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ABSTRACT

The purpose of this study was to examine the effects of endogenous and
exogenous hormones for the induction of sex reversal in juvenile longtooth grouper
Epinephelus bruneus. This study was investigated endocrine mechanism during sex
change by radioimmuno -assay, real-time RT-PCR and histological observation.

Experimental fish were juvenile longtooth groupers (body weight, 113 + 17 g,
body length 16.2 £ 1.2 cm). The fish were injected with a non-steroidal aromatase
inhibitor (Al, Fadrozole) in a dose of 3 and 5 mg/kg:BW and 17a-methyltestosterone
(MT) in a dose of 5 mg/kg:BW. The fish were sampled at 7th and 21st week after

the injection.

1. Changes of gonad by endogenous hormone treatment during masculinization

Immature ovaries with oogonia and a few perinucleolus oocytes were observed in
the gonad of the control groups at the beginning of the experiment. The control
groups 7 weeks after the injection exhibited a similar trend as the initial control. A
few atretic oocytes and oogonia were found in the gonad of MT 5 mg treatment
group. Gonad of Al 3 mg treatment group mostly contained oogonia, and a few
perinucleolus oocytes. Gonad of Al 5 mg treatment group were observed to induce
sex change. The gonad was observed to have various stages of spermatogenic germ
cell and mostly spermatozoa with no ovarian germ cells. Gonad of control group 21
weeks after the injection contained mostly perinucleolus oocytes. Gonad of MT S5mg
treatment group contained oogonia, atretic oocytes and was observed to have
spermatogenesis from spermatogonia to spermatocyte. Gonad of Al 3 mg treatment
group were observed to contain a few perinucleolus oocytes, atretic oocytes and

observed spermatogenesis from spermatogonia to spermatocyte. Goand of Al 5 mg

_Vi_



treatment group were observed to contain a few perinucleolus oocytes and atretic
oocytes, and it was observed that spermatogenesis was occurring from spermatogonia
to spermatocytes more than that in the other treatment groups. In conclusion, the
findings in this study support the hypothesis that the induction of sex change from
female to male in juvenile longtooth grouper could be controlled by aromatase

inhibitor.

2. Changes of endocrine mechanism during masculinization

Serum levels of E, showed no significant differences from initial to the end of the
experiment except for the control group (P>0.05). In contrast, 11-KT was
significantly increased in Al 5 mg treatment groups at 7th and 21st weeks after the
injection (P<0.05).

Real-time RT-PCR analysis showed that FSH3 mRNA in initial group and whole
group after 7 weeks were not significantly different (P>0.05). In contrast, only Al 5
mg injected groups after 21 weeks significantly increased expression of FSH3 mRNA
(P<0.05). mRNA levels of LH3 were not significantly different in this experimental
period (P>0.05). These results suggest that FSHZ mRNA and 11-KT may trigger

masculinization in juvenile longtooth grouper.
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GtH subunits mRNAS] & SFAS ZASFAA T
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ARl Aol oM AFxsto] dodti(Yamamoto, 1969). URFA 02 2 d <=
Y AFEAe A48 = 9204 androgen?] 17a-methyltestosterone (MT) *|
2] 7} o] &% o] gktl(Yamazaki, 1983; Kitano et al., 2000; Song et al., 2005).
HZ MTA A o3 $A43F s AAA A v& A2Hde =7

A oAn wd g, A AeE BAS dARAY oA APt A
E 55l AAHaL o](Fishelson, 1975; Josefa et al, 1994; Monica et al.,
2005), 1A T =2+#921 aromatase inhibitor T+ & T3 §43 F=7F Al2FH

2 TH(Bhandari et al., 2004a, b; Li et al., 2006).
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g2 FHFFE3 o] ofFoAM estradiol-178 (E,)= testosterone®l] 233l

==
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o
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ol
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7F HA 3 o] Fol A= fadrozole o1& S 3 Coho salmon, Oncorhynchus
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Fig. 1. Serial view image of hormone injection. A: Anesthetized and measured Body
weight & Body length. B: Preparation of hormone, C: Injected intramuscularly,

D: Disinfect.



Table 1. Experimental design for the hormone treatment and sampling of juvenile

longtooth grouper E. bruneus

Week

Body Weight (g) Body Length (g) 1 7 21
Treatment D D L L
(kg BW) Mean += S.D. Mean += S.D. Injection  Injection
Control 114.3+£19.0 16.1£1.5 3 3 3
MT 5 115.5+16.5 16.6=1.0 - 3 3
Al 3 113.8+18.0 15.8+0.9 - 3 3
Al 5 111.9+18.9 16.2+1.1 - 3 3

*Numerical figures indicate Sampling number of fish. YSD.: Standard deviation of

means.



3.2 3

7 B2 A o3 AL Asg

A AZA] AL R daAEel AR FEely] GREAE(27.5~375
um)E = -4 ¥ A tH(Fig. 2A).

7 T dET AR g AFAIARG dgE FHlv] o] dRAX
(50.0~75.0 pm)E % T4 ¥ AkFig. 2B). MT 3 mg Ao+ AAHAL e o
AMEA25~15.0 pm== Ao dF AL o] FyE H Lk
FE ] A h(Fig. 2C). Al 3 mg AT AAHALS LA E7 EEIH o

A EE

AR HY drAEel i+ KBl ZFE FHA7|(25.0~42.5 um) FEAEI B
X3 ATHFig. 2D). Al 5 mg A7 A dRAE7E #FEA] il giRE
dAAETE AR o 3 AN HLAMAMETE AATA ] HAE A 0]
o] FolFa, AAL 7|Ho= FAHo] FAH FAHANA A= EEEHA

t}(Fig. 2E, Table 2).

215 & Uz A I8 dAAE} FHQly] FEAE(S5.0~75.0 pm)
E2 TAEATHFig. 3A). MT A7 AAHS ddAxe Ha dRAXER
TAHASH AR HLAAERE HAREAE(TS5~10.0 um)7FA ] ZAE A 747 0]
##H AH(Fig. 3B). Al 3 mg A7 A i FdAxe JdF HY &
EAEER 74 o, A5 FAAERYH GRAELG.0~7.5 um)7kA o] G2}
gAJo] A= ATHFig. 3C). Al 5 mg Az A2Ae& ddAEze} FRly] o
RAE(35.0~60.0 um), &P FRAEE FAHR O HRAEGB.0~7.5 um)7HA
o &g 37 o] #2E ATh(Fig. 3D, Table 3).



Fig. 2. Changes of gonadal development in juvenile longtooth grouper, E. bruneus 7

weeks after treatment with aromatase inhibitor (Al, fadrozole) and 17a

-methyltestosterone (MT). A: Initial control, B: Control, C: 5 mg MT/BW-kg,
D: 3 mg AI/BWkg, E and F 5 mg AI/BW-kg. AO, atretic oocyte; ED,

efferent duct; OG, oogonia; PO, perinucleolus oocyte; ST, spermatid; SZ,

spermatozoa. Scale bar= A~E, 50 um; F, 100 um.
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Fig. 3. Changes of gonadal development in juvenile longtooth grouper, E. bruneus 21
weeks after treatment with aromatase inhibitor (Al, fadrozole) and 17a
-methyltestosterone (MT). A: Control, B: 5 mg MT/BWkg, C: 3 mg
AlI/BW-'kg and D: 5 mg AI/BW-kg. AO, atretic oocyte; OG, oogonia; PO,

perinucleolus oocyte; SC, spermatocyte. Scale bar=50 um.
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Table 2. Distribution of germ cell in juvenile longtooth grouper E. brumeus after 7 weeks treatment of aromatase inhibitor (Al,

fadrozole) and 17a-methyltestosterone (MT)

Treatment BW BL Germ cell phases
(g) (cm) Remarks
(mg/kg - BW) & ¢ oGl PO\ WRIE SGFUEC F1p W2
Control 137 17.3 N - - - - - Oogenesis
138 17.7 Hig et - - - - - Oogenesis
143 16.8 + - . - - - Oogenesis
MT 5 163 18.5 +++ F - - - S =

154 17.7 Bttty -

144 18.2 +++ - - - - - -
Al 3 126 17.3 +++ +

163 18.7 B - - - - - -

143 17.6 ++ ++

+

Al S 116 16.9 ++ ++ Degenerated oocytes
191 18.9 - - - + + pT- +++ Induced complete sex reversal.
154 18.0 ++ ++ + . o - - Degenerated oocytes

Abbreviations: BW, body weight; BL, body length; OG, oogonia; PO, peri-nucleolus oocyte; AO, atretic oocyte; SG, spermatogonia; SC,

spermatocyte; ST, spermatid;, SZ, Spermatozoa; -, none; +, a few; ++, intermediate; +++, abundant
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Table 3. Distribution of germ cell in juvenile longtooth grouper E. brumeus gonad after 21 weeks treatment of aromatase inhibitor (Al,

fadrozole) and 17a-methyltestosterone (MT)

Treatment BW BL Germ cell phases
Remarks
(mgkg-BW) ® (™ o6 po A0 SG SC ST Sz
Control 299 24.5 &y gy - - - - - Oogenesis
227 23.0 ax b - - - - - Oogenesis
274 27.5 + iy - - - - - Oogenesis
MT 5 312 28.0 telnk i - + +* - - Spermatogenesis
265 22.5 - - - - - - - no germ cell
277 28.0 + ++ + e + - - Spermatogenesis
Al 3 232 22.5 & ++ Vi + + - - Spermatogenesis
242 22.0 + ++ i + - - - Spermatogenesis
216 22.5 5 & + T a1 - - Spermatogenesis
Al S 242 24.0 + - & 1 = - - Spermatogenesis
194 22.0 ++ + + + ++ - - Spermatogenesis
210 23.0 + + - + + - - Spermatogenesis

Abbreviations: BW, body weight; BL, body length; OG, oogonia; PO, peri-nucleolus oocyte, AO, atretic oocytes; SG, spermatogonia; SC,

spermatocyte; ST, spermatid; SZ, Spermatozoa; -, none; +, a few; ++, intermediate; +++, abundant.

_13_



A2 HIY TE2E FAE T3 Ankg Ao FA43
B HEr &4 i3

Jo
i1

o7 el AN vE HAFEeEd viHA R Y- sk A- A A A S (B-P-G axis)
o7 olFof AAWEH AL ofs Aujdr. AAAHA A=55E=E2
(gonadotropin releasing hormone; GnRH)<> 3} A A G 285t AJxa=3
2 E(follicle-stimulating hormone; FSH)¥} & )| 34 & 2 ¥ (luteinizing hormone; LH)
o2 Bl A2 A A= 35 2 (gonadotropin hormone; GtH)2] A4 - EH|E F43
ok H3tFA A BHlE T EFe GtHE WiRHIAE B3] Ao 283}
A ZHZoOE T2 EHE At w92 FAHA o o] Sk (Pankhurst,
1998).

GtHe] Fx+ HFe=oA Aoz HI %S o (Pierce and Parsons, 1981),
o] Foll A GtHiz Kawauchi et al.(1989)°] 9]&] dojolA Hgo2 Hiud F o&
B2 ofFolA GtHOl Fx< 7]Eol dlgk AF7F wWol HiE S tH(Querat et al.,
1990; Swanson et al., 1991; Weil et al., 1995; Gomez et al., 1999; Gen et al., 2000;
Dickey and Swanson, 2000).

T TR GtHeE 83 7wl dolA ofF, dsAl71eh Aol wel zZol7t
= Ao® d#A vk d¥bH o8 FSH+ puberty®t W-$-AE A& x4t

32,

, LHE =2 A2 A9 M43 4berS 243 (Swanson et al., 1991; Schulz et
al., 2001), <= FSHe} LHel digh B} ZAs A4 712 A7 d3s] 718

531 94T} (Yoshiura et al, 1999; Kajimura et al, 2001; Degani et al, 2003;

K

Hellgvist et al., 2004).

oFE X33 RE HFFEA estradiol-178 (B ¢l glo] Eo]#<l
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HAHRo|E s 2X20o7 1}

B>

=l =
= =

plh
T

Gl #As, Ao A A
FrA8l7]1 &= §th(Fostier et al., 1983). o]§tol o] ALE|Zol= 2o tfgh
Ao g2 T Az ol thFelAnk, dliEA el dA androgen?!
11-ketotestosterone (11-KT)> FZl oA AAod 2 G o] #Fodivy o4y
A TH(Fostier et al., 1987; Borg, 1994).

3 AgEA ofFe HHE HAHFTe A 2HREolE T2F W] gk o
T7F 453 AP ojA L YA WF (Nakamura, 1989; Johnson et al., 1998; Bhandari
et al, 2003, 2004a,b), o}# A2k 7]=ol M= v A fddrh 53] A
A=y AssAFT AAge g A5 i AAAEY dadd
(Johnson et al., 1998; Lee et al, 2002)S T4l S & o]Fojx gom FHto] 59

] gdwste digk A7 4 JE a1 ¢ vh(Bhandari et al, 2003; Alam

et al.,, 2006; Li et al, 2006). o]} o] AAUEH] FHof Qlojia] FFH0 AT
< 3¢ B-P-GF2 olFol wet T/ 715l doJA]l Zolrb S ERE ol
AA% AT SdWst, 53] vt ofFe o] A AIEA Y

AR BAF GAEE A WA A 2 Feolth
of ATE Aube Aolo] $HS HAF AR FY WRE Hn] 9

subunits (FSHB, LHB) mRNA%} A ZHZol= F289o WM3als ExPESH W
He ol&ste] ZAMEATH
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7. €5 2HZRoE 3282 3}
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skl 12000 rpmol Al 103 At RS FEd & 24T w7
20CoAA W RS AHRO|E T 28 258 7 B g s =282 o
g 200 plE AFHS TS 2 mle] deathlyetherES % 7}sle] &3k &

AAAZ 5 70T WsaelA 1587 A5 A2
steroids)¥r= Al @ #ol] &ATEH o HAE 23] HHES}
2 7](VC-96N, TAITEC, Japan)E ©]-&3lo] THLAHTH AxH 2HREE FE2E
2 800 wle] 0.1% gel-PBS (pH 7.5)° thA] &3f o).

WAL 9 = A H(RIA, radioimmunoassay) 212 Aida et al, (1984)%] ®WHe| w
2} A5t Aol Algw A= X5 Alexis Fostier BA}F (Research Unit for
Fish Physiology, France)®%-E] T¢lstgdch =& WAlZAE [2.4.6,7-H]-E, 9}
[2,4,6,7-°H]-TS  Amersham Life Science (UK)Z%H TFg3tdch 2z 100 ple)
standard (0.015~3.84 ng/ml), 100 ule] WALEAH AHZo|=E 7 & 814 g
o] 2

AP FEdS 387l F18t9 DCC (dextran coated charcoal) 250 wl® % 7}s}h

AE 200 Wy Y wREAIA 4 CollAl 12A]7F &9t wh-gA AL &9 &

N

o 4CoNA 1583 X3 T JAEF 47T, 2000 g, 15%) 3 5, 488 A5
NS FHsle] of7]el 3 ml9 scintillation cocktail (optiphase, WALLAC)= ¥ 31 <}
A| 4 33 A 2 7] (TR-CARB-2100TR, PACKARD, USA)Z =43lth. E,¢F 11-KT2
HAar A= 4 7 1273 pg/mle} 7.66 pg/mlelth. Ex9F 11-KT AW Alg+
ZF 7} 6.02%°F 6.5%°]3L SAZF AT 9.20%2F 9.66% 3 T
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U}, Total RNA # g

HatrAls v FiES Aol Al F, outg dstdAR FAste] 4T
w74 -70Tol A Baskit

zyzy o] Z# oA total RNASFE-2> RNAiso (Takara, Japan)= ©]-83}t}. 3}
FAE 1 ml® RNAisog o|&3te] #&d3t Azl % 0.5 mle] chloroforms # 7}3s}
o] Abeoa 5E7F w3-3Fal 4TolA 12,000 g2 1587 ARt 4=
o] RNATWHS F%319] isopropanol?} 4 ple] Ethachinmate (Nippon gene, Jap)E
A7Fstel RNAE HAAZ1 & DEPC DW A 2l¥ ethanols ©]&3to] XAl A
1

g

o
ot

DEPC DWol &3&]3t9tt. E2l¥ RNAE 260 nm¥} 280 nmoll A EFEE
o st

o}, ¢DNA &4

cDNA A2 7 ZZ oA FZE3 total RNA 1.2 ugs o2 JAA 39
t}. g A ALe| &= Ready-To-Go You-Prime First-Strand Beads (GE Healthcare, UK)E
o] &3} t). Primer= mRNARF ¢cDNAZ S AAL Al7]7] 9]8Fe] oligo (dT) primer
(15 mer; Promega, USA)E 0.5 ug 713+ 3 &£335911 DEPC DW H7lste] F
THIE 33 g2 HE F 37 CTollA 60&3F G HAF 3

2}. Real time RT-PCRZ ©] &3} GtH sbunits(FSHB, LHR) 23 & =3

Qualitative Real-time RT-PCRE 3t primeri= genome DNAS| %8 WX 3}7]
23t exon} introne] FAE x3FFete] A A S

Real-time RT-PCR-2> Tagman probe " -S o83t o, xvtg]e] GtH subunits
cDNAS] d7]njde] Eo]4 <2 Primer®t Tagman probeE 22 7|3} th(Table 4). &
g AHFS 98] ¥ cDNAE pGEM-T easy vector (Promega, Medison, WI,
USA)°l AFdske] IM109 competent celld]l HA A3 A7l & %A colony=F-H
plasmid DNA (pDNA)E FZ3}% 1, =% pDNAT spectrometersS ©]-83lo] A
F3l 3t T copy TE SHSIATE pDNAT 5H¥ 22 H]E&=2 8|43le] 8 T
9] standardZ sampleS =3} st AFEA Wb 34 H cDNA 1 ulE F

S|
FJ o2 1Q supermix (Bio-Rad, USA) 12.5 ul ¢} Forward, Reverse primer “12]il
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Tagman probeE 7+ 7+ 1 ul, DEPC DWE FHZH-97F 25 ulzE e & A g A}

g8ttt AAZF AFRA LS Chromo 4™ Four-Color Real Time System (Bio-Rad,
USA)S o] &staith olwf I8 wkg2 50T 90C Z2b 283 Hx wg b
S Fol 95TCollA 15%, 60Tl 129 £33 W& 453 WESI T} ZF sample
9] o] &3 At

o

W oukE 2 iy

e
o
gr:}(_l
o

vl BA A
Zy Agel =4 kel foA -5 SPSS-T A ¥ 7] A (version 12.0)9 2|3+ one
way ANOVAE 2 A|&}4] Duncan's multiple range test (Duncan, 1955)%2 ¥ 7+9]

e AAs,
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Table 4. Oligonucleotide primers used in real time RT-PCR

Gene Oligonucleotide primers if;‘;ft
FSH-B  Forward primer 5'-CTGCCACTCCGACTGTCATC-3'
Tagman probe 5-ACCAGCATCAGCATCCCTGTGGAGA-3" 101
Reverse primer 5'-GGTAACACTGTCCTTCACATATGG-3'
LH-8 Forward primer 5-TTTGAGCTTCCTGACTGTCCTC-3'

Tagman probe 5'-ACCCGACTGTCACCTACCCTGTGGC-3'
Reverse primer 5'-GGCTCTCGAAGGTGCAGTC-3'

115
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7t 8% ZHZOE 3229 WHE
A AJZA] EF E, FEE 4537 + 113 pg/ml Atk 757%F EF E, ¥E5E U
Z7(380.3 £ 77.5 pg/ml), MT 5 mg # 2] +(309.7 £ 56.0 pg/ml), Al 3 mg &+
(424. 3 £ 43.0 pg/ml)e} Al 5 mg 7‘<1ij?(371.0 £ 19.0 pgmhF o HE A
He] ZFoli= GATHP>0.05). 215F F E, %% Al 5 mg A2 #3762 =+
36.8 pg/mhol A ]l Z=-(214.2 £ 25.5 pg/ml), MT 5 mg *| 2] 7+(280.4 +33.6 pg/ml),
Al 3 mg 2] 7(288.3 £ 24.0 pg/ml)ol H]3] =9kth(Fig. 4, P<0.05).

775 5 11-KT9 %+ Al 5 mg A 7(556.2 + 157.1 pg/mllA 7F+%
27 352.0 pg/mlell B =9k W (P<0.05), MT 5 mg 279 Al 3 mg &
TolA AEHA &gtk 21FF 11-KT9 5%+ Al 5 mg A2 7(3084 + 184.7
pg/mh)E A& LA Aol A HEH A e Skrh(Fig. 5).
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11-ketotestosterone

Concentration (pg/ml)
=
=)
=)

200
0 N.D. N.D. N.D. N.D.

I1C 7 weeks 21 weeks

[ Jic I con ] MT5meg Za13mg | | A15me

Fig. 5. Changes in plasma levels of 11-ketotestosterone (11-KT) in the longtooth
grouper E. bruneus after 7 & 21 weeks treatment of aromatase inhibitor (Al
fadrozole) and 17a-methyltestosterone (MT). N. D., not detect. Asterisk on
colums indicate significant differences comparison with control, "P<0.05.

Vertical bars denote standard errors of means.

_22_



Y. GtH subunits (FSHB, LH3)S] mRNA 23&d % W3}

FSHB mRNA #H&d &2 77 F oA MT 5 mg A2, Al 3 mg A2,

o

ALS mgAel T £ AFL RGAT oA Aol YATHP<0.05). 215

% FSHB mRNA 2 aFe )27, MT 5 mg A&7+ Al 3 mg g 7+37+e] *}o]

-

= FAARHP>0.05), Al 5 mg A FoANA = 2Tk Y= ATl vls)] =
2k TH(Fig. 6, P<0.05).

LHB mRNA Z&dFE 75 & hZzFolA MT 5 mg AT, Al 3 mg 2+

ol

Al 5 mg A g0 Hal =%THP<0.05). 215%F LHB mRNA e tx7 9
A F7ke] zel 7t gl th(Fig. 7, P>0.05).
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FSHB mRNA

8 x 107
-
7z
% 6 x 107}
g
on
2
2 4x107}
=
@
Qo
2 x 107 ‘“ 7
I1C 7 weeks

21 weeks

[ J1c [lcon ] MT5meg Da13meg || A15mg

Fig. 6. Expression of FSH3 mRNA in the longtooth grouper E. bruneus after 7 &
21 weeks treatment of aromatase inhibitor (Al, fadrozole) and 17a
-methyltestosterone (MT). Asterisk on colums indicate significant differences

comparison with control, "P<0.05. Vertical bars denote standard errors of

means.
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LH mRNA

8 x 107[
z
g 6 x 107f
_T:g 4% 107
S .
2 x 107}
L R

1C 7 weeks 21 weeks

[ Jic Icon [l MT5mg Za13me | | A15mg

Fig. 7. Expression of LHZ mRNA in the longtooth grouper E. bruneus after 7 &
21 weeks treatment of aromatase inhibitor (Al, fadrozole) and 17a
-methyltestosterone (MT). Asterisk on colums indicate significant differences

comparison with control, P<0.05. Vertical bars denote standard errors of

means.
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AukE] Zojo]l 7] 43t f = AW MT A2 79 Al 3 mg A7 A4
Aol W7 755 dA GREAE wgo] AA|H ] A Fbetal 215F FEAE7}
EstetWA FAAE} ARAMET £Y SASHAT AL 5 mg AT = 75
A g Al i A v ol FoiM e, tE JhAE HRAE
7b HetE o 2155 g8 Agare A Hle i ew JRAES HE
o] Wol AL

P450arom< E,& FAStE £83 G40l Er W4 23t dadge F
8% A& shri(Desvages and Pieau, 1992; Nakamura et al., 1989, 1998; Naga-
hama et al.,, 1993). o]&gt AR5 EF Al A d o] thdst ofFoA A
ol 7hsstthe AES omth WA =S Al- e o 485 Free
A& ol A o] F<2l WA, Paralichthys olivaceus (Kitano et al., 2000), gzl o}, O.
niloticus (Kwon et al., 2000, 2006; Afonso et al, 1999, 2001)%5 ol A&-3} A]7]d]
Agste] A3E =g & AT AASE ASEA o7 vk R o F

oA AIAEE &3 A3t =+ honeycomb grouper, E. merra®l| X 65 Trol

+A3E =519 ™ (Bhandari et al., 2004a), =¥l2], E akkara= 45 Whol| %
MAA A E83tE FESFATHLL et al, 2006). A3-s Ao o] AW A2 A
ZEL YA A= Yo dF o= Fole I £ v FEE HHT

(Devlin and Nagahama, 2002). Al Aol <3t g3 HAHF A2 ¥st=
honeycomb grouper, E. merra (Bhandari et al., 2004a, b)2} #Hv}e], E. akkara (Li et
al., 2006)°14 &3t Z7]l PRAEEO] FH3teHy] AshdA AUAEEO]
A8t 43t FUlde AAAEEC] RIS AT ol WiE
= T B2W Ankg Aol A g =20 AL Aol o8 dREAEE
of WA H3tetal 1 & A FAo] MAHE AR ARHY, ALFEe] Al A

glol ofsf Apnpe] Aojol M= M FHome] A FEIF Jbed Aow
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AtsE o}
of Aol HET9 E, vxc A% VA AFH TFE57HA g2 AFE B
RO 21FF Al 5 mg A FolAs U] Ao vls] Fodow & %
ATHP<0.05). ¥kl AT 5 mg A2 FolA2 11-KT9 =+ o2 A& ol
Hl gl oA o =3kom(P<0.05) YA Ag] oAM= HEE A %FSkth
AHHA 0% By WAaWEel dadtge] #ojst= obEl 5ol3ed A4 LEH | RO
T s 2 o]t (Forstier et al., 1983). AAH=E g sA e 43 HAHFe
E,°] X+ honeycomb grouper, E. merra®l 745 Al A& ot A3 HAF

o €% E, vEv SolAuA FHl7| e dRAZES HEstal, JAAEES

2 Al2Hel S th(Bhandari et al., 2003). Saddleback warasse, Thalassoma duperrey
© TR S AAEHA B F=7F 9ojdtial Hastgiv. o] A
s T B9 AT ASsA A AAHT B s=7F Wob
AWA BAAEEC] £E 4= AlASAL GRAES0] H3Letn. o]9k o]

Bt QHAolA daRate we] dolshis 9 Holxel 4 Adzols s=

et al, 1999, 2003), A4 ZTEEC2A B9 Ao ¥

T7F 8a7E

11-KT= AAEAEI gL

(Nagahama et al., 1993; Miura and Miura, 2001). H=3F vlg] o] 7o A3 A
o

of AANE FUAL FH% AAFHAR] T

i
iy

N
N
Jm
o
lo
o,
Y
I3
o
iy
foi
il
rid
)
O

ek-S Shoh(Hunter and
Donaldson, 1983; 1993; Bahndari et al., 2003, 2004a; Li et al., 2006). 3}*|qF <5
AFENME A3 AT F 11KT X7t ofF SAY =& HE H
A 2k kTH(Yeung et al, 1987; Kroon et al., 2003). AF-g-& A oJ¥qE olg} o] {9
AoJAl 7] A zE|Rol=9] &4 Fo A= W A7 7"
of Aol A &8t FE7E Al wWel ofFoixl Al 5 mg Aol M FSHR
mRNA®] &L A8 Z7|de WA SAETI AP RG] o] Folx =
¥ A%S Bovh v LHR mRNAE 23 A%
AFE T8 AIZRA dEzTek BE AP gelA A ddse] Ak s



o
Ach

2
o2
o
rlo
e
rir
POy
o
il
o
N

R A=
o7 AAIYAAFT T+ FTF2 GtH subunits (FSHB, LHR) 282 4ol

A androgen Ao FEA o2 FEaAT o ity Fgatt AeA g} A

717} thFstth(Schulz & Miura, 2002). 1oj#} o] Fe] AS$ &5 FSH ¥&& 4
RAFELGHRAA =& S 7Hx = dbH LHE 27]) ARAZSGRAA A

=52 Ferh HE Y

Gomez et al., 1999). <

o

Al 7)ol wk Z7}3cH(Weidl et al., 1995; Breton et al., 1998;
T2 %ol ¥st5Ae FSH, LH3 %3 &% LHY %

WA 7)o FolAl & W 8% FSHE =+ 37| AAFAAAGAHFE 424

N

rr

A 7V =8 S 7 tH(Gomez et al., 1999). T3 A <3F 4271 striped bass<]
FSH-B= Z7] AAF4HAolA TAHJAAR LH-B= $7] BAFZ Hdd
Uh(Hassin et al., 1998). A <3+ =7 Atlantic halibut, Hippoglossus hippoglossus
St Aol A4l GtH subunitsE northern blot 4] W o= A3 s A3 common at
FSHB, LHRE= =5 =4 HazEd oy xojoA common a2t LHRE= WA wa
53 FSHRE s dd A g th(Weltzien et al., 2003). ¥t2] 4 o}/ greasy
grouper, E. coioides®] &% GtHs subunit 5%+ ELISA WS F3] &3 Az
dZF FSHE< LHBR7F H4

HA T Z7F9 GtH (FSHB, LHB)7F =5 743 thLi et al, 2005). o] 3 2
HES BF AAAsdd v A= GtHsoll #3 A 50| ofA7hA] ntel3 o] 79
AAZDAT} o XoE Ao r =&l o3 AAE HAZFT GtHs ¥
sty 2 A3 AE&Eel tig A= A9 =&k ol AF oA kgl Ao

g 27l = AR GERAZTE dEEr] Al Fst

N
o
o|\
N
)
o
rlr
P
o
fr
s

(03
S

o,
D)

oftt

oX,
i

o,
10
=
>
=2
ol
ko
rot
12
]
o
o
rlr
P

EH4o=2, AvtE] x| oo Al 924 androgen T 220 MT 5 mg¥ WA <
23¢9 AL 3, 5 mg AYE Tl FAao] Hete Aawmel E3tE FRstAa Al
5 mg AT F

Aol A st AT HEH S WHIts

BAaEe] HEE fistal FAG A A
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ZtEl oy A, ARk XA 7)o 27] A
S22 GtHE A8 5 AodE e

Be A7) Qe ojof dri.
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(P>0.05), &5 11-KTS &% ®W3st= 759 21759 Al 5 mg A4 o&
Aol vlsf = A e THP<0.05).
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