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Abstract

Insulin-like growth factor- I (IGF-1) and growth hormone (GH)
produced from bacterial clones containing recombinant human IGF-1 and
GH genes were used to investigate their growth effect on marine fish
olive flounder, Paralichthys olivaceus.

To know the optimal concentration of IGF-1 and GH for oral
adminstration on growth effect, we provided the IGF-1and GH to olive
flounder in two trials divided by levels of growth. First trial was weekly
carried out for 4 weeks with fish, 7.3%0.4 cm total length and 3.8%+06 g
body weight. Second trial was weekly carried out for 4 weeks with 102+
1.0 cm total length, 13.2%£3.7 g body weight fish after 9 weeks from the
beginning of experiment. The experiment was repeatedly conducted two
times with four different groups (A: control, B: IGF-1 30 mg/kg body
weight, C: IGF-1 30 mg/kg body weight+GH 05 IU, D: IGF-1 30 mg/kg
body weight+GH 1.0 IU). During the administration period of IGF-1 and
GH, we evaluated the total length and body weight, and the growth
effects from December 27, 1999 to June 13, 2000.

After administration of IGF-1 and GH in the first trial, significant
differences in the total length and body weight between treatment
groups(B, D) and control group(A) were recorded(P<0.05). The result of
their administration in the second trial was similar with the first trial. And
significant differences in growth effect on the total length between control
group and treatment groups were recorded(P<0.05), especially treatment
group D showed the best growth effect among the three treatment groups.

The daily growth rates were A: 2.083%, B: 2.204%, C: 2.169%, D:
2.354% from first administration with the total length 7.3+0.4 cm, body
weight 3.8+0.6 g, and were A! 1.343%, B: 1.246%, C: 1.241%, D: 1.384%



after second administration. During experimental period, group D showed
the best growth rate being A: 1.673%, B: 1.683%, C: 1.680%, D: 1.757%.

During experimental period, feeding coefficients were A: 0.96%, B:
0.92%, C: 0.77%, D: 090% and group C showed the best feeding
coefficient.

During experimental period, survival rates were A: 84.8%, B: 77.0%, C:
82.1%, D: 92.3%.

As results of this study, we believed that IGF-1 and GH have effect
on growth of olive flounder, especially in lower temperature than optimal
growth water temperature.

We thought that more experiments with various species of fish have to

be carried out for their suitable usage and application.
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FEHL AFNA FHo ug vd TIFPoaA e 2 A
FAPoez wAHatw ok HZ FAMAANME FAHoln F&HQ AAA
FEE fAsto] AAE WE gy 7)EHo ¥ $HLS A E YA F
o A4S Frsted =¥sta Qloh o2l ZHdA o Fo Ao An|

ez Fx37l A% 3wl MAH(Park and Kim, 1994;
Park et al, 1996 Park et al, 1997), o] &9 Aol w& A& aolo o]H&
dd A 4R == A 3 wE7I(Bang et al, 1996; Jeong et al, 1996;
Kim et al, 1993), 43 a#d FHAz} o] 2o o3 HAA £e7 wE 217
*FE7](Nam et al, 1997) 12l A284F 5 s AT 7|yge ol &
st o olg tEo], 4FE FAAINE duAS S A2 Ve
ABitste] fo] Atg o] A FRAMZ A AT (Down et al, 1989; Kawauchi
et al, 1992, Ishioka et al, 1992) 2 2Fl3le] &€& F(Rho et al, 1999)%
g2s] o] Fojxa 9t}
olf e AL udE HEFFEH vl E HatsH2 e Bugi= 4%
2 g3 zd=Ed, olFd A4F 23S Y APz R oL
AT E S HFEEA ALY 259 AYTE2EG o83 ofF A
& ?H(Weatherley and Gill, 1982; Cavari et al., 1993)9} <doj, Oncorthynchus
sp. %, Pagrus magjors ol#9 HFz=2En Hasi 232L o83
4% &% (Bilton et al, 1982; Ishioka et al., 1992; Kawauchi et al., 1992;
Steiny et al., 1984; Wagner et al, 1985 Suzuki et al., 1988)d] ©& A7

¥ &g

=2 =2
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Insulin-like growth factors (IGFs, IGF- 1 # IGF-11)%= 7070 9] ofu] Ak
2 o] #13l polypeptide hormone®l ™ proinsulin®} ¥]4:8 T2E& Wo]= =
2% 4322 (Rinderknecht and Humbel, 1978a, b) polypeptide hormone-&
human plasmacl £t THF T HFFZAM IGF- 1L g8 7Ho)
A st EEAR BulEn, 43 522 8o uhA e, AME A



B 23} oAb 84S AFee 89 Ay wsd £33 84S g
(Mermine et al., 1982; Hizuka et al, 1991). {250l S&9 Ao AL
IGF-To] o9 AAd mAEe o @I 71zxd3T2AH  gdx,
Paralichthys olivaceus$t %328 Sebastes schlegeliE Aoz Az
IGF-19 ##%3 IGF-1 binding proteinol]l #3F A7 So] APgn 9t}
(Nam et al, 1996; Nam et al, 1998). Z22Ju} o Fol oA IGF-19 %9
of & AFadd #F A7E of§ vlnjg Aot

of A tollME AEFTEATF LM human plasmaZ HE &4z Az B
A4 7lez Abd Ad4d FAEE A9 2~ I (insulin-like growth factor-I:
IGF-1) 3 Al HatrAz e Bste 9 Azg 43352 2 (growth
hormone: GH)& #|4tol i Atsol #H7tste] YAol $oq489S of, IGF-1 3
GHel Fxol mE AZans gasto L2424 7154 %4

CEL LN



0. As 9@ %y
1. 4% 2 A887

1) 48] 2 A 53
of A7l AHgE g2 FEHE AFE FGAFT FAY Mgl 2
FRFAAA 1999 109l F3lsjo] HAE AojZ A 19999 12€ 1599
A% 6~8 cn, AF 3~5 gHE AFTEFHE 8000vte] & o] &t AL o] &
dte] AFUsn HFATF4Y AU AASFog olF BesAn. £49 A
°]= fiber reniforced plastic (FRP) 9 &+ 2(x7% 3 mx1 m) 874l 1,000u}
2 gt o, oy Yste FALAHEZGA]ZA 25 ppmo
1A k&S AAlst g,
2L &A% 9 Ade Fato uAY AHES AAY T PF AF
72104 cm, AF 38106 g9 2ol & z+ Ay FdE 500vtaH 4709 APF
o #&3te 23 WMEAYS ey, 19999 129 279 H 20003 69 13
A7 A 247 T HEsA

2) A 23 H
AN ER AR T2 34 Y] 1Y A A} E (extruded pellet: EP)E 1
d 33(2A 8, 2F 14, 6A) £83] TFAYon, AlRY A7) E AW
7b A%l wrel vpFro) FQoh Alg ol HE S Table 13 2t}

3 A8 R 24
AgSE AANFE ol gadon, Ag
15~18512 aiich SR8 44 FFL sl S22 o] AE AE ol &8

o Zrletgm, W

_{



d &, pH, & & (dissolved oxygen, DO)E ZABIATH 48L& AT,
DO= DO meter (DO-14P, TOA Electronics Ltd., Japan), pH¥ pH meter
(HM-12P, TOA Electronics Ltd.,, Japan), 9% AT IEA(T. S.-digital
lab. salino meter model 3-G)& A-&3to =A 3t}

Table 1. Proximate composion of extruded pellet used in this study

Components Extruded pellet (%)
Crude protein 53.0
Crude fat 5.0
Crude fiber 4.0
Ash 17.0
Ca 1.0
P 2.7

2.IGF- 13 GH A#7Mg 2 4%

1) A7Ms Ax

of Aol AgE AFER 2R FAR Az FAA etz
& AArE Insulin-like Growth Factor-1 (IGF-1)3 Growth Hormone
(GH)ol =42 HA4E8H & 83ttt 2 74 A8 S Table 29 2}

AdPAael F7behe IGF- 13 GHY 5o @ g3 APLe gz
(A), IGF-1 30 mg/kg body weight X2 F(B), IGF-1 30 mg/kg body
weight+GH 05 IU A2+(C) 282 IGF-1 30 mg/kg body weight+GH
10 IU AH2j+(D)= 23] vhE A3t IGF-1 3 GHY 5o wie 7t 3
EE2E YFEH-70T) el Fo 194 4T2 Y& RaAvsdg7}t AL
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shala, ol z} FxelA Aol sovteH T2 FEad FHL 2%
T AA ojAFTFo R skl extruded pelletol]l IGF-1 3 GHE F2A7)
¥ Foatdrh IGF- 13 GHY FoA7le A Ayold agxon 33
8t71 SslA ol d wolFFA YWALRE TFE7] Mol IGF-1 3 GHE #
7R AtRE AA FEHE F YU E Fdsduh 13 B rE A
72%04 cm, AT 38+06 go AyPolol IGF-13 GHE &E3ste sz
129 28458 19 18U7HA] 45 &4 15 F o2 43 FF3HY 2(Table
3), 22k FAAZIE A 102210 om, MF 132+37 g 29 2297 39
1597h2] 15 Ao 2 38t 4F ot 43 FF 3t HTable 4).

2) AFzxA
A3l AAMEZAHL IGF- 1 % GHE &%3td 4370 ¢ 5
B 85 Aoz MS-2222 vhHAIZ] & AT zbz 1009bele] AFgn AF
ZAs At AFL REFolE ol &dta) AA A2 ZAB/o | g @
AR AZsdod, MF L A=A % (Satorius BP 8100s)& ©
G972 Al sk,
2PN ES 4 MeEFd AR, 974 FE(daily weight gain rate),
U A E(daily feeding rate), B]9E(condition factor), AFE A4 (feed
coefficient), A& & (survival rate) 5& Bla #213817] 935t Ricker (1969)

¢} Ishioka 5(1992)9] S A&3t4)

ol
pa
>
¥
o

tlo

oo
o
2
O
O
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e}

daily weight gain rate (%) = (InWt - InWo) / T X 100

daily feeding rate (%) = [F / {05 X T x (Wt + Wo)}] X 100
condition factor = W / L* x 1000

feed coefficient = F / (Wt - Wo)

Wo : initial weight, Wt : final weight
L : total length, F : total feed
W © body weight, T : rearing period



Table 3. Experiment schedule for the administration and dose of IGF-1 and
GH in the first trial

Number of First trial
adminitration Treatment date  Treatment group  Dose (unit : mf)
First Dec. 28 Al 454
B1 4.68
C1 478
D1 4.56
A2 4.40
B2 4,68
c2 4.60
D2 454
Second Jan. 04 Al 4.89
B1 5.23
C1 4.21
D1 5.65
A2 5.31
B2 5.50
Cc2 5.55
D2 5.87
Third Jan. 11 Al 5.62
B1 585
Ci1 475
D1 6.41
A2 6.19
B2 6.38
c2 - 6.66
D2 7.01
Fourth Jan. 18 Al 6.76
B1 6.14
C1 5.74
D1 8.06
A2 7.20
B2 7.48
Cc2 7.30
D2 8.88

+ A1, A2 Control; B1, B2: IGF-1 30 mg/kg body weight; Cl, C2: IGF-1| 30 mg/kg
body weight & GH 0.5 IU: D1, D2: IGF- 1 30 mg/kg body weight & GH 1.0 IU.



Table 4. Experiment schedule for the administration and dose of IGF-1 and

GH in the second trial

Number of Second trial
adminitration Treatment date  Treatment group  Dose (unit : mf)
First Feb. 22 Al 9.52
B1 9.20
C1 9.60
D1 13.50
A2 11.92
B2 12.10
Cc2 12.00
D2 13.88
Second Mar. 01 Al 11.40
B1 9.20
C1 8.23
D1 15.22
A2 13.01
B2 13.22
c2 11.52
D2 15.72
Third Mar. 08 Al 11.79
B1 9.02
C1 8.30
Dt 14.64
A2 12.46
B2 12.46
c2 10.68
D2 14.65
Fourth Mar. 15 Al 12.90
B1 9.94
C1 8.79
D1 16.23
A2 13.76
B2 13.84
ce 11.93
D2 16.47

+ A1, A2 Control; B1, B2 IGF-1 30 mg/kg body weight; Cl, C2: IGF-1 30 mg/kg
body weight & GH 05 1U; D1, D2: IGF- 1 30 mg/kg body weight & GH 1.0 IU.
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¥4 RE 8T SAS AN AZEJOE o)g3l9
ANOVA-testE& AAI% ¥ Duncan’s multiple range test2 H#7+9] {29 A
S ARSI



L A58

Ad9710% £, d¥, DO, pHY Fzt J# A= Fig. 1, 29 2o &
o] ®¥M3te 116~162T9 ¥ m, 12958 59 Fa7As ¥F 143C2
ool el oI ¢ e WeE AT YRFEE 330~347%°1%
S(Fig. 1). DO ¥ste 7.1~88 m/Lo]Ax, pHY ¥l 76~83 MY
}H(Fig. 2).

2. 3%

W A 73%04 cm, AF 38+06 gHE WX o2 Aoz 19994
129 274 %E 69 13U7A] ASatEA dizEA) 2 IGF- 12 30 mg/ke
body weight A&7 (B), IGF- 1% 30 mg/kg body weight 2} GH 05 IU A&
7(C), IGF- 1 & 30 mg/kg body weight$} GH 1.0 IU A2l 3(D)e] MR
Zo W= Fig 3, 49 gk

1) IGF- 13 GH #7889 12 &3
IGF T2 GHE w82 129 28958 19 18474 13 BAo = 43
Tud Fl 29 21del Aol WP HF 73104 oA, HETFA)
10011 om, IGF- T 30 mg/kg body weight ¥%2 He2lsh 32 7(B) 103+
LO em, IGF- T & 30 mg/kg body weight+GH 05 IU ¥=2 Held a7
(C) 101#+1.0 em, IGF I & 30 mg/kg body weight+GH 10 IU S22 ¢
g A H(D)AAM 105510 em & 712 A Asg o Wz C AP 7
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Fig. 2. Dissolved oxygen and pH of rearing water during the experimental
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Total length (cm)
S

6 |
4t
—e— Control —@—IGF- |
—8-IGF-| + GHO0.5IU —a—-IGF-| +GH1.0U
2+
0 1 1 1 J

Dec. 27, 1999 Feb. 21, 2000 Apr. 18, 2000 Jun. 13, 2000

Date

Fig. 3. Effect of IGF- 1 and GH on the total length of Paralichthys olivaceus during
the experimental period.
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—8-IGF-1+GHO0.5IU —@IGF-|+GH1.0IU
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Body Weight(g)

30 r

Dec. 27, 1999 Feb. 21, 2000 Apr. 18, 2000 Jun. 13, 2000

Date

Fig. 3. Effect of IGF- | and GH on the body weight of Paralichthys olivaceus during
the experimental period.
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o %93 AF Aol AN (P>005), HEZT9 B, D HaFollA A%
ato]lE EATHP<0.05)(Table 5). Aol AF9 HAFL Y7 3.8+06 gol
A =T 122+39 g, B M2 134+35 g, C A3+ 128+38 g, 28z
D A2 FollA 142%35 go2 tzF9 C HalFo UM /o3 HAF A
ol gy (P>0.05), 79 B, D A Foe AF 2Hol& HYTHP
<0.05)(Table 5).

2) IGF- 13 GH #7IAs 9 23 34

IGF-13 GHE s=d= 29 2244 39 15971A 15 He= 39
43 FF3, 45750 49 18Y HEolo HFLE ohxF 139*+1.7 cm, B
el 143*14 cm, C M+ 141%16 cm 2282 D M F+E 144+14 cm
2 ztzt AAsdoh dxTo C Ay 4% f9xs gdAdovre>
0.05), =79 B, D A2 7olA 43 xol& BHAHP<0.05). Aol A
F& oz 298+116 g, B A8+ 328+103 g, C Mg+ 319+108 g 1
2]31 D AHelftes 335496 go2 ztz AAsidk. dz7e C Ag e
A Fdxe AP >005), tHETF B, D Mg Folla Ao zol&
Bo(P<0.05), AT AFe ddo] A% FAe 23S JelWcH(Table
5).

2000 649 13Y, H¥olo HF] HAFE dEF 172%11 cm, B AT
17710 cem, C A2+ 179%1.1 em 28] D Mg 182207 ecmE Z+z} A
Zetel iz B, C, D A+ FF AF ztol7t AAJTHP<0.05).
£33 B, C, D Aol 2zt 4% 2ozt AATHP <0.05)(Table 5). 4 &
ool AFo MHALE YFTF 632+112 g, B AT 659£115 g, C M+
639+116 g, 281 D A+ 7270+95 go 2 zZtzt AAse =79 B,
D Ag 73t 43S Fod zolrt AU P<0.05), HETFS C A+
a8xn B Al C A tel 4% 2ol 7k A HP >0.05)(Table 5).
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3. A4 E

dTAHHEL IGF-13 GHE 13 %o & 277} 1454%2 B, C Az
TES %oy D HFHOE @gton 23 FoFo AE gz A
1374% 2 7} =& %€ R HTable 6). 28lx AE7|E¢ A7 44
< 27N 1019%2 7H ¥ @& 293, B AT 0970%, C e
7 0.815%, D A2+ 0.963%9] < B AtHTable 6).

4. NP ZE

TN AR ES HF AF 72404 cn, AF 38106 gl o
IGF- 13 GHE 13 F9%E 23 Fo4H712 A: 2083%, B: 2.204%, C:
2.169%, D: 2.354%0°l0 o9, 279 BE APl FAS AFS BYR
b iz A EL 2083%2 A Fol wlE ohi @i HF A
102%10 cem, AF 132137 gollA 23 F4F F 4F 549 YRAYEL
A 1595%, B: 1.599%, C: 1.631%, D: 1533%°]tt A ZEL IGF-1 3
GHE| 22 5% Ye A48 Z8A9 AFHME 12} FG5 Al 4}
3 BEE BAT APEY ARAHFELS A 1673%, B 1.683%, C:
1.680%, D: 1.757% 2 D Aol 1.757%2 279 B, C HaFeg =
% HTable 6).

5. At A5

IGF- 13 GHE 17} $9%9 AlZAIFE 072~0858 Ha 3¢9} gz}
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Table 6. Feed coefficient, daily feeding rate, daily growth rate during the
administration of IGF-1 and GH in different treatment groups

Feeding period: December 27, 1999 through February 21, 2000

Experimental Feed coefficient Daily growth rate Daily feeding rate
groups (%) (%)
Control 0.85 2.083 1.454
IGF- | 0.78 2.204 1.401
IGF-1 +GH 0.5 U 0.72 2.169 1.262
IGF-1 +GH 1.0 U 0.82 2354 1.498
Feeding period: February 22, 2000 through April 18, 2000
Experimental Feed  coefficient Daily growth rate Daily feeding rate
groups (%) (%)
Control 0.93 1.595 1.374
IGF- | 0.82 1.599 1.211
IGF- 1 +GH 05 IU 0.69 1631 1.042
IGF-1 +GH 1.0 U 0.88 1.533 1.257
Feeding period: April 19, 2000 through June 13, 2000
Experimental Feed coefficient Daily growth rate Daily feeding rate
groups (%) (%)
Control 1.01 1.343 1.291
IGF- | 1.01 1.246 1.209
IGF-1 +GH 0.5 1U 0.83 1.241 0.992
IGF-1 +GH 1.0 IU 0.92 1.384 1.212

_20_



Table 6. continued

(Feeding period: December 27, 1999 through June 13, 2000)

Experimental Feed coefficient Daily growth rate Daily feeding rate
groups (%) (%)
Control 0.96 1.673 1.019
IGF- | 0.92 1.683 0.970

IGF-1 +GH 05 IU 0.77 1.680 0.815
IGF-1 +GH 1.0 U 0.90 1.757 0.963

2ag Aol BYon, tAZ IGF-13 GHE F93% g For AL A
F7b @tk AARAsE Ml Fol delM IGF- 13 GH 05 IUE %438 C
Aol A oA wotti(Table 6).

IGF-13 GHE 22 §4% ¥ AlZAFE 069~0932 thZTo B3] A
g @ @e EAx, C Mgt g e e RaY aga Ay
71bERY AR AFE 0.77~0962 13 o FHo oA Gdn C T
oA 22k £ F o] Aol FAR HFE Holy 0772 74 Pkoeny IGF-
[ 2 GHE 7oA 47X dxz=Fr2 2hci(Table 6).

6. v

A71ELY Hneo ¥ste APMAIA ETF 102240113, B A8+
1.004+0.117, C Mg+ 1.000£0.105, D X2+ 0.985+0.110014 AHZg A
T 123710102, B A8 1.183%£0.09, C A2+ 1.098+0.085 D #z]
1.196£0.0770] Aot IGF-1 % GHE %43 B, D AHag 7o Hotes f9
A7 (A WHP>005), HEFol vaide A2l 7o vutert @FgoiP<
0.05)(Table 7).
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6. 48

o]

IGF- 17 GHE 13 53 ¥ 23 Fod7x9 2z A3 HAEES
A: 879%, B: 79.2%, C: 843%, D : 963%Z D zial?oi AN 7tg &3 B He
7t b sk a3y IGF-13% GHE 23 %93 FR7E 438 F8A71%
o x79 Z} Mel7 AMEES 66%0lE & AEES HIYHTable

o).
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M2FER A7 A4S AMAA A28 ne F 5
ol Ao mAE F8 R i’}%’&%%
2k 9 72 £231F% AAsFEUY ALS
| $& € & 3, WF 3012§H—t— T 5
Aae] S Aok & 5 Ak ol ofFo A 2l A
7171 A1 ATEE A5 24 AES AFY M4 AEe A3t Ao @
A sl {x](Cowey et al, 1971; Gatesoupe et al., 1977), %3 &g
Sebastes schlegeli (Lee et al., 1993; Lee and Lee, 1994), & (Yone et al,
1974; Yone, 1976)9 A4S F4A 7= AT, ol 79 HA S 3l QA
o B2 AUYAE AHEIe AS AT dUAZ AEANA Y aNg ¥
o]7] 3l 3uiA EUE == 71l B¢ A+ (lhssen et al, 1990: Kim et
al., 1994; Park and Kim, 1994; Park et al., 1996, Park et al, 1997) “1g]1
AEJAAE AR Axd 712 ANET Alsd H7bste S F24A
71 A g 7ol #g A4 (Down et al, 1988; Kawauchi et al., 1992;
Ishioka et al., 1992)&°] &= 9lc}

A Al Foz dey ASHE FyEE gz, AFE Takifugu
rubripes® A$-% AbFF o] Aol ZE& BHEAPS /MG Rudtn Ao
(Myeong et al., 1997, &7k 1975). o] |d+NA IGF-13 GHE 13 543
A7 AR AT A A= Azl v IGF-1 30 mg/ks
body weight ¥=2 %43 B M2+ IGF-1 30 mg/kg body weight+GH
10 IUE %% D Aoy G5 434S BAdoh oledst 4% A¢e
IGF-13 GHE 2zt o3 & A7 A AT Ao dojd=
H =3t dh o] Ag& FalM 2y IGF-1 30 mg/kg body weight+GH 1.0
IUE F4% D AHetaA AFaars 713 A4 Jdebdd. a2y gz 9
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A 2o QojA YurHe) A A go Ao AH7|bE FE ga A}
S50l 116~162TeolR o] 19993 129 %-€ 20003 5¥ F&7HA 9 AMS
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F20] 143T olst2 ¥ AIFF 9 ol 7]A% Aoz woAg,

o] 7oA B, D A FolA djxyrY Aol 2tz 291%, 581% 1
g AFE 7zt 427%, 503%9 L AHAE HPgouw o A=
recombinant bovine somatotropin (rBST) FdJof] W& MAF 79} A3 A
S BHodF3 JuH(Rho et al, 1999). 18] ZF9 C Mg T+E Ty
A e C Aol o 43S dAou, A5 A Qo
e FAF Zol7t AU A IEL WG] 4 AujoA BY gz
ar719 AZE FXAAE F de A= IGF-I3 GH Ag oA YJervn
Aoy, A AF Ao doJMd = IGF-1 30 mg/kg body weightoll GH
10 IUE #H7tet Fd3te 3ol X9 A% FAAMZAN 433 Aoz A
Zte ),

o] Aol AlEH" IGF-19 5% 30 mg/kg body weight= 19993 49 6
AFE 19999 7€ 27d7A] 165 B YA Aol HF AF 25+04 gol
A 1102+134 g74A1 9] 23] whE AFAFAANA FAHS B IGF-19 ¥ &
& AHT IGF- 19 A7) 9 Azgye 2 oz Az
o, 4879 HdAHLS dxz79 3709 HaF (IGF-1 10, 20, 30 mg/kg body
weight)2 3ot A& HAn= IGF-1 30 mg/kg body weight 2277 o}
E A3 7EY WG E, AlsAS, AT AF Ao 94389 HRho
et al., unpublished data).

Aol Hd WY 724204 cm, AF 38106 gollA IGF-1 3 GHE 13 §
g F 22 FA&r] A7 AMFol W YVAHFELS HET 2083%, B
Al 2204%, C A2+ 2169% 12l D Me]F 2.354%=2 ol ol )|
IGF-13 GH A FaA s =3 Had A% 102+£1.0 cn, AF 132+
37 gl IGF-1 3 GHE 23 Fojslad 4F 5o ARHAELS gz
1.595%, B Mg 1599%, C M+ 1631% 28] D M+ 1533%2 13}
FoAFe Ao uwlsl D M Pl ¥ HEgFS Ao AF AHE
FEAZA FA A7 R FES D M Pl 1.757%=2 B, C A
ok izl visiA A Yebgo

IGF- 13 GHE 1, 22 5% $ AL{7|0%5¢ Az AsE gz b s



A IGF- 13 GHZ g ATl Re 3e Uehg 4353 AlREES
HoFE Aoz ’QZ}%E}. o] A3t AAZAo| BostE rBSTE 20 mg/kg
body weight ¥ 2 Algol H7leted g F#3F3Qe o Hal 7} =
Boh 786~1007%9 A% A%NE BY(Rho et al, 1999), Abg, A, ==,
9o 483 2ES gilthead seabream, Sparus auratadl FAMSHQAS o Al
olu 29 4FFTEEG FA HYTAM dETRY 15% AAFS B A
o FrAsE Rl 2™ (Cavari et al, 1993), =3 ol Fo AAZT 2 2ol M35
FEEE olF TFT AT AAY B $2ZEG FE oo F
At o A AF Tt FA AgHBEZo] FolxE AFL B
31 % A-7(Ishioka et al, 1992)%%E FAHe A&¢S v}

AA710Ed AEE LS IGF- 17 GH 13 59 3 gz 879%, B A+
792%, C A YT 843% 18] D AT 963% Atk D Hal 78 A9 & A}
S AP ToNM BEEol 879%0185 YU Ae RE AF 27U 207
of oftgoz Aste] HAlake] Frtetg o) w3k ofH ZHo @2 AE
dlas Sl 7Ije Aoz B zey IGF- I3 GHE 23 So8 %
4 FEANA dzre BE A ToA YELL 966% oo =gt}

olg{d Aitsr vRo] B o gdwld F=29 [GF-I¥ GH 5 Ao
ol FAlel lofd Z3r AFHA, Ao HA MY Feng ge £
ol e aart vetwtth ety A$L 7)zke] WAl 45 Tl oA
el 4Fz2s HEddd vg wE HPS 58 5 3o AA A
ZIhs g A #2352 Ab&A19 IGF-13 GH7F A&l n)x= & 3}o
Hef e Mg drxAbh 9esiga Aztsn, AgdHoz ol &)=
A Az Vs Syl 9% AT g BN wrle] "Zol
olfolxof & otk wd FF AHPI=Ro AAH A& HLo glo
Mo B9 B2 ojFel didh dzded A3t A e o] Fojxjof & RO
2 Azted
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V.8 ¢

DA plasmadl X fH2t Az EHA 7142 YAE ALY SAMA
A1 (Insulin-like Growth Factor-I, IGF-D3 X% 3 22 (Growth
Hormone; GH)°ol #4tol <1 WX, Paralichthys olivaceus® 43¢ b]x) =
EHE ZAEIA G

HAef Gl ol IGF-1% GHY HA Fosxg 47 s A3
GAEZ 280 Uro] oAt 1a FoAdE HF WY 73404 n, AE
38106 goll A 453 F134 Rostgon 23 £o= i A% 10210
cm, AF 132137 goll A 453 F138 =g}, AEF+ = HETF, IGF-1
30 mg/kg body weight 2] 7(B), IGF-I 30 mg/kg body weight+GH 0.5 IU
A2 7(C), 282 IGF-1 30 mg/kg body weight+GH 1.0 IU M3 7(D)Z 2
3 s dPsdn 297125 IGF-13% GHE) £9A] 7)o gtio] g8=ujr}
AEs AFES 490, 19999 129 2792 2000d 649 134 7bx] 24

T ed A% ARE zAEY

L diz7e 729 dgatel: IGF- 13 GHE 13 Sod3td 4% Fo
Hz7e B, D AgFold dAH AF 2F §o312 wolr] Ay}
(P<0.05)(Table 5). IGF-1 2 GHE 23} 5olsle] 43 Fo] 2xAnE |
b Fol 3o Axpel Fatatgd .

2. WA gl gloly 2] e YAETe AYERA AFER A
WEFeh Ao Fel o427 YR O (P<005), D He) oA o
& 497Rd 42ENL F90h D AT HPe HANBES gz
FAR Aol7h AAL(P<005), AFATE & HeTry 948
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4.

3 dUNAERES M AY 72404 cn, AF 38106 g o IGF-1 7 GHE
12 FoRE 23 FoAH72 Ar 2083%, B: 2204%, C: 2.169%. D:
2354%010en, H7 A 102410 cn, MF 132137 goll A 23 Eo5
of 45 FA9 WA ELS A 1595%, B 1.599%, C: 1.631%, D: 1.533%
ol dY7IEL AR AFELS A 1673%, B 1.683%, C: 1.680%,
D: 1.757% 2 DA Fo| A 713 =gt}

AbEAleE AEZIZFE AL 096, B 092, C: 077, D: 0908 Al2& 8L
C M2+7F 7t 53

A7 Ed] AEES A 848%, B: 77.0%, C: 82.1%, D: 92.3% At}
IGF- 13 GHE 1& Fo2H 23k %o M7 AE§e X oj7)o ztz}
Al 879%, B: 79.2%, C: 84.3%, D: 96.3% 2 22} FoZnch Yoror} 23t
FoRE = 96.6% oA o],
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