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1 o 3‘ o o'/ A
2. Mmsdandasesvesges luuuviuaseluiiiugunaes

d’ 1 o . .

gﬂﬂ 4.7-4.10 uananamsilanlaosaos luu estradiol, testosterone, domperidone 401
oy v o = A o W U 4 .

buserelin ponIMIUDNHARYTUFUNVDERONGNTHUANAIAY WUTFR5 IuY estradiol,
testosterone, domperidone L1 buserelin SunuYSuIAn (plateau) Twnan 71, 95, 23 g

) o w < ' o 09)1 o . .

80 %3119 MUAIPY LT UINFDS 1UUNT 3 G A0 estradiol, testosterone 1AL buserelin 1¥A13
Y . A o o 2 1 Ay A A o A
WUAIUTY receiver AINNAY 71 $2T19 1Ay testosterone 3LDIAAINTINGAND 95 H2TU3 11D

I 4 v o @ y I 4 1
nfSsuisunlesiduamsianiassueaass luu 3 @18l estradiol WlosiFudilanilaserios
110 ADWUINEY 0.2% AT testosterone 3 1.5% UYL buserelin WULIAAIDY 65% AU

. 9 1 o A 1 <3 a . A So A
domperidone WUUBUFUNY AD 1.6% 9619 l3nauS e domperidone NN nounesne lu
= A A = 3 Y ~ [ 1 =~ o
M30anNaNs M31zlUTIa 89 10 mg Tugtuvvendsdau Tunsalvesdredseunseneans luu
[ v 9 [
buserelin 1182 domperidone YSaunazanvnmstandassianaunuiurads 50 2 1u9 ueag
1 = o d' [ YA Q( Q' =1 1 a
Nyunvsuessuges luunnann lainasengniiiu  tazlimslanilaselSunaaseonin
910 dose UBN 200 pg VD buserelin WErunNU 10 mg VDN domperidone Tu soybean oil 1 ml Tu
YTtz auae f 50 %2109 3§ buserelin Yaosoonu Yszua 11,000 ng/ml 1130 11 pg
1ag domperidone TudFunm 14.90 ug/mg @2U estradiol 1A testosterone UM 3tantaosoon
2 4 wvAa 4 @ dy
1NTPELIN F1010109INAUANTANTAZA10UIEDS U 2 @28l (Gerald and Pharm 1996;
= LMYy ! o s o ,
quun 2541) Aansnazatelu soybean oil latiosniilu PBS sausafithmiinTuanailng)
] 1 { ] A vAa = 1
F9/1U membrane 19 1@ Tuvazh buserelin Fuilu peptide Nilnuaniialumsazaro lddnii
4 1 o
(Donaldson and Hunter 1983; 25W4H 2536) nwamsianilaeedosluy estradiol o
Ay Yy = v A o a ] ] ' a g
testosterone N waztosdodmanziulan worhlifalularenldwaiosninmsiade

. A . &
buserelin NHEUAY domperidone nla
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time(hrs.) | %Release
=
0 0 g
0.5 0.0004 =) 0.025
3
15 0.0011 -
.S 0.02
3 0.0023 _g
7 0.0046 =
23 0.0112 [.r.](:J 0.015
26 0.0118 %
21 0.0133 © 0.01
: 2 —®— %Release
a7 0.0164 S
50 0.0170 § 0.005
55 0.0176 .QE 0
71 0.0200 E
74 0.0205 g
70 0.0208 8 0 20 40 60 80 100 120
o7 | ooz time (hrs.)
100 00229

v Y v
U7 4.7 wamsAnyImstanildos estradiol (20 mg/ml) ©9N91NITUAUNADIHIU membrane

14 Franz Diffusion Cell 195230 ul1 PBS Buffer pH 7.4 14 receiver chamber 7

o

RUNAN 37 C & FINIAINN 9

1 time{hrs.) | %Release
0 0.00 2.00
0.5 0.02 8
1.5 0.06 g
3 0.1 g 1.50 4
7 022 5
23 063 E
26 0.71 g 1.00 4
3 081 §
A7 1.02 4
50 1.08 2 050+
55 1.17 :;
71 132 g
74 1.33 6 0.00 L L
79 1.38 N3 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 8 8 90 95 100 105
95 151
98 1.54 TlIl’E(hI‘S)
102 1.58

A =2 ' 31 v o A ]
71N 48  wamsAnyINsanilase testosterone (20 mg/ml) ©ONIINUNTUNUNADIHIU

membrane 1Y Franz Diffusion Cell 19539Wu1u PBS Buffer pH 7.4 1 receiver

o
a 1

chamber NYUNH 37 C Y FIUIAWAN )

QU
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time | %Release
0 0.00 ‘5‘ 1.80
1 0.93 g 1.60 - *0——o0¢
3 138 ,% 2 %‘2‘8’
S 1204
| 148 52 1004
23 1.66 '*3 & 0.80 |
26 1.64 = g 0.60 -
30 1.65 gQ 838:
ar b 3\0 000‘ T T T T T T T T
il I 0 10 20 30 4 50 60 70 8 9%
54 166
7 163 time (hrs.)
74 164
78 1.64

1 2’ v o @ 1 "
4.9 NﬁﬂWiﬁﬂBTﬂWiﬂﬁﬂﬂa@ﬂ domperidone ﬂﬂﬂﬂ?ﬂlﬂuuﬂﬂlﬁﬁﬂﬁﬂl@ﬂﬂﬁﬂfJN?Jf]iiﬂu

aaﬂqmﬁﬁu (buserelin 200 pg WOY domperidone 10 mg T4 1 ml soybean oil) H1U

membrane 14 Franz Diffusion Cell 19539n0 14 PBS Buffer pH 7.4 U receiver

o
a 1

chamber NUNYN 37 C & FNIAWAN 9)

U

Qan

time
0 0
G
1 20.63 =]
()
3 27.66 2]
=
6 32.03
E 8
23 47.96 <1>> o4
2 0
26 47.58 = 3
=M
30 52.25 é
47 58.70 8
50 64.31 N
54 66.45 90
71 69.84
74 71.31
78 74.58

=)

Y v
4.10 NaﬂTiﬁﬂHWﬂTi‘]Jﬁﬂ‘]Ja@ﬂ buserelin aaﬂmﬂﬁwﬁuﬁamﬁawmﬁaamqaaﬁuu
¢
29NHNDIUU  (buserelin 200 pg Wed domperidone 10 mg Tu 1 ml soybean oil)

W11 membrane 14 Franz Diffusion Cell Na539Wu1y PBS Buffer pH 7.4 Tu

o
a []

receiver chamber ﬁqmmn 37.Cu Y

QU

1IN 9
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Y] o cy v o
3. MSANEIANUAIAI (stability) ¥098035 IuuvIuaosluiniunuvaes
9110307 4.11 AUAIAIVDA estradiol 11 soybean oil TuAIIDUTUAI ) (10, 20 1Ay
~ A o W J A 9y 9 o A dg} @
40 mg/ml) N1 1 1A 3 ADU MUAIAY WU HOANUVNYUVDIFDT INUIWNIY AIUAIA7

P ) & a4 @ Ay o S w oA A 2 s
ﬂlﬂﬁgﬂﬁjmuﬂgﬁﬂﬁq “BQ@W%L?JUW@%’]ﬂﬂ’]TV]3@51%1!1/]llﬂagawﬂ(luu']muul‘wull']ﬂqlu 3@511]1‘!

=

09/ &% [ 1 o 4 A A -4
Nazarglniniuszlinnuasdnnnniees luulugluviveznoy WoguuglmuIUANILAY
o s "o o a4 ° 0 o 4 ° v
AUDIEDS5 luUIZTAARUTUNY zARNAgan 4 C Taed1su 10 mgml azAsdaf 4 C 14

1 A d' © 9 =y

NN 6 oY Lazh RT uag 45 C 14 3 1hou

913107 4.12 ATWAIAIVOA testosterone TU soybean oil ANUATNTUAI 9 (10, 20 1AY
40 mg/ml) 71 21 1 1ag 3 AU MUAAY HaMINAaIa 300511 18 WReINuATHives

v ' v o ' . <]
estradiol 91941 UARMILBUIIZTANUAIAIAINT estradiol 1YY LAZHAVDIANNIT LU
1 1Y 4 (K% (Y o @
VD4 testosterone AOAIINAIAIVBIFDS WU IUFARUININUATAUBY estradiol A5V 10 mg/ml
a o A ° g & A < A 4 ° g
V04 testosterone WANUAIAIN 4 C 1Tua1 6 thou N RT tTuna1 2 hou tazh 45 C 11y
4

a1 1 Rou Mt

iﬂﬂqﬁjﬂﬁ 4.13 ANUAIAIVDY domperidone Tudsuni domperidone WerINY buserelin
Tu soybean oil Tuanududu 10 mg + 200 pg Tu 1 ml soybean oil na1 1 uaz 3 1RoU A

' 1 ' Y 0 4
190 nuNianuasdId e guuglmuau deazlimsaasdunuuniy §150
o 1 = A A g Y °
fanavzaIduiies 1 peu ey AN 4 ¢
A @ . o o A . g .

mﬂgﬂﬂ 4.14 ANUAIAIVDI buserelin TUMTUN domperidone WENNY buserelin Tu

soybean oil TUAMALYY 10 mg + 200 pg 11 1 ml soybean oil ANA1 1 1A 3 1HOU MUSIAY

E4
cu IS

WU ANANUAIAIAININ @I1NT1 domperidone 1IDYUUYNIANIY AN TIER)

QU

[

A 42/ 9 o 1 < sld' ° Y] .oAa v 9 1 A VA
INUUINUU HUNTTUAINAD Lﬂ‘]_lll’J‘V] 4 C 91781 buserelin UANUANAIUDYNIT 1 1ADU WLIN 1

A

A Ao ~ 4 o A 1w a v 1A Ao A "o
DU UNWUNADINYI 83 % "]NI@?JTI"JUhJ ENDINNIYT UAIUANAINDLNDUAIYUNADININD

A ' 2
N3911AN1 90 % V111
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% B-Estradiol

140.00

120.00 -

100.00

80.00

60.00

40.00

20.00

0.00

Month

--8--% 10 mg./ml. RT
--¢--% 20 mg./ml. RT
--&--% 40 mg./ml. RT

—4—9% 10mg./ml. 45 C ——% 20 mg./ml. 4 C
——9% 20mg./ml.45 C ——% 40 mg./ml. 4 C

—=—9% 40 mg./ml. 45 C

~ @ . 1 A g P °
E‘IJ“VI 4.11 ANNUAIAIVDY estradiol FATAN HJ’E')lﬂ‘Ull'J“VI 4, RT uaz 45 C

% Testosterone

120.00

100.00

80.00 -

60.00 -

40.00 -

20.00 -

0.00

Month

——% 10 mg./ml. 4 C
—%—% 20 mg./ml. 4 C
——9% 40 mg./ml. 4 C

--#--% 10 mg./ml. RT
--0--% 20 mg./ml. RT
--0--% 40 mg./ml. RT

—4—% 10 mg./ml. 45 C
—o—9% 20 mg./ml. 45 C
—8—% 40 mg./ml. 45 C

3

il

=
N

@ 1 d ] { °
4.12 AUAIAIVDN testosterone FATAN ) iieny'1AN 4, RT uag 45 C
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110.00
100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00

% Domperedone

Month

——% 4C % RT —4h—9% 45 C

o

51011 4.13 AWAIRIVDY domperidone 11 soybean oil tiioifiy 13714, RT uag 45 €

110.00
100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00

% GnRHa

Month

——% 4C % RT —4h—% 45 C

51%1 4.14 ANMUAIAIVDI buserelin U soybean oil io1AD 1374, RT uay 45 C

£
ayUwanazvaraueuns
9y a 9 AR awv Y a 4
1. gwnsaldmatin HPLC dleanneiany1idelalunmsasingeninsigrim
a o 1 2 a (] o {
Ysmmvesses lwuddne s lulsnaiosldedegndes Tasses luunioasnanyd
g’ v S o a o o 1 . .
w3onlniniudunaes AdeInsonsaeIATILY 1@ §IMSUA retention time (RT) Y04
1 @ {a o (L v o Y
AIUAAzAINIUATIZH A HPLC WA UALI estradiol 4.8 U1, testosterone 5.21 U
. = . d = o A ]
domperidone 11.60 171, buserelin 15.50 W19 @w150R5o0805 luulU soybean oil 1Wo 1%
1 Q(Q' 1 1
pglugluuvvesnoongniiinld Tasernegluglarsazarslanioyuunnlugil suspension
1 o g‘ o @ A o w o A a 1
2. mstaatassans luuoenaniiiunuraodlumisuees luumson Wy
estradiol Jan1lassr1y membrane Vosu1n ioeuiy testosterone, buserelin FIA1U15D

Yaatlaselddszina 60% Anandszanm 50 $3139 Tuvaizh domperidone Lag testosterone
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Hanilaosld 1Uszunar 1% a2 estradiol 191/5z1ar 0.01% 1Su1al buserelin Nilaniaoe
1 { 1 1 4 H Q{Q' 1
pon  uazrnnanlanlassedlunusinungay vesnmseongnitutazaaiNziing

C
Tumsesngns laaienn 1 193aludar 8035 1w estradiol 118 testosterone 11 soybean oil 3}

@ 1 @ 4; < a °
ANMUAIAININAIT buserelin 18 buserelin UANUAIAIGINNN  uazduAnemval 4 C i

Q U

o 1A a g ° 1 = qy 9 = o I < 1
ANNAIAININNINYUN YUK BILAS 45 C uag"lum‘ima‘ﬂum“hmumﬂummmgﬂuﬂ"lu

£

< 9 a A
ﬂ’JiLﬂ‘UUl’JLH‘L!Lﬂu 1aou
% a
ONA1ID DI

4 a = A o 1 [
UTIA @3N, (2535). MINANGIDONONTLIUU UAZTZVUNEWNUDAN 9. ATUNNAD : HIN.
a a 4
Tnediasmsnu. 85 v,

[

J a v J [ 4 a a 4 a J
ATTNIA IANUT VY. (2536). ﬂWﬂWWZWU‘Eﬂﬂl MAIBINTVATAT, AUSINGIATNT,

q

a [

WINIANOIOYIN. ¥aL3. 194 ni.

quun yuwndil. 2541). d¥Ine1vesses luw. MmAIvuAdrING, auzuwndmans, un
a\‘]ﬂﬁﬂiﬂ\lﬁ"ﬁﬂfﬂéjﬂ. 125 cI’if‘lf"l.

Donaldson, E.M. and Hunter, G.A. (1983) Induced Final Maturation, Ovulation and Spermiation.
In: Fish physiology. (ed. by W.S. Hoar, D.J. Randall and E.M. Donaldson), 351-403.
Fish physiology Bol. IX B. academic Press, Inc., New York.

Gerald, K.M. and Pharm, D. (1996) AHFS Drug information. The American Society of Heath-

System Pharmaist. Inc, U.S.A.
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v ]
o v w A

v J v (Y] 5 a v d
mﬂmaasiumw’maeﬂ‘luumummam ﬂeszﬂuaaﬂumw'fmazmsmsmmuqﬂmmm

uni
A dy 1 a a a v J
anane (Pangasius hypophthalmus) Magaluedulndvzaninsonsyiuguazlg
' a o o 3 J 1
T41ddodldnanlszunm 2-3 I lumswaagniadwauinniuiludesldees Tuunszdquaon
o a o o a A ) v @
defonsaping sos luulugduuulnadierinndatar vwwegldszinm 6-12 41 Tua (Van der
z o o Y = o 1 3 A 9 ' 0
Kraak er al., 1983) Unassuiludesiagos luuunnii 2 asuienszdunsnala waoiaih
Y j’ A =~ F) 1 [ a o A A = 9 (=Y 9
Idadisonson lduazendemstams wnees lnunteudanszqunsns lideuldon
' ¥ v A axq Yy 1 2y 1 ¥ . Y " o I’
aonldauos uaieennis 19 ldzain wazlidunuaouinaunwaniimsly sos lnudunsizs
' . ) . ® 4
1%U analogue YD gonadotropin releasing hormone (GnRHa 130 buserelin; suprefact ) G REY
1 a 1 ' 4
amunnluglinanazaenisdesvouon lesl (Van der Kraak ef al., 1983; Zohar e al., 1989b,
] 9
1990 1995a,b; Goren et al., 1990) Iaguninly31uiU domperidone (DOM) (oA I8EUE
. A 1 Y < J A
dompamineNUHNANDNITATIN GnRH (Peter et al, 1993) GnRH Lﬂuaaﬂmuw%wmuam
o . = o Ao Yy P .
g07 lyu gonadotropin (GtH) maﬂuuwmﬂﬂﬂmm luteinizing hormone (LH) and follicle
. . A A Y Y a [ 4 Y I A [ 4 [ ]
stimulating hormone (FSH) iNendoanumsnsyiug tazmsdiiusadduiuguossslinas
o = % A v o a A s
dUME NM30DNYNTV003 1uU GtH Junszumdonszduniy G Tilsausimilnes (quun 2541)
o =] o @ 1 9 a I 3 9 o
g3 luuma Inaee IsulunuimdiAgae Miasneqataziuasddy ¥edaes luueaas
= Y ) ' voAy
laooa Fenszqumseadialiuasnoun luszen (Scott er al., 1980)
9y J gl o o A = A '
Havean s 15ge3 Iuuluguvuuuivassluihiuduaseengniiiiy azsisaneiy
a o o c,' { { o 4 ¢
msnsyiugvesarane ugduouiuguieonnh sl udardnwagansanzszgna

1 umswauieularinae 11

M IAuHUMIIVY
= = g} o = [ 9 oy Y] = o
1. daraneery 1.5 U menletihwitinmae 485.75 5y madimiinmae 662.12 n3u
$1u7U 50 f1 HuaToaruelaeda alcian blue TuAazal nsMInaaouilu 6 wiureNAaY
= 9 = ] @ 9 1 1 A ] ] A
Nineduazmaiiondnay 5 @1 laun Widlenaaeeil 1 (T1) WUeAILAY; HiIEnAaoi 2

(T2) GnRHa 100 pg/kg Wy DOM 5 mg/kg; NUIENAABIN 3 (T3) GnRHa 200 pg/kg WEY



59

DOM 10 mg/kg: H18NA0T 4 (T4) GnRHa 300 ug/kg WAl DOM 20 mg/kg; Wienaaeddi
5(T5) E2 20 mg/kg uazwﬁaﬂmamﬁ 6 (T6) T 20 mg/kg
2. M ouees unani UM aead M3 URA 11 buserilin 17 centrivap U1U 30
W Lﬁmmdauﬁrﬂu{m@ﬂﬁmﬁm‘ﬂuwﬁﬂmnmm buserelin #7U domperidone, testosterone
oy estradiol UalWaziBoaudninllazaely ethanol udanseuemiliesn miuties
aza1elUszimeon solvent 001U rotavap UL dnhudamaeues sigma W99 N9i9ai
39 170 °Cum 2 $2 T udnh lnansunsuessnd Tuugana lulSunsild 1 a5l s
nn. neudatardeuudinin udrnamuanudusumuniionaass auded 6
3. WormnswanTsiu 20 % Usznoudrorlartlu 8.1% mndndes 49 % 514 %
nazilanedn 3 % isudeermsiudusalven 2 % neiufudanpi 3 §3e1ms 1 an. W
§aa1Tuaz 1.5 % veamiindatlan
4. manIeugduuuees Tuueengniifiuitel¥aaludaane
PTINNUIINAAB (T) AN 9 ﬂjmgﬂuuuaaﬁuuaaﬂqwﬁlﬁu dmsuaaludarane
Sait
(M) ¥ienAaedi 1 (T1) auan 19 soybean oil faiudouds 15 ml ldvndn
(¥) M1ieMARDST 2 (T2) AA GnRHa 100 pg/ke HAL DOM 5 mg/kg
- 1% buserelin 1500 ng/ke Loz DOM 75 mg/kg azanglu soybean oil ﬁa‘u
Jize AEuuA) 15 ml
- wanlitniuTaed vortex 1A1T1 suspension thuluviadyn
(M wmﬂ‘ﬂﬂam‘ﬁ 3(T3) 2@ GnRHa 200 pg/kg Wl DOM 10 mg/kg
- 19 buserelin 3000 ug/kg tiag DOM 150 mg/kg azaglu soybean oil ‘ﬁ
oUAIED (HEUIED) 15 ml
- a1t Taed vortex @1 suspension v luviadan
(1) 111eNAABIT 4 (T4) AR GnRHa 300 pg/ke HaL DOM 20 mg/ke
- 19 buserelin 4500 pg/mg tiag DOM 300 mg/kg azanglu soybean oil “ﬁ
U (HEUNED) 15 ml
- el Tagld vortex @11 suspension HuluvIadan
(9) H1eMARBaf 5 (T5) 3 E2 20 me/ke
- 4% estradiol 140 mg/kg azatglu soybean oil ﬁ@ﬂmlnélﬂ;‘@ (ﬁ(ﬁuué’a) 7 ml

- wern AU Tagld vortex 18iIu suspension AU luuInd
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(R) ¥UIENARDIN 6 (T6) AA T 20 mg/ kg
- 1% T 140 mg/mg aza1811 soybean oil NOUBNFO (MFUHE?) 7 ml

- e A1 Tag 149 vortex 181TTu suspension A luvIndn

M3 5.1 USuawazanududuvesses lun GnRHa Waudy domperidone (DOM),

v v
testosterone (T) 1AL estradiol (E2) taduanslininiuduvaes

(leld . inmay Y v Ysuasna
LA TUIU ANUVUVU
NAADI (nn.) (ml/kg)
(g 5 0.740.22 0.7
T1 v } Soybean oil only
i 5 0.510.25 0.5
e 5 0.710.27 } 100 pg/kg GnRHa in combination with 5 0.7
T2
93} 5 0.8£0.30 mg/kg DOM in soybean oil 0.8
e 5 0.7£0.32 } 200 pg/kg GnRHa in combination with 0.7
T3
Ié) 5 0.610.19 20 mg/kg DOM in soybean oil 0.6
e 5 0.5%0.16 } 300 pg/kg GnRHa in combination with 0.6
T4
é) 5 0.610.27 20 mg/kg DOM in soybean oil 0.5
T5 e 5 0.4%0.32 20 mg/kg Estradiol (E2) in soybean oil 0.8
T6 é' 5 0.810.23 20 mg/kg Testosterone (T) in soybean oil 0.4

@ :l Y 4 1

5. Fahwmindan vaymsAnyiwamsldees luune gonadal development lAgn3
a ¢ @ : o a @ <A A
’J!ﬂi1$ﬂ€l'€)iiﬂu T tag E2 ﬂauuawmmm@a@ﬂuu@ammmuu Tﬂa@,mamﬂm 0.5 ya.

a 3 o ] 1 o o

i]'lﬂ“]JiL’JmIﬂUﬂ%‘Uﬂu LﬂUG]'J?JEJNﬂ'EJH!L@%’Hﬁ\‘ﬁ]'IﬂﬂWiaﬂElf]‘iii]uu'lu 30, 150, 240 1tag 300
@ 3 @ 9y = a o AA o A < ~
IU AN 1 Wﬂumﬁ@uamwmm mnmiauma AL 1 By ﬂu‘ﬂﬂ’ﬂmﬁﬂ 10,000 39U/U N

~ < a ° a < (A o
UIU S5 UIN LY serum 50 ul mﬂu’qmwgu -18 C mamﬁzﬂﬂﬁmmaaﬂuu testosterone LAY
estradiol 1a8733 Electrochemiluminescence immuno assay (Elecsys iq 1 1010)

a '

N1TUATITH estradiol (E2) uaY testosterone (T): competition principle
immunocomplex 3 2N E2 ﬁagﬂu serum N estradiol-specific biotinylated polyconal antibody
VOINTEAY LAY testosterone ‘ﬁaeﬂu serum N testosterone-specific biotinylated monoclonal
antibody V931 WIUNU streptavidin-coated microparticle TagldaunannaIn@ae biotin 3

¢ .

N streptavidin YU microparticle AIUVDY estradiol-specific biotinylated antibody ﬁmﬁaagj%

v v

. . {2 ) = . { '
FUAY estradiol derivative NAARAIAARIY ruthenium naneily antibody-hapten complex ﬁLmz’og
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1Y microparticles warialuy measuring cell Tag photomultiplier f sensitivity U939 T OIUA

v
o

16/ 0.02 ng/ml §3U E2 814MA1eA 0.01 ng/ml

5. fANYINAMINATDST IUUA @D gonadal matuation TaeMsrdalise lutaydumy
mﬁu%m’éa?mm ﬁ’ﬂﬁ%ﬁmmauuin‘fﬂjmaiﬂazﬁuﬁuﬁ (Gonado Somatic Index , GSI ) NOU
FENINLATHEINE 919 11A1 GSI (Nikolsky 1963)

Y
Gonado Somatic Index (GSI) = WINUNDIYIZINA x 100

Y
thnidndatlan
Qg/ dy [ [] Aa A A ] 4 a 9 9 [
(M Fuioselinsanarsvua 1-2 adwas Auswesunau 10 % aradlldasly
[ 9 9 Y
l1u1n504 automatic tissue processing U 9ZHIUMNS fixation LA washing %ulﬁﬂﬂzQﬂﬁ16®ﬂ
Ta U paraffin vaeuwiawdd 11111 embedding blocking
Y Y
(V) MIAAAIDE (section) FULIBYTO tissue block 1 paraffin W3ou1i ldaA
1 ay dy Y I ] 9 A ] a” dy . ay dy ] o a
ag19¥uiie IHuuAuL1e 9 ArenTosdaFuile microtome Fuiilounuie 9 1hldunuaa
fualadudrdond
9/ = - I 9 = an = ay J A =
(M) NMFYDUH (staining) Wumsdendlaesssva TumswTeuFuiiomieansn
[V M 4 g 4 4 1
anvazn llveusaduazifioto TaammzNousnANULANAIIUDY nucleus 1AZ cytoplasm
s A o ~
youyaantoul¥iuuIniiga Ao haematoxylin 1Ag eosin stain
s ¢ g
@ mswnalad (mounting) 19 permount Fuiuveurauniien (syrupy fluid)
1 4 a 4 ] a "o S
Taaalu tissue sections Uua'laauazladae cover slip tlow8Ea 19 cover slip Anagiudlaan
< ] o I o 1 4
domaTusondoolilildsuanudemenazamnsonu1ldun hlildesndosranssa
o w 1 o [ o ] ] [ '
Mdavens 100 1 dmsuesaasa lvTeeldutiadly 5 svee (Prater al, 2001) Jaun
Stage 1 Previtelloginin (PV)
Stage 2 Central germinal vesicle (CGV)
Stage 3 Migrating germinal vesicle (MGV)
Stage 4 Peripheral germinal vesicle (PGV)
Stage 5 Maturation (germinal vesicle breakdown, GVBD)
A Y ] A =2 o <3 1 o )
6. daiimdenazneliludounsngiay Angos luu GnRHa 2 10y W1anu 6 52119
o ] <
Tuauneniio 8031 7 uaz 15 pg/ke MEry domperidone 5 mg/kg dIINARRA 1 191 7 pgke

W& N domperidone 5 mg/kg
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Y A

7. ihadeyad ldumiaundeluuaaznitenaass a3illuglnsml arse uag

U

a 4 an = a o 1 A
ARTIzHaNNananRasveslsnages lvumd Taennunlsisiu (ANOVA) vesaunay
HazfTeUNeUANULANANVOIALRAIUADS HUIENAADIIAY Least Significant Differences

(LSD) uaaz#iienaan laglisunsy Statistic Package Social Science (SPSS)

a d
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a 4 . .. . .

N3AUATIEH estradiol (E2) 1182 testosterone (T) Competition principle Immunocomplex
FENIN E2 ﬁ’é)éclu serum 1) estradiol-specific biotinylated polyconal antibody U®3IN3 2A8 110
Testosterone ﬁ@fﬂu serum 11 testosterone-specific biotinylated monoclonal antibody VOINY

v .. . . Y1 Aa 4 .. v o Y
L9UNY streptavidin-coated microparticle Tagl¥arunannainale biotin IUN streptavidin
UU microparticle AIUVDY estradiol-specific biotinylated antibody ﬁgﬁﬁaazjmﬁuﬁu estradiol

. Sa v . < . = !
derivative NAANAINAIY ruthenium nNatwiilu antibody-hapten complex MNNIECDYUU
microparticles uarialu measuring cell Tag photomultiplier M sensitivity Y93 T %3?)'111?1'1{51?1 A

0.02 ng/ml @34 E2 71 0.01 ng/ml

o 1 o $ 1 4 1
1.4 Whedeyages luumah ldumaundsvewaaziaou agllugldnsmluazaisig
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v d

nsnaaedd 2. masgyugvesariinlneina sea031uu GnRHa H30 buserelin HlJ
:’ % QL =
domperidone (DOM), testosterone (T) Ua< estradiol (E2) haihdiuguviaealuil 2544
= [ 4 = g} @ = 9 =]
2.1 taiin a aavhisy e w8318 1min 14 An. 81y 7 U ARLazIWeIY
1 [ = = ] a = :l
281902 6 A1 1,600 M1510NAT an 1.5 was dardn o vemadvunalulagmsdszue ih
o ~ v ~ ' o & A " A
wiin 14 nn. 019 9 1 nAduazmAged ez 16 1 FuaLIlULBAUIUIA 1,892 M3 1UUAT
= 3 9 A
an 1.5 a3 iNuUeyannnalaoy
= . a =) o ] [ 1 % A = 9
2.2 29 Alcian Blue v5aTauasudwmieang q Tudawaazdd iofinudoyalu
Umeidouveannaou
2.3 TomnswanTdsau 20 % Usznevdreanlu 8.1 % mndmaes 4.9 % 514 %
v
naza1edi 3 % SudieosiuA s lidn 2 % wawihwiulagit 3 Taddasemis 1
Y
an. Ieas1iuay 1.5 % veuhmiinddlan
o 2} o < . a @ A aa y {
24 Foihmin uagnU@endn caudal vein USHMIAUKN dlay 1 Tadans fud
< a Jd 1a J
AMWI5Y 10,000 SOU/AUM 48N serum S50 pl WIAATIZHUTUUE0T IWU testosterone 1AL
A, 1 a, a 4
estradiol 1a#75 Electrochemiluminescence immuno assay (Elecsys U 1010) ABMIUATIEH
A =)
mileull 2543
" W ) [ o dy A a v o A L4 [ A @ 4
2.5 WidaihedezmaAninileEeINg 1azIaariaNNauYIaiveI0 IeIT AU
(Gonadosomatic Index; GSI) fiﬂui]ﬂﬂﬂsll' TasA11IUNIAT Gonadosomatic Index M1WAD
Nikolsky (1963)

Y

GSI = 11N 98T x 100
Y

Wnn astlan

=< @ A [} o =1 9 I Y =S . .
MIANHIMINAVRUYaaTUNUTUa1ln douI¥aanI18d Haematoxylin 1ag Eosin
dqu/ J ] = [ o 1 Y do o 1
Tagliduaouas 9 wuwRernuludaiane i lldeandesganssemimaavers 400 1
) [ J v 1 o [ 4% ] I @ a
fmsuaaoumne tay 100 191 dvsSuraasely veadly 4 szezmIwann auIsveq
Billard (1986) 182 (Prat et al., 2001) @14 19U
= 1 o Q(Q' o v A =
2.6 MINI8Y Dose N 9 voI3uvVERs IvuoangniiudmsuRAla1lin
12 Aa 12 [~ 1]
Uariinvenindyseu w18 uvuily 5 nienaaed
. WHeNAaeaN 1 (T1) Control RAAIY Soybean Dose 1

ml/ 5 NN, IATIY soybean oil Y5105 20 ml
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¥. WiienAaedi 2 (T2) Dose (GnRHa 200 pg+DOM 10
mg)/ kg AR 1 ml/s kg
5kg yimitinlan Aefiu Buserelin 1000 ug Wy DOM =
50 mg @3eu 1 ml soybean oil 1201 Buserelin 1,000 pg
+ DOM = 50 mg 1@5e3 20 ml 1agii1 Buserelin 20 mg +
DOM1g wazanelu soybean oil 20 ml
f. WU2EMNARDIR 3 (T3) Dose (GnRHa 300 ug+DOM 20
mg)/ kg 0 1ml/5 kg
flamiin s kg 2@ Buserelin 1,500 pg + DOM 100 mg
Ap4A381 1 ml U681 Buserelin 1,500 pg + DOM 100
mg 19583 20 ml 1A81i1 Buserelin 30 mg +DOM 2 g W1
azaolu soybean oil 20 ml
4. M1i1eNAADN 4 (T4) Dose E2 20 mgkg 8 1 ml /5 kg
Yami1in 5 kg AA 100 mg ADUATEN 1 ml HFI871 100 mg
19563 10 ml Tae1i1 E2 1 g wazaelu soybean oil 10 ml
9. ¥IoNAABT 5 (T5) Dose T 20 merke #9 1 ml/s ke
animin s kg A 100 mg
(@563 1 ml UA291 100 mg 19564 10 ml laer1 T1g W1

azanglu soybean oil 10 ml
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{ a o Y]
15199 6.1 UTuaazanudutuuedses 1Ny GnRHa Waudy domperidone (DOM),
v v
testosterone (T) uag estradiol (E2) uvduaes iU 11ans & UeAIAIM

maluTagmsdszus umInendounld

{held . PR Y v Ysuasna
e U dmtnmag ANUUNUU
NAADY (ml/BW)
] 4 14.50£1.80 2.90
T1 - } Soybean oil only
(e 4 14.3513.09 2.87
é} 4 14.0313.757 200 pg/kg GnRHa and 10 mg/kg 2.80
T2
e 4 14.3314.19° DOM in soybean oil 2.87
i 4 14.28i1.80} 300 pg/kg GnRHa and 20 mg/kg 2.86
T3
e 4 14.8013.50° DOM in soybean oil 2.96
T4 é} 4 14.1312.56 20 mg/kg Testosterone (T) in soybean oil for male 2.83
T5 e 4 14.40+1.58 20 mg/kg Estradiol (E2)in soybean oil for female 2.88

Yaiinveasanhsu 0. Wi 2.45e9518 vl 2 mienaaes

n. 11eMARBAd 1 (T1)Control 3AR7 soybean oil 1 ml/ 5 kg
#1583 20 ml soybean oil

¥. 1128MAADT 2 (T2) Dose (GnRHa 300 g + DOM 20 mg)
/kg 1ml/5kg

S5kg ‘L{Wﬁﬁﬂﬂm Al Buserelin 1500 wg + DOM 100 mg

@58 1 ml UA281 Buserelin 1500 pig + DOM 100 mg (@584

20 ml Iagi1 Buserelin 30 mg + DOM 2 g Wazaiglu

soybean oil 10 ml
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{ a o Y]
15199 6.2 UTiaazanudutuuedsns 1INy GnRHa Waudy domperidone (DOM),
gl v o ] [ 4
testosterone (T) 148 estradiol (E2) wvauaesluiiud urass a Ueasansy

0.1 .1¥89518

{held . v 4 Y v Ysuasna
IWF TUIU HIMUNIROY ANUUVNUVU
NARDY (ml/BW)
] 3 12.83%1.26 2.56
T1 - } Soybean oil
1 3 14.3310.29 2.86
i 3 13.8311.04 }300 ug/kg GnRHa and DOM 20 mg/kg 2.76
T2
e 3 14.33%1.15 7 in soybean oil 2.86

o v 9 A k) 1 A 1 1 1 A
2.7 mméumq“mn”lmJmmmasJ“luLmawuaamaawmzmazmau uazﬁ;ﬂ“lugﬂ
a o 1
nsmitaza1se Aasevanuudsdsivvesan T wag E2 lagldsunswy SPSS HagZANULAN

ANVDIAUNABUADLHUIINANDI 1Y Least Significance Different Test (LSD)

~ o Y A o = a v
mInaaedi 3. wamsiaIvesedeIzaUHEvea1in a1msiadIgaesiuu
A . a Ad A' =
GnRHa 1130 Buserelin jUuuvindl nazeongnsiidu il 2545
= o ¢ = S o A4 = 9
3.1 Yandin a a3avhiin eawu v.@ea518 Miiinmae 15 an. 01y 8 U meAdua
=) 1 o 1 =2 =2 v a &)
menilgegeaz 6 7 Tulisyua 1,600 M51uuasan 1.5 was Jardn a temadisuma lulad
oy % d' = 9J = L] Y] 1 d' ]
mydszue dminmag 15 an. 01y 10 3 maduazmAiigegaaz 9 47 nguil 1 lwevina

v Y [
1,800 M1519WAT an 1.5 was nguil 2 hviinmas 10 nn. o1 10 3 maduazmeniivedisaz 9

# Tudevuia 1,200 M319083 an 1.5 was Runsesrvnelagia Alcian Blue U5 IAY
P=|
AT

3.2 IomnswanTUsau 30 % Uszasudalelanlu 46 an., MadaKdes 23 an., 51

Y a 9 9 1 (= :’ % ] aA
12 nn. wazlarwd 15 an. @sudsomsudusaladn 1 % wawhiulagi 3 3F/e1s
v ) Y 1 Y
1 n. Woasiuaz 1.5 % venhmmindilan Iluianaziniosguiinieinszumirlva
= @ 1 Y
AEUNNTUFIUT
) :’ o < A a Y] AA o A < =
3.3 ¥miin taznu@eausH laure diaz 1 &% Tunn15210,000 590/U10
Ao a J A o . ay . N

HanNYIY 50 pl AATIZH1IT1101895 LU testosterone L8 estradiol 19835 Electrochemiluminescence
. 1 ax a L4 A =
immuno assay (Elecsys 34 1010) ABMSATIEHINOUY 2543

[ 1 a Y = o o 4 9
34 G]i’)"l]ﬂﬁWGMU'IGU’OQlIﬂJLLﬁg’E]qfﬂWﬁQi]'IﬂﬂﬂE’I@iIiJu 4 ﬁﬂ@ﬂ‘l’i I@ﬂ‘lﬂfﬁ1881\1ﬂlu1ﬂ 3-

2 Y Y Y Y v
4 faamas doadnlugounsdn 5-8 U ga luazinFowasadon win luuaziiniesy



76

Aa Y4 Y A o Aa A as A = 4 < A £
wsiug 9 lavinvuanaduane 1.2-1.5 Hadwas Jdmdesla Aages luwduinils
. ] o o < {
GnRHa 10 ug/kg Wal domperidone 5 mg/kg lutmeiiionazimgtd M1 6-9 219 aaduh
a3 20 pg/kg WAl domperidone 10 mg/kg Azl asrvaeumsnaved lutay
1aZe YT NAI9INRA 9-24 H2 11
A~ 1 o,, dy 9y a 1 c;y dy o 2’ Y ]
3.5 esa lutazinyeld naaevlSavesliuaziinye Tasmsvaiminly was
) [ ] Aa 9 J v < A
viwulu tezanuruinivvesegd laolda ladiivdanon
o v 9 a S A [ 4 a 4 ~ 9 1 A 1 1
3.6 adoyalSnanaaduiug Usinaees luu i launmandsluuaazriiog
naaedluudazme naaslugilnsnionisne anulsilsiuvesaundenaada Analysis of
Variance (ANOVA) Nyza P*<0.05 HAZANVLANAIIUDIAUNAY Least Significant Difference

Test (LSD) I 19 11)5un351 Statistic Package for Social Science (SPSS)

1 o g’ v o o o
3.7 MIATN Dose A4 ) V04805 11 uUUNaNi U aMassdmsuRalariin

{ a o [
M13197 6.3 USuaazanuyuYuveIaes 1Ny GnRHa Wyl domperidone (DOM),

1 d‘ 1 a = a (% 59
HUIINAADIYAN 1 U vannIyuna I lagnsdszas unIneaouu 1

(TRt . P v v Y3
Wl DRITYY ninmag ANy
IELLE (ml/BW)
] 3 14.53+0.89 2.07
Tl . } 0.9 % NaCL
ey 3 16.77+0.33 2.39
] 3 16.40+0.20 234
T2 - } 50 pg/kg GnRHa
ey 3 16.67+0.04 2.38
] 3 16.00+0.12 2.28
T3 - } 100 pg/kg GnRHa
1y 3 16.83+0.65 2.40
NN T, Control AntiuNde 0.9% Avda1i

T, #A GnRHa 50 ug/ 1 nn. aedilad

T, #A GnRHa 100 pg/ 1 nn. aedilad
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! a o @
15199 6.4 UTuaaranudutuuedses 1INl GnRHa Waudy domperidone (DOM),
g’ o W A ~q Y 1 ] A 1 a
wudanaesluihdun avaesn 15 lutnasnilenaasy gan 2 . UaNINIF

maluTagmsdszus vmanedoud 13

MUY . v v v Ysumnsia
Wl 19U ninmag ANy
IELLE (ml/BW)
] 3 10.60+0.20 1.51
T1 - } Soybean oil
ey 3 10.00+0.34 1.43
] 3 10.50+0.20 150
T2 - } 50 pg/kg GnRHa
1y 3 10.30+0.50 1.47
] 3 10.70+0.20 1.53
T3 - } 100 pg/kg GnRHa
ey 3 10.90£0.60 1.56
NN T, Control #9 Soybean oil (SO) NAdATH

T, 99 GnRHa 50 pg/ 1 nn. Tu SO nadad
T, 9A GnRHa 100 pg/ 1 nn. lu SO yadilans
A a 4 I~ A a £
1. 5uRAg0sT NN 6 WuMAy 2545 Hunar 1 weu Tasaalsuaainsa
d! o J
Wuvalav

2. U51as199a An 1 &% /a1 7 nn.

{ a J @
M50 6.5 UTuamazanudutuvedsns Ny GnRHa Waudy domperidone (DOM),

3’ o W = ~q 1 1 1 o 4
wvavaesluhiud uvaesn s lunasvilenaasy o Usasanisy o.wu

NG NERT
MUY . v Y v Ysuasna
LW I hnidnmae ANWANYU
NAR0Y (mI/BW)
] 3 14.83%1.04 2.11
Tl - } Soybean oil
e 3 14.6710.29 2.10
] 3 13.8311.26 7 300 pg/kg GnRHa 1.97
T2
e 3 14.00£1.00 © in soybean oil 2.00
NUYLY T, Control A9 Soybean oil nmﬁ@u

) 29 GnRHa 100 pg / nn. Nifiou
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WanazI15aiNa
{ v v v v d
pInaaedi 1. szavaesluunanazmsianne Swazauiugarinlusevd 2543

{ [ d
msnaaedn 1.1 Yarin o1g 6 U @l 2543) s a5avhsu o. W1 2589519
a a = 3 = oy LY A dgl
msnsaan laveslarnen 12 an. Wy 14.4 nn. 819 6 I Thminmudulszuna
=1 a o Yo Y ] A [ Qaj
2.4 nn. /Y PSnmees Tuu T lumeadialagegasiudounsnginy 0.04 ng/ml ¥a9INIIY
a 4 1 ] o 1 [~ ] 1 o ] o
Ysmees luuiinaaas ¥ ialddm Inapiurieggnely dmsuses Tuu B2 lwmeniie
[ 9 A a = o W d’ = [ =
Fa'lagegaaouiiguisunaznsngian a1 0.04 1az 0.02 ng/ml MW iWerfisunularin
=y ~ a =~ ' [ o ==
91y 8 1 Amadrumalulagmatszus wunseavvesses vy T uay E2 luseuilunms
4 { [ 1A 4 ] [ 1
nlasunanlndifesiunalsumees luu T Tulariinetg 8 3 lugrwnandeanuiiamin
1 { 1o 1 Y] [] a 1 a 4 { o [}
N1 (317 6.1-6.4) uada ldwumswannuves linazegd wu'lil 1dinfsmaees luunialdsag
1 T Aa o ad 1
nounazngn1a 1 asnvuIumsaseens numslag  sssumandiulugazaienn
[ 1 (% d’ A 1 o 1 9 1 a d'd
FalnazdumzNiSunauauedneans Iuunaenldauss 1y TaurlasInsund
. . I o 1 { = o
gonadotropin T 12 gonadotropin 1T (HudInIuANABUNIZIMIE3 19805 luund taziina
v o Jdo a . ] 1 a
FuWusnuUSuIe GnRH %59 LHRH (Chun ef al, 1994; Colin 1993) agi¥iul@11Sua
J =~ J 9J ' @ ' A . <3| o Ao o
803 1Y E2 1Wenlovs ganduned 1ug9a1adnand 11ed9n estradiol 1uaas IuundiAgy
=\ = A A 9 o (BN 1 Ao J 1
uazligniussiganadnnnialudmInguazazgnulsanmiiauiiiu estrone U testosterone

Wluees Tuumeiieulumed (quun 2541)
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0.04

0.03

0.02

T (ng/ml)

0.01 -

N.N. u.a ey WA U8 n.f. f.7

A
oy

1 6.1 szavges Tun T vesariinmed 01 6 1) Tuseudl 2543

0.05 -
0.04 -
0.03
0.02 -
"E AR ]
0.00 ‘ ‘ ‘ ‘

a

nn. H.A. [SNRJR W.A. EXRAR n.A. A.A.

E2 (ng/ml)

1Aau

51 6.2 szavees Tun E2 vewlaiinmendio 01g 6 1) Tuseudl 2543

msnaaedn 1.2 varinery 8 U @ 2543) s mndvunaluladmsi/szas uriIngnae

unld
a o ] 1 ] [ 1
Yarinwadlsumees luu T $39nounga9ly unsaw - Huew Jalddesniinie
' 9
AU 0.02 ng/ml UAZMNTWADUNEAIAN - HgUiou A13E1HIN 0.06 - 0.04 ng/ml LAIAADI
1 1w [ @ 1 4 1

Hoon1mseny  0.02 ng/ml MaudeUNINYIAN-FuUNAN  drumaiiosns luu E2 Tugia
1 "o A1 9 1 A LY Y A dg’ A a =
noungIN Ivdatianiosn111Temny 0.01 ng/ml udanudulw@oungmay - Ngueu wazdl

4
mgagalu@oungumay 0.05 ng/ml naswniuiilsmnaanas ludeudaay - funau
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A <3 Y1 Aa = 1 A = o = 1 o 9
(317 6.3-6.4) wiulainlsumm B2 lumenfliosradeuferduaziiangani eos luu T Tuwstd]
<} % < { ] ! o @
anioeds T 921U precursor Y93 E2 wazgnulasuaninlddienii E2 ildmsasinia’la

' Y Y 1 <3 a 1 o A1 Y
ADUUNUDY (Scott ef al., 1980) f’JfJ'aniﬂﬁ']?Jﬂﬁiﬂm"U@Q T 1ag E2 Glumm@jan”l‘uﬂmmu@ﬂ

'
=1

A = [ a @ 4 o 9 =\ dy ] SIS
UIn LN@LW&UﬂUﬂWﬁL%i@WHﬁLLﬁ%a@iTNuLWﬁﬂﬁTQﬂQTHLWﬁLMEJVILafJﬂﬂlu‘}J’t’)Gluﬁ’f)UﬂiJﬂﬁ

a @ J

o [~/ 4 ] @
wimuveelulluuny  group synchronous 1o lUFMIRTYRUE IANUMTHAUIVDS
=) A [ =S 4 1 =
oocytes NNIzezIusoLdl RouNINYIAN-NULIBY U103 IUU T 50-55 ng/ml a9y E2 LA
FEUIN 0.01-0.015 ng/ml AAINAIILETUAAAINAUADUAAIAN-FUNAN  (1HAINY 1),
UNIIAN-IUIAY (FINNTEUMT) HazmpIeu-Iguey (MeuggIN 1) (Tan-Fermin ef al,

1997)

T (ng./ml.)

51 6.3 szAuges luu T vosdmiinmead 01y 8 7 lusoud 2543

0.06

0.05
0.04

0.03

E2 (ng/ml)

0.02

0.01

-
LABU

1 6.4 szavges Tun E2 vewlaiinmendo 01g 8 1) Tuseudl 2543
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4 Y Y
NNMITANEIVDY INSeednAtazane 2544 wundandnnnuidhlvaaznnmsiaes
1 1 [ [ [ [l R W a v [ :’ [
nounge 1y szninegeela uazudeganely vestardinensgiusoinwii Tvslugia
1A =< 9 = =\
g ludeungumay Tulardinmeduing 145 an. ogilszana 19 3 mendisvina 226 nn.
a o a o i o
orgdszanm 23 U fuSuaees luu T = 0.07 ng/ml, E2 = 0.12 ng/ml USuaees luuiia’la
[ [ 9 [ =\ o Y 4 :/} dy o (% 1 o
waannm3tu Buu 5 u lwaildaiees luuasas Metlees luuaenanizananadin
[ I 1 o { ] a 1 v o Jdo
dagnivdunannunii 150 Tuannzi lidnd uaza T wag E2 sgduwusiu (Haddy and
2
Pankhurst 2000) d@ruarinwaduazimeiiiooinmsi@eslutean Tugiegganeludeu
a2 A 4 ;1 9 =\ S
wuMay NSumaes luume T wag E2 ialumaguazmanie UaA1 0.04 ng/ml tag 0.01
ng/ml &9y Tuvaziial Chum Salmon (Oncorhynchus keta) NIRRT wag E2 19101
25 1ag 4 ng/ml (Ueda and Yamauchi 1995)
[ A v 7 ~ 1 4 [ A 9 I
MINAVBIFAdAUNUE (JUN 6.5 1oy 6.6) NUIUFaAURIdUNTTLEITUAUTY
dlne) Taenuszes spermatogonia 1182 spermatocyte 1HUFI9TTHINGYIN Y 92T
FNADUIAZHEIINGYIN 1 usrnneutazrang e 1y hiAvsuanaiy Tasynngneluee

o { 1 4 1 @ 1 o ] Qa.ll 1 1 1
I waumniiga daaaaves lvlumsiannves liuazswanluiunnii oocyte daulng)

o—

< { { < 1

Tuszesi 1 Previtelogenin (PV) 1ag52eeh 2 Central germinal vesicle (CGV) aziu 1d31ms

v IA v Jd (] A g 3 dy A R v A Y = o 1

annvousadduugdiulngegluszezisudu ftiiosnnlaindadiongios (8 1) gl
o o

o a = | < Y 12 9 1 A =
NIYLATUNUT uammwwummﬁnuuimuaa LmNLLH’JIH?J’]ﬂHLﬂ@HWQ‘HJﬂﬂM TUNIT

9 E]

N
=
0

o Y 1 = 4 A
W@lu’lhlﬂﬂﬂ')'lclulﬂ'ﬂufln'ﬂ']wuﬁ tay wHAIN1YY

Number of 60
spermatocyte in 50+
each stage 40

O Stagel
E Stage2

Feb. May. Nov.

Months
A [ a 1 < 1A A @ 14
gﬂ‘ﬂ 6.5 mawmuwmaqmzazmmsumilamﬂsl,uuaﬂu“lum@uqumwuﬁ,
WOHNIAN LA WOAINIBU 2543

Stage 1 = spermatogonia, Stage 2 = spermatocyte
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100+

90

80

70+

Number of 60

oocyte in each 501 Stagel
stage 40 O Stage2
301 [ Stage3
201
10
0
Feb. May. Nowv.

Months

A @ 1 1 =< 1A A o 7

g‘]J“VI 6.6 miwwuwaﬂmﬁzﬂzmmsll’emJa”mﬂcluuaﬂu“lumauqumwuﬁ, NHRNIAY
1AL WOATNIGU 2543

Stage 1 Previtelogenin (PV), Stage 2 Central germinal vesicle (CGV), Stage 3 Migrating

germinal vesicle (MGV)

{ v d =)
msnaaedn 2. msSaiugvesariinlagdndiesesuy GnRHa %59 buserelin

ny domperidone (DOM), testosterone (T) $4a< estradiol (E2) hisiugunaealuil 2544

{ (% d
msnaaedn 2.1 Yarin o1y 77 @ 2544) o a5avhsn o.wu 2.uT89318
v A o < A o a I A
NaInAgns luuoengniiiiu 15 Tu (28 wwiey 2544) Usuaees luy T wagly
H o a A -4 1 1
dmiinhfadie905 1uu GnRHa 300 pg/kg Wal DOM 20 mg/kg 191518 T iindiunivmuag
MUY UAITUAAAINAININMIAA A 60 (28 HQUIBU 2544) LAz 150 U (28 MU 2544)
1 a . A A dg/ ' [ 1 = o Aa Yy g} v o
dmSinm estradiol (E2) TAuWuvyuuanaNfiunounsnagns vy wazhiaadieiniugg
9
1 v o aa @ @ a o (9
1MA0908 NHNEAIAYNINADA (P<0.05) Waa0INMIRa 150 Fu USuages IumAINIaes
1 [ 1 (% = 9 1 (% ] 3 dy d'
wihenaass luavsuanaany uaziinud Tduvanaslurinaiggmanaly sisdiiiosainial
= [ 1R o a o 4 Y 4 a ~ A 1 o =~ [ 09}/
Hengda luneTonsgyiug M3 Maes lnulsunangimsenouinvuasziing lunsdud
I 1 ] 1 1 a o A
(g 2541) wazilu 1§ udlugenggmaiy (U0 6.7-6.8) nazilsunandalamy
421 1 = a 9 d? a (Y] A v 7 (] < o ]
YUK DIUAAINMIATNIUBIAWTITNING 91N Iz FIUE 0819 T5nawds Ty
@ 31 dy ] ' = d'dy @ 19 @ a A IS )
msanveuitronas 19 uaashadni@esds hidhgszes Jowsaiug wag T duensdm
a 13 ' { ] 1 o @
Iineamsase B2 uaniiuua Ty T vazgnuldouanmlidiendn B2 ldmsasieiald

ADUTIIDY (Scott ef al., 1980)
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T (ng/ml)

0 15 60 150

Day after injection

@ (Soybean oil)
M (GnRHa 300 ug+DOM 20 mg)

A = 4 1 v 1 [ =1 9 =
319 6.7 wamsRases luunoutaznadroszal T vosardnmeag 01y 71

v U =

* ANANNNADANUNBURA (P<0.05), LANANNUYBIAURAYTEHINHUINADDY

06

05 +

04

0.3 o

02 o

E2 (ng/ml)

0.1 +

T T

0 15 60 150
Day after injection

[ (soybean oil) M (LHRH-A 300 ug+DOM 20 mg)‘

u

A = o 1 v @ =< = =
sUn 6.8 Nammﬂaaﬂuuﬂauuazwamei:ﬂu E2 vosdadnneie 21g 7 1)

aa v 1

* UANA NN WNADANUNOURA (P<0.05),- LANANNUYDIAUNDYTEHINHUIINADD
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manaasan 2.2 variiney 9 1 @ 2544 e maIvunaluladnsiszus uinInede
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o )= = @ = o @
71 6.9-6.10 uansges Inuwemlariinery 9 1 ndimsnaeges luu 15 Ju (15 W1EY
] PR o [ 4 A A Y 1 1
2544) TunnmiienInaaednaaegss Iy szauaes luu T Nisuaties Tagagsening 0.02-
0.07 ng/ml @94 E2 UA108521I19 0.12-0.26 ng/ml YALNNUIGAIVANNAT 0.02 ng/ml LAY
9 = o w % dy A 1 o 1 I 1 1
0.15 ng/ml Tumsduazimenionua1dy 119i1119991053990199n0a17 (LU.8.) 1WugNnougg
] = 4 o 1 @ A @ a o
manalimsiages luuda lilinatany :nnsnaaseh 1.1 waz 1.2 fulusssumndess L
A A 2 o Y A a v A o
T uag E2 250nTutazannnionsinia lasiunen 1.e.-n.a.  1¥adnRagos luuuId 60
[ a a o A 4 ] =W
Tu (15 Uguiey 2544) YTunmees luwme T tagE2 mindulunnriisminaaeauaiaga
' YA Y A Aa oy

gANUUIINAADI UNARNAAAIY T 20 mgkg TimenlieNana1e LHRHa 200 ug+Dom 10
mg/kg UAUMNY 9 ng/ml 1A 0.60 ng/ml MUIAY HAININMIRAAUIY 120 TU (15 TINIAN

a o ] a1 1 1
2544) smaiaes luu T anaannniIensinaasd laslinl <0.02 ng/ml dIuA1 E2 aaad 1ag
111321319 0.012-0.076 ng/ml US1ae T wasenda 15 uaz120 Ju liuanaaneananunia
9y
f

S o & a v oa o A A S w & A A e
2013 uDIMaIed1AY) Natiipdnnluliniua uaealioenllsyneuveinaoaaIneI0a

4

1< o 9 Y o o a @ A v J Y
Mmiuensaean lumsasens lwwmd dsznounulusssumna PIYICHUNUTTINTOATN

.

o Y 1 <3 o = o a A 42’

03 luune 1A (Dence, 1980) 8814 l5AmundInIsia 60 TuilSuar T nag E2 nduain
A J = ' aa v 1 ' A v o w ' = Y =
FANAAFOT LUUTANVUANA NN NADANUNUIBAIVANEENUTd Y 1FUASINVNIANE

{ 1 1 @ @ o
Tuilan Sea Bass 1Af18 GnRHa 0610R8IM303WAU DOM #1130NTZAUITZAUFDS 1Y
v E4 ' 4
E2 (WUAY (Prat ez al., 1999) Sower et al., (1984) WUNANUAUTUYDI E2 tinvuunluszes
vitelogenic Tumeamiiordenniaaie GnRHa A1 lumeiiioszes postvitellogenic 91NA1TANEN
v Aawv ' =< 4 aA o [ .
voanmznITeny Tuarlinery 71 NAages luy GnRHa 300 pg/kg 1) domperidone 20
1 " A o J ~ [ o v A o A
mg/kg wazlidages luunesarhsy lszavees lnumanaaa 15 Tu Tudouwmion 2543
TumaddilSua T SalndiResduilariinery o FnnmadvunaTuTadmsilszus daulumwa
=~ a = Yy 9 ' = = @ = o A a =
WeFum E2 uun Tdudesninlardneiy 91 wawnmsaa 60 Tu weuliguiey 2543 §
a a { o o 1 1
s T uazalsina B2 lumsduazimandiolaniinerg 7 nssavhsdianieoninlarineny
= =3 = % = % A [ = a
9% Twlardinery 71 wawinmsaa 150 Su lwdeugaian waz 120 Ty lwdsudaray
= = a = = 1 3 J 3 dy A < 1 @
Tulaniine1y 93 1/5ua T wagdl B2 Umanasnniaeaumad Matioannilugiamaing

131V wdeatumsane Iae Haddy and Pankhurst, 2000
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O Soybean oil

El LHRHa 200 ug
+Dom. 10 mg

T (ng/ml)

LHRHa 300 ug

| TTTT +Dom. 20 mg

M1 20 mg

| TTTT | TTII |

0 15 60 120

Day after injection

A = o 1 v Y 2 9 =
gﬂ‘ﬂ 6.9 wamimaaﬂuuﬂauuawameimu T "lJEN“]JﬁTUﬂ!WﬁI%J 81Y 9 “lJ

* UANANNNADANUNDUAA (P<0.05), - HANANAUVBIAUNAYTLHINHUIINAA DY
O Soybean oil
E LHRH-A 200 ug
é” +DOM. 10 mg
o
= [ LHRH-A 300 ug
+DOM. 20 mg
BE2 20mg

0 15 60 120

Day after injection

~ = o ' v Y =< = =
g‘ﬂ‘ﬂ 6.10 HAN1ISRAATDST INUNDULATHAINBTZAL E2 vosUar1Uninsiile 21y 9 1

[ 1

* UANANNNADADUADUAA (P<0.05), HANANNUYDIAURDYTEHINHUIINADD

Jd @ =

o 4 @ Y 4 = A o
MINALIEas 1Az iongdunusHaIMsiages lnueongnituuiu 15 Ju (15
1 9 v A (Y [ A 4 ) Y

WY 2544) WUMMW ITvveasMIiavee dezduiug (GS) vilTunaleslunn
] A A 1 YA Y A @ 4 an @ = =
nienaasd laslumeniolan 1.2 % awlumadimlnameany maaegaunmsnannatazl
$wamnnluniienaaesifnade GnRHa 200 ag 300 pg /kg 3939U domperidone 10 Az
da 9 Moo da oy o 9

20 mgkg uazNAAAIG Testosterone 20 mgkg L linudmmznlagandaaleiiniuny
A I3 o SN W Y} A o ' a
maounes uesisuanm e usaadURLT lumaduaziweloauundsed lussezisy
AU Spermatogenesis 118z Previtellogenin (PV) Indifssiulunnniitonaass uagwu'laisugn

1eluszez migrating germinal vesicle (MGV) (31U 6.11-6.12) 9InniiIenaaINanalg
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GnRHa 200 pg /kg 39411 domperidone 10 mgkg 3ndoyasinanudasinaiiinluinou
[ 1T A v 7 a [V o 1Y) (Y o
wrneu 69 binsyiug  lwdou lguisy waswndaegos Iy 60 u Awatinsweun
[ [] [ A A :22} 1 = 9 A d? v A
Y0359 19 nazdumzlaunuIunnenInaass Taeliuud THuMugIuINHLIenaaoi
AR GnRHa 200 118 300 pg/kg 3IMNY domperidone 10 1ag 20 mgkg Iastialndifeeiu
Usznm 9 % uaz 2.9 % Tumaonazmeadad iy wazdigalunioaiugu fe 2.75 %
] A Aa 9 A [ 9 A @ 4 .
drumeniioNaadie E2 a1 GSI 10U 1.46 % IWAAN U dUWUE5202 spermatid 1ag
1 1 I v <
spermatozoa IUIMAGNNMUIEMINAADY drwaad liwuthuanluesszes peripheral
germinal vesicle (PGV) taznux1nlunuIenaansiRAfIe GnRHa ey domperidone a3u
A 9 09// [ (= < 09.1} dy A g’ v @ A [ = 1
daaaaae B2 du 59 lulivinaan fetionntiesnn B2 luhdunwnaes bisnunsaduriu

wlaysu 18AmM1NY GnRHa 118¢ domperidone

80.00+

70.00+

60.00
percentages 50007 [ Stage 1
of sperm  40.00- F Stage 2
stage 30.00 M Stage 3
20.00 ] O Stage 4

10.00+

0.00-

T1 T2 T3

Treatment No.

51 6.11 szozmIiaveuradeginasiages luu 15 Ju ludariney 9 1)
T1 Soybean oil
T2 GnRHa 200 pg +DOM 10 mg
T3 GnRHa 300 pg +DOM 20 mg
T4 T 20 mg
Stage 1 Spermatogonia (cell dimeter 0.01-0.02 mm.,blue color)
Stage 2 Spermatocyte (Spermatocyte : less than 0.01-0.02 mm)
Stage 3 Spermatid (small cell in group, no tail)

Stage 4 Spermatozoa (small cell with tail in vasdifferent)
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Stage 1

percentage
of oocyte [ Stage 2
stage Stage 3
E Stage 4

Tl T2 T3 T4

Treatment No.

31 6.12 szzmaannveusad lvndsiasesTuu 15 Su ludarfinery o
T1 Soybean oil
T2 GnRHa 200 pg +DOM 10 mg
T3 GnRHa 300 pg +DOM 20 mg
T4 E2 20 mg
Stage 1 Previtelogenin (PV)
Stage 2 Central germinal vesicle (CGV)
Stage 3 Migrating germinal vesicle (MGV)
Stage 4 Peripheral germinal vesicle (PGV)

Stage 5 Maturation germinal vesicle breakdown (GVBD)
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v A

9 g} dy [l 1 = o A ~ =
AUN 7 ﬂiﬂ;]’lﬂll 2544 hlﬂﬂ@af]ﬁ@@u’ll“h’ﬂl!a$hlsll ﬂGUﬂ1§ﬂﬂaﬂiINu1W@Wﬁml‘ﬂﬂN i\
o % d’d g’ tial’ 1 1 q; ] 9 1 d‘d
ﬂ’lu?uﬁ'J‘]JaTVI'JJUHGH@LLaﬁulGU@fﬂQag 2 97 (50%) Glunﬂﬂu@ﬂﬂﬂaﬂq INLIUNUIINAADINRA
9 [ (= < [ A @ = o 1Y)
738 E2 WU'J']i\‘]llsllilslIU']ﬂLaﬂﬂ'J'lﬂa'mQN@u ﬁmmﬂﬂﬂa’aﬂuumu 82 U (8 NINGINUN 2544)
= " 9 Y] = g; dsl 9 A g} dy =~ ) Aa 9 o
ﬁuﬂﬁﬂﬁﬂllsllllﬂ 125 NJU LLaZﬁﬂu'llcﬁﬂllﬂ 20 PHUUBOUAUNTINA 1uﬂama@maa@ﬂuu 300 p
o . 1 a A "o ] 4 [ Y (=
g/kg M domperidone 20 mg/kg uanay ludaiiosnn ludagn liauysal Taedunalaninlall
[V = A 9 1 [ < a9 ] 4 A Aa [ °
aﬂHﬂ!$ﬁlﬁaﬂﬂﬂuﬁﬂvhﬁﬂﬁﬂllﬁﬂ Gummaﬂmﬂmz’fumg{uﬂﬂmd 1 yaauag llllﬁll'llﬁll'ﬂ Lae
=Y d‘ 3} Y %] 1 = t:'dy 1T Aa = 1
"lmﬂm%uzmagﬂm ‘]_]iyﬁ']ﬂ"ITINGJJu’]ﬂJ@Qll‘UWTJGlUTJﬁ']LWﬁm'(’JVILaﬂﬂiuﬂﬂﬂuuﬂ’]ﬂﬂﬁ’]ﬂa’llWﬁ
9 ' o ' A Y g 2
Al (Zohar and Mylonas, 2001) AW luauysaives liemipanIIMInTzduaeees luulu
A 1 1 <3 Qy 9 [} A 9 1 Ao [
ﬂlﬂlgﬂulﬂlvlﬂlﬁ'ﬁﬁ]ﬁuﬂlﬂ'luwﬁﬁﬁ'Nllelll.!ﬂ\‘] (Lee et al., 1986) “Vii@miﬂimmmﬂmmﬂmmm

o do

wugi i luligaunin 3@ (Crim and Glebe, 1984) n3oiifoannlaniaan1zinien (Campbell
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' =< A ] Vo " ~ A A
et al, 1992) ﬁTLHJaTllfWIWﬁilhlﬂﬂ’]ﬂllnwuﬁclullilu'ﬂell\‘]llazﬁﬂ'lulﬂigllqu'ﬁ]ﬂ VNS ulﬁlmml

= = A A ' S & a = '
ATV UIWATUUUNIN 1.5-2 Uaalluag (ﬂiﬂJﬂiZiN 2545) ﬁ’J‘L!u%“ﬁ’ﬂilﬂﬂ!ﬂ']Wﬂﬁ]'lﬂﬂﬁ1nﬂﬁu'JEl

A
NMINADDI (AT NN 6.6)

d' 1 =} 1 g[ dy = 1 1 ] =1 v
M1INN 6.6 A1 GSI msu"lmuazmwe Llﬁgﬂﬁiﬂllsll Tupazvllenaassvesdardn vason

= o
AAF0s U
Saluay 53l (nsw)
Juiundannges Tuu 11 1%0; ANUNU WU UYD
‘ Hnin (0 ¢
NUIINANDI AW N=2 (%) (ts5an/uu’)
(nn.) 15 Ju(15 60 Tu(15 829U (8 GTjGTj/ﬂﬂ_ (maﬁ/uyﬁ
B 2544)  UQUIOU 2544) AINYIAY
2544)
e 13.5 0.85 7.95 - - -
Con. v
W 14 - 2.75 50 1.0 2,575,000£169,272
GnRHa 200 g + ey 17.2 1.23 8.91 50 125 -
Domperidone 10mg ~ §f 16 0.25 2.87 100 1.06 2,716,670+659,267
GnRHa300 ug+  tio 165 0.64 9.01 - - -
Domperidone 20 mg é} 15 0.27 3.05 50 1.33 2,735,000+515,678
E2 20 mg e 10 0.28 1.46 - - -
T 20 mg ] 12 0.17 2.77 50 1.28 2,635,0004985,771

510 6.13 anvaz Tilariinszez CGV uay 311 6.14 lilariinszey PGV ludonmwey

MGV lui@oumbiou 2544 wagan

a2 9 :’ o o A @
RNANYUINUDAUYIDDI 15 U

2544 ¥id90INAAAIY GnRHa 200 pg/kg

Wery DOM 10 mg/kg 15 U
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71 6.15 anvaz lulaniinszes PV 1dou 1 6.16 agilariin @ounsngian 2544
WHIBY 2544 1A91NAARY E2 NA99INAAAIY GnRHa 300 pg/kg
20 mg/kg 15 U Wer DOM 20 mg/kg 9074

51U 6.17 lidariinszez PGV ifounsngIAN s 6.18 Seliartinuasiadae E2 20
2544 391N AARY GnRHa 300 g mg/kg 60 TU 1ROUAYUIBY 2544

/ kg Wery DOM 20 mg/kg 90 U

= = o 1 @ o =< o
manfSeumeuravetses Iuudeszauaes luu T uay E2 Yarin uazdarane szau
o < Aa o = Y ' ' v =<
g3 Iumelaraneuazilariinnfaeges luuluud Inygandmleaiuay  uallaiinazgs
= a 1 A Y = @ o
galudouiiguisu drularaneszgagalumeunussuy Tutlanszavees lvumwa T lu

[P

F= 1 =1 = 1 ~ v A
MARNAT 6 ng/ml @ E2 veulardnmeidionoumsialulian 045 ngml uaziun 8
v Y ]

NINYIAN 2544 @mn3naa luuaziinie ldvinnitenanesiandie GnRHa 300 pgkg Wel

Y
DOM 20 mg/kg uananlifa vdanniuszauaes numalufoudamnayiiaianas aiu
Uaranenoumsnely @guieu 2544) metddisn T iy 11 ng/ml vadielin1 E2 wnu
=1 [] 2’ dil Y v A ~ Y 1
0.47 ng/ml ansnialvnaziindelaluiun 22 nsngiay  wawionlavninynniitems
= [ =\ o A dgl P Y =\

naaed Tudeuiuesulens luumennuay Tagmadgia T 10y 13.9 ng/ml tag Tuwaie
S 1

v 1 S 1 1 1 = = =K A
UA1 E2 1m10Y 0.98 ng/ml LLﬁﬂQ’J’I‘lJa'IfT’J'IEIN‘If’NQﬂﬂ']ﬁ’)']\il’lﬂjﬂ’l’3u1uﬂ’3’lﬂa’mﬂ D DLADU

[ 1 A a a I A
AUPIWU TIUADUNYHINYU Sumees luuanas (g‘ﬂ‘ﬂ 6.21-6.22)
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a d o 4 A
FARAUIN UKD
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[ y@Ria GnRHa  Waty DOM
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U

~ a =3 9 @ a9 o
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1.40

o 2oL
W ypiminiuyumdes
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@Wmane)

1.00 -
0.80 B +aiia GuRfa wens
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E2 (ng/ml)

Dom (Uaae)
040 |
yadmiiudamdes
@aniin)

0.20

AN44  Wwo4d 844 AA4d e Wodd

O yna GRHa wetw

ﬁni Dom (1anin)

! a (% 4
3191 6.20 15119 estradiol voslmaneuazlmiinmemiio ndanniaaleaes luu

~ % Y A o d = a Y
MINAaeaN 3. W@ﬂ75WW”7W939?U?3@’UW”§W931’@TIIﬂ ﬂ7ﬂﬂ7§ﬂﬂﬂ?ﬂ§@§7ﬂu

A . a Qd a' =
GnRHa 1350 Buserelin jiuvuilni uazeongnsiiiu luil 2545

nsnaaedd 3.1 variin 01y 8 1 (1 2545) ar 95avhsu e.mu 0.Faes1e
5 testosterone (T) L1AZ estradiol (E2) AvumMInaans Iuuluiud 25 ngunaw 2545
HSuar T Tuinetd] 8- 40 ng/ml dau E2 Tumendio 0.19-0.3 ng/ml Gsfianiniuannandateny

3 yd ! < 9 @ @ o [ I~ - H
6 I wathilul1dlmiliongunduiimsiannszavees Tuume Idana nazihusunazidng
1 = a = o " A 42’ ' U ]
gana lvvealariin UnAtlanesiiszavens luu T iuduney E2 uazneumsdnala (Scott and
@ = o @ a a = 9
Sumpter 1988) 1AV INAATOT 1w 30 Fu (22 Hgurou 2545) 5uar T waz E2 Huvn iy anaq
A YA 1 1 A A Q' d? o 3 dy
Ao T Tumezia 2.25-5.23 ng/ml aau E2 TumenileTiauiinay 0.23 — 0.7 ng/ml ey 1194

A o A g‘ v A Y [ [
Lu@imﬂ8@5IllL!“I/]’E)giuuWNuﬂ’J!‘Viﬁ’é]QﬁﬁJﬁﬂﬂﬁﬁﬂWWklﬂ%’NﬂiZMWﬂ‘! 7-10 M Usezneunuda
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9 Y v
qa I Idvnaannniau 2 Weassainie 18 (314 6.21-6.22)

xR
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S
|

O (Soybean oil)

W (GnRHa 300 ug
+DOM 20 mg)

T (ng/ml)
N
S

May, 25 June, 22

Date injection

A = J ' v 1 Y =2 9 =
717 6.21 wamIRAges InunoULAzHAIRDIEA T vedtlarlnmed o1y 8 1)

* UANANNNADANUNOUAA (P<0.05), ....... HANANAUVBDIAURAYTZHINHUIINAADI

1.00
0804 *

E 0.60 - O (Soy bean oil)

=

£ 040 1

2 M (GnRHa 300
0.20 - ug+Com 200 mg)
0.00

May, 25 June, 22

Date injection

A = o 1 [ Y =2 = =
51N 6.22 NANISAAFOT IuUNOULASHAINDIEAY E2 vasdadnmeie 1Y 8 1

u

J =)

* IANA NN NADANUNOURA (P<0.05), ...... HANANNUYBIAIRDYTEHINHUIY

Nnaavl
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uld
- aniin g 1
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7 &£ ~ y A 2 1 A A
807 INUATINHIN (6 WeEMAY 2545) N Tuumudu lunnilenaass tagiiuuniige
Tulaiadie GnRHa 50 pg/kg TaomAdiin1 800 ng/ml @rumaiiolinn 3.18 ng/ml A
o w [ = 4 QBII ~ [] =< 9 v A
19U NaIINMIRNAGDT INuATINdes (13 woumay 2545) aunsoga lvdadnld luiun

Y Y Y Y
14 WAy 2544 Mndmdnmendierinnin 17 an. taziiiFennlmbnmediinnin 16.6 nn.
o o < .
mmMswaunenlaenages luu GnRHa 1NN 6 ug/kg Wy domperidone 5 mg /kg 1INy
o ) < 1

uaINAR 1A 6 ¥ 119 AATUNA0IR8 GnRHa 12 pg/kg Wl domperidone 5 mg/kg

= ) = [} = 9 [ ~ oy dy I 9 A
mwnzmeiile Wi 9 ¥ T awnsosa lu minmendie 14 11 05y wagSariusenimwad 16 4 33

1 1 0o < A a ] A A "o 1
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v 4
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] o o <3 .
HUN 17 nn. LWﬂé}‘Huﬂ 16.4 NN. AAFDT IW1 GnRHa 1WULLTH 10 ug/kg Wel domperidone 5 mg
a Yy 1w M a 2 < A .
kg Tumweniouazinay ¥1any 7 $2109 DAges luuIunaed 20 ugkg Way domperidone 5
=\ [ M = n v [ ~ g' dy U a 1
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1 o < A =< A A g' Y 9 @ = 4 g/} A
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4 [}
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o A d? A 1 = Y 1 Y [
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ishawytscha ) 39UnAvzaa GnRH 250 ug /kg Tumsazansuaz GnRH lugiloongniiiugil
% o o ) I, ' g .
uuY polymer IaeldHlsniufeonn: Idnlosidudmsneliazauge uazisanimiteniuaulu
[y [ = o 4 = 4

F22A1 14 TUNAIINAaLaziaens I (Solar e al, 1995 ) 1AZINNITAAIDST LU salmon

gonadotropin (sGTH) 4@ 170~ hydroxyprogesterone (17aP) 1ug 1 lipophilized gelatin (LG

emulsion) Tumsnszdumswannmsgnuesly Taedanndlarrdlusas 2 mgke nazyneaos

[ v Y [
a1 ludna 4 mgkg ludar Inaditlu 2 ¥ila MAsazIANIIU (Silver Eel) Ua1inadao
SGTH 11 Nnaeddlan 1USunaees Tuu testosterone, estradiol-17B 11ag sGTH II A0UAUDIAD
9 4 19 ' = Y] o ~ < . .
M3 15ees Iuuua lsnainnuninmsnanndlat lumsnaziaSovuaums vitellogenesis Hag
9 YA My o a9 '

aunsanszquliiminelulanaeninmsfadie sGTH 11 1ag 17aP (Sato ef al., 2000) 13U
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@PeITUMIANYINaYeIN13 19803 Iunluila reeves shad volszmadunmdzgaiug wu

U = = 3/ o LY o

Mhuweiiieony 4, 5 uay 6 U 1M 1.2 - 1.6 nn. WavoIn15Hegs I testosterone (T) 11

[ Y

3 1 silastic uppolymerized elastomer 50 mg/kg Nazanelu lacquer butter 2 ase nn q 2
Y Y

o vdImiuiadie GnRHa 10-20 png/nmn. WauNU domperidone 3 mg/kg 31U 3 A3

Y
nfSeufeuiuniienIuny WU oocyte AINITIRAMUIATULAZINIGTZ0E yolk vesicle stage
2 Aq ¥ o = ] o w ~ 1
uazanong 5 uaz 61 Nldeos luuaunsol lugn 87.5 % uaz 100 % mudwy vazidamiie

mmuﬁ’u ”hiéngjcluizﬂz previtellogenic oocyte (Wang et al., 1998)
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ENSS 0.9%

OGnRHa 50ug/1k s R o A
nRHa STHETEE sarhude Yuh 14 ngumaw, 24

T(ng/ml)

E GnRHa 100 ug/l kg

NHENIAY, 15 ﬁQHWEJL! uag 27

NINYIAY 2545

May, 6 May, 13 May, 21 May, 30

Date injection

~ = 4 1 Y| Y] = 9 = A
51N 6.23 wamima@ﬂuuﬂauuawawaimu T Gumﬂmumwmg 91g 10 1) Yan 1

u

1 a2

* IANANNNADANUABUAA (P<0.05), = HANANAUVDIAURAYTLHINHUIINAA DY
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10.00

H NSS 0.9% - Ve A
59’]“1‘1] AUN 14 WHHNAN, 24
O0GnRHa 50 ug/l kg
B GnRHa 100 ug/l NOYNIAY, 15 UQUIYU LA

ke 27 NINYIAY 2545

E2 (ng/ml)

May, 6 May, 13 May, 21 May, 30

Date injection

~ = o 1 o 1% =< = = ~
51N 6.24 Nﬁﬂﬁﬂﬂﬂ@iINUﬂ@uLLﬁgﬁaﬁﬁ@igﬂU E2 vastardnmetilie 91g 10 1 gan 1

u Qq

1 =

* UANANNNADANUADUAA (P<0.05), HANANNAUVBIA IR AYTLHINHUIINAA DY

Y Y
o A

MINN 6.7 ANUNULIUYERET ANuanved lnazsnuwladinfiaunioialiuazinye

4
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- 24 NINGYIAY
21 NOHNIAN2545 13 UUIIU 2545
2545
. me/ad Suaundl livaziinde  anuvuunivvesedd /14 @vun’y  Swauegd/lin
WiIeNAaD Y

f N=3 oy/nsu) Saldazay N=3

5 Wmiin sunag — .
(&) . X (&)
(M) @w/nn.)

T, (A NSS 0.9% i 2 141 141 3,567,000 £ 171,208 2
o d =

1cc/4nn. yndland) e 1 17.5 - 1

T, (aﬂ Suprefact 50 pg/ I?:g} 3 16.6 1.38 5,418,833 + 485,743 3

1 An. Nndaw) o 2 17 784 10.6 3

T, (3@ Suprefact 100 pg/  § 3 14 213 5,084,000 226,042 3

1 nn. yadan) (g 2 17 - 2

niaRaees AT aL 14 Yu (14 WU 2545) 1381 03:00 U. iminde (gﬂﬁ
6.25-6.27) waunudardamenie o aanfilszatiia 9. e 1w 54 An. ia GnRHa 10
ng/kg WAL domperidone Smg/kg 1391 22.00 U. 2@ GnRHa 20 ng/kg WAL domperidone 5
mg/ke 1981 07.00 1./ 0.5 Tad 1181 24.00 w. Sufi 15 UQUIBU 2545 1781 12:00 U. WANTHAY
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= % A 9 7 a o A v J A < Y
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{ 03} M) < { o .
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a # ~ v o o < A y
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pazlinalumsdudimionszilid lalvaneutmua durumsAnuilular sea bass

(Dicentrachus labrax L; Prat et al., 2001)
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e
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A A dgl 1 A d? Aa Y o A
T NﬂT!WNﬂJuiuﬂﬂﬁu’Jﬂﬂﬂﬁ@ﬂ uag E2 meuiuﬂmmﬂmaaaﬂmu 50 pg/kg WA T Loy

E2 1911170 11,330 ng/ml 1ag 5.76 ng/ml lumed uazmeniionnd 1Ay

Ml Soybean oil 1
cc/Skg

O GnRHa 50 ug
1 cc./5kg

] GnRHa 100 ug
1cc/5kg

May, 15 May, 23 June, 6

Date injection

{ a 4 " o o
3191 6.29 J5iaun@eens luu Testosterone (T) voslmdinmadudfadeaes luu

10.00
8.00 -

M Soy bean oil
= 6.00 lcc./5 kg
E
E ug lec./5 kg

2.00 1 B GnRHa 100
no lee /5 La
0.00 -

May, 15 May, 23 June, 6
Date injection

A a = " . = = v Ay 2
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o
-ulSeuiiouens luumenlaniinety 8-10 1 (2543-2545)
a 4 1 1 ]
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S A Y A 4? 1 a
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@ Y] @ a 9 ~ =
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= 9 = 1 A A d? =1 @ o
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= o Yo & Aa o ~ P :I dy A o
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1 % [ 1Y a 1 1
Yaunediod v 1duadasflaeeniludifos H15ua T Uszanaunnii 25 ng/ml avma

Helia E2 Useanamunndn 2.50 ng/ml (317 6.31-6.32)

1) 2543
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T (ng./ml.)
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S 7 +DOM 10 mg é" [CIGnRHa 50 ug/1 kg
54 E GnRHa 300 ug
34 +DOM 20 mg B GnRHa 100 ug/1 kg
11 MmT 20 mg
-1

0 15 60 120

May, 6 May, 13 May, 21 May, 30

Days after injection Date injection

v @

= o A 1
IAUNYD 7 NINYIAN 2544 FA1 A0 Tuf 14 WoBAIAY 2545, 24 NQBAIAN 2545 LA 15 TUIBU 2545
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u
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0.05
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0.01
0

A . fa we wa D nA. @A ne we.  6.A.

-
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1) 2544
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a o o
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Abstract

Annual sex hormonal profiles, gonad development and age determination of
18 (13-14 kg BW) and 3 (145-226 kg BW) Mekong giant catfish (Pangasianodon
gigas, Chevey) reared in earthen ponds in Chiang Mai and from the Mekong River in
Chiang Rai, Thailand, respectively, were investigated. The hormonal profiles were
determined from blood samples of the fish by electrochemiluminescence immunoassay
during May to August in 2000. The highest testosterone (T) levels of 0.06 ngml™ in
both sex and the highest estradiol (E,) of 47.8 and 14.23 pgml” in females and males,
respectively, were observed in May. The gonadosomatic index was found to be 0.07
for males and 0.38 for females from ponds in comparing to 2.27 for males and 8.29,
11.09 for females from the Mekong River. Higher development stages of
spermatocytes and oocytes of the cultured fish in May than in February and
November was demonstrated. No mature germ cells were obtained from either the
males or females indicating no sexual maturity. The average age of fish was
determined from the annual rings of the cross section of the pectoral fins by a
stereomicroscope. The average age of fish in earthen pond determined from the
annual ring was 8 years old, which agreed with the actual culture records, while those
from the Mekong River were 21 years old. This information will be beneficial for the
breeding programs and conservation of the Mekong giant catfish.

Introduction

The Mekong giant catfish (Pangasianodon gigas, MGC), the largest and
fastest growing fresh water catfish in the world (Phonprasit & Thevarat 1998), is an
endangered species according to the Convention on International Trade in Endangered
Species (CITES) of Wild Fauna and Flora. Referring to the annual catch numbers of
this fish in the Mekong River at Chiang Kong District in Chiang Rai Province during
1986 to 2001, the maximum catch of 65 fish was reported in 1990. In 2000 and 2001,
the annual catch declined to 2 and 0. These figures indicated the endangered situation
of this fish. MGC can be cultivated both in earthen ponds and reservoirs. Its growth
rate can reach 3 to 10 kg per year both in ponds and reservoirs. However, it takes
between 10 to 16 years for the fish to reach sexual maturity in captivity (Meng-
Umphan 2000).

In order to conserve this fish, several approaches have been attempted
including the induction of maturation by hormone injection. To understand the
endocrine control of reproduction in fish, the gonadosomatic index (GSI) is
commonly used to assess the seasonal development of gonads (Vlaming, Grossman
& Chapman 1982). Some steroid hormones have been known to be involved in the
regulation of fish development. 1784 - Estradiol (E,) has been implicated in
vitellogenic growth, while 17a, 20/-dihydroxy-4-pregnen-3-one (DHP) was used to
stimulate gonadotropin secretion (Stacey, Cardwell, Lile, Scott & Sorenson 1994).
Testosterone (T) was reported to provide the substrate pool for E; production in chum
salmon, Oncorhynchus keta (Nagahama 1987). In goldfish (Carassius auratus, Linn),
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T is required for the release of pituitary gonadotropin (Kobayashi & Stacey 1990).
During oocyte development, estradiol plays an important role in vitellogenesis of
females which is directly related to GSI (Aida, Korse, Yokote & Hibiya 1973;
Sundararaj & Nath 1981; Tyler, Sumpter, Kawauchi & Swanson 1991). Seasonal
profiles of the gonadal steroid testosterone and 17/ - estradiol reflect the annual
changes in sexual activity of female Heterobranchus longifilis in tropical pond
culture, exhibiting maximum values during the breeding seasons of each group and
being lowest during resting periods (Freund, Horstgen-Schwark & Hoitz 1990).

The age and growth rate of MGC, can be determined from the annual ring of
the cross sections of scales, otoliths, vertebrate, and spines. The age of the 133 kg
fish in the Mekong River was reported to be 26 years old, determined from otoliths
(Mackay, Ash & Norris 1990). The annual sex hormonal profile, gonad development
and age determination from pectoral fin have never been performed.

This present study investigated the annual hormonal profiles, the
gonadosomatic index (GSI), germ cell development and seasonal changes on sex
hormonal profiles by measuring GSI, germ cell development as well as the ages and
growth rate of the male and female MGC from both those fish reared in earthen ponds
and those caught from the Mekong River. This information is necessary to determine
the onset of spawning activity for an induction of maturation by synthetic hormones
and for age determination of the MGC.

Materials and Methods

Fish samples

The study was conducted during the period of January to December 2000.
Two groups of P. gigas were used. The first group consisted of nine males and nine
females (8 years old and with an average weight of 13.33 kg and 14.25 kg,
respectively). They were marked by injecting Alcian blue dye solution on different
parts of the fish and reared in a 1,400 m” pond at the Department of Fisheries
Technology, Maejo University in Chiang Mai province, Thailand. Sex determination
was done by physical examination and confirmed by biopsy of ovary and testis. Feed
prepared at Maejo University containing 20 % protein (8.15 % fishmeal, 4.9 %
soybean, 4 % rice bran and 3 % broken rice) was given at the rate of 2 % of body
weight per day. Every month, all fish were weighed to determine growth rate and
blood samples were withdrawn for hormonal profile analysis.

The second group was comprised of three mature fish with an average age of
22 years old (one male weighed 145 kg and two female weighed 205 and 247 kg)
caught from the Mekong River in Chiang Rai, Thailand.

Hormone analysis
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Six male and six female fish from ponds during January to December 2000,
and one male and two female captured from the Mekong River in 2000 were used.
One milliliter of blood was taken from the caudal vein of each fish. Fifty microliters
of the blood serum were used to determine estradiol (E,) and testosterone (T)
concentration using an electrochemiluminesence immunoassay analyzer (Elecsys1010,
Roche, Germany). Polyclonal and monoclonal antibodies from rabbit and mouse,
specifically directed against 17/~ estradiol and testosterone, were used for estradiol
and testosterone assay.

Gonadosomatic index (GSI)

Three male and three female fish, aged 8 years were reared in ponds and
captured in February, May and November 2000, and three mature fish, aged 23 years
from the Mekong River, were used to determine the average gonadosomatic index
(GSI) of ovaries and testis according to the following equation:

GSI = gonads weight (kg) x 100

body weight (kg)

Gonad histology

In February, May and November, ovary and testis samples taken from three
females and three males reared in a pond, were fixed in 10% formalin, hydrated and
embedded in parafin. The 6 um thick sections were stained with haematoxylin and
eosin. The stages of oocytes and spermatocytes from the middle part of ovary and
testis were determined and counted under a microscope at the magnification of 100X
and 400X, respectively. Spermatocytes were examined and evaluated according to the
4 stages modified from Bilard (1986) as follows:

Stage 1 Spermatogonia(cell diameter 0.01-0.02 mm.)

Stage 2 Spermatocyte (cell diameter less than 0.01-0.02 mm)

Stage 3 Spermatid (small cell in group, no tail)

Stage 4 Spermatozoa (small cell with tail in vasdifference)
Oocytes were examined and evaluated according to the 4 stages from Prat, Zanuy,
Carrillo, De Mones & Fostier (1990) as follow:

Stage 1 Central germinal vesicle

Stage 2 Migrating germinal vesicle

Stage 3 Peripheral germinal vesicle

Stage 4 Maturation (germinal vesicle breakdown)

Age determination
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Annual rings were counted from cross sections on both sides of the pectoral
spines from three males and three females reared in an earthen pond and three fish
from the Mekong River using a stereomicroscope.

Data and statistical analysis

Body weight, estradiol and testosterone blood concentrations , GSI and age of
the fish are presented as mean =+ standard error. Numbers of oocytes and
spermatocytes in each stage on pre-spawning (February), spawning (May) and post
spawning (November) were compared .

Results

Growth and hormonal profiles

A final average weight of 15.30+0.28 kg and 15.78+0.35 kg was recorded for
males and females reared in earthen ponds, respectively. The growth of the fish
decreased during winter (November to January). The growth of both male and
female fish appeared to have the same profile as shown in Fig. 1. Serum
concentrations of testosterone (T) and estradiol (E;) of male and female fish were
detectable from April to June. Male and female fish had the highest T level in May
of 0.06+0.05 and 0.06+0.04 ngml™”, respectively. Similarly, the highest E, levels in
male and female fish were also observed in May at 14.23 +4.23 and 47.23 + 37.28
pgml™, respectively (Fig. 2 and 3). During January to March, and August to
December 2000, T and E, levels were below detectable limits (<0.02 ngml" and <10
pgml™, respectively).

Gonadosomatic index ( GSI), age determination and gonad histology.

Table 1 and 2 demonstrated GSI, age and gonad histology of MGC caught
from the Mekong River and reared in ponds. In Table 1, the GSI of a 145 kg MGC
male from the Mekong River was 2.21, while 8.29 and 11.09 were observed in 205
and 247 kg female fish. Testosterone and estradiol in blood of female fish weighing
247 kg 4 day after capture were 0.07 ngml” and 123 pgml™. The ages of one MGC
male and two females from the Mekong River were 19, 24 and 22 year olds,
respectively. In Table 2, the average age of three male and three females MGC from
ponds was 8 years. Fig. 4 shows the age determination from pectoral fins of a fish
from the Mekong River (a) and a fish from pond (b). In the case of fish reared in
earthen ponds, the age is correlated to the actual recorded age. The average GSI of
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MGC in earthen pond was 0.05 and 0.36+0.05 in male and female fish, respectively.
In May, the highest GSI of 0.08 and 0.48 in male and female fish were detected.
Testosterone and estradiol could not be detected in February and November. The
number of spermatocyte and oocyte in May were higher than in February and
November. Two stages of spermatocytes were observed (Fig 5), while tree stages
were seen in oocytes (Fig6). More developed stages of spermatocyte and oocyte were
found in May.

Discussion

In determining the hormonal profiles of six male and six female MGC, 8
years old, reared in ponds during January and December in 2000, the highest T and E,
level was found in May for both sexes. T and E, levels observed in the serum of MGC
reared in pond in this study were very low since the fish were still immature (only 8
years old). In comparing to the natural mature fish, such as Pangasius Hytopthamus (
only 2 years old), their T and E, levels in serum in September were found to be 8.6 to
14 ngml™ and 30.6 to 43.2 pgml™ in males 5.3 to 10.9 ngml" and 611 to 1,423 pgml'
in females. For a 2-3 years old Clarias macrocephalus (Gunther), the T level had the
highest level from July to September (54 and 56 ngml™"), whereas the E, level had the
highest level on December of 20 ngml’ (Tan-Fermin, Ijiri, Ueda, Adachi &
Yamauchi 1997). Morover, the spawning season of salmonid fishes was found to be
in June to September due to E, levels that increased sharply during the pre-spawning
season. The E, level coincided with the serum vitellogenin levels. This provided
strong evidence that E; is responsible for the synthesis of vitellogenin. But, they are
followed by a sharp drop during the spawning season (Ueda & Yamauchi, 1995). In
our study, the T and E, levels of a 247 kg female MGC 4 days after it was caught
from the Mekong river were 0.07 ngml™ and 123 pgml™, respectively. The lower T
and E; level of MGC may have been due to stress. Normally, the T levels in fish
plasma were almost the same as the E, level (Haddy & Pankhurst 2000).

The GSI of the one male (149 kg) and the two mature female (205 and 145 kg)
MGC from the Mekong River and of the three males and three females MGC of
eight year old reared in earthen pond were observed in May. These GSI values were
similar to GSI values of the previous studies on 190 kg male and female MGC from
the Mekong river in May which were 2.21 and 8.7, respectively.For an immature
male (6.67 kg) and female (5.27 kg) MGC reared in earthen pond, their GSI values
were only 0.02 and 0.1 %, respectively (Mongkhonpunya 1993). GSI values during
the spawning season (September) of a two year old P. hytopthamus were 9 and 29 in
males and females, respectively.

More development of spermatocytes and oocytes of the eight year old MGC
reared in earthen pond was observed in May (spawning season). In fact, information
may be of limited value of sample at each month and it appeared to be no valid way of
determining if the difference that are presented are due to the variation among animals
or due to seasonal effects. However, these fish were from the same broodstock and
were reared in the same conditions at the same locations and same period. Therefore,
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the effects obtained from this study may be concluded to be due to the seasoning
effects more than the variation of the animals themselves. Our result was similar to
the previous study that the ovaries of MGC at three years old have oviparous lamellae
composing of oogonia and oocytes (Narkong 1994). But, ovaries of these mature
female MGC from the Mekong River in May were composed of oogonia, oocytes,
vitellogenesis and egg maturation stage. The testis of these mature male MGC in May
contained spermatogonia, spermatocytes, spermatids, and spermatozoa Another study
demonstrated that the two year old female Clarias macrocephalus in captive had a
group synchronous pattern of ovrian development, as indicated by the presence of
oocytes at all stages of development throughout the annual cycle and more oocytes
development was found between May to June (Tan-Fermin ef al. 1997)

The average age of the MGC reared in earthen ponds was 8 years compared to
the mature catfish from the Mekong River which had the ages of 19, 24 and 22 years
for one male and two females, respectively. The width between the annual ring of the
pectoral fin can be used to estimate the growth rate of MGC. The annual ring of the
MGC reared in earthen ponds during the period of the first to the third year was wider
than the annual ring during the period of the fourth to the eighth year, indicating that
the MGC during the first three years grew faster than during the next four years.
Determination of the age of the fish from the annual ring is more advantageous than
from the otholist because the former is a non invasive method. In comparing the
hormonal profile and GSI of the MGC caught from the Mekong River with those
reared in earthen ponds, MGC reared in ponds were still immature.

From the data of reproductive parameters and hormone levels of the MGC
from earthen pond during January to April, May to August and September to
December, they corresponded to the preparatory, spawning and post-spawning period,
respectively. This study provided basic information on the annual sex hormonal
profiles, gonad and germ cell development and age determination of MGC. This
information will be beneficial for the conservation and breeding program of this fish.
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Figure 1 Comparison of growth curve of female and male MGC (aged 8 years old)
reared in ponds during January to December 2000.
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Figure 2 Comparison of testosterone (T) profiles of six female and six male MGC
(aged 8 years old) reared in ponds during January to December 2000.
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Figure 3 Comparison of estradiol (E;) profiles of six female and six male MGC
(aged 8 years old) reared in ponds during January to December 2000.
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a)

b)

Figure 4 Annual rings from the pectoral fin of
(a) a 24-year old female MGC from the Mekong river.
(b) a 8-year old female MGC reared in earthen ponds.
Note: A dot was marked for each year of the age.
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Figure 5 Comparison of sperm counts in the stage of gonad development of testis of
three male MGC reared in earthen ponds in February, May and November
2000.
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Figure 6 Comparison of oocyte counts in the stage of gonad development of ovary of
three female MGC reared in earthen ponds in February, May and November
2000.
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Table 1. Gonadosomatic index (GSI), age and serum testosterone (T) and estradiol
(E2) concentrations of three MGC from the Mekong River

Fish Ace Body Gonad Serum sex hormone
No.  Date captured ( eirs) weight Sex weight (kg) GSI concentration
Y (kg) s tke T (ngml") _E, (pgml™)
1 5 May 2000 19 145 Male 33 2.27 -
2 7 May 1999 24 205 Female 17 8.29 -
3 17 May 2000 22 247 Female 274 11.09 0.07* 123*

Note: *4 days after it was captured

Table 2. Gonadosomatic index ( GSI), age and serum testosterone (T) and estradiol
(E2) concentrations of six MGC reared in earthen ponds

Fish Age Body Gonad Serum sex hormone
No.  Date captured weight GSI concentration
(vears)  Weight (kg) (kg) Tngml) B, (pgml™)
Male
1 10 Feb 2000 8 15.00 0.01 0.06 <0.02 <10
2 10 May 2000 8 13.00 0.01 0.08 0.04 13.00
3 22 Nov 2000 9 12.00 0.01 0.08 <0.02 <10
X+ SE 8.33£0.33  13.33+0.88 0.01 0.07£0.01  0.03+0.06 11.00£1.00
Female
4 10 Feb 2000 8 16.00 0.06 0.375 <0.02 <10
5 10 May 2000 8 12.50 0.06 0.48 0.04 28.00
6 7 Nov 2000 8 14.30 0.04 0.28 <0.02 <10
X+ SE 8 14.27+1.01 0.05+0.01 0.3840.10  0.027+0.01  16.00+6.00
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Abstract

The Mekong Giant Catfish (MGC, Pangasianodon gigas) is an
endangered species. It takes approximately sixteen years for this fish to reach
maturity in earthen ponds. Thirty-two of the nine years old fish (16 males and
16 females;14 kg) at the Department of Fisheries Technology, Maejo
University in Chiang Mai and twelve of seven years old fish (6 males and 6
females; 13 kg) at Charan Farm in Chiang Rai were injected with various
concentrations of GnRHa suspended in soybean oil and in combination with
domperidone (DOM) or with estradiol (E2) in females and testosterone (T) in
males. Serum levels of E2 and T were determined by
electrochemiluminescence immunoassay at 0, 15, 60 and 120 days post
injection. In the nine years old fish injected with 200 pg kg of GnRHa in
combination with 10 mg kg' of DOM after 60 days (June 15, 2001). the
highest T and E2 blood levels in male and female respectively were higher
than before injection and the control. The highest stripped egg and sperm
volumes were obtained from the nine years old fish after 82 days (July 8§,
2001), post injection with 300 pg kg'' of GnRHa in combination with 20 mg
kg™ of DOM. However, sex hormone levels in all groups dropped with no egg
or sperm production after 120 days (August 15, 2001) of the treatment. This
study indicated that MGC has the potential to be a breeding stock and showed
the period of pre spawning to be January — April; the period of spawning to
be May-July and the period of post spawning to be August — December. This
information will be beneficial for breeding of the domesticated MGC which
can be an alternative source of broodstock.
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Introduction

The Mekong Giant Catfish (Pangasianodon gigas, MGC), the largest fresh
water catfish in the world, is considered to be an endangered species according to
CITES (Phonprasit and Thevarat, 1998). The number of fish caught reached a peak of
69 in 1990. There was no record of any wild MGC captured from the Mekong River
in the 2001, 2002 and 2003 (Meng-Umphan, 2003). This giant catfish might become
extinct in the near future. Moreover, domesticated fish from artificial breeding in
ponds need 16-17 years to reach maturity. Fish spawning can be induced by
environmental manipulation and exogenous hormone administration. Hormone
induction of MGC is necessary for conservation and production (Prat et al., 2001).
However, the effects of exogenous hormones on ovulation are short. Two to four
injections are needed. One injection may last for only 6-12 hr (Van der Kraak et al.,
1983).

Frequent injections can make the fish suffer from stress. There are also
various problems of hatchery management, especially repetitive handling of brood
stock which requires substantial labor, time and monitoring. A dopamine antagonist,
domperidone (DOM), has been successfully used together with a gonadotropin
releasing hormone analog (GnRH-a) or Suprefact™ (buserelin) to induce spawning and
reduce stress (Lin et al., 1988). Buserelin or GnRHa can regulate gonadotropin
hormone (GTH). GTH is composed of a luetinizing hormone (LH) and a follicle
stimulating hormone (FSH) that affect the development of ovary, testis and essential
hormones for ovulation. The Gonadotropin releasing hormone (GnRH), together with
GnRH receptors, are located on the gonadotropic membrane in the pituitary gland that
stimulates the production of gonadotropin, and GnRH will be released to the blood by
G protein-coupled receptor systems (Chompoothaweep, 1998). Testosterone initiates
in spermatogenesis. It is also the precursor for estradiol production of vitelogenin
during egg development (Scott et al., 1980).

Long term GnRHa delivery systems are important tools in controlling the
maturation of Striped Bass (Van der Kraak et al., 1983). Hormones with a suitable
concentration in a sustained release delivery system have been demonstrated to
stimulate gonad development, reduce stress from multiple handling and assist the
stock to become ready for breeding (Zohar et al., 1989b, 1990a, 1995a,b; Goren et al.,
1990). In this study, GnRHa together with domperidone and testosterone or estradiol
suspended in soybean oil as a sustained released dosage form were used to induce
maturation of MGC. Fish maturation was evaluated after the treatment from sex
hormone blood level and gonad development.

Materials and Methods
Fish Samples

The experiment was conducted from April to August in 2001. Fish were
divided into two groups. The first group had 16 males and 16 females (nine years old,
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14 kg) reared in earthen ponds (1,400 m?) at the Department of Fisheries Technology,
Maejo University, Chiang Mai. The second group had 6 females and 6 males (seven
years old, 13 kg) reared in earthen ponds at Charan Farm in Chiang Rai, Thailand.
Sex identification was performed by physical observation and confirmed by biopsy
of the gonads. Each fish was marked by injecting Alcian blue dye solution on
different parts of the fish. Fish were fed daily with feeds containing 20 % protein
(8.15 % fishmeal, 4.9 % soybean, 4 % rice bran and 3 % broken rice in combination
with 1 % premix and 1 % tuna oil) at 2 % of the body weight.

Hormone preparation

An amount of 10 ml of Suprefact™ (10,000 ug ml" of buserelin or GnRHa)
was evaporated under reduced pressure by a centrifuge (Centrivap Model
LABCONCO 78120-01, USA )at30+2 'C, 2,500 rpm for 3 hrs. Domperidone (10
mg per tablet, Motilium™ ) was ground and dissolved in ethanol, and then filtered.
The filtrate was evaporated at 45 'C by an evaporator (Rotavapor, R-124 BUCHI,
SWITZERLAND). The dried powder was collected. The contents of buserelin and
domperidone were analyzed by HPLC (Thermo Separation Products, USA UV
1000/P2000). The calculated amount of buserelin and domperidon was suspended
aseptically in sterile soybean oil. The suspension was kept at 4 C until use.

Hormone treatment

Fish in the first group at the Department of Fisheries Technology, Maejo
University in Chiang Mai were divided into 5 treatments (Table 1). Each treatment
had 4 males and 4 females. Each fish was intramuscularly injected with the sample at
0.2 ml kg™ on April 1, 2001. Blood samples were taken at 0,15, 60 and 120 days after
the treatment and assayed for testosterone and estradiol level by
electrochemiluminescence immunoassay.

Fish in the second group at Charan Farm in Chiang Rai were divided into 2
treatments (Table 2). Each treatment had 3 males and 3 females. Each fish was
intramuscularly injected with the sample at 0.2 ml kg in April 15, 2001. Blood
samples were taken at 0,15, 60 and 150 days after the treatment and assayed for
testosterone and estradiol level by electrochemiluminescence immunoassay.

Quantitative analysis of testosterone and estradiol blood level

One millilitre of the blood sample was taken from the caudal vasculature of
each fish at 0, 15, 60, 120 and 150 days after the treatment. The serum sample was
separated by centrifugation at 10,000 rpm for 5 min and stored at — 30 C. Fifty
microliters of the serum were used to determine the estradiol (E2) and testosterone (T)
by an electrochemiluminescence immunoassay analyzer (Elecsys1010, Roche
Germany). A polyclonal antibody from rabbit was directed against 173- estradiol and
a mouse monoclonal antibody was directed against testosterone.
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Gonadosomatic index (GSI)

One male and one female from each treatment at Maejo University were
sacrificed at 15 (Aprill5, 2001) and 60 days (Junel5, 2001) post injection and the
average gonadosomatic index (GSI) of ovaries and testis was determined according to
the following equation (Nikolsky, 1963):

gonads weight (kg) x 100

GSI (%)=
body weight (kg)

Gonad histology

The mid of ovary and testis samples taken from one female and one male at
Maejo University 15 days (April 15, 2001) post treatment was fixed in 10 % formalin,
hydrated and embedded in paraffin. The section of 6 um thick was stained with
haematoxylin and eosin. The oocytes and spermatocyte were evaluated according to
the 4 stages of Jarimopas et al., (1994) and Prat et al., (2001) respectively, as follow.
Oocytes:
Stage 1 Central germinal vesicles (CGV)
Stage 2 Migrating germinal vesicles (MGV)
Stage 3 Peripheral germinal vesicles (PGV)
Stage 4 Maturation (germinal vesicle breakdown, GVBD)
Spermatocytes:
Stage 1 Spermatogonia (cell dimeter 0.01-0.02 mm)
Stage 2 Spermatocyte (less than 0.01-0.02 mm)
Stage 3 Spermatid (small cell in group no tail)
Stage 4 Spermatozoa (small cell with tail in vasdifferent)

Spermatozoa and egg sampling

After 60 days (June 15, 2001) post injection, the 2-3 mm catheter tube was
inserted in the urogenital papilla of the fish for egg and sperm sampling. Before eggs
and sperms were stripped (July 8, 2001), the fish was first injected with 10 pg kg™ of
GnRHa combined with 2.5 mg kg™ at DOM. After 6 hrs, the second injection was 20
ug kg' of GnRHa combined with 2.5 mg kg of DOM. Eggs and sperms were
stripped at 20 hrs after the first injection. One gram of eggs was counted to estimate
fecundity. The sperm volume was measured by a syringe and the densities were
determined by a hemathocrit slide and calculated according to the following equation
(Aasetal., 1991):

average counting number x dilution rate

Number of sperm (mm™) =
0.02



151

Data and statistical analysis
Germ cell stages and GSI of the fish were presented in graphs and tables.

Differences in mean of E2 and T blood levels were determined by Analysis of
Variance (ANOVA, P<0.05), and the Least Significance Difference Test (LSD)

were analyzed by Statistic Package for Social Science (SPSS).

Results

Testosterone (T) and Estradiol (E2) level

There were no significant differences in the serum T level in males at Maejo
University at 15 and 120 days post injection with hormone suspended in soybean oil in
comparing with control (P>0.05). However, there were significant different fluctuations
of the serum T level after 60 days post injection compared to prior injection and the
control (P<0.05). Moreover, the group treated with T at 20 mg ml™ showed a higher T
level than other treatments. The serum E2 level in females at 15 and 60 days post
injection was significantly different in fluctuations from before and the control (P
<0.05). The group treated with 200 pg kg of GnRHa in combination with 10 mg ml™
of DOM at 60 day post injection gave the highest level of serum E2 level. However, the
hormone levels decreased after 120 days (Fig 1, and 2).

At Charan Farm in Chiang Rai, no significant difference in fluctuations of
serum T level in males before and 150 days post injection was observed (P>0.05). But,
there were significant fluctuation of serum T level at 15 and 60 days post injection than
before injection and the control (P<0.05). Moreover, the group that was treated with
300 pg kg™ of GnRHa in combination with 10 mg kg™ of DOM gave a T level higher
than the control group. The serum E2 level in females at 60 days post injection was
significant different in fluctuations from before injection and the control. The group
treated with 300 pg kg of GnRHa in combination with 10 mg ml™" of DOM gave the
highest serum E2 level at 60 days after the treatment and was significant different from
the control (P<0.05, Fig 3, and 4).

GSI and reproductive parameters

After 15 days of the treatment of fish at Maejo University injected with 200 p
g kg'1 of GnRHa in combination with 10 mg kg'lof DOM, the highest GSI of 1.3 %
in females and 0.25 % in males, were observed. After 60 days of the treatment,
sperm cells in all male groups were in the spermatid and spermatozoa stages (Fig 5
and 6). The central germinal vesicle stage (CGV) and the migrating germinal
vesicle stage (MGYV) in all groups were found (Fig 7 and 8). The female did not
reach ovulation maturation after 15 days of the treatment. After 60 days of post
injection, GSI in all groups increased. The highest GSI of 9 % and 2.9 % in female
and male, respectively were observed in the groups injected with 200 and 300 ug
kg" of GnRHa in combination with 10 and 20 mg kg™ of DOM. Fish received E2
gave the lowest GSI. After the 60 days post injection, eggs and sperms were
sampled by siphoning with a catheter tube from the groups which received
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soybean oil, and injected with GnRHa in combination with DOM . Stripping eggs
could be obtained only from a female injected with 300 ug kg'1 of GnRHa in
combination with DOM at 20 mg kg”. Sperm could be obtained only from one
male injected with 7 and 15 pg kg™ of GnRHa in combination with 2.5 mg kg™ of
DOM. The sperm volume and density tended to be the highest in the fish treated
with 300 pg kg” of GnRHa in combination with 20 mg kg™ of DOM. After 82 days
of the treatment, 125 g of stripped eggs were inseminated with 20 ml of sperms.
However, no fertilized eggs were obtained (Table 3 and Fig 9).

Discussion

After 60 days (Junel5, 2001) of injected with 200 pg kg™ of GnRHa in
combination with 10 mg kg of DOM, female MGC the E2 level gave significantly
higher than before injection and the control. This may be due to the period of the
hormone treatment that was integrated with the beginning of the spawning season on
June for MGC (Manosroi et al., 2003). Prat et al., 1999 was reported that , Sea Bass
injected with GnRHa alone, or in combination with DOM, induced an increase of
plasma E2 concentration. Sower et al., (1984) found a higher concentration of E2 after
the administration of GnRHa to vitelogenic females than to postvitellogenic females.
During the spawning season (after 60 days of the treatment), the T level was higher
than the E2 level, which agreed with the previous study (Haddy and Pankhurst, 2000).
On June (after the hormone treatment), the T and E2 levels of the seven years old fish
at Charan Farm were lower than the nine years old fish at Maejo University. After 120
days of the treatment (August 15, 2001), all T and E2 levels decreased to less than
0.02 ng ml" in males and 76 pg mlI™' in females. This may be due to the post spawning
season. According to our previous study, T and E2 levels of Pangasius hypophthalmus
at one and a half years old injected with 100 to 300 pg kg of GnRHa in combination
with  10-20 mg kg of DOM were the highest after 240 days of the treatment
(Septemberl5, 2001, Manosroi et al., 2003).

In April (after 15 days of the treatment), the highest GSI of the nine years old
catfish received 200 pg kg™ of GnRHa combined with 10 mg kg'1 of DOM was 1.28
% in females and 0.25 % in males. In comparison to the eight years old MGC which
did not receive exogenous hormone, they showed GSI of 0.45 % and 0.06 % in
females and males, respectively. The highest GSI was obtained in June of 2.8 % in
male and 8.9 % in female fish injected with 200 pg kg of GnRHa in combination
with 10 mg kg'of DOM. This was comparable to P. hypophthalmus. P.
hypophthalmus injected with 100 to 300 pg kg of GnRHa in combination with 5 to
20 mg kg™ of DOM gave a GSI (in June) of 13.9 to 14.5 and 4.6 to 6.3 % in female
and male, respectively. The spawning season appeared to begin in June. On the other
hand, a germ cell stage (in May) of MGC at three and a half years old had a primary
growth phase in female and spermatogonia in male, while germ cells of most MGC
broodstock from the Maekong River composed of mid-vitellogenesis and yolk
granules in female and spermatozoa in male, respectively (Narkong, 1994). The GSI
values of female and male fish (190 and 142 kg) from the Maekong River were 8.7 %
and 6.3 % respectively (Mongkonpunya, 1992). Previous work on the propagation of
the five years old MGC females (20 kg) in earthen ponds was conducted by implanting
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miniosmotic pumps containing 2.1 ml with 1 mg ml” of GnRHa with the combination
of 20 mg ml™ of DOM into the abdominal cavity under the pelvic fin, the ovaries were
at the beginning stage after two months treatment (Phonprasit et al., 1993).

On July 7, 2001, sperm could be obtained from half of the treated fish
including the control group. The ovum could be obtained by sampling with a catheter
tube from the control group (treated with soybean oil only), and from fish treated
with GnRHa in combination with DOM. In the control group, this may be due to the
fact that soybean oil which is oil derived from plant usually containing cholesterol
that can be a precursor of sex steroidal hormone production. (Dence et al., 1980). On
the other hand, T and E2 can also be produced in the gonads of the brooder during pre
spawning season. However, after 20 hrs of the second injection with 7 and 15 ug kg™
of GnRHa in combination with 2.5 mg kg™ of DOM, only 125 grams of the stripped
eggs were obtained from one female and the highest sperm volume were obtained
from one male treated with 300 pg kg of GnRHa in combination with 20 mg kg
of DOM. Our research on hormone need results show consistency with Solar et al.,
(1995) who injected broodstock of Salmon (Oncorhynchus tshawytscha) with 250 g
kg of GnRH, and implanted with GnRH which dissolved in polymer. Their results
showed both hormone treated Salmon gave higher percentage of spawning than the
control group within 14 days after the treatment.

Eggs could not be fertilized due to poor quality of eggs (early maturation). It
had also been reported that early GnRH administration in Atlantic salmon induces a
very low percentage of female ovulating with poor quality of eggs (Crim and Glebe,
1984). This is also due to the reproductive problems which are usually more serious
in female broodstock in captivity, and the absence of final oocyte maturation (Zohar
and Mylonas, 2001).

Conclusions and Comments

For the nine years old MGC fish (14 kg of body weight) at Maejo University,
groups that were treated with 200 pg kg™ of GnRHa in combination with 10 mg kg™
of DOM showed higher sex hormone levels after 15 and 60 days of the treatment than
the control group and gave better ovulation than the seven years old MGC at Charan
Farm in Chiang Rai. This nine years old MGC treated with 300 ug kg™ of GnRHa in
combination with 20 mg kg! DOM also showed better GSI, volume and density of
sperms and eggs after 82 days of the treatment during spawning season than other
groups . The nine years old males produced the best qualities of sperm but low quality
of eggs.

The nine years old MGC reared from earthen pond have a potential to
alternative to the MGC broodstock from the Mekong River. However, It needs future
studies including the development of high nutritional feed for female broodstock. In
addition, more frequent hormone application may be conducted when the females
reach maturity. Although hormones are required for synchronous spawning, the right
time and amount used need to be optimized.
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Table 1 The dosage treatment of GnRHa, domperidone, testosterone and estradiol oil
suspension in MGC at Maejo University, Chiang Mai, Thailand.

Treatment Sex Number Average Description of treatment Amount

No. Weight (ml BW™)
T1 Male 4 14.50+1.80 Sovbean oil onl 2.90
(control)  Female 4 14.3543.09 &>% Y 2.87
- Male 4 14.0343.754 200 ug kg"' GnRHa and 10 mg kg' 2.80
Female 4 14.33+4.19 » DOM in soybean oil 2.87
- Male 4 14.28+1.805 300 ug kg GnRHa and 20 mg kg™ 2.86
Female 4 14.80+3.50 - DOM in soybean oil 2.96
20 mg kg™ Testosterone (T) in soybean oil for
T4 Male 4 14.13+2.56 male 2.83
20 mg kg™ Estradiol (E2)in soybean oil for
T5 Female 4 14.40+1.58 female 2.88

Table 2 Dosage of GnRHa, domperidone, testosterone and estradiol in fish at Charan
Farm in Chiang Rai, Thailand.

Treleilt(r)l'qent Sex Number l:\\//:irgﬁf Description of treatment (ﬁﬂm ];)\li/n_tl)
T1 Male 3 12.83+1.26 Soybean ol 2.56
(control)  Female 3 14.33£0.29 2.86
™ Male 3 13.83+1.043 300 ug kg GnRHa and DOM 20 mg kg 2.76
Female 3 14.33£1.15 ¥ in soybean oil 2.86

Table 3 GSI, volumes and densities of the stripped eggs and sperm of MGC (9 years
old) 15 and 60 days post treatment at Maejo University in Chiang Mai,

Thailand.
No of Volume and density of stripped
GSI (%) fish eggs or sperm stripped after 82
Weight ° days treatment
Treatment Sex cle stripped sperm Egg
(Kg.)
15 days 60 days
(Apr (Jun N=2  Cckg'. (cell mm™) (g)
15,2001)  15,2001)
T 1 (Soybean oil, Female 14.50 0.85 7.95 - - - -
Control)
Male 14.63 - 2.75 1 1.0 2,575,000+169,272 -
T, (GnRHa200ug kg' Female 14.20 1.23 8.91 - - - -
+DOM 10 mgkg™) Male 14.33 0.25 2.87 1 1.06 2,716,6701659,267 -
T (GnRHa 300pug kg’  Female  14.50 0.64 9.01 1 - - 125
+DOM 20 mgkg™) male 15.00 0.25 3.05 1 1.33 2,735,000+515,678 -
T, (E220 mg kg™) Female 14.53 0.28 1.46 - - - -
T s (T 20 mgkg™) Male 14.40 0.17 2.77 1 1.08 2,635,000+985,771 -

Note : GnRHa = Gonadotropin Releasing Hormone analog; DOM = Domperidone; E2
= Estradiol; T = Testosterone
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Figure 1 The average serum testosterone levels (ng ml™) in males P gigas (9 years old, 14
kg) at Maejo University in Chiang Mai at 0, 15, 60 and 120 days after injection
of the 4 treatments. Data are represented as the mean+SEM. Asterisks on top of
the bar indicate differences between initial and after hormone injection. The
letter A, B and C indicate the significant differences between them (P<0.05).
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Figure 2 The average serum estradiol level (pg mI™) in females P gigas (9 years old,14
kg) at Maejo University in Chiang Mai at 0, 15, 60 and 120 days after injection
of the 4 treatments. Data are represented as the mean+SEM. Asterisks on top of
the bar indicate differences between before and after hormone injection. The
letter A, B and C indicate the significant differences between them (P<0.05).
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Figure 3 The average serum testosterone level (ng ml™) in males P gigas (7 years old) at
Charan Farm in Chiang Rai at 0, 15, 60 and 150 days after hormone injection
from 2 treatments. Data is represented as the mean+SEM. Asterisks on top of the
bar indicate differences between before and after injection. The letter A, B and
C indicate the significant differences between them (P<0.05).
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Figure 4 The average serum estradiol level (pg ml™) in female P gigas (7 years old) at
Charan Farm in Chiang Rai at 0, 15, 60 and 150 days after hormone injection
from 2 treatments. Data is represented as the mean+SEM. Asterisks on top of the
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bar indicate differences between before and after injection. The letter A, B and
C indicate the significant differences between them (P<0.05).
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Figure 5 Percentages of spermatocytes in each stage of MGC (9 years old) at 15 days
after the treatment at Maejo University, Chiang Mai, Thailand.
Note: T1 Soybean oil
T2 GnRHa 200 pg kg in combination with DOM. 10 mg kg™
T3 GnRHa 300 pg kg in combination with DOM. 20 mg kg™
T4 T 20 mg kg™
Stage 1 Spermatogonia(cell dimeter 0.01-0.02 mm.blue color)
Stage 2 Spermatocyte (Spermatocyte ; less than 0.01-0.02 mm)
Stage 3 Spermatid (small cell in group no tail)
Stage 4 Spermatozoa (small cell with tail in vasdifferent)

Figure 6 Spermatozoa at 60 days (July, 2001) after the treatment with GnRHa 300
ngkg™ in combination with DOM 20 mg kg™
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Figure 7 Percentages of oocyte in each stages of MGC (9 years old) after 15 days of
the treatment at Maejo University, Chiang Mai, Thailand.
Note: T1 Soybean oil
T2 GnRHa 200 pg kg™ in combination with DOM. 10 mg kg™

T3 GnRHa 300 pg kg'1 in combination with DOM. 20 mg kg'1
T4 E2 20 mg kg™

Stage 1 Central germinal vesicle (CGV)

Stage 2 Migrating germinal vesicle (MGV)

Stage 3 Peripheral germinal vesicle (PGV)

Stage 4 Maturation (germinal vesicle breakdown, GVBD)

GV

LG

Figure 8 Oocyte at 15 days (April, Figure 9 Stripped eggs at 82 days

2001) after the treatment (July, 2001) after the
with GnRHa 200 ug kg’ treatment with GnRHa
in combination with 300 pg kg ' in

DOM (10 mg kg'l). combination with

DOM (20 mg kg™).



