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ABSTRACT 

Sokolowska, M,, Peter, R.E., Nahorniak, C.S., Pan, C.H., Chang, J.P., Crim, L.W. and 
Weil, C., 1934. Induction of ovulation in goldfuh, Carassius auratus, by pimozide and 
analogues of LH-RH. Aquaculture, 36: 71-83. 

The effects of intraperitoneal injections or pellet implantations of luteinizing hor- 
mone-releasing hormone analogues, des-Gly I’-[ D-ALA61 -LH-RH-ethylamide (LRH- 
Aa) or des-Gly’“-[ D-T@] -LH-RH-ethylamide (LRH-At), respectively, and the com- 
bination of these treatments with pimozide, a dopamine antagonist, on serum gonado- 
tropin (GtH) and ovulation in goldfish held at 18-20°C were investigated. Injections 
of LRH-Aa (0.1 @g/g body weight) or pellet implants of LRH-At (25 and 125 pg/fish) 
alone increased serum GtH levels, but were relatively ineffective for inducing ovula- 
tion in goldfish (‘Y 26% rate of occurrence). Pimozide greatly potentiated the GtH re- 
lease response to LRH-Aa injections or LRH-At pellet implantations. A high rate of 
occurrence of ovulation (87%) was observed within 24 h when pimozide was injected 
prior to or with the first of two injections of LRH-Aa, or following implan~tions of 
LRH-At pellets that give continuous release of LRH-At. These results are consistent 
with the idea that dopamine acts directly at the pituitary level as a GtH release-inhib- 
itory factor in goldfish. 

INTRODUCTION 

It is well established that synthetic luteinizing ho~on~rele~ing hor- 
mone (LH-RH) and its “superactive” analogues stimulate gonado~opin 
(GtH) secretion in teleosts (for review see Peter, 1982, 1983). LH-RH 
and the analogues D-Ser(But)6LH-RH-ethyhm-nde and des-Gly*‘[D-Ala” ] - 
LH-RH-ethylamide (LRH-Aa) have been shown to be effective, either 
alone or following a primer injection of salmon GtH, in accelerating the 
time of oocyte maturation and ovulation of coho salmon (Oncorhynchus 
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kisutch) (Donaldson et al., 1981/1982; Van Der Kraak et al., 1983). Crim 
et al. (1983) reported that intraperitoneal implantation of pellets that give 
a long-term release of a “superactive” analogue caused a prolonged increase 
in plasma GtH levels, resulting in acceleration of the time of ovulation 
of landlocked Atlantic salmon (Sulmo s&r) by several weeks. Rainbow 
trout (S&no guirdneri), and presumably other salmonids, have a relatively 
gradual increase in blood levels of GtH prior to ovulation, with oocyte 
maturation occurring over many days (Fostier et al., 1978; Jalabert and 
Breton, 1980). Coho salmon have increased plasma GtH levels for several 
days after a single injection of LRH-Aa (Van Der Kraak et al., 1983), which 
underlies the effectiveness of the analogue in accelerating oocyte matura- 
tion and ovulation in this species. 

Goldfish (Stacey et al., 1979a) and common carp (Cyprinus carpio) 
(Fish Reproductive Physiology Research Group and Peptide Hormone 
Group, 1978) have a marked ovulatory surge of GtH release, lasting about 
12 h in goldfish at 20°C. To be effective in inducing ovulation in gold- 
fish and carp, LH-RH or analogues must stimulate a similar surge of GtH 
release that lasts at least as long as the endogenous surge. LRH-Aa has 
been used to induce ovulation in several species of carp in the People’s 
Republic of China (Cooperative Team for Hormonal Application in Piscicul- 
ture, 1977; Fukien-Kiangsu-Chekiang-Shanghai Cooperative Group, 1977; 
Jiang et al., 1980), although the conditions for the successful use of LRH-Aa 
are not clear from these publications, and the time to ovulation after in- 
jection was quite variable. Three daily injections of very large dosages 
of LH-RH induced ovulation in goldfish (Lam et al., 1975). Although 
LRH-Aa injections, of relatively low dosages, in mature goldfish at 12°C 
caused a large increase in serum GtH levels lasting at least 24 h (Peter, 
1980), various combinations of timing of injections and dosages of LRH-Aa 
in mature female goldfish at 12 or 20°C have either failed to induce ovu- 
lation or caused only a low percentage (< 50%) of the fish to ovulate (Chang 
and Peter, 1983b; R. Peter, unpublished data, 1977-1981). Similarly, 
injections of LRH-Aa in common carp have had limited success in inducing 
ovulation (Weil et al., 1980; R. Peter, K. Bieniarz, R. Billard, M. Soko- 
lowska and L. Crim, unpublished data, 1981, 1982). 

Recently, Chang et al. (1983) and Chang and Peter (1983a) demon- 
strated that dopamine has GtH release-inhibitory activity in goldfish to 
modulate spontaneous release of GtH, and to directly block or modulate 
the action of GtH-releasing hormone. Furthermore, Chang and Peter (198313) 
found that pimozide, a dopamine antagonist, greatly potentiated the GtH 
releasing activity of LRH-Aa in goldfish, causing oocyte maturation and 
ovulation in goldfish held at 12°C. Preliminary studies on common carp 
indicate that pimozide has a similar action to potentiate the effects of 
LRH-Aa on GtH release and that this combination may be useful for in- 
ducing ovulation in this species also. Spontaneous ovulation and spawning 
of goldfish normally occurs at temperatures of about 20°C (Yamamoto 
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et al., 1966). In the present work we have investigated the effects of LRH-Aa 
injections, impl~tation of pellets contain~g an analogue of LH-RH, 
and the combination of these treatments with injection of pimozide on 
GtH secretion and ovulation in goldfish at 18--20°C in an attempt to de- 
velop a procedure for reliably inducing ovulation within a 24-h period. 

MATERIALS AND METHODS 

Goldfish, common or comet variety, were held prior to the experiments 
in 3200-l flow-through aquaria at 13-15°C and a 12 h light:12 h dark 
(12L:12D) photoperiod. 

Sexually mature @avid) females were selected for the experiments 
by gently squeezing the abdomen to eject a few oocytes from the ovipore 
to confirm the presence of oocytes that had completed vitellogenesis. 
Each fish was individually tagged and weighed 4-7 days before an experi- 
ment, and acclimated to 13-15°C and a 16L:8D photoperiod in 150-l 
aquaria. Fish were fed twice daily ad libitum with Ewos trout pellets. At 
16 h before the beginning of each experiment (except Experiment 5) the 
water temperature was warmed to 18-20°C. 

Des Gly’O [ D-Al31 -LH-RH-ethylamide (LRH-Aa) was purchased from 
Sigma, St. Louis, MO, U.S.A., or Syndel Laboratories, Vancouver, B.C., 
Canada. LRH-Aa was dissolved in freshwater teleost physiological solu- 
tion (PS; Burnstock, 1958) and injected intraperitoneally (i.p.) at a dose 
of 0.1 pgfg body weight (5 pi/g body weight). Cholesterol pellets contain- 
ing des-Gly1’~D-~p6] -LH-RH-e~yl~ide (LRH-At) were a gift from 
Syntex Inc., Palo Alto, CA (pellets RS 84 137, batch 4299-PPW-072). 
To implant the 25 mg pellets (low dose pellets containing 25 pg LRH-At; 
high dose pellets containing 125 pg LRH-At), fish were anaesthetized, 
an aperture made in the body wall with sharp-pointed forceps and the 
pellet implanted ~traperitone~ly via a plastic cone inserted into the hole 
in the body wall. Sham operated fish were treated similarly except no 
pellet was implanted. 

Pimozide was a gift from Janssen Pharmaceuticals Ltd., Beerse, Belgium. 
Pimozide was suspended in a vehicle of 0.7% NaCl with 0.1% sodium meta- 
bisulphite, and injected i.p. at a dose of 10 pg/g body weight (10 @l/g body 
weight). Control fish were injected i.p, with PS andfor the pimozide ve- 
hicle (vehicle). The details of treatment in various experimental groups 
are summarized in Table I. Procedures for fish handling, blood sampling 
and measurement of serum GtH by radioimmunoassay have been described 
(Crim et al., 1976; Hontela and Peter, 1978, 1980; Chang et al., 1983). 
In Experiments 1-4, ovulation was checked by stripping at the time of 
bleeding (see Table I}; in Experiment ‘7 ovulation was checked at 7, 11, 
14, 24, 29, 50 and 76 h after pimozide injection. In Experiments 5 and 
6 ovulation was checked at 09.00 and 17.00 h daily. 

The Mann-Whitney U test (two-tailed) was used to compare serum 
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TABLE I 

Treatment in the various experimental groups 

Experi- Treatments 
ment 

First injection or 
pellet implantation 

Second injection 

Blood samples : hours 
after 2nd injection 
(Expts. 1, 2, 3, 4 and 7) 
or days after implantation 
(Expts. 5 and 6) 

1 09.00 12.00 
PS PWvehicle 
PS PS+pimozide 
LRH-Aa LRH-Aa+vehicle 
LRH-Aa PS+pimozide 

2 09.00 
PS+vehicle 
PS+pimozide 
LRH-Aa+vehicle 
LRH-Aa+pimozide 

12.00 
PS 
PS 
LRH-Aa 
LRH-Aa 

3 09.00 
Vehicle 
Pimozide 
Vehicle 
Pimozide 

12.00 
PS 
PS 
LRH-Aa 
LRH-Aa 

4 
Not injected 
Not injected 
Not injected 
Not injected 

09.00 
PS+vehicle 6,24 h 
PS+pimozide 
LRH-Aa+vehicle 
Pimozide+LRH-Aa 

512°C) 
17.00 

Sham control 
LRH-At pellet 
(low dose) 
LRH-At pellet 
(high dose) 

No second 
injection 

6 17.00 
Sham control 
LHR-At pellet 
(low dose) 
LRH-At pellet 
(high dose) 

No second 
injection 

7 15.00 
Sham control 
Sham control 
LRH-At pellet 
(low dose) 
LRH-At pellet 
(high dose) 

09.00 
Vehicle 
Pimozide 

Vehicle 

Pimozide 

6, 20 h 

Pre-samplea 
3, 24 h 

6,20 h 

2, 4, 6, 8 days 

1, 3, 5, 7 days 

6,76 h 

aA preinjected blood sample was taken at 09.00 h for Expt. 1. 
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GtH concentrations between different treatment groups, and the Wilcoxon 
rank sum test (two-tailed) was used to compare GtH values between pre- 
injection and post-injection samples. To compare the number of ovulated 
fish between groups, the Fisher’s exact one-tail test was used. 

RESULTS 

In experiment I (Table II), at 3 h after the second injection the mean 
serum GtH concentrations in the PS and PS+pimozide (solutions for first 
injection and second injection, see Table I), LRH-Aa and LRH-Aa+vehicle, 
and LRH-Aa and PS+pimozide injected groups were significantly higher 
than their respective pre-samples. At this time serum GtH levels in the 
LRH-Aa and LRH-Aa+vehicle, and LRH-Aa and PS+pimozide groups were 
significantly higher compared to PS and PS+vehicle, and PS and PS+pimo- 
zide injected fish. At 24 h after the second injection, serum GtH levels 
in the two LRH-Aa groups were still significantly higher compared to their 
pre-samples, but only the LRH-Aa and LRH-Aa+vehicle injected group 
was significantly higher compared to the PS and PS+vehicle group, and 
the PS and PS+pimozide group. By 24 h, two fish ovulated in the LRH-Aa 
and PS+pimozide injected group; however, this number of ovulated fish 
was not statistically significant compared to the other groups which had 
no ovulations. 

TABLE II 

Efffects of pimozide given after a single injection of LRH-Aa on serum gonadotropin 
levels and ovulation in female goldfish held at 18-20°C (Experiment 1) 

Serum gonadotropin ( ng/ml)a at times after second injection 

First injection 
(09.00 h) PS PS LRH-Aa LRH-Aa 
Second injection 
(12.00 h) PS+vehicle PS+pimozide LRH-Aa+vehicle PS+pimozide 

Pre-sample* 
(039;p0 h, 4.8 + 0.6 3.4 f 0.5 3.6 + 0.4 3.1 + 0.8 

(15.00 h) 
24 h 
(12.00 h) 
Ovulations 

6.1 * 1.5 8.4 f 2.5c 42.5 f 17.!JbqC 111.2 f 40.8b*C 

5.8 f 1.4 4.3 f 0.8 22.6 .+ 7.1bqc 68.8 i- 53.5c 
o/7 O/7 o/7 217 

aMean * SE. 
bSignificantly different from PS and PS+vehicle, and PS and PS+pimozide groups at 
same sample time (P < 0.05). 
CSignificantly different from pre-sample (P < 0.05). 
*Pre-sample taken at time of first injection. 
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TABLE III 

Effects of pimozide at the fist of two injections of LRH-Aa on serum gonadotropin 
levels and ovulation in female goldfish held at 18-20°C (Experiment 2) 

Serum gonadotropin (ng/ml)* at times after second injection 

First injection 
(09.00 h) PS+vehicle PS+pimozide LRH-Aa+vehicle LRH-Aa+pimozide 
Second injection 
(12.00 h) PS PS LRH-Aa LRH-Aa 

6h 6.9 f 1.2 22.4 t 9.7 189 f 42uq” 422 * lllbJ 
20 h 4.4 + 0.4 12.4 f 3.7 112 f 48b+C 767 ?r 140d 
Ovulations o/7 o/7 218 7/8e 

aMean * SE. 
bSignificantly different from PS+vehicle and PS group at same sample time (P < 0.01). 
CSignificantly different from PS+pimozide and PS group at same sample time (P < 0.05). 
dSignificantly different from all other groups at same sample time (P < 0.01). 
eSignificantly greater than in all other groups (P < 0.02). 

TABLE IV 

Effects of pimozide followed by a single injection of LRH-Aa on serum gonadotropin 
levels and ovulation in female goldfish held at 18-20°C (Experiment 3) 

Serum gonadotropin (ng/ml)a at times after second injection 

First injection 
(09.00 h) Vehicle Pimozide Vehicle Pimozide 
Second injection 
(12.00 h) PS PS LRH-Aa LRH-Aa 

6h 16.1 + 7.4 79.2 ?: 28.6b 159 c 46b 652 f 125c 
20 h 49.7 * 43.1 35.6 f 11.1 62.7 * 28.5 642 f 150c 
Ovulations o/7 o/7 216 7/8d 

aMean f SE. 
bSignificantly different from vehicle and PS group at same sample time (P < 0.05). 
CSignificantly different from all other groups at same sample time (P < 0.01). 
dSignificantly greater than in all other groups (P < 0.02). 

In Experiment 2 (Table III), at 6 h after the second injection, serum 
GtH concentrations were significantly higher in the LRH-Aa+vehicle and 
LRH-Aa group, and the LRH-Aa+pimozide and LRH-Aa group compared 
to PS+vehicle and PS, and PS+pimozide and PS groups. At 20 h after the 
second injection, serum GtH levels in fish injected with LRH-Aa+vehicle 
and LRH-Aa were significantly higher than that in groups inject‘ed with 
PS+vehicle and PS, and PS+pimozide and PS. However, fish given LRH- 
Aa+pimozide and LRH-Aa had serum GtH concentrations significantly 
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higher than that of all other treatment groups; the number of ovulated 
fish (seven out of eight) was also significantly higher than in all other groups. 

In Experiment 3 (Table IV), at 6 h after the second injection the serum 
GtH levels in the pimozide and PS, and vehicle and LRH-A groups were 
significantly higher than that in the vehicle and PS group. Also, at the 
same sample time serum GtH concentrations in the pimozide and LRH- 
Aa group were significantly higher compared to all other groups. At 20 
h after the second injection the serum GtH levels in the pimozide and 
LRH-Aa group were significantly higher than that in all other groups; there 
were no significant differences in serum GtH concentrations between the 
other groups at 24 h. By 20 h seven out of eight fish ovulated in the pimo- 
zide and LRH-Aa group, significantly more than in each of the other treat- 
ment groups. The number of ovulated fish in the vehicle and LRH-Aa 
injected group (two out of eight) was not significantly higher than in the 
vehicle and PS, and pimozide and PS treatment groups, which had no ovu- 
lated fish. 

In Experiment 4 (Table V), at 6 h after injection the serum GtH levels 
in the PS+pimozide group, and the LRH-Aa+vehicle group were signifi- 
cantly higher than in the PS+vehicle group. At the same sample time serum 
GtH concentrations in LRH-Aa+pimozide injected fish were significantly 
higher than in all the other groups. At 24 h after injection, GtH levels 
were significantly higher in fish from the PS+pimozide group compared 
to the PS+vehicle group, and in the LRH-Aa+pimozide group compared 
to PS+vehicle, and LRH-Aa+vehicle groups. By 24 h after the injections 
some ovulations were observed in all groups except the PS+vehicle group, 
but only the number of fish ovulated in the LRH-Aa+pimozide group 
(five out of eight) was significantly higher than in the PS+vehicle group. 

In Experiment 5 (Table VI) pellets containing LRH-Aa were implanted 
into fish held at 12°C. At 2, 4, 6 and 8 days after implantation serum GtH 

TABLE V 

Effects of a single injection of pimozide and LRH-Aa on serum gonadotropin levels and 
ovulation in female goldfish held at 18-20°C (Experiment 4), 

Serum gonadotropin (ng/ml)a at times after second injection 

PS+vehicle PS+pimozide LRH-Aa+vehicle LRH-Aa+pimozide 

6h 8.5 f. 1.7 162 + 43u 80.7 * 29.8b 547 f 119d 
24 h a.3 f 1.7 149 f 61b 53.2 r 36.4 396 i 105b*C 
Ovulations o/7 317 l/8 5/@ 

sMean * SE. 
bSignificantly different from PS+vehicle group at same sample time (P < 0.05). 
CSignificantly different from LRH-Aa+vehicle group at same sample time (P < 0.01). 
dSignificantly different from all other groups at same sample time (P < 0.05). 
eSignificantly greater than in PS+vehicle group (P < 0.05). 
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TABLE VI 

Effects of LRH-At implanted pellets on serum gonadotropin levels and ovulation in 
female goldfish held at 12-14°C (Experiment 5) 

Serum gonadotropin (ng/ml)* at days after pellet implantation 

Sham control Low dose pellet High dose pellet 

2 days 6.9 f 0.9 86.8 f 26.2b 69.9 r 16.6b 
4 days 4.7 f 0.6 178 f 71b 85.6 * 20.Bb 
6 days 6.1 t 1.5 80.8 t 25.7b 144 + 23.2b 
8 days 6.4 i 1.1 129 f 33b 140 f 29b 
Ovulations O/8 218 219 

aMean * SE. 
bSignificantly different from sham control at same sample time (P < 0.01). 

TABLE VII 

Effects of LRH-At implanted pellets on serum gonadotropin levels and ovulation in 
female goldfish held at 18-20°C (Experiment 6) 

Serum gonadotropin (ng/ml)* at days after pellet implantation 

Sham control Low dose pellet High dose pellet 

1 day 6.2 * 0.6 97.2 r 30.3b 186.5 * 71.4b 
3 days 4.7 i 0.6 76.9 f 29.3b 69.4 + 25.5b 
5 days 6.3 * 1.1 171.4 * 67.Sb 68.1 f 16.1b 
7 days 9.3 f 0.9 29.3 f 4.9b 63.7 f 26.4b 
Ovulations O/S O/8 4/B= 

(24-48 h) 

aMean * SE. 
bSignificantly different from sham control at same sample time (P < 0.01). 
CSignficantly greater than in all other groups (P < 0.06). 

levels were significantly higher in the groups that received the LRH-At 
pellets in the sham controls; however, serum GtH levels did not change 
significantly with time in either of the LRH-At implanted groups and there 
were no significant differences between the low dose versus the high dose 
pellet groups at any sample time. Two fish ovulated in each LRH-At pellet 
implant group, but this number of ovulated fish was not significantly higher 
from the sham group in which no ovulations occurred. 

In Experiment ,6 (Table VII) LRH-At pellets were implanted into fish 
held at 20°C. At 1, 3, 5 and 7 days after implantation serum GtH levels 
were significantly higher in both LRH-At pellet implant groups than in 
the sham controls. There were no significant differences between the two 
pellet implant groups at any sample time; however, the low dose implant 
group had significantly lower serum GtH levels at 7 days compared to 
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TABLE VIII 

Effects of LRH-At implanted pellets (low dose) followed 18 h later by pimozide injection 
on gonadotropin levels and ovulation in female goldfish held at 18-20°C (Experiment 7) 

Implantation Serum gonadotropin (ng/ml)* at times after injection 
injection 

Sham+vehicle Sham+pimozide LRH-At pellets LRH-At pellets 
+vehicle +pimozide 

6h 25.8 * 14.4 14.9 + 4.7 171 f 46b 299 * 92b 
76 h 15.0 + 4.1 8.1 f 0.7 460 + 120b 1136 * 446b 
Ovulations 217 l/7 318 7/P 

(24, 50 h) (29 h) (30-50 h) (7-29 h) 

Wean * SE. 
bSignificantly different from sham+pimozide, and sham+vehicle groups at same sample 
time (P < 0.01). 
CSignificantly greater than in sham+vehicle, and sham+pimozide groups (P < 0.05). 

5 days post-implantation. The number of ovulations in the high dose pellet 
upload fish (four out of eight) was si~ific~tly higher than in the other 
two groups. 

In Experiment 7 (Table VIII), at 6 h after pimozide or vehicle injec- 
tion the serum GtH levels in LRH-At pellet and vehicle, and LRH-At pellet 
and pimozide groups were significantly higher compared to sham and ve- 
hicle, and sham and pimozide groups; at 76 h after injection the serum 
GtH concen~ations in these groups were still si~ific~~y higher than 
in the sham and vehicle, and sham and pimozide groups. Ovulations oc- 
curred in all treatment groups; the number of ovulated fish in the LRH-At 
pellet and pimozide group (seven out of eight) was significantly higher 
compared to sham and vehicle, and sham and pimozide groups. 

DISCUSSION 

LRH-Aa, given as a single i.p. injection or two injections 3 h apart at 
0.1 pg/g body weight per injection, caused increased serum GtH levels 
lsting at least 24 h in mature female goldfish. One injection was about 
as effective as two injections in terms of the serum GtH levels measured; 
however, there was a large variability in the response. Some ovulations 
did occur within 24 h after LRH-Aa injection (4 25%). However, such a 
rate of ovulation is too low to be considered as an efficient technique 
for applied purposes; also, this ovulation rate was not significantly dif- 
ferent by Fisher’s exact one-tail test from the vehicle+PS injected con- 
trol groups, which had no ovulations. In previous expe~en~ ovulation 
was found only rarely later than 24 h after injection(s) of LRH-Aa (R. 
Peter, unpublished data, 1977-1981). The serum GtH levels induced by 
LRH-Aa were similar to those found by Chang and Peter (1983b) after 
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LHR-Aa injection in mature female goldfish at 12%; no ovulations were 
reported in response to LRH-Aa in goldfish at 12°C. 

Injection of pimozide, a dopamine antagonist, caused a significant in- 
crease in serum GtH levels in mature female goldfish in only two of five 
experiments. Pimozide was previously reported to cause a significant, al- 
though variable, increase in serum GtH levels in mature female goldfish 
at 12°C (Chang and Peter, 1983a,b); ovulation was not observed in this 
work, except for one animal (one of 15 fish in two experiments). 

In a previous study by Chang and. Peter (1983b) on mature female gold- 
fish at 12°C it was found that pimozide injected with the first or second 
of two LRH-Aa injections (12-h injection interval), or prior to a single 
injection of LRH-Aa, greatly potentiated the GtH release-response to LRH- 
Aa; simultaneous injection of pimozide and LRH-Aa was less effective. 
The ovulation rate ranged from 100% for pimozide injected with the sec- 
ond of two LRH-Aa injections, to 37% (three out of eight) for simultaneous 
injection. In the present study on mature female goldfish at 18-2O”C, 
very effective conditions for stimulating GtH release were injection of 
pimozide prior to LRH-Aa (3-h injection interval), injection of pimozide 
with the first of two injections of LRH-Aa, or a single simultaneous in- 
jection; pimozide following a single LRH-Aa injection (3-h injection in- 
terval) was less effective. A high occurrence of ovulation (seven out of 
eight) was induced within 23 h by injection of pimozide with the first 
of two injections of LRH-Aa, or prior to a single injection of LRH-Aa; 
simultaneous injection was relatively less effective (five out of eight). The 
precise time of ovulation of each fish was not noted; however, there were 
no ovulated fish at 6 h after the second injection in any experiment (9 
h after first injections). In mature female goldfish at 2O”C, ovulation occurs 
between 9.5 to 13 h after injection of salmon GtH or human chorionic 
gonadotropin (Stacey et al., 197913). Ovulation in goldfish at X3-20°C in- 
jected with pimozide and LRH-Aa may be within a similar time frame; 
however, further studies are necessary to determine precisely the time 
of ovulation. 

Intraperitoneal implantation of pellets providing a continuous release 
of LRH-At caused a relatively steady increase in serum GtH levels for at 
least 8 days at 12”C, and at least 7 days at 18-20°C in mature female 
goldfish. Although pellets with a low (25 pg) and high (125 pg) content 
of LRH-At were used, there was no significant difference in the serum 
GtH levels induced between the two treatments, at either 12°C or 18- 
20°C. However, there must have been a difference in the rate of release 
of LRH-At from the pellets because at 18-20°C the occurrence of ovu- 
lation in fish implanted with the high dose pellets was 50% (four out of 
eight), whereas no ovulations occurred in the fish given the low dose pel- 
lets. Perhaps the initial stimulation of GtH release by the high dose pel- 
lets in fish at 18-20°C was greater than with the low dose pellets, although 
at 24 h after implantation both groups had similar GtH levels. From pre- 
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vious work it was suggested that the rate of increase in blood GtH con- 
centration, and not just the absolute level, may be important for inducing 
ovulation in goldfish (Chang and Peter, 1983b). Crim et al. (1983) used 
similar high dose LRH-At pellets in landlocked Atlantic salmon to induce 
a chronic increase in plasma GtH levels; all the implanted salmon ovulated 
at least 2 weeks earlier than the control fish. Thus, although implantation 
of pellets that give a continuous release of analogue, causing a chronic 
increase in blood GtH, may be useful for inducing ovulation in species 
such as salmonids, such a technique has limited usefulness in goldfish. 
On the other hand, when pimozide was injected into fish previously im- 
planted with a low dose LHR-At pellet, there was a high occurrence of 
ovulation (seven out of eight) within 29 h of injection. Interestingly, al- 
though the serum GtH levels in the LRH-At pellet and pimozide treated 
fish were high, particularly at 76 h, there were no significant differences 
in the serum GtH levels between this group and the LRH-At and vehicle 
treated fish due to the great v~ab~ity within each group. 

The present results confirm that pimozide, a dopamine antagonist, great- 
ly potentiates the GtH release-response to superactive analogues of LH-RH 
in goldfish. This further supports the idea that dopamine acts directly 
at the pituitary level as a GtH release-inhibitory factor (Chang and Peter, 
1983a). Injection of pimozide 3 h prior to injection of LHR-Aa, or with 
the first of two LRH-Aa injections given 3 h apart, were highly effective 
procedures for inducing ovulation within 24 h of treatment in goldfish 
at 18-2O”C, whereas injection of pimozide following LRH-Aa injection, 
or injection of LRH-Aa alone, were relatively ineffective. Implantation 
of pellets that give continuous release of LRH-At was relatively ineffec- 
tive for inducing ovulation. However, injection of pimozide into fish pre- 
viously implanted with LRH-At pellets, and therefore continuously ex- 
posed to the analogue, was highly effective for inducing ovulation. These 
results provide valuable information for the application of analogues of 
LH-RH and pimozide for inducing ov~ation in goldfish at 18-2O”C, 
a usual temperature for ovulation in goldfish. To understand more fully 
the interaction of pimozide and LH-RH analogues in stimulating GtH 
release in goldfish, further studies are necessary to determine the impor- 
tance of the timing of the injections relative to each other, and the full 
range of dosages of pimozide and LRH analogue that are effective. 

Based on the results of these studies on goldfish, a preliminary study 
was designed to test whether treatment with pimozide and LH-RH analogue 
would be effective for induc~g ovulation in common carp (Billed et al., 
1983). The results indicate that injection of pimozide followed by LH-RH 
analogue 6 h later is effective at increasing the GtH release-response to 
the analogue. Although this experiment was conducted in August, sev- 
eral months past the normal spawning time for common carp, complete 
ovulation was induced in three fish, one fish had partial ovulation and the 
remaining three fish in the pimozide and LH-RH analogue test group 
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had oocyte maturation. This indica~s that dopamine has GRIF activity 
in carp, similar to goldfish. Fur~e~ore, it is apparent that the combined 
treatment with the dopamine receptor antagonist pimozide and LH-RH 
superactive analogue should be highly effective for induction of ovulation 
in carp that have completed vitellogenesis prior to or during the normal 
spawning season, Further studies are required to determine the minimal 
dosages of pimozide and LH-RH analogue necessary to induce ovulation 
in common carp, and to determine the efficacy of this treatment regime 
for induc~g ovulation in other teleost species. 
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