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FNAY B G (AST) & 1t JC 0 35 5 M (P>0.05) . PLAMLSEERW]: SXTIAIAE L, FORCBE I GBE Xy « JFFIE
it | BEAULA T R (MDA) & 8 6 i 3 52 W (P>0.05), {HAFIE b S dt ka8 71(T-A0C) . B A LWk Ll (SOD)
At S AL AR (CAT)EM: . LLIGR R A I H IK(GSH) & 3 & & . WA, 1.0 g/kg GBE 88 T i Fn b
T-AOC 1 (P<0.05); 5.0 g/kg GBE & 425 T 6 GSH & 1 (P<0.05). FEHFIRLE R B/R: SXF AL, Rk
W GBE BE R FH A S HFAEAZIE T cyp3a LR FK, T cypla Ml cyplb FEF ik, [FRF, FFAERZIE 541
KFEH (3 N c-lyz) KB EAE 1.0 g/kg GBE WM H 23 L IH(P<0.05). £ Lk, GBE 1B Rl A 30 A R o 35 it
(2B M RE AR R, AR AT LSS S 8 B N 38 BT RE ) R e A DG SR IR i 225k, O FLAR W= 2 P o i, o
Ak GBE g ER ALY 1.0 g/kgo
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FRA I (Ginkgo bioba extract, GBE) A
A RHE Y A A A TR R IR Y, Tz N TR
2y ORfdan . B AT SR U, 2 I
25 (Hh 2 T 22 1o e i 2 051 2 — 1 Ay
S I S VR RS O B R 2R A N BR2E AL B,
HAPUEA . PiA. DU, DRI Gue 15 45
LA RS fE R & R0t b, GBE 1R MR
s e gz Wane ", AeK A S, GBE 1
WF5E 5 0 M AL TR B, WS R, HARH
B 0.125%88 0.250% 114 4 B AR AT - AT A 20 i
3k 5 (Megalobrama amblycephala)%)) i ) Jig i
A FIIILPA 5T, $i v P Sk 55 40 £ %) i T3 Ak il
WL R | BRI K S
e R TR PRk SRR A I B IO B B0 2 58 A0 B
1 (Epinephelus lanceolatus? x Epinephelus fusco-
guttatus QFFETEALRE J) | HEFe T IEZS A AT BE
TE DA AR AR i Bk, ) Bk AT DA v 3k rh
G 8 A S FE I R A R TR G FE N i st ax
SEF5E R, GBE ARy — R 7E 1) 2R 1R eHER
),

B3 (Cyprinus carpio) eI [E 4347 (FE5H FEF A )
B)TZ R, R T AR R
LB LYot His4 M1k, XF GBE
Xof S5 0] P AT 5 1 R AT o PR, A IS DAy
W4, PR R DA [R5 5 9 GBE X i
AAPERE . IS AR TE bR . DAL RE Ty A4 i (5
B LA K AR O R R A Y52, 4 GBE 7R
FRoE b B I S BE RS AR A A S

1 #MHERE

11 XBHBIEHRR

SBR[ 1A (35.0+4.5) gk A HE KR
W9 Be R K L B 5T i, SRR AR . R/
— L 300 &, BEALSTTCZ 15 /N AH [F] Y B B T
H1(120 mx40 mx50 m, 380K M 230 L),
i 20 B, TERIR /KRG R FF 14 d LU N 55 56 20
BE[/KIR(25+2) °C, pH 6.9~7.6, i fi%>5.0 mg/L,
R <1.0 mg/L] . B 5 W Rl AR AR 2 g SO 4%
MEELARDRE, AR 2 YR(9:00 1 15:00), HRFLME
R HEEMN 2%,

AR BB TR AN R 1 FTR . AR
42 B (GBE, CAS: 90045-36-6)I4 [ |42 78
MAACBH A R F], SR A LT ) S 0k i 2%
(FR 5 P [ 25 HbR o), 45 100 g FR7AT M-SR U & B
FREETT 26.0 g, HRATNER 6.9 ¢, MFEE R H
JE L SERERRL, AR5 AR A i 3R U A K A 5]
% 0 g/kg. 0.5 g/kg. 1.0 g/kg 1 5.0 g/kg IR N &
VIS i B S ah R v, A O AS AL T) R  AE R
ERefEH
12 BT REFEE

T F LI ARG K TR0 R G b b AT, KRR
JE L2240 PR, LRI 4 4,
Ay MRS GBE (0 g/kg. 0.5 g/kg. 1.0 g/kg il
5.0 g/kg) IR K RRE, MR 60 do AFALE 3 AT
FE (AL, B 20 B, B H A 2K
(9:00 1 15:00), LAAEAFRAH A, 256300 o] K 4
FrelE <, AR 2 K5 1R 1/5 55K, Kik
WSR3 WaiRE, A
JRIE, FREE, SRS RAIREHLEE 10 B, RAEIM
W BFRE. 88 BAIEAALA, R EIE . HlR
HALHK, SR E-80 C, % H.

1.3 IEFRE
1.31 AKiEgedERR RGN, A
PR BB, BAERTEE 1 d, RI)E %R
FREE, MRIGLUTF AGTE:
14T K (weight gain rate, WGR, %)=
(W=Wo)/ W1 x100%
A8 M KR (specific growth rate, SGR, %)=
(InW—In W)/ Tx100%
THE} 22 8 (feed conversion ratio, FCR)=W,/(W,—W,)
K, Wo M HRIIRTE (), W) W LK U+ (g),
T RIS [E] (), W, g R T R B i (g).
1.32 AiEHRNE  SIHEERE(TC). Hl —EE
(TG). HNEAM(ALT), HEFLAM(AST). R
PR B (ACP) | Bl W FR i (AKP) | 7 40 5 (Glu) |
MR FI(TP) ., RIS B H AR(GSH) . 8 SR b P iks;
LT (SOD) St A AL fig J1 (T-AOC) ik | & 1 H
F i n A TR T, N B (MDA)Flad
AL E B (CAT)FE AR 5 R 28 2 R AW A /s
H &, B (cortisol ) FIFLER (LA)FE b K H [



328 H [ K R 2 %28 &
*1 ZWAMARSERKTE
Tab.1 Formation and nutrient of the experimental diets
DW
U (g/kg) ingredient @ #l GBE 7K F-/(mg/kg) dietary GBE level

0 0.5 1.0 5.0
i} fish meal 100 100 100 100
¥ wheat middling 230 230 230 230
KM rice bran 74 74 74 74
K& soybean meal 140 140 140 140
FAFKI cotton seed meal 140 140 140 140
KK rape seed meal 194 194 194 194
EKMEZERT corn gern meal 50 50 50 50
2 R KL ! vitamin premix ! 10 10 10 10
B B IE R 2 mineral premix 2 10 10 10 10
K&l soybean oil 25 25 25 25
BIR — %5 Ca(H,PO,) 10 10 10 10
R R YEE BN carboxymethylcellulose sodium 10.0 9.5 9.0 5.0
SAALARBE choline chloride 1 1 1 1
AT H-$EHY) GBE 0 0.5 1.0 5.0
AL sodium chloride 6 6 6 6
A1 total 1000 1000 1000 1000

B FEWST nutrition composition

H2E /% crude protein 32.3 323 323 32.3
NG NI /% ether extract 5.3 5.3 5.3 5.3
HLIK 53/% ash 5.4 5.4 5.4 5.4

Wl 5 kg RS YA E: 4E4 R A 5000 1U; Zi4:= % B, 10 mg; 443 D; 1000 1U; 4E4E % B, 10 mg; 44 B, 0.02 mg; 4R E
50 mg; 442 Bs 4 mg; I ZEME 2 mg; iZFR 20 mg; MFER 1 mg; MHAZ 20 mg; WLEE 100 mg; A& 0.2 mg; 4E4= % C 200 mg; 2. % kg
RS YT £k 100 mg; £F 80 mg; 4% 8 mg; £ 100 mg; 41 3 mg; M 0.3 mg; % 0.05 mg; fiff 0.1 mg.

Note: 1. Vitamins supplied per kg of diet: VA 5000 IU; VB, 10 mg; VD; 1000 IU; VB, 10 mg; VB, 0.02 mg; VE 50 mg; VB¢ 4 mg; VK; 2 mg;

pantothenic acid 20 mg; folic acid 1 mg; niacin 20 mg; inositol 100 mg; biotin 0.2 mg; VC 200 mg; 2. Minerals supplied per kg of diet: Fe
100 mg; Zn 80 mg; Mn 8 mg; Mg 100 mg; Cu 3 mg; I 0.3 mg; Co 0.05 mg; Se 0.1 mg.

it 106 2B B A B w1 4
E e HEAE I iR & e P A iR AT
1.3.3 PREE PCR(QPCR)MEM  HUELAT . iz |
BRI HZE R, FIH RNAiso Plus (TaKaRa,
KA 1 mL FEEAAALUE RNA, &
OD,60/ODgo 1l (1.7~2.0), FFit75H RNA He B, B
i&% £ RNA fdi /] PrimeScript™ RT i #(TaKaRa, K
AT U 56 L cDNA, BEFETE-80 CHh45 ],
WA 3B, I BeyoFast™ SYBR
Green qPCR Mix (2x) (35 = K15 G A7 I2 ¢
JeER PCR, RMWAKZE N 20.0 pL: BeyoFast™
SYBR Green qPCR Mix (2x) 10.0 pL, . Fii#5l
Y14 1.0 uL, RNase-free water 6.0 pL, cDNA $ 4
2.0 uLo SR &4 95 CHiIASME: 30s; 95 CARPE
55, 60 CiEKIEff 30 s, #EfT 40 NMEH, L

R A AR B U

B-actin FEFEAE NS HEATRRMEIL Cq H, IFH
2748y kM H AR LR B M s H AR
PRI S PR ) WL 2,
14 HESZIT5HH

I EH - S AR ME DR (X £SE )RR, IF
i SPSS 22.0 B AT /M. HHPRHE T
Z 1T (one-way ANOVA)ZE 4 Duncan £ 5 K6 56 45
Hras B B4 nd 22 20, P<0.05 #iiA A EHA B
i

2 HZRE5HMH

AR AN GBE X8 4 <M 8L B 2200

Nz 3 Frs, i 60 d 5, S5 R4 (0 g/kg)
HILE, HAR GBE /KX ARG f | Hr A K
PR R B8 TOC 3 (P>0.05) .

21
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2.2 (AR GBE X &8 i & L IR A0 B2

T PEH GBE XA BIRZS A9 52 A, A T
Mi& ™ TC. TG. Glu, cortisol. LA, ACP, AKP.
ALT. AST #1 TP KV (3 4), &K 4 o, 5
XFHRZI AL, 0.5 g/kg ., 1.0 g/kg A1 5.0 g/kg GBE ¥%

TIEE f 1L 37 8 2 B (G lu) v 2 2 PR AR (P<0.05);
cortisol T H#7F 0.5 g/kg. 1.0 g/kg GBE #m4i
i T FE(P<0.05), ILAH, 1.0 g/kg GBE i E 425
T I3 TP % & (P<0.05), 1fii TC. TG, LA, ACP,
AKP. ALT F1 AST /K°F-7E 3 > GBE iS4y

F2 WHREESY
Tab.2 The sequences of primersin real-time quantitative PCR

51497 %1(5'-3") primer sequence FHAF ]S GenBank number

5148 primer

c-lyz-F ATGAAGGTGACTATTGCTGTCTTG AB027305.1
c-lyz-R GCCAACTGAGAATCCCTCAAAG '
3-F GATTGCTATGCAGGAGGCCA

AB016211.1
3-R TCATCGCAACAGCGTAAGGA
cypla-F AGATCGGAATGGACCGAACG

AB048939.1
cypla-R GAAGGACGAATGGCGGAAGA
cyp3a-F ACAATCTGGCAACCAACCCA

GU046696.1
cyp3a-R CTTCATAGTCCACCGGAGCC
cyp1b-F CATGACCCGACCAAATGGGA

AB048942.2
cyplb-R CCAGCAAGGAGGTGAAGAGG
B-actin-F AGCACGGTATTGTCACCAACT N
B-actin-R AGTCGCCAGCCAAAAACCA '

% 3 H#R GBE KT 624 KISHREIF M
Tab.3 Effectsof dietary GBE on growth the index of Cyprinus carpio

n=60; x+SE
$547 index 1A%t GBE 7K ¥-/(mg/kg) dietary GBE level
0 0.5 1.0 5.0

WA i it /g initial body weight 41.86+1.42 43.74+1.76 44.91+1.01 47.98+1.75

K i fE /g final weight 82.47+4.01 84.27+3.28 86.39+2.91 89.82+3.74

AFS B /% RWR 96.84+4.42 92.06+3.43 91.50+3.52 87.17+4.26

R K % /(%/d) SGR 1.13+0.07 1.09+0.09 1.08+0.06 1.04+0.09

YA 2% FCR 1.8140.12 1.86+0.09 1.8240.13 1.79+0.16

® 4 HR GBE MEEMFEMEMISIRHZME
Tab. 4 Effectsof dietary GBE on serum biochemical indexes of Cyprinus carpio
n=10; x+SE
J547 index 1A%l GBE 7KF/(mg/kg) dietary GBE level
0 0.5 1 5

518 [# g/ (mmol/L) TC 4.61£0.27 5.18+0.13 5.02+0.17 4.70+0.27
Hil = fg/(mmol/L) TG 0.71+0.02 0.76+0.03 0.71+0.02 0.78+0.02
Hi %34 /(mmol/L) Glu 6.34+0.13° 4.8140.45° 4.9240.61° 4.27+0.31°
B i/ (ng/mL) cortisol 47.26+0.78° 36.16=1.68° 37.45+1.94 44.94+2.02°
FLHR/(mmol/L) LA 1.68+0.04 1.69+0.11 1.58+0.03 1.64+0.09
P 4 9l 2 it /(4 TG PR32 /100L) ACP 2.76+0.03 2.55+0.07 2.75+0.06 2.62+0.15
P B R /(4 R BA.(57/100L) AKP 3.69+0.18 3.46+0.12 3.81+0.08 3.79+0.12
A N E i /(IU/L) ALT 3.69+0.18 3.46+0.12 3.81+0.081 3.79+0.12
45 Wi 5 i /(IU/L) AST 14.73£1.33 16.13+1.55 17.17+2.83 15.28+1.56
HE M /(mg/mL) TP 15.07+0.76* 16.75+0.98* 19.09+0.63° 17.47+0.33%

T8 AT Bl EARAN IR 7B 3 7R 41 B A7 AE 35 22 57 (P<0.05).

Note: Values in the same row with different superscript letters are significantly different (P<0.05).
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Jo i F MR (P>0.05),
2.3 fARRERM GBE XtE AR ALDAMARNIEFR
sEAx)

GBE WX iy . A BpiE . SEAALA
R EARTEFR R AN 1 R . AR IS TP (E 1A),
X EAHM L, 0.5 g/kg. 1.0 g/kg F1 5.0 g/kg GBE
WERET CAT i1 (P<0.05); T-AOC &+ Al

A 90r n=10; x+SE
2 10r CJo 1.0
5 sol 0.5 EE5.0
®E 1000
NE 3
S
WE 6f
BE
54
8 2f
aaba
0 mi=N71"]
GSH MDA T-AOC
(pmol/L) (umol/L) (mmol/L)
1fiL 3% serum
C _
gg n=10; x£SE
50 10 221.0
0.5 25,0

IS
o
T T T T T T 1

NENSHEE
antioxidant parameters levels
=

CAT
(U/mg prot) (umol/g prot) (umol/g prot) (umol/gprot) (U/mg prot)

GSH MDA T-AOC SOD

% intestine

[es]

— —
(= N
T 1

=]
T

N
T

HEASHER
antioxidant parameters levels
) o

SOD HMEANAE 1.0 g/kg GBE WShNZ v b 2 F
(P<0.05); 1Mi GSH 1 MDA & #7545 404 i
F25(P>0.05),

JEREH (K 1B), GBE i #E M T CAT .GSH.,
T-AOC FI SOD {fPES & . 5XATHRZAAH L, CAT
TEEAT T-AOC 43 HI7E 0.5 g/kg #1 1.0 g/kg GBE ¥
TngH vk R (P<0.05); GSH & #7E 3 MR

B r _
ggg | n=10; x+SE
2 10 =Z21.0
© 400 -
> EJ0.5 E85.0
o -l; 200
& € 170
#E 1201
4@ g 70
= 205
%5
T 2
£
§ 1T
0 MDA T-AOC
(U/mgprot)  (pmol/g prot) (pmol/gprot) (pmol/gprot) (U/mg prot)
BT liver
D - _
o n=10; X+SE
= 30 [ o ez1
S 55 I C0.5 S
=20
o g 15
aos 10 [
®E s
N g
QB0
BE 4T
&S g O3
-5 2 -
§ 1l
0 CAT GSH MDA T-AOC SOD
(U/mg prot) (pmol/g prot) (umol/g prot) (pmol/gprot) (U/mg prot)
i gill
n=10; x+SE
CJ10 zZ21.0
EJ0.5 B850

(=]

CAT GSH

T-AOC SOD

(U/mg prot) (pmol/g prot) (umol/g prot) (pmol/gprot) (U/mg prot)

Bl 1

LA muscle

H KL GBE XA [F) 241 240 S AL 1 B 1) 52 1)

A. IfE; B, JIF Co M D. B B LA ZEREDNZSECR, AR EAR TR B B 125 57(P<0.05).

Fig. 1

Effects of dietary GBE levels in different tissues antioxidative indexes of Cyprinus carpio

A. Serum; B. liver; C. intestine; D. gill; E. muscle. Different superscript letters for
each parameter indicate significant differences (P<0.05).
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Jingh rh 34 i 25 THE (P<0.05); SOD JRYELE 0.5 g/kg
Ml 1.0 g/kg GBE B3 indlHh i 3% 2 55 (P<0.05); fii
MDA % 2 AE #5150 21 Hh 3 T8 i 2 A8 4k (P>0.05) .
Ji7 3 (] 1C), T-AOC & 7N AE 1.0 g/kg GBE
RN rp 538 T (P<0.05), {H GBE X} CAT.
GSH. SOD Fil MDA & & JG i 5% i (P>0.05) .
fEZ (& 1D), 1.0 g/kg 1 5.0 g/kg GBE i
FHE T T-AOC % 1 (P<0.05); 1.0 g/kg GBE & #
2% T GSH % H:(P<0.05); ifii CAT.SOD F1 MDA
TP TE 45 2 T ¥4 0 I 35 25 5 (P>0.05)
WLAH (& 1E), HA GBE % CAT. GSH.
3.0 rA
n=10; x+SE

25T 0 w10
20 =205 BE50 o

Xt FA R
relative mRNA levels

1.5
a
1.0 |-
0.5
cyp3a
AT liver

T-AOC .SOD Fl1 MDA 7KF-¥4JG {3 5 1 (P>0.05) o
2.4 ¥R GBE MAFHMGERAREER
P450 F E FE R i1& B %2

GBE BH i 5% 1 1 2 JHT-FUk 01 A 2 4 25 v 44 i
M (cypla, cyp3a Fl cyplb)IERIE(E 2),
TENF I (K 2A), BfiZE GBE & & T+, cypla £ik
HARWE R, 7 1.0 g/kg F15.0 g/kg GBE B N4
HUBE I 2R B (P<0.05); 1 cyp3a =ik & E A Y
e FAE 0.5 g/kg. 1.0 g/kg fl 5.0 g/kg GBE %
JinH Ab 3 B 2 THE (P<0.05); cyplb FikBETE
1.0 g/kg i1 5.0 g/kg GBE AN 4L i & F4 I (P<0.05).

30rp
n=10; x+SE

250 0 w10 b
20+ =05 BES50

151
1.0

AN IR B
relative mRNA levels

05

1% intestine

K2 A[F GBE /K-FXFBEHF(A)FIZ (B)H cypla, cyp3a I cyplb Jk K KK 1 00
TEFA S, ARFM EARFE RN B W31 25 5 (P<0.05).
Fig. 2 Effects of dietary GBE on the mRNA levels of cypla, cyp3a and cyplb in the liver (A) and intestine (B) of Cyprinus carpio
Different superscript letters for each parameter indicate significant differences (£<0.05).

TEfpiE T (E 2B), SXFRRAIFHEL, 7F 0.5 g/kg.
1.0 g/kg #15.0 g/kg GBE ML, cypla fil cyplb
FIR R B E FREP<0.05); M, cyp3a FKikk
52 EEER IFE 5.0 g/kg GBE URINZH 130 %
THE(P<0.05).
25 fARIREHRM GBE MEBEEHXERREN
=AU

GBE X 4 25 28 .92 R 5C J R 3R 38 5 i) AL <]
3. SXFIRAARLE, (B 3A)RMA(3) Rk R TE
1.0 g/kg F15.0 g/kg GBE SN 3% 118 (P<0.05),
ST (c-lyz) B FIBUAE 1.0 g/kg GBE Win4l
2T (P<0.05) . i (K] 3B), c-lyz AHXT A
H7E 1.0 g/kg Fl 5.0 g/kg GBE I W% 4
(P<0.05), 1fif ¢3 {YFE 1.0 g/kg GBE IRINZH 4o
FRE . SAMPLAAZIh & 3C, K 3D), 3 fil c-lyz
FEX 35 AR 45 AL B34 T il 2 25 55 (P>0.05)

3 itig

3.1 {ARIHFRM GBE M2 £ KA IN
R TR E SR A ME2E . 'R
MigEITREERY I, HNEAEAHE . 4K,
B AR RIS S 25 DI, AR A IRDRHS 5
Wz e PRI, AR b AR A R
Y il .2 vl Ao U A U A K
REo  HOM R oS N A AR A A 80 T =k 5 %)) 1
(10 F SRR A K, B R R SR A
{2, TEARFRE R T, HHR GBE XM A
BRI AL 2R BTG i 5 i e SV o 2
T Rk v S 0 e T R A S BB 0 R A B
(Epinephelus coioides)iA= 1 BE, {HAT LA S H
e ARE TT, SACEE R —F, R, fERk b Es i
INRMIEE(Coffea arabica) ' FIMIH 2L (Epilobium
hirsutum)t TR IO G 8 4 2E K TE AR R4



332 Hh [ K R A

%28 %

10 205 Z21.0 &850
3.0 o n=10; x+SE
25 F

b b

20
1.5
1.0

X RRE
relative mRNA levels

0.5

c-lyz
AT liver

20 [0 D05 ZZ10 @S0

n=10; x+SE
1.5

1.0

X RRE
relative mRNA levels

05

c c-lyz
il gill

[0 305 210 &885.0
n=10; x+SE

05

XTI R
relative mRNA levels
PN
T

{ ]

c-lyz
% intestine

20 10 05 7210 S0
n=10; ¥+SE

X RR R
relative mRNA levels

c-lyz

WLA muscle

K3 A GBE /K-F-XIHEAT(A) . Ba(B). SE(C)FINLIAMD)ALUT 3 il c-lyz He P RIK B
TEHANSECR, AR AR5 RROR BAT 3522 57 (P<0.05).
Fig. 3 Effects of dietary GBE on the mRNA levels of ¢3 and c-/yz in the liver (A), intestine (B),
gill (C) and muscle (D) of Cyprinus carpio
Different superscript letters for each parameter indicate significant differences (£<0.05).

o XSz AR, MW E& B XF sh i) A= K Mg
M2 AT R S A RN S . AR B 2 53 . PEHR
5L LA R sh i 22 S AH G o
32 {ARIHRERM GBE Xf&8 % M & £ LB
A

IR A A T8 B AT LS e AILAAR A BHUR ZS A4 o
ARHACE!S RTPPAS HORES I GBE 4% 148 iy ft
FEROL o I3 P | cortisol A1 LA il LAIIEA
AP LRE T, PR RN T 2t a8 Pk
RECIRAT, MY Glu. cortisol il LA &4
B2 TR 00 e R RS R SR o B 24 AE S
= [BAREY (Carassius auratus) L7 R 5 EE 7K -,
P& v R BTN B RE 1 DA B 2 ALK T BB AH X AR
PN ARBF gL R, RN 0.5 g/kg I
1.0 g/kg GBE B EFRAL THEMIEH Glu F1 cortisol
e, LA SR B2 L, RHER I 2
ML, I HLARDEH S I GBE fig— i 2 B 4
o BRI A BE T o

R F RS E, S22 EY

B AST Fl ALT J& v e OB A 7 2 il >4
JHF 440 Bt A2 3] 463 405 s 2> 1 I b, B O o 9
AST Il ALT 354 ] DL e JiF e RRpR 25020 DLy
FFR B, LAl H AR RN 0.5% 8 74 it B e
A s TP & &, {HXF AST il ALT {476
BERWP AP AE R TR, BB GBE fig
REIMED TP &8, 1 ALT fl AST jitE 8 %
ik, 5 LR -8 540, TC fl TG &
KRR E B bR, 7T DA —& B E#R T
(R RE R, 32 B 45 Il v o TC A TG 5 &
HEESTHEPY, Tan S0 g ISR PR IR A
B B 2 B AR T 2 A A BE ALK T TC AT TG
e, T R AR P B, FRATT
25K, HHE GBE /KFXFILE H TC il TG %
TG RW, N AR AR LR R . I
9 A K AL 0 A B SR ) B L B, PRI
M ELA,
3.3 AR GBE X2 |4k M BEHI
AN O A AE T AR R Y, 52
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Floge s 2 VAR G, DR I3 ik AL A T 4 Ak 7 A
Xt e 2 fRERRE AR KA 2 T P, AR i
RAEBRINTE . . B, SRRV R T A fe 48 b il
FE LAY GBE XA [ 4 bt A AL R RE Y 52
M . MDA JE i Bt b i fe & 7=, Ha 22
[ 422 S e 1 o A 240 i 37 9 M SEURD ) P R R
JE2%, SOD. CAT. T-AOC Hl GSH WK%
b 2 G (i 28 R AR B 28 ) 1Y 31 220 iR 4, vT LA
AT AP Y IR 3 i ROS, FEZERRHLIA A AL AN
PUAAAL B B SR 2 i Se R T2 AR
BFFE 2B, GBE TR AARSMT BLA ST A A0
H, HEXZE A HEAEEHE T EARmEE
RSP, AT /AP s, R as
GBE &5 T WA ILE A -H SOD FI4s it
H ki A ALY B (GSH-Px)TE 4, {EXF MDA &G
R g B P et H O Ah S GBE fiES
FiEEImiE T SOD. CAT Ml GSH-Px ¥&PE, ifij
MDA & i ER TR B 2H . Tan 209 EZe e B
111 5 B AR AR I 0~5 g/kg GBE RE 1 35 42 &5 1T
MEbT S fL R SOD . CAT #1 T-AOC i t, BEARALIA
MDA i, AW REMN, S IRg M, 6
HH AN GBE XFIMLYE . . il . SEA1HLE A
MDA &L E#m, {Hifh SOD. CAT.
T-AOC 1 GSH /K2 8 %+, I+ H 0T | il
I A S AR T A3t A AN TR R Y A
FW GBE 0l L2 & 8 b A AL RE J1, 1 A5 IR
MDA HJE i
3.4 fEARBERM GBE X624 & REEERIE
sp-A)

YK P4S0 BE(CYP450) SR P %
(18 NI R P VR A o AT B, I R
R, HRE R AR AL R DL e 25 W (094 97 R
MEESN Y, CYPla, CYP1b Ml CYP3a 2+ %
() 3 ANEHR, TEZ RGP (4G 259 AR . i
TR LL K B Al i R vl G VR D W9 R B,
CYP450 7E254) 55 ALl R v R B2 A T s,
65 259 (R R BRI LA KK s T v AT HE HE AR 4D,
I HHIE B 2 R 2 i 208 50 e
W, GBE XAz cyp3a ik IH B HH S5
R, I H R ROV, X 0] GE A R

ESUA v %) AR A D LB A A T SIS 0 M i 2 WD 4
MR 255, S0 gy 45 1 — 5, BFsE R,
CYP1b 5% fb i 3% VIAHE, HLIAH ROS i ™
HESESF oplb FEF I FEIE, MIH cyplb FEH 1
TR e AR SZ 2 AL 070 Ao &
LR, R cypla flcyplb Rk m B B E T
W, 5 EIRESR 3, XAlGES GBE Myt b
R A R IERE A G,
35 f{@RlHiKM GBE MEARRAREZIHXLE
[E] 5= 15 7Y =2 i

g TR IR AR AESh Y, PRt SO T3k
RS RGORIRPUIN AR R R 28
T B (C-lyz) FIAMA 3(C3)J2 FE M stite, B
AYUE . PURTERPIR SR, TEaEIER R0
g ok B b A A AR, LN Y v (R R [A] 422 i
JSE AL B3 T BEIR L AT fiE 107 A v
B =K S e DI BE I IF Y BT Iz 1R
i, Yuan ZECSBEST R, SR s O B B S AE
WEFFPAEFEGRHL D o-lyz PRI, FFEXT
PUAE B — & B S PR VR . HARRES I 7.5%
KAl ¥ 68 W = F A (Mylopharyngodon
piceus)IF B ¢3 Fe3k, BoR H AT RER,
GBE X} 4> ¥ {0 % % 3R & (Staphyloccocus aureus
Cse023) « KR A [R & (Escherichia coli Cgsog1 ) FlIEE
BR B (streptococcus Cssizg) Y HA KA B9 30 1 &%
B, I HLAgsESE /N R g h BENY . FEART ST Y
e, HRREN 1.0 g/kg GBE fi &5 A
W e-lyz 1 3 BRI RYAHX SRk, TERAT LA
c-lyz Fl 3 Tk EAES ML A h 2 FHIR B3
X SeZE LR, GBE REV5F e AH I A (c-Iyz
)Mk, MR RERe )1, [T A48
Stk

4 i

HAR SN 0~5.0 g/kg GBE X it 2F K PEfE
Fere AR, H AT AN [ R B A 8 5 L R BT
AAbBe ). FBS, R E N GBE fig i E 75 S
Fp LU R SRIEH (3 T c-lyz) 5k, 1Y
SRALARGRRERE 1o BEAME TR LGSR, ek
HHR N 1.0 g/kg GBE BURHL .
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Effect of ginkgo, Ginkgo biloba, leaf extracts on growth performance,
antioxidant function, and immune-related gene expressions of common
carp, Cyprinus carpio
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Abstract: The aim of this study was to investigate the effects of ginkgo, Ginkgo biloba, leaf extracts (GBE) on the
growth performance, serum biochemical indices, antioxidative status, CYP450, and immune-related gene expres-
sions of common carp, Cyprinus carpio. Common carp were fed a basal diet supplemented with GBE at concen-
trations of 0 g/kg (control), 0.5 g/kg, 1.0 g/kg, and 5.0 g/kg for 60 d. Subsequently, blood, liver, intestine, gill, and
muscle tissues were collected to evaluate biochemical parameters and gene expressions. The results indicated that
the different concentrations of dietary GBE did not improve the growth performance and feed coefficient (P>0.05)
of carp. Serum concentrations of total cholesterol (TC), triglycerides (TG), alanine aminotransferase (ALT), and
aspartate aminotransferase (AST) did not differ significantly between treatments and controls (P>0.05), although
GBE treatments significantly increased the serum total protein (TP) content and decreased glucose (Glu) and cor-
tisol concentrations. The antioxidant indices showed that dietary GBE could significantly increase the levels of
superoxide dismutase (SOD), catalase (CAT), total antioxidant capacity (T-AOC), and glutathione (GSH) in the
liver (P<0.05). Furthermore, the T-AOC in the intestines and gills was significantly higher in the GBE treatment
groups than that in the control group, and GSH was significantly higher in the gills of carp in the 5.0 g/kg GBE
treatment than that in the other groups. Moreover, the gene expression data indicate that dietary GBE up-regulated
the transcription of cytochrome p450 (cyp3a) and down-regulated the transcription of cypla and cyplb in the liver
and intestines of carp. Additionally, immune-related genes (c3 and c-lyz) in the livers and intestines of carp in the
1.0 g/kg and 5.0 g/kg GBE groups were significantly up-regulated. In conclusion, dietary GBE did not improve the
growth performance and feed coefficients in carp; however, it reduced physiological stress, improved antioxidant
ability, and increased expression of immune-related genes. Based on the results of our study, we recommend sup-
plementing common carp with 1.0 g/kg of dietary GBE.

Key words: Cyprinus carpio; Ginkgo biloba leaf extract; growth performance; serum biochemical parameters;
antioxidant capacity; gene expression
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