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Abstract

Wild female catfish Silurus asotus (Linnaeus, 1758)
were injected with domperidone (DOM) alone, [D-
Ala® Pro® Net]-luteinizing hormone-releasing hor-
mone (LHRH-A) alone once or twice, LHRH-A plus
DOM once or twice simultaneously at 6-h intervals,
LHRH-A plus carp pituitary extract (CPE) twice si-
multaneously at 6-h intervals and LHRH-A plus
human chorionic gonadotropin (HCG) twice simulta-
neously 6 h apart respectively. The results indica-
ted that injection of LHRH-A at a dosage of 0.01—
0.02 pg g~ ! body weight (BWt) alone induced a low
but significant increase in serum gonadotropin
(GtH) (P<0.05) and resulted in a very low ovulation
rate, while DOM at a dosage of 5pugg ™' BWt alone
did not induce an increase in the serum GtH levels
and ovulation; in contrast, LHRH-A at a dosage of
0.01 pgg ~ ' BWt plus DOM at a dosage of 5pgg '
BWt (termed the Linpe technique) increased the ser-
um GtH (P <0.05) significantly and induced an ovu-
latory rate of 100%, while LHRH-A plus CPE or HCG
resulted in an increase in the serum GtH (P <0.05)
and high ovulatory rate, although the latency period
was longer when fish were given LHRH-A plus HCG
or CPE.

Keywords: catfish, gonadotropin, ovulation,
LHRH-A
Introduction

The dual neurohormonal regulation of secretion of
gonadotropin (GtH) by gonadotropin-releasing
hormone (GnRH) and dopamine (DA) acting as a
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release-inhibition factor have provided the basis for
a highly effective technique for inducing ovulation on
many cultured fishes (Peter 1982). This involves intra-
peritoneal or intramuscular injection of a superac-
tive analogue of GnRH, specifically salmon [p-Arg®,
Pro’-NET]-GnRH (sGnRH-A) or [p-Ala® Pro’ Net]-
luteinizing hormone-releasing hormone (LHRH-A),
with a DA receptor antagonist, specifically pimozide
(PIM) or domperidone (DOM), to remove the inhibi-
tory influence of DA on pituitary GtH secretion (Pe-
ter, Lin & Van Der Kraak 1988; Lin, Zhou, Van Der
Kraak & Peter 1991). This combination well stimu-
lated the normal ovulatory surge of GtH in goldfish
Carassius auratus (Linnaeus, 1758) (Chang & Peter
1983; Sokolowska, Peter & Nahorniak 1985a; Soko-
lowska, Peter, Nahorniak & Chang 1985b) and com-
mon carp Cyprinus carpio (Linnaeus, 1758) (Lin, Van
Der Krrak, Zhou, Liang, Peter, Rivier & Vale 1988; Pe-
ter et al. 1988), Chinese loach Paramisgurnus dabrya-
nus (Sauvage, 1878) (Lin, Peng, Lu, Zhou, Van Der
Kraa & Peter 1985; Lin, Peng, Van Der Kraak, Peter &
Breton 1986; Lin et al. 1988; Lin et al. 1991), African
catfish Clarias gariepinus (Burchell, 1822) (De Leeuw,
Resink, Rooyakkers & Goos 1985; Goos, Joy, De Leeuw;
Van Oordt, Van Delft & Gielen 1987; Van Oordt & Goos
1987) and coho salmon Oncorhynchus kisutch (Wal-
baum, 1792) (Van Der Kraak, Donadson & Chang
1986). This method of using a GnRH-A or LHRH-A
with DA antagonist PIM or DOM for inducing ovula-
tion of cultured fish had been termed the Linpe tech-
nique (Peter et al. 1988). The technique was especially
formulated and got excellent responses with salmo-
nids (Salmonidae), carps (Cyprinids), clarid catfishes
(Clariidae), bullhead catfishes (Ictaluridae), bagrid
catfishes (Bagridae) and other freshwater cultured
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fish (Lin & Peter 1996; Peter & Yu 1997; Wang, Lin &
Goos 1998). However, the Linpe technique has not
been tried on silurid catfishes (Siluridae) to induce
ovulation and spawning.

The silurid catfish Silurus asotus (Linnaeus, 1758) is
widely distributed throughout the freshwaters of Chi-
na, Korea and Japan, and is a commercially valuable
aquaculture fish in the north regions of China and
Japan (Miwa, Yoshizaki, Naka, Nakatani, Sakai, Ko-
bayashi & Takeuchi 2001). In China, the natural
stocks of this species have decreased gradually in
the recent years. At present, the aquaculture indus-
try of S. asotus depends on the production of the fry
using traditional methods of inducing ovulation and
spawning by injection of carp pituitary extract (CPE),
human chorionic gonadotropin (HCG), or LHRH-A.
However, the effects of induced ovulation and spawn-
ing as well as the amount fry produced varies greatly
among individuals. Studies on ovarian development
(Wei & Huang 1997), steroid profile (Shirai, Suzuki,
Toukairin & Wada 2001), regulation of reproduction
(Miwa et al. 2001; Wen & Lin 2001) and artificial pro-
pagation (Pan, Guo, Tian, Wang, Tian, Yan & Zhou
1992; Liu, Pu, Hu & Luo 1998) were conducted in S.
asotus, but there have been no published studies on
the effects of exogenous hormone on the serum GtH
content and ovulation responsiveness. The present
study investigated the effect of different hormone
protocols on serum GtH and ovulation, in an attempt
to develop a reliable method of inducing ovulation in
wild S. asotus.

Materials and methods
Experimental animals

Female wild catfish (n =145), with body weights
118-560 g and body lengths 24—45 cm, were captured
from Pearl River (Guangzhou, Guangdong Province,
China) during the breeding period (from March to
July). Before the experiments, the fish were held
indoors in recirculating 250-L aquaria at 20-31 °C
under a natural photoperiod.

Experimental design

LHRH-A was purchased from the Ningbo Fish Hor-
mone Factory, Zhejiang Province, China. LHRH-A
was dissolved in freshwater teleost physiological sal-
ine (Saline), while DOM was purchased from Janssen
Pharmaceutica (Beerse, Belgium), suspended in 0.7%

NaCl with 01% sodium metabisulphite (vehicle
(Veh)) or in Saline. Control groups received Saline
and/or Veh.

Sexually mature (preovulatory) females were se-
lected for experiments on the basis of a soft and dis-
tended abdomen. Individual fish were identified by
means of a fin clip and weighed 1-2 days before hor-
mone or drug treatment. Experiment A was con-
ducted on 10—15 June 1999 at a water temperature of
25-28 °C, while experiment B was carried out on
2-10 July 1999 at 28-31 °C. Ninety-six females were
randomly divided into 12 groups for experiment A
and 46 females were randomly divided into six groups
for experiment B (samples are shown in Table 1).
All injections were intramuscular near the base of
the dorsal fin. Experimental designs and injections
with the dose of hormone and drugs were shown as
Table 1. The dosages of hormone and the drugs uti-
lized are in micrograms (LHRH-A and DOM) or Inter-
national Units (IU, HCG) or pituitary (CPE) per gram
(kilogram) body weight (ugg ~ ' BWt or IlUg ~ ' BWt or
pituitary kg ~ ! BWt).

Sampled and determined

The occurrence of ovulation, indicated by ejection of
a stream of eggs from the ovipore with slight pressure
on the abdomen, was checked at the time of blood
sampling. Ovulated eggs were obtained by manual
stripping as is done in most catfishes and examined
under the microscope with clearing fluid to check if
indeed the eggs had undergone germinal vesicle
breakdown (GVBD). Blood samples were taken seri-
ally from fish of each group at 4, 8, 12, 16, 20 and
24 h after injection (postinjection (PI)) by punctur-
ing the caudal vasculature with a 25-gauge 1.3-cm
needle attached to a 1.2-mL disposable syringe. Blood
samples were allowed to clot on ice for several hours,
and the serum was separated by centrifugation
(15000 rps) and stored at — 25 °C. Serum and GtH
levels were determined by radiommunoassay (RIA)
using an antiserum directed against the -f subunit
of carp GtH (cGtHp) and cGtH for the assay standard
and tracer.

Analysis of results and statistical analysis

GtH data were expressed as mean values + SE and
were analysed using Duncan’s multiple range test to
compare the levels of GtH at different time PI
(P<0.05).
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Table 1 Dosages and protocol of hormones and drugs used in the experiments

Hormone protocol Experiment A Experiment B Samples
Control groups Saline Saline 8+8*
Treated groups
DOM 5ugg~ ' BWt 5ugg” ' BWt 8+8*
LHRH-A Single: 0.01pgg~" BWt 8
LHRH-A Two: 1st: 0.003pgg ' BWt 8
2nd: 0.007 pgg ™~ ' BWt
LHRH-A Single: 0.02pgg ™' BWt 8
Two: 1st: 0.01pgg ™' BWt 0.01pgg ™' BWt 8+7*
2nd: 0.01pgg~' BWt 0.01ugg~" BWt
LHRH-A+DOM Single: (0.01+5)ugg ™~ ' BWt 8
Two: 1st: (0.005+2.5)ugg™" BWt 8
2nd: (0.005+2.5)ugg ' BWt
LHRH-A+DOM Single: (0.01+7)pgg ' BWt (0.01+7)ugg ™" BWt 8+7*
Two: 1st: (0.005+3.5)ugg~ " BWt 8
2nd: (0.005+3.5) ngg ' BWt
CPE+LHRH-A Two: 1st: (0.5 pituitary kg~ '+0.003ug g~ ') BWt Same as experiment A 8+8*
2nd: (5 pituitary kg~ '+0.007 ugg~') BWt
HCG+LHRH-A Two: 1st: (0.11Ug ™ '+0.003ugg ') BWt Same as experiment A 8+8*

2nd: (21Ug~'+0.007ugg ") BWt

DOM, domperidone; BWt, body weight; LHRH-A, [p-Ala®, Pro® Net]-luteinizing hormone-releasing hormone; CPE, carp pituitary

extract; HCG, human chorionic gonadotropin; IU, International Units.

Samples with ‘* are expressed as fish of experimental A plus experimental B, and others are fish of experimental A.
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Figure 1 Serum gonadotropin (GtH) content induced by the injection of [p-Ala® Pro® Net]-luteinizing hormone-releas-
ing hormone (LHRH-A) alone in wild female catfish in experiment A. Group of ‘single injection of LHRH-A (A)’ is injected
once with LHRH-A at 0.01 pg g~ ' body weight (BWt), group of ‘two injections of LHRH-A (A)’ is injected twice with LHRH-
A at 0003 and 0.007 pgg ~ LBWt, group of ‘single injection of LHRH-A (B)' is injected once with LHRH-A at 0.02 ngg- 1
BW, group of ‘two injection of LHRH-A (B)' is injected twice with LHRH-A at 0.01 and 0.01 pg g~* BWt; control groups are
injected with saline. GtH values are reported as mean + SE, and groups with similar serum GtH levels are identified by

the same superscript.

Resulits

Effects of LHRH-A alone on the plasma GtH
content and ovulation in experiment A

The effects of one or two injections of LHRH-A alone
on the serum GtH content and ovulatory rate are
shown in Figs 1 and 2. At a dose of 0.01 pgg ~ ' BWt,
a single injection of LHRH-A stimulated a low but sig-
nificant serum GtH (P < 0.05) at 8 h PI. Two injections
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of LHRH-A (first: 0003pugg ' BWt second:
0.007 ug g~ ! BWt) at 6-h intervals failed to induce a
significant increase in serum GtH (Fig. 1a). Single
(0.02 ug g~ ' BWH) or two injections (first: 0.01 pgg ~
BWt; second: 0.01 pg g~ ' BWt) of LHRH-A increased
serum GtH (P < 0.05) at 12 h PI (Fig. 1b) significantly.
A single administration of 0.02 pg g ~ ! BWt LHRH-
A resulted in an ovulatory rate of 37.5% within 12—
16 h PI. However, two separate injections of LHRH-A
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Figure 2 Ovulatory rate induced by once or twice injec-
tion of [p-Ala® Pro’ Net]-luteinizing hormone-releasing
hormone (LHRH-A) alone in wild female catfish in experi-
ment A. Meaning of symbols as for Fig. 1.

at the same dose resulted in an ovulatory rate of
25.0% (Fig. 2). The ovulatory rate was similarly 25%
when 001 ugg™ L BWt LHRH-A was given once or
twice (Fig. 2).

Effect of LHRH-A plus DOM on the serum GtH
content and the ovulation in experiment A

The effects of one or two injections of LHRH-A plus
DOM on the plasma GtH content and ovulatory rate
are shown in Figs 3 and 4. At a dose of 0.01 pgg !
BWt LHRH-A plus 5 pg g~ ' BWt DOM, a single simul-
taneous injection stimulated a significant increase in

(a) O Saline
N Single injection of LHRH-A+DOM (A)
M two injections of LHRH-A+DOM (A)

Plasma GtH(ng/ml)

0 4 8 12 16 20 24
Postinjection (h)

the serum GtH (P < 0.05) at 8 h PI (Fig. 3a); two simul-
taneous injections (first: 0.005 plus 2.5 ugg ™' BWt;
second: 0005 plus 2.5 ugg ~ ' BWt) at 6-h intervals
failed to induce an increase in serum GtH (P < 0.05)
(Fig. 3a). At a dose of 0.01 pgg~ ' BWt LHRH-A plus
7ugg ' BWt DOM, a single simultaneous injection
stimulated a significant increase in the serum GtH
(P<0.05) at 8 h PI (Fig. 3b). Two simultaneous injec-
tions (first: 0.005 plus 3.5 pg g ~ ! BWt; second: 0.005
plus 35pugg ' BWt) resulted in a siginificant in-
crease in serum GtH at 12 h PI (P <0.05) (Fig. 3b).

A single simultaneous administration of LHRH-A
(0.01 pg g~ ' BWt) plus DOM (5 ug g~ ' BWt) resulted
in an ovulatory rate of 100% within 8—12 h PI. How-
ever, two separate injections of LHRH-A plus DOM at
the same dose of 0.005 plus 2.5 pgg ~ ' BWt resulted
in an ovulatory rate of 75% within 8-16h PI
(Fig. 4). Single simultaneous injections of LHRH-A
(0.01 pg g~ ' BWE) plus DOM (7 ug g~ ' BWt) resulted
in an ovulatory rate of 100% within 8—12 h PI. Two
separate injections of LHRH-A plus DOM at the same
dose of 0,005 pg g~ ' BWt plus 7 pg g~  BWt resulted
in an ovulatory rate of 100% within 8—16 h PI (Fig. 4).

Effect of single DOM alone, two LHRH-A plus
CPE, two LHRH-A plus HCG on the serum GtH
content and ovulation in experiment A

A single injection of DOM at a dosage of 5 pg g~ ' BWt
did not induce an increase in serum GtH (Fig. 5). Two
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Figure 3 Serum gonadotropin (GtH) content induced by once or twice injection of [p-Ala®, Pro® Net]-luteinizing hor-
mone-releasing hormone (LHRH-A) plus domperidone (DOM) simultaneously in wild female catfish in experiment A.
Group of ‘single injection of LHRH-A+DOM (A)’ is injected once simultaneously with LHRH-A plus DOM at 0.01 pgg
BWt LHRH-A plus 5 pug g~ ' BWt DOM, group of ‘two injections of LHRH-A+DOM (A)' is injected twice simultaneously
with LHRH-A plus DOM at the same dosage of 0.005 ug g~ ' BWt LHRH-A plus 2.5 pgg ~ ' BWt DOM. Group of ‘single
injection of LHRH-A+DOM (B)’ is injected once simultaneously with LHRH-A plus DOM at 0.01 pg g~* BWt LHRH-A plus
7 ug g~ 1 BWt DOM, group of ‘two injections of LHRH-A+DOM (B)’ is injected twice simultaneously with LHRH-A plus
DOM at the same dosage of 0.005 pg g ~ ! BWt LHRH-A plus 3.5 ug g ~ ' BWt DOM; control groups are injected with saline.
GtH values are reported as mean + SE, and groups with similar serum GtH levels are identified by the same superscript.
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Figure 4 Ovulatory rate induced by once or twice injec-
tion of [p-Ala® Pro® Net]-luteinizing hormone-releasing
hormone (LHRH-A) plus DOM simultaneously in wild
female catfish in experiment A. Meanings of symbols as
for Fig. 3.
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Figure 5 Serum gonadotropin (GtH) levels induced by
single injection of domperidone (DOM) (5nugg~ ! body
weight (BWt)) alone, single injection of [p-Ala® Pro’
Net]-luteinizing hormone-releasing hormone (LHRH-A)
001 pgg~ LBWt) plus DOM (7 ngg L BWt) simultaneou-
sly, two injections of LHRH-A plus CPE (first: 0003 pgg !
BWt-+05 pituitarykg ~!  BWt;  second: 0007 pgg !
BWt+ 5 pituitary kg ~ L BWt) simultaneously, two injec-
tions of LHRH-A plus human chorionic gonadotropin
(HCG) (first: 0003 pgg ~ ' BWt +0.11Ug ~ ! BWt; second:
0.007 ug g~ 'BWt+21Ug ~ ' BWt; IU, International Units)
simultaneously in wild female catfish in experiment A.
GtH values are reported as mean + SE, and groups with
similar serum GtH levels are identified by the same super-
script.

simultaneous injections of CPE plus LHRH-A (first:
0.5 pituitary kg ~! BWt and 0.003 pgg~ ' BWt; sec-
ond: 5 pituitary kg ~ ' BWt and 0.007 ugg ™' BWt) at
6-h intervals induced a significant increase in serum
GtH (P<0.05) at 8 h PI (Fig. 5). Two simultaneous in-
jections of LHRH-A plus HCG (first: 0.003 pgg ~ ' BWt
plus 0.11Ug ~ ' BWt; second: 0007 pgg ~ ' BWt plus
21Ug ! BWt) at 6-h intervals resulted in a signifi-

] O oM
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i)
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::\i 0
g 20
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NN B _ | |
#h 12 16 20
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Figure 6 Ovulatory rate induced by single injection of
domperidone (DOM) alone, single injection of [p-Ala®,
®  Net]-luteinizing hormone-releasing hormone
(LHRH-A) plus DOM simultaneously, two injections of
LHRH-A plus carp pituitary extract (CPE) simultaneously,
two injections of LHRH-A plus human chorionic gonado-
tropin (HCG) simultaneously in wild female catfish in ex-
periment A. Dosage of hormones and drugs as for Fig. 5.

Pro

cant increase in serum GtH (P <0.05) at 8 h PI, with
the highest value at 12 h PI (Fig. 5).

A single injection of DOM alone was ineffective to
induce ovulation. Two simultaneous injections of
LHRH-A plus CPE resulted in an ovulatory rate of
100% within 8—16 h PI, while two simultaneous in-
jections of LHRH-A plus HCG resulted in an ovula-
tory rate of 100% within 8—20 h PI (Fig. 6).

Effect of single injection of DOM alone, two
injections of LHRH-A alone, single injection of
LHRH-A plus DOM, two injections of LHRH-A
plus CPE, two injections of LHRH-A plus HCG
on the serum GtH levels and ovulation in
experiment B

A single injection of DOM (5 ug g~ ! BWt) alone did
not stimulate a significant increase in serum GtH
(P<0.05). Two injections of LHRH-A at the same do-
sage of 001 pgg ~ ' BWt at 6-h intervals induced an
increase in serum GtH (Fig. 7a). However, single si-
multaneous injections of LHRH-A (0.01 pgg ~ ' BWt)
plus DOM (7 pg g~ ' BWH) resulted in a dramatic in-
crease in the serum GtH, and a peak value of GtH oc-
curred at 8 h rather than 12h PI (Fig. 7a). Two
simultaneous injections of LHRH-A plus CPE (first:
0.003 ugg ' BWt plus 0.5 pituitarykg ~* BWt; sec-
ond: 0007 pg g~ ' BWt plus 5 pituitary kg ~ ' BWt) at
6-h intervals induced a significant increase in serum
GtH (P<0.05) and the highest value occurred at 8 h
PI (Fig. 7b), while two simultaneous injections of

208 © 2004 Blackwell Publishing Ltd, Aquaculture Research, 35, 204—212
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Figure 7 Serum gonadotropin (GtH) levels induced by single injection of domperidone (DOM) (5 pgg~ ' body weight
(BW1)) alone, single injection of [p-Ala®, Pro? Net]-luteinizing hormone-releasing hormone (LHRH-A) (0.02 ngg LBwi)
alone, single injection of LHRH-A (0.01 pgg ™ LBWt) plus DOM (7 ugg~ L BWt) simultaneously, two injections of LHRH-A
plus carp pituitary extract (CPE) (first: 0.003 pgg™' BWt+0.5 pituitarykg ~ 'BWt; second: 0.007 ugg ™' BWt+
5 pituitarykg ! BWt) simultaneously, two injections of LHRH-A plus human chorionic gonadotropin (HCG) (first:
0003 pgg IBWt+0.11Ug ~ ' BWt; second: 0.007 ngg~ LBWt+2IUg ~ ! BWt; IU, International Units) simultaneously in
wild female catfish in experiment B. GtH values are reported as mean + SE, and groups with similar serum GtH levels are

identified by the same superscript.

LHRH-A plus HCG (first: 0.003 pgg ™! BWt plus
01IUg ' BWt; second: 0007 pgg ' BWt plus
210g ' BWt) at 6-h intervals resulted in a signifi-
cant increase in serum GtH (P < 0.05), with the high-
est value of GtH at 8 h PI (Fig. 7b).

Two administrations of LHRH-A alone resulted in
an ovulatory rate of 37.5% within 12-16h PI,
whereas a single simultaneous injection of LHRH-A
plus DOM resulted in an ovulatory rate of 100% with-
in 8—12 h PI (Fig. 8). Two simultaneous injections of
LHRH-A plus CPE resulted in an ovulatory rate of
87.5% within 12—20 h PI, while two simultaneous in-
jections of LHRH-A plus HCG resulted in an ovula-
tory rate of 100% within 12—24 h PI (Fig. 8).

Discussion

Dose-response competitive inhibition for cGtH and
serum GtH from catfish indicated a strong paralle-
lism between the displacement by the standard cGtH
and the GtH present in the samples. The results de-
monstrated that cGtH RIA was valid for catfish; in-
deed, heterogenetic RIA have been used successfully
for GtH determination from many fish, including the
European eel Anguilla anguilla (Linnaeus, 1758) (Du-
four, Belle & Fontaine 1983), Chinese loach (Lin et al.
1985), African catfish (Goos, De Leeuw, Burawa-Ge-
vard, Terlou & Richter 1986), bagrid catfishes Mystus
macropterus (Bleeker, 1870) (Wang et al. 1998) and S.
asotus (Wen & Lin 2001). This RIA was a useful tool
for reproductive endocrine studies in some fresh-
water teleost.

O LHEH-A B LHEH-A+DOM
B LHRH-A+CPE W LHRH-A+HCG
| DOM O Saline

- 80

g 60

=

= 40

2

= 20

-

=}

1 6h 20h 24h

Postinjection (h)

Figure 8 Ovulatory rate induced by single injection of
domperidone (DOM) alone, single injection of [p-Ala®,
Pro’ Net]-luteinizing hormone-releasing hormone
(LHRH-A) alone, single injection of LHRH-A plus DOM si-
multaneously, two injections of LHRH-A plus carp pitui-
tary extract (CPE) simultaneously, two injections of
LHRH-A plus human chorionic gonadotropin (HCG)
simultaneously in wild female catfish in experiment B.
Dosage of hormones and drugs as for Fig. 7.

In experiment A, two injections of LHRH-A alone
somewhat stimulated an increase in the serum GtH.
A single injection of LHRH-A (0.01 or 002 pgg !
BWt) induced a low but significant increase in serum
GtH, but was a relatively ineffective treatment for the
induction of ovulation because of an ovulatory rate of
25%. The results were consistent with goldfish and
loach. In female goldfish, a single or two injections
of LHRH-A given 12 h apart increased the serum
GtH concentrations, but did not stimulate GVBD or
ovulation (Chang & Peter 1983), whereas injection of
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LHRH-A alone at a dosage of 0.1pgg ' BWt in-
creased serum GtH levels, but was relatively ineffec-
tive for inducing ovulation with an ovulatory rate of
25% in goldfish (Sokolowska, Peter, Nahorniak, Na-
horniak & Chang 1984). In Chinese loach, injection
of LHRH-A alone stimulated an increase in serum
GtH, but failed to cause ovulation (Lin et al. 1985,
1986). Injection of LHRH-A or sGnRH alone was inef-
fective in inducing ovulation in common carp (Lin
et al. 1988), but, in other cyprinids (Ngamvongchon,
Pawaputance, Leelatra & Johnson 1988), it was found
that two injections of LHRH-A were effective for in-
duction of ovulation in silver carp Hypophthalichthys
molitri (Cuvier et Valenciennes, 1844) and bighead
carp Aristichthys nobilis (Richardson, 1845), resulting
in an ovulatory rate of 100%.

In catfishes (Siluriformes), the responsiveness of
plasma GtH levels and the ovulation to LHRH-A var-
ied among species or individuals. In European catfish
Silurus glanis (Linnaeus, 1758) (Brzuska & Adamek
1999), ovulation was stimulated by the injection of
LHRH-A at a dosage of 20 pg kg ~ !, with an ovulatory
rate of 100%. In Gunthers walking catfish Clarias
macrocephalus (Glinther, 1864), it was also found that
a single injection of LHRH-A induced ovulation with-
in 16—18 h PI, with an ovulatory rate of 70% (Ngam-
vongchon et al. 1988), whereas Tan-Fermin, Pagador
& Chavez (1997) did not induce ovulation by injection
of LHRH-A at a dosage of 0.05pgg ™" BWt at any
phase of the reproductive cycle in the same catfish.
In Asian catfish Clarias batrachus (Linnaeus, 1758), a
single injection of LHRH-A at a dosage of 0.05 pgg ~ !
BWt did not induce ovulation.

In experiment B, two administrations of LHRH-A
at the same dosage of 0.01 pg g ~ ' BWt induced an in-
crease in plasma GtH, but with no significant differ-
ence, resulting in an ovulation rate of 37.5%. The
results from experiments A and B indicated that
there was a seasonal variation in responsiveness of
plasma GtH and ovulation of S. asotus to LHRH-A.
These seasonal changes may be due to the difference
in GtH content of the pituitary, the ability of the pitui-
tary to synthesize GtH or changes in GtH receptors
for GnRH and DA or a combination of these and other
unknown factors (De Leeuw et al. 1985). A similar re-
sult was observed in African catfish (Goos et al. 1987).
LHRH-A treatment was found to be more effective in
spring close to the breeding season in nature, possi-
bly due to the high sensitivity of GtH cells to LHRH-
A during that period.

Combination injection of LHRH-A and DOM en-
hanced serum GtH levels significantly in female

catfish no matter what gonadal development stage,
and the serum GtH surge occurred at 12 h PI (at 20—
25 °C) and at 8 h PI (at 30 °C), whereas injection of
DOM alone did not stimulate a significant increase
in serum GtH and failed to induce ovulation. These
present results indicate that GtH secretion in S. aso-
tus is under the dual control of GnRH and DA release
from the hypothalamus and DA can only inhibit GtH
release induced by GnRH and not inhibit sponta-
neous (basal) GtH release. This result is consistent
with the results in African catfish (De Leeuw, Goos &
Van oordt 1987). The inhibitory actions of DA on GtH
secretion can vary in potency between species. For
example, in the goldfish, the carp and the catfish
(Lin & Peter 1996), DA inhibition of GtH secretion
was strong. Injection of a DA blocker PIM is consid-
ered to have antagonistic properties for both D; and
D, receptors, DOM is considered to be a D, receptor
antagonist (Van Asselt, Goos, Smit-Van Dijk, Speet-
jens & Van Oordt 1988), resulting in potentiation of
the action of GnRH analogue, leading to a large re-
lease of GtH and ovulation. These results coincide
with our experimental data in S. asotus. On the other
hand, in bream Parabramis pekinensis (Basilewsky,
1855), the DA inhibitory tone on GtH secretion was
not strong. Injection of a high dose of LHRH-A or
sGnRH-A alone overcomes dopaminergic inhibition,
and was effective in stimulating GtH release and ovu-
lation (Lin & Peter 1996). DOM was of equal or some-
what greater potency than PIM in potentiating the
action of releasing hormone agonists in the loach;
however, DOM had a markedly greater effectiveness
in common carp (Lin et al. 1988). Injection of LHRH-
A or sGnRH-A alone stimulated only a modest in-
crease in the serum GtH levels and was ineffective in
inducing ovulation of goldfish and carps (Sokolowska
et al. 1985a, b; Peter et al. 1988). The administration of
PIM or DOM greatly potentiated the action of LHRH-
A and sGnRH-A on GtH release, and combined injec-
tions of PIM or DOM and LHRH-A or sGnRH-A are
highly effective in inducing ovulation and spawning
in these species. A formulation of injection of sGnRH-
A (or LHRH-A) and DOM (or PIM) was termed the
Linpe technique and has proven particularly useful,
with those species having synchronous or group syn-
chronous follicular development and a large preovu-
latory surge of GtH (Peter & Yu 1997).

In recent years, the Linpe technique has been used
gradually for catfishes to induce ovulation and sup-
ported excellent results. In European catfish, injec-
tion of Ovaprim (contains sGnRH-A and DOM) at a
dosage of 0.33 mLkg ~ ! BWt resulted in 80% ovulating
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females (Brzuska & Adamek 1999). In Asian female
catfish Pangasius hypophthamlus (Sauvage, 1878),
an ovulatory rate of 88% was obtained when fish
were injected with Ovaprim at a dosage of
0.3-0.6 mLkg ~ ! BWt. These ovulatory rates were
lower than those observed in our experiments,
perhaps due to a difference in water temperature,
gonadal development stages, species sensitivity dif-
ference and other factors. To compare the Linpe tech-
nique to traditional methods, e.g. two injections of
CPE plus LHRH-A or HCG plus LHRH-A, whose
dosage and timing were chosen because they were
commonly used in Chinese fry production units in
catfishes (Pan et al. 1992; Wei & Huang 1997). The
plasma GtH containing exogenous hormone in treat-
ments of CPE plus LHRH-A and HCG plus LHRH-A
was very similar to that observed with the Linpe
technique and the ovulatory rate was close to that
of the Linpe technique. However, the latency time
within 824 h according to the traditional method
was difficult to forecast and the duration was longer
than that in the Linpe technique (within 8-12h
according to water temperature). In Gunther’s walk-
ing catfish, injection of HCG at a dosage of
40001Ukg ~ ! BWt or CPE at a dosage of 1 pituitary
kg~ 'BWt resulted in an ovulatory rate of 100%
within 16—18 h (Ngamvongchon et al. 1988). In Eur-
opean catfish, injection of CPE at a dosage of
4mgkg ~ ! BWt induced ovulatory rate of 60% (sin-
gle injection) and 66.7% (two injections) respectively
(Brzuska & Adamek 1999). In Japan, the HCG injec-
tion alone at a dosage of 10 pgg ~ ' BWt resulted in
an average ovulatory rate of 93.3%, but ovulation
times varied among individuals in S. asotus (Miwa
et al. 2001). In Asian catfish, injection of HCG alone
at a dosage of 2000 IU kg ~ ! BWt resulted in an ovu-
latory rate of 90%, but ovulatory time was difficult to
predict accurately (Legendre, Slembrouck, Subagja &
Kristanto 2000). In catfish, the ovulation rate in-
duced by HCG or CPE alone was close to or somewhat
lower than our results obtained using HCG plus
LHRH-A or CPE plus LHRH-A. This may demonstrate
that the administration of LHRH-A greatly poten-
tiated the action of HCG or CPE effects of induction
ovulation, but the mechanisms have not been ex-
pounded thoroughly.

In conclusion, the Linpe technique compared with
the so-called traditional methods had a high predict-
ability of time from injection to ovulation, decreased
stress on broodstock because only a single injection
was needed and absence of side effects on subsequent
reproductive cycles of S. asotus.
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