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Effect of water temperature, salinity and their interaction on serum IGF-I and

growth of GIFT tilapia juvenile
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Abstract: Tilapia, a major freshwater fish species cultured in southern China, takes up an important position in the
development of China's aquaculture. Salinity differences have been proven to have clear effects on the growth and physiology
in tilapia. Relationship exists between the salinity for optimum growth in fish and their iso-osmotic condition. When
salinities shift away from the iso-osmotic point, a reduction in fish growth and feed utilization could be due to more energy
consumption used for osmoregulation. Temperature is also a key factor affecting feeding and growth in tilapia. Serum
insulin-like growth factor I (IGF-1) in fish has been associated with growth and osmoregulation. In the current experiment,
based on central composite experimental design and response surface method, 13 experimental runs, each replicated three

times, were investigated. The effect of temperature (18—37°C ), salinity (0—18) and their interaction on serum IGF-I
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level, specific growth rate (SGR) and feed efficiency (FE) of GIFT strain Nile tilapia juveniles ( Oreochromis niloticus)
were studied under laboratory conditions, and the interrelationship between IGF-I to SGR and FE was also investigated. The
entire experiment lasted for 8 weeks. The results showed that the linear and quadratic effects of water temperature on serum
IGF-I, SGR and FE were statistically significant ( P<0.05) and the linear and quadratic effects of salinity on serum IGF-I
and SGR were also significant (P <0.05). SGR and FE varied with increasing water temperature and salinity in a
curvilinear manner. High temperature and high salinity could hinder the increase of SGR and FE. With the increased level
of water temperature, serum IGF-I level increased at the beginning and then decreased when temperature was beyond 30°C ;
serum IGF-I level was lower around the iso-osmotic point. Serum IGF-I level was positively correlated with fish growth and
FE, with the R® being 0.496 and 0. 698 ( P<0.05), respectively. The results showed the evidence of higher SGR and FE
at high serum IGF-I levels in tilapia. The interactive effects of temperature xsalinity on serum IGF-I, SGR and FE were
nosignificant ( P>0.05). Water temperature was more important than salinity in affecting serum IGF-I, SGR and FE. The
model equations of SGR, FE and serum IGF-I level using least squares method was obtained , with the R* as high as 0.949
0.986, 0. 984, respectively. These models could be used for practical projection. The optimal temperature/salinity
combination was obtained utilizing statistical optimization approach: 28. 5°C/8. 4, at which the maximal SGR and FE
reached 2.29%-d™" and 0. 82, respectively, with the desirability being 0.937. Growth performance of Nile tilapia seemed
to be related to the amount of energy expended for osmoregulation. When temperature —salinity deviated from the optimal
combination, Nile tilapia has to potentially spend more energy on osmoregulation. These results suggest that the optimum
combination of temperature and salinity enhance tilapia growth performance, feeding efficiency and increase serum IGF-I

levels.
Key Words: “GIFT” tilapia; temperature; salinity; serum IGF-1; growth; feed efficiency

MPREE SR A AR I A AARTT DUE i F SR LR AR LA T, R AR B S R AR K SR
PR ETR MW BT B S TH AR R R R B AE M BB R T BE B T Ak A KD
SRIAT, AT L2 35 FEAR SOV A . Tmsland %55 $R38 , FEER B Ry 1S, 86 919 T 75 AE i AR v RETE A5 B T2 itk
KZEW ( Scophthalmus maximu) B4

2P oI X a2 AR R e AR R AR AR KR (GH) B R A K F (IGF-T)
TGS RAE A 3 B Z NI 7 e 508 kA KO i R ¥ 5 mEEMRT . GH &l DL E B
e JFERE TG F-1 (430 R, S S 3R (07 A 5 43 W 52 10 22 AR IR (. Dk v 9 3 3 o3 TR EE (R B
JEHRS e A AR A0 S ) T A R R T R B T DR K 32 BV R K I Wy A ( Oncorhynchus
ishawytscha) (el 1fii 3% IGF-I E’\J7J(—le,ﬁﬁﬁ';_EXﬂLj(%ﬁ¥Jﬂlﬁfz IGF-1 /K~ JC A & 52 "ﬁ[m o Mingarro %[13] WA, 7E
TR RME B ZETT , 423K 08 (Sparus aurata) ML 1GF-1 K4, fa A R EE D, R, IGF-1 5 fa 2k
MR AR RERACI R A I LSO K P8 R A B YIAE 2 2011 AR 2Bk Ak fa 7= A #1300 £
T v [ S R ek 2, B AR E SO P E R T X IR R IROK AP — ST R
P B AR IGF-T 7 AR 7T 48 AU Fiess 25 (OFRAE . Fiess 251 & B, KR A 28 °C 7RI/ ER 2 f5ifF 7K
th B L e B AR ( Oreochromis mossambicus ) L3% 1GF-1 K- FIR KR A ), SR, IR 55 38 X6 IGF-1
F AR L R AR ARDRESCRANNIE IGF-1 Z A1) 0 2 i AR & B

AR T v 52 G e B R Ryt Ak A e 5 43 O AN AURT RS 0 YRR, AR
IR BEAL R 2 1 H A DA R G & R S WA EZ AR, AR FEH Y. (1) MR R K
HEARROV R 5 2 AR HME IGF-1 5 A 5200 5 (2) DRSS BE 5 88 B2 A RO R 1L 1GF-1 54 K152
), I3 S AH G MR 5 (3) /3BT REE AR K (SGR) IR (FE) 5 I3 IGF-1 Z MK R, ARH5% B
FIH B AR 50 A A DAL AR d A5 & DL AT 3 IGF-1 ZE 3L B Wb B b i R H
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IRIG A7 2R 1 o E K PR RRE AR BRI B 28 FhoO B % S [ R 16 R E T R e B B A4
f, BERETCIR IO, 16 1R AARVE i A, ISR = K U8t (/KL (27+0.3) °C,pH {H 7.4+0.2,
Rk 0) hESR 10 d, AAROCRA, BRI AR PR K B2 2R, 4K 7:00 1100 F1 16:00 45 #0E
REAR AR 1 IR CHLAE N 32.0% G 8.0% ) , # Mg IR 1) 8%
1.2 ARt S5a04

IE R AT AT 2 AE 4l 0 B PR G 3 1 B R i 4l f mT DUIE HE SAE K AR Sk
L, IR rhoe &2 A s o, A6 4 ) 17 F O AR A K3 PRSI LY TGF-1, P i (18—37
C) FERFE (0—18) , 43 BILA T Fl S Fom , 44 R F BRI K g 43 3 R —a -1 .0 .1 .a( £ 1) iR A 2
£ 5 K7, 23 13 YOkEs i O REL, O A A EE S R BRI AER 3 I, ELARM R AR B
HEWFRIL,

®1 BESHEMRBEITASMER

Table 1 Experimental design of temperature and salinity and results( Mean=SD)

253 G5 {H Code value PR Actual value R K%/ (% /d) [GEEEIES 113 1GF-1/ (ng/mL)

Group T S T S Specific growth rate Feed efficiency Serum IGF-I
1 -a 0 18.0 9.0 0.59+0. 14 0.34+0.09 14.37+1.25
2 a 27.5 18.0 1.43+0.28 0.65+0.12 29.81+1.58
3 1 -1 34.2 2.3 1.53+0.33 0.63+0.11 22.97+1.33
4 a 0 37.0 9.0 0.98+0.13 0.51+0.08 22.13+1.52
5 1 1 34.2 15.4 1.41+0.32 0.57+0.06 25.68+1.61
6 0 0 27.5 9.0 2.31+0.48 0.81+0.12 21.48+1.38
7 0 0 27.5 9.0 2.16+0.52 0.78+0.09 22.03+2.11
8 -1 -1 20.8 2.6 1.16+0. 36 0.43+0.06 18.43+1.78
9 0 0 27.5 0.0 1.65+0.42 0.67+0.08 25.72+2.26
10 0 0 27.5 9.0 2.38+0.51 0.84+0.11 23.24+1.58
11 0 0 27.5 9.0 2.27+0.47 0.79+0.10 20.75+1.79
12 -1 1 20.8 15.4 0.87+0.16 0.47+0.06 24.49+1.24
13 0 0 27.5 9.0 2.23+0.32 0.86+0. 14 21.37+2.01

1.3 A mpifk

R A ST IR B YIAL , PIAEAE 4501 A9 SRR th 4T, F i 1E R AR (R 20—38 °C) FoKAe i,
H2E R £0.5 °C . MREEYIALR A =, A ORI EE TR RN L 2 °C D10 ZAH R 136 8 8 I T R R4 T
A R BE DAL, FIEE K A T3 BE IR, 3 B ff FH H A4S ATAGO S-10E #REETF, R B2 VRt R FH ¥ ik O
K, BRI 2, PICE MR A B, IR E PSR 7d,
1.4 %Ik

ISTE 39 A4~ 450 L (SRR R PEA T, B BRI RS 3 d J5 A9 A SRK 400 L, 375 AN 193 B 5
G I TF AR HT X &) M f R R K AT, 00 R R E O (27, 64£2.79) o, KK R (9.43+
0.46) cm, B MAKAH AL E 60 B, BN FATHS 20 B, FAVIREREMEKEA W E LR
(ANOVA,P>0.05) , IEHHME 1.1 th g Au il , ARk e A (PRUEAR I O R AR 81 ) | H S0 (R E ()
4% —8% ,iXGw ATt 56 d, IRXE I )4 2 7R, SR T IR 0 BRI IS 2508, H ok it 173, SREFIOK T IS
TR £0. 5 I EURFEAE 5 mg/L UL I, pH {8 7. 6£0. 2, B AU FIE A FR 543 HIA#S T 0. 01 mg/L, AL
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1.5 MR AR E

RIS EEAUET 24 h A4, R H X RN 2 G 04 40 fa g F A TR E A

FeEE K (% /d) (SGR)=[ (In W,—=In W,) / ( t,—t,) ] x100
TRESCR(FE)= (W,= W,) / F

b, W, W, IR ¢ BORISTE] ¢, BFRATE (g) F o8 B (g) o IXIREHUS , 3D IR FE A FEAIL 2
5 A, 1 200 mg/L 1) MS-222 VEPRs IR EE R, B #bCR I, AL T 4 CrkAR TP #E 2 h, 764 °C,3500 ¢ &5
0 10 min HF MF , FIEREE-80 CUKFAPIRAFE . M35 IGF-1 0 5 R O i 43 M O vk 1R &
WA AR R A R AT
1.6 Fdlibsg

B 7 S5 T Y AR 22 (Mean+SD ) i o 3 ao Fe /> R kAU PR 5 ) by {1 22 1] 1) — 9K 22 Tt
mlE TR R

Y=by,+bT+b,S+bTxS+bT +bS

Ao, Y iy RO 7 b e A AR AR R DR SCR FTINLTE IGF-15b,,b, ,b,,b5, by, bs, 537 Ry 01 H 5 45
JE 5 R B Y — UK, IR B R FE ) B RION, TR 5 R B A R

K STATISTICA 8. 0 #AF#EA 70 5 115 45 FAL B XFR B 6 5 5 m i #4709 — ik 2T R H LA,
EKFH 0.05, # B E K4 0.0,
2 #R
2.1 JRAE R KA N P AR A i 1GF-1 52

WREE (T) 5B (S) X P AR Lt i IGF-1 Al e 245 8 WL3% 1, %5 Bl % e/ — e i it A7 mlH L4
] 9 7 P R0 B B R O 45 R T 2, BRI P=0.0002 < 0. 01, %0 i <7 4 [l YRS AU 5 225, G 401001 P=
0.2701 > 0.05,RUIIUAMBAIARL, TS 1—K 5 ZUSSON X L IGF-1 A M R Z52m (P < 0.01) (%
2), TS XTIy IGF-1 TTREFZMW (P > 0.05) , MIHRE GRS, TR0V S ., TS 513 IGF-1 Z a1
SEBR R IEE (L) -

JIIIRG IGF-I=-18. 268 +2.680T-0. 5165-0. 018 TxS-0. 0407>-0. 0725°

YRR PEE R B R =0. 949 , Ui B IZ A AU BE A RS 94. 9% Wi B A A ZE AL  AA AAE 1 5. 1% ANBEFH AR
RUSERE RS TR AT

#2 BASERHEZMHRE

Table 2 Test of significance for regression coefficient

AR S AU HIEES brifEiR EfE TR BAF LR

Source of variation Regression coefficient Standard error 95% CI Low 95% CI High P
Intercept 21.784 0.49%4 20.616 22.951
T 2.063 0.390 1.140 2.986 0.0011
S 1.846 0.387 0.930 2.762 0.0020
TxS -0.772 0.544 -2.057 0.514 0. 1986
T -1.813 0.418 -2.802 -0.825 0.0034
s? 2.932 0.415 1.950 3.914 0.0002

R*= 0.949 Adj R*=0.912 (Adj R* A IEFRE) Pred R* =0.749( Pred R* AT & £0)
FHON IS T

NN 2= 39 & Kval (=93 SRS 11 R (O O W v T S = 2 S AN 3 B O B U 734 = ) P S T R A T P o |
R E KM BAER . ARG AT 308 0 9, IRy 18—30 C ), Bifi & VB T, L% 1GF-1 7K
SR E A, RS IGF-1 KA B E M (P < 0.01) IR & T 30 CHE, ML IGF-1 KFI &8 T
R IR R 27.5 °C 8RR 0—7.5 B, ILTE IGF-1 KSF-20 NI, 3h w1 7.5 B, IS 1GF-1 KF B3 Tt
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Fig.1 Response surface plot and its contour plot of the effect of temperature and salinity and their mutual interactions on serum IGF-I

levels of GIFT tilapia juvenile

2.2 REE R R E AR B B AR g e A K S8 (SGR) BRI

MEE (T) S5 (S) %% AR gy e e A K AR (SGR) BTN e 45 5 W3R 1, %P8 s R HI e/ 3k kA7 ml
VFILA, I RE R B TR I 45 R A T 3, B P < 0.01, FBH F 7 19 [m] VA R 5 3% R 400000 P=
0.4844 > 0.05, KU G MW AIG R, T HY—IK, RIS S B KON X SGR A W 5 m (P <
0.01) (#£3),S B—BUN X SGR A BEFI (P < 0.05) ;TS XF SGR LB EEW (P > 0.05), [FIHZREE
WoR, T ROV EE S W, TS 5 SGR Z Al SLbr — R BIH T2 (2) .

SGR=-10.902 +0. 898T+0. 1145+0. 001 TxS—0. 0167>-0. 008 5”

12 FERI DL E R R =0. 986 , Ui B iZ A5 AU BE A BE 98. 6% W W AR A AE AL  ANAT SR 1) 1. 4% ASBEFH AR

RS LS TR AT,

£3 DRAFERYBZHLE

Table 3 Test of significance for regression coefficient

A5 5 KR MIEES s FrifEiR EIH TR B LR »
Source of variation Regression coefficient Standard error 95% CI Low 95% CI High
Intercept 2.269 0.043 2.168 2.370
T 0.186 0.034 0.106 0.266 0.0009
S -0.094 0.034 -0.173 -0.014 0.0269
TxS 0.035 0.047 -0.077 0. 146 0.4844
T -0.720 0.036 -0.805 -0.634 < 0.0001
s? -0.341 0.036 -0.426 -0.256 < 0.0001
R*= 0.986 Adj R*=0.975 (Adj R* A IEFRE) Pred R* =0.931( Pred R* AT & £0)
FEON IS KT M

TR b R R A B A e 1o i o ] R LA R A R LI 2, ARIRES AR BE A IR B T, SGR 248 1
THE FRER A, R 9 I, 4 afE /KR A 28. 4 CHIE FAE KB, YEhE Jy 0—18 I}, SGR Fifi£h &
IR TR TR, KR 27.5 °C 8RR 9 B, 4 SCR W3 = FIRAK 50 18 M8,
KA 18 C—37 CHT,SGR TEFL BN 0—18 Yu NI 2 % G TR (ka3 R 53 Z M JC B AR
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Fig.2 Response surface plot and its contour plot of the effect of temperature and salinity and their mutual interactions on specific growth
rate of GIFT tilapia juvenile

2.3 A R KO ARSON N E S AR A B (FE ) B

TR (T) SEE(S) X F ARt gl B4R (FE ) 9 25 58 W3R 1, X EciE R B/ —3fe ik gk A7 [l 1
AL AT TR R W E R IR 45 R T 4, B8 P < 0.01, F W Bir g <7 4 [l 9 45 A 285 R L0 P =
0.8297 > 0.05, HABIG MBI R, THY—IK U5 S B KB XS FE AR ZE 5 m (P < 0.01)
(£4),S —WRX FE TGRZEFZMW(P > 0.05), PIHREE /R, TRNK S, TR S 5 FE Z[E/)
SEFR R AR (3)

FE=-3.110 +0. 2597+0. 0525-0. 00157xS-0. 0047*-0. 002S>

TP E BB R =0. 984 , 16 W IZ A5 U RE M % 98. 4% Wi W A8 1Y 224k AU B8 00 1. 6% , A FEFT It
BRI R A TR R AT,

TR AR R K HAZ T AR FE ARy i i & AR s R LA 3, AR A, 2R 9 IR 18—
29 CH,FERETHE  FE 2 LI BEEX FE A B E#m (P < 0.01) iR & T 29 CH,FE Bl T
IR R 27.5 C,#h 8 0—9 B, FE B i TH i, 328 & F 9 B, FE JF 45 T B £ 5 8 0—18 B, FE £
0.73—0.82 Z[a] ,#hJEXS FE L&MW (P > 0.05) . & 555500 28.7 C 1 8. 6 I, FE 85, N
0. 82, Hal 5k 0. 927, /Kl Ny 18—37 CH,FE 7E3 2K 0—18 JE RN 256 IS T 221k H i
FE 5B Z R TC AR

R4 EAFRRHEZMHKRN

Table 4 Test of significance for regression coefficient

8 S kIR [EIEEY brifiis B R EAE LR P
Source of variation  Regression coefficient Standard error 95% CI Low 95% CI High
Intercept 0.816 0.013 0.786 0. 846
T 0.068 0.010 0.045 0.092 0.0002
S -0. 007 0.010 -0.030 0.017 0.5182
TS -0.026 0.014 -0.059 0. 006 0.0996
7 -0.199 0.011 -0.224 -0.174 < 0.0001
$? -0.082 0.011 -0. 107 -0.057 0.0001
R*=0.984 Adj R*=0.973 (Adj R* AKIEFREL) Pred R* =0.959 (Pred R* il %0
FBC RS AL
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Fig.3 Response surface plot and its contour plot of the effect of temperature and salinity and their mutual interactions on feed efficiency of
GIFT tilapia juvenile

2.4 I IGF-1 5ReE A KRICHR

ARG AT, P AR i g IGF-1 5% A KR 2 [ B R L 1GF-1 = -8. 657SGR*+ 28.276
SGR +2.392(P < 0.05) ,R*=0.496, [fiLiE IGF-1 /K- 555w A K R HA MM
2.5 i IGF-1 5TERUCRN R

ARG S5 T, B AR M4 T IGF-1 SRRSO Z [ SR IS IGF-1 = —119.47FE*+ 154.59 FE -
24.334(P < 0.05) ,R*=0.698, IfiLi# IGF-T 7K S b BAT MG,

35 ¢ 35 -
= »=-8.6571x* +28.276x +2.3916 5 y=-119.47x> + 154.59x - 24.334
g 30+ o R*=0.4963 E 30} R2=0.6978 ©
. =) | & 25 L
i’:% 25 o ° 5 o 2= 5 o 5 ° > o
T 202 o & &2 20t 5 °
O
= 0=
EE = 15+ ¢ ﬁ@é 15+
22 ol = ot
£ g
5 St & 5t
w1
0 L L L L L L ) 0 L L L L L y
0.5 0.8 1.1 1.4 1.7 20 23 23 0.3 0.4 0.5 0.6 0.7 0.8 0.9
e KR RIRLE Feed efficiency

Specific growth rate/(%/d)
B 5 HEFIEEHEMTE IGFI SEBRENXER
Fig. 5 Relationship between serum IGF-I and FE of GIFT
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Fig. 4  Relationship between serum IGF-I and SGR of GIFT o .
tilapia juvenile
tilapia juvenile

3 itig
3.1 HEPAEMINTE IGF-1 FEAN R T A48 Ak R H 5 A K TR ) 5 &R

HE P AR IGF-1 53K RE VMG, e mk BB SeHEE Y R EA B TS
i B SRS K OE DT B0 I P R B IGF-11 L [RIB, M3 IGF-1 545 08 A K A0 5, Ml R HCh
0.496,P < 0.05, TEHZ BT | R ) AR FER L4 ( Oncorhynchus kisutch) ORI Y R R IS
i, Uchida %5 38 , M1 2% IGF-T /K n] FAE 358 bb i 2 1 40 A Kl 3 10 2% 848 A, IGF-1 /K 5455 AE
KA IEHIE, MK RELr=0.74(P < 0.01) ;Imsland 45 BF50 R B, REEMFAGHEEE KA S IGF-1 KPR IE
MK ZREL r=0.53(P < 0.01) ;Pierce %" W58 & L, AR 1 A48 A2 KR 5 IGF-T KR IEA G, A6
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FHr7=0.623(P < 0.0001), [fiyE IGF-1 o] LA BRI AR SR, AR50 T 1) IGF-1 g5 AR KR 1
M e &R, TR NI IGF-1 2 5 ik iae i A 56, PR pympEcE 5 s IGF-1 K R WA
AN IR EN 0.698 P < 0.05, X 7E LAFERUARBE ') ORI 5 it & IS L4518, i 7E RS2 6 (il B
FEPAR L IICAR S, IGF-T B —F e g 0 2K i 5 1GF-1 Z K (IGF-IR) 45 & , e fie UF & 2 iR i =
B0 7 P S A P DNA RNA FIEE R AEY) & %, e s | 4l i 8 8 5 04, A Bh T 85 A B A& il fn &
ZE SRR R A NI AR KT S s DA R4 AT A B, KR AT A A 5 R 1T 3 TGR-1 K SO e AR
A K SRR R
3.2 AN R P AEMAILE IGF-1 15200

RN B P AR IGF-1 A B 52, 7EEREE R 0—18 B, i IGF-1 K2 TS B A1k
FaB TR CR S A KR AE R BRI (7—9) B, ARER PR R AT LA ot A £ 10 2 K S RDRLECR |
XSG 1GF-1 AKCFAEER B R 0—18 254 N AR fbita 5 A0 Bz , 8 BEAR T 7 & F 9 B ] LU Y IGF-T /K
S ETb, Fiess S 7R B T W AR 10 8 BF 5T b & B 26 L 45 B, Shepherd AEUSTHIE 5% Sk B, i fi
( Oncorhynchus myskiss) Ifil 3% IGF-1 /K EBEEREE (0—20) T T+, Sakamo 11 Hirano "' A5t & X, 5 i i
MIRAK A R B ER B Ry 25 BYFREE A, R B8 RT DAS RS AR AN AT IGF-T FR3k a9 34, i i A 59 2R3k 7K T
B, AATTREE I GH K% S5 8 VAT 25 5 b IGF-T 23k, i $2 & 56 BE i i 32 k200, mT L,
GH/IGF-T #life a2 iy Eh B Ak vh R 45 5 AR . IGF-1 5835 K8 MK & | I3 IGF-1 KT A B T
YA F S P4, Duan 252V BF98 & B0, GH/IGF-1 Bli7E £ 25307 W AC i 7 T 4% T B/ T, PR, AR i
55 NS 1GF-1 KF () L T BB VA R Dy PABE TR SR B A s T iR BE ok . C TR 54
BB R AR S RIS A R — 5T . RIS, £ 2 A0 8 F R0 -5 e AR R DR 2% ] RES IR TGF-1
G3 TGF-T SZ R 2355 NV IGF-1 454 28 (B XS IGF-T (T REth A B im0
3.3 RS E P AR K SRR B

REMEEX S P EaARKA BERW, EER 28—30 C,#HE R 7—9 i), AR KRR,
AIREH T IHOK IR N 8w T dE i & SEcR, IRE 5P AR a4 K MERRHCR R OCR T WL —24
W IR R T 33 CCH, B AT AT AT fa A A T AR BN A AR G R T TR R LA A
A, BN T i E AHESS SR TS B K SRR A R Azaza S BFST R B, KA 30 C
B, Je B B AR A R m KR R 34 CRTERY, R 18 B, B AR 0 A K S RDRMRICRAR T 48 B B AR AT
By, AEIA XA A 3R 225, 4, SE8 ( Cichlasoma urophihalmus) 7 1635 BE 487 (30) B, 4E
KGR A i 5 T4 Sk 127 5 R SR 28 E b i o 14—28 I, AR K SRR R i, Eh e w28 ik K
SRESCRAE M e S H A BB SR A R, 7RSS, I AR KO g
Sparks 45V T RESE O BTt A B, B ARt AR AR ER PR R A B R AR IR S TR R Y, fE R B
B RV AT T i A i AR RE TP A He K, AR TR SRV AR A AE Y 20% DL EEEEE T 509% Y L I, Y
AR A0 B A5 S RS2 I R B m P SN RE T R R e, TR KR R HhE
K 7—9 WA RETE 4530 T B ARt 45 AL R, IR BB R A T AR R A, TR RE R T AEK
FoRbER
3.4 RESERE SN E P AEAARK FRSCRE NS IGF-T #5320

ARG R S AR R B R R AR KR TARSCR AN IGF-T RIS Hh A & 30 AR RN, 31X
SRR SHEAA BRI, SRR DY AN IR 5 R B R £ 5 R A K R AT BN, Watanabe
SRS R P, AR EREE R IR BE X2 B AR A KRR S A AN [E] , ER 5 0 0 B Gl b0 # 15 A K AR TR
R 27°C R MR EE A 18 136 I (RUEHEHE S5 A K AR IR EE S 32 C i H5ci . T BB i T8 For kB 7 3 96 1
RG], AR b, B ARt BRI T R 27. 64 g, 5 TR R4 (iR 56 b B R Y 6. 29 ¢ A1 Watanabe
LN 0.56—1.2 g, B PARBURS B3, 20 A feont £R R AGSE N BE D T R BT . RIS AR R R
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TR B e A ARRLCR A IGF-T S ma 43R B I 8, R b, A8 oA & B B A8 Ay S R AT ek 7
A5 (1) B AR R T WG (2 R B Y 20N e i, 800 T RE X BRSO A R AR 5 (2) 7SR
0—18 Hif, Fh B XT A IS v 5 5 % AE A4 £ 1) T R SOR I AT (e 3 s ), 0 ) R B2 it A2 M mT RERE 4 R K
RE MR

ARG R AR P R I [ TR 9 T O R B, TR S R A RN W R A K R AR SCR ALY IGF-T A
W BTN, X AE LR A P P AT A R L AN . R Montgomey ™ 17 i, X AR K R AR RCR UEA T
Ak, IREEFIER 4> N 28.5 C AN 8. 4 B, 45 Ak KR FRBL RS BN 2.29% /d A 0. 82, Hon] FEdE A
0.937, FEUHRIRILA A L HER Atk R m 2 AR iy FR Rk 25 . R, B 1220 3 00 2 e SR BE R 1 (4
ARG Ve 4R JGIRAE ) AVE FRIR DL, T REXT 2 I f0 A £k B DAL S5 AR K AF e s i, 75 Bt — 2B 5T
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