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A B S T R A C T. Experiments in vivo and in vitro concerned the influence of GABA, agonists and antago-

nists of GABAA and GABAB receptor subtypes (isonipecotic acid - INIP, bicuculline - BIC, baclofen -

BAC, 5-aminovaleric acid- AVA, muscimol - MUS) on gonadotropin (GtH2) secretion stimulated by

GnRH-A analog in sexually mature carp around the spawning period. Influence of dopaminergic sys-

tem on GtH2 release in fish was taken into account and that is why some experiments were carried out

with the fish injected with pimozide - a dopamine antagonist.

These experiments demonstrated that GABA affected the GtH2 secretion from carp pituitary gland

through the type A as well as type B receptors. It inhibited GtH2 secretion through the type A receptors

at the level of hypothalamus (via inhibition of GnRH release). It also stimulated GtH2 release (at the hy-

pothalamus level) by means of B type of GABA receptors due to impeding dopamine release, whereas

at the level of hypophysis it inhibited GtH2 release through inhibition of GnRH secretion from the ner-

ve endings.
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INTRODUCTION

The gamma-aminobutyric acid (GABA) is recognised as an inhibiting mediator of

the central nervous system. Research in the recent years have demonstrated that GA-

BA participates in regulating the secretion of hypothalamic hormones and some pitu-

itary hormones in mammals (McCann and Rettori 1988), including gonadotropic hor-

mones. However, opinions on an inhibiting or stimulating effect of GABA in these

processes are controversial and not clear. According to Scott and Clarke (1993) GABA

inhibited LH release by means of type A of GABA receptors, whereas studies of Wil-

son et al. (1990) proved that GABA inhibited this hormone secretion with the partici-

pation of type B of GABA receptors. However, results by Moguilevsky et al. (1991) in-

dicated a stimulating role of GABA in gonadotropin secretion in mammals, although

it depended on sexual maturity of the animals.
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The problem of GABA contribution to the control of reproductive processes in

fish has been even less studied, although there are data indicating the presence of GA-

BAergic neurones in the brain (Martinoli et al. 1990) and in the hypophysis of gold-

fish. Moreover, occurrence of GABA containing neurones in close contact with the go-

nadotropic cells in hypophysis was established (Kah et al. 1992). The recent investiga-

tions have shown that GABA participates in regulating gonadotropin (GtH2) release

in goldfish (Kah et al. 1992, Sloley et al. 1992, Trudeau et al. 1993) and in carp (Roe-

lants et al. 1990, Popek et al. 1994). Although the above mentioned authors agree that

GABA is the factor modulating GtH2 secretion, opinions on the character of the effect

of this neuro-transmitter on gonadotropin secretion differ considerably. As claimed

by Kah et al. (1991) and Trudeau et al. (1993), GABA had a stimulating effect in sexu-

ally immature goldfish only, whereas Roelants et al. (1990) and Popek et al. (1994) de-

monstrated an inhibitive effect of GABA on GtH2 secretion in mature carp during the

period around spawning .

In view of the above summarised controversy with respect to the role of GABAer-

gic system in regulating the pituitary gonadotropic function in such a closely related

species as goldfish and carp, investigations of carp in vivo and in vitro were underta-

ken in order to evaluate the stimulating or inhibiting role of GABA, and to find out the

types of receptors through which and at what level (hypothalamus or hypophysis) it

acted. Influence of GnRH analog and a possible contribution of the dopaminergic sys-

tem in the modulating function of GABA was also taken into consideration as it was

found (Peter et al. 1986, Chang et al. 1990, Yu and Peter 1990, Yu et al. 1991) that dopa-

mine participated in the processes of releasing both GnRH as well as GtH2 in fish.

MATERIAL AND METHODS

Experiments were carried out on five years old sexually mature female and four

years old male common carp. Fish were caught from a pond, weighed and tagged.

During three days before the commencement of every experiment, the fish were kept

in 2 m3 running water aerated tanks, having a temperature of 18�C and a simulated

photoperiod.
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Experiments in vivo

The fish were anaesthetised before every experiment in the ethylene glycol solu-

tion. In every experiment they were injected intraperitoneally twice during 3 hours: I -

first injection at time „-3”, II - second injection at time ”0”.

The following media were applied:

*physiological solution - 0.6 % NaCl aquatic solution

*g-aminobutyric acid (GABA) - Sigma Chemical Co., USA

*isonipecotic acid (INIP) - Interchim, France

*bicuculline (BIC) - Sigma Chemical Co., USA

*baclofen (BAC) - Sigma Chemical Co., USA

*5-aminovaleric acid (AVA) - Sigma Chemical Co., USA

*muscimol (MUS) - Sigma Chemical Co., USA

*pimozide (PIM) - Janssen Pharmaceutica N.V., Belgium

*(Des-Gly10, D-Ala6)LHRH (GnRH-A) - Sigma Chemical Co., USA

Blood samples were taken from the caudal vein using a heparinized syringe, the

blood was centrifuged, blood plasma collected and stored in - 20�C until gonadotro-

pin GtH2 level was estimated using ELISA method (Kah et al. 1989).

The design of particular experiments is shown in the following tables:
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EXPERIMENT 1

Influence of GABA on the in vivo GtH2 release from pituitary gland of carp females,

stimulated by GnRH analog

GROUP
Number

of fish
I injection (- 3 h) II injection (0 h)

RF 6 RF RF

GnRH-A 6 RF GnRH-A (20�g/kg)

PIM 6 PIM (5 mg/kg) RF

GABA 300/GnRH-A 7 GABA (300 mg/kg) GnRH-A (20�g/kg)

GABA 30/GnRH-A 7 GABA (30 mg/kg) GnRH-A (20�g/kg)

GABA 3/GnRH-A 7 GABA (3 mg/kg) GnRH-A (20�g/kg)

GABA 0.3/GnRH-A 7 GABA (0.3 mg/kg) GnRH-A (20�g/kg)

GABA 300/PIM 7 GABA (300 mg/kg) + PIM (5 mg/kg) RF
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EXPERIMENT 2

Influence of isonipecotic acid - INIP (an agonist of GABA type A receptors) on in vivo GtH2 release from

pituitary gland of carp males, stimulated by GnRH analog

a)

GROUP Number of fish I injection (- 3 h) II injection (0 h)

RF 6 RF RF

GnRH-A 6 RF GnRH-A (20�g/kg)

PIM 6 PIM (5 mg/kg) RF

BIC 1/GnRH-A 8 INIP (10 mg/kg) GnRH-A (20�g/kg)

BIC 1/PIM 8 INIP (10 mg/kg) + PIM (5 mg/kg) RF

b)

GROUP Number of fish I injection (- 3 h) II injection (0 h)

RF 6 RF RF

GnRH-A 6 RF GnRH-A (20�g/kg)

INIP 1/GnRH-A 7 INIP (1 mg/kg) GnRH-A (20�g/kg)

EXPERIMENT 3

Influence of bicuculline -BIC (an antagonist of GABA type A receptors) on in vivo GtH2 release from carp

male pituitary gland, stimulated by GnRH analog

GROUP Number of fish I injection (- 3 h) II injection (0 h)

RF 6 RF RF

GnRH-A 6 RF GnRH-A (20�g/kg)

PIM 6 PIM (5 mg/kg) RF

BIC 1/GnRH-A 7 INIP (1 mg/kg) GnRH-A (20�g/kg)

BIC 1/PIM 7 BIC (1 mg/kg) + PIM (5 mg/kg) RF

EXPERIMENT 4

Influence of baclofen -BAC (an agonist of GABA receptors of type B) on in vivo GtH2 release from carp

female pituitary gland, stimulated by GnRH analog

GROUP Number of fish I injection (- 3 h) II injection (0 h)

RF 8 RF RF

GnRH-A 8 RF GnRH-A (20�g/kg)

PIM 8 PIM (5 mg/kg) RF

BAC 10/GnRH-A 8 BAC (10 mg/kg) GnRH-A (20�g/kg)

BAC 10/PIM 8 BAC (10 mg/kg) + PIM (5 mg/kg) RF



Experiments in vitro

Perifusions of whole pituitary glands were performed using GABA, AVA, musci-

mol - MUS (an agonist of GABA receptors of type B), BAC, and BIC. The designs of

particular experiments are shown in the following tables:
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EXPERIMENT 5

Influence of 5-aminovaleric acid - AVA (an antagonist of GABA receptors of type B) on in vivo GtH2 rele-

ase from carp female pituitary gland, stimulated by GnRH analog

GROUP Number of fish I injection (- 3 h) II injection (0 h)

RF 8 RF RF

GnRH-A 8 RF GnRH-A (20�g/kg)

PIM 8 PIM (5 mg/kg) RF

AVA 10/GnRH-A 8 AVA (10 mg/kg) GnRH-A (20�g/kg)

AVA 10/PIM 8 AVA (10 mg/kg) + PIM (5 mg/kg) RF

EXPERIMENT 6

Influence of GABA on spontaneous GtH2 release from carp male pituitary gland in vitro

Number of fish Experimental group Control group

6 GABA 10-10 M perifusion medium

6 GABA 10-9 M perifusion medium

6 GABA 10-8 M perifusion medium

6 GABA 10-7 M perifusion medium

6 GABA 10-6 M perifusion medium

6 GABA 10-5 M perifusion medium

6 GABA 10-4 M perifusion medium

6 GABA 10-3 M perifusion medium

EXPERIMENT 7

Influence of GABA on GnRH analog stimulated GtH2 release from carp

male pituitary gland in vitro

Number of fish Experimental group Control group

6 GABA 10-8 M + GnRH-A 10-7M GnRH-A 10-7M

6 GABA 10-6 M + GnRH-A 10-7M GnRH-A 10-7M

6 GABA 10-4 M + GnRH-A 10-7M GnRH-A 10-7M



Results of the in vivo experiments were analysed by means of single factor ANO-

VA. Duncan test was used to establish the differences between the groups. Results of

the in vitro experiments were compared using two tailed t Student’s test.

RESULTS

EXPERIMENTS IN VIVO

EXPERIMENT 1

GABA injection at time „-3” at a dose of 300 mg/kg, together with the GnRH ana-

log (20µg/kg, at time ”0”) resulted in a statistically significantly greater GtH2 secre-

tion level than in the fish injected GnRH analog only (Fig. 1).

After intraperitoneal injection of either 30 or 3 mg/kg of GABA together with the

GnRH analog, there was no difference in GtH2 concentration in comparison with the

control group - GnRH-A (Fig. 1).

The dose of 0.3 mg/kg of GABA with the GnRH analog resulted in significant

changes of GtH2 secretion. At hour 3 as well as hour 9 after the second injection, this

hormone secretion in the experimental group was significantly lower than in the cont-

rol group - GnRH-A (Fig. 1).

Application of 300 mg/kg GABA with pimozide (both media injected at time „-3”)

resulted in a significantly higher GtH2 secretion than in the control group - PIM (Fig. 1).

EXPERIMENT 2

The intraperitoneal application of 10 mg/kg INIP (injected at time „-3”) with

GnRH analog (20µg/kg, injected at time ”0”) resulted in a significant increase of go-

nadotropin GtH2 secretion in relation to the control group GnRH-A (Fig. 2a).

142 M. SOKO£OWSKA-MIKO£AJCZYK, J. CHYB ET AL.

EXPERIMENT 8

Influence of 5-aminovaleric acid (AVA) on spontaneous GtH2 release from

male carp pituitary gland in vitro

Number of fish Experimental group Control group

6 AVA 10-8 M perifusion medium

6 AVA 10-6 M perifusion medium

6 AVA 10-4 M perifusion medium



A similar application of 1 mg/kg of this agonist together with GnRH analog did

not result in any significant changes of GtH2 secretion (Fig. 2b).

After 3 hours since the application of 10 mg/kg of this medium with 5 mg/kg of

pimozide (group BIC 1 mg/kg + PIM, injection time of both media „-3”), a significant

increase of GtH2 was found in relation to the control - PIM (Fig. 2a).

EXPERIMENT 3

The intraperitoneal injection of 1 mg/kg of bicuculline (at time „-3”) combined

with GnRH-A (20µg/kg injected at time ”0”) brought about an increase of GtH2 sec-

retion in relation to the control group - GnRH-A (Fig. 3).

Administration of 1 mg/kg bicuculline combined with 5 mg/kg of pimozide,

both media injected at time „-3”, resulted in a significant increase of gonadotropin

concentration at hour 45 of the experiment in relation to the control - PIM (Fig. 3).

EXPERIMENT 4

The 10 mg/kg baclofen injection at time „-3” combined with 20µg/kg GnRH-A

injection at time ”0” resulted in an increase of GtH2 release (compared to the control -

GnRH-A, Fig. 4).

The 10 mg/kg baclofen injection combined with 10 mg/kg of pimozide at time

„-3” brought about a significant stimulation of GtH2 secretion at times O, 3, 9, and 21

hours as compared with the control (PIM) (Fig. 4).
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Fig. 1. Influence of various GABA concentrations on GtH2 secretion from carp pituitary gland in vivo (p<0.05)



EXPERIMENT 5

The intraperitoneal injection of 10 mg/kg 5-aminovaleric acid (at time „-3”) toget-

her with GnRH-A (20µg/kg, incjection time ”0”) resulted in a significant decrease of

GtH2 secretion after 3 hours of its administration (Fig. 5).

AVA (dose 10 mg/kg) administered with pimozide (10 mg/kg, both media injec-

ted at time „-3”) did not result in any significant changes of GtH2 secretion (compared

to the control - PIM, Fig. 5).
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Fig. 2. a) Influence of isonipecotic acid (INIP) at the dose of 10 mg/kg on GtH2 secretion from the pituitary
gland of male carp in vivo (p<0.05). b) Influence of isonipecotic acid (INIP) at the dose of 1 mg/kg on
GtH2 secretion from the pituitary gland of male carp in vivo (p<0.05)
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Fig. 3. Influence of bicuculline (BIC) at the dose of 1 mg/kg on GtH2 secretion from the pituitary gland of
male carp in vivo (p<0.05)

Fig. 4. Influence of baclofen (BAC) at the dose of 10 mg/kg on GtH2 secretion from the pituitary gland of fe-
male carp in vivo (p<0.05)



EXPERIMENTS IN VITRO

EXPERIMENT 6

The perifusion of the whole pituitary glands with a medium containing gam-

ma-aminobutyric acid (GABA) at concentrations of from 10-10 M to 10-3 M resulted in

a decrease of GtH2 release in relation to the control (perifusion medium) at the con-

centration of GABA of 10-6 M. At this concentration, gonadotropin secretion level was

significantly lower in 2 experimental fractions compared to the control (Fig. 6).

EXPERIMENT 7

The perifusion of pituitary glands with a medium containing GABA (10-8 M) and

GnRH-A (10-7 M) resulted in retarding an increase of gonadotropin release stimulated by

GnRH-A in one fraction. Application a higher GABA (10-6 M) concentration in perifusion

did not significantly affect GtH2 release in relation to the control. Finally, a 10-4 M GABA

concentration combined with GnRH-A brought about a significant increase of gonado-

tropin level in relation to the control in the case of two fractions (Fig. 7).
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Fig. 5. Influence of 5-aminovaleric acid (AVA) at the dose of 10 mg/kg on GtH2 secretion from the pituitary
gland of female carp in vivo (p<0.05)
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Fig. 6. Influence of various GABA concentrations on GtH2 secretion from the pituitary gland of male carp in
vitro (p<0.05)

Fig. 7. Influence of various GABA concentrations on GtH2 secretion stimulated by GnRH-A from the pitui-
tary gland of male carp in vitro (p<0.05)



EXPERIMENT 8

It was found that pituitary gland perifusion with a medium containing 5-amino-

valeric acid at a concentration of 10-6 M resulted in a significant stimulation of gonad-

otropin GtH2 secretion (2 fractions). At the remaining concentrations, i.e. 10-8 M and

10-4 M, no significant differences in gonadotropin secretion were found between the

control group (perifusion medium) and the experimental groups (Fig. 8).

DISCUSSION

Controversies as to the inhibiting or stimulating role of GABA in releasing gonad-

otropic hormones in mammals and in fish might result from the heterogenity of the

GABAergic receptors. This is because it is accepted that at least two out of the three re-

ceptor subtypes participate in controlling the gonadotropin secretion. There are re-

ports that GABA receptors of type A as well as of type B take part in regulating LH se-

cretion in mammals (Wilson et al. 1990, Moguilevksy et al, 1991, Scott and Clarke

1993) or GtH2 secretion in fish (Roelants et al. 1990, Kah et al. 1991, Sloley et al. 1992,

Trudeau et al. 1993b, Popek et al. 1994).
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Fig. 8. Influence of various 5-aminovaleric acid (AVA) concentrations on GtH2 secretion from the pituitary
gland of male carp in vitro (p<0.05)



Studies on the effects of GABA as well as of the agonist and antagonists (of both sub-

types) on the spontaneous gonadotropin release in vivo (unpublished data) demonstra-

ted that GABA dose of the order of 300 mg/kg only and baclofen (agonist of type B of

GABA receptors) produced a significant increase of GtH2 secretion in sexually mature

carp. These results concur with those of Trudeau et al. (1993) pertaining to goldfish, on

condition that the stimulating effect was detected in immature fish only.

There are many data in the available literature on the GABAergic modulation of

GtH2 secretion as affected by GnRH. It is suggested that the GABA receptors are loca-

ted in the neurones releasing GnRH from the preoptic region of hypothalamus in

mammals and in fish (Nikolarakis et al. 1988, Jarry et al. 1991, Kah et al. 1992). In the

present experiments, the dose of 300 mg/kg GABA resulted in a significant increase

of GtH2 release when stimulated by GnRH analog (Fig. 1). However, smaller GABA

doses did not change significantly GtH2 secretion, and the lowest of the applied doses

- 0.3 mg/kg - resulted even in a decrease of GtH2 release (Fig.1). It seems that GABA

dose of about 300 mg/kg could produce a pharmacological effect in carp, the more so

that lower doses of this medium remained ineffective as regards the gonadotropin se-

cretion, and the lowest one produced an opposite effect to that found at the 300

mg/kg dose.

In order to determine through which of its receptors GABA modulates the GtH2

release when stimulated by GnRH analog, agonists and antagonists of both types of

GABA receptors were applied. The isonipecotic acid (type A receptor’s agonist) at the

dose of 10 mg/kg stimulated GtH2 secretion (Fig. 2a), whereas a ten times lower dose

of this medium remained ineffective. Bicuculline (type B receptor’s antagonist), simi-

larly as INIP at the dose of 10 mg/kg, stimulated GtH2 release (Fig. 3). These results

are surprising in that a similar effect was detected in the case of agonist and antago-

nist of the same receptor. Findings of Popek et al. (1994) confirm the results of these

investigations on bicuculline. On the other hand, lack of data on the effect of INIP do-

es not explain the results of this investigation. One can only conjecture that the app-

lied INIP dose (10 times higher than the BIC dose), likewise the highest GABA dose,

exerted a pharmacological action.

The published data on mammals and fish evidence that GABA may stimulate as

well as an inhibit GnRH secretion trough type A receptors ( Jarry et al. 1991, Leranth

et al. 1985, Masotto and Negro-Vilar 1986, Hales et al. 1994, Martinez de la Escalera et

al. 1994). It is possible that such a diverse action results from the fact that type A recep-
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tors affect not only the GnRH releasing neurones, but also the factors modulating

GnRH release.

The problem of the contribution of type B receptors in regulating GnRH-A stimu-

lated GtH2 secretion in carp was also an interesting issue. The agonist of this receptor,

BAC, applied at the dose of 10 mg/kg, enhanced the GnRH-A effect (Fig. 4). The anta-

gonistic medium (AVA) resulted in an opposite effect, i.e. a statistically significant de-

crease of GtH2 secretion (Fig. 5). Although there are no published accounts on fish,

data related to mammals indicate that baclofen does not affect LH release when stim-

ulated by LHRH.

Experiments conducted with the participation of GABA (300 mg/kg), INIP (10

mg/kg), BIC (1 mg/kg), BAC (10 mg/kg) and of AVA (10 mg/kg) applied to fish to-

gether with pimozide (dopamine receptor antagonist) in order to block the inhibiting

effect of dopamine on GtH2 secretion, showed that in such conditions all media, ex-

cept AVA, brought about a significant increase of GtH2 secretion. The effect of GABA

and of INIP can be regarded as pharmacological, similarly to the case of GtH2 secre-

tion stimulated by GnRH-A. The stimulating influence of bicuculline and baclofen

was confirmed. These results are an indirect evidence that - apart from type A recep-

tors - also type B receptors can take part in regulating the GtH2 secretion, possibly

through modulation of the dopaminergic system at the hypothalamus level.

While studying the modulating effect of GABA on gonadotropin secretion in fish,

it was necessary to take into consideration the anatomic specificity of the bond betwe-

en hypothalamus and pituitary gland, which involved an indirect innervation of cells

of the hypophyseal glandular part by hypothalamic neurones. The perifusions of the

whole hypophyses by media containing various GABA concentrations (10-10 - 10-3 M)

demonstrated that a significant decrease of GtH2 secretion occurred at the concentra-

tion of 10-6 M (Fig. 6). These findings contradict those of Kah et al. (1992) who did not

notice any GABA effect on GtH2 secretion from dispersed cells of goldfish hypophy-

sis. In such a system there were no bonds between the endings of dopaminergic neu-

rones, the endings of GnRH releasing neurones, and the gonadotropic cells. The inhi-

biting GABA effect obtained in the case of the whole hypophysis perifusion might ha-

ve resulted from the effect of GABA on neurones with GnRH or on dopaminergic

neurones. There are some data which confirm the above findings, viz. the GtH2 secre-

tion stimulation in the static incubation of hypophysis fragments of goldfish in the

presence of GABA (Kah et al. 1992).
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Investigations in perifusion system of the influence of muscimol, bicuculline, and

baclofen did not reveal any significant effects on GtH2 secretion (data not shown).

5-aminovaleric acid produced a significant increase of GtH2 secretion at the concent-

ration of 10-6 M (Fig. 6). Therefore, the stimulatory effect of AVA on GtH2 secretion,

and the fact that GABA inhibits spontaneous and stimulated by GnRH-A release of

GtH2 in vitro, imply that type B of GABA receptors can probably be responsible for in-

hibition of GnRH receptors from the nerve ending at the pituitary level. It should be

noted that baclofen, having an activity opposite to AVA, did not produce any changes

in GnRH secretion from perifused pituitary glands. Perhaps the GnRH releasing neu-

rones are in a state of tonic inhibition with the participation of type B GABA receptors

(Lux-Lantos et al. 1993). This problem, however, requires more detailed study with

respect to the GtH2 release stimulated by GnRH-A in vitro.
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Fig. 9. Suggested layout of influence of GABAergic system on GtH2 secretion



Considering the above discussed results one can make several generalisations as

regards the effects of GABAergic system on GtH2 secretion :

1. GABA affects GtH2 secretion from the carp hypophysis through both GABA-A as

well as GABA-B receptors, exerting its influence mainly through the first type of re-

ceptor.

2. By the intermediary action of GABA-A receptors, g-aminobutyric acid inhibits

GtH2 secretion at the hypothalamus level trough inhibiting GnRH release.

3. By the intermediary action of GABA-B receptors, g-aminobutyric acid affects GtH2

secretion in two ways:

a) at the hypothalamus level it stimulates GtH2 secretion through inhibiting

the dopamine (DA) release

b) at the level of hypophysis it inhibits GtH2 release inhibiting GnRH secretion

from neurone endings.

These interactions are illustrated in Fig. 9.

ACKNOWLEDGEMENTS

The studies were financed by the grant no. 5 S311 013 04 of the Committee of Sci-

entific Research, Poland.

REFERENCES

Chang J. P., Cook H., Wiggs A. J., Somoza G. M., De Leeuw R., Peter R. E. (1990). Use of a pituitary disper-
sion method and primary culture system for the studies of gonadotropin-releasing hormone action
in the goldfish, Carassius auratus. I. Initial morphological, static, and cell column perifusion studies.
Gen. Comp. Endocrinol. 77: 256-273

Hales T.G., Sanderson M.J., Charles A. C., (1994). GABA has excitatory actions on GnRH-secreting immor-
talised hypothalamic (GT1-7) neurons. Neuroendocrinology 59: 297-308

Jarry H., Leonhardt S., Wuttke W. (1991). Gamma-aminobutyric acid neurons in the preoptic/anterior hy-
pothalamic area synchronise the phasic activity of the gonadotropin-releasing hormone pulse ge-
nerator in ovariectomized rats. Neuroendocrinology 55: 261-267

Kah O., Dubourg P., Martinoli M.-G., Rabhi M., Gonnet F., Geffard M., Calas A. (1987). Central GABAergic
innervation of the pituitary of the goldfish: A radioautographic and immunocytochemical study at
the electron microscope level. Gen. Comp. Endocrinol. 67: 324-332

Kah O., Pontet A., Rodriguez J. N., Calas A., Breton B. (1989). Development of an enzyme-linked immuno-
sorbent assay for goldfish gonadotropin. Biol. Reprod. 40: 68-73

Kah O., Trudeau V. L., Sloley B. D., Chang J. P., Dubourg P., Yu K. L., Peter R. E. (1992). Influence of GABA
on gonadotropin release in the goldfish. Neuroendocrinology 55: 396-404

152 M. SOKO£OWSKA-MIKO£AJCZYK, J. CHYB ET AL.



Kah O., Trudeau V. L., Sloley B. D., Martinoli M. G., Chang J. P., Yu K. L., Peter R. E. (1991). Implication of
GABA in the neuroendocrine regulation of gonadotropin release in the goldfish (Carassius auratus).
In: Proceedings of the Fourth International Symposium on Reproductive Physiology of Fish (A. P.
Scott, J. P. Sumpter, D. E. Kime, and M. S. Rolfe, eds.), Norwich, U. K. 7-12 July 1991, Fish Symp.,
Sheffield

Leranth C. S., Sakamoto H., MacLusky N. J., Shanabrough M., Naftolin F. (1985). Estrogen responsive cells
in the arcuate nucleus of the rat contain glutamic acid decarboxulase (GAD): an electron microsco-
pic immunocytochemical study. Brain Res. 331: 376-381

Lux-Lantos V., Rey E., Libertun C. (1992). Activation of GABAB receptors in the anterior pituitary inhibits
prolactin and luteinizing hormone secretion. Neuroendocrinology 56: 687-693

Martinez-De-La-Escalera G., Choi A. L. H., Weiner R. I. (1994). Biphasic gabaergic regulation of GnRH sec-
retion in GT-1 cell lines. Neuroendocrinology 59: 420-425

Martinoli M. G., Dubourg P., Geffard M., Calas A., Kah, O. (1990). Distribution of GABA-immunoreactive
neurones in the forebrain of the goldfish. Cell Tissue Res. 260: 77-84

Masotto C., Negro-Vilar A. (1986). GABA and gonadotrophin secretion. Evidence on in vitro studies of
LHRH secretion. In: GABA in endocrine function (Racagni G., Donoso A. O., eds.), New York, Ra-
ven, pp. 243-250

McCann S. M., Rettori V. (1988). The role of gamma-aminobutyric acid (GABA) in the control of anterior pi-
tuitary hormone secretion. In: GABA and benzodiazepine receptors: 123-134

Moguilevsky J. A., Carbone S., Szwarcfarb B., Rondina D. (1991). Sexual maturation modifies the GABAer-
gic control of gonadotrophin secretion in female rats. Brain Res. 56: 12-16

Nikolarakis K.. E., Loeffler J. P., Almeida O. F. X., Herz A. (1988). Presynaptic and postsynaptic actions of
GABA on the release of hypothalamic gonadotropin-releasing hormone (GnRH). Brain. Res. Bull.
21: 677-684

Peter R. E., Chang J. P., Nahorniak C. S., Omeljaniuk R. J., Sokolowska M., Shih S. H., Billard R. (1986). Inte-
raction of catecholamines and GnRH in regulation of gonadotropin secretion in teleost fish. Recent
Progr. Horm. Res. 42: 513-548

Popek W., Breton B., Sokolowska- Mikolajczyk M., Epler P. (1994). The effects of bicuculline (a GABA-A re-
ceptor antagonist) on LHRH-A and pimozide stimulated gonadotropin (GtH2) release in female
carp (Cyprinus carpio L.). Comp. Biochem. Physiol. 108C: 129-135

Roelants I., Epler P., Mikolajczyk T., Breton B., Bieniarz K., Ollevier F. (1990). A presumptive role for GABA
in the stimulatory effects of Des-Gly10,[D-Ala6]-LHRH-ethylamide and pimozide on the gonadot-
ropin release in carp. Life Sciences 47: 1801-1812

Scott C. J., Clarke I. J. (1993). Inhibition of luteinizing hormone secretion in ovariectomized ewes during the
breeding season by gamma-aminobutyric acid (GABA) is mediated by GABAA receptors, but not
GABAB receptors. Endocrinology 132: 1789-1796

Sloley B. D., Kah O., Trudeau V. L., Dulka J. G., Peter R. E. (1992). Amino acid neurotransmitters and dopa-
mine in brain and pituitary of the goldfish: involvement in the regulation of gonadotropin secre-
tion. J. Neurochem. 58: 2254-2262

Trudeau V. L., Murthy C. K., Habibi H. R., Sloley B. D., Peter R. E. (1993a). Effects of sex steroid treatments
on gonadotropin-releasing hormone-stimulated gonadotropin secretion from the goldfish pituita-
ry. Biol. Reprod. 48: 300-307

Trudeau V. L., Sloley B. D., Peter R. E. (1993b). GABA stimulation of gonadotropin-II release in goldfish -
involvement of GABA(A) receptors, dopamine, and sex steroids. Am. J. Phys. 265: 348-355

Trudeau V. L., Sloley B. D., Peter R. E. (1993c). Testosterone enhances GABA and taurine, but not N-met-
hyl-D,L-aspartate-stimulation of gonadotropin-II secretion in the goldfish: possible sex steroid fe-
edback mechanisms. J. Neuroendocrinol. 5: 129-136

GABAergic MODULATION OF GONADOTROPIN (GtH2) SECRETION... 153



Wilson C. A., James M. D., Leigh A. J. (1990). Role of gamma-aminobutyric acid in the zona incerta in the
control of luteinizing hormone release and ovulation. Neuroendocrinology 52: 354-360

Yu K. L., Peter R. E. (1990). Dopaminergic regulation of brain gonadotropin-releasing hormone in the cont-
rol of gonadotropin-II secretion in the goldfish. Gen. Comp. Endocrinol. 89: 39-50

Yu K. L., Rosenblum P. M., Peter R. E. (1991). In vitro release of gonadotropin-releasing hormone from the
brain preoptic-anterior hypothalamic region and pituitary of female goldfish. Gen. Comp. Endoc-
rinol. 81: 256-267

STRESZCZENIE

GABAergiczna MODULACJA SEKRECJI GONADOTROPINY (GtH2) Z PRZYSADKI

MúZGOWEJ KARPIA (Cyprinus carpio L.)

Do¤wiadczenie in vivo i in vitro obejmowaÆy badanie wpÆywu GABA, agonistów i antagonistów GA-
BA-A i GABA-B receptorów (kwas izonipekotynowy - INIP, bikukulina - BIC, baklofen - BAC, kwas 5-ami-
nowalerianowy - AVA, muscimol - MUS) na sekrecjæ gonadotropiny GtH2 stymulowanå analogiem GnRH
u dojrzaÆych pÆciowo karpi w okresie okoÆotarÆowym. Uwzglædniajåc wpÆyw systemu dopaminergicznego
na sekrecjæ GtH2 niektóre do¤wiadczenia przeprowadzono na karpiach iniekowanych piozydem - antago-
nistå dopaminy.

Wyniki do¤wiadczeñ wykazaÆy, ºe GABA oddziaÆywuje na sekrecjæ GtH2 z przysadki mózgowej
poprzez obydwa podtypy receptorów GABA. Poprzez podtyp A hamuje sekrecjæ GtH2 na poziomie pod-
wzgórza (poprzez hamowanie uwalniania GnRH). Poprzez podtyp B dziaÆa w dwojaki sposób na pozio-
mie podwzgórza stymuluje sekrecjæ GtH2 poprzez eliminowanie hamujåcego wpÆywu dopaminy, nato-
miast na poziomie przysadki mózgowej hamujå uwalnianie GtH2 poprzez hamowanie sekrecji GnRH
z zakoñczeñ nerwowych.
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