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The tropical abalone, Haliotis asinina, and the giant freshwater prawn, Macrobrachium
rosenbergii, gear their reproductive and growth activities to fit the changing of environmental
conditions. The most powerful environmental stimuli are light, photoperiod, lunar cycle,
temperature, and availability of food. These cues are perceived by many specialized sense
organs concentrating in the eyes and appendages around the head region. Specialized receptor
cells and associated neurons in these structures and various neural ganglia are the principal
structures that perceive and act in the signaling pathway to mediate the physiological and
behavioral changes of these animals in response to the changes of environmental conditions.
Abalone

The anatomical organization and detailed histology of the abalone nervous and
reproductive systems together with the distribution of the controlling neurotransmitters (NE),
5-HT, and neuromodulators (NM), GnRH, have been studied. These NE and NM have been
localized principally in the cerebral and pleuropedal ganglia. Furthermore, the neurohormone,
especially the abalone egg-laying hormone (aELH) have also been detected in these ganglia
and the gonads. Recombinant aELH has been synthesized. The administrations of serotonin (5-
HT), GnRH, or aELH could shorten the ovarian cycle and the maturation of oocytes in female
broodstocks. 5-HT and aELH could also stimulate spawning in female. On the other hand,
APGW could stimulate spermiation in mature males. These treatments could stimulate the
simultaneous spawning and spermiation which allow expedient collection of the gametes for
the in vitro fertilization. Administration of 5-HT, aELH and GnRH in juvenile abalone with
age less than 4 months could also stimulate the ovarian and testicular maturation at the earlier
age. Furthermore, 5-HT and aELH tend to increase the number of females more than males. In
addition to the endocrine manipulation of the reproductive processes, we have also studied the
factors that could increase the settlement and metamorphosis of the abalone larvae. It was
demonstrated that GABA, SAVA at 1 uM and MSG at 5 mM could enhance settlement rate of
the veliger larvae by 50% when compared to the control which was at 10-15%. This endocrine
manipulation could also increase the rate of metamorphosis and survival of the abalone spats.
This technique could be used for small as well as large scale aquaculture.

Prawn

Major neurotransmitters that could stimulate the reproduction and growth of the giant
freshwater prawn are indolamine (serotonin or 5-hydroxytryptamine-SHT), and catecholamines
(dopamine-DA, octopamine-OA). Indolamine and catecholamine are usually antagonistic in
their actions; for example, 5-HT was found to stimulate hyperglycemic hormone (CHH) and

gonadotrophic hormone (GSH) which stimulate the ovarian maturation, while DA and OA



inhibit the releases and consequently the actions of these hormones. The actions of
neurotransmitters may be mediated and modified by groups of neuromodulators, which are
usually composed of short peptides or amides, the most prominent of which are enkephalin and
GnRH. Gonadotrophic hormones themselves are classified into stimulatory group (GSH/VSH,
VSOH, AGH) and inhibitory group (GIH) which inhibit the syntheses and releases of the
formers. In addition to these two groups of hormone, we have detected the presence the prawn
egg-laying hormone (ELH) which is similar to abalone ELH, in thoracic ganglia and ovary of
prawn. The administration of this hormone (aELH) at the dosages of 5 ng/gm BW to 500
ng/gm BW could significantly shortening the ovarian cycle and spawning period. When
characterized by HPLC, the prawn ELH is very similar to abalone ELH. Other vertebrate-type
hormones is present including insulin-like growth factor (IGF). This hormone was detected in
the androgenic gland of the giant freshwater prawn, which is highly similar to that of the
closely related species, Cherax destructor. This hormone could be male-sex determining
factors acting in addition to or in place of AGH, as up to date AGH could not yet be isolated in
the freshwater prawn. In addition, the evidence for the presence of vertebrate-type sex steroids
(testosterone, estradiol), and their stimulating effects on the prawn gonads has been
demonstrated by our group.

When reared in captivity, the fecundity of the broodstocks always decline which is due
to the imbalance of gonadotrophins, perhaps caused by unnatural environment and stress. The
restoration of stimulatory gonadotrophins by direct supplementation of ELH, and/or by
stimulation with 5-HT, and/or neuromediators like GnRH, could improved the gonadal
maturation and greater production of gametes. Furthermore, this processes could be enhanced
by the inhibition of the inhibitory hormones with DA inhibitor. Likewise, we demonstrated
that the male-sex determination of freshwater prawn could be controlled by the antagonistic
hormones, ie, IGF and GIH. If such endocrine manipulative strategies are possible, then they
could be applied for economic benefit in aquaculture, such as in avoiding eyestalk-ablation in
prawn (especially P. monodon and P. vannamei) which is routinely employed to stimulate the
ovarian maturation and spawning, as well as in the sex conversion to obtain and culture only

male prawn.
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Endocrine manipulation of the reproduction in the tropical abalone, Haliotis asinina, and

the giant freshwater prawn, Macrobrachium rosenbergii
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gﬂﬁ 17 Transmission electron micrographs showing various steps of male germ cells during spermatogenesis
(A-H) and spermiogenesis (I-P) in M. rosenbergii. (A) Spermatogonia. (B-G) Primary spermatocyte in
leptotene stage, zygotene stage, pachytene stage, diplotene stage, diakinesis stage and metaphase stage,
respectively. (H) Secondary spermatocyte. (I) Early spermatid. (J) Mid spermatid. (K) Late spermatid. (L-M)
Immature spermatozoa. (N) Sperm nucleus showing decondensed (DCh) and condensed chromatin (CCh). (O)
Mature sperm showing highly decondensed nucleus. (P) High magnification of mature sperm showing the
numerous acrosomal vesicles (AC) nucleus (Nu) and mitochondria (Mi). Nu: Nucleus, Mi: Mitochondria, Sy:
Synaptonemal complex, Ri: Ribosome, Hc: Heterochromatin, Ch: Chromatin, rER: Rough endoplasmic
reticulum, L: Lamella body, S: spike.
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gﬂﬁ 27 Top views of female giant freshwater prawn, M. rosenbergii, showing ovary at various stages: (A) stage I, (B) stage 1I,
(C) stage 111, (D) stage IV. (E-H) Light micrographs of H&E-stained ovarian sections showing histology of various stages of
ovarian cycle (I-IV) and steps of oocyte development. Oog, oogonia; Ocl, early previtellogenic oocyte; Oc2, late previtellogenic
oocytes; Oc3, early vitellogenic oocytes; Oc4, late vitellogenic oocytes; mOc, mature oocytes (classified according to Meeratana

and Sobhon 2007). Scale bars = 1 cm (A-D). Scale bars = 50 Im (E-H).
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31]"7; 28 AINNALAAINMINTENBVOUTAA NUTIaI Aelszen SHT (@iF67) waz DA (Fune) waz
#05 1uu GnRH (Fimdes) Tutlutlszamanenveaszuuilszamueafs AMPN-anterior medial protocerebral
neuropil; PMPN-posterior medial protocerebral neuropil, MAN-medial antenna I neuropil; ON-olfactory
neuropil; VSN-visceral sensory neuropil; MX-I-maxilla-I; MX-II-maxilla-II; MP-I, maxiliped-I; MP-II,
maxiliped-11; MP-III, maxiliped-III.

3‘1.]“7; 29 Light micrographs of immunoperoxidase and immunofluorescence detections of 5-HT and DA in the
CNS of mature female M. rosenbergii as illustrated in the diagram on the left (5-HT, green dot; DA, red dot;
GnRH, yellow dot) (A) 5-HT-immunoreactive neuron in cluster 11 (B) 5-HT-immunoreactive neurons in T5
(C) DA-immunoreactive neurons in cluster 11 (D) DA-immunoreactive neurons in SEG and T1 (E) DA-
immunoreactive fibers running out of T3 and DA-neurons in T3 (inset) (F) The negative control (G)
Immunofluorescence detections of DA-immunoreactive fibers in olfactory neuropil (H) DA-immunoreactive

neurons in SEG and T1
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3‘1]‘7; 30 Histogram illustrating the analysis of levels of 5-HT and DA in CNS of M. rosenbergii female by
HPLC (A) the changing concentrations of 5-HT in the brain, thoracic ganglion, abdominal ganglion, and ovary.
(B) the changing of concentrations of DA in the brain, thoracic ganglion, and abdominal ganglion. (C) the
changing of concentrations of DA in the ovary. The concentration is expressed as nmol/mg of protein in the

organ extract. Numbers are mean + S.E.M. B-I to IV, T-I to IV, A-I to IV, and O-I to IV are the brain, thoracic

ganglion, abdominal ganglion, and ovary at stages [ to I'V.
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gﬂ‘ﬁ 31 (A) Ovarian maturation period of M. rosenbergii (defined as the time for ovarian development from
ovarian stage I to spawning). (B) Embryonic developmental period (defined as the time for egg development
from spawning to black egg stage), after injections with various doses of 5-HT, DA, OA, SP, and 5-HT plus SP,
when compared with the control groups (NC, CPS, CPSE). The numbers indicate doses of chemicals in various
groups in mol/prawn for 5-HT, DA, OA, 5-HT plus SP, and SP alone. Asterisks indicate significant differences
(P<0.05) with respect to the control groups; one asterisk indicates significantly shorter/longer OMP and EMP

periods than control groups.
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gﬂ‘ﬁ 32 Number of eggs per spawn, after injection with various doses of 5-HT, DA, OA, SP, and 5-HT plus SP,
when compared to the control groups. Asterisks indicate significant differences (P<0.05) when compared to the
control groups.
(@eazRealwenmsvmneay 1.22 Tumanuan)

ﬁ]%ﬂ‘ﬁ 6. MIAATITHMINTTNIBVETRS 11N gonadotropin-releasing hormone (GnRH) 1as egg-
laying hormone (ELH) 1ae3s immunocytochemistry (ICC)

21nms 133333 10C WU T GnRH 3 isotypes TiiAMENYMZAZY lamprey GnRH I
(IGnRHIII), octopusGnRH (OctGnRH) 11@% tunicateGnRH (tGnRH) Tuduilseenaiee vesssuy
Uszamaiunans Tasluaiu deutocerebrum vosiuilszam supraesophageal ganglion 130 brain 1
isotype ﬁﬂa’wﬁu 1GnRHIT lududseam thoracic ganglion Y isotype ‘ﬁﬂéﬁﬂﬁu OctGnRH oy
tGnRH (gﬂﬁ 33, 34, 35) TuwzAsa1uT isotype AAAIOMY IGNRHT (gﬂﬁ 36) aaumsleIs 1CC
SnszHmmsnszevesses iy ELH nwutaed Tuuwiiaiiiegialuszunsyamnaralud

2 Ao ] ~ 1A o Py o 1o A
awesdaiisuautios (311 37) ualis o ELH wad uss ludmuann (317 36 uaz 37)
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gl]ﬁ 33 Diagram illustrating the distribution of GnRH in the CNS of mature female freshwater prawn, M.
rosenbergii (5-HT, green dot; DA, red dot; GnRH, yellow dot). AMPN-anterior medial protocerebral neuropil;
PMPN-posterior medial protocerebral neuropil; MAN-medial antenna I neuropil; ON-olfactory neuropil; VSN-
visceral sensory neuropil; MX-I-maxilla-I; MX-II-maxilla-II; MP-I, maxiliped-I; MP-II, maxiliped-1I; MP-III,
maxiliped-III.

gﬂﬁ 34 Immunoperoxidase (a-b) and immunofluorescence (d-f), showing the distribution of ir-IGnRH-III in
the prawn supraesophageal ganglion. (a) The ir-IGnRH III is present in neuronal cell bodies within clusterl1 of
the deutocerebrum. (a, inset) Higher magnification of boxed area in (a), showing the ir-IGnRH-III in neuronal
cell bodies of medium-sized neurons. (b) Negative control section of immunoperoxidase, using IGnRH-III-
preabsorbed antiserum as a probe, showing no ir-IGnRH-III. (¢) A diagram showing the locations of neuronal
cell clusters as numbered in the supraesophageal ganglion (modified from Sandeman et al. 1992). (d)
Immunofluorescence showing the ir-IGnRH-III neuronal cell bodies in cluster 11. (e) Higher magnification of
the boxed area in (d), revealing the ir-IGnRH-III in medium-sized neuronal cell bodies (arrows). There was no
ir-IGnRH-III in some neuronal cells within the same cluster (arrowheads). (f) Negative control section of
immunofluorescence using IGnRH-III-preabsorbed antiserum as a probe, showing no immunoreactivity. AMPN
anteriormedial protocerebral neuropil, AnN antenna II neuropil, LAN lateral antenna I neuropil, MAN medial
antenna I neuropil, PMPN posterior medial protocerebral neuropil, OGT olfactory globular tract, ON olfactory

neuropil, TN tegumental neuropil. Scale bars:100 um(a and b);300 um (d and £);30 Im (e);25 pm (a, inset)
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gﬂﬁ 35 Immunoperoxidase (a-e) and immunfluorescence (g-i), showing the distribution of ir-octGnRH in the
prawn thoracic ganglia. (a) The ir-octGnRH is present in medium-sized neuronal cells in the dorsolateral
neuronal cell cluster (DLC). (b) Higher magnification showing the ir-octGnRH in the soma of neuronal cells
(arrows) and fibers (arrowheads) extending from the soma. (¢) and (d) Light micrographs showing the ir-
octGnRH positive fibers innervating medium-sized (d, arrow) and large-sized (d, arrowhead) neuronal locations
of neuronal cell clusters in the thoracic ganglion. (e) Negative control using octGnRH-preabsorbed antiserum as
a probe, revealing only background staining. (f) A diagram showing the locations of neuronal cell clusters in the
thoracic ganglion. (g) and (h) showing the ir-octGnRH in the soma of some large-sized neuronal cells in
ventromedial neuronal cell cluster (VMC) (g and inset, arrow) and in medium-sized neuronal cells in DLC (h
and inset, arrows). However, some neuronal cells with in the same cluster show no ir-octGnRH (g and h, insets,
arrowheads). (i) Negative control section of immunofluorescence using octGnRH-preabsorbed antiserum as a
probe, showing only nuclear staining. TN thoracic neuropil, VN ventral nerve cord. Scale bars100 pm (a, ¢ and

€); 25 um (b and d); 300 um (g, h and i); 30 pm (g and h, insets) cells.
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3 ﬂﬁ 36 Immunoperoxidase (a-c¢) and immmunofluorescence (d-f) showing the distribution of ir-IGnRH-T in the
prawn ovary. Their- IGnRH-I is present in Oc2 and Oc3 oocytes (a and d). Higher magnification showing the
ir-IGnRH-I localized at the perinuclear region of Oc2 and in the cytoplasm of Oc3 (b, d, and e).Negative
control sections of immunoperoxidase (¢) and immunofluorescence (f) using 1IGnRH-I-preabsorbed antiserum
as a probe, showing only background staining. Oo oogonia, Oc2 oocyte stage 2 (late previtellogenic oocyte),
Oc3 oocyte stage3 (early vitellogenic oocyte), Oc4 oocyte stage4 (late vitellogenic oocyte). Scale bars: 100 pm

(aand ¢); 25 pm (b); 50 um (d, e and f)



57

|
|
|

£ g 3| |
S o N sl 3 gk

gﬂ‘ﬁ 37 Immunodetection of ELH in P. monodon cephalothoracic region and abdominal nerve tract. Detection
used a primary antibody of polyclonal mouse anti-abalone ELH, a secondary of monoclonal biotinylated goat
anti-mouse IgG, and visualisation using an avidin-HRP conjugate combined with a NovaRED substrate. Black
arrows indicate positive cells under high magnification (insets of designated low power regions), whereas white
arrows show negative cells. A is the cephalothoracic region showing the supraesophageal ganglion (Spg) and
two locations of neurosecretory ELH positive cells. B is the antennal gland showing ELH positive cells. C is the
dorsal cephalothoracic region posterior to the Spg, with high power insets showing ELH positive cells. D is the
major abdominal nerve tract showing the appendage nerve cord (Anc), central nerve cord (Cnc), inner nerve
capsule (Inc), and outer nerve capsule (Onc), with high power insets showing ELH positive cells. Scale bars
100 um in A-C, 10 pum in insets. ELH immunodetection in female shrimp ovaries at different reproductive
stages, using the same technique as used in Fig.37A-D. Arrows indicate positive cells. E is a Stage I shrimp
ovary showing ovarian capsule (Oc) and oocytes (Ooc), with high magnification of ELH positive follicular cells
(Fcl). F is a Stage IV shrimp ovary surrounded by a capsule (Oc) and showing fully mature oocytes (Ooc), and

trabachulae (Tr), with high magnification of ELH positive Fcl. Scale bars 100 pim in A-C, 10 \m in insets.

(@ eazaalmenmsHInaEay 1.4, 1.10, 1.11, 1.12, 1.23 Tumawuan)
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g‘ﬂ‘ﬁ 38 (A) HPLC chromatograms of (A) standards at 1.0 ml/min flow rate. (1) Octopus GnRH ; (2) Lamprey I GnRH. ; (3)
Tunicate GnRH; (4) abalone ELH extracts of brain (B, purple), thoracic ganglion (C, dark blue), and testis (D, purple) from

mature male (E) The thoracic ganglion (brown) and ovary (blue) from female, Macrobrachium rosenbergii. Asterisks show the

GnRH and ELH positive peaks.




