28 % E3IM RN REER Vol. 28, No.3
2007 4£7 A Journal of South China Agricultural University Jul. 2007

T RB AR H KX S 3E & & K F i S 40 1% 68 B 52 M

KER,BaZ, ASH, AER,8 &K #.40 W

(e REXF SHAFERE, TR M 510642)

WE BRI SRR EIER R BB JE£8 Oreochromis niloticus x 0. aureus 360 B, FENL N4 A, BH3NER, 81
HE30RE £l . 0.M.VAMBRF 454 0,100,200.400 mg/kg 7 & 10 RAE A B H AL (GSH) , XK A
60 d, 4 T SAEKARE . MFPAERSEHERRE T - I(IGF-I) K ¥ LA AR BE XN TR &
R ) FERKHAE , A GSH i TR IVA AN AR EAEKSE(RSGR) EER T RA 1 H(P<0.05),T
B520 dif, THAMVAAFNTEETEREST [ 4 (P <0.05);2)55 40 d F1% 60 d, VH KK If o IGF-I
KFHBERTFIE(P<0.05);3)5 20 d, HAHAA KN AHRN BIALGE N (T-AOC) EEEF THA(P<
0.05). %540 d, VHIH T-AOC FLEB A B L EE (T-SOD) i X BESF 1 4 (P <0.05). 5560 d, [ 4K
T-AOC HI T-SOD FE A BEE T [ (P <0.05). LA EER R, FERR S RIE TR &K GSH fEpck & AL
YR PEALRE ST, 3 IGF-1 A5 1E 45 2 3836 [ P BT P , AT R 40 P B 2 K AR AR REAE R
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The Effects of Reduced Glutathione on Growth Rate and
Antioxidation Capacity of Tilapia

ZHANG Guo-liang, ZHAO Hui-hong, ZHOU Zhi-wei, HE Zhi-jiao, GUO Hui, CHEN Jing,LIU Li
(College of Animal Science, South China Agric. Univ. , Guangzhou 510642, China)

Abstract ; The effects of reduced glutathione ( GSH) as a feed additive on tilapia growth, serum hormones
and antioxidation capacity were studied. Three hundred sixty fish ( Oreochromis niloticus x O. aureus )
were assigned randomly to four groups. Three groups were fed ration with 100, 200 and 400 mg/kg GSH
additive, respectively, for 60 d. The other group served as a control fed ration without the additive. Re-
sults showed that during the feeding trial, RSGR of fish fed 100 and 400 mg/kg additive were statistically
greater than that in the control group(P <0.05), respectively. In particular, at 20 d which is the onset
of the feeding trial, body mass in those two groups were respectively statistically greater than that in the
control group(P <0.05). At 40 and 60 d, serum IGF-I levels in fish fed 400 mg/kg additive were statis-
tically higher than that in the control group(P <0.05). At 20 d, fish fed GSH had higher T-AOC than
that in the control group( P <0.05). At 40 d, fish fed 400 mg/kg additive had statistically higher T-S0D
activity and T-AOC than those in the control group( P <0.05), and so did fish fed 100 mg/kg additive at
60 d. These data indicated that administration of GSH in feed could improve fish muscle tissue antioxida-

tion ability, increase hormone levels and metabolism, positively affecting fish growth.
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FEE Xt /NRE SR B 5T A BT IR, B RTXT 2N BR
MABRERMEFRIERARE TERESEHINR, B
K E R R IITE S Y R B IR TR
ol A ERZANES RERAATEOR
MHEITTR WA AR RHEDIWERK EER TR
PBH 52 = sh A i S TR B RE T , B L/ BRTE 3
WP RN A EBERZRAMMENR. &R
A Bt H K (reduced glutathione, GSH) B i v- &R .
PR B A H E R (y-Glu-Cys-Gly ) 4 B 4 ¥ 16 1
B, ZamF AR Wik, s B RE L
AMMBATSEFE, FAEAFENREESIFE
EEEWNER. FEMRERU . EY/ NG ERFELE
YR SMNEME GSH HE B MR AN HE RS, 5h
W GSH 7T ¥ /NGy B 1 W e o A I Y45 3R
GSH fEAZ B ) M T AE  JGIT £/ 5R, i
ERTIREERE R RERBARNA T RSN I
Ptk M, 2K 5 i iE th 68 B A A3 AR i /D
BRI AikBeds GSH AT B e AR, g
ERAERES, RN TaEnFEFLEERREK
R F - I(IGF-1) 7K ¥ R UL AR WL AL B TE 5,
W5 GSH X f {4 K Fu AL HE BB i 52 ma B HC 7T BB
P, 9% GSH 17K = frp RS s 42 fE 3 1 4R 3.
1 #R5TE
L1 KRBz

BB % JEa Oreochromis niloticus x O. aureus,
I EA KR RR N & R RA R4, R
GSH, 4 >98% (FRELL) ,#i% 7T B & 25 307.33
(AMRESCO AF=ER).

1.2 ARIYMHSAERFER

TR EEE R EA BT IEMA 360 B,
TR AR N 4 A2, BAR3ANERE , BT E
B30 [4ARERA, AEEMAR T.0I.V
oI A A, 435I 7E FLEE AL B AR in 100,
200,400 mg/kg FIFLH) GSH. ERf B AR AR IE
KFE#MA T “999 FHefarh ARR" (FER D
HHEE=28% (AR >1%) , HKH <14% ,7K
N<13% M4 <14% , LH.£ 0.5% ~1.5% ,
5 0.882% , B 0.682% ). GSH B nFndbite
I ARE RV B B WP R K =R L = 24T
VBRI R B FS , 4351 in 100,200,400 mg/kg Hy
GSH, B & B EEHEIMAER 2 mm KFCRIE,
BRTRFAMT EFET -4 Cokfah. msriinE

I T AEER X A8 oAk b £ 5 A PR /A RI AT, K iR AR
A58 60 cm x 60 cm x 80 cm. HFRIFXIE 2 1K, 4f4H,
AT a2 R E 9:00 AR 4 5.00, FERMR
1h 5, RBGRATR. BRIk, BX 18 h T
&, Rk 25 ~30 C,pH7. 1 ~7.3. PAERE AR
DYt R A LT 15 d WYMLEFFRIERR
%, B HA R 60 d.
1.3 NEIEREFE
1.3.1 4RE 7TEEIES 0.20.40.60 d, Xt & {417
i R A A R B A K ZR(RSCR) .
RSGR = (&R RE - MIRIETRE) /W R AR
£ x100%.
1.3.2 h#F¥EM&E4EKEF - I(IGFI)K-F
RS 40.60 d, BRIFERES , A EES
Y S B P ERE FAKMARN 2 ~3 mL,
& IME, -20 CLRAE. R s ik (RIA)
WisE M E IGF-I M ACF. EAK 8T E JR 28 e it
BRLAFEEAB(RANEWERBELGEFEY
TERARAR).
1.3.3 #AMEFH FERAES 20.40.60 d, HIK
FERES, BERE /R FEVHE 4 BEOR K
RENAE, REAKIRARES, -70 CTRAES
M. #RENEHEABN T E P HTIRHAE
AR (T-AOC) & bt H AT A 4k ¥ BE ( GSH-
Px) 1% 77 LR AL 5 AL S ('T-SOD ) 3% 7 4l 22 -
EA &YW B AR TR
1.4 BESZITS5LE
SR SPSS(10.0) Geit b B R4 HEAT
50T, AR/ N B EERE(LSD) T ZEHE.
BRHRK AT « iR ER.

2 HERE5SHH

2.1 GSH X &fkERKRIRMm _
REFHRN, FHAKNERELTEEER.
520 dBF, A T IV BEGREEERTFER
H(P<0.05) (E1A). 7ERILEHAT, £ FEH W
RSGR ¥ KFXIHR4, I 4f1 IV A5tk T A
T 95% F152% , =57 B3 (P <0.05) (& 1B).
2.2 GSH xtfaffk s IGF-1 kK R
A2 "I, 7 IR A 40 d F1%5 60 d, ALFHAH
I —HERERFXTEAMEAMALIEH (P <0.05),
ML V —HEEER T RAMEn L mA
(P<0.05) , 45 b xd PR 4H 5 HH 53 % F145% . kb3
M AESE 40 dit i FXTRR AR, T 7E 28 60 dit HiK



92 ® B ok b ok ¥

¥ # R L

100 £60 ., b
Agi mop Bm SV § %SOB %
&0 80 a a N
2 o bapp 2 2N 50
E Q — =\ %‘ a /
7 £ =N M0 v
g w0 = N 20
2 N AR 5707
20 = =N =107
= SN
0 =1, = —— CI A
0 20 40 60 X 11
vd #i5] group

H I ARESGERE— B R A4EER BH(P<0.05,18D i)
different letters above the bar indicate a significant difference between dif-
{erent groups al the same day (P <0.05,LSD methed)

Bl 1 CSH i3 3k £ & I B #AA R4 B B A K R ety B2
Fig. I Effect of GSH on the body mass and RSGR in tilapia
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2.3 GSH &l RALNELEEIERRID

T-AOC ¥& /1 (B 3A) A IR B (6], & A Akl
RN T-AOC TE B R B L L THE TREME .
BB A & B 8] 0, 7655 20 d, BRI T GSH Hy&4L
HAMEER T RA(P <0.05) ;7E5 40 d, 41
(&) T-AOC YA HET R, L EANK T - AOC
EHRET 2.7 %, BETTX MAMEAALRA
(P <0.05);7E55 60 d, F4HM T - AOC 3577 XA B [
&, (B4 AT {0E T AT B4, Wi B AL B4R 1T 54 58
HEFRF(P<0.05).

T-SOD 1 J7( B 3B) : b 46 50 (61 456 [3) 25, E
$£20d4,5HAKPRAHERN T-SODENEEEE
5 ER 40 d, SHME N EE BTN IR, W EA
AN AV S X IR 24% F1 40% , £ R B %
(P<0.05); B 60 d, B BANS, b B4 T-
SOD EHEFA B A, MEAZFHIEFE T3
MR (P <0.05).

GSH-Px 75 77 (& 3C) ; Ho #3058 34 1a) &5 B /i)
B ERAENAHAN GSH-PxIE N XEEE
R(P>0.05). 15520 d, M 7T GSH (945 4b32
HBHETATRA ; MEFL 40 4, BRALBARE
S5 RA—F BRI TR, HPHTE T B,
FHE6OJ, FHAMEIXEFH, A ELIEH AR
{& T3t B4,
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Fig. 3 Effect of GSH on the specific activities of T— AOC{ A}, T-S0D(B)and GSH-Px(C)in muscle in tilapia(n =4)
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1 GSH - Px Bk A S 4L BT 89 2 458 09 T 2 A LR
5 X3 HEANEY A TRaERRENERER
R Eh AR R ARG ") Lash £ BR5E

FHAROMR GSH AT BTl . SEhAE i GSH
K. BEE MR GSH R Ll 41N ) GSH 7234
gt E B EN Gt EEEERME
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71, 35858 THUE R ALRE A1), B—iE, &
ARG, A THA A GSH-Px IE A S BAMALE
BEAL MEEHENREE N SMEY: CSH #£3 T fk
L5 A i GSH 7K, Wi GSH Al L HiERE R £ 4 M B
I, AN R, WA S S AT £ 1
GSH-Px.

XTI FEE AT s R e
BHRRIMERE CSH Al g BENELHE R H
IGF-1 ATt sh i po A 4. Al % BN, fRlK o
W GSH &b TRAA & 1R fo i SR B ¥ R Fad B 4,
¥R GSH 100 mg/kg 411 400 mg/kg 4 fa ik f) RS-
GR BEXRFXERH. [Af,400 mg kg 48 fa {17
IGF-I KR EETXBA. F638, nFRERE
F(GH) JIGF-I B & BB T fid i A R ARIBACE.
IGF-1 R M S ALt A 240 3 .
FESEHRNERSEER,IGFIEAR CH 24K
AR EE R F.. Chen &1 58 SRt 41 Fi 4
IGFs fE{2; X P 4K, AR P akmF P H
IGF-1 At S H A R R R B T4, [Rlet, Ho-
bor ") BB ST & B, IGF-1 75 14 1 10 AL E R 75
FUT AR ERE RO E R EA N i, i
GSSG/GSH & [ Hh {8 f 38 in, AN B ILAC (9 — B4
WL, A fE S T BYLIEST IGF-1 B iR hnph. &
R, B P4 N GSH, i falh g GSH & B
N1 TV RN N e s B N oo Gl e 1 54
HEAPLE BT VLR IGF-T M BR =2, Il
AEFEAA £ (& i P B9 IGF-T AKSEF B

YEEIA N, et sh N GSH, AT REBi i e i 2
PP A D BB B AL BE AR B £ s 1 79 R 1) IGF-
| O RN o ) | Y A 42 A
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1 HREHEE

1.1 @EAZE

RIET 2005 435 AT RELITHFER
YWHHEECKHA T, BT E R —RER
JUEH R4 R M4 B E e, Bk,
FWELER, NHEFTER LB ENTRD R
FHEETEK, FELREN, ERRETFERE
! emx1 cm EE PAEH BSR A0 30E, ORI
R AT 90 ~ 160 4~/em® MHBIESEE. B4
HEILAA 6 R, FR9 d FE 11K
1.2 FEAFTRSH

PHAR(C) REFERETEM /M HERLX
wr[11-12].

HEE C AR 95% MBS R .

Iwao EIFE RIR A Iwao ™" {2t Y B 22 |19
&, BIM =a+pM

Talor FE#E W12 2 6° = aM® ( BJ logs® = loga
+ blog ) FATHIE .

R Twaol " g M 5 M BT KB E RS
BELCHEARIMT

N=2/D[(a+1)/z+(B-1)],

XA, a. B8 Iwao HERIBH ¢« A—EMBRIE FTHIE

BEEME, D RHAGRE » HTHHOBECR o’ ).

2 ZEREH

2.1 ZESHEBIE
2.1.1 FHEARREASBE WEHENEES A
BREYTHERRE L

MELALER, #8EKN C HEFANERERX
i@eisk, g RASRTREY 8. SREmM
M /MBKF L, R LBEEEAEREDA.
2.1.2 Iwao ®YAMA G EHRBEELIRIT M°
3t MBS M® =1.148 2 +1. 423 1M, #£
F¥(r) =0.9981, r >roasn =0.917 0, 1 BH 4
BIRRTHRE M° 5 FEERE M AXERR
F a=1.148 2 >0, RUAMKEMBIKS], 5450
EARARMERE;B=1.423 1 > 1, HHFHERE
AL
2.1.3 Talor FR REER L FHEEM)AY
2(6%) BB logs® = 0.398 4 + 1.517 4 logM, 48
EEE(r) =0.9935, r>rp4 =0.917 0, PHEEA
FEG)MEHFEMERELRREE. BY
loga =0.398 4 >0,6=1.517 4 > 1, 5B 445 &G
E-UIEETHRESESN, MEFBHEERNE
hn, SRE 8RB M R TE S

®1 HBARTELIHSH
Tab.1 Spatial distribution parameters of B. tabaci eggs

HAES wmH nE TR REEIEN SRE

sample density variance diffusion coefficient index of patchiness distribution
no. (M)/(CHL > em™) (8%) (€) (M™/M) pattern

1 1.3750 45881 3.3368 (0.7757,1.224 3} 2.699 5 -8, i 1}

2 1.7313 5.4808 3.1658 (0.7757, 1.224 3} 2.2510 WEMG

3 2.443 8 11.4056 4.6673°(0.7757, 1.224 3) 2.5007 BHEMS

4 7.8111 44,5819 5.7075 (0.6985,1.301 5) 1.602 7 B

3 28.266 7 274.2876 9.7036 (0.698 5, 1.301 5) 1.307 9 AL AR

6 66.311 1 2120.441 0 31.9772 (0.698 5, 1.301 5) 1.467 2 BESE

Disd AEEH CREA BRHIRER

2.2 HEREPHER

BIEE L PSR, E4 Ivao MM [FH
FE,HE Iwao MBS o8 25K 1. 148 2,
1.423 1;¢ HEHZE —ME 1; D B 0. 05.0. 10 0
0.20. % D =0.05 B, Bl WA RN

N =859.280 0/x +169. 240 0;
2 D =0.10 8 , RBHAELRN
N =214.820 0/x +42.300 0;
3 D =0.30 Bf , BB R AR
N=53.705 0/x + 10,577 5.



