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Abstract

The planned production of fertilized eggs was preceded for the
purpose of commercial production of tiger puffer, Takifugu rubripes. In
this study, we conducted the broodstock management, induction of
ovulation, cryopreservation of spermatozoa, fertilization, and larval
development of the species for the developement of the larviculture
technique by artificial fertilized eggs.

Three year old broodstocks (42.67£2.37cm TL, 1.53+0.19kg BW) were
distributed and managed in three circle tanks (bm diameter x 1.5m
depth) at a density of 20-21 fish per tank in SAJO CS Co., Ltd. Jeju,
Korea.

Investigation of oocyte diameter of 7. rubripes was conducted by
cannulation method at 2 weeks intervals from January 9 to February
18, 2005. At the beginning of the investigation, oocyte diameters of the
fish ranged from 710 to 760um. After 6 weeks, oocyte diameters of the
fish were gradually increased and reached over 900um. For the induction
of ovulation, fish with oocytes over 900um were chosen and injected
with luteinizing hormone releasing hormone analogue (LHRHa, 400ug/kg
BW). Ovulation was induced from 6 out of 7 fishes treated with
LHRHa. The average ovulation rate was 85.7%, and the total weight of
the stripped eggs was 1,568g.

The cryopreservation of sperm was conducted to control fertilization
time on account of the disagreement of mature timing between testis and

ovary. The spermatozoa of 7. rubripes are divided into head and tail part.



The head was elliptical shape and the size was 1.45um. After
cryopreservation with Alserver’s solution, MFRS (marine fish ringer
solution), 5% glucose and Ham’s F-10 as diluents and DMSO
(dimethylsulfoxide) and TYB (test yolk buffer) as cryoprotectants, lower
motility was observed in the thawed sperm compared to the control sperm
in fresh semen (P <0.05). However, the fertilization and hatching rates
were 69.3% and 39.8% in the control, 57.5% and 30,2% in ATS (thawed
sperm after cryopreservation with Alserver's solution as a diluent and
TYB as a cryoprotectant) groups, respectively. Both fertilization and
hatching rates in the ATS groups reached approximately 75% of those
the control.

The fertilized egg of T. rubripes was adhesive-sinking spheres, and
1.2-1.3mm in oocyte diameter. Hatching began approximately 9-12 days
after the fertilization at a water temperature of 16.0-17.0C.

The total length of newly hatched larvae was about 2.9mm TL. Their
mouths were opened at 4 days after haching (DAH), and the yolk and
oil globules were almost absorbed within 10 DAH when fish reached
about 4.3mm TL. The larvae reached about 54mm TL at 20 DAH, and
the menbrane fin began to differentiate at the time the dorsal, anal, and
caudal fines. The larvae reached 9.8mm TL at 30 DAH, and developed

9 fin rays in caudal fin.



A5, Takifugu rubripes< o] Tetraodontiformes 353}
Tetraodontidae®ll &3k of F=A felvel A A 9 A Z7to]k o
g3 FEarefol BEE A 70cm ol 7A A EElE o d o] tH(Abe,
1949; A5, 1955). AT feluehel diLolA sjitk A ofFEA 7]
b ool =ob a7t solval sloy, fejvdels s AF5 9hd
AGARl 1F AT Aikel digk A7k wzlg Aot
NXE AFEe &4 AdEE A8 e FAIA FTHE A,
1962)& Alx2 TR AYat YA FdS A A =R - bR, 1983)9F
28 AHgdd o3 AAM FHojo Ha ZXUESLI %, 1978 =A &
1992)5 B2 A7 FREol AFR o] o] FoA L Ut
Ao ubtel A= 19700l Zafol A o g AFRol At s 8
B3t FATE WEL FH A Pyen and Rho, 1970)& Al =38 o] 32
2} X o] ARS Al #3F AF(Ko and Rho, 1996; Kim et al., 2003)<}
et A 2= £ 2F(HCG, human chorionic gonadotropin) 2ol ¢
g dF A (Yang et al, 199 thgk A-7F FhHAoH, A5 G Aol
A QL Aol dig A7 ALSHL UARE of XA ApFE oju] o] A

% Aolg BF A FAY Aol o] FolX x| o} ARAA

o ol
o>
f“1° N
r°4'

{1
rie

=

@ wAwel % FR PN Fol dakn AFE AR Ao A

BE golz Ag FrRUGM A Abeto] ofFa, e

of dojutizte Wdo] AstHAY AA AP AVE FH FHEC] Eo



gulojof gtk o] {FE PR A A B oAY FEE % oA =
280 ARR-& 1930l Houssay”t Prochilodus platenis® Y8442
Cnesterdon decemnaculatus 7l FAtsh= e AlZFo 2 HCG, A3
BEEE I 22(LHRD/AAA L2528 B33 22(GnRH) 3 2
FAHA 5& F2 AFRSY Y (Crim et al, 1983; Larsson et al, 1997;
Song, 2004). LHRHav® A =738t4 &4 o] HCGY LHRH 1 AA BT =7
o] ofe] ofFelA A A % wd & 98 AFEE I JHHCrim
et al., 1983; Harvey et al., 1985; Lee et al., 1987).
aE]al of o] e - g A7) F AHY] BEFEOR ALS

Ak Al7le A g A2 FRIF olel R Bg, bAAQ FAEY Ak
U3 THE AMNS SalMe AR 54 BE V)so] sty it o/
Aol Az W KHFEO] AFE(Chang et al, 1998), #AE, Acanthopagrus
schiegeli (Lim et al., 1997), Y|, Paralichthys olivaceus (Zhang et al.,

1997), 54 9|, Epinephelus septemfasciatus (Song, 2004) SolA 3=



Az R R

1. H8o 8 As 2

Agezs A2 CS (F) AFEAE Hel 24 5m x 4 1.5mel €

3 ZagE £z 32 ARART, 7 FxoE 394 AFE(PFAL
42.67+2.37cm, B AT 1.53+0.19kg)= 2H7F 20-2171% +&3t3h. A3
71 S ARS e A Sk Ak dlaE E3ske] AbSsiRen, A
Frx dd S5FS 10-123]42 #FA vk #Hele FAMR (moist
pellet, MP)& 3% 13 A I3ttt

A7 Fot ASS4o 23 8F5 A (Dissolved oxygen, DO)+= vl

o 13 =Astgoen, F&& £ v DOE DO meter (DO-14P,

o Hs 3 WP RE

o,

o

Yok i FEE S Astel AR GRAL YEEE 24
93, e e

l

(LHRHa: desGly" [D-Ala"] - luteinizing hormone releasing hormone

FEh beR GRS d¥or ANAATEE

M

ethylamide, Sigma Co., USA)3} WA XAA=FE22(HCG: human
chorionic gonadotropin, Sigma Co., USA)< 23} th.

A9A vBe fra] 9@ s 44 ALAE Fopur] 9eho]
cannulation ¥ o2 AH 39.0-475cm, HF 1,160-1,697g W ee] A= of
7 evtele] Wt dg AnE wkobal gl ti(Table 1).



A ol= 150-200 ppme] 2-phenoxyehanolol] »FAAIZI & &7 A2 39
waA o wet dddols AdEstel Wd 1.2mm, €17 2.0mm<! A2 AE
9] cannularg ©]&ste] cannulations SFth W Asd Wi fFEE 1)

#3l 600m ©)7d GEMEE JF 4A S A¥HEte] portable reader (SERIAL

At 2=AE F Aol 2HW A4 A

S 98] 100 ppme] Tiamulin hydrogen fumarate® = °F8-3}31th(Fig 1).

2) LHRHal ©]3+ wj&t &=

Wigt §=5 93l LHRHa= Shein (2000)2] ®Hol we} &gz go] =
¢l LHRHa &3l 9¥} cocoa butter (EA, Japan)Z 1:9 H|&E T3l AL
ahdal, HCGe= Al gl &afsto] Abgataint wi&d =g 93 32
E A8E 400pg LHRHa/kg BW S5 2 13] A83F g 79 LHRHa 400ug
A 2% 500 IU HCG/kg BW ®iE2 13 AHdd Ag72 Tk m
sty 913 ZEEE ofAY T 2§ T FAEA T wiE HF

geole TEE AYF 3 HE 443 HF o7 A1) tHFig. 2).

tlo



Table 1. Total length and body weight of 7. rubripes used in examination

of oocyte diameter by developmental stages

Female Male
Total length Body weight Total length Body weight
(cm) (g) (cm) (g)
42.0 1,624 415 1,353
475 1,697 39.0 1,303
39.0 1,679 41.5 1,477
43.0 1,612 45.0 1,586
44.0 1,355 43.0 1,720
435 1,160 43.0 1,802




B

2 i -

Fig. 1. Examination steps for the investigation of oocyte diameter of T.

rubripes by cannulation method. A: body weight measurement, B:
cannulation, C: tagging with microchip, D: shutting experimental

fish into a cage.



Fig. 2. Examination steps for hormonal treatment to ovulation of 7.
rubripes. A: Tag reading, B: anesthetization in 150-200 ppm
2-phenoxy ethanol, C: intramuscular injection with LHRHa (400ug

/kg), D: treatment of 100 ppm Tiamulin hydrogen fumarate
cline-HCI.



3. 35 45 BE

1) HCGOl ¢ w4 f=
AFE A (AF 4217+2.02cm, AZ 1.54+0.20kg) 6712 S o] &3}e] wljA
FEE sglov], Mg FEE ¥ £28 Azl 50 U HCGke BW 5
= ZEE AP F U PFoR 293

fr
o
FU
%N
>
+
E
>
S
(@)

% 44 AE F £FHL 2ASAL

AZREH ANS AFSE7] $18te] 2-phenoxyethanoleZ vl A7l &
e AAE F9E5 =9 S5 MAES A v 555 7PaA o
grate] Age shlvh AH T AAES AL A5000<G, 102)F F 3t
ol 9= sperm pellets AFH skl Aol AR&aATh AR Jujd 5
A ZAE7] Yl AAE 25% glutaraldehyde &0 908 EoF A A
S Fdom, A F 20% osmium tetroxide & Aol 1A 7+ EH<¢F T4

TE AELGZ(B0%)EHEH dEdIE ALt
=311, isoamilacetaceE ARE3lo] X SA|ZTH FElH EHS F
"] 7 (SEM, scanning electron microscope)s ©| &3} FA}akd Tl

(2) A3 FgA Al

A2 W BEA AEa 34 A(dileunt) @ B3] WA A (cryoprotectant) =
GAE7] fste] 47FA] sl A el 2714 wa WA AE AREEATE A
2 Alsever's solution, marine fish ringer solution (MFRS), 5% glucose ¢}

Ham's F-10& A}-&-3ltH(Table 2).
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A2 YE5 BT AFE3E w3 WA A= dimethylsulfoxide (DMSO)$}t
Test Yolk Buffer (TYB, Irvine Scientific)S AF-&3&}it}.

(3) W& ®nE Hut

A Y BE AN sall As WAE 9% Zzhe] 3 oa} F3
WA A FFe E9H]&-S Chang ef al. (1999)3 Trounson and Gardner
(2000) ¢ WS &8skl AAgUTHTable 3). e A3 79 HEA

2 39T AR YEoE 025ml £ A2} HEE straw

\<

]
= o] g3ttt 72 Ao AHzrF FYUH 0.25ml A HEE straws
A AL F7)(-T6C)Z HH3] 12 YE3 oS, A%53] A2 2(-196T)

A9

=
ol
2
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N
ot
offl
off
ol
2
io)
ot
offl
(i,
ol
D)
rlr
2
2
Y,
B~
o,
1
=
J
e
~
2

4
9k 1:9¢9 nl&=2 A3 $ Makler counting chamber (Sefi-Medical
In)E ol&ste] FstAr Ao EU¥ stellA sE ol F A3 Azt we
A FEde AT AAY oA vef2 Strussmann et al
(1994)¢] AA &4 A 4=(sperm activity index) =74 WHS WEPsto] o]

43} tH(Table 4).



Table 2. Constituents of the diluents used for sperm cryopreservation of

T. rubripes

Diluents Constituents

Alsever's 2.05g glucose, 0.4g sodium chloride, 0.8g sodium

solution citrate/100ml D.W."
0.346g CaCly, 0.597g KCl, 0.017¢ MgCl,, 135g NaCl,

0.025g NaHCO3/1,000 ml D.W.

MFRS?

5% glucose 5g glucose/100 ml D.W

NaCl, 126.60; KCl, 3.82; MgSOs 7H20O, 0.62; NaHPO,,
1.31; KH2PO,4 0.61; NaHPO4 14.28; CaCls - 2H20, 0.30;
Phenol Red, 0.03; Arginine, 0.11; Aspartic acid, 0.10;
. Glycine, 0.14; Isoleucine, 0.02; Leucine, 0.10; Lysine,
Ham’s F-10
0.20; Methionine, 0.03; Phenylalanine, 0.03; Proline, 0.10;
(mM/L DW)
Serine, 0.10;  Threonine, 0.03; Tyrosine, 0.12; Valine,
0.03; Sodium Pyruvate, 1.00; Calcium Lactate, 1.00;
Glucose, 6.11; Arginine, 1.21; Glutamine, 1.0; Thymidine

3.00

UDW, distilled water; MFRS (marine fish ringer solution), Chang et al.,
1999; Ham's F—lOS), Trounson and Gardner, 2000.
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Table 3. Diluents and cryoprotectants tested for sperm cryopreservation

of T. rubripes

Treatment Composition Mixture rate
group Diluents Cryoprotectant Sperm (each volume)
Alsever’s b
ADS DMSO sperm pellet 0.72:0.13:0.15
solution
MDS MFRS? DMSO sperm pellet 0.72:0.13:0.15
GDS 5% glucose DMSO sperm pellet 0.72:0.13:0.15
HDS Ham's F-10” DMSO sperm pellet 0.72:0.13:0.15
Alsever’s N
ATS TYB sperm pellet 0.72:0.13:0.15
solution
MTS MFERS TYB sperm pellet 0.72:0.13:0.15
GTS 5% glucose TYB sperm pellet 0.72:0.13:0.15
HTS Ham’'s F-10 TYB sperm pellet 0.72:0.13:0.15

YDMSO (dimethylsulfoxide), MAF, 1997; YMFRS (marine fish ringer

solution), Chang et al., 1999; YHam's F-10, Trounson and Gardner,

2000; YTYB (test yolk buffer), Trounson and Gardner, 2000.
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Table 4. Numerical degree used for the evaluation of sperm motility in

the cryopreservation experiment

Criterion Sperm motility
3 Forward movement rapidly
2 Forward movement slowly
1 Vibrating movement moderately
0 Immobile sperm
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i
RO

5]

-

O

EREEERE

S

22 A9

1 22 &

S ML

.% /lg/\

Ho

1) =#k9]

Ho

—_

AGTFAA

Z}el

o))

A

F T

S

3YFo] FA}

B
- T

o] 707

\=]
T

7

|
—_

N
o

il s

=
n

0

X

A
)

FHo

Aol
Fol a5 AAet o

o

A4S Agatant

X 3]

/‘\_]_}\

ol A A+ -

Z

_13_



2) Aojol Abs A%

Bty Aol 0L 98 ofad FxolA 1Y 053H A= 553
i, FS 17.0-180CE FAEA Ao o) dadFE5ob AFAE 92 A
B Azbel| w2 Apojo] A WstE 24A%F Ao R FAFE T

AF717E Et A Hol= F3t & 4UANEH ZEHE AMSSF mle
1570A1e] A=2 Folatdal, Hat T 208 AFE 27 AFAE(Z7]: 150
i, INVE, USA)9} Artemia(2-3 7HAl/ml AFS), ZEIHE Folsdth

o] F Apoi7h gl wel A lEARe] ArlE S 7 HH(Fig. 3).
6. Az BA

FE Ay EAAH#HE ANOVA-testE A Aldte] Duncan’s multiple

range test (Duncan, 1955)2 Hw3te] A4S SAS TAZZaso=R
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[Water management]

d »
- Ll
Siphon
< >« >
10~20% 30~50%
‘Water exchange
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Day after hatching

Fig. 3. Rearing scheme during the larval rearing of T. rubripes.
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1. AbE A
AA7NL F AMS S 168-196T HARow, g€ o] st
AL, F F22 178TColdrh A9 DO 6.8-9.6mg/ ¢ H 1A tHFig.
4).
200 7 10.0
—O— Water temperature
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5 190 1 9.0
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=
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Fig. 4. Monthly changes of dissolved oxygen (DO) and water temperature

during a controlled photoperiod experiment.
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ofell M= W7 630-923um Wele] o] A2 A o]
Ak A AFA] 710-760pm W9 o] S T AL Sl THAlES 657
900um olge= o] 7|7k AAstal e, 635.7+61.0me] e 7hA AL
MA= 6575 838.7+48.0m7H A 33k oh(Fig. 5).

T
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o/

2) 32 A o wH f=

S22 A olg&d® AFE dAH AT 1347-186g W ATH
LHRHa @A 2l¢t LHRHa+HCG A el& &3 W& f%= Afolxes Aol
7vke] 5 6rbEl vk wj@E o] wiEeS 85.7%c)dth ojn] AT ATE ¢
190-345g % aL, 67te] o] & ATE &L 1,568g°] A HTable 5).

flo
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Fig. 5. Change of oocyte diameter of T. rubripes.
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Table 5. Effects of different hormonal treatments on ovulation of T.

rubripes
Body weight Total weight of
Hormones

(g) ovulated eggs (g)

1,700 190

1,719 264

LHRHa 400ug 1,347 190

1,479 297

1,866 345

LHRHa 400ug 1721 282

+HCG 500 IU 1534 0

_19_



3 HA Ys vE\E

) s22 Ao o@ g F=
HCG Azlol 28} WA % Agole 528 A2 4847

J_lﬂ—
Foll A wjg o] o]FolA i

= 2 CRE
o o]Folx|7] Assigon, Aol guly BF

-2 100%°] At

2) AALe] o] H- e
AFE AzE TR mgR PEEHY FRe g9doer A4S of
AL 038m e vk WE BE F o3 AxE=

1.45mm W i, <
Azpet vlulsto] FEjt A7) A Aol 7t A THFig. 6).

5% ZAE Folt £ AW A4t #AAA gud agn N2
thE S4B AAE Agetel WES A4 HE F LEHL %
e A BAYAME TYBS A3 BE 549 AYTATS, MTS,
GTS, HTS A@T)A B 44 §290] 33521 rh(Table 6).
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Fig. 6. Scanning electron microscopic photographs of the spermatozoa of

T. rubripes. A: fresh sperm, B: thawed sperm after cryopreservation.
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Table 6. Motility of thawed sperm of 7. rubripes after cryopreservation

with different diluents and cryoprotectant levels

1 min 5 min
Treatment groups
Sperm motility Sperm motility
ADS 0 0
MDS 0 0
GDS 0 0
HDS 1 0
ATS 2 0
MTS 2 0
GTS 2 0
HTS 2 0

ADS, thawed sperm after cryopreservation with Alsever’s solution as diluent
and dimethylsulfoxide (DMSQO) as cryoprotectant; MDS, thawed sperm after
cryopreservation with marine fish ringer solution (MFRS) as diluent and DMSO
as cryoprotectant; GDS, thawed sperm after cryopreservation with 5% glucose as
diluent and DMSO as cryoprotectant; HDS, thawed sperm after
cryopreservation with Ham's F-10 as diluent and DMSO as cryoprotectant;
ATS, thawed sperm after cryopreservation with Alsever’s solution as diluent and
test yolk buffer (TYB) as cryoprotectant; MTS, thawed sperm after
cryopreservation with MFRS as diluent and TYB as cryoprotectant; GTS, thawed
sperm after cryopreservation with 5% glucose as diluent and TYB as cryoprotectant;
HTS, thawed sperm after cryopreservation with Ham's F-10 as diluent and TYB as
cryoprotectant.

_22_



HCGA 2= wjgo]l f=d 7 ZlojolA A3 F=et 4004 LHRHa/kg
BWAEl& 3l wigto] fri=d 42 XojoM A& &5 Aoz <

TAHELS 693-898%0|0 e, AT F3EeS 383-831%
o] Atk (Table 7).

2) dE AA] FAEN FAHAY Fog

s AAe] FAHES dE2TolA 69.3%AaL, AEFANAE ATSS HTS
A ZH7} 575%9F 535% = thE A (114-42.1%) Bth = %hP €0.05).
A Fatge gixzFoA 575%°1% 3, ATSe HTS A g oA 747t
52.6%F 49.3% =2 th2 g Hr} =P €0.05, Table 8).
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Table 7. Fertilization and hatching rate of the stripped eggs and sperm of

T. rubripes after hormone treatments

. Body weight Fertilization = Hatching rate
Experimental groups

(g) rate (%) (%)

1,700 - _

1,719 74.9 39.8
LHRHa 400ug 1,347 _ B

1,479 89.0 52.3

1,866 89.8 88.1
LHRHa 4004g 1,721 731 383
+HCG 500 ITU 1,584 B

_24_



Table. 8. Fertilization and hatching rate of fresh sperm and thawed
sperm of T. rubripes after cryopreservation with different

diluents and cryoprotectant levels

Experimental  Fertilization rate  Hatching rate Total hatching

group (%) (%) rate (%)
Control 69.3 575 39.8
ADS 38.0 43.2 16.4
MDS 114 6.7 0.8
GDS 35.8 42.1 15.1
HDS 38.2 41.3 16.9
ATS 575 52.6 30.2
MTS 23.7 30.7 7.3
GTS 42.1 46.4 19.5
HTS 535 49.3 26.4

ADS, thawed sperm after cryopreservation with Alsever’'s solution as diluent
and dimethylsulfoxide (DMSQO) as cryoprotectant; MDS, thawed sperm after
cryopreservation with marine fish ringer solution (MFRS) as diluent and DMSO
as cryoprotectant; GDS, thawed sperm after cryopreservation with 5% glucose as
diluent and DMSO as cryoprotectant; HDS, thawed sperm  after
cryopreservation with Ham's F-10 as diluent and DMSO as cryoprotectant;
ATS, thawed sperm after cryopreservation with Alsever’'s solution as diluent and
test yolk buffer (TYB) as cryoprotectant; MTS, thawed sperm after
cryopreservation with MFRS as diluent and TYB as cryoprotectant; GTS, thawed
sperm after cryopreservation with 5% glucose as diluent and TYB as cryoprotectant;
HTS, thawed sperm after cryopreservation with Ham’'s F-10 as diluent and TYB as

cryoprotectant.

_25_



TEH U Ko wE

=1

Wt kg g

W 1,222.3-1,303.3m A & H -

o)
3

o)
~

of Zamom, Fsrt M EATE v

5 A o

<
T

A} (Fig. 7A). 4

=

Fn B

A 4ol

s

gL

7}

=
T

A 7+

oV

93 o (Fig.

S

El

n

=

%

o théel §TE HAN SERS

b7t
) 9l v (Fig.

R ER R
120 A7 A F-37h A%

o,

%
R

¢+

ol
B
il

o
el

&+

=

o

il
nCS

o

o]

&
i

87} A 2hElof) 24

F 92l 7

S tHFig. 7D).

g

70). %

_26_



Fig. 7. Embryonic development of fertilized eggs of 7. rubripes at
16.0-17.0C. A, after 4 hours; B, after 5 days (Composition of
embrional body); C, after 7 days (Active motility of embrional

body); D, after 9 days (Initiation of hatching). Scale bar=1,000xm.
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Fig. 11. Microscopic photographs of T. rubripes larvae. A, newly hatched
larva, 29mm total length (TL); B, 10 day old larva, 4.3mm TL;
C, 20 day old larva, 54mm TL; D, 30 day old larva, 9.8mm TL.
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7] YalAE "B s B3 -G A

%)
A= AFSE FERUA A8 A s AldE Fe A g A
ko] 7} 8ok g th(Bromage and Roberts, 1995).

FZONA AFSEE A g GRAIES Lol WH A ALY A

T Aoz Atde] dojuA @t o7 Y Ve Fel= s 7t

il

FolA=de| WEEsE 2E#2~(Sumpter et al, 1994; Pankhurst and Van
der Kraak, 1997)2} A1 4b=b A x79] Aof(Zohar, 1989a,b; Yaron,
1995; Battaglene and Selosse, 1996; Ohta et al., 1997)% g2l <l

A 71Q1s AT weuietolu Azl glo] BRE muwA g

=
e A7 A7 G sAECd T8 9 T

oo} e A dAWgoR TEES ALEEIY] ofF s 4L W
FEs AxEsa g, JyguHezs 4750 2 AL implantation "
WS o]|8&3t Pleuronectes ferrugineus (Larsson et al, 1997), Salmo
salar (Crim et al.,, 1983), A5%-(Chuda et al, 1997) SolA Al=¥ i 3l
thoQly FTE O ANE 9% FHY dE Fgrer] 98 F=E HCGS
GnRH %+ LHRH ¥ = ¢4 #(GnRH analogue: GnRHa)E ¥} tamoxifen

2 clomiphene & # o] AFE-% 31 9 tH(Zohar and Mylonas, 2001).
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HCGe A5 @A 7H¢ e A& &5 T obscurus (Jang, 1996),
=7MA)1R), Siganus fuscescens(Hwang, 1999) ¢} A5 E-(Yang et al., 1994)
oA Wi 2@ At fwe] Zr Aok B w3 gtk zeju B3|
FALE o] mEo] whao] AHFY Aot gt FARE dodE S

=

2 FEEo QlojA A erd Ho] Wk (Zohar and Mylonas, 2001).

Adati-e] A H Al EZel A Rl E = GnRH % §/d#1<1 GnRHav
% Solqo] Wi Reld oA GTHE BEAA 4%, Mae 4

7] el RE oFolAM Ade fE EdHE VAT F dn dA=
GnRH®] fAHA (Des-Gly'*~[D-Ala’ILHRH ethlamide: LHRHa)7} 18 &
Aulol E4A 7 4 2, o)A AUelA dALE 7] o7 7] wito] o
Fr 2o GnRHEGYE E37F Zat A soAx E37 gl
o 2 fF33th(Sherwood et al., 1994; Zohar and Mylonas, 2001).

LHRHax= th9] Auolfiolr Aoz wgdo] F=5%a(Crim et
al., 1987; Thomas, 1994), o] A goH = AFE IFAS =2 40048
LHRHa/kg BW¢} 400rg LHRHa/kg BW+500 IU HCG/kg BWE 7217 A
gt AFE gl o As 3 owd fEE O o A s,
Pagrus major (Matsuyama et al., 1992, Kumakura et al., 2003),
Dicentrarchus labrax (Fornies et al.,, 2001, Mananos et al., 2002; Mateos
et al, 2002), 5 Aol F(Watanabe et al., 1995; Marino et al., 2003) )%l
1+ 10-100zs LHRHa/kg BWE A 2lste] #jgh f271 7
S 9 oEs =] A% 289 TR AY vEe ofFol wet A
o7t e, d ofFolME Aol7t A= AL TEE

ol wet ofxe] A A whgeo] oF Ao Azt

sEE Ay F o 7AA AEle AR Tl we ZolE shxIth
HCGE A g3 A= o, Seriola quinquweadiata(K§H %, 1981), &
EORIG 4, 1976), =%, Oplegnathus fasciatus(FAII 45 1989), 543 o]

(Song, 2004)5ollM= 48 AIZE ol SA=dH, AFHQA D= HA F

(ot
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(1992)0 <&} 83-174 A)ZFe]al, Yang et al. (1994)o] 2sFH 114-142
AlZroloj A thE o Fell MM A Fhe] Thedk AIZPAA A= ARbo]l A
Atk o el = LHRHas A&7 § AF5e] At 7be AI7EA
86-168 Al7to]l A¥ Ak %(1992)3 W=z
T AR AEE Ak Fol mEkA Aol 7k 2
THE T Aol= shte] dlow AzbHh

AFE Ao B2 e 9389 turbot (Dreanno et al, 1997), g3
(Zhang et al, 2003)¢} SA°](Song, 2004) S3= g oy, F5
o] AAL 145m= Tubot (Dreanno et al, 1997), 74 (Chang et al,
1998), @Al (Zhang et al.,, 2003), %21 (Song, 2004)5< +% =Z7] 1.2-15
et ¥ S8k AT

o A WE BHEoE olFel Agg M A} FaHLAA, FPA
g SEeE 5o T2 9888 shtd(Jamieson., 1991).

AR5 W5 BESHY] Slgk BAde Zryolel B e AFY =
zhol 2 A gdAdstE WAsta, itk g ol xA4¥ fARsor

5

tH(Jamieson., 1991). B oF AA = AR v A5

Aol ¥, A4k ol f AAE 4% e BAY £r ngedy £

A o] =t (Morisawa et al., 1983; Strussmann et al.,, 1994).

A2 Y5 BRE Ao ZA AFFE7F 287 mOsm/kg?l 5% glucose
= BA Fugu nipbobles (Gwo et al., 1993) 2 <¢Io]3} o] F(Piironen,
1993), #Hd=Lim et al, 19974 -3 HE E3E vHedlon, 35
F%7F 449 mOsm/kg®l MFRS+E Atlantic halibut (Bolla et al., 1987)°l A
HE 837 2 Ao =2 YUetuth olef o] A A fe] FiH= o
Toll met F 5olAl AFS BHATh of¥ AFelA AFEE Chang et
al. (1998)0l A ¢F w37k A 2 4w 7t A58 QAo A ses v

Alserver’s solution®] A3§3glk s| o2 ey



A ¥E BRI S A AT ZhFolop & g0 wE FaA,
T3 e AExEY T3, AApel] digk Aol vrolol ghrh(Jamieson,
1991). HalA A=A glycerol, DMSO, ethylene glycol, methanol 5 ©]
AbgE a9l o (Dreanno et al, 1997; Zhang et al, 2003), & EolAd<%
YEelW et Glycerole FA|7] 491, Salmo gairdneri (Stoss and Holtz,
1983)¢} 54 F E. tauvina (Chao et al, 1992)5 < Ao =4S 71A
= W Atlantic halibut (Bolla et al, 1987)¢} yellowfin seabream, A.
australis (Thorogood and Blackshaw, 1992), g X](Zhang et al., 2003)% ol
Me AgE FadAAdz delAd dvk d&olyt BSA (Bovin Serum
Albumin) 5 #F71& 42 £ sHTAAE AxI} dsto] YE
A Foll Axe AsE WAste] Fh(Babiak et al, 1995). o]¥H ¢

Ae AFE A B B FHLAAR dEgdRe] o3l

53!

rlr

TYBE
AbEE e 95 AR % A (aggredation)o] #HEE ot DMSO
o 297 $2 AoR ek

Y nEE AR s F 2eA 9FS vAE aQlewAME HY
Al ZFH(Harvey, 1983)% @52 % (Caylor et al, 1994)7} Utk oF AA=
A717F v Fpob EeE A AL Aol w3 FstE 2 (Morisawa,
1985) W5 HE Al7]ol FEFARto] AojAFE e F Ao LEE2
FaPdHGwo, 1994). W& AAe sje2m7F |F sow A
recrystallization @7e] dojvba, UF =2 4§ AE7H
T AR BHer FdE oM dle ¥ A 2ol

a
(Jamieson 1991). Caylor et al. (1994)& ol&F W% AA9 dsexr:

28-37C W17F AEsirtar gtk o] AFolA HEF AIFHS 1 olUl=
32 FEEE 30£05C=E P& u, Y& BEFH AFTEH A 54

==

o GRS F 128 2o dehgon, 2k AuEA £EHe @
A3 ol Ao,
SECREES

nE A4S dEse ol

o

T4+5 Y& 1, F5(Chang et



al., 1999), J*(Zhang et al., 2003), F*]7l%}(Cabrita et al., 2001) %l

N AR PSS AT AAE o] §US W mh Wtk o Aol

WP <0.05).
TG W A Sx P B8 2 o9 ZXk aeration 5ol 9
& W=th(Piper et al, 1982). HolFo &2 Wako] F47] wio &

3] 7V =3, a2l wAg WEe] Aol Fsivkar dE A 9l
CHHEH, 1962). =8 T pardalis® <%= 3€& WHYE 12.0-240Ceo]x =
FE 13.0-220Co|H, AFHe F3h= F2 156-172Tl A oF 2434
, T 16.2-175C A= 28341 3toleb= Al gbo] AR T H, 1962). &
I Pyen and Rho(1970)= & 159-174CelA  163A13te] Ay
Han(1999)& & 15.1-180ClAl 161A1Fel F-3kst7] Al =Fs o] 18047
30l 2 vt Bausta gtk oW ATelA = 2 16.0-17.
0ColA 2164 7kell F-3}3t7] Al &Fake] 288411744 H-317F A& 2 AT}, o]
A AFEe] FEA RS YA =5 oo et al., 1983),

A2 (Han and Kim, 1997), 54 °](Song, 2004) 5ol v]sjx @o] Az X vt
o] F(Myong and Kim, 1993)®.th= A A A}

3 A% AFE Zole d&d o9 F5 PR A, A
29mm AFE HE ofFHU Aolo A7 va Zow, F3 § 4Y
of A7 AFE] AF 43mmAF 7 HE 109 A0 Fako] k3]
FEAT o] AL A Ho] HAHAA 7|7t iAo r A7) Wil H o
#H JFsAol Fol AFo HFEsttt= H(Hunter, 1981; Quattro and
Weeks, 1991)3 o] Fou = Aele AlRte] Ao oA e o

ol Hlal T2 Aol d&dt o) & ZA ki g
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V. & e}

A8 Takifugu rubripes®] &2 AASE A= AFHQA FAHS
Aol daiwojok gt o] Aol dE FAT Al o3 FH
A 71E NS flske] Hojwe] ZEa v xR WE BE O
A Aol o] #e ATE FASA

FoAALG S AL CS (F) AFEAE el 274 5m x 4] 1.5m 93
Fx 3Mel Z7 20-21 whElE FEete] Al @St Heole A%
42.67+2.37cm, A5 1.53+0.19kg? 332t AF=5-S AF-8-3F ST}

Al dAzARE 2005 19 9UNH 29 18U 7bA 2F Ao®
cannulation W o8] FHHAUTE AIZA] HH2 710-760ume] HH L,
6% dAo] A ow Frkste] 900m oo st ME FEE
A&, FiF 900um o]} GRAEZE 7HAE Ho]E gio =z LHRHa 400ug
/kg BW=Z FA}slgith algte LHRHas A2t 7ok F 6vke] 7 wieh= o
v gh&-& 85.7% % a1, & AehE & 1,568g°] AT

A7te]l W BES Fae dae] As A7 YA wiel 4 AVE
z4st7] 98] 38k

AFE s TRk myRE FEEY, SR Bddela Av)rt
1.45mm o)At A2+ Alsever’'s solution, MFRS (marine fish ringer
solution), 5% glucose®t Ham's F-10, 181 ZE3LAAZE DMSO
(dimethylsulfoxide)®} TYB (test yolk buffer)E Al€3le] W% mEH =
FE A e F s 2T Brh SAdthP 0.05). FHEH F
AT F3&d gixTolA= A 693%9 39.8%°]al, ATS(3]AA;
Alserver’s solution, &3"AAl; TYB) 23 oA+ 27} 57.5%<F 30.2%
ot ATS A@d+9 FAHER F4& F3&E2> BF =79 75% 9

rlo
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