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GRAPHICAL ABSTRACT 

 
Abstract 

This study examined the varying levels of thyroxine hormone impact (at doses of 2, 10, and 50 µg g-1 

BW) as an environmentally responsive hormone on the fatty acid and sexual steroid profiles in male 

Labeo rohita fish. Each treatment group comprised six male fish with an average weight of 5.4 ± 0.58 

kg. Blood samples were collected from male Rohu fish pre-and post-injection, as well as following 

sperm retrieval from the caudal peduncle. Biotechnical parameters were evaluated post-fertilization. 

Among male breeders, the pituitary treatment and the 50 µg g-1 BW thyroxine treatment exhibited the 

highest levels of estradiol, testosterone, 17-alpha hydroxyprogesterone, cortisol, LH, as well as 

testicular protein and fat content. Whereas the lowest levels were observed in the LHRH recipient and 

control groups (p < 0.05). Moreover, the saturated fatty acids C16:0 and C18:0, monounsaturated fatty 

acids C18:1n9c and C24:1n9, along with polyunsaturated fatty acids C20:3n6 and C22:6n3 in male 
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breeders, were found to be the predominant fatty acids in the testes under hormonal treatment. The 

pituitary treatment and the 50 µg g-1 BW thyroxine treatment demonstrated a greater total percentage 

of testicular fatty acids compared to other interventions (p < 0.05). These findings emphasize the 

heightened efficacy of pituitary hormone and subsequent thyroxine hormone administration at a dose 

of 50 µg g-1 BW, relative to lower thyroxine doses and LHRH. The aforementioned treatment can 

increase the levels of sex hormones that are important for sexual responsiveness, emphasizing their 

pivotal role in facilitating successful artificial reproduction in male Rohu breeders. 

Keywords: Climate Change, Sexual maturity, Hormone, Thyroid, Artificial reproduction 

Introduction 

Climate change poses new challenges to the sustainability of fisheries and aquaculture systems on which 

520 million people depend, with almost 3 billion people relying on fish as a major source of animal 

protein. Climate change can directly impact fish reproduction, global fish stocks, and supply for 

consumption, or indirectly affect fish prices, or the costs of goods and services required by fishermen 

and fish farmers (Mitra et al., 2023). These impacts on aquaculture may include global warming, 

saltwater intrusion, sea level rise, reduction in oceanic productions, changes in circulation patterns, 

alterations in monsoon patterns, occurrences of extreme weather events, water stress, changes in inland 

water hydrological regimes, increased diseases, social impacts on farmers and breeders, effects on 

biodiversity, and impacts on the provision of feed for farmed fish (Servili et al., 2020). 

At present, climate change, including the sharp rise in temperature and the decline in natural breeders 

due to overfishing, as well as reduced egg viability, reduced sperm motility, reduced ovulation of eggs, 

low fertilization rates, and high losses during incubation periods due to ecological changes are 

considered to be significant challenges in the breeding of various fish species (Degani, 2020). The 

endocrine system establishes a relative gradual coherence between the external environment and the 

internal state of the body. Consequently, reproductive behaviors align well with sexual maturity and 

favorable environmental conditions simultaneously. Messages associated with internal and external 

factors such as photoperiod and water temperature are received by sensory organs and accumulate in 

the brain (Froehlich et al., 2022). Subsequently, the central nervous system synthesizes informational 

cues. If the recorded messages are in a positive direction, for example, an increase in temperature or 

photoperiod, the hypothalamus stimulates the production and release of gonadotropin-releasing 

hormones and regulates the synthesis and release of pituitary gonadotropins (Muhala et al., 2021). 

Thyroid and growth hormones play a significant role in the growth and early development stages of 

teleost fish. Additionally, these hormones are effective in the early stages of metamorphosis, growth, 

metabolism, and osmoregulation (Tovo-Neto et al., 2018). Thyroid hormones are essential for sexual 

differentiation, maintaining sex ratio balance, and influencing gonadal maturation. Moreover, 

considering that thyroid hormone receptors are present in the ovary and testis, this hormone also affects 

the evolution of sexual gonads (Deal and Volkoff, 2020), making them suitable candidates for studying 

climate change effects on sexual maturity. 

Indian carp are considered among warm-water fish species, ranking second in global production after 

Chinese carp. Rohu fish (Labeo rohita) is an excellent species among Indian carp and is particularly 

favored as one of the most delicious farmed carp on the Indian subcontinent. Numerous studies 

highlighted the positive impact of combining species of Indian and Chinese carp in earthen ponds 

compared to monoculture of Chinese carp alone, which can significantly increase fish production 

(Brown et al., 2014). In recent years, the occurrence of mass mortalities among warm-water fish, 

especially phytophagous and carp species, in Iranian aquaculture farms has posed a crisis to the 

aquaculture industry (Lin et al., 2021). The use of new species that are both productive and more 

resistant to environmental conditions can contribute to the development of this industry and the 

mitigation of existing threats. However, since they are not native to Iran and at the same time there are 

strong climate changes and a significant increase in air temperature, their hormonal behavior needs to 
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be further investigated (Lindmark et al., 2022). Breckels and Neff (2013) The effects of elevated 

temperature on the sexual traits, immunology and survivorship of a tropical ectotherm, Pilakouta et al. 

(2022) effects of temperature on mating behavior and mating success and Ribeiro Reis et al (2023) 

effect of temperature on the early sexual development of tambaqui Colossoma macropomum. 

Considering the above conditions, this study aimed to investigate the effects of different doses of 

influential hormones on the sexual maturity of male Rothu breeders (L. rohita) that may result from 

increases or decreases in temperature. 

Materials and Methods 

Fish breeders 

Male Rohu fish (5.4 ± 0.58 kg) were utilized from aquaculture breeders in Dezful County (Khuzestan 

Province, Iran). Male fish were identified with an elongated body 

The male fish were identified by their slender bodies and placement of the genital path behind the 

genital papilla, then transferred to cement tanks and anesthetized with 30 cc EG/100 L H2O. Six breeders 

were allocated for each treatment and control group. 

Preparation of Thyroxine hormone 

Many studies have demonstrated the effect of temperature on fish physiology, considering it as one of 

the most crucial environmental factors affecting the growth and survival of these organisms (Servili et 

al., 2020). Therefore, the effect of temperature changes on sexual maturity was investigated in this study 

by examining different doses of thyroxine hormone. Thyroxine, commercially known as Thyroxine 

Sodium or T4 (Iran Hormone, Iran), was purchased. This hormone was used at three doses of 2, 10, and 

50 µg g-1 BW of breeder fish were selected (Khalil et al. 2011). 

Hormonal treatments 

The Luteinizing Hormone-Releasing Hormone (LHRH) hormone dose was determined according to 

Naeem et al. (2013), focusing on inducing sexual maturity in male breeders using LRHR analog. After 

injection, fish were placed in tanks with water circulation. The mentioned hormone was dissolved in 

dimethyl sulfoxide solution (1 cc). Doses of 2, 10, and 50 µg g-1 BW were prepared and injected into the 

ventral caudal fin. The breeders in the control treatment were not injected with hormones but with 

distilled water. 

Hormonal changes analysis in male and female Rohu breeders 

In male fish, blood sampling was conducted pre-and post-injection, as well as after sperm retrieval. 

Blood sampling from the breeders was performed using a 5-mL plastic syringe, extracted from the 

caudal peduncle. Then, blood samples were transferred to ice-filled isolated containers and transported 

to the laboratory. Serum samples from each fish were centrifuged at 2000 RPM for 10 minutes and 

stored at -20°C until hormonal assays were performed (Degani, 2020). Testosterone and 17-beta 

estradiol were measured using the Spectria hormonal kit (Finland). Cortisol levels were measured using 

the RIA method, and 17-alpha hydroxyprogesterone was measured using the Immunotech hormonal kit 

(France). Furthermore, LH hormone was assessed using Immunotech kits (France) and I125 tracer by 

radioimmunoassay (RIA) method. 

Testicular histochemistry 

Testicular tissue samples were kept at 23°C to conduct histochemistric studies. Moisture, protein, fat, 

and ash content in the testes were measured using the AOAC method (1995). Moisture content 

measurement involved drying the samples at 105°C until a constant weight was achieved. Ash 

determination was carried out by burning the samples at 550°C for 12 hours in an electric furnace. 

Whereas protein content in the samples (total nitrogen × 6.25) was determined using the Kjeldahl 

method after sample digestion in 98% sulfuric acid. Fat extraction from the samples was performed 

using Soxhlet extraction, and the fat was dissolved using ether. 

Data Analysis 
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Statistical calculations were performed using SPSS version 23 software. One-way analysis of variance 

(ANOVA) was employed to examine the difference between the means of hormonal variables, tissue 

composition, and ovarian fatty acids. Tukey's post hoc test was utilized for multiple comparisons. A 

significance level of 0.05 was considered, and the data were reported as mean ± standard deviation. 

Results 

Changes in sexual steroid levels in male Rohu breeders 

Estradiol 

In male breeders (Figure 1-A), pre-and post-injection and after sperm release, the highest level of 

estradiol hormone was observed in the groups receiving pituitary and 50 µg g-1 BW of thyroxine. While 

the lowest level was measured in the control and LHRH groups (p<0.05). In male breeders, the estradiol 

hormone level was lowest pre-injection and highest after injection, with a significant decrease in its 

level in all treatments after sperm collection (p<0.05). 

Testosterone 

Figure B-1 illustrates the trend of testosterone changes in male breeders. The highest level was 

measured in the groups receiving thyroxine, pituitary, LHRH, and control before injection in male fish 

(p<0.05). After sperm extraction, a decreasing trend in testosterone levels was observed in all treatments 

(p<0.05). In the male breeders, the lowest testosterone levels were observed in the groups that received 

thyroxine after sperm collection, in the pituitary group after sperm collection, in the LHRH group after 

injection and sperm collection, and in the control group after injection (p<0.05). 

 

Male 

  

 A) Estradiol  B)Testosterone 

Fig. 1 The hormone changes trend in A) Estradiol and B) Testosterone in Rohu  (L. rohita) treated with hormones effective in 

sexual maturity effects of temperature. Lower and upper case letters indicate significant differences in each treatment and 

between treatments (P<0.05). 

 

Cortisol 

The cortisol hormone level in male breeders had the lowest amount after sperm collection, except in the 

pituitary treatment (29.20 ng mL-1 after the second injection and 57.15 ng mL-1 after sperm collection). 

Notably, no significant difference was found between other treatments before and after injection 

(p<0.05) (Figure 2). 

 

17-Alpha-Hydroxyprogesterone 

In male breeders, the lowest level of the 17-alpha-hydroxyprogesterone hormone was observed in the 

control and LHRH treatments, while the highest value was measured in the groups receiving 50 µg g-1 

BW of thyroxine and pituitary (p<0.05). Additionally, according to the changes trend observed in this 

hormone (Figure 2), male breeders had the highest level of 17-alpha-hydroxyprogesterone hormone 

post-injection and the lowest level pre-injection (p<0.05). 



 

5 
 

 

 

Male 

  

 A) Cortisol B) 17-alpha hydroxyprogesterone 

Fig. 2 The hormonal changes trend in A) Cortisol, B) 17-alpha hydroxyprogesterone in Rohu (L. rohita) treated with hormones effective in 

sexual maturation effects of temperature. Lower and upper case letters indicate significant differences in each treatment and between 

treatments (P<0.05). 

 

In the female breeder, the LH hormone exhibited the highest level pre-injection, significantly higher 

compared to other times (p<0.05). After injection, the highest level of this hormone was measured in 

all treatments after the second injection (Figure 3). In the male breeders, except for the LHRH treatment, 

where there was no significant difference in LH hormone levels after injection (3.51 ng mL-1) and after 

sperm collection (3.45 ng mL-1) (p> 0.05), the lowest level was observed after sperm collection in the 

other treatments (p < 0.05). 

 

Fig. 3 Changes in LH hormone of male Rohu fish (L. rohita) treated with hormones effective in sexual maturity effects of temperature. 

Lower and upper case letters indicate significant differences in each treatment and between treatments (P<0.05). 

 

Fatty acids 

The changes in fatty acids in the male breeder overall studied treatments are shown in Table 1. In the 

male breeder, the saturated fatty acid C12:0 was only measured in the treatments receiving thyroxine, 

whereas the unsaturated fatty acid C18:1n9t was only detected in the LHRH and pituitary treatments. 

Furthermore, the unsaturated fatty acid C18:1n7t was measured in the pituitary, LHRH, and control 

treatments. C16:0 and C18:0 are saturated fatty acids, C18:1n9c and C24:1n9 are unsaturated fatty acids 

with a double bond, and C20:3n6 and C22:6n3 are fatty acids with multiple double bonds, which were 

the most abundant fatty acids in the testes of male breeder fish under hormonal treatments. The 

composition of identified fatty acids in the male breeder fish is shown in Table 4. 
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Table 1. Fatty acid composition of the testis of male Rohu fish (L. rohita) treated with effective hormones in 

sexual maturity effects of temperature 

Treatment 
Parameter 

Control Thyroxine (µg BW) 
Pituitary  LHRH 

Dose 2 Dose 10 Dose 50 

S
at

u
ra

te
d

 f
at

ty
 a

ci
d

s 

C12:0 n.d c0.004±0.008 a±0.010.12 b6±0.000.1 n.d n.d 

C14:0 c±0.04210. d3±0.04100. b02±0.0240. a3±0.090.1 e08±0.00820. e05±0.0810. 

C16:0 e±0.3323.17 d55.32±80.1 c32.0±19.19 b34±0.20.39 a16±0.23.57 e75±0..7517 

C17:0 c0±0.0870. d05±0.0830. b5±0.0980. a9±0.01.05 c3±0.00.89 c±0.01890. 

C18:0 d±0.1233.9 c±0.1875.12 c±0.2212.79 b±0.0813.84 a.190±3115. d±0.03631.10 

C20:0 e±0.010.09 n.d c±0.0080.17 b±0.010.29 a±0.0090.37 d26±0.0100. 

C22:0 e.0161±0.0 d±0.010.79 c2.00±900. b5±0.011.06 a±0.011.28 e3.00±620. 

C21:0 f10.0020.0± e03.0±0.009 b0.0004.0±17 a7000±0.76.0 d07±0.00.10 c0.00±110. 

C24:0 
d33.1±0.08 c4.0±12.20 b.310±015. b±0.015.27 d27±0.6.66 b±0.1822.5 

U
n

sa
tu

ra
te

d
 f

at
ty

 a
ci

d
s 

w
it

h
 a

 

d
o

u
b

le
 b

o
n
d
 

C16:1 
f0.0±40.02 d67.0±0.005 c±0.0031.07 b±0.161.43 a08.0±5.68 e ±0.010.55 

C17:1 f01±0.00.07 d7±0.00.14 c81±0.00.25 b1±0.00.84 a07±0.00.88 e03±0.011.0 

C 20:1n e9±0.00.10 d800.021±0.0 b15±0.00.55 a01.00±99.0 a03 ±0.99.0 c17±0.00.42 

C18:1n9t a 0.64±0.0 n.d n.d n.d n.d b 007±4300. 

C18:1n9c f 0.02±43.1 d 62.09±3.0  c  .050±707. b 0.11 ±8.87 a .561±6821. e 3.1±03.03 

C18:1n7c f0.04 ±06. 1    d 43.2±1.0 b 50.0±841.  a .200±242.  c .010±511.  e  0.03±1.28 

C18:1n7t c0.0  ±02.0 n.d n.d n.d b 020.± 12.0  c 0.004±0.03  

C22:1n9 c 23.0±0.0  a0.03   ±49.0 a .0050± 530. a 0.02±0.54 b 0.005 ±0.36 b  .030±340. 

C24:1n9 f0.11±57.1  d 81.15±2.0 c0.14±2.95 b  0.17±3.09  a 0.06±3.46 e 0.07±2.09 

O
m

eg
a 

6
 f

at
ty

 

ac
id

s
 

C18:2n6t a 25.0±0.0 b 0.01±0.18 b  .0040±0.19 b 0.01±0.18 b .020±200. c .030±120. 

C18:2n6c d0.10±5.2 d 0.009±27.2 c 0.003 ±3.42 b .010±704. a 120.±8.42 d .110±.202 

C20:2n6 n.d b 0.02±0.36 b 0.01±0.37 c 0.01±0.21 a .010±420. n.d 

 C20:3n6 d 0.13±86.3 b 0.22±51.11 a .0080±3712. a .610±8712. a .600±4013. c 0.10±10.76 

C20:4n6 e 0.01±97.1 c 47.18±4.0 b 0.15±24.5 a0.32±6.54 a0.22 ±6.55 d .460±223. 

C22:2n6 e0.004±0.06.00 n.d b .060±440. c .010±210. a 0.02±1.07 d .0040±080. 

O
m

eg
a 

3
 

fa
tt

y
 

ac
id

s
 

C18:3n3 
d0.08 ±42.0 c0.03  ±43.0 c0.03 ±45.0 d .010±390. a 10.0±3.69 b 0.01±0.78 

C20:5n3 e 0.42±0.76 d0.009±80.10 c .110±112.  b 0.02±2.25 a 0.07±5.20 d .090±801. 

C22:6n3 e  0.44±96.4 cd 2.77± 0.16 b 0.37 ±18.73 b .061±9619. a 1.33±20.30 d 1.20±81.14 

Non-identical letters mean a significant difference at the level of 0.05% between treatments (P<0.05). n.d: Not recognized by the device 

 

Table 2 shows that breeders treated with pituitary hormone and thyroxine were richer in total saturated 

and unsaturated fatty acids and total omega-3 and omega-6 fatty acids. Total unsaturated fatty acids 

with multiple double bonds were significantly higher in the thyroxine, pituitary, LHRH, and control 

treatments in male breeders than in female growers (P < 0.05). 

 

Table 2. Investigating the ratio between types of fatty acids in the testicles of Rohu fish (L. rohita) treated with 

effective hormones in sexual maturation effects of temperature 

Parameter Control Thyroxine (µg BW) 
Pituitary  LHRH 

Dose 2 Dose 10 Dose 50 
ΣSUF* d 31.2±29.78 b 01.3± 37.12 b 92.2± 39.75 a.25 3±5744. a.822±2648. c.47 2±9834. 

ΣMUF** f±0.62 4.94 Ad±1.36 9.37 c .622±8914. b.78 2±6318. a.751±6834. e  1.05±7.89 

ΣPUF*** f .801± 3314. d .932±0437. c.51 2±3243. c.94 3±3147. a.683±2559. e.49 2±77.33 

ΣPUF/ ΣSUF 0.34 0.25 0.34 0.39 0.58 0.23 

Σω6 f ±1.558.19 d±79.66 18.3 c±0.72 22.2 b±71.7 24.3 a±6.36 30.2 e ±38.3916.4 

Σω3 c±0.52 14.6 b.63 3±2518. b.10 4±2921. ab±4.80 22.6 a.183±1929. b.82 3±3917. 

Σω3/ Σω6 0.74 0.97 0.96 0.91 0.97 1.06 

SFA: saturated fatty acid; **MUFA: monounsaturated fatty acid; ***PUFA: polyunsaturated fatty acid. * 

Small non-similar letters indicate significant differences in each row (P<0.05). 

 

Testes histochemistry 

The histochemical composition of the testis is presented in Table 3. In male breeders, no significant 

difference was recorded in moisture and ash content among the examined treatments (P > 0.05). The 
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pituitary recipients exhibited the highest protein content at 15.54%, and the thyroxine recipients at 50 

µg g-1 BW showed the highest (11.61%) (P < 0.05). While the LHRH and control treatments exhibited 

the lowest protein content (P < 0.05). In both male breeders, the gonad fat content was higher in 

thyroxine recipient treatments (doses of 2, 10, and 50 µg g-1 BW) compared to other treatments 

(P<0.05). 

 

Table 3. Histochemical composition of the testis of Rohu fish (L. rohita) treated with effective hormones in 

sexual maturity (dry weight percentage) effects of temperature 

Parameter 
Control 

Thyroxine (µg body weight) 
Pituitary  LHRH 

 Dose 2 Dose 10 Dose 50 

Protein d .210±5810. c.22 0±38.13 c.27 0±0113. b.17 0±14.61 a.24 0±5415. d.25 0±6111. 

fat e.06 0± 301. d.03 0± 441. d.03 0± 241. b.14 0± 021. a.08 0± 980. d .050± 491. 

humidity a.12 0± 0182. a.09 0± 82 a.05 0± 0582. a.07 0±9781. a.16 0±82.11 a 07±0.03.82 

ash a.030± 132. a.42 0± 012. a.08 0± 172. a.04 0±142. a.03 0± 152. a 40.0± 162. 

Small non-similar letters indicate significant differences in each row (p<0.05) 

Discussion 

Fish are ectothermic organisms, which means that all their life processes are influenced by the water 

temperature, as most fish species lack physiological mechanisms to regulate their body temperature. 

Therefore, fluctuations in water temperature can have differential effects on populations and the 

survival of aquatic species. Water temperature plays a crucial role in controlling all reproductive 

processes, from gamete and maturation growth, spawning, sperm release, and egg hatching to larval 

growth and survival. The effect of temperature on the natural reproduction of aquatic organisms can 

vary depending on the timing of the annual thermal cycles and can be exhibited differently. Water 

temperature is one of the most important factors that trigger biological responses and effectively 

coordinate the final stages of maturation through its influence on the hypothalamic-pituitary-gonadal 

axis (Imsland et al., 2019). 

Thyroid hormones in fish blood change according to reproductive cycles. Previous studies documented 

that high levels of these hormones increase the gametes growth in breeders, as well as the development 

and differentiation in ovarian follicles (Landines et al., 2010). Considering the importance of these 

hormones in the sexual maturation of fish, this study examined their effects, compared to commercial 

hormones, on the reproductive hormones and body indices of Rohu fish in the male gender. Rawung et 

al. (2022) demonstrated that testosterone acts as a precursor in the production of estradiol in both male 

and female genders. It increases gonadotropin levels through positive feedback before the onset of 

oocyte and sperm maturation. This induction leads to final oocyte maturation in female fish and 

spermatogenesis in male fish (Landines et al., 2010; Rawung et al., 2022). A similar trend regarding 

changes in testosterone levels was observed in the present study. Accordingly, all treatments (thyroxine, 

pituitary, LHRH, and control) exhibited the highest testosterone levels before injection and before the 

initiation of gonadal maturation stages. Subsequently, there was a decreasing trend after injection until 

the spermiation stage, suggesting the potential utility of this hormone for stimulating spermatogenesis 

(Naeem et al., 2013). After the decrease in testosterone, estradiol content increased to initiate maturation 

stages immediately after injection. Kulkarni and Pruthviraji (2016) reported the highest testosterone 

levels in river-collected fish, including L. rohita, Catla catla, Cirrhana mrigala, and L. fimbriatus, just 

before maturation. 

After injection into male fish, the production of the hormone estradiol increased in the testes. After 

discharge of the gonads, it reached its lowest level, indicating a similar trend in the male sex. The higher 

levels of estradiol in the pituitary and thyroxine recipient treatments, compared to LHRH, confirm the 

higher efficiency of these two hormones in the sexual maturation phenomenon. However, at lower 

levels of thyroxine, the decrease in testosterone and estradiol production, as hormones involved in 

sexual maturation, led to a decrease in plasma androgen levels and a decrease in male fish maturation. 
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Similar results were noted in various studies such as Safian et al. (2016) on zebrafish (Danio rerio) and 

Swapana et al. (2006) on catfish (Clarias gariepinus). Morais et al. (2013) investigated the effect of 

thyroid hormone on spermatogenesis in zebrafish (D rerio), and found that the use of thyroxine 

increases both mitotic index in undifferentiated spermatogonia and in Sertoli cells of the testes. 

Similarly, Safian et al. (2016) demonstrated that thyroxine not only stimulated the formation of type a 

spermatocyte but also increased the storage of type B spermatocytes in the testes. 

Our results showed that increasing the thyroxine level from 2 µg g-1 BW to 50 µg g-1 BW significantly 

enhanced the level of this hormone in males. Compared to the pituitary gland, all three treatments led 

to significantly lower levels of the 17-alpha-hydroxyprogesterone hormone (P < 0.05). Moreover,  

Abdollahpour and Falahatkar (2017b) assessed the effect of thyroxine hormone injection on growth 

performance and reproductive function of female Sterlet (Acipenser ruthenus). They reported that 

higher doses exhibited an anabolic effect, while lower doses reduced efficiency and showed catabolic 

effects, leading to abnormalities. This result was particularly evident in the composition of gonadal 

tissues and the higher percentage of protein in the thyroxine recipient treatments with a dose of 50 µg 

g-1 BW compared to doses of 2 and 10. In male fish, research conducted by Franca et al. (2015) and 

Schulz et al. (2010) indicated the impact of elevated or diminished levels of thyroid hormones, notably 

thyroxine, on diminishing testicular size and sperm production rate. They attributed this mechanism to 

thyroxine's influence on the maturation of Sertoli cells. 

In the LHRH treatment, the levels of 17 alpha-hydroxyprogesterone hormone were higher compared to 

the control group, but significantly lower than those observed in the thyroxine and pituitary hormone 

recipient treatments (P < 0.05). The superiority of pituitary and thyroxine treatments over LHRH can 

be attributed, in part, to the site of action of the injected hormones within the HPG axis (Heraedi et al., 

2018). The pituitary hormone directly affects the gonads, while thyroxine hormone, regulated by 

thyroid-stimulating hormones (TSH released from the pituitary), is released from thyroid follicles and 

plays a role in maturity activities (Abdollahpour and Falahatkar, 2017a). On the other hand, LHRH 

hormone stimulates the pituitary gland of the breeders, leading to increased timing and hormonal chain 

reactions. This results in the pituitary hormone having a shorter pathway and a stronger effect in 

implementing sexual maturation instructions compared to the other two hormones (Al Zaidy et al., 

2017). 

Previous studies have demonstrated that appropriate doses of thyroxine exert their effects through 

increased protein synthesis, glycogenesis, and synergistic interaction with other growth hormones, 

while lower doses result in growth reduction and protein catabolism (Eales et al., 2004). In males, the 

treatment that received 2 µg g-1 BW had the lowest level of sexual organ proteins compared to the other 

treatments and the control group (P < 0.05). In other words, thyroid hormones play a role in the gene 

expression stage by increasing the expression of growth hormones and IGF-I, thereby increasing the 

production of these hormones and promoting protein synthesis (Schmid et al., 2003). These results were 

consistent with the findings of the present study in treatments with doses of 10 and 50 µg g-1 BW. 

Research on catfish has indicated that thyroxine stimulates the secretion of hormone Igf3 (insulin-like 

growth factor 3), igfbp3, and igfbp1, both of which are insulin-like proteins that bind to proteins, thus 

promoting gonad growth and development. Moreover, thyroxine enhances hepatic synthesis of 

vitellogenin in male fish by increasing estradiol levels, thereby facilitating increased fat and protein 

reserves in the gonads for use in sperm production (Safian et al., 2016). 

The comparison of hormone efficacy in relation to protein reserves in testicular tissue confirms the 

superior efficacy of pituitary hormone compared to thyroxine and the inferior efficacy of LHRH in 

increasing protein levels in the gonads. This serves as an important indicator for meeting protein 

requirements for egg and sperm production in male Rohu breeders. In a study on the induction of 

ovulation in silver carp breeders (Hypophthalmichthys molitrix) using LHRH-A hormone, the success 

of utilizing LHRH hormone has been recognized depending on the dose administered and the use of a 
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dopamine antagonist, which may explain the reduced performance of this hormone in Rohu fish 

(Mabudi et al. 2013). 

The cortisol dynamics exhibited no significant disparity in its levels between pre-injection stages and 

sperm discharge among recipients of pituitary treatments, as well as across various doses of thyroxine 

treatments (P > 0.05). Conversely, recipients of LHRH treatments and the control group exhibited the 

lowest cortisol levels post-gonadal discharge compared to other treatments (P > 0.05). Furthermore, the 

cortisol levels in these two groups were notably lower than in the pituitary and thyroxine recipient 

treatments (P < 0.05). Considering the impact of stress on cortisol levels (Mabudi et al., 2013), it appears 

that the administration of pituitary and thyroxine hormones induces more stressful conditions for Rohu 

breeders compared to LHRH. Additionally, although there were no significant differences observed 

across various time points (P > 0.05), male fish exhibited the highest cortisol levels post-injection across 

all six treatments. This phenomenon may be attributable to breeder manipulation during hormone 

injection. 

Dopamine, functioning as a catecholamine transmitter, assumes a pivotal role in mitigating sexual 

maturity in breeders exposed to stressful circumstances such as manipulation (Drose et al., 2014). Based 

on the findings, breeders subjected to both pituitary and thyroxine recipient treatments, administered at 

a dosage of 50 µg g-1 BW, exhibited superior capacities to suppress stress and regulate dopamine levels 

compared to other treatments. This highlighted the elevated levels of LH hormone observed in these 

two treatments (P < 0.05). 

Fatty acids play a crucial role in the reproductive cycle, experiencing various metabolic pathways, with 

certain forms stored in reproductive organs (Jerez et al., 2006). Docosahexaenoic acid (DHA) is an 

essential fatty acid vital for gamete structure, with the highest levels observed in pituitary recipient 

treatments, followed by thyroxine recipient treatments injected at a dosage of 50 µg g-1 of thyroxine. 

Ascorbic acid (C20:4n-6) is among the key fatty acids in the reproductive pathway (Tocher, 2010), 

essential for prostaglandin production, which stimulates gamete maturation (Tocher, 2003). In male 

breeders, the pituitary and thyroxine treatments exhibited the highest levels, which corresponded to the 

higher percentages of estradiol and testosterone hormones. Carlos et al. (2009) noted the presence of 

elevated levels of eicosapentaenoic acid (EPA, C20:5n3) and DHA (C22:6n3) fatty acids in the gonads 

as indicative of heightened maturity. In male fish, the pituitary and 50 µg g-1 of thyroxine treatment 

groups had higher levels of these two hormones compared to the control, LHRH recipient treatments, 

and treatments receiving 2 and 10 µg g-1 of thyroxine (P < 0.05). Hence, it can be concluded that these 

two hormones have a greater effect on the sexual responsiveness of male Rohu fish. 

Saturated fatty acids (ΣSUF) play a primary role in sperm formation activities in male breeders 

(Henderson et al., 1987). Considering the results and the tendency of the secretion of the hormone 

estradiol, which is involved in the stages of spermatogenesis, the high content of saturated fatty acids 

in the pituitary and thyroxine recipient treatments compared to the control is justified. 

 

Conclusion 

According to our results, the reduction in thyroxine hormone levels, influenced by climatic changes, 

can significantly impact the decrease in sexual hormones and the reproductive response of males. It can 

be concluded that treatment with thyroxine (50 µg) was more effective in inducing maturity in male 

Rohu compared to lower doses of thyroxine and also LHRH hormone when considering reproductive 

hormone indices. Additionally, these two hormones increased the protein and lipid content in the 

testicles and thus increased the reproductive success of the Rohu fish. 

 

References 



 

10 
 

1. Abdollahpour, H. and Falahatkar, B., 2017a. Improve growth performance in Sterlet Sturgeon 

Acipenser ruthenus larvae subsequent thyroxine injection to broodstock. 8th International Symposium 

on Sturgeons. Vienna, Austria. 

2. Abdollahpour, H., Falahatkar, B., Efatpanah, I. and Meknatkhah, B., 2017b. Effect of intraperitoneal 

thyroxine injection on hematological indices in Sterlet sturgeon Acipenser ruthenus broodstock; a 

preliminary result. 8th International Symposium on Sturgeons. Vienna, Austria. 

3. Abdollahpour, H., Falahatkar, B., Efatpanah, I., Meknatkhah, B., Kraak, G. 2018. Influence of thyroxine 

on spawning performance and larval development of Sterlet sturgeon Acipenser ruthenus. Aquaculture. 

497: 134-139. 

4. Ahmadnezhad, M.; Oryan, S.; Sahafi, H.H. and Khara, H. 2013. Effect of Synthetic Luteinizing 

Hormone-Releasing Hormone (LHRH-A2) Plus Pimozide and Chlorpromazine on Ovarian 

Development and Levels of Gonad Steroid Hormones in Female Kutum Rutilus frisiikutum .Turk. J. 

Fish. Aquat. Sci., 13: 95-100 

5. Al Zaidy, F., Al-Noorm S.,  Jasim, B.M. 2017. The effect of hormone type and amount of dose on 

gonadotropin hormones levels in blood plasma of common carp (Cyprinus carpio) during artificial 

spawning processes. Iraqi J. Aquacult. Vol. (41) No.(1)-7142: 41-28 

6. AOAC International, 1995. Official methods of analysis of AOAC (International Association of 

Analytical Communities). Arlington, VA, USA. 

7. Breckels, R.D., Neff, B.D., 2013. The effects of elevated temperature on the sexual traits, immunology 

and survivorship of a tropical ectotherm. Journal of Experimental Biology, 216 (14): 2658–2664. 

https://doi.org/10.1242/jeb.084962  

8. Brown, C.L., Urbinati, E.C., Weimin Zhang, W., Brown, S.B., Michelle McComb-Kobza,M., 2014. 

Maternal thyroid and glucocorticoid hormone interactions in larval fish development, and their 

applications in aquaculture. Rev. Fish. Sci. Aquacult. 22, 207–220. 

9. Carlos, Y., Nicole,R., Michael, N., Kevanl, M. 2009. Effects of fatty acid composition and spawning 

season patterns on egg quality and larval survival in common snook (Centropomus undecimalis). 

Aquaculture. 287: 335-340. 

10. Castillo, S., Bollfrass, K., Mendoza, R., Fontenot, Q., Lazo, J. P., Aguilera, C., Ferrara, A., 2013. 

Stimulatory effect of thyroid hormones improves larval development and reproductive performance in 

alligator gar Atractosteus spatula and spotted gar Lepisosteus oculatus. Aquaculture Research, 46: 

2079-2091 

11. Cioffi F, Senese R, Petito G, Lasala P, de Lange P, Silvestri E, Lombardi A, Moreno M, Goglia F and 

Lanni A (2019) Both 3,3′ ,5-triiodothyronine and 3,5-diodo-L-thyronine Are Able to Repair 

Mitochondrial DNA Damage but by Different Mechanisms. Front. Endocrinol. 10:216. 

12. Deal, C.K., Volkoff, H. 2020. The Role of the Thyroid Axis in Fish. Front. Endocrinol. 6: 1-25. 

https://doi.org/10.3389/fendo.2020.596585 

13. Degani, G. 2020. Brain Control Reproduction by the Endocrine System of Female Blue Gourami 

(Trichogaster trichopterus). Biology. 9: 109- 123. doi:10.3390/biology9050109 

14. Drose S, Brandt U, Wittig I. Mitochondrial respiratory chain complexes as sources and targets of thiol-

based redox-regulation. Biochim Biophys Acta. (2014) 1844:1344–54. doi: 

10.1016/j.bbapap.2014.02.006 

15. Eales, J. G., Delvin, R., Higgs, D. A., Mcleese, J. M., Oakes, J. D. and Plohman, J. 2004. Thyroid 

function in growth hormone transgenic coho salmon (Oncorhynchus kisutch). Can. J. Zool. 82: 1225-

1229. 

16. França, L.R., Nóbrega, R.H., Morais, R.D.V.S., Assis, L.H.C., Schulz, R.W., 2015. Sertoli cell structure 

and function in anamniote vertebrates. In: Griswold, M.D. (Ed.), Sertoli Cell Biology. Elsevier, 

Amsterdam, pp. 385–407. 

https://doi.org/10.1242/jeb.084962
https://doi.org/10.3389/fendo.2020.596585


 

11 
 

17. Froehlich, H.E.; Koehn, J.Z.; Holsman, K.K.; Halpern, B.S. Emerging Trends in Science and News of 

Climate Change Threats to and Adaptation of Aquaculture. Aquaculture 2022, 549, 737812 

18. Henderson, R. J. and Tocher, D. R. 1987. The lipid composition and biochemistry of freshwater fish. 

Progress Lipid Research, 26, 281– 347 

19. Heraedi, A., Prayitno, S.B., Yuniarti, T. 2018. The Effect of Different Thyroxine Hormone (T4) 

Concentration on The Growth, Survival, and Pigment Development of Pink Zebra Fish Larvae 

(Brachydanio reiro). Omni-Akuatika, 14 (2) : 21 – 28 

20. Imsland A.K.D, Danielsen M, Jonassen T, Hangstad T.A, Falk-Petersen I.B. Effect of incubation 

temperature on eggs and larvae of lumpfish (Cyclopterus lumpus). Aquaculture. 2019; 498: 217–222 

21. Jerez, S., C. Rodríguez, J. R. Cejas, A. Bolaños & A. Lorenzo. 2006.Lipid dynamics and plasma level 

changes of 17 β-estradiol and testosterone during the spawning season of gilthead seabream (Sparus 

aurata) females of different ages. Comparative Biochemistry and Physiology Part B, 143: 180-189. 

22. Khalil, N. A., Allah, H. M. K. and Mousa, M. A., 2011. The effect of maternal thyroxine injection on 

growth, survival and development of the digestive system of Nile tilapia (Oreochromis niloticus) larvae. 

Advances in Bioscience and Biotechnology, 2: 320-329. 

23. Kulkarani, R., Pruthviraj, C.B. 2016. Thyroid and sex steroid hormone levels in the fresh water carps 

collected in wild from an aquatic body. European Journal of Biotechnology and Bioscience. 4:1-4. 

24. Landines, M. A., Sanabria, A. I., Senhorini, J. A. and Urbinati, E. C., 2010. The influence of 

triiodothyronine(T3) on the early development of piracanjuba (Brycon orbignyanus). Fish Physiology 

and Biochemistry, 36: 1291-1296. 

25. Lin, Y.-J.; Rabaoui, L.; Basali, A.U.; Lopez, M.; Lindo, R.; Krishnakumar, P.K.; Qurban, M.A.; 

Prihartato, P.K.; Cortes, D.L.; Qasem, A.; et al. Long-Term Ecological Changes in Fishes and Macro-

Invertebrates in the World’s Warmest Coral Reefs. Sci. Total Environ. 2021, 750, 142254 

26. Lindmark, M.; Audzijonyte, A.; Blanchard, J.L.; Gårdmark, A. Temperature Impacts on Fish 

Physiology and Resource Abundance Lead to Faster Growth but Smaller Fish Sizes and Yields under 

Warming. Glob. Chang. Biol. 2022, 28, 6239–6253. 

27. Mabudi, H.; Savari, A.; Javadzadeh, N., (2013). The integrated effect of LHRHA2 and pituitary 

extract on maturation of Barbus xanthopterus. Int. J. Mar. Sci. Eng., 3 (3), 153-158 

28. Mitra, A.; Abdel-Gawad, F.K.; Bassem, S.; Barua, P.; Assisi, L.; Parisi, C.; Temraz, T.A.; Vangone, 

R.; Kajbaf, K.; Kumar, V.; et al. Climate Change and Reproductive Biocomplexity in Fishes: Innovative 

Management Approaches towards Sustainability of Fisheries and Aquaculture. Water 2023, 15, 725.  

29. Morais, R.D.V.S., Nóbrega, R.H., Gómez-Gonzáles, N.E., Schmidt, R., Bogerd, J., França, .R., Schulz, 

R.W., 2013. Thyroid hormone stimulates the proliferation of sertoli cellsand single type a 

spermatogonia in adult zebrafish (Danio rerio) Testis. Endocrinology 154, 4635–4676 

30. Muhala, V.; Chicombo, T.F.; Macate, I.E.; Guimarães-Costa, A.; Gundana, H.; Malichocho, C.; 

Hasimuna, O.J.; Remédio, A.; Maulu, S.; Cuamba, L.; et al. Climate Change in Fisheries and 

Aquaculture: Analysis of the Impact Caused by Idai and Kenneth Cyclones in Mozambique. Front. 

Sustain. Food Syst. 2021, 5, 714187 

31. Naeem, M., Zunber, A., Ashraf, M., Ahmad, W., Ishtiaq, A., Najam-ul-Hasan. 2013.  Induced breeding 

of Labeo rohita through single application of ovaprim-C at Faisalabad Hatchery, Pakistan. African 

Journal of Biotechnology. 12: 2722-2726. 

32. Pilakouta, N., Baillet, A., 2022. Effects of temperature on mating behaviour and mating success: A 

meta‐analysis. Journal of Ournal of Animal Ecology, 91. DOI:10.1111/1365-2656.13761  

33. Rawung, L.D., Rayer, D.J., Manampiring, N. 2021. The potency of curcumin and the thyroxine 

hormone to support the antioxidant activity during reproduction in common carp (Cyprinus carpio L). 

Icmansera.5:1-6. 

http://dx.doi.org/10.1111/1365-2656.13761


 

12 
 

34. Ribeiro Reis, V., Paixao, R., Morais, I., Bandeira, I., 2023.Effects of temperature on mating behaviour 

and mating success: A meta‐analysis. Aquaculture International, 32(2):1-15. DOI:10.1007/s10499-023-

01238-w 

35. Safian, D., Morais, R.D.V.S., Bogerd, J., Schulz, R.W., 2016. Igf Binding proteins protect 

undifferentiated spermatogonia in the zebrafish testis against excessive differentiation. Endocrinology 

157, 4423–4433. 

36. Schmid, A. C., Lutz, I., Kloas, W. and Reinecke, M., 2003. Thyroid hormone stimulates hepatic IGF-I 

mRNA expression in a bony fish, the tilapia (Oreochromis mossambicus) in vitro and in vivo. General 

and Comparative Endocrinology, 130: 129-134. 

37. Schulz, R.W., França, L.R., Lareye, J.J., Le Gac, F., Chiarini-garcia, H., Nóbrega, R.H., Miura, T., 

2010. Spermatogenesis in fish. Gen. Comp. Endocrinol. 165, 390–411 

38. Servili Arianna, Adelino V. M. Canario, Olivier Mouchel, Jose Antonio Munoz-Cueto. Climate change 

impacts on fish reproduction are mediated at multiple levels of the brain-pituitary-gonad axis. General 

and Comparative Endocrinology, 2020, 291, pp.113439. ff10.1016/j.ygcen.2020.113439ff. ffhal-

02933373f 

39. Swapna, I., Rajasekhar, M., Supriya, A., Raghuveer, K., Sreenivasulu, G., Rasheeda, M.K., Majumdar, 

K.C., Hagawa, H., Tanaka, H., Dutta-Gupta, A., Senthilkumaran, B., 2006. Thiourea-induced thyroid 

hormone depletion impairs testicular recrudescence in the air-breathing catfish Clarias gariepinus. 

Comp. Biochem. Physiol. Part A 144, 1–10. 

40. Tocher, D. R. 2003. Metabolism and functions of lipids and fatty acids in teleost fish. Reviews in 

Fisheries Science, 11:107-184 

41. Tocher, D. R. 2010. Fatty acid requirements in ontogeny of marine and freshwater fish. Aquaculture 

Research, 41: 717-732 

42. Tovo-Neto, A., Rodrigues, M., Habibi, H., Nobrega, R. 2018. Thyroid hormone actions on male 

reproductive system of teleost fish. Thyroid hormone actions on male reproductive system of teleost 

fish. Journal of Applied Ichthyology, 14: 233-237. 

43. Zadmajid, V.,  Bashiri S.,  Sharafi, N.,  ErnestButts, I., 2018. Effect of hCG and Ovaprim™ on 

reproductive characteristics of male Levantine scraper, Capoeta damascina (Valenciennes, 1842). 

Theriogenology, 115: 45-56. 

 

 

 

http://dx.doi.org/10.1007/s10499-023-01238-w
http://dx.doi.org/10.1007/s10499-023-01238-w
https://www.sciencedirect.com/science/article/abs/pii/S0093691X18301584#!
https://www.sciencedirect.com/science/article/abs/pii/S0093691X18301584#!
https://www.sciencedirect.com/science/article/abs/pii/S0093691X18301584#!
https://www.sciencedirect.com/science/article/abs/pii/S0093691X18301584#!

