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Research Article 

INTRODUCTION 

In teleost fishes, like the other vertebrates, the neuro-

endocrine control of reproduction is based on the activi-

ty of the hypothalamus-pituitary-gonad (HPG) axis 

(Dufour et al., 2010). The hypothalamus produces the 

gonadotropin-releasing factor (GnRH) which stimulates 

gonadotrophs of the pituitary gland to control the syn-

thesis and release of the gonadotropic hormones 

(GtHs). The gonadotropic hormones in turn regulate the 

gametogenesis in females as well as in males. 

(Blázquez et al., 1998, Dufour et al., 2010). The hypo-

thalamus also produces dopamine, which, on the con-

trary, shows inhibitory effects on the HPG axis (Rainis 

and Ballestrazzi, 2005, Zohar et al., 2010). 

At the brain level, GnRH and also GRIF (gonadotropin 

release-inhibiting factor, reported in few teleost) secret-

ing neurons originate in the preoptic area (nucleus pre-

opticus, NPO) of the hypothalamus and innervate the 

pituitary gland (Peter and Paulencu, 1980, Yamamoto 
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et al., 1998, Zohar et al., 2010, Bryant et al., 2016). 

Interestingly, dopaminergic neurons have also been 

shown to originate from the NPO and innervate directly 

pituitary gonadotrophs (Kah et al., 1987, Corio et al., 

1991), and regulate the GRIF activity (Peter and Pau-

lencu, 1980, Dufour et al., 2005). Dopamine strongly 

inhibits gonadotropin release in Carassius auratus 

(Peter and Paulencu, 1980); Clarias gariepinus (Corio 

et al., 1991); Danio rerio (Fontaine et al., 2013); Asta-

tiotilapia burtoni (Bryant et al., 2016) and has no inhibi-

tory role in perciformes fishes like Sparus aurata, Moro-

ne saxatilis, Dicentrarchus labrax, Pagarus major 

(Paullada-Salmeron et al., 2016). This dual hypotha-

lamic control (stimulation by GnRH and inhibition by 

dopamine) of gametogenesis is achieved by the activa-

tion of specific receptor subtypes (Levavi-Sivan et al., 

2005, Fontaine et al., 2013).  Both, GnRH and dopa-

mine effects on pituitary gland are mediated by distinct 

receptor subtypes, which belong to the G-protein-

coupled-receptor (GPCR) type (Zohar et al., 2010, Fon-

taine et al., 2013). GnRH exert their biological response 

via GnRH receptors (type I and type II) by interacting 

through two types of protein, Gq/11- leads to activation of 

protein kinase C (PKC), and Gs- leads to activation of 

protein kinase A (PKA) (Ciani et al., 2020). Similarly, the 

dopamine receptors, particularly the D1-like (D1 and 

D5) or D2-like (D2, D3 and D4), are involved in the reg-

ulation of the activity of HPG axis via modulating the 

adenylyl cyclase activity (Dufour et al., 2010, Fontaine 

et al., 2013). D1-like receptors stimulate adenylyl 

cyclase activity, whereas D2-like receptors inhibit the 

adenylyl cyclase activity (Dufour et al., 2010, Yamamo-

to et al., 2015). 

The annual reproductive cycle in fish is most distinctly 

defined in females by the maturation of oocytes and 

ovulation (Goswami and Sundararaj, 1971). This is in-

fluenced at the level of gonads by luteinizing hormone 

(LH) surge, under influence of hypothalamic activation. 

Peter et al. (1978) reported that a lesion at the nucleus 

lateral tuberis (NLT) of caudal hypothalamus led to the 

release of a large amount of LH which in turn induced 

ovulation in gravid (mature) female goldfish (Carassius 

auratus) even when they were maintained under condi-

tions that prevented the ovulation. An inhibitory control 

over LH release and ovulation was mimicked and 

blocked by dopamine agonist and antagonist (Mylonas 

and Zohar, 2007, Bryant et al., 2016, El-Hawarry et al., 

2016). Furthermore, dopaminergic inhibitory tone inten-

sity varies at the time of spawning among teleosts 

(Saligaut et al., 1999, Aizen et al., 2005). In captive 

conditions, few fishes do not spawn due to lack of re-

lease of gonadotropins (FSH or LH) in the absence of 

environmental stimuli or unavoidable stress by captivity.  

Heteropneustes fossilis, is a seasonally breeding cat-

fish, with its spawning season extending from July to 

August. It is a medicinal fish with high aquaculture val-

ue. Understanding of reproductive physiology of the 

catfish will help in its increased production. Previous 

studies have shown that this species responds to the 

annual cycle of photoperiod and temperature 

(Sundararaj and Vasal, 1976).  Goswami and Sundara-

raj (1971) have shown that steroid hormones like deox-

ycorticosterone (DOC) and 17α, 20β dihydroxy-4-

pregnen-3-one (DHP) induce oocyte maturation in vitro. 

Further studies explain that DHP acts as a terminal 

enzyme for final meiotic oocyte maturation whose pro-

duction is regulated by levels of LH in the fish 

(Nagahama and Yamashita, 2008). LH release is under 

the control of dual neurohormonal system that may be 

stimulatory or inhibitory. So, this study was conducted 

to understand whether LH release in this catfish is reg-

ulated by stimulatory hormone or inhibitory hormone or 

combination of the two. This study was done using dif-

ferent experimental approaches (i) disruption of brain 

nuclei using electrolytic lesioning, chemical lesioning or 

mechanical disruption (ii) treatment of the catfish with 

different hormones and drugs like GnRH, Dopamine, 

Pimozide and Monosodium L-glutamate (iii) gene ex-

pression studies of D2-like receptors. 

MATERIALS AND METHODS 

Animal maintenance and Ethics statement 

This study was done on adult catfish, H. fossilis, as per 

approval of the Institutional Animal Ethics Committee 

(IAEC) of the University of Delhi (DU/ZOOLD/IAEC-

R/2017/25A). The experiment used adult females (70-

80 gm) which were collected during the month of June 

to August from backwaters of the river Yamuna, Delhi 

(Lat. 28°35´ N, Long. 77°12´E). At this time, fishes were 

in the late pre-spawning/ spawning (gravid) phase of 

their annual reproductive cycle (Lamba et al., 1983) 

and experiencing natural photoperiod (13.9 hrs-13.1 

hrs, sunrise to sunset) and temperature (39°C – 33.6°

C). They were brought to the laboratory and kept in 

aquaria (size: 90x45x45 cm, n = 30 per aquarium), and 

acclimated to captive conditions under the artificial pho-

toperiod (12 h light: 12 h darkness) and temperature 

(25 ±1°C) conditions for a week before an experiment. 

Such change in the photoperiod and temperature does 

not impact reproductive physiology in the short term 

(Lamba et al., 1983). Fishes were provided ad libitum 

minced meat as food suspended in the aquarium water, 

which was renewed every day during the light-on peri-

od (Lamba et al., 1983).  

Experiments 

Experiment 1. Involvement of specific hypothalamic 

areas in meiotic oocyte maturation 

 Involvement of hypothalamic NPP, NPO and NLT in 

meiotic oocyte maturation by using three different ex-

perimental approaches was performed.  
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Experiment 1A: Mechanical disruption of the neu-

ronal communication in the NPP and NPO 

This experiment investigated if the transduction of the 

information to and/ or from the hypothalamic NPP and 

NPO regions was important for meiotic maturation. 

These regions are known to be involved in meiotic mat-

uration (Peter and Paulencu, 1980). To examine this, 

mechanical disruption of the transduction of 

‘information’ through axonal pathway was performed by 

the insertion of a hollow cannula. For this, in fishes (n = 

18) anaesthetized with 2-phenoxyethanol at 1:1000 

dilution, a circular hole measuring 5 mm was drilled into 

the skull of the fish on the stereotaxic apparatus. A 

stainless-steel cannula fixed onto the electrode holder 

of the stereotaxic apparatus was gradually lowered at 

coordinates (+1.0, midline, D1.5) for the NPP and NPO 

regions of the fish brain (Aggarwal et al., 2012). Then, 

the cannula was withdrawn immediately, and the hole 

in the skull sealed and the fish was returned to its 

aquarium. The same procedure was repeated for the 

control group except that the cannula was inserted in a 

region anterior or right or left of the coordinates for NPP 

and NPO regions. After 15 hours of the procedure, fish 

was evaluated for maturational response in both experi-

ment and control groups. A positive response was con-

sidered positive if ovulated eggs had been spawned or 

a slight pressure on the abdomen yielded egg release; 

conversely the negative response was considered 

when fish neither spawned nor yielded ripe eggs on 

stripping (Goswami and Sundararaj, 1971). Thereafter, 

fish were sacrificed by decapitation and brains were 

processed for bulk-staining (Sundararaj and Viswana-

than, 1971) to show the axonal connection between 

hypothalamic nuclei (NPP and NPO) and the pituitary. 

Briefly, the brains were fixed in 10% formaldehyde-

saline. After 72 h, the thoroughly washed brains with 

water were oxidized with performic acid, and stained 

with Victoria blue-4R for 18 to 21 hours and cleared in 

methyl salicylate.  

Experiment 1B:  Electrolytic lesioning of NPP, NPO 

and NLT regions 

Here, electrolytic lesioning of the NPP, NPO and NLT 

was performed to examine if these regions play crucial 

roles in the meiotic maturation response. This was 

done by placing electrolytic lesions in gravid female 

catfish (n = 10, per region) in the hypothalamic region 

containing NPP (coordinates = +1.4, midline, 1.5), NPO 

(coordinates = +0.6, midline, 1.2) and NLT (coordinates 

= -0.2, 0.5, 2.4) as per the stereotaxic atlas (Aggarwal 

et al., 2012). Specifically, insulated unipolar electrodes 

(0 number stainless steel pins) leaving a tip (0.5mm) 

were used for lesioning. For this, in anesthetized fishes, 

a circular hole was drilled into the skull at the junction 

of the frontal and parietal bones, and using stereotaxic 

coordinates, the insulated unipolar electrode was 

placed at the desired location, and a current of 1 mA at 

20 volts was passed for 10 sec. The electrode was 

then withdrawn, and the circular bone was sealed with 

the dental cement and fish was returned to its aquari-

um. The sham-lesioned catfish served as controls, 

wherein all the procedures were identically adopted 

except the passing of the electrical current. After 15 

hours, fish were evaluated for the oocyte maturational 

response, as described earlier. Thereafter, fish were 

sacrificed by decapitation, and the brain was fixed in 

Bouin’s fluid and sectioned at 8 μm followed by staining 

with Bargmann’s chrome alum hematoxylin phloxine to 

ascertain if the specific hypothalamic nucleus was 

completely lesioned.  

In a sub-experiment, it was further tested if dopamine 

elicited a response in fishes lesioned for NPP. It is 

known that hypophysiotropic DA neurons of the NPP 

play an inhibitory role in the LH release. For this, elec-

trolytic lesioning of NPP region (coordinates: +1.4, mid-

line, 1.5) of gravid fish (n = 10) was performed, fol-

lowed by administration of DA (100 μg/ g body weight). 

The NPP-lesioned fishes (n = 10 each), and those NPP

-intact but administered with DA served as controls. 

After 15 hours, fishes were evaluated for the oocyte 

maturational response, as described earlier.  

Experiment 1C: Chemically induced brain lesions 

Monosodium L-glutamate (MSG) was used to induce 

brain lesions (albeit non-specific) to assess the effects 

of neurotransmitters, in particular glutamate, in the oo-

cyte maturation. Two groups of gravid fishes were in-

jected intraperitoneally the monosodium L-glutamate, 

which was dissolved in 0.3% NaCl at 2.5 mg and 5 mg/

g body weight; simultaneously, fishes injected with 

0.3% NaCl served as the control. At 2.5 mg/g body 

weight dose, the MSG could not elicit the oocyte matu-

rational response, whereas, at 5 mg/g body weight 

dose, 18 out of 31 fishes showed a positive response. 

These 18 fishes with positive oocyte maturational re-

sponse were killed by decapitation. Their brains were 

fixed in the Bouin’s fluid and processed for the histolog-

ical examination to ascertain necrotic cells in the NPP 

region with pycnotic nuclei. 

Experiment 2. Role of GnRH and dopamine on oo-

cyte maturation 

Experiment 2A. Effect of GnRH-analogue on oocyte 

maturation, plasma LH, and gene expressions 

In an initial experiment, the effective dose of GnRH-

analogue (Busereline acetate, Hoechst, AG, West Ger-

many) on oocyte maturation was determined. Groups 

of gravid female fishes were injected intraperitoneally 

GnRH-analogue dissolved in the distilled water at dos-

es of 0.05, 0.10, 0.15 and 0.20 μg/g body weight; a 

group injected with distilled water (vehicle) served as 
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the control. After 15 hours, fishes were checked for the 

maturational response as described earlier.  

GnRH-analogue at the dose of 0.20 μg/g body weight 

elicited the maximum maturational response in catfish, 

and hence selected for the further experiment to deter-

mine it's physiological (rise in plasma LH) and molecu-

lar (genes coding for D2 and D4 receptors, and lhb 

gene) functions. The experiment used four groups of 

fishes: 2 experimental and 2 control groups of 6 fishes 

each. To 2 experimental groups of gravid fishes, GnRH 

at the dose of 0.20 μg/g body weight was administered 

intraperitoneally, while the two control groups of fishes 

were injected with distilled water and served as con-

trols. Of two groups of fishes, one was sampled after 

0.5 h and the other was sampled after 8 h of the GnRH 

administration; the control groups were sampled simul-

taneously. Using the hypodermic needle fitted to hepa-

rinized syringe, blood was collected from the caudal 

artery and centrifuged at 1200 g for 15 min. Plasma 

was harvested and processed for the measurement of 

LH. Then, fishes were decapitated, and the pituitary 

was collected and stored at -80 °C until processed for 

gene expression assays.  

Measurement of plasma LH 

To measure LH in plasma, samples were collected at 

two time points from both control and experimental fish-

es by ELISA. For this, MBS283097 ELISA KIT 

(Mybiosource, San Diego, CA, USA) was used, which 

was checked for its specificity for catfish, cross reactivi-

ty or interference between fish LH and analogue. Intra-

assay and inter-assay coefficient of variations were < 8 

and 10 %, respectively. ELISA was performed in 96-

well plate, as per the manufacturer’s protocol. Briefly, 

50 µl of plasma and 50 µl of HRP-conjugate were add-

ed to each well, except those for the blank. The mixture 

was incubated for 1.5 h at 37°C. The samples were 

thoroughly washed with wash buffer and decanted 

completely, and 100 µl of substrate was added to each 

well. The plate was re-incubated at 37°C for 15 min in 

the dark, and the reaction was stopped by adding stop 

solution (50 µl). The optical density (OD) was read at 

450 nm using the ELISA plate reader (Epoch, BioTek, 

USA).  

Gene expression assays 

The mRNA expression of gene coding for the D2 and 

D4 receptors, and of lhb gene was measured by qPCR 

using the gene-specific primers. The partial gene se-

quence of D2, D4 receptors was cloned, and an al-

ready available sequence of lhb gene was used 

(Accession no. KF573628). Degenerate primers were 

used to amplify partial stretch of both D2 and D4 recep-

tor cDNA. A single-step method employing guanidinium 

thiocyanate-phenol-chloroform was used for the extrac-

tion of total RNA from pituitary tissue using TRIZOL 

(Sigma) (Chomczynski and Sacchi, 1987). Diluted RNA 

samples were used to assess the quantity and quality 

of extracted RNA. Thereafter, PCR, cDNA cloning and 

sequencing of D2 and D4 receptor were performed 

(Kumari et al., 2020). The D2 and D4 receptor tran-

scripts were analyzed by PRALINE online server and 

MEGA software version 6 (Kumar et al., 2018). 

The specific primers were designed, and mRNA ex-

pression of D2 and D4 and lhb was quantified by using 

Power SYBR™ Green PCR master mix (Thermo Fisher 

scientific, USA) in 10 µl reaction volume (for details, see 

Kumari et al.,2020) and the reaction was run on 7500 

Applied Biosystem Fast DxReal-time PCR. Both sample 

and reference (β-actin) were run in duplicates. The fold 

change of mRNA expression level of the target gene 

relative to the reference gene was calculated by 2-∆∆Ct 

method (Livak and Schmittgen, 2001). Additionally, a 

small piece of the ovarian tissue containing approxi-

mately 50-60 oocytes was maintained in modified Wolf 

and Quimby medium for 15 h for in-vitro culture and 

evaluated for GVBD, which is an indicator of the matu-

rational response (Goswami and Sundararaj, 1971). 

Experiment 2B. Effect of dopamine and GnRH on 

oocyte maturation response  

This experiment contained three subsets of experiment 

and examined the roles of dopamine and GnRH on oo-

cyte maturation in the catfish. The first subset of the 

experiment used four groups of fishes (n = 10 each) 

and compared the oocyte maturation response in fishes 

injected intraperitoneally with monosodium L-glutamate 

(group 1: dose = 2.5 mg/g body weight; to induce 

chemical lesioning of hypothalamic nuclei involved in 

oocyte maturation;), or with pimozide (10 μg/g body 

weight, a dopamine antagonist hence removes the do-

pamine blockade; group 2), or with pimozide followed 

by MSG (group 3: doses as in groups 1 and 2) after an 

interval of 6 hours or vehicle alone (control; group 4). 

After 15 h of the injection, fishes were sampled and 

evaluated for the oocyte maturational response, as de-

scribed in experiment 1A. 

The second subset of the experiment contained six 

groups of 10 fishes each and tested the effects of both 

GnRH and dopamine together. The first three groups of 

fishes were injected intraperitoneally with dopamine 

(DA; 100 μg/g body weight) or GnRH (0.20 μg/g body 

weight) or pimozide (10 μg/g body weight) alone. The 

fishes of the fourth group were administered with both 

DA (100 μg/g body weight) and GnRH (0.2 μg/g body 

weight). To the fifth group of fishes, pimozide (10 μg/g 

body weight) followed by DA (100 μg/g body weight) 

and GnRH (0.20 μg/g body weight) was injected. Sixth 

group was injected with vehicle and served as control. 

After 15 h of the treatment, fishes were sampled and 

assessed for the oocyte maturational response as de-

scribed above.  
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In the third subset of the experiment gravid fishes were 

administered intraperitoneally with GnRH alone, or with 

GnRH and DA together, or with pimozide followed by 

DA and GnRH sequentially. The dosages were the 

same as described above. The control fish were inject-

ed with vehicle alone. Fishes were sampled after 0.5 h 

and 8 h after the injection. Blood was collected, and 

plasma was harvested for the measurement of plasma 

LH, as described above. From fishes collected at both 

time points, the pituitary was removed and processed 

to isolate total RNA. As described above, the mRNA 

expression of D2, D4 receptor and lhb genes was 

measured. In addition, the ovarian samples were col-

lected and transferred to a culture medium. Cultured 

oocytes from the short term in vitro cultures were evalu-

ated for GVBD after 15 hours.  

Statistics 

Statistical analysis was done by using by IBM® SPSS 

23.0 software. Two-way Analysis of Variance (ANOVA) 

tested the effects, if ANOVA indicated a significant 

difference, Duncan post hoc test was used for group 

comparisons. p <0.05 was considered a significant dif-

ference. 

RESULTS 

Experiment 1. Involvement of specific hypothalamic 

areas in meiotic oocyte maturation 

Experiment 1A: Mechanical disruption of the neu-

ronal communication in the NPP and NPO 

Figure 1 shows bulk-stained preparation of the brain. 

Clearly, the axonal tract connects the NPP and NPO 

hypothalamic nuclei, and the pituitary gland. The inser-

tion of a hollow cannula mechanically disrupted the 

neuronal connection between these two hypothalamic 

nuclei and pituitary gland, and all these fishes showed 

the oocyte maturation, ovulation and spawning. By con-

trast, fishes in which a similar cannula was inserted 

anterior or lateral to these hypothalamic nuclei did not 

exhibit the maturational response (Table 1). 

Experiment 1B:  Electrolytic lesioning of NPP, NPO 

and NLT regions 

Electrolytic lesioning of NPP, NPO and NLT regions in 

gravid female catfish was performed to ascertain if 

these three hypothalamic nuclei indeed played a role in 

the oocyte maturation. The success of lesioning was 

confirmed by histological examination. For example, 

the histological examination showed complete destruc-

tion of cells in the NPP region of lesioned, compared to 

normal catfish; cells were with shrunken nuclei and 

depleted neurosecretory material (Fig. 2a-d). Data 

summarized in Table 1 reveal that lesion placed in the 

NPP region (+1.4, midline, 1.5) evoked oocyte matura-

tion, ovulation and spawning in 100% of NPP-lesioned 

fishes (10 out of 10). On the other hand, a similar lesion 

in the NPO (+0.6, midline, 1.2) and NLT (0.2, 0.5, 2.4) 

region did not evoke such oocyte maturational re-

sponse. The sham-lesioned fishes also did not show 

oocyte maturation. Further, when administered at a 

dose of 100 μg/g body weight, DA suppressed the oo-

cyte maturation in 80 % of the NPP-lesioned catfish 

(only 2 out of 10 fishes showed a maturational re-

sponse; Table 1). 

Experiment 1C: Chemically induced brain lesions 

 The involvement of hypothalamic regions was con-

firmed, in particular the NPP, in oocyte maturation by 

chemical-induced lesions with intraperitoneal injections 

of MSG, which elicited a dose-dependent effect. At a 

dose of 2.5 mg/g body weight MSG was ineffective, 

whereas at 5.0 mg/g body weight, it induced matura-

tional response (oocyte maturation, ovulation, and 

spawning) among 58% of fishes (Table 1). Histological 

examination further supported this; fishes treated with 

MSG at 5.0 mg/ g body weight showed complete necro-

sis in the NPP region (Fig. 3c). The affected brain re-

gions showed complete depletion of the neurosecretory 

material, shrunken nuclei and the overall hypertrophied 

cells (Fig. 3d). 

Experiment 2. Role of GnRH and dopamine on oo-

cyte maturation 

Experiment 2A. Effect of GnRH-analogue on oocyte 

maturation, plasma LH, and gene expressions  

Analysis of cloned, D2 receptor and D4 receptor tran-

scripts in catfish: Cloned PCR amplicons of 309 bp for 

D2 receptor and 641 bp for D4 receptor (GenBank Ac-

cession no.: MN706261 and MK682512) using primer 

pairs (Table 3) were obtained. Open reading frame 

(ORF) of 309 bp for D2 receptor encoding a protein of 

85 aa and ORF of 597 bp encoding a protein of 198 aa 

was reported. Multiple sequences of deduced amino 

acids aligned by PRALINE online server showed con-

served sequences available in D2 and D4 receptor with 

other catfish (Fig. 4). Amino acid sequence alignment 

and phylogenetic analysis revealed that D2 receptor is 

in close relation with Ictalurus punctatus and D4 recep-

tor of H. fossilis is very closely related to the Clarias 

gariepinus (Fig. 5). Primers used for expression studies 

by real-time PCR are given in Table 3. 

This experiment was conducted to examine if a single 

injection of GnRH would affect the oocyte maturation 

and associated changes. A dose-dependent effect of 

GnRH was observed, the effect at the dose of 0.05 μg 

was significantly lower than 0.10 μg, 0.20 μg of GnRH 

(Table 2). Whereas, nearly half (45%) of the fishes test-

ed showed positive oocyte maturation in response to 

0.05 μg, the maturation response was increased to 85 
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and 90 % in fishes administered with GnRH at 0.10 μg 

and 0.20 μg/g body weight (Table 2).  

GnRH effects was further tested in vitro when adminis-

tered at a dose of 0.20 μg/ g body weight to gravid cat-

fish. In particular, the effects on GVBD by the culture of 

ovaries (oocytes) was assessed, and plasma LH was 

measured to show concurrent hormonal changes asso-

ciated with oocyte maturation. There was a time lag in 

the effect of GnRH on oocyte maturation: whereas only 

23% oocytes indicated GVBD if collected within 0.5 h, 

82 % oocytes showed GVBD if cultured after 8 h of the 

GnRH treatment (Fig. 6A). The meiotic maturation in in 

vitro culture was thus in agreement with the observed 

in vivo maturational response (Table 2).  

Interestingly, compared to controls, LH levels were ele-

vated in plasma collected within 0.5 h, and were de-

creased significantly in plasma collected 8 h after the 

GnRH treatment (Fig. 6B). Corresponding to plasma 

LH levels, there was 8-fold increase in the lhb mRNA 

expression transcript in the pituitary harvested within 

0.5 h of the GnRH treatment, whereas no significant 

Fig. 1. In situ preparation of the brain of the catfish stained 

with Victoria blue (Ventral View). Photograph illustrates 

Hypothalamic nuclei {Nucleus preopticus periventricularis 

(NPP) and Nucleus preopticus (NPO)}, Axonal Tracts 

{Ventrolateral (VL) and Ventromedial (VM)} and Neurohy-

pophysis (NP). Arrow indicates the site of mechanical dis-

ruption of axonal tract by insertion of cannula in preoptic 

region.  

Fig. 2. Photomicrographs of Nucleus preopticus periventricularis (NPP) region of the brain of female catfish H. fossilis. 

Bargmann’s chrome alum hematoxylin phloxine. {x 80 (a and c); x 900 (b and d)} 

T.S. of the brain of sham operated catfish through NPP region (a and b) Note Cells with prominent nuclei (arrow-heads 

in b).  T.S. of the brain of NPP-lesioned catfish (c and d). Wide-intercellular spaces in the NPP region of lesioned catfish 

(c) and shrunken cells (arrow-heads in d) with damaged nuclei and little neurosecretory material.  
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difference was observed in transcript level of lhb after 8 

hrs of GnRH treatment in comparison to control group 

(Fig. 6C). However, the expression of genes coding for 

D2-like receptors (D2 and D4 receptor genes) in the 

pituitary in response to exogenous GnRH was not ob-

served (Fig. 6D and E).  

Experiment 2B. Effects of dopamine and GnRH on 

oocyte maturation  

It was observed that both PIM (10 µg/ g body weight) 

and MSG (2.5 mg/g body weight) when given alone did 

not elicit the oocyte maturation in gravid female catfish 

(Table 2). However, when fishes were pretreated with 

PIM (10 µg/g body weight) and six hours later injected 

with MSG (2.5 mg/g body weight), 4 out of 7 catfish 

showed positive maturational response including the 

ovulation and spawning (Table 2). Similarly, the matu-

rational response was not elicited in catfish when they 

were injected with DA (100 μg/g body weight) or the 

PIM (10 µg/g body weight).  However, as expected 

from experiment 2A, GnRH at a dose of 0.20 μg/g body 

weight induced oocyte maturation in 9 out of 10 catfish. 

This maturational response was reduced to 20% (2 out 

of 10 catfish) when DA (100 μg/g body weight) was 

injected simultaneously with GnRH (0.20 μg/g body 

weight). Interestingly, however, the PIM ameliorated 

the suppressive effect of DA, as evidence by 100% 

maturational response in catfish administered with PIM 

(10 µg/g body weight) along with DA and GnRH (Table 2). 

When further tested in vitro for GVBD with oocytes 

those were collected at 0.5 h and 8 h of administration 

of GnRH or GnRH and DA or PIM followed by DA and 

GnRH, 23% GVBD among oocytes collected within 0.5 

h opposed to 82% GVBD among oocytes cultured after 

8 h of the GnRH treatment was observed. The meiotic 

maturation was found significantly inhibited among oo-

cytes collected both within 0.5 h and after 8 h if DA was 

administered along with GnRH. However, the oocytes 

showed 94% GVBD if they were collected after 8 h, 

compared to 27% GVBD if collected within 0.5 h from 

catfish injected with PIM followed by DA and GnRH 

(Fig. 6A).  

Plasma levels of LH in treated catfish of above-

mentioned three groups were compared (Fig. 6B).  An 

Fig. 3. Photomicrographs of Nucleus preopticus periventricularis (NPP) region of the brain of female catfish H. fossilis. 

Bargmann’s chrome alum hematoxylin phloxine {x 80 (a and c); x 900 (b and d)}. T.S. of the brain of control catfish 

showing NPP region situated ventral to anterior commissure (AC) (a and b). Note cells with prominent nuclei (arrow-

heads in b). T.S. of the brain of MSG (5 mg/g body weight) - injected catfish through NPP region (c and d). Note lesion in 

the NPP region (c) and necrotic cells with pyknotic nuclei (arrow-heads in d). 
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% positive maturational response 

Sr. 
no 

Treatment (in vivo) 
Total no. 
of fish 

Positive maturational response 

No. of 
fish 

Percentage Graphical representation 

a 

Mechanical disruption 
of axonal tracts 

      

  

1. Cannula inserted in 
the NPP and NPO  
regions 

18 18 100 

2. Sham Operated 
{Control} 

12 0 0 

b 

Electrolytic lesioning 
of the NPP region 

      

1. NPP-lesioned 10 10 100 

2. NPO-lesioned 10 0 0 

3. NLT-lesioned 10 0 0 

4. NPP-lesioned + DA 
(100 μg) 

10 2 20 

5. Sham operated 
{Control} 

10 0 0 

c 

Chemical Lesioning of 
NPP region 

      

1. MSG (2.5 mg) 10 0 0 

2. MSG (5 mg) 31 18 58 

3. 0.3% NaCl (1 µL) 
{Control} 

10 0 0 

Table 1. Effect of mechanical disruption/ Lesioning (electrolytic or chemical) of specific hypothalamic nuclei on oocyte 

maturational response in the gravid catfish. 

a b 

Fig. 4. (a) Multiple sequence alignment of D2 receptor (D2-like) using PRALINE software. GenBank ac-

cession numbers of sequences used for analysis of D2 receptor are as follows: Tachysurus fulvidraco 

(XP_027029730), Ictalurus punctatus (XP_017347172), Clarias batrachus (QIX02979) and Hetero-

pneustes fossilis (MN706261). (b) Multiple sequence alignment of D4 receptor (D2-like) using PRALINE 

software. GenBank accession numbers of sequences used for analysis of D4 receptor are as follows:  Ta-

chysurus fulvidraco (XP027019615), Clarias batrachus (AWK21972), Ictalurus punctatus (XP017340258) 

and Heteropneustes fossilis (QEE04228). The least conserved alignment position has been denoted by blue 

color with value 0 and most conserved alignment are shown in red color with maximum value of 10. 
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elevated titre of LH within 0.5 h was also noted, which 

was decreased significantly after 8 h of the GnRH treat-

ment (Fig. 6B). Corresponding to elevated plasma LH 

levels, 8-fold increase in the lhb mRNA levels in pitui-

tary samples harvested within 0.5 h of the GnRH treat-

ment was also observed (Fig. 6C). However, both plas-

ma levels of LH and lhb mRNA levels were not elevat-

ed if fish injected with dopamine and GnRH together 

(Fig. 6B, C).  Notably, a significant surge in the plasma 

levels of LH was found within 0.5 h in fishes if adminis-

tered with pimozide (a potent inhibitor of dopamine) 

followed by GnRH and DA (Fig. 6B).  Subsequently (i.e. 

in samples collected 8 h after the treatment), plasma 

LH levels were reduced in treated groups and were 

similar to the control group; a similar expression pattern 

was also noticed for lhb gene (Fig. 6C). 

Further, the mRNA expression of genes coding for D2-

like receptors (D2 and D4 receptors) in the pituitary 

was compared among the afore-mentioned treatments 

(Fig. 6D, E).  Both receptor genes were found not ex-

pressed in the pituitary of catfish treated with GnRH 

alone.  However, mRNA expression of D2 receptor 

gene was increased by 14-fold and of D4 receptor gene 

by 10-fold in the pituitary of catfish collected within 0.5 

h of treatment with DA and GnRH. Both receptors were 

found expressed even 8 h after the treatment, albeit in 

lower levels. Furthermore, D2-like receptor genes were 

found not expressed within 0.5 h and were found down 

regulated in pituitary samples collected 8 h after the 

administration of PIM followed by DA and GnRH (Fig. 

6D, E). 

DISCUSSION 

In fishes of the Indian subcontinent, the onset of the 

maturational phase remains indefinitely blocked if envi-

% positive maturational response 

Sr. 
no 

Treatment (in vivo) 
Total 
no. of 
fish 

Positive maturational response 

No. of 
fish 

Percent-
age 

Graphical representation 

a 

Administration of GnRH (per gm 
body weight) 
  

      

 
 

1. GnRH (0.05 μg) 11 5 45 

2. GnRH (0.1 μg) 20 17 85 

3. GnRH (0.15 μg) 9 8 89 

4. GnRH (0.2 μg) 22 20 90 

5. Distilled Water (1 µL) {Control} 10 0 0 

b 

Administration of pimozide (PIM) 
or monosodium L-glutamate 
(MSG) alone or in combination 
(per gm body weight) 

      

1. PIM (10 μg) 5 0 0 

2. MSG (2.5 mg) 9 0 0 

3. PIM (10 μg) + MSG (2.5 mg) 7 4 57 

4. DMSO + 0.3% NaCl (1:1) (1 µL) 
{Control} 

10 0 0 

c 

Administration of DA, GnRH and 
PIM alone or in combination (per 
gm body weight) 

      

1. DA (100 μg) 10 0 0 

2. GnRH (0.20 μg) 10 9 90 

  

3. PIM (10 μg) 10 0 0 

  
4. DA (100 μg) + GnRH (0.20 μg) 10 2 20 

5. PIM (10 μg) + DA (100 μg) + 
GnRH (0.20 μg) 

10 10 100 

6. DMSO + Distilled Water (1:1) (1 
µL) {Control} 

10 0 0 

Table 2. Effect of various treatments on oocyte maturational response in the gravid catfish. 
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ronmental conditions are not conducive to spawning. 

But, a single injection of a superactive analogue of 

GnRH induces the postvitellogenic oocytes to undergo 

maturation, ovulation and spawning in a dose-related 

manner which is similar to that evoked by exogenous 

administration of mammalian LH or partially purified 

piscine gonadotropin (Sloley et al., 1992, Yaron et al., 

2003, Podhorec and Kouril, 2009, Azuadi et al., 2011; 

Spicer et al., 2017; Fallah and Habibi, 2020). It sug-

gests that in catfish GnRH evokes maturational re-

sponse by stimulating endogenous LH release from the 

pituitary. Further, when environmental or physiological 

conditions are not favorable, the release of the LH is 

inhibited. It is likely that there exist some inhibitory fac-

tors in the brain. Therefore, this perimaturational gon-

adotropin release is under rigorous hypothalamic con-

trol (Peter et al., 1978, Dufour et al., 2010, Zohar et al., 

2010, Bryant et al., 2016; Beriotto et al., 2020). 

We have demonstrated that postvitellogenic oocytes 

underwent the meiotic division leading to the matura-

tion, ovulation and spawning in those catfish in which 

the function of preoptic area was manipulated either by 

the mechanical disruption or by the electrolytic/ chemi-

cal lesioning. Even a transitory disruption of the neu-

ronal communication between the NPO and NPP cell 

bodies by the insertion of a hollow cannula altered the 

oocyte response i.e. disruption led to the oocyte matu-

ration. Similarly, a lesion placed in the preoptic area 

(NPP), but not in the other regions interfered with oo-

cyte response, as NPP-lesioned fishes showed oocyte 

maturation response. This suggested that NPP of the 

catfish brain released GRIF, which when reduced/ abol-

ished by lesioning, resulted in oocyte maturation and 

ovulation. This also substantiates the existence of a 

GRIF in the NPO region of catfish that possibly serves 

to inhibit a spontaneous or unseasonal gonadotropin 

Fig. 5. Phylogenetic relationship of deduced amino acid sequence of D2 and D4 receptors of H. fossilis with other 

teleost species using Neighbor-joining algorithm to infer the consensus tree and 1000 bootstrap replications for valida-

tion of branch point.   

The GenBank accession numbers of sequences used for analysis of D2 receptor are as follows: Tachysurus fulvidraco 

(XP_027029730), Ictalurus punctatus (XP_017347172), Heteropneustes fossilis (MN706261), Bagarius yarrelli 

(TSQ58042), Carassius auratus (XP_026082110), Pygocentrus nattereri (XP_017568544), Astyanax mexicanus 

(XP_022530824), Anguilla japonica (AFS30510), Acanthopagrus schlegelii (ABV21761), Seriola lalandi 

(XP_023275664), Electrophorus electricus (XP_026869479). 

The GenBank accession numbers of sequences used for analysis of D4 receptor are as follows: Chanos chanos 

(XP_030630776), Bagarius yarrelli (TSK13470), Pangasianodon hypophthalmus (XP026775444), Tachysurus fulvidra-

co (XP027019615), Heteropneustes fossilis (QEE04228), Clarias magur (AWK21972), Ictalurus punctatus 

(XP017340258), Astyanax mexicanus (XP007235199), Cyprinus carpio (CAA74977), Labeo rohita (RXN10811), Dan-

io rerio (NP001012634). 
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A B 

C D 

E 

Fig. 6. Effect of administration of GnRH alone or in combination with dopamine (DA) and pimozide (PIM) on GVBD in 

oocytes (A); plasma levels of LH (B); expression patterns of lhb gene (C), D2 receptor gene (D), D4 receptor gene (E) 

in pituitary. Samples collected at two time points (30 minutes and 8 hrs) after treatment were analyzed.  

Values are expressed as mean ± SEM. n=12 for (A) and n=6 for (B, C, D and E). Bars with different superscripts (a-d) 

for 30 min. and (w-z) for 8 hrs. indicate statistically significant differences between groups. Two-way ANOVA followed 

by Duncan as Post hoc test, p <0.05.  

release by the pituitary gland during unsuitable envi-

ronmental conditions. These results are in the overall 

agreement with (Peter et al., 1978, Peter and Yu, 1997; 

Beriotto et al., 2020) reporting that GRIF possibly origi-

nated from antero-ventral NPP of the preoptic recess in 

goldfish. The results of chemical-induced lesion by sys-

temic administration of MSG induce extensive brain 

lesions (Peter and Paulencu, 1980, Sloley et al., 1992; 

Li et al., 2020), further corroborate this.  

It was found that MSG at 5 mg/g body weight caused 

specific cell necrosis in a portion of both NPP and NLT. 

We suggest that necrotic changes in NPP resulted in 

the release of gonadotropin from the pituitary gland, as 

evidenced by oocyte maturation, ovulation and spawn-

ing in MSG-injected catfish. These results are in ac-

cordance to that was found in goldfish (Peter and Pau-

lencu, 1980, Kah et al., 1987, Sloley et al., 1992). Alt-

hough MSG at a lower dose (2.5 mg/g body weight) 

failed to induce a maturational response, the pretreat-

ment with pimozide (dopamine receptor antagonist) 

potentiated MSG-effect even at the lower dose to oo-

cyte maturation; this implied the presence of an inhibi-

tory factor in the catfish.  

Even GnRH administered with DA failed to initiate mei-

otic division in the primary vitellogenic oocytes that is in 

agreement with the studies in goldfish (Peter and Yu, 

1997). On the contrary, pimozide, along with GnRH and 

DA, led to a positive maturational response in all catfish 

oocytes, although pimozide given alone failed to induce 

the oocyte maturation, as evident in the study on Cypri-

nus carpio (Drori et al., 1994). It can be therefore con-

cluded that only blocking the dopamine receptors may 

not evoke a maturational response. We suggest that 

dopamine inhibits the release of gonadotropin, which in 
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turn blocks the oocyte maturation in catfish, and DA-

induced inhibitory effect is removed by pimozide and 

leads to LH release and in turn the oocyte maturation. 

Although this cannot be confirmed from the present 

study but we speculate that dopamine binds to D2-like 

receptors in H. fossilis and acts as the gonadotropin 

release inhibitory factor. This is consistent with the evi-

dence that D2-like receptors (D2, D3 and D4) are in-

volved in the neuroendocrine control of pituitary func-

tion in fishes like zebrafish (Fontaine et al., 2013), grey 

mullet (Nocillado et al., 2007) and gambusia (Bhat and 

Ganesh, 2019).  

Dopamine also plays a pivotal role in the neuroendo-

crine control of LH release in the catfish, similar to evi-

dence from many other fishes, viz. rainbow trout 

(Linard et al., 1995, Vacher et al., 2002), salmon 

(Saligaut et al., 1999), grey mullet (Aizen et al., 2005), 

tilapia (Levavi-Sivan et al., 2005), zebrafish (Fontaine 

et al., 2013, Golan et al., 2015; Spicer et al., 2017) and 

eel (Maugars et al., 2020). We propose that GnRH and 

dopamine interact at the brain level and control oocyte 

maturation. Although this is achieved mechanistically 

cannot be elucidated by the present study, but we can 

provide a tenable explanation(s) based on the overall 

results on changes in LH, gene expressions and oocyte 

maturation. First, the temporal expressions of lhb, D2 

and D4 receptor genes were correlated with plasma LH 

levels and, consequently, with oocytes' meiotic matura-

tion. We suggest that GnRH upregulated the expres-

sion of genes, as was shown by an enhanced mRNA 

expression of lhb gene within half an hour of its admin-

istration. It is  speculated that lhb gene gets translated 

and secreted, therefore a significant increase in plasma 

titre of LH has been observed. 

Consequently, lhb expression is downregulated and 

this lowers the plasma LH levels. A LH titre initiates 

maturational changes in oocytes that finally culminate 

into GVBD. Second, in the presence of DA, lhb expres-

sion was suppressed, leading to the reduction in the 

synthesis of LH and finally its low titre in the plasma. 

Thus, dopamine suppresses GnRH regulated transcrip-

tion and translation of LH, and in turns led to the failure 

of oocytes to mature. This is substantiated by the re-

sults from DA antagonist (pimozide) treatment, which 

countered the DA-induced suppression, and hence 

potentiates LH secretion, leading to oocyte maturation 

in gravid catfish. The suppression of  D2 and D4 recep-

tor expression by pimozide supported the involvement 

of D2-like receptors in the neuroendocrine regulation of 

oocyte maturation in catfish, as has been suggested in 

the reproductive regulation of white sturgeon (Pavlick 

and Moberg, 1997), tilapia (Levavi-Sivan et al., 2005), 

grey mullet (Nocillado et al., 2007), rainbow trout 

(Vacher et al., 2002) and zebrafish (Fontaine et al., 

2013; Fallah et al., 2020).   

Fish oocyte maturation and ovulation are very critical 

reproductive events that involves various morphological 

changes which is under the control of HPG axis. In our 

study also, GnRH analogue along with dopamine inhibi-

tor has been shown to be very effective for inducing 

oocyte maturation. In drug treated group (GnRH alone 

or GnRH along with dopamine and pimozide) the nucle-

ar membrane was dissolved, GVBD takes place and 

the yolk globules coalesced and became homogenous 

suggesting a role of these neurohormones in progres-

sion of oocyte maturation in the catfish. 

Conclusion 

In summary, the NPP is an important hypothalamic site 

in the catfish because interference with its function al-

ters LH release from the pituitary gland. Dopamine in-

hibits GnRH-induced secretion of the pituitary LH via 

D2-like receptors.  Therefore, it is suggested that se-

cretions of NPP, presumably dopamine, inhibit sponta-

neous LH release from the pituitary gland in the H. fos-

silis. Hence, in all likelihood, the perimaturational gon-

adotropin surge requires the abolition of the GRIF and 

GnRH availability in the catfish. 
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