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ABSTRACT Egg-laying hormone (ELH) is a neuropeptide hormone that stimulates ovulation of gastropods, includingAplysia

californica andLymnaea stagnalis. Other neuropeptides, gonadotropin releasing hormones (GnRHs), also play important roles in

controlling reproduction in both vertebrates and invertebrates. In the current study, the effects of abalone ELH (aELH) and

several GnRHs on somatic growth, sex differentiation, gonad maturation, and spawning ofHaliotis asininawere investigated in 3

experiments. In experiment 1, groups of 4-mo-old juveniles (11.8 ± 0.03 mm shell length (SL) and 0.33 ± 0.04 g body weight (BW))

were injected with aELH and GnRHs, including buserelin (mammalian GnRH analogue), octopus GnRH (octGnRH), and

tunicate GnRH-I (tGnRH-I), at doses of 20 ng/g BW and 200 ng/g BW. The aELH induced early sex differentiation with a bias

toward females, but with normal somatic growth, whereas the different isoforms of GnRH had no effect on sexual differentiation

or somatic growth. In experiment 2, groups of 1-y-old-abalone (SL, 4.04 ± 0.02 cm; BW, 20.15 ± 0.25 g) were injected with aELH

and the 3 isoforms of GnRH including buserelin, octGnRH, and lamprey GnRH (lGnRH-I) at doses of 500 ng/g BW and 1,000

ng/g BW, and all produced stimulatory effects. For each peptide treatment, the gonads reached full maturation within 5–6 wk and

spawning occurred, whereas control groups took 8 wk to reach maturity. In experiment 3, injections of ripe abalone with aELH

stimulated spawning of both sexes in a dose-dependent manner. Buserelin had a lesser effect on inducing spawning, and octGnRH

had no apparent effect. The gametes released from induced spawnings by aELH and GnRH showed normal fertilization and

development of larvae. Altogether, these findings provide further knowledge on manipulating abalone reproduction, which is

important in improving abalone aquaculture.

KEY WORDS: abalone, egg laying hormone, gonadotropin releasing hormone, sexual differentiation, gonad maturation,

spawning, Haliotis asinina

INTRODUCTION

Haliotis asininaLinnaeus, 1 of 3 abalone species in Thailand,
is an economically important gastropod used widely in com-
mercial aquaculture because of its high proportion of flesh, and

rapid growth rate (Singhagraiwan & Doi 1993). There have
been several studies on the reproductive biology of H. asinina,
including the processes of gamete proliferation and maturation

in males and females, and analyses of the reproduction cycle,
involving spawning of mature adults, fertilization, larval de-
velopment and metamorphosis, and juvenile development into

adults (Jarayabhand & Paphavasit 1996, Apisawetakan et al.
1997, Capinpin et al. 1998, Counihan et al. 2001, Litaay & Silva
2003).Recent studies have determined the optimum ratio of sperm
and eggs for artificial fertilization, egg changes occurring after

fertilization, and early larval developmental (Suphamungmee
et al. 2010a, Suphamungmee et al. 2010b). To enhance abalone
aquaculture production, early research focused on the production

of artificial diets for increasing growth rate and body mass of
juveniles (Capinpin & Corre 1996, Fleming et al. 1996, Bautista-
Teruel et al. 2003), and the use of hydrogen peroxide and

ultraviolet irradiation to induce spawning (Morse et al. 1976,
Morse et al. 1979, Moss et al. 1995). However, these techniques
can be disadvantageous in giving asynchronous spawning. Our
knowledge of the neuropeptides and their control of reproductive

functions in abalone species is limited; with a better understanding
of abalone neuropeptides, the problem of asynchronous spawning

of males and females might be overcome.
Several studies have reported 2 neuropeptides involved in

controlling the reproductive process in gastropods species: an

egg-laying hormone (ELH; Geraerts & Bohliken 1976, Scheller
et al. 1982, Nagle et al. 1989)) and a gonadotropin releasing
hormone (GnRH; Young et al. 1999, Zhang et al. 2000)). In
Aplysia, ELH is synthesized and cleaved from a larger prepro-

hormone sequence (Nambu & Scheller 1986), and a homologous
hormone, caudodorsal cell hormone, in Lymnaea is also synthe-
sized from a preprohormone (Geraerts et al. 1988). The final

ELH peptide, containing 36 amino acids, can stimulate egg-
laying and ovulation inAplysia via electrical discharge triggering
of neurons (Geraerts et al. 1988). Studies on the temperate

abalone species, Haliotis rubra, identified a gene encoding of an
ELH (aELH; (Wang & Hanna 1998)). In H. rubra, aELH
immunoreactivity was found in neurosecretory cells of cerebral

and pluropedal ganglia, statocysts, and trabeculae of female
gonads (Cummins et al. 2001). Similar aELH immunoreactivity
was identified in H. asinina, in which the neurosecretory cells of
cerebral, pluropedal, and visceral ganglia, and granulated cells

within the trabeculae and capsules of gonads, were positively
stained (Saitongdee et al. 2005). However, the function of this
peptide in abalone has not yet been investigated.

Another neuropeptide, GnRH, has also been found to be
important in controlling reproduction in both vertebrate and*Corresponding author. E-mail: sccwn@mahidol.ac.th
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invertebrate species (Fernald &White 1999, Gorbman & Sower
2003). Currently, GnRH has been characterized into 25 molec-

ular isoforms, 14 distinct and 11 variant isoforms in vertebrates
and invertebrates, respectively. Several studies have reported
the presence of GnRH immunoreactivity in the central nervous
system and gonadal tissues of gastropods (Tsai et al. 2003,

Iwakoshi et al. 2004, Zhang et al. 2008) and bivalves (Pazos &
Mathieu 1999). Furthermore, numerous studies have demon-
strated the function of various GnRH isoforms involved in

reproductive processes. For example, a synthetic mammalian
GnRH causes egg laying in the snail Helisoma trivolvis (Young
et al. 1997), and lamprey GnRH-I (lGnRH-I) and tunicate

GnRH-I (tGnRH-I) stimulate spawning and gamete release
in the chitons, Mopalia sp. (Gorbman et al. 2003) and Cion
intestinalis (Terakado 2001). In 2 recent reports, a marked
shortening of ovarian maturation cycles in the penaeid shrimp

Penaeus monodon resulted through treatments with luteinizing
hormone releasing hormone, salmon GnRH, lGnRH-I, and
aELH (Ngernsoungnern et al. 2008, Ngernsoungnern et al. 2009).

Therefore, we investigated the effects of aELH and GnRHs on
somatic growth and sex differentiation of juvenile H. asinina, as
well as their effects on gonad maturation and spawning of adults.

MATERIALS AND METHODS

Preparation of aELH and GnRHs

Recombinant aELH peptide was generated and purified as
described previously (Wang & Hanna 1998). Four isoforms of
GnRH—namely, buserelin, lGnRH-I, octopus (octGnRH) and

tGnRH-I—were used in experiments. Buserelin (Suprefact),
a mammalian GnRH analogue, was purchased from Aventis
Pharma Ltd. (Bangkok, Thailand), and the octGnRH and

tGnRH-I peptides were purchased from GenScript Corpora-
tion (Piscataway, NJ). The lGnRH-I was kindly provided by
Dr. Stacia A. Sower (University of New Hampshire, Durham,

NH). All hormone preparations were made up in normal saline
solution (NS).

Experiment 1: Effects of Hormones on Somatic Growth and

Sex Differentiation of Juvenile Abalone

Four-month-old juvenile abalone (n¼ 1,500), of shell length

(SL) 11.8 ± 0.03 mm ( �X ± SEM) and body weight (BW) 0.33 ±
0.04 g, were obtained from a land-based culture system located
at the Coastal Fisheries Research and Development Center,

Department of Fisheries, Prachaubkhirikhan, Thailand. They
were maintained in cement tanks with plastic shelters, running
seawater, and a natural photoperiod, andwere fed with seaweed

ad libitum.
Animals were randomly divided into 10 groups with 150 in

each. Groups 1 and 2 (controls) consisted of 1 noninjected
group and the other injected with 20 mL NS. Groups 3 and 4

were injected with 20 mL aELH at concentrations of 20 ng/g BW
and 200 ng/g BW, respectively. Groups 5–7 were injected with
20 mL buserelin, octGnRH, and tGnRH-I at a dose of 20 ng/g

BW; groups 8–10 received 200 ng/g BW. Each injected group
received a total of 14 injections at 7-day intervals. At 14-day
intervals, SL and BW (n ¼ 50) were measured in each group.

Daily growth rates in terms of SL and BW were also calculated
according to Capinpin and Corre (1996). Ten of these abalone
were sacrificed and immediately fixed in Bouin’s solution for

histological studies of gonad development and sex differentia-
tion, using light microscopic observations of hematoxylin-eosin-

stained sections. The experiment was performed in replicate.

Experiment 2: Effect of Hormones on Gonad Maturation

in Adult Abalone

One-year-old adult H. asinina females were reared in con-
crete tanks (1.23 1.83 1 m) containing running seawater with

22.5–32.5 ppt salinity, at 22–26�C. Prior to the start of the
experiment, 350 animals were tagged and measured (SL, 4.04 ±
0.02 cm; BW, 20.15 ± 0.25 g). Visual gonad index (VGI) was

determined on each abalone, as defined by Grubert and Ritar
(2004). The index consists of 4 visually assessed categories: 0, sex
indistinguishable; 1, sex distinguishable, thin gonad with pointed
tip; 2, gonad partially enlarged with pointed tip; and 3, gonad

swollen with rounded tip. Animals with a VGI of 1 were used in
the experiment, which was performed May through July.

Animals were randomly divided into 10 groups, each con-

taining 35 animals. Groups 1 and 2 were control groups; one
without injections and the other injected with NS. Groups 3 and
4 were injected with aELH at doses of 500 ng/g BW and 1,000

ng/g BW, respectively. Groups 5–7 were injected with 500 ng/g
BW buserelin, lGnRH-I, and octGnRH; groups 8–10 were
injected with 1,000 ng/g BW. Animals received a total of 7

injections at 7-day intervals; concomitantly, the VGI was ob-
served in each animal. Furthermore, 4 abalone from each group
were sacrificed and the gonads immediately fixed in Bouin’s
solution for histological examination to determine the devel-

opmental stage as defined by Sobhon et al. (1999), and to
evaluate the gonad index (GI). GI indicates gonad development
based on measurements of tissue slices, and is the percent of

gonad area versus the total area of the conical apex, based on
the equation of Fukazawa et al. (2007), with somemodification:

IG ¼ 1003 ðL� L#Þ=L
where IG is GI, L is the diameter of the cross-section at 0.5 cm
from the tip of the conical apex, and L# is the diameter of the
hepatopancreas in the same cross-section.

Experiment 3: Effects of Hormones on Spawning of Adult Abalone

Adult male and female H. asinina (SL, 4.25 ± 0.21 cm; BW,

21.09 ± 2.44 g), with a VGI of 3, were held separately in
rectangular fiberglass tanks (500 L) until the experiment began.
All animals were fed daily with Gracilaria spp. The experiment

was performed 4 days before full moon and dark (new) moon
periods to avoid natural spawning, which generally occurs twice
a month. During the experimental period, male and female

abalone were maintained in separate rectangular tanks (16 3
20 3 20 cm) containing 2 L ultraviolet filter-treated seawater
with aeration.

Animals were randomly divided into 9 groups; each group

contained 10 animals of each sex. Group 1 (control group) was
injected with NS. Groups 2–4 were injected with aELH at doses
of 250, 500, and 1,000 ng/g BW, respectively. Groups 5–7 were

injected with buserelin at doses of 250, 500, and 1,000 ng/g BW,
respectively. Groups 8 and 9 were injected with octGnRH at
doses of 500 ng/g BWand 1,000 ng/g BW, respectively. Animals

were injected at 9:00 PM and then observed from 12:00 midnight
to 6:00 AM for spawning activity, including the duration of
spawning and the number spawned. After spawning, the number
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and quality of gametes were recorded before initiating fertiliza-
tions inwhich the ratio of spermand eggwas calculated according

to Poomtong et al. (1997). The percent fertilization and viability
of veliger larvae were also recorded.

Statistical Analyses

The data were analyzed using SigmaStat software (SPSS
Science Inc., Cary, NC). The relevant data are presented as
mean and SEM ( �X ± SEM). Statistical significance was then

evaluated by 1-way analysis of variance with Tukey-HSD
multiple comparison tests. A difference was considered signif-
icant if P < 0.05.

RESULTS

Effects of aELH and GnRHs on Somatic Growth and

Sex Differentiation of Juvenile Abalone

The effects of aELH and GnRHs on somatic growth of
juvenile abalone, following weekly intramuscular injections for
14 wk, are given in Figure 1. Doses of 20 ng/g BW and 200 ng/g

BW aELH had no apparent effect on SL or BW. Small fluc-
tuations during the experimental period were not consistent.
These fluctuations were more pronounced during weeks 4–10,
in which 200 ng/g BW of octGnRH and tGnRH-I appeared to

have had an adverse effect on BWgrowth. However, by week 12
all groups were similar to the controls. At 14 wk, the groups
given doses of 20 ng/g BW of octGnRH and tGnRH-I were

significantly larger in SL and BW (P < 0.05). However, the
growth rates of the aELH and GnRHs groups during the 14-wk
experiment were not significantly different to the control

groups. However, the 20 ng/g BW tGnRH-I-treated juveniles
showed significant increases in growth rates of SL (in millime-
ters per day) and BW (in milligrams per day) by the end of the

experiment (Fig. 2). It was noted that the groups given
octGnRH and tGnRH-I did not show the rapid sexual differ-

entiation observed in the aELH- and buserelin-treated groups
(see histology data presented next).

Histological analyses of sex differentiation of developing
gonads during hormone treatments are summarized in Table 1.

The juvenile gonads at the start of the experiments showed
undifferentiated gonads (Fig. 3A, B). This was accompanied by
a gonad cavity and connective tissue covering the hepatopan-

creas. At week 6, abalone in the aELH- and buserelin-injected
groups showed rapid increases in the number (40–50%) of
differentiated male and female germ cells (Fig. 3D, E). In

contrast, the control groups and groups given octGnRH and
tGnRH-I showed little differentiation (0–20%) and basically
contained early germ cells (Fig. 3C, F). At week 10, the gonads
of animals within the control groups, and the octGnRH- and

tGnRH-I-treated groups, had begun to differentiate (20–40%)
into male or female characteristics (Figs 3G–I), but most
animals in the aELH- and buserelin-treated groups had com-

pleted sex differentiation (40–90%). However, by 14 wk most
groups showed a high number of sexually differentiated animals
(Fig. 3J–L). Notably, the sex ratio in the aELH-treated groups

was significantly biased toward females (1 male:4 females),
during the 14 wk of treatment and sampling. This bias in sex
ratio was not observed in the control groups or the GnRH-

treated groups, including buserelin.

Effects of aELH and GnRHs on Gonad Maturation of Adult Abalone

The results of the VGI and GI studies were similar, and are

shown in Figure 4A and B, respectively. Initial values were
VGIs of 1 and GIs of approximately 10, and sections of gonads
within all groups showed a proliferative stage in maturation

(Fig. 5A). Except for the 1,000-ng/g BW aELH group at weeks
3 and 4, the others groups showed increases over the 4 wk. The

Figure 1. (A, B) Graphs showing shell length (A) and body weight (B) of juvenile abalone during 14 wk of treatments with aELH and GnRHs at

0 (control), 20, and 200 ng/g BW. Vertical bars indicate �X % SEM; n$ 50. Asterisks indicate significant differences (P < 0.05).

HORMONES INDUCE ABALONE GONAD MATURATION AND SPAWNING 629



controls continued this pattern through to 8wk, and the stage of
gonad maturation was similar. When the VGI and GI reached
the highest values, the female gonads had become dark green,

indicating a fully mature stage in readiness to spawn (Fig. 5B).
The time for gonad maturation was considerably shorter for

the aELH- and GnRH-treated groups. Groups treated with
1,000 ng/g BW aELH showed partial spawning at weeks 3–5

(Fig. 5C), and spawning by week 6 (Fig. 4B), which was sig-
nificantly different from controls (P < 0.05). The group given
500 ng/g BW and 1,000 ng/g BW octGnRH showed fully

matured gonad stages with a partial spawning at week 5 (Fig.
4B), which was significantly different from controls (P < 0.05).
Moreover, all other groups injected with aELH and GnRHs
showed premature to mature stages of gonad development by

TABLE 1.

Effects of aELH and GnRHs on the development of juvenile abalone gonads (n$ 10/group/week).

Groups (ng/g BW)

6 Wk 10 Wk 14 Wk

UD M F

% Sex

Differentiation UD M F

% Sex

Differentiation UD M F

% Sex

Differentiation

Control* 10 0 0 0 8 1 1 20 4 4 2 60

Control† 8 1 1 20 6 2 2 40 2 6 2 80

aELH (20) 5 1 4 50 3 1 6 70 3 1 6 70

aELH (200) 6 1 3 40 1 2 7 90 1 2 7 90

Buserelin (20) 6 2 2 40 6 2 2 40 2 4 4 80

Buserelin (200) 5 3 2 50 3 4 3 70 3 2 5 70

octGnRH (20) 10 0 0 0 7 1 2 30 6 3 1 40

octGnRH (200) 10 0 0 0 8 1 1 20 4 2 4 60

tGnRH-I (20) 8 0 2 20 8 0 2 20 3 6 1 70

tGnRH-I (200) 10 0 0 0 7 0 3 30 5 2 3 50

* No injections. † NS injections

F, female; M, male; UD, undifferentiated sex.

Figure 2. (A, B) Graphs showing the growth rate of shell length (A) and body weight (B) of juvenile abalone after 14 weekly treatments with aELH and

GnRHs at 0 (control), 20, and 200 ng/g BW. Vertical bars indicate �X % SEM. Asterisks indicate significant differences (P < 0.05).
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week 5 (Figs. 4 and 5D, E). Notably, most hormone-treated
groups had spawned by week 6, with the exception of the
500-ng/g BWbuserelin-treated groups, which required a further

week to spawn (Fig. 4B), which was significantly different from
controls (P < 0.05). After spawning, the values of VGI and GI
decreased markedly and the gonads exhibited a typical spent
stage (Fig. 5F).

Effects of aELH and GnRHs on Spawning of Adult Abalone

After injections with aELH or GnRHs, some male and
female abalone (VGI, 3) spawned within 6–8 h, which was 2–3

days prior to natural spawning. The 250-ng/g BW aELH dose
stimulated 20% of males and 30% of females to spawn.
However, increasing the peptide concentration to 500 ng/g

BW and 1,000 ng/g BW induced more abalone to spawn, with
70%males and 80% females spawning at the higher dose (Table
2). In the GnRH-treated groups, buserelin at 250 ng/g BW did
not induce abalone spawning (data not shown), but with 500

ng/g BW buserelin, 60% of males and 50% of females spawned,
but the number spawning was less with 1,000 ng/g BW. Only 2
females injected with octGnRH at 1,000 ng/g BW spawned, and

there was the same percentage of abalone spawning as in the
control group.

Figure 3. (A–L) Light micrographs showing the effects of hormones on juvenile abalone gonad development (hematoxylin-eosin staining). (A, B) Low

(A) and medium (B) power of an undifferentiated gonad of a control juvenile at the start of the experiment showing the formation of the gonad cavity

(asterisk) and a thin layer of connective tissue (arrows) covering the hepatopancreas (Hp). (C) Medium power of a gonad at 6 wk of the control group

(normal saline solution injection) showing the appearance of oogonia (Og). (D) Medium power of a gonad at 6 wk after weekly injections with 200 ng/g

BW aELH showing female characteristics with the appearance of Og and stage I oocytes (Oc1). (E) Medium power of a gonad with an outer capsule

(Ocp) at 6 wk after weekly injections with 20 ng/g BWbuserelin showingmale characteristics with numerous germ cells (white asterisk). (F) A gonad at 6

wk after weekly injections with 20 ng/g BW tGnRH-I showing only undifferentiated early germ cells (inset, bar$ 10 mm). (G) Medium power of

a control group (no treatment) gonad at 10 wk showing female characteristics with the appearance of Og. (H, I) Female gonad at 10 wk after weekly

injections with 20 ng/g BW octGnRH and tGnRH-I, respectively, showing increased numbers of Og and Oc1. (J) Female gonad at 14 wk of a vehicle

control group showing an appearance of Oc1 and stage II oocytes (Oc2). (K) Female gonad at 14 wk after weekly injections with 20 ng/g BW aELH

showing a large gonad cavity (Gc) and increased numbers of Og (arrowheads) andOc1. (L)Male gonad at 14 wk after weekly injections of 200 ng/g BW

buserelin showing a large gonad size and numerous male germ cells at various stages of development.
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Overall, the quantity and quality of sperm and eggs were

not different in each group. Sperm released from all groups
showed fast, continuous movement and the eggs were typically
round and had jelly coats. The gametes released from the 500

ng/g and 1,000 ng/g BW aELH- and buserelin-treated groups
showed a higher fertilizing ability than the control group, but
this was not significantly different (P > 0.05). After fertilization,
all groups showed normal development until becoming veliger

larvae after 17 h (data not shown).

DISCUSSION

First, we have shown that there were no apparent effects of
aELH and GnRHs injections on somatic growth parameters

(SL and BW), except for small but significant increases in both
SL and BWafter 14 wk of injections with 20 ng/g BWoctGnRH
and tGnRH-I (Fig. 1). This needs further investigation. The

growth rates of juvenile abalone in the controls, and all aELH-
and GnRH-treated groups, were not different from normal
abalone (data not shown), and were approximately 0.18 mm/
day for SL and 11.10 mg/day for BW (Fig. 2). The H. asinina

SL growth rate obtained in our study is greater than that of a
Philippine study that reported a growth rate of 0.13 mm/day
(Fermin & Buen 2002), and was considerably more than a study

using artificial diets for 90 days that obtained a growth rate of
0.10 mm/day (Kruatrachue et al. 2004). Several studies have
indicated that the growth rate of abalone depends on type

of food, temperature, and density. For example, juvenile H.
asinina fed the red alga Gracilariopsis heteroclada and an
artificial diet grew faster than those fed the red alga Kappaphy-
cus alvarezii (Capinpin &Corre 1996). In addition, growth rates

of juvenile H. asinina decrease when stocking densities increase
(Capinpin et al. 1999).

Sexual differentiation in juvenile abalone was approximately

6 wk shorter in aELH-treated juveniles and those treated with

200 ng/g BW buserelin than the controls and juveniles treated

with the other GnRHs. In addition well, aELH induced sexual
differentiation with a strong bias toward females (1 male:;4
females). The various isoforms of GnRH showed no bias

toward differentiation of gonads with either male or female
characteristics. It has been reported that neurotransmitter and
neuroendrocrine hormones influence sexual differentiation,
even under the normal genetic control of sex determination

(Wilson & Davies 2007). For example, estrogen or androgen
treatment can produce all female or male fish stocks (Piferrer
& Lim 1997), estrogen treatments during sexual differentiation

cause the formation of ovotestis in male quail embryos
(Halldin et al. 2005), and phytoestrogen treatments of Sharp-
tooth catfish juveniles increases the percentage of females to

nearly 70% (Yılmaz et al. 2009). In regard to ELHs, De Lange
et al. (1994) found the gene to be expressed during post-
embryonic development of Lymnaea stagnalis. Likewise,

Aplysia californica bag cell neurons produce a small amount
of ELH during early-stage development (Strumwasser et al.
1969). These data suggest that a long-term exposure of ELH
during the sex differentiation of developing juvenile abalone

might upregulate ELH gene transcription and expression in
neural ganglia. This could possibly accelerate and bias sex
differentiation. However, further studies of abalone juvenile

development are necessary to clarify this hypothesis. Never-
theless, our results indicate that aELH can be used for the
induction of rapid sexual differentiation, andwith a propensity

of females.
We expected that there would be a stimulatory effect on

gonad maturation when mature abalone, with gonads with
a VGI of 1 and a low GI were given a 7-wk course of synthetic

hormones at high doses (500–1,000 ng/g BW). Mollusk aELH,
and GnRHs, were already known to stimulate ovarian matu-
ration and spawning in a decapod crustacean (Ngernsoungnern

et al. 2008, Ngernsoungnern et al. 2009). The VGI, GI, and

Figure 4. (A, B) Graphs showing visual gonad index (A) and gonad index (B) at each week after treatment with aELH and GnRHs. Vertical bars

indicate �X % SEM, n$ 4. Asterisks indicate significant differences (P < 0.05).

NUURAI ET AL.632



histological results did show gonad maturation within 4–6 wk,
at which time spawnings occurred. These results were signifi-
cantly different from controls (P < 0.05), and the gonads then

commenced redevelopment. Controls with no stimulating hor-
mones were still developing at 8 wk. The variation of hormone
effects can be explained by differential affinity of each hormone

with its receptor (Ngernsoungnern et al. 2008), but it should be
noted that the hormone isoforms used in this study were also
synthetic peptides, and were based on sequence data obtained

from neural cells of other taxa. The characterizations of both
ELH and GnRH inH. asinina are yet to be done and are part of
our current research. In addition, when mature adults (VGI of
3) were injected with aELH and buserelin at high doses, both

showed spawning and gave the normal fertilization of gametes.
This is the first report showing that aELH and GnRHs had
a stimulatory effect on spawning inH. asinina. Previous studies

have reported ELH and GnRH involvement in regulating re-
production in other species. For example, injection of ovulation

hormone (caudodorsal cell hormone) causes synchronous mat-
uration of the female reproductive system and spawning in L.
stagnalis (Dogterom et al. 1983a, Dogterom et al. 1983b),

whereas GnRH stimulates ovarian maturation in the reeves
shad (Wang et al. 1998), and the black tiger shrimp, Penaeus
monodon (Ngernsoungnern et al. 2008). Our results imply that

synchronous maturation and spawning may be caused by
stimulatory effects of ELH on the nervous system, which acts
directly on the gonad and stimulates spawning, and supports

the report of ELH-induced spawning in Aplysia (Wayne et al.
2004), and Lymnaea (Geraerts and Bohlken 1976). Conversely,
GnRHs tend to have a regulatory effect on the modulation of
ovarian maturation or suppression activity of neural cells

involved in spawning. What is now needed is molecular
knowledge of the expression of 2 hormones in H. asinina, and
studies to determine the relationship between ELH and GnRH

in controlling reproduction. The current data on the existence
of these hormones in a wide range of invertebrate taxa are

Figure 5. (A–F) Light micrographs of adult abalone gonads showing the effects of hormones on gonad maturation (hematoxylin-eosin staining). (A)

First-week control group showing a proliferative stage with numerous stage I and stage II oocytes (Oc1, Oc2). (B) Control group show a fully mature

stage of gonad at 8 wk, filled with abundant stage V oocytes (Oc5). (C) Gonad after 5 weekly injections of 1,000 ng/g BW aELH showing a partial

spawning. Asterisks indicate the remnant of released oocytes. (D) Gonad after 5 weekly injections with 500 ng/g BW lGnRH-I showing a premature

stage with abundant Oc2 containing lipid droplets and some Oc5. (E) Gonad after 5 weekly injections with 1,000 ng/g BW buserelin showing a fully

mature stage, large size, and with abundant numbers of Oc5. (F) Gonad after 6 weekly injections with 1,000 ng/g BW buserelin showing a spent stage

with disintegration of old trabeculae (Tr; arrows) and the renewal of trabeculae (arrowheads). Some clusters of early germ cells are still attached to the

Tr. Hp, hepatopancreas; Icp, inner capsule; Ocp, outer capsule; Og, oogonia.
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incomplete, and are also questionable, so we are now doing

a molecular survey of various phyla. However, in practical

terms, our results have indicated that induction of gonad

maturation and spawning with optimal doses of 500 ng/g BW

aELH and buserelin may be a useful technique in the culture of

abalone.
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