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FE: AR B IS E R b2 8 Z X8 B B 4 fi.(Oreochromis niloticus)4h £ Az K 1 AE 4 52 i A 3k U S8 4K B (CCLy)
P R 2P IF B B IR P R, IR 1A T (0 2R IR 2R 5 AR A9 4 65 25 W 4R AL SR AR A0 o 76 et Ak v 43 0 n
AFZKF-(0. 15 mg/kg . 30 mg/kg, 60 mg/kg . 120 mg/kg Fl 240 mg/kg) 8K, HLFME MK 8 B JF 1T REE, 5
WRERNE P B mE RN, IR CCLIAS AR 2R, 72 hj5 RAE Mg AUF412L, KD AR G Ht E ik
SR DL R LH ) F 74k, 455 BoR, RPN 60 me/kg F 120 mg/kg 595 25 ] I 351G I £0 44 4 1% AR A4
FEAK#H(P<0.05); YF ML CClLiES 72 h )5, 60 mg/kg F1 120 mg/kg 22 8 2 40 B 113 5 B R BH(GOT) . A
B S (GPT) I /1 MY 1 (MDA) & 2 i 2 K T % B £ (P<0.05), 1fif 1L 3% 56 14 (TP) . 2E H(ALB) . & BEH ik
(GSH). I BPEALHE J1(T-AOC) . B ALY AL (SOD)IE J1 . 48 e H kg S 1L 1 i (GSH-Px){ 11 41 8 % &
FXHRAL(P<0.05); ZEBHAE— & FE Ll AP A Z 05, BN 120 mg/kg KPR At 25 0, 1A
BRI 60~120 mg/kg ZH X TERH R P B s A K ERE 8L, SRR I 120 mg/kg 28 Kk, XF

FUF e R 1 P i, R A 20t e o 2L 2 A B it S A

KR LWR, WA BEP DM EK I TERGE Al

hESES: S917 XHERFRERD: A
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RIAHIEALMEH] . FRAKARIREE 89 H 2 1L |
TRk R AE LA P 5 A R e 3R a3 kR R
A AR PR 3 BOR B 22, Xof f (AAS B 3 1 L R
T, A A 2R 0 S A R ) 2 X T S E 9
NER, REFEMEARLE SRR R R %,
(K 7= FRAEI % & T 2 BRI F R LE B A A%
SE 2y, MR n] G R AT I, T A T
JELZ545 A 18 o BIL A A o Pk B s 3o i 1 24,
X i A AR 255 AR Y B G B E

HATVFZ IR, o2 son £ 8%

Ig#s HER: 2017-12-08; 1&3T HER: 2018-01-12.
HEEWB: ILARA 2017 4820l = R FHHE AR A0 H .

XEHS: 1005-8737-(2018)06-1271-10

PUSALRR(CCLy) . AL S R T BUF B, I
H, CCly JE R ML T2, T4t 35 AR . 4 i
T, B A A N B A, e U e
TR, FFAIASESER ., e s P, CCl il
— PR YR Z 0 TR A (20 ) 45 1 A
LB 356 A 245 AR 5 LR A5 Szl sh
), AN CCly BOA B, SRR
CCly )72 I et A P AT

Xf T LA AR IR YT, ok K By
M, HATERZ BT R 3 AR, 2t
FUR AN IR RAE LR A A A G
THALE D REFRAR, &2 XALORIFAR . 9 25 45

EEEI: R (1984-), 14, BIIRAESE 0L, MFK™ S8 3+ 5 02 WY . E-mail: yyuanzhang2008@163.com
BIEEE RVA974-), WL, #F5ER, FENFR=YEFRSHEEDN THF5E. E-mail: lpsyang1974@126.com



1272 Hh [ K R A

%258

W . BEAk, PUAE R AEALIR N R ER B 2 3L
o595 DR N 24 4 7 A — e T 2, R A Nk
B e . Ik, HF & —FRhat @ n o R RIE
(4% £ (AR AR5 495 EL A DR 30 A 7/ 8 v i
OB R R HE T, % K (curcumin)Z—Fh A
BHEY) PRI 2 TR BN 2 A . Kt
FER, BEZAGHEM" ., REHEI
W SO s S, O AR I R T & B
F Z AW AR — B2 )z B T A R
SRTHAL R BB IIRYT . BT, A CEHEN
SR AN B B R 5495 A 9 £ LT/ B(Mus
musculus)! R & 251, BF ST A R R I
20 /N B P XS (Gallus gallus) 45 3 T 46 105 LA
PRy, i fa 2R I T R B 9T JIAR 20 DL, AR
£ Wiz 35 25 10I%) 25 45 (Ctenopharynodon idellus)Z:
PERFB O R 7 5, SR T BLF o8 vh 22 88 R
JE R FHE B A 25007, BOEEAE, X faikibib
DR H—E P, AIEH TR IR T
B MAAGELL CCly 153 e B W HE fa i St i
B g Ferly, 228 2 LUV N300 04 7% =0 4 wt
v, B 5 DRk P 2 2 A AR A K R o
Gitk AR e, LAt 28 R 25 90 1 30k — 28 FF
KRS AR

1 #MHEEFE

1.1 RiE T

ARG 43 M 74, P AR IEAL, P2 4 25
XFHRE, DAFEAb AL N S 22 35 ) I P3 P4,
P5. P6. P7 Mikgdl, WK BN EEEZ R
TZKF-43-50 8 15 mg/kg. 30 mg/kg. 60 mg/kg.
120 mg/kg fl 240 mg/kg). ZEB K (LLE>95%)F
CCly 437 FH PO & "CGR A= )R AR A FRZA v A 1
T SEIR AN AR AT FRA R $4it

Ry —: ELFE 8 JHJE, X P1. P3, P4,
P5. P6 Fl P7 AT RAE, A ASIm) g & i 22
#Z X} e B B 41 (Oreochromis niloticus)4) i
KbERemy . 8~ %3t 8 HE, L
0.5 mL/100 g {&RFE M LLEI, 43%F P1. P3. P4,
P5.P6 il P7 ZH A A8 Jis VR 5T 30%1 CCLy (A
T ); P2 (25 U6 )2 2 )y £ A i 252

W3E 8 JHE, AT CClL EWRTEST, T2 IRAH
[F] 1 HE 49105 mL/100 g A H )T S, 72 h J5
A3 RAE, DAER ST 22 3 2 00 DU S A i s T fa AR i
BT R
1.2 RIEEN

RIS RHE L1 2R 48 TR 7K Ik A 52 B 8 7% 5 1)
BN TSR il 4, el iR R 93 40 H
i, i e R FH 328 SR AT 1 A RO FE A IR AT,
Tk 5 B /N B BORE AL (SLP-45, 1 [ o FE K = R}
“EWEFEBE O BT 52 BT ) il B AR 2 mm 1Y 8
b, FERVERL L 1.

F1 AEEBRAESEFRKTE
Tab.1 Formulation and nutrient contents of
the experimental diets

LR THEETI/%
ingredients percvevr;tie;iet dry
fa}; fish meal 15
M1 soybean meal 40
KM rice bran 20
K Hr wheat middling 16

Hill soybean oil 4
ZLJEF choline chloride 1
2 A R KL vitamin premix® 1
4 R R KL ® mineral premix® 1
iR — 845 calcium dihydrogen phosphate 2

E 377K /% proximate composition

MHEH crude protein 31.32
HLARG ether extract 7.68
K4y ash 8.94

Hra BT A RTIRELY: 452EF A, 900000 1U; 4iE#H
D, 200000 1U; 4E4:Z E, 4500 mg; 4E4: % K, 220 mg; 42k %R
By, 320 mg; 4i4EE By, 1090 mg; MR 2800 mg; 4EEE Bs,
2000 mg; 4E4EZ Be, 500 mg; 4E4EE B, 1.6 mg; 4E4ER C,
5000 mg; Z M2, 1000 mg; M2, 165 mg; MHHH, 60000 mg.

b. BT w8 ¥ AR RS FeSO4-7H,0, 25 g; CuSO,-5H,0,
2.0 g; ZnSO47H,O, 22 g; Na,SeO;, 0.04 g; KI, 0.026 g;
MnS0,4-4H,0, 7 g; CoCl,-6H,0, 0.1 g.

Note: a. vitamin premix supplied the following vitamins (per kg
diet): vitamin A, 900000 IU; vitamin D, 200000 IU; vitamin E,
4500 mg; vitamin Kj;, 220 mg; vitamin By, 320 mg; vitamin B,,
1090 mg; Niacin, 2800 mg; vitamin Bs, 2000 mg; vitamin Bs, 500
mg; vitamin Bi,, 1.6 mg; vitamin C, 5000 mg; pantothenate, 1000
mg; folic acid, 165 mg; choline, 60000 mg.

b. mineral premix supplied the following minerals (per kg diet):
FeSO4 7H,0, 25 g; CuSO45H,0, 2.0 g; ZnSO47H,0, 22 g;
Na,SeO;, 0.04 g; KI, 0.026 g; MnSO,4-4H,0, 7 g; CoCl,-6H,0,
0.1g.
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13 REESHFEEE

Je B % Ak fa a1 AR A TR K LA 5T B
Ik fa B R PRt . RIS T AT, R R R A
IR ORI 3R, 21 d R, BEALKG 630 AL
B REEA WA T AHGER 2), B
3AEAT, BASEAT 30 A, SN 21 A
(60 cmx60 cmx120 cm) ", W 4 B 4+ % N IR 51
i,

Fp A A0 BT FH XA E 25 [l B b Bl 3 1lCHE
A, W 2 2 ) RO 2 A TR 2 A iR 25
FERPEME 3 (39T 8:30, 12:30 F1 4:30), ¥ty
I, AR RRLE 30 min DL EL BERERTS
KR, Hidsse a6 a K
JR A KR 24.5~27.5°C I i EAE 6 mg/L LU
. ZEFE 0.1 mg/L LT, ASREETE 0.1 mg/L
IR . pH 6.8~7.0,
14 XE54E

REERTES X 24 h, BEASMIFTREPLER 3 B,
JFER R B 100 mg/L (1) MS-222 1Rk 1R 13 R i,
JBE i kR i, K i B R FEBLEERE L, DL 4°C
6000 r/min %3 5.0 10 min I, —80°C HIE%
Mo &AM, FERE', [, 4
O SRAENT, 17T B R LR A .
1.41 E£KERMEER KRG, 150 24 h,
X RERT A3 A HEATFREE, DA T A 1 S AR R R
B, OPEREAERE WER . W REEN
JARAE Bl S B AR BEALAE 3 R A0l e R
&R EE . FFE, TR . AL,
iR N AR FTER

A A K R DR R 238 45 48 A i 1B T Ik
wmr:

g O (weight gain, WG, %)=(W—Wj)x
100%/W,

i e A4 K (specific growth rate, SGR, %/d)=
(InW,—1nWp)x 100%/t

JIEAA He(viserosomatic index, VSI, %)= Hix
100%/W,

JFAA L (hepatosomatic index, HIS, %)= i & x

100%/W,
JIEL3i#5 £ (condition factor, CF, %)= Wx100%/L*

TH Bl & % (feed conversion ratio, FCR)=F/
(W—Wp)
o, Wy S LR A AR TR (2); WL S 4G
T PR TE (g); L oM SEER 25 I (1 7R 4K (cm); t
Sk 5 KRR (d); F o m e (2) o
1.4.2 MmMEAFINEEIBIRNE LHEA(TP). HE
H(ALB), &5 A MI(GOT), SN2 M (GPT)
FLEPTAALFE J1(T-AOC)I 5 & 41 H 7 5 8 Al
Y TR R A R AW
143 BFRELIERUE RAEE TS W IE,
TE 4°C UKAEALER, FHAE 3L K bk 2545 1l 365
PEARIR T, DAZESERAKCH A B I 19 1 He i
AW, B B0 10 min (3 3000 r/min), HX
VEWO T A e ik B L Y (GSH-Px) . Ak
H K (GSH) . # & 1k ¥ B Ak i (SOD) Fl 9 — i
(MDA) I, 27 & 13 R a8 A= ) AR
FEIFHCA PR A F o
144 BALKYMESH FHIRRSHE, &1
RIFE HBEALI 3 R PRI, 7R KA b A ) S
A T e B ) e i D% B I R (I R L B
1.22%K) 10 AR ER 75 mL, 40%A0 48 /R T MRIA i
25 mL, VKESER 5 mL)P i T4 e R TR
HEAER A R X (78 2 e P JHF IO 2 2R A Tk e L K
EH] RS ALY R (TP R AL S Leica
RM-2255, fEE), 55 HAEERUS, KT
A Hm A BT (28 5 4T HE 4, A
JE AP R E R B R ER)E, ALY R ET
627 5 W% (NIKON DS-Fil)(il145x1000) T Wi%% .
15 #HESHITEDF

R EHE R SPSS 17.0 AT H &7
22538, B2 5 0w, RA Duncan’s #4607
T2 E A, Z5KFE R P<0.05, XL R
DL R LPR HER (X ESE)RAR

2 HRE5HMH

21 AEFMKENEEENRETTEEEK
MBI IEARAY S

M2 2 AL GRS IR [RIKSF- Y 22 3 R
AR 3 R e B AR £ 3 R R E R KR
(P<0.05), 5XIHRLH(P1)AI 15 mg/kg 355 Z41(P3)
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HHEE, 60 mg/kg (P5)F1 120 mg/kg (P6)3E B R 4H 1Y
WMERMEAERKRERES S, M5 30 mgkg
(P4)F1 240 mg/kg(P7)41 TG i 3% 25 5% (P>0.05);
IR AT 22 B Z X AR L . IR LG . THORER
ORI A 36 45 1 6 . 3 52 M (P>0.05)
22 ZEHEEX CCLIFERFFIAHMGEM
AT ThigtR A 220

3 R, kR4 CClL s S BUFH i,
Z2 R AE DR R AR MK S X 0l K e GPT Al
GOT i I m A 2 (P>0.05); M3EHEEAS
A EE RS R 2 E RS s e T
o IE BEAIG, 22U INKOF X 8 G 3 5
(P>0.05), {HA) I 2 52 S8R 11 5 5 (P<0.05), H
SERTTH, YRR R BRI NES 60 mg/kg

1120 mg/kg B, My S A &R E & TX
HEZH(P1 AT P2) (P<0.05), {H5 H A4 28 KA
TG % 75 5 (P>0.05); L3¢ b bt AL RE 1 2 1)
Ak 228 R I K F- 52 2 2% (P<0.05), 5 X
BEZ1(P1 1 P2)AH L, P4 (30 mg/kg) . P5 (60 mg/kg)
I P6 (120 mg/kg)ZH Y T-AOC 3 T (P<0.05),
P6 41 T-AOC .2 & T P4 41(P<0.05), HAlh#
2z [\ 22 A 3 (P>0.05),

¥4 BoR, PAEMZ CCl s S S, g
M ) GPT Al GOT % S BH & T, i TP Al
ALB &L K T-AOC W & 2% PR (P<0.05), 545
FIX RRZE (P2)AH LE, 25 Sk Bk 25 (P<0.05). B % 1)
b rp 22 8 Z U N Wi K, GPT Ml GOT i /)
YRR THE, MUk 120 mg/kg (PO)T,

F2 HEHPEZHEZMAMEXN BT TS KIEEMMIKIERA I

Tab. 2 Growth performance of Oreochromis niloticus fed diets containing different curcumin levels

n=3; X +SE
A5 H variables AL group
Pl P3 P4 P5 P6 P7
WITE/g Wy 4.35+0.01 4.32+0.02 4.4+0.05 4.33+0.02 4.35+0.01 4.32+0.06
AKIF/g W, 34.75£1.14° 35.68+2.15" 35.59+1.2% 38.86+1.08° 39.57+1.3° 36.95+1.3%
HIHE /% WGR 704.69£9.38"  722.91.9+8.1°  748.1.36=11.11" 797.26£21.08"  799.83+14.25"  755.13+9.25%
FERE K K /(%/d) SGR 3.12+0.02° 3.23+0.03° 3.54+0.08 3.70+0.12° 3.74+0.05" 3.58+0.09°
TR RS FCR 1.22+0.06 1.22+0.12 1.22+0.04 1.25+0.09 1.22+0.07 1.240.07
L5 % /% SR 100 100 100 100 100 100
JEAA /% VST 11.35+0.46 11.28+0.17 11.95+0.80 12.38+0.20 11.89+0.51 11.35+0.46
JHF A /% HIS 1.5420.15 1.3620. 7 1.48+0.10 1.09+0.17 1.09+0.22 1.54+0.05
N5 /% CF 3.96+0.18 3.81+0.24 3.77+0.19 3.46+0.17 3.55+0.12 4.05+0.22
T [RATECHE R AR AS 3 A0 [ 2B 14 T 20 1 34 {8 2 [ 2% 57 B 35 (P<0.05).
Note: Means in the same line with different superscripts are significantly different (P<0.05).
%3 CCLESRMZEERMET FIFE MRATIIEFRAIF N
Tab. 3 Effectsof curcumin on the plasma liver function of Oreochromis niloticus before CCls-induced
n=9; X +SE
AR variable AL group
Pl P2 P4 P5 P6 P7
A% A HE/(U/L) GPT 15.53+2.20 17.40+2.29  22.00+2.05  24.67+3.75  20.68+5.81 21.58+3.56  22.92+4.25
B B/(U/L) GOT 20.62+9.17 22204716  25.69+8.71  24.70£15.9  27.86£16.15  25.49+8.76  24.72+17.39
BEA/(g/L) TP 21.8942.58*  20.96+1.69*  25.43+1.44% 27.5142.27" 30.57+1.41°  31.43+£2.89" 27.26+2.15%
2 H/(g/L) ALB 15.38+1.17 1421£3.14  13.92+1.75  15.05+2.77  17.25+3.69 18.51£1.98  16.58+2.77
ﬁi;zfcmﬁﬁﬁ/(wmm 6.57+0.85" 6.89+0.57" 7.25€0.95®  8.11%1.10° 8.96£0.77°  9.25+1.05°  7.92+1.27%

TE: AT SR AR A B AR R] 57 R 4 P 45 B =2 [ 22 7 2. 3% (P<0.05).

Note: Means in the same line with different superscripts are significantly different (P<0.05).
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Tab. 4 Effectsof curcumin on the plasma liver function of Oreochromis niloticus after 72 h CCl,-induced
n=9; X +SE

A5 group

A5 & variable

Pl P2 P3 P4 P5 P6 P7
A TR i G it
gPﬁTﬁ@L/(U/L) 39.87+4.62° 18.26+1.89°  37.45+3.05°  30.58+3.85" 24224381  22.55+1.74®  26.92+3.33%
P R A
g;*é%%/(wm 54.20+11.54*  22.98+5.46°  48.52+6.25*  40.70+£5.2% 32.49+3.92°  27.24+6.79° 33.36+9.60%
BEH/(mg/L) TP 15.7142.12*  23.96+1.69°  15.43+1.26°  16.24+3.15 19.57+3.89%  21.53+3.92°  18.67+3.15%
% M/(mg/L) ALB 9.57+1.27*  1521£2.45°  10.23+1.69%  12.57£1.96"  14.62+2.60°  14.96+2.07° 11.28<1.11*
2 = AL Sl
‘T“‘i’g%c”t”bﬁ/(wmm 3.87+0.33% 7.25+0.97° 5.14+0.85% 6.58+0.81° 8.25+1.22° 8.87+1.04° 7.64+0.88"
e AT BCE JA BR AN A ) 7B 0 1 20 5P 24 2 8] 2 55 1 3 (P<0.05).
Note: Means in the same line with different superscripts are significantly different (P<0.05).
MK GPT i N1 B EIET (P<0.05)% IR PHA  HLL 60 mg/kg il 120 mg/kg ZHRAMRL H

15 mg/kg 41(P3), 5 H A4 T W% 25, PS5, P6
1 P7 41/ GOT i 713 W 2T (P<0.05)P1 4,
M 42T RIS A 120 mg/kg B, HACR
fE. 5 P14, BRI —E KT EEE
Byl {ff iR e — @ B LR CCl 1R, H TP,
ALB #l T-AOC WRI N T+, HLL 120 mg/kg 1)

LRI AL
23 NESUBRFSEEZEENEBTFTEEMNT
S BRI R2 T

M 1 AL e R N ZE R — e R
B AT g SOD 1% J1 91 Bk MDA & &, 1
k2% CCl AT, H25Axt WA,
P1 4189 AT SOD i J7 B & [ A%, MDA & & 0] & 3%
T (P<0.05); {H B 25 1) kL b 22 3 20 K 7
()% Wit K, SOD I 1 2 /e T v Ja B AR I ka3,

60 A o — op BEXFH control
n9BSE g CCLERIRT2h
50 | b bp
Ap 2 o

I
(=1

SOD activities
oW
S 2

—
(=]

A B AERE F1/(U/mg)

(=]

Pl P2 P3 P4 PS5 P6 P
AF4EFEL different treatment groups

K1
Fig. 1

B (P<0.05) (&l 1A); MDA S8 28 3,
MEBEBZIRIMEN 30 mgkeg . 60 mgkg Fl
120 mg/kg i, H: MDA ¥ g X T (P<0.05) P1 4]
(K 1B).

H & 2 A, CCly i3, b GSH-Px #
GSH 1 J1 ¥l 2 )Rk v 22 8 R S I i i 38 in 22 5
Thm JE AR R a3, B4 Z Mm% GSH-Px 7]
ToE R, MEERIBIEN 120 mg/kg i, H
JFE GSH & 3% & T X B4 (P1) F1 &5 57 & 41
(240 mg/kg, P7); 24 CClLIES 72 h )5, XF MR
GSH-Px il GSH i J1 3 i #F [ i(P<0.05), T —#
ELEHRAME WA R FAm, Hd, PS
(60 mg/kg). P6 (120 mg/kg)Fl P7 (240 mg/kg)4H )
GSH-Px i /1 i & = T X IR 4L, H.LL 120 mg/kg 41
() GSH 1% J1 85 o

—
w

(B , "%SE % control

a B CCLIEF)572h

—
=)} o [\
T T T

fi%-&&/(nmol/mL) MDA content
w

P1 P2 P3 P4 PS5 P6 P7
AEI4bE4 different treatment groups

[&]
o

LWREX CCl P P % A £ A AL Wy B AL B 7 (A)FITN 8 &5 52 (B) Y52 )
Effects of curcumin on the activity of SOD (A) and MDA content (B) in CCls-induced

Oreochromis niloticus liver homogenate supernatant
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250 -B @t B control  7=9; ¥+SE
300rA o < et i control R ; b
nwSE wCCLBRIET2h T e =CCLEFIET2h b
i be T e E 200 a b a .

C

—
W
o

W
(=]

A BEH IK/(mg/g) GSH
=
(=]

AV R AL YIRS J1/(U/mg)
GSH-Px activitiy

Pl P2 P3 P4 P5 P6 P 7Pl P2 P3 P4 P5 P6 P
AIFALEE4 different treatment groups AIFALHE4 different treatment groups
ZWEX CCl i 5 R % B HE T4 Dt H ki S AL W B 77 (A) TN e H R & = (B) Y 52 1)

Fig. 2 Effects of curcumin on the activity of GPx (A) and GSH content (B) in CCl 4-induced
Oreochromis niloticus liver homogenate supernatant

=
™)

24 CClL, FERZEEEZMEFFTEGNALRE  Fin. BFE 72 h, FEMEMEL(x1000) T WL,
koAl R, 525 JXF 4L (P2)M L, CCly 7] 5| £
WAL CCL A SR ITHSURBI e 3 R ™m0, A0 8™ 5 25 1 B4 K 4 it

P225[ Control

Kl 3 CCLAES 72 h J5ZEEX RS B A IEH S5 1 52

a AENENIZH; b ARA M.
Fig. 3 Effects of curcumin on liver histology in Oreochromis niloticus in 72 h of CCly-induced
a indicated adipose hollow space; b indicated cell nucleus.
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R R ING, KHR 3 JH- 4 M rry 48 A 11y IR A% o B
BELRERININRARE N, 5 P14 & 5 41 i
240 225 3 A R IR K 5 14 1 AN ) A B ) U2,
Hrh, P6 (120 mg/kg)Fl P7 (240 mg/kg)ZH HIHT-4H
MOZAREE R IE 5, WA RIMH A KIS, 1
JCHH AR I 453, AN KNS, oA T Al
Jt r ]

3 itig

31 EEHZEMNEFTFTIaAKMEMELIER
s

AR PR R RIK = FR B8 5 0 B K
[0, T, FERGA SR R, A2
fi A R AT 75 A 25k ik B AR KR
RE R B, RN, Pk RAAAETH 251,
I 2N e B N . R 2 R e R
RIVEA, Barcdt) iz H T K sh i 57 58 i
FER P AR, SRR LR N 60 mg/kg AN
120 mg/kg M2 BE 0] B F ML e P B 9E fa 1
HOR(WG)FIFR & £ KR (SGR), X —Z5i8 5aT%E
25 3V ) S PR 2 P 43 53 #E K 2 6 (Larimichthys
crocea) (300 mg/kg) 1 H £ (Ctenopharyngodon
idellus) (0.06%) )85 Hh 15 H 1Y il 75 I B A
ANIE], X ] BB 2 R A Al R ISR A N G S R
NG
32 CClL, A RE#EEXMNETTIAMEITI
FEARAF M

a2 M P EA 1R 2 AR RS AR RE WS AR 47 Hb 4
PRI S TR o 4 13 AE B A & A AR
B, X ACRHLARTT B AZ B A0 ALK 5 B 52 W 111 &
AEATYEAE . R, £ 2 R R (i IR I DL K
X BRI 110 38 17 15 100 K 22 ] DAAR 8 1M v A6 PR A4S BR 1
FARSEHIW . GPT Fl GOT &2 i EHYHEH
fitg, HATAGT I JTHR AR, R S AR ERIR
B EBEIEFF TEF 423, GPT il GOT
SRR, fE—E R EindK GOT i
GPT I J1 W AEXT 5 N 8 S W D e iR Bt BlaA
R ) R4 3 e LA R S )z Y ) —
ANERRPL, ARIeH, B B AR R 2 CCL iR
S, MK T GPT FIGOT ik H LB FH XS, Xid

B —JE NS I ZE HRZEA S S BN Resi i,
AR DI REIE R, HIFTM R, EmEML,
X5 AR S AR 8 bR TG i 3 25 X — 5 e —
HAY; WY CCl, Ak 72 h 5, %K GOT #
GPT i 1 @& T, X UdBH fa iR T2 2] ™ FE 154,
SR 24 FE Atk AL S I — RE K Y 22 B R A, Il
W GPT Ml GOT i Jjvl W EREAL, HLL 120
mg/kg KRN, GPT 1% /1 5%f IR g 3% 22
S, XA R S I — KO i 2 B E X e B
% Ao N EA PR AP AR

I3 H AR P R B R S N ML 37 A AR 4 3R
I ER L = TR N |5 B RN U 1= )
FABEAEZ Z AT, YFBOie, g
TP Fl ALB {2 &k A B8R, L, TP #1 ALB
AT SR G0 JHF ) B 1) FE L8 ARt FH T I RS 22
AR, YRR Z CCly BN, 5% M2 AH
b, —@EWMEmE R4 TP M ALB &l i
THE; Y CCl 43S 72 h 5, XFRR4E TP i
ALB 575 FAXT LI AH LB B RRAIG, SR 2R 4l
() TP 1 ALB & & &1 WA i [nl -, 3 156 B 1 Ak
SR R ERes WIVERY- o WK SR N S D=y
W, AR R Z 0 . XA I 5 2 I
Z B B 25 AN AL AT DL R it I #F (Acipenser
schrenckii) T E AL DI fE, tRE R Em Ak TP
FrE, SALKRES I —8. JRHEAREE LR ILA
FH: B, BERASGHEA —ENREINGE,
AL RN A B TS MR IR 35 43, A
AR AR AR S R, Hk, R ERME
 Nrf2 EERESH, vEES Nef2 19396 fk
POE DA AE B PR ST AR R Y SR R e ik, e
IR DT AR D BE Y B 128,

33 CClL ARREEENREBHANAE
USEEA

FEAE IR IE & ARG Sh v, MR G AL
Y B F(0y) . AP B+ («OH) Al i A L &
(H200) 55 4 7= A R 1 248 35 25 ML 1) 3l 257 17
SOD Al O, kR H,0,, 14 beH kit Ak
fiff (GSH-Px) X AT 3 o i Ji 4 4% Bt H K (GSH) ¥
H,0, AL sk, LIk RRbtiRm A hEp H



1278 Hh [ K R A

%258

[ MDA J& 5 it EAL 7=, Jemh BRI T
Yl 4 M R e = A= 1, B ARSI A W Rk, JF
SWIRMAB T RE . AR EH, 60 mg/kg
M1 120 mg/kg ZHFELLH SOD i S A1 GSH & i
2 BT X A 240 mg/kg ZHE R, 1 MDA
MG IE A R, X U 2 R A —
T R PR T RE, AR 25 e B LT
Malar fl Charles [BF5R, T4 e B Wk %
CClL, S 72 h )5, XHR4Lf) SOD. GPx i J1 Al
GSH &HHHH LT W B 44, MDA &t W THis,
YRR RS I — 2 & 1 2 R A, AR
ALY TE AR B B ek, H L 120 mg/kg
NI BRI FefE o X VEIH, 120 mg/kg (2 #
RUE—ERE LRm T ARy a eohng, R
WEASSZ 454405 03X AT R PR S 22 8 3R T L 3k 4100 1
CCly 5l AY NF-xB/c-Rel, IL-1B8, TNF-o. mRNA
FiE M NF-xB/c-Rel & K- L, Ski$xH
OIPUEALBR IS ST, B AR TS 245 0
34 MEUMFEEEEEZNETTIEEANA
L LB

HLAA 40 8 A HIL ] T DL B 22 TR 2 B s,
M e 2 h A A T i i B s 2 A Fh b A Ak R - L ]
YEHMZE R I, 7E— MR, —Asalifbt
SEALFE PRI T BT BRI AN e BB S LT g 2
PGSR ISR T, X G EAPUEEL AR AR Z B
MEERIEAFRN ., B FEEEUEEY
JEfa P A LTI RE AR A 2 405, 5 ZEik—2F
(R SN AT A5 B FE AR RUE B o CCly S — R & UL 1)
S TR, B A TES . DR IGIR
FRIE b, FrLLGE WAL CCly A TR MR R I
WL 2] R — A R e 22 8 5 2 B 2o I IE
PR E R B B L I ik . AR, f
K2 CCl 'F)a, 525 AT Al M, X R4
20 M 19 23 0 Ak S AN A T B A5 B M R, SR,
ZHBRAM S WACH T &%, b 30 mg/k.
60 mg/k. 240 mg/kg A M7 1L, 120 mg/kg
2 AN A TE s Ak, X i BH 22 O R 2
AR A ZBiG 9 Thee, HLL 120 mg/kg 1)
TIACERCR Tt . 25 g 7e PRI E?
HS A HGE . X AT RE A PR O B AT LS LA

77 ROS, Hal i 57 451 41 fifd i) DNA 43 F 4453, 18
T VR T 40 O T R O Rk TR Y 2k DL 4 2 T o
RED, AR R B i R A AR B R R

4 it

TR A I 60 mg/kg I 120 mg/kg ¥ 2 Al
e B g A KR, ZEEXNESY
TR PR IR —E R HEE Y, TR
IR 120 mg/kg B, AT 5 RRE B R AR
gl i i Ak, DRAPIFIEA 2805, HUARRHTE
U&IEH5E S
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Effect of curcumin on growth performance and protective effect of
liver injury induced by carbon tetrachloridein Oreochromis niloticus

ZHANG Yuanyuan'* SONG Liping"?, HU Bin"*, MAO Shuquan"?, XU Peng"*

1. Freshwater Fisheries Research Institute of Shandong Province, Jinan 250013, China;
2. Key Laboratory of Freshwater Fisheries of Genetics and Breeding of Shandong Province, Jinan 250013, China

Abstract: We evaluated the growth performance and hepatoprotective and antioxidant effects of curcumin against
carbon tetrachloride (CCly)-induced liver injury in Oreochromis niloticus based on an 8-week feeding trial. A basal
diet was supplemented with 0 (control), 15, 30, 60, 120, and 240 mg/kg curcumin to formulate six experimental
diets. At the end of the feeding trial, the growth performance was determined. Subsequently, CCl, was used for the
model experiment. The plasma and liver were collected for the test after 72 h. Then, the expression levels of total
protein (TP), albumin (ALB), total antioxidant capacity (T-AOC), glutamic oxaloacetic transaminase (GOT), and
glutamic pyruvic transaminase (GPT) of plasma and liver superoxide dismutase (SOD), glutathione peroxidase
(GSH-Px), malondialdehyde (MDA), and glutathione (GSH) activities were detected. The liver tissues were also
collected for anatomical analysis. The change of liver tissue structure was observed under a microscope. Results
showed that there was a significant (P<0.05) increase in weight gain rate (WG) and special growth rate (SGR) of
fish fed diets supplemented with 60 and 120 mg/kg curcumin. When fish were exposed to CCly after 72 h, fish fed
diets supplemented with 60 and 120 mg/kg curcumin had significantly (P<0.05) lower plasma GOT and GPT ac-
tivities and MDA content, and higher contents of plasma TP and ALB, and activities of liver SOD, GSH, GSH-Px,
and plasma T-AOC than those in other treatment groups. Curcumin (120 mg/kg curcumin per diet) obviously in-
hibited the damage of liver tissue structure caused by CCl, and resulted in the liver tissue structure returning to
normal. Overall, the results indicated that appropriate dietary curcumin supplementation could enhance the growth
(especially 60 and 120 mg/kg curcumin per diet) of fish and effectively protect the liver against CCly-induced in-
jury (especially 120 mg/kg curcumin per diet). Therefore, curcumin can promote the growth of fish and increase
the protective effect on liver injury of fish in a certain extent. However, as a Chinese herbal medicine, curcumin is
complex, we need to further study its pharmacological mechanism in detail. Especially, because curcumin is in-
soluble in water, easy to metabolize, and not readily absorbed by the body, we need to develop a new formula to
improve its solubility, pharmacological action, and medicinal administration. With an in-depth study of its phar-
macological action and further elucidating the mechanism of action, curcumin will definitely play a bigger role in
the treatment of fish diseases in the future.
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