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ABSTRACT: Studies were carried out on the effects of GABA and agonists or antagonists of its receptors on
in vivo or in vitro spontaneous secretion as well as LHRH analog (D-Ala® LHRH) stimulated maturational
gonadotropic hormone (GtH2) secretion in carp fed the diet containing zinc. A possible modulatory action
of dopamine in these processes was examined by simultaneous administration of pimozide, a dopamine
(D2) receptor antagonist. Injections of isonipecotic acid - an antagonist of GABAA receptors (INIP), or
bicuculline, an antagonist of GABA4 receptors (BIC), increased the GnRH stimulated GtH2 secretion only
in the control fish, but not in fish fed the diet containing zinc, suggesting that zinc inhibited this stimulatory
influence. By contrast baclofen, an agonist of GABAg receptors (BAC), increased the GtH2 response to
GnRH-A only in zinc treated fish. In vitro experiments demonstrated that GABA did not modify the
GnRH-A stimulated GtH2 secretion from the pituitary of normal or zinc treated fish. These results suggest
that although zinc does not affect the in vivo GtH2 release modulated by GABAergic drugs, it can block the
tonic GABAergic inhibition of GtH2 secretion it vitro Therefore, zinc may temporarily eliminate the GABAA
type of receptors from the GABAergic regulation of GtH2 secretion.
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INTRODUCTION

The toxicity of zinc to fish organism is well known (Alabaster and Lloyd 1980,

Bengtsson 1974a, 1974b). Increased concentration of zinc compounds up to I mg dm?in

inland waters of Poland (among others in commercial ponds and spawning grounds)
drew attention to the problem of fish gonad maturation and spawning in waters
polluted with zinc (Szulkowska-Wojaczek 1992). High doses of zinc, exceeding
organism demands caused, depending on the concentration and time of exposure, a
decrease of fecundity in Pimephales promelas (Brungs 1969), a delay of spawning and
diminution of egg viability in Brachydanio rerio (Speranza et al. 1977), spermatogenesis
inhibition and ovarian atresia in Puntius conchonius (Kumar and Pant 1984), decrease of
egg size and larval deformation in Catostomus commersoni (Munkittrick and Dixon
1989). Zinc concentrations of 3 mg dm™ decreased hatchability and increased the
percentage of deformed larvae in guppy and goldfish (Bieniarz et al. 1994, 1996, 1997),
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lowered oocyte sensitivity to pituitary homogenate stimulation, decreased the number
of hatched larvae and increased the number of deformed larvae (Bieniarz et al. 1996).

There is some information that zinc can affect hypothalamic and pituitary
hormone secretion in fish. Rearing of goldfish and guppies in the sublethal
concentrations (in case of goldfish: 2.5 mg dm™) did not inhibit growth nor increased
mortality, but it lowered gonadotropin GtH2 level in a statistically significant way
causing a significant reduction of progeny numbers (Bieniarz et al. 1997).

It is well established that in teleost fish the secretion of maturational
gonadotropin (GtH2) is stimulated by gonadotropin-releasing hormone (GnRH) and
inhibited by dopamine (DA) (Chang et al. 1984, Peter et al. 1991), and that there are
other factors involved in the control of GtH2 secretion. GABAergic system is one of
these factors. However, the opinions on the character of the effect of this
neurotransmitter on gonadotropin secretion differ considerably. (Roelants et al. 1990,
Kah et al. 1991, Trudeau et al. 1993b, Chyb 1996, Sokolowska et al. 1997). Therefore,
the aim of our work was to examine not only the effects of zinc on in vivo or in vitro
spontaneous GtH2 secretion, but also to investigate the possible role of zinc in the
modulation of the GtH2 response to LHRH analog and GABAergic drugs. A possible
modulatory action of dopamine in these processes was examined by a simultaneous
administration of pimozide a dopamine (D2) receptor antagonist.

MATERIAL AND METHODS

I. IN VIVO EXPERIMENTS

124 mature control male carp (fed a normal diet) and 140 males fed a zinc
enriched diet (ZnSO4 - 60 mg of zinc per g) were used for the experiments. Fish were
fed an appropriate diet for one full season and 2 month of the next season. The fish
were caught from conventional carp ponds at the beginning of the experiment,
weighed, and labelled individually before transferring to concrete flow-through
basins (volume 2 m>). They were kept for 3 days in the basins in artificially aerated
(8 mg O2 I'") water of 18°C, in a simulated natural photoperiod. In all in vivo
experiments the fish were injected intraperitoneally with:

Saline (SAL) - 0.6% Nad,

Isonipecotic acid - INIP (a GABA 4 receptor agonist) at a dose of 10 mg kg-1 (Interchim

-France),
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Bicuculline - BIC (a GABA, receptor antagonist) at a dose of 1 mg kg_1 (Sigma
Chemical Co., USA),

Baclofen - BAC (a GABAg receptor agonist) at a dose of 1 mg kg_l (Sigma Chemical
Co., USA),

[Des Glylo, D-Ala6 ] LHRH - (GnRH-A) at a dose of 20 ug kg_1 (Sigma Chemical Co.,
SA)

Pimozide - PIM (a dopamine D2 receptor antagonist) at a dose of 10 mg kg_1 (Janssen

Pharmaceutica N. V., Belgium).
The fish were anaesthetised before all the manipulations with ethylene glycol (3
ml for 10 L of water). All fish were injected twice, three hours apart: SAL or PIM
or/and GABAergic drug were given at the time of the first injection (time «-3") and
GnRH-A or SAL were always administered as the second injection three hours later
(time »0"). The details of the experimental procedures are presented in Table 1.

TABLE 1

The design of the in vivo experiment

FISH FED STANDARD DIET OR DIET CONTAINING ZINC

Experimental group (n=8) Control group (n=8)

I*" injection 2" injection I* injection 2" injection

(-3 hours) (0 hours) (-3 hours) (0 hours)

INIP SAL SAL SAL
BIC SAL SAL SAL
BAC SAL - -
INIP GnRH-A SAL GnRH-A
BIC GnRH-A SAL GnRH-A
BAC GnRH-A SAL GnRH-A
INIP+PIM SAL PIM SAL
BIC+PIM SAL PIM SAL
INIP+PIM GnRH-A PIM GnRH-A
BIC+PIM GnRH-A PIM GnRH-A

Blood samples (500 ul) were taken from fish caudal vasculature with the use of
heparinized 1 ml syringes, just before the first (-3 hours) and before the second injec-
tion (0 hours), as well as 3, 9, 21, 33 and 45 hours after the second injection. Plasma
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was collected and kept frozen until gonadotropin (GtH2) was measured using the
ELISA method (Kah et al. 1989). All samples were analysed in duplicates.

The results of the experiments were analysed with the analysis of variance and
the significance of differences between the groups was calculated using Duncan’s
multiple range test

II. IN VITRO EXPERIMENTS

24 five year old male carp were used for in vitro experiments. Twelve fish were fed
a zinc-containing diet (similarly as in the in vivo treatment) and twelve fish a standard
diet. Fish were anaesthetised and the pituitary glands were removed after
decapitation. They were placed in ice-cold mineral medium prepared according to
Jalabert (Jalabert et al. 1973), supplemented with glucose 1 g ml? and 0.3% of BSA
(Sigma Chemical CO., USA, RIA grade). The glands were rinsed several times and

transferred into the perifusion columns (1 em® of volume) with P-2 Bio-Rad

Laboratories, USA. The flow rate was maintained at 15 ml hour!. For details
concerning the perifusion system see Mikolajczyk et al. 1996. The fractions started to
be collected after 90 minutes of rinsing using an automatic fraction collector (Neolab,
Germany). Each perifusion consisted of two control columns (pituitaries of fish fed a
standard diet) and two experimental columns (pituitaries of fish fed the diet
containing zinc) and was repeated three times to have six replicates in the same
group. The design of the experiment is presented in Table 2. In brief: in case of the
perifusions testing the spontaneous secretion of GtH2 under the influence of GABA
(10'8, 10 or 10 M) fractions were collected as follows: four 2 minutes fractions
before GABA application, eight 2-minute fractions during GABA pulse (one
concentration), and three 5-minute fractions after the pulse. After each pulse of GABA

TABLE 2
The design of the in vitro experiment

FISH FED STANDARD DIET OR DIET CONTAINING ZINC

No of pituitary glands Treatment

6 GABA 10% M
Control columns GABA 10° M
GABA 10*M

GABA 10® M + GnRH-A 107 M
Experimental columns GABA 10° M + GnRH-A 107 M
GABA 10* M + GnRH-A 107 M
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pituitaries recovered during 90 minutes of rinsing and then the next concentration
was tested in the same way as the first one.

In case of perifusions testing GnRH-A stimulated GtH2 secretion under the
influence of GABA, fractions were collected as follows: four 2-minute fractions before
GABA application, six 2-minute fractions during the pulse of the tested concentration
of GABA, four 2-minute fractions during the pulse of GABA with GnRH-A (1 07 M)
and three 5-minute fractions after the pulse. Each concentration of GABA was tested
in the same way after 90 minutes of recovery (rinsing).

The fractions of perifusate were collected and kept frozen until gonadotropin
(GtH2) measurement with the same method as plasma samples in i1 vivo experiments.

The perifusion profiles are presented as mean percentage of the basal GtH2 levels. The
basal level (100%) was calculated as the mean GtH?2 level of the first three fractions before
each drug administration. The results were analysed using two tailed Student’s t-test.

RESULTS

IN VIVO EXPERIMENTS

There were no significant differences in spontaneous GtH2 secretion under the in-

fluence of isonipecotic acid (INIP) at the dose of 10 mg kg'l, bicuculline (BIC) at the
dose of 1 mg kg'l, baciofen (BAC) at the dose of I mg 1<g'1 in fish fed standard diet or
in fish fed the diet containing zinc (data not shown).

In fish fed the standard diet, INIP (10 mg kg'l) caused statistically significant
increase of GnRH-A stimulated gonadotropin secretion at 9, 21, 33 and 45 hours after

the second injection in comparison with GnRH-A only treated fish (Fig 1A). The same
treatment did not changed GtH2 secretion in fish fed the diet containing zinc in
comparison with GnRH-A only injected fish (Fig. 1B).

BIC (I mg kg'l) in fish given the standard diet increased significantly GnRH-A
stimulated gonadotropin secretion at 9, 21 33 and 45 hours after the second injection
in comparison with GnRH-A only injected fish (Fig. 2A), whereas in the fish fed the
diet containing zinc no significant changes in gonadotropin secretion were found in
comparison with GnRH-A treated fish (Fig. 2B).

Injection of BAC (Img kg'l) in fish fed standard diet did not cause any significant
changes in GnRH-A stimulated GtH2 secretion (Fig 3A). In carp fed the diet with zinc,
a significant increase of GtH2 secretion was observed at 0, 3 and 45 hours after the sec-
ond injection (Fig. 3B).
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Fig. 1. The effects of isonipecotic acid (INIP) at the dose of 10 mg kg ' on GnRH-A stimulated GtH2 release
in vivo in male carp fed standard diet (A) or diet containing zinc (B).

In fish fed standard diet and treated with PIM and INIP (10 mg kg'l) a significant
increase of GtH2 release was found at 3 hours (Fig. 4A). No effects of INIP on GtH2 se-
cretion were found in fish fed the diet with zinc (Fig. 4B).

Injections of PIM and BIC (Img kg'l) significantly increased gonadotropin level at
45 hours after the second injection in fish fed standard diet (Fig. 5A), whereas changes
in GtH2 secretion were not observed in fish fed the diet with zinc (Fig. 5B).

There were no significant changes in gonadotropin release under the influence of
INIP at a dose of 10 mg 1<g'1 in fish fed standard diet and treated with PIM and
GnRH-A (Fig. 6A). INIP caused a significant decrease of GtH2 secretion in fish fed
zinc-enriched diet at 33 hours after the second injection compared with PIM and
GnRH-A treated fish (Fig. 6B).
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Fig. 2. The effects of bicuculline (BIC) at the dose of 1 mg kg'1 on GnRH-A stimulated GtH2 release i vivo in
male carp fed standard diet (A) or diet containing zinc (B).
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Fig. 3. The effects of baclofen (BAC) at the dose of 1 mg kg'l on GnRH-A stimulated GtH2 release in vivo in
male carp fed standard diet (A) or diet containing zinc (B).




M. SOKOLOWSKA-MIKOLAJCZYK, J. CHYB et al.

RPIM
OPIM4INIP 10|

* - vs PiM

GtH2 levels (ng/mi)

9
time (hours)

W PIM
OPIM+ INIP 10

GtH2 levels (ng/m1)

-3 o 3 9 21 33 45
time (hours)

Fig. 4. The effects of isonipecotic acid (INIP) at the dose of 10 mg kg'1 on GtH2 release in vivo in male carp
fed standard diet, injected with pimozide (A,) or males fed zinc-containing feed and injected with pi-
mozide (B).
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Fig. 5. The effects of bicuculline (BIC) at the dose of 1 mg kg'1 on GtH2 release in vivo in male carp fed stan-
dard diet, injected with pimozide (A), or males fed zinc-containing feed and injected with pimozide (B).




THE EFFECT OF ZINC ON MATURATIONAL GONADOTROPIN (GTH2)... 137

EPIM+GnRH-A
CIPIM4GNRH-AHNIP 10 |

GtH2 levels (ng/ml)

9
time (hours)

I
3

A
<]

@
3

GtH2 level (ngimh)

N
S

=

time {hours)

Fig. 6. The effects of isonipecotic acid (INIP) at the dose of 10 mg kg'1 on GnRH-A stimulated GtH2 release
in vivo in male carp fed standard diet and injected with pimozide (A), or males fed zinc-containing feed
and injected with pimozide (B).
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Fig. 7. The effects of bicuculline (BIC) at the dose of 1 mg kg'l on GnRH-A stimulated GtH2 release in vivo in
male carp fed standard diet and injected with pimozide (A), or males fed zinc-containing feed and in-
jected with pimozide (B).
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Fig. 8. The effects of GABA (108,10 or 10* M) on spontaneous GtH2 release in vitro from the pituitary of
male carp fed standard diet (triangles) or diet containing zinc (circles).

200 ‘
—»-- Fish fed diet containing zinc
—+— Fish fed standard diet

=
[2]
(=)

—
H
(=]

=
(=3
(=)

@
=]

GnRH-A10TM GnRH-A107 M GnRH-A10"M
GABA 10° M GABA 10° M GABA 10*M

=
[
>
2
e
[
«©
£
s
= 120
2
s
2
o~
XL
&
6

o
[=3

43 129
time {(minutes)

Fig. 9. The effects of GABA on GnRH-A stimulated GtH2 release in vitro from the pituitary of male carp fed
standard diet (triangles) or diet containing zinc (circles).

BIC (Img kg'l) significantly decreased gonadotropin secretion at 9 hours after the
second injection in fish fed standard diet and treated with PIM and GnRH-A (Fig.
7A), and in fish fed the diet with zinc - at 45 hours after the second injection compared
with PIM and GnRH-A treatment (Fig. 7B).
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IN VITRO EXPERIMENTS

a) The effects of GABA on a spontaneous GtH2 release from the pituitary of carp fed
standard diet or a diet containing zinc.

GABA perifused at the concentration of 10*M significantly stimulated gonado-
tropin release from isolated pituitary glands of carps fed the diet containing zinc com-
pared with pituitaries of fish fed standard diet. Other GABA concentrations ( 10°Mor
10 M) were ineffective (Fig. 8).

b) The effects of GABA on GnRH-A (107 M) stimulated GtH2 release from the pitu-
itary of carp fed standard diet or a diet containing zinc.

All three concentrations of GABA (10 M, 10 M or 10 M) did not significantly
change GnRH-A stimulated GtH2 secretion from the pituitary of experimental fish
compared with the control fish (Fig. 9).

DISCUSSION

GABA stimulates gonadotropin release in immature goldfish acting through the
A-type of receptors (Kah et al. 1991, Sloley et al. 1992, Trudeau et al. 1993a, b). In
mature carp, however, GABA may inhibit GtH2 release (Popek et al. 1994, Roelants et
al. 1990) also through the A receptors at the level of hypothalamus inhibiting of GnRH
release from the neurone endings (Chyb 1996, Sokolowska et al. 1997). GABA may
also stimulate GtH2 release in male carp through the B-receptors by inhibiting
dopamine release at the level of hypothalamus (Chyb 1996, Sokotowska et al. 1997).
Certain type of GABA receptors can be differentially modulated by zinc (Legendre
and Westbrook 1991). GABAc receptors show diverse sensitivity and only a subset is
inhibited at low concentrations (Kaila 1994). These differential effects suggest that
zinc can modulate GABA-mediated synaptic neurotransmission, and this may
represent a physiological role of Zn?" in the brain (Xie et al. 1994). That zinc may affect
pituitary function is shown by greater effectiveness of Zn-LHRH over LHRH alone in
stimulating the release of LH and FSH in rats (Kochman et al. 1992).

In mature carp fed a diet containing 60 mg g'l zinc for one full season and two
months of the second season, the intraperitoneal injections of isonipecotic acid,
bicuculline or baciofen did not cause any significant changes in plasma GtH2
between zinc-treated and control fish (data not shown). However, the results of the in

vitro experiments showed that GABA at concentration of 0% M significantly

stimulated GtH2 secretion in zinc-treated fish (Fig. 8). This demonstrates that zinc did
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not affect the spontaneous in vivo GtH2 release, but could block the tonic inhibition of
GtH2 secretion by GABA. Akaike et al. (1987) and Aguayo and Alarcon (1993) found
that zinc was a competitive type A agonist of GABA receptors, although Legendre
and Westbrook (1991) indicated that it was a non-competitive agonist. The blocking
of inhibitory action by GABA (via type A receptors) on GtH2 secretion in the zinc
treated carp suggests that zinc exposure may result in increased pituitary GtH2
secretion in response to in vitro stimulation by GABA.

Experiments in which the injections were tested of INIP, BIC, or BAC on GnRH-A
stimulated gonadotropin secretion demonstrated that INIP and BIC increased the
GnRH stimulation of GtH2 only in the control fish (Figs. 1 and 2), suggesting that zinc
exposure inhibited this stimulatory influence. By contrast, BAC increased the
GnRH-A stimulation only in zinc-treated fish (Fig.3). In wvitro experiments
demonstrated that GABA did not modify the GnRH-A stimulated GtH2 secretion
from the pituitary of the control or zinc treated fish (Fig. 9). The results of these
experiments suggest that zinc may temporarily eliminate GABAA receptor from the
GABAergicregulation of GtH2 secretion. This is in agreement with the data of Akaike
et al. (1987) and Legendre and Westbrook (1991) showing that zinc may be a
competitive or noncompetitive type A agonist of GABA receptors, and can remove
the inhibitory effects of GABA on GtH2 secretion.

The role of dopaminergic system in the control of gonadotropin release in fish is
well established. Chyb (1996) demonstrated that type B of GABA receptors were
involved in stimulating GtH2 secretion in carp by the modulation of dopaminergic
system at the level of hypothalamus. In rats, baclofen inhibited dopamine secretion in
vitro and this effect was abolished by the specific GABAB receptor antagonist
(Locatelli et al. 1979). GABAB receptors were also involved in the inhibition of

dopamine secretion from TIDA neurons in rats (Casanueva et al. 1981, Kimura et al.

1993). In our experiments injections of PIM (a dopamine receptor antagonist)
stimulated significantly increase of GtH2 secretion under the influence of INIP or BIC
in the control but not in zinc treated carps (Figs. 4 and 5). In case of GnRH-A
stimulated gonadotropin release under the influence of PIM and INIP or BIC, a
significant inhibition of the secretion was observed in zinc treated fish (Figs. 6 and 7).
In the control carps BIC but not INIP significantly decreased GnRH-A stimulated
gonadotropin release. The results of the experiments in which fish were treated with
PIM are not so conclusive, but they show that the response to the applied GABAergic
drugs differs depending on the presence of zinc in the fish diet.
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STRESZCZENIE

WPLYW CYNKU NA SEKRECJE GONADOTROPINY DOJRZEWANIA (GtH2),
MODULOWANA PRZEZ SYSTEM GABAergiczny U KARPIA (Cyprinus carpio L.)

Badano wplyw GABA oraz jego agonistow i antagonistow na spontaniczna lub stymulowana analo-
giem LHRH (D-Ala® LHRH) sekrecje gonadotropiny dojrzewania (GtH2) u samcéw karpia zywionych
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przez pottora sezonu wegetacyjnego pasza z dodatkiem siarczanu cynku. Badania prowadzono w syste-
mie in vivo oraz in vitro.

Agonista receptorow GABA typu A - INIP (isonipecotic acid) oraz bikukulina (antagonista tego typu
receptoréw) nie spowodowatly zmian w spontanicznej sekrecji GtH2 ani uryb kontrolnych, ani zywionych
pasza z dodatkiem cynku, natomiast powodowaty wzrost stymulowanej analogiem LHRH sekrecji GtH2
tylko u ryb kontrolnych. Sugeruje to hamujacy wplyw cynku na sekrecje GtH2 stymulowana przez
zwiazki GABAergiczne. Doswiadczenia nie wykazaly wptywu GABA na stymulowana analogiem LHRH
sekrecje GtH2 z izolowanych przysadek mézgowych ryb kontrolnych i ryb karmionych pasza z dodatkiem
cynku.

Uzyskane rezultaty sugeruja, ze cynk nie wplywa na modulowane przez srodki GABAergiczne

uwalnianie GtH2 natomiast moze blokowa¢ toniczne hamujace dzialanie systemu GABAergicznego na
sekrecje GtH2
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