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Abstract—   Laserpuncture exposure effectively stimulates gonad 

maturation and spawning, but the associated gonadotropin 

release mechanism is still unknown. Our study was aimed to 

investigate the release of gonadotropin hormones in the catfish 

(Clarias sp.) after laserpuncture exposure at the reproduction 

acupoint. The test fish consisted of 54 males and 54 females 

aged 8-9 months from the F1 hybrid Sangkuriang type female 

and Paiton type male parents. Our study employed an 

experimental method with completely randomized design. The 

treatment comprised 6 levels with 9 repetitions. 

We were to observe gonadotropin (GtH-I and GtH-II) hormone 

concentrations pre-spawn, spawn, post-spawning in the laser 

exposed group. As a comparison investigations were also 

conducted to untreated group (control). Blood sampling was 

performed six hours post exposure. Hormone level test was 

performed using Elisa test kits. The test results showed a 

significant effect of laser exposure on the increase of 

gonadotropin hormone levels pre-spawn, spawn and post- 

spawning. This suggests that laser exposure at reproduction 

acupoint can stimulate the release of gonadotropin hormones 

which affect the acceleration of gonad maturation and spawning. 

 

Index Term—   Laserpuncture, catfish (Clarias sp.), reproduction 

acupoints, gonadotropin hormones 

 

I. INTRODUCTION 

ENVIRONMENTAL factors such as photoperiod and water 

temperature give a signal to initiate a series of oocyte 

development processes. In response, the hypothalamus 

releases gonadotropin-releasing hormone (GnRH), which in  

turn stimulates the pituitary to release gonadotropin hormones  
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(GtH-I and GtH-II). During the spawning season, gonadotropin 

hormone GtH-II increases sharply in blood serum [1, 2]. GtH-I 

involves in the process of vitellogenesis and GtH-II plays a 

role in final oocyte maturation and ovulation [3-5]. Gonad 

development and spawning are controlled through regulation 

of the hypothalamic-pituitary-gonad and liver axis [6, 7]. 

Various exogenous hormones have been used to induce 

spawning, such as Ovaprim® injections. These efforts are 

made to elevate the concentration of gonadotropin hormones 

in blood so as to induce egg development and spawning [8]. 

Laser excitatory technology as a reproduction biostimulation is 

a relatively new approach that has been shown to s timulate 

gonad maturation and spawning of tilapia [9]. 

Laser is electromagnetic waves that may cause inhibition 

and biostimulation in biological tissues [10]. Low-power laser 

may give a biological stimulus such as changing the cell 

membrane potential and membrane permeability to sodium, 

potassium and calcium ions that increases cellular activity 

such as enzyme activity, nerve regeneration, either central or 

peripheral, and is able to stimulate the production of hormones 

[11-13]. The effect caused by laser beam is 

electrobioluminance, i.e. if the laser beam irradiates the tissue it 

will stimulates the cells and produce electrical signals. The 4-5 

mW laser beam (He-Ne) that was exposed to the skin may 

penetrate the epidermis and dermis which leads to stimulation 

[14]. 

In previous studies [9, 15] we have managed to locate the 

reproduction acupoints and reproduction cycle on female black 

tilapias variety GIFT (Genetic Improvement Farmer Tilapia) that 

were spawn for the first time. Laser exposures on the fish for 6 

seconds to reproduction acupoint exactly at 2/6 ventral body 

(governor vessel) optimally influenced the gonad maturity 

stage (GMS), namely the GMS IV. The GMS value indicates 

that the fish are ready for spawning. With this technique the 

tilapia can spawn three times in 30 days, whereas in a normal 

environment the tilapia spawns only once every 30 days [16]. 

In a study on catfish (Clarias sp.) the control group were still 

at GMS I within 10 weeks, which indicates that the catfish are 

not ready for spawning, while in the 15-second-laser-exposed 

group at 2/3 the ventral body (governor vessel) optimally 

influenced the GMS to reach GMS IV 15 days after exposure 

laser [17]. Thus, either in tilapia or catfish laser exposure at 
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reproduction acupoint will give similar effect in the maturation 

of the gonads. This indicates that laser exposure can improve 

the hormone performance that plays an important role in the 

reproduction control system. 

There is a presumption that laser exposure on the tissue 

influences the increase of gonadotropin releasing hormone 

(GnRH) released by the hypothalamus. GnRH will stimulate the 

anterior pituitary to secrete gonadotropin hormones (GtH-I and 

GtH-II). The gonadotropin produced will work on theca cells in 

the gonads to produce testosterone [18]. Testosterone will 

then enter the granulosa layer and converted to estradiol-17 β 

with the help of aromatase enzyme [19]. Estradiol-17 β plays a 

role in vitellogenin biosynthesis in the liver. In addition, 

estradiol-17 β in the blood provides feedback to the 

hypothalamus to produce GnRH that stimulates the pituitary 

gland to release gonadotropin. This hormonal control 

continues to run during the process vitellogenesis [18-20]. 

Given that the mechanism of gonadotropin hormones (GtH-I 

and GtH-II) release in catfish (Clarias sp.) after being exposed 

to the laser at the reproduction acupoint is still unknown, this 

paper presents the results of our study to prove that s uch laser 

exposure to the reproduction acupoint can stimulate the 

release of gonadotropin hormones (GtH-I and GtH-II), which 

will control gonad maturation and spawning in catfish.  

 

II.          MATERIALS AND METHODS 

Our study was conducted in January to March 2012 in 

Freshwater Aquaculture Management Unit (UPBAT) Kepanjen 

Malang. Catfish blood samples were prepared in the Organic 

Chemistry Laboratory of Brawijaya University to analyze the 

hormone level profile by Elisa method. 

 

Test Animals and Experiment Matters 

Animals used in the study were prospective catfish (Clarias 

sp.) parent with matured gonads and have never spawned, 

about 8-9 months old. Animal samples were F1 hybrids of 

Sangkuriang female and Paiton male parents obtained from 

UPBAT Kepanjen Malang. The number of sample was 54 males  

and 54 females. The fish weighted ranged from 1000-1700 g for 

the females and between 1150-1750 g for the males. 

 

Parents Keeping  

The selected male and female catfish (Clarias sp.) parent 

candidates with mature gonads and never spawn were adapted 

separately in a tarp pool for 14 days to avoid spawning before 

treatment. During maintenance of the fish were fed with 

commercial fish food Pokphan 781-3 with 36% protein content 

produced by CP Prima and was administered daily in the 

morning and evening as much as 5% of body weight. The 

parent candidates in the control group and laser induced 

groups were kept in the coded tarp ponds of 2×2×1 m
3
 in size. 

Each pond was filled with a pair of fish. 

 

 

Laser Exposures 

Our study employed an experimental method with 

completely randomized design (CRD). The treatments 

consisted of six levels and were repeated nine times. The 

treatments included one control group and laserpuncture 

exposed groups (pre-spawn, spawn, and post-spawning). The 

treatment groups were exposed to the Helium-Neon (He-Ne) 

soft laser of 5 mW maximum power and a wavelength of 632.8 

nm. The laser beams were exposed at the reproduction 

acupoints exactly at 2/3 of ventral body (governor vessel) for 

15 seconds each. The dose was  the optimal dose obtained in 

previous researches [17]. The control and treatment groups 

consisted of 27 fish pairs . 

 

Observed Parameters 

The parameter observed in this study was the profile of 

gonadotropin hormones (GtH-I and GtH-II) in blood serum of 

catfish (Clarias sp.) after being exposed to laser beam at the 

reproduction acupoint pre-spawn, spawn, and post-spawning. 

Measurements of the hormone level profile were conducted 

using Elisa test kits (Cusabio Biotech Co. Ltd.) with cat. no. 

CSB-E15790Fh (967) for GtH-I and cat. no. CSB-E15791Fh for 

GtH-II. 

Data Analysis  

The data were analyzed using SPSS software ver. 15.0 for 

windows. Tests on the differences in response between 

treatments were performed by analysis of variance (ANOVA) 

in both directions. Gonadotropin hormone (GtH-I and GtH-II) 

profiles were observed in pre-spawn, spawn, and post-

spawning in both animal groups. To the significantly different 

groups the test was continued using LSD test at 95% 

confidence level. 

 

III.                 RESULTS 

GtH-I Profile 

 The average values of GtH-I profile of the control group and 

the treatment groups are displayed based on the conditions of 

pre-spawn, spawn, and post-spawning. We can see from the 

values that the GtH-I profile from the pre-spawn to spawning 

conditions decreases, where the average values for the 

treatment groups are higher than the control. This is different 

from the situation after the spawn which shows that the 

average GtH-I profiles of the two groups drop, but in the 

control group it is higher than those of the treatment groups 

(see Table I). 

The GtH-I profile pre-spawning in the treatment group 

(PrSPL) is higher than that of the control (PrSPC), as well as for 

spawning (SPL). This differs from the condition post spawning 

(PoSPL), where the values of the treatment groups are lower 

than the control group (Fig. 1). 
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T ABLE  I 

VALUES OF GTH-I PROFILE IN CATFISH (CLARIAS SP.) BLOOD SERUM OF 

CONTROL AND TREATMENT GROUPS 

Group GtH-I Profile N Average ± SD 

Control PrSPC 9 270 ± 60a 

SPC 9 110 ± 10b 

PoSPC 9 100 ± 10c 

Laser exposed PrSPL 9 400 ± 100a 

SPL 9 160 ± 20b 

PoSPL 9 70 ± 10c 

Remarks: Values in the column followed by different  superscript 

indicates significantly different  (p < 0.05). PrSPC/PrSPL: pre-spawn, 

SPC/SPL: spawn, PoSPC/PoSPL: post-spawning. 

 

 

 
Fig. 1. GtH-I profile for the control and treatment groups in pre-, 

during, and post-spawning). 

  

GtH-II Profile 

The GtH-II profile of the control and the treatment groups 

are displayed based on the conditions pre-spawn, spawn, and 

post-spawning. It appears that the GtH-II profile in the 

condition pre-spawn to spawn decreases, where the average 

values for the treatment groups are higher than in the control 

group. This is different from the post-spawning situation 

which shows that the GtH-II profiles of both groups decrease 

but in the control group it is higher than those of the treatment 

groups (see Table II). 

 

T ABLE  II 

VALUES OF GTH-II PROFILE IN CATFISH (CLARIAS SP.) BLOOD SERUM OF 

CONTROL AND TREATMENT GROUPS 

Group GtH-II Profile N Average ± SD 

Control PrSPC 9 11.9 ± 1.7a 

SPC 9 4.6 ± 1.2b 

PoSPC 9 2.4 ± 1.1c 

Laser exposed PrSPL 9 14 ± 3a 

SPL 9 6.1 ± 1.6b 

PoSPL 9 1.3 ± 1.2c 

Remarks: Values in the column followed by different  superscript 

indicates significantly different  (p < 0.05). PrSPC/PrSPL: pre-spawn, 

SPC/SPL: spawn, PoSPC/PoSPL: post-spawning. 

The profiles of gonadotropin hormone GtH-II level in the 

treatment groups at pre-spawn condition (PrSPL) as well as of 

spawn (SPL) are higher than the control. However, it is 

different in conditions post spawning (PoSPL), where the value 

of the treatment groups is lower than that of the control group 

(Fig. 2). 

 
Fig. 2. GtH-II profile for the control and treatment groups in pre-, 

during, and post-spawning). 

 

IV.        DISCUSSION 

The profile of gonadotropin hormones (GtH-I and GtH-II) 

levels in conditions from pre-spawn to spawn in the treated 

group is higher than the control group. While in condition after 

spawning, the profile in the treatment group was lower than the 

control group. The increase and decrease of gonadotropin 

hormones are affected by GnRH in the hypothalamus, where 

GnRH is influenced by environmental factors through the 

central nervous system. This gives an indication that laser 

exposure at the reproduction acupoint stimulates GnRH 

through nervous pathways. 

A 15-second exposure of 5 MW/cm
2
 low power 632.8-nm 

laser (soft laser) Helium-Neon (He-Ne) to the reproduction 

acupoint releases an equivalent energy of 0.375 joule/cm
2
. This 

energy is capable of inducing the release of gonadotropin 

hormones from the hypothalamus. This is possible because the 

laser exposure stimulates the release of neurotransmitters. The 

laser beam will penetrate and hit the peripheral nerve ends 

situated between the epidermis and dermis of the skin tissue. 

The laser beam will further transduced into chemical signals to 

be received by various ion channels, such as G-proteins (GTP-

binding protein)-coupled receptors subunit α and VGCC 

(voltage-gated Ca
2+

 channels), or through calcium receptors, 

such as calcium sensing receptor (CaSR), located in the 

nervous membrane cells. Bonding of ligands to specific 

receptors will trigger the release of second messengers that will 

cause a chain reaction and bring about a change in the cell. 

The increase of intracellular Ca
2+

 ions can also occur due to 

the influence of CaSR or due to extracellular Ca
2+

 influx through 

VGCC (voltage-gated Ca
2+

 channels). Intracellular Ca
2+

 will 

activate skin tissue calcineurin [21, 22]. Electrical signals 

caused by depolarization of the nerve cell membrane will be 

propagated from cell to cell along the axon will then enter the 

pre-synapse membrane into the post-synapse membrane and 

will trigger the release of neurotransmitter molecules in the 

synapse. By the same mechanism the electrical signals are 
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propagated to the brain. Intracellular and extracellular Ca
2+

 ions 

mediated through spontaneous membrane potential changes 

will play an important role in stimulating the release of GnRH 

from the hypothalamus which in turn stimulates the pituitary to 

release GtH-I and GtH-II in carp, African catfish and tilapia [23, 

24]. 

The release of neurotransmitters such as GABA (gamma-

aminobutyric acid) from GABAergic neurons depend on nerve 

cell membrane depolarization, action potential, calcium ions, 

CCP, decarboxylation of glutamate and GAD (glutamic acid 

decarboxylase). GAD is a catalytic enzyme expressed 

abundantly in telencephalon and hypothalamus mediobasal of 

trout that have an important role in GABA synthesis [25]. 

Synthesis of GABA starts from glutamate decarboxylation 

catalyzed by GAD that is generally located at the tip end of the 

nerve [26-28]. There are two kinds of GAD known in fish, 

namely GAD-65 and GAD-67, where GAD-65 is more 

pronounce due to its sensitivity to changes in circulating sex 

steroids and is able to modulate the synthesis and release of 

neurotransmitters. The results of our previous studies showed 

that GAD-65 is abundant after 6 hours. The activity of GAD-65 

determines the synthesis of GABA in GABAergic neurons 

[28]. Later, the released GABA convey messages directly 

through synaptic contacts between GABAergic nerve 

terminals and GnRH neurons in which these GABAergic 

neurons are directly innervated by the anterior pituitary [26, 

29], so it has a stimulatory effect on the release of GtH-II [26-

28, 30, 31]. 

The results showed that laser exposure raised the level of 

gonadotropin hormones (GtH-I and GtH-II) in blood serum 6 

hours before spawning compared with the control group, 

because the laser exposure on reproduction acupoint of catfish 

(Clarias sp.) can stimulate GABAergic neurons to synthesize 

GABA, which will immediately convey the message through 

the synaptic contacts between nerve terminals of GABAergic 

and GnRH neurons [32]. GABA released by GABAergic 

neurons will further stimulate the hypothalamus to release 

GnRH. The released GnRH will stimulate pituitary neurons to 

release gonadotropin hormones (GtH-I and GtH-II). 

Gonadotropin hormones (GtH-I and GtH-II) are then channeled 

into the bloodstream towards the gonads (ovaries) that 

enables a wide range of activities. Gonadotropin hormone GtH-

I will be stimulating follicle development through secretion of 

estradiol-17 β in the ovaries that plays a role in vitellogenin 

biosynthesis in the liver. The content of estradiol-17 β is in 

accordance with the development of the egg [19, 33]. Likewise, 

gonadotropin hormone GtH-II will be required in the final 

oocyte maturation and stimulate ovulation and spawning [3, 5]. 

This process repeats when there is nerve cell membrane 

depolarization [25]. The results are consistent with the finding 

of Trudeau et al. [28] that stimulation of GABA can influence 

the increase in gonadotropin hormone release in the 

hypothalamus and the decrease in dopaminergic activity. 

On condition after spawning the profile of gonadotropin 

hormones (GtH-I and GtH-II) was higher in the control group 

compared with the treatment groups. This was due to the 

release of gonadotropin hormones (GtH-I and GtH-II) in some 

control group fish was incomplete because some fish were yet 

to spawn. While in the treatment group all fish had completed 

the spawn that made the profile of gonadotropin hormones 

(GtH-I and GtH-II) in the blood serum was detected low. 

Naturally, many physiological factors affect the GnRH release 

in the hypothalamus, such as irradiation, sexual behavior, 

stress and gonadal maturation. Besides, there are many 

mediator substances in regulating the synthesis and release of 

GnRH, such as glutamate and GABA [34], dopamine (DA) [35], 

serotonin [36, 37] and neuropeptide Y (NPY) [38]. 

Our research suggests that the release of GABA from 

GABAergic neurons can stimulate the hypothalamus to release 

gonadotropin hormones which in turn will stimulate the 

pituitary to release GtH-I and GtH-II even without laser 

stimulation. This is because GABAergic neurons can regulate 

its own expression in the brain over a period of 24 hours [39] 

and as a result the profile of gonadotropin hormones (GtH-I 

and GtH-II) in the control group was higher than in the 

treatment groups after spawning. Levels of the hormones (GtH-

I and GtH-II) in both the control and the treatment groups 

should decrease after spawning, but the decline in the 

treatment groups was accelerated. Another possibility is that 

the level of GABA released by GABAergic neurons was not 

sufficient to stimulate the hypothalamus to release 

gonadotropin hormones. 

 

V.      CONCLUSION 

Our study shows that laserpuncture exposure to 

reproduction acupoint in skin tissue of catfish (Clarias sp.) 

was capable of raising the profile of gonadotropin hormones 

(GtH-I and GtH-II) either at the time of pre-spawn and spawn 

the time of spawning. Laserpuncture exposure to reproduction 

acupoint in skin tissue can accelerate the maturation of the 

gonads and stimulate spawning. 

Laserpuncture exposure to reproduction acupoint in skin 

tissue of catfish (Clarias sp.) can be used to speed up the 

production of hatchlings. Our results can be used as a 

reference for further research on the possible side effects such 

as genetic abnormalities in the offspring. 
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