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ABSTRACT

Longtooth grouper Epinephelus bruneus is a commercially and recreationally
valuable species in Korea but it takes too much time until sexual maturation.
Therefore, it makes difficult to obtain stable fertilized eggs and understand the
mature characteristics in female longtooth grouper. This study researched that pubertal
development on the bodyweight and the effects about hormone treatment of GnRH
analogue (GnRHa) and GnRHa in combination with dopamine antagonist
(Domperidone; Dom) and insulin-like growth factor-I (IGF-I) on early sexual
maturation in pre-pubertal female longtooth grouper.

Experimental fish were classified into three groups (about 1, 2, 3 kg) by the
bodyweight (BW) for understanding pubertal development in this species. Three
groups were sampled on none-breeding season (April) and breeding season (June). On
the none-breeding season, 1 kg and 2 kg groups showed perinucleous stage while
vitellogenesis was observed in 3 kg group. However, on the breeding season, 2 kg
and 3 kg groups showed vitellogenesis while 1 kg group showed perinucleous stage.
In the GTH subunit expressions, FSHB and LHgB mRNA levels showed similar
trends to rise according to increase of bodyweight in both non-breeding and breeding
seasons. However, in the FSHpB expression levels of 3 kg group, the breeding
season was lower than non-breeding season. The serum concentration of E2 of 3 kg
group showed similar pattern with FSH g expression levels.

Sexually immature pre-pubertal fish (33.2 £ 0.5 cm, 1.04 + 0.04 kg) were treated
intramuscularly with a sustained-release single injection of the GnRHa (60 ug/kg -
BW) and combinations of both GnRHa and Dom (60 ug/kg + 5 mg/kg - BW),
GnRHa and IGF-I (60 ug/kg + 10 ug/kg - BW). The control group was injected
coconut oil (free-hormone) and maintained for 20 days. After 20 days, the control
group showed perinucleous stage and was not significantly different than initial

control group. Both GnRHa and GnRHa + IGF-I treatment groups showed
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vitellogenesis stage and ovulation was observed in only GnRHa treatment group on
day 5. The GnRHa and GnRHa + IGF-I treatment accelerated oocyte developmental
stage. A combination of the GnRHa and Dom of treatment group showed the late
developmental trend from the others treatment. In the GTH subunit expressions,
FSHB mRNA levels in the GnRHa treatment group were higher than that of the
others treatments groups. However, in the GnRHa + Dom treatment group, the LH g
mRNA levels were higher than that of the others treatment groups. Serum E2
concentrations in both GnRHa and GnRHa + Dom treatment groups increased after 5
days. However, the E2 concentration in the GnRHa + IGF-I treatment group
increased than that of the others treatment groups on day 10 and remained at the
high levels until day 15.

These results indicate that the pubertal development characteristics in this species
is able to classify three stages; pre-puberty (about 1 kg), dummy run (about 2 kg)
and puberty (about 3 kg) by the bodyweight. Moreover, GnRHa and GnRHa + IGF-I
treatment have more effects for inducing onset of puberty in pre-pubertal female
longtooth grouper. Also, expression of FSH g have more important effects than LH g
during the sexual maturation and oocyte development in the female longtooth

grouper.
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Avke] puberty(’d % AIA) Aol T AT

Puberty(§ % AA)E HHOE v%e AAt AN5HS HSsn AT 48
ow 7lTAR wMeAE AAste] A o= d4fo] ™ (Okuzawa, 2002),
bt 348419 A3 &5 JiAdd wet H st A ol A
AE%+= GTH (FSH, LH)¢] #4] &4 Wstz o]t} (Okuzawa and Kobayashi,
1999; Nagahama, 2000). Pubertyo] A]=}2 AR o] Fo| A= A3t Al7]o] el

7] % &} (Striissmann and Nakamura, 2002), o|u] A$ XS0 5 FA I} AdH oA

puberty o] Z52 Al

o

= w28 A3 94 o] Al ZHE t(Schulz and Miura, 2002; Patifio and Sullivan, 2002).
Puberty®] $t5+= TR 43 BF 753U A AsS ol Fo] wiA-vdsi= A
o] th(Okuzawa, 2002).

o 79| pubertyt= B-P-G axis®| &A3stE A ZEH AR, o] &9 Fk 7|ZF
AN oby BEHST. ¥

A== GnRHO AY wWime] o3k Aoz Fxo] wriojx]il 9l o (Foster,
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puberty A Zbol] THEE 7] AL oA

1994), o} Foll A= GnRHE| A& W&ol th3t TASFAHo] oj2f9 GnRH HEH =
St puberty A|zhe] FEAQ FA i = ofF Wk W AA @
(Okuzawa and Kobayashi, 1999). —12{i1} <+ @& A5 A pre-puberty ] 7] 2}
pubertyA] 7] 2] GnRH & F2] =folo thste] H ¥ o]xar o1, striped bass,
Morone saxatilis (Holland et al., 2001), red seabream, Pagrus major (Okuzawa et al.,

2003) ol 4 pubertyr] 7] 2] GnRHZ-& ] pre-puberty ] 7| Ht} £3kom, o= A

Ao e AAVE AT B askar Qv PubertyA] 71¢] GTH 5 FSHE| <
g2 VSV dEE5H Y Fagds FxskeE slolw, LHE As5357]dd
Ho] HEAY e e IS 3k (Gomez et al, 1999; Hassin et al,.
2000). &}A]wF Rodriguez et al. (2000) 53} Z+o] european sea bassol A LH7}
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Aol AFAdelM Axsto] Gt dFIFEEAA L LA FAY)
o] 27 %9 ZAYEFEAZE: 65 x 6 x 3 m, BX: 6.5 x 11 x 3 m)ol| A A&
F< 1~5 kgo| AwulE]l FolA 1 kg 4vpE(FE A 31.7+1.1 em, Ht AF
1.120.1 kg), 2 kg 4v}e)(F A% 458+1.1 cm, H A= 2.3£02 kg), 3 kg 4n}
2@ DA 52.0+1.1 cm, HiF AF 33202 kg)E Aol AFE-314 tH(Table 1).

BE Agde= MAE #ElE S8l 5 5o micro chipS A3t o,

3 2 A}S @] Al micro chip reader ISO MAX [V (Data Mars SA, Switzerland)=
ol-&ato] AAE olHAR}ES FAHSAKFig. 1). Holes WEasoet dAolE
olEcl W A FHem, A7) 3/0d A 3YRE FF AE # 5k

2 kg "Rl JRAIE Hol Aol Al JHA e
A4S WAl flste] Fxo)] PVC dtolxzet 77 F&
o] -&3sko] AZt7E cagedtell F&38to] AbS st
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Fig. 1. Tagging procedures and tools. A, tagging tools (reader, injector, chip); B,
micro chip; C, injector; D, injection spectacle of microchip on dorsal muscle of
longtooth grouper.



2. Sampling
AE2 AnkE] bA9] puberty EE SAS £AMSHY] flske] w79k A

sA710 1 kg, 2 kg, 3 kg 7NAE ATEE AAde 22 el AAAH A

%
ddols mASAZIL 43t AdeA]7]Ql 6dol Zb ZRAE 2nE] ¥ sampling
& AL, mAd s A7k A5 A 7]l puberty T GAlO] whel JRA] 3F A<
545 Hlusty] flate]l A o] xASH py AAAYSEAH AR

GTH subunits (FSHG, LHR)°] Td7F, dF ~HZol= T2 E(E. 11-KT)9 &

il

T 5 ZAFSFS Y. SamplingA] 23] o] = 2-phenoxyethanol (Sigma Co., USA; 20ppm)
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A2 AxdHE A or #Fet7] 918te] 4212 Bouin's solution
of st F<ot A F 70% EOHE XA AFUY. 1489 242 dAE &
stety o g2 xujstlon, Al o8 7 me] FA] 27

A

2

=
FEo7 WEQY. A FE 2 Hansen's haematoxylin®} 0.5% eosin©. 2 H] ¢ A

of FetdAnAstol HAQsArh AW dRAE LA
B

Zeto]me] BA L Bale] 3R oz S 3o ZAE

BN

-

A

4. ANAS AL BAAA B

(1) Total RNA +=

Hotrale= A A AAHGTH subunits)®] HAZF 548S 918 total RNA
=% A7A -70Co A B#AsAa, FEA %2 100 mgd 1 mle] RNAiso
Reagent (TaKaRa Co., Japan)S % 7}3F 5 homogenizerE ©o]8-3lo] 43| w3}

ke AlEE A2olA 5EZF WS & 03 mle] hloroforms 3 7}sl
2 e F 12,000 x g o7 4TCoA 1587 ARG AE2de Jz &
FHE & Uy &3e] isopropanol¥t RNA HAAl 3¢&& =0]7] #1384 3
ul ©] Ethachinmate (Nippon Gene, Japan)ZS Z7}3te] 12,000 x g © 2 4To|A 10
7F AR E A&stgt. H A% RNAE 75% EtOHZ FA8 & 428 ¢

Mo

ra

3] Al Asle] DEPC-DWel &3ttt &3l% Al&% Optizen 2120 UV
Spectrometer (Mecasys Co., Korea)E ©]-8-3}o] 260nme] &304 RNAS &

il

2459 A260/A2809] H|E o &3] £EE AFA
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(2) Realtime RT-PCR

Puberty I A Fe] AAWEHA FHARE ZRlstr] 9] GTH
subunits©] mRNA & 28 Quantitative Realtime RT-PCR W o 2 R 519t}

Total RNAX= RNase ZH4(DEPC DW)E ©3}o] 5 ug / 30 plo] Fwz gk
FRI RNA 23 25 BAE7] 918t 65CeoA 1083F 71 Az
J S 9 oA A& Fr}t. Total RNAES cDNAZ AAALE7] ¢t 34 kit

o
N
>

Ready-To-Go-You-Prime First-Strand Beads (GE Healthcare, UK)E A}-8-3} %1 o1,
primer= mRNAW c¢DNAZ < HdAL Al7]17] $13Fe] Oligo-dT primer (15mer;
Promega, USA)E 0.5 pg #H7}sk F 37CoA 6087 AdA stk A E
c¢cDNA+= pGEM-T easy vector (Promega, Madison, WI, USA)el| 4F¢sle] IMI109
competent cellol] & Az 3t A7l 3, A colonyZH-E plasmid DNA (pDNA)E F
393, +59 pDNA= spectrometers ©]-8-3le] A3l 3 F copy & A
3t pDNAE Suy 22 H] &= 3]438lo] 8 pointse] standard= sampleS 7
23 39l

Quantitative Real time RT-PCRW -2 Tagman probe *'H-S- Alg3tom, Z}+
GTH subunits®] A 7|ujEwulr} Eo]# <l TagMan probe % primerE A A3}
(Table 2). &A% ¢cDNA= 75.75 ng/ul o] FE =2 34 351o] template= A 5 plE 1Q
supermix (Bio-rad, USA) 12.5 ul ¢} Forward primer 1 ul (500nM), Reverse primer 1
pl (500nM), probe 1 ul (500nM), nuclease-free water 4.5 pl= &3ste] F 25 ul
9] volumeS wFSo] A}834t}. Real time RT-PCRC <3S Chromo 4™
Four-Color Real-Time System (Bio-rad, USA)<S o]-83to] 50Co| A 2%, 95T A
3E7F pre-heatingA] A FAom, 95Co A 15%7F denaturation, 60Col A 187k
annealing3}o] 45cycleS WHA]A FAtt ZF MEL duplication 0. & A 3to] 7}

7t YA AT SN AHE(FSHE, LHB)9] mRNA 2@ 38 A %3}sl i),
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(3) RIA (Radio Immuno Assay)

dF zHEol= T28(11-KT, E2)9 W35 gQlstr] flste] wF F ol A
dols AEE F 12000 rpmel] A 1073F A4l st s el on,
20ColH Y5 Basdrl. AHRo|= 28 F28 95kl 7t

(11-KT, E2)d &# 250 ulE AFH3E v} 2 ml9] diethyl etherE 3 7}3s}o]

&3t 3 F 5~10%7F AAANZ F -70C ] WsaolA 15837 A5 A

}Ol'
T}U

a
0%
ol
1o

71 vl S(free steroids)THs Al @ o] HATH ¢ AxHE 2HZNE FEE
0.1% gel-PBS (pH 7.5)] thA] &85+

o = H(RIA, radioimmunoassay)< 2z} 100 ple] standard (0.0075~3.84
ng/ml)$} "HZ A% 28 & 0] =(Amersharm, England)Z 100 pl# H7} & 34
FAZ 200 WA Y1 LA 4ColA 1247 Ft WA Y A
2883 f8¥e 837l 93t DCC (dextran coated charcoal)Z 250 ul¥ 3
7bate] 4Tol A 1587F X3 T AAE2AT, 2000 g 15%)8te] 238 A%
Ae Hel o, o7]e 3 ml9] scintillation cocktail (Optiphase, WALLAC)S 4%
3 AAdFASTIE SAsFI Y. E29F 11-KTo| t)gk &A= Alexis Fostier
(Institute National Recherche Agronomigue Campus de Beaulieu, Rennes cedex,

France) BIALZHE 2%l on, E29F 11-KT RIAA9] QojA HA H=E Z}

<

=of

mJN
r1o
)

12.73 pg/ml (E2), 7.66 pg/ml (11-KT)o|1 31, assay U] (intra-assay)®} assay 7t
(inter-assay) W& AlTE 50% A AgEoA 2ASE 23, E2 RIAA A= 6.02
% (1=3)%F 9.20% (n=6), 11KT RIAZ|S| A= 6.55% (n=3)%F 9.66% (1=6)%
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11t
o
2
lo
ox
i
2

= 1, 2,3 kg9 ASER mASAYIF 51719 s dH
E ZAEAH0o HH o7 FASY

%A71@R)el 1 kg Al Anbe] ghH QAL YRE oF 80 me) F
GE AER o] FoR gllo(Fig. 3-A), 2 kgo] WA= 2E o *
Gt AEQl Bt A 90~100 mme] FHY] HRAEER FAE AW
Aol AARAAE oF 150 me] WAL A e §77)

g
GR A EE0o] #zE G o (Fig. 3-C), 300~400 m F7AH o] AL Fs e

Y

-
(

o

AAXAY o] dRAE BddaAd FANEE vgdsA7]d 1 kg 3 2 kg 7N
A A Mol 100% FHA7] FRA £ EAstE e AFE = YA
3 kgo] A A= FHeAY] GREAEI 55% H| &R 7bE =& &S AA 8
I JdRew, 7719 dFF 7] GRAEE 14%S} 31%°] HjE&E ERste] &
A 59 TH(Fig. 5-A).

AsA7lel 1 kg WA BARAE ] FHAY] GRAZER F77] @
EAZER 459 AJ S H(Fig. 4-A), T3
b EAE A= ANA = #FE A vK(Fig. 4-B).

&

A

Al 7

—_—

o TR 300~350 me] FFS THH = dFTT] GEAELE B2 F

B
9l © 1 (Fig. 4-C), 3 kg 7N Ao A= 370~410 me] 3k

%0
-
td
=
ke
N
N
N
g
°

1 91 ith(Fig. 4-D).
BN 1 kg AAL] AARNNE FTA % FRTI] GRAEI} 127,
203%2 EASHoH, FHs]

e

BAEZ} 67%%E 71 =& H)&S AA st
AR} 2 kg AAAME T FRALI} 64%E HF B HES BYo
H, 3 kg MAANAE 71%2] tb59] F&337] GEAE} 12%9F 16%2] v =3

&2 §77)9F FHe 7] dRAE EA43819 tHFig. 5-B).
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Fig. 3. Photomicrographs of ovarian development of female longtooth grouper in none
breeding season (April). A, about 1 kg bodyweight fish; B, about 2 kg bodyweight
fish; C&D, about 3kg bodyweight fish. PNO, perinucleous stage oocyte; ODO, oil
droplet stage oocyte; YO, yolk stage oocyte; N, nucleus. Scale bar =200 gzm.
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Fig. 4. Photomicrographs of ovarian development of longtooth grouper female in breeding
season (June). A&B, about 1 kg bodyweight fish; C, about 2 kg bodyweight fish; D,
about 3kg bodyweight fish. PNO, perinucleous stage oocyte; ODO, oil droplet stage
oocyte; YO, yolk stage oocyte. Scale bar =200 zm.
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Fig. 5. Changes of relative frequencies of gonadal development between none breeding
season and breeding season in female longtooth grouper. (A), none breeding
season (April); (B), breeding season (June).
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A A=) 2

0534

H]J_]_

Zuk] 9] puberty HEEA]2 Quantitative Real time RT-PCR WH S o] 83} ¢]
Al 719k A 71k ZF AR R YA SAJAAE(FSHB, LHR)e &
ZA4sto] AT

v A 7)ol FSHE 2@ #FS 1 kg 7fAlolA 1.2 x 10° 2 kg 7HAIolA 8.6 x
10%, 3 kg 7HAIoNA] 1.0 x 10702 A Fo] F7tge] wet =/ Td=e= 4TS
HATh A%A71¢ 1 kg AMANA FSHR S ZL ngdsa7wt =3 F7tset
Fo 4.0 x 10°02 AA T Mg @A FdEEHE 4IFS JeEhgloen, 2 kg
MANE 15 x 10722 7} =4 2d== 43S 2tk 3 kg MAe

&

ks

ftlo

L

FSHp 2 FE wAd %A 7]ek vaste] 6.6 x 10°0.2 W@ o] Hasdts H
& BEon, 452719 2 kg MARTG 743 BEFs 20
u LA 7le] LHRel 2% 1 kg /HANA 1.3 x 10°% 2 kg HA 4] 8.8
x 10°% 3 kg ZRACNA 1.5 x 10702 A|Fo] Z71gel wel =4 ddsE 4
Bow, A7 LHR A g nlAd 5719k FASHA 1 kg 7HA ol
A 5.0 x 108, 2 kg A NA 1.3 x 107, 3 kg /WA NA 2.0 x 10702 HFo| &
7hghel] whet DA o] AEste A F¥S B ATKFig. 6).

_18_



; FSH 3 mRNA
1.6x10

7
1.2x10

8.0x10°

4.0x10° .

Copies / ug total RNA

1kg 2kg 3kg

, LH 2 mRNA
3.0x10 1
7
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2.0x10 1
7
1.5%x10 1

7
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Copies / ug total RNA

6
5.0x10 -

2kg 3kg
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D None-breeding season . Breeding season

Fig. 6. Expression levels of follicle-stimulating hormone (FSH ) and luteinizing hormone
(LH B) mRNAs in the pituitary of female longtooth grouper on non-breeding season
(April) and breeding season (June). Data are expressed as means =SEM.
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A 7le] E2 w5 1 kg 7HAIQ]
o, 2 kg /A= 180 pg/ml, 3 kg /NAE 860 pg/ml & 74 =2 w2 g
oA wds A7 VA FF B2 wEE AT S wE dsste A
BT

q&A7] B2 52 1 kg MAQA A9 144 pg/mioldoH, 2 kg MA = 80 pg/
mz 714 e =e2 ettt 3 kg MAIE 461 pg/mlz 71 =L 258
et o, v s 7]k Blatste] 2Hask Qi th(P<0.05, fig. 7).

8% 1IKTe) 3 gii A4 A% olate] 522 FFo] 97 %o} data
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Fig. 7. Plasma E2 levels of female longtooth grouper on non-breeding season (April) and breeding
season (June). Data are expressed as means =SEM. *, P<0.05.
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Chapter 2

Ak Puberty 7] A& #%

P
:!’.T
shel puberty®] WEd 45A71E EAGOoRA HAT vk

QL
X
)
=
oX,
H>
yos
> S
o
Ry
1o,
o,
fle]
Y
i o
o,
Hy
Ho
ki
e
o,
A
ot
e
3
o,
i
i)
s
iV
oX,

PSS wdo] gusA BH A4 agens

om, 1 9 JLxHd=E 23t HE FXE(Hopkins and Unwin, 1997; Shearer and
Swanson, 2000)5 o] WHOE WS ofFoAe 27| A5FEE A B

o] AFHoIAIL Ut

sEdzde Qe ANAQ Aafe AAUWEHAC dFS A= o

ZT7Fe] T2 hCG (Lee et al., 1988; Zohar, 1989), GTH (Peter and Yu, 1997,
Zohar and Mylonas, 2001), GnRHa (Mylonas and Zohar, 2001; Duncan et al., 2003),
IGFs (Le Gac et al., 1993; Negatu et al., 1998), thyroid hormones (Daniel and Eales,
1996), dopamine antagonists (Kumakura et al., 2003; Aizen et al., 2005)% 2] o]
ofste] %3t wjgre] FEHh o AYPolME Artele] 7] puberty H%F

TE5 %3] GnRHa (Gonadotropin releasing hormone analogue)E 7|20 &
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Domperidone (Dom)¥} Insulin growth factor-I (IGF-1)& &

ot

ol 5ko] puberty %7
A5 2#2 GTHE]

sk 228 AA 319ttt GnRHa: A

oX
A
Ho
o
=
rn°1'
-

i
2

HHE ASdte AsFei=22 0% GnRHad Folv= Ax3t & ofFEd
A AdEHoR Ay A f % 235 B tH(Zohar and Mylonas, 2001). &}4]
T, A sE o7 7] dsfrEolA GnRHadl @5 Fol= A3l As
T 335 HolAx EFow, o] GnRHa2l AFWto = nAd &3k o] /o] A
o Fag 8lES FIAAFA X7 wlFoltK(Crim and Evans, 1983;
Yaron, 1995). w}&}bA], & Loli= pre-puberty A]7]2] w]A<3F o] Foll 7] puberty
s 98t gdst 3278 HBgFosta Qoew, 1 F Domperidone
dopamine A3 4| 24 GTHS| #H]& Adlxoz oA 3= dopamined X thale]
GnRHel| 9J3t AH=F% 315 FZHAZItK(Dufour et al., 2005; Aizen et al.,

2005). IGF-1S AgAxt @A o] Fo] My LHe %

iy

|& %417 GnRHa%} H
Eol o) f 9] puberty® 71 A& F% AL A A4S Frk(Huang et al,
1998; Campbell et al., 2006).

AG A2de E kEe] BEHolA Re A% AN AREA =
%

ZE 9% 328 A UHS U5 TEES ALz A9 FoE 3sHA
U &3 A1A FAFshE ooy of Foll A= Aida et al. (1978) Toll 93] =
2RSS x&A 07 WEAAFE emulsification W o] A<y wjgkgEd ¢ &

ol w28 Hg WHORE:=  Cholesterol pellet (Crime et al, 1988),
Ethylene-vinyl acetate (Zohar, 96), Biodegradable microsphere (Mylonas et al.,
1995)50] glom, gt defjz dEdE o] ofFolA AHEH A, shARE, Zh7}e]
Ay e A% BE FUHES A3 ol kEAguAA ] At g
A= AFTE 7Isok Ak o] AyA = WA %3 pre-puberty A 7] A
uhe) ebAle 7)ol puberty® %A1717] Slstel A%HA A% AFRAE 7}
A &= coconut 0ilE ©] &3t emulsification WH o R T 2RSS FEojs gt o HHY

& T2 4o emulsions} © SE{to] of A 2§ W Fof Al ZAvhrb A

H“\o
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1. 4

o]

i

Aol e FHFAATFEEAAE AAEA 2AH)Y] ZAYEFI(6.S5 x 11

x 3 mellA AR #HE S 1 kgt P53k Auke] S controlH(F T A%
34314 cm, Wit AF 1.0:0.1 kg), GnRHa Foi(Hit A7 36.1£0.7 em, Bt

A% 1240.1 kg), GnRHa + IGF-I Folo5(F+ 7 35.6£1.58 cm, Hv AT

1.2£0.1 kg), GnRHa + Domperidone o] 7+(H A4 34.5£1.6 cm, ¥

1l O

Y

A s
1.240.1 kg)o] 478 Aol 7 3wpey & 12vie] & A Eol AE-sh3iti(Table 3).

Agele] Bl 1gel A w $AstA A sk
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2. 2B Eo

27 ASHFEE 95t 2183 T 282 GnRHa (Sigma Co., USA)

B
o
"11

(Sigma Co., USA), Domperidone (Sigma Co., USA) 3FFo|H, Z}Zte] s 2#2 &
wj Aol 8217l T coconut oil T T3] imersionFE]E TS0 5 2§ Al

Z 0 Ko FA}stgtH(Table 4, Fig. 8).
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4. AAA ] B BAAA B

(1) Total RNA extracts

Al 1 g T

(2) Realtime RT-PCR

A 1S P .

(3) RIA (Radio Immuno Assay)

H S A A FHAel Yol 100714 =8-3te] F< 7] <l profile projector (Mitutoyco
Co., Japan)ol A T3to] dojuA] = o TAE JHAE 3o R Jjdte]

, 2382 100 ml vlo] A W& 100708 F835te] H3lste A
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*
O (Fig. 9-A), 2% FTHA] control 19 A2AE HEF 70~90 me] FWA7]
HEAZEZ T A2 rHFig. 9-B). GnRHa T%3] ] &= 320~400 me]
e Holv WV GRAEER FAHo YU (Fig. 9-C), GnRHa +
IGF-1 27" GnRHa W3 Ak FALsHA 310~400 pmo] F3F7-7] HFEA
XE2 FAEHY AJrH(Fig. 9-D). GnRHa + Domperidone # €] 1-&= FW<el7] <}
771, 271 387 AEE0] EA ] AATH(Fig. 9-E).

R
AR Y GRAE dra kA ZALo| A initial control Gt FHCI V] URAEZE

o] 95%s BE Wem EAsdn £5e §77 URAZSE EAshdc
Control -+ 100% FW<el7] dEAM¥EW EA]389 . GnRHa @5 g+ o e

A TE vaste] JET/GRAEI} H =L 73.7%9 v &2 HEFHC

GnRHa + IGF-I & 7& 50%°] W37 dRAE v &L Belon, 21%9] &
T7Iek 29%°] M@ vEE QY] GRAE7E EA8 it GnRHa + Dom
Aol M= FuA7] GEAELL] v &o] 69%= 7HE whor, 7] HEA
X g EAEA B v el G ] dRAEE #EE 9 tK(Fig. 10).
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Fig. 9. Photomicrographs of ovarian biopsies of longtooth grouper female treated with
hormones. (A) initial control, (B) control, (C) GnRHa, (D) GnRHa + IGF-I, (E)
GnRHa + Dom group at time of the treatment after 20 days. Scale bars=200xm.
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Fig. 10. Relative frequencies of gonadal development among the hormone treated groups
in female longtooth grouper.
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2. A GG S| THEF vl

FEE Aud] hE ARTER YHPHAAES] B4 FSHRot LHR 9

w3 25 Quantitative Real time RT-PCR W o 2 FA}3lo] v nlski o).

r |

FSH 3 mRNA®] W3} controlg-of A 4.5 x 10°© & initial control7-¢] 3.7 x
10°7 Al on, s28 Agtsd v 9 e AgS Yeh ok
GnRHa @& A4t 11 x 10702 7bg = 2d Ade yehgglon,
GnRHa + Dom # &+ 7.4 x 10°©.% GnRHa + IGF-1 A& 3¢ 7.0 x 10°¢ &
AbeE B3-S HATHFig. 11).

LHB mRNA<S] W sl&el| A %= control - 6.8 x 10°2. = Initial control7-<] 5.0
x 10°9] ¥ ARG o, ZE2E AFE HEd e AFE 2
GnRHa thi5 A3t 1.2 x 1079] wrdas 1B ow, GnRHa + Dom 2]
1.6 x 10722 th& AgFEo] v|ste] 714 =& 23 3¢S 2l GnRHa +
IGF-I A3 +& 1.0 x 10702 28 AHATE T 7 @A 2dHE A4S

1 9 tH(Fig. 11).
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Fig. 11. Expression levels of follicle-stimulating hormone (FSHB) and luteinizing hormone

(LH ) mRNAs in the pituitary of female longtooth grouper by the hormone treatments.
Data are expressed as means +=SEM.

_35_



sEE o § 209 web

™

2 X W3 Controlgtoll A A3 7] 7159k
53~93 pg/ml ] Fr® Fol Ay} B2kl oy, GnRHa @5 Ags =28 F
of $ 59 F 137 pg/ml o] Fx= 43 FrtstdaL, 1§ A spdete] 24F
A 99 pgmlE RG] 94 pg/mle} SAFE S ubEFUISIT. GnRHa +
IGF-I Hg 7+ 3282 g T 10¥ 5 E2 %7134 pgnl = FASA ZF718t

of\

>

AL, 159 % 138 pg/ml & 22 F& KA Faste 23 FRA 97 py/nl o
FEE 2T A4S g2 UERNQITE GnRHa + Dom & o] A& GnRHa
2R Eo] & 59 ¥ 129 pg/ml & Ex@Fo] FASA A

k3
75kl 97 pg/mle] sEE fAISH AE FE A 88 pg/mlg

HKTS] e g2y Hx 05 olale] srw AEo] U2 @} data
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Fig. 12. Variation of plasma E2 levels of female longtooth grouper by the hormone treatments during
the experimental period. Data are expressed as means =SEM.
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GnRHa &% o] ol A =

)A

i
o}
v

W
)

54.3+0.9% %] tH(fig. 13-A).

Fol 20073 A A o] A 43 post-puberty THAI 9] Abnlg]

)

<o)
=

™, 53}

o

A

FATL 75.0£0.6%] FHES B

_ﬂ

9)ell A i

A (n=

Fol7b 9121t (P>0.05, fig. 13-B).
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Fig. 13. Frequencies of fertilization and hatching rates on ovulated egg. (A), egg
quality of fertilized egg on pre-pubertal fish by GnRHa treatment. (B),
relative frequencies of egg quality between pre-pubertal fish and post-
pubertal fish. Vertical bars indicated standard errors. P>0.05.
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