μg/kg BW rcGnRH with 20 mg/kg metoclopramide (rcGn15); and 20 μg/kg BW rcGnRH with 20 mg/kg 

metoclopramide (rcGn20). Mean ± SD 

 

 
Different letters designate significant differences as determined by Tukey’s post hoc tests 
1 Spawning success (%): the number of females that ovulated after injection divided by the total number of injected females 
2 Latency period (h): time between the hormone injection and ovulation

 

Figure 1.  
Plasma 17ß-estradiol levels in goldfish (Carassius auratus) broodstock after injection with 0.9% NaCl with 20 mg/kg metoclopramide (C); 10 μg/kg BW rcGnRH with 20 mg/kg 
metoclopramide (rcGn10); 15 μg/kg BW rcGnRH with 20 mg/kg metoclopramide (rcGn15); and 20 μg/kg BW rcGnRH with 20 mg/kg metoclopramide (rcGn20). Mean ± SD; n = 6 
for each tank. Different letters designate significant differences as determined by Tukey’s post hoc tests.  

  

Treatment No. of injected fish No. of spawned fish Spawning success (%)1 Latency period (h)2 

0.9% NaCl 10 0 - - 

rcGn10 10 8 80 22.6 ± 0.5a
 

rcGn15 10 6 60 21.5 ± 0.5a
 

rcGn20 10 10 100 17.5 ± 0.5b 
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Figure 2.  
Plasma testosterone levels in goldfish (Carassius auratus) broodstock after injection with 0.9% NaCl with 20 mg/kg metoclopramide (C); 10 μg/kg BW rcGnRH with 20 mg/kg 
metoclopramide (rcGn10); 15 μg/kg BW rcGnRH with 20 mg/kg metoclopramide (rcGn15); and 20 μg/kg BW rcGnRH with 20 mg/kg metoclopramide (rcGn20). Mean ± SD; n = 6 
for each tank. Different letters designate significant differences as determined by Tukey’s post hoc tests 

 

Figure 3.  
Plasma 17α, 20β-dihydroxy-4-pregnen-3-one levels in goldfish (Carassius auratus) broodstock after injection with 0.9% NaCl with 20 mg/kg metoclopramide (C); 10 μg/kg BW 
rcGnRH with 20 mg/kg metoclopramide (rcGn10); 15 μg/ kg BW rcGnRH with 20 mg/kg metoclopramide (rcGn15); and 20 μg/kg BW rcGnRH with 20 mg/kg metoclopramide 
(rcGn20). Mean ± SD; n = 6 for each tank. Different letters designate significant differences as determined by Tukey’s post hoc tests 
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Figure 4.  
Negative correlation between plasma concentrations of 17α, 20β-dihydroxy-4-pregnen-3-one, and 17β-estradiol in goldfish (Carassius auratus) broodstock after injection with 
0.9% NaCl with 20 mg/kg metoclopramide (C); 10 μg/kg BW rcGnRH with 20 mg/kg metoclopramide (rcGn10); 15 μg/ kg BW rcGnRH with 20 mg/kg metoclopramide (rcGn15); 
and 20 μg/kg BW rcGnRH with 20 mg/kg metoclopramide (rcGn20). Mean ± SD; n = 6 for each tank  
 

 

Figure 5.  
Negative correlation between plasma concentrations of 17ß-estradiol and testosterone in goldfish (Carassius auratus) broodstock after injection with 0.9% NaCl with 20 mg/ kg 
metoclopramide (C); 10 μg/kg BW rcGnRH with 20 mg/kg metoclopramide (rcGn10); 15 μg/kg BW rcGnRH with 20 mg/ kg metoclopramide (rcGn15); and 20 μg/kg BW rcGnRH 
with 20 mg/kg metoclopramide (rcGn20). Mean ± SD; n = 6 for each tank    
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Figure 6.  
Positive correlation between plasma concentrations of testosterone and 17α, 20ß-dihydroxy-4-pregnen-3-one in goldfish (Carassius auratus) broodstock after injection with 0.9% 
NaCl with 20 mg/kg metoclopramide (C); 10 μg/kg BW rcGnRH with 20 mg/kg metoclopramide (rcGn10); 15 μg/ kg BW rcGnRH with 20 mg/kg metoclopramide (rcGn15); and 20 
μg/kg BW rcGnRH with 20 mg/kg metoclopramide (rcGn20). Mean ± SD; n = 6 for each tank      
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