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WE: [HO ] BtAR e Ama B A B KM, RERIAKRAATWZHEY
o [ 7575 ] ZHUFHEKREN (740£0.05) g A D BH R AR L, HM2 K34, &
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¥ i 50 %

I RE P 2 AP TR 4G . 4B AR TR AL S5 A
b, BAZMAEY 6, mbtEk . Bk .
Mo e AR A, (R B A R A% R T g AR
A AR B Wy 1A B D7 13k BE AR Y, A S
Wi, 18 RZEHE (Scophthalmus maximus) )R I
T 0.05% [ (AL =, AT DL 2 B v L A A R
J3B A s IR ARDEL TR I 0.50%~1.00% ) 1122 =
L RE N5 Yl 5k (41 3k 8] (Megalobrama amblycephala) JIT
T E A B TE PR s RDRE R IS B RE RS A
Al NF-«B {77 i@, T TNF-a. IL-1 F1IL-8
BH KA, LR IL-10 BRI, DERED D
Ak ff1 (Oreochromis niloticus) W T i J& R AE N i
JE A0S BE S (Danio rerio) % A 22 15 %
W REIR R AR S R P A i I T, IR R
TEAK =G N Tz, B — M EA T
I FH IS5 B 7K P A b s )

Bifi 5 2 20 AL R0 ) VAR R R, 2 AU (]
A i, HOGE R A A0 2 i A B T S e 2 B T
JZ RN, I b S R B R O T 2 B A
SRR AR AR B OR R AR B0,
an H AR L& (Lateolabrax japonicus) ¥ ¥4 3% 2 A )
it 5% 1 FR A2 0.28 mg/L'; Y4 PR 855 & Ak R 1
1.25 mg/L 2= X ¥ i . (Pelteobagrus fulvidraco) 1)
AR GE AR, T R 10 me/L W25 AR
RNREY, 4R 28 n 2 ZUA P BE 0y SRR R R
MOMERIRZE . HEUW . FAL B, el
K 1A A Y3 2 460, Bl R | 4R
fifi (Bidyanus bidyanus)'"" Fl 8 (Cyprinus carpio)!"”
o WEERW, B IR RE S R O i f0 S
R EEAER . 78 Bk 7 4 iRl R i I s & 2
(AR T B R 2, AT I 3 G o T AR A RE ) Rl
PN, I S N EORD 2 A 38 1 R £
TE S B R (Carassius auratus gibelio) 17} HH s in
B 2 22 BR AT LG R AR A N, AR
FAMHAFE SR BRIE T A B R R
W2 RERIEIR , RENEA RS A 38 3 A
A KA R ARG R R R —Fh 2
WA NG, SOEEMILS AR Te 1,
P12 IS R 5 A A58 i v ML 20 %o K B U R il
HAE A A Bpmt, e, HEEAEERE
RS A S 0 8 R DL ARGE

KO85 (Micropterus salmoides) J& 3% & T &
PIIRAK SR e 2 —1T PR g1, 2023 4F
e [E R R ) SR G R 80 T 1, SR,

SR T SRR /A N = = DO N S Y 2B e
Ar i A TE el H 45 ™ H R A
T, RHFFZARK . A IE . BT R SR
JEAb PR A, A HARAE S, S R T B
I g —Fh TR G AT R R I T B A5 A A
BT R P B K R A K PR L I AR AR AR
(SEH . JHER) . $TAMLRES (SOD. CAT). #
JE-T TR 5 (tnf-o. caspase-3) S % F I B4
Z PR ER G VREERON, , A IF R PUai v N T 4
HECHE IS S HE

L BRSO

1.1 SEIEGRER)

L E 3 FR S AN ] vk R 2R S (0.00%
0.50% F1 1.00%) FSZ IR RN, B AT Rk 28 53 #y
W, 3t 60 Hif M FEMRE G, I F-2611 SUZAT
WERAL AR TOEHLE R A FR A 7)) il i B AE
g3 mm R, FIR T, 7 T-20 C &%
o PR 7 SO E SR IR 1,

1.2 ¥ RIAFETE

KRG [ 15 BT K Z K= A A, BT
A 15 do PRIEWI IR A TE Hy (7.40+0.50) g 11
fhREHLABCE] 9 S FRFHAE (500 L) Hr, FEA 30 B2,
WHEIANER; HHEEHRR 2K (7:00—-7:30,
6:00—6:30), FFicsRIABHEFER ; FRRE# 1/3 /&
BUK, SRR 56 d, A IR W], KR
23~25 C, V% (7.85+0.45) mg/L, VA4 AR +h
< 0.5 mg/L, pH 7.10~7.50, XH ARG, AW
FERAR T TP R L0 sh 48 PR AR HE 25 B
SEUE, SCE R R ERAE N DA AT T R
HIELIE (SYXK, ZHE, 2012-011, 012), Jf-fi g
PR AR IS D1 23 i R 75 T BE AT

1.3 HmXE

SIS RS, Fr A A 24 h, SR 120
mg/L HBE R = [ (MS-222) AT BRI, FH T3t
B M AFKE; RRELREVLIESE 3 B, —20 C
PRAE, ATl abr; B3 REM,
kAL, 4 °C 3 000 t/min 5.0 10 min, 3K15
I 5 —20 C A-AF, TR 4385 i e
R, fREARIUNIE, FRETHAFRIE S, —F
SHIFIE=20 °C A7, R TR HEN 2, 59—
FFIEZ M R GE A, —80 °C k17, HIT RNA $2HL,
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F1 SEWEREAAEMNAR (FUR)

Tab. 1 Formulation and proximate composition of

the experimental diets (dry matter) %

TEPRL R R B
TiH dietary supplementation

item levels of resveratrol

0.00%  0.50% 1.00%

JEKl  ingredients

&l Peru fish meal 15.00 15.00 15.00
51 soybean meal 25.00 25.00 25.00
KEWRGEA

. 16.00 16.00 16.00
soy protein concentrate

FXKEAR  corn gluten meal 9.00 9.00 9.00
SEFFFA rapeseed meal 3.00 3.00 3.00
KA1 cottonseed meal 2.00 2.00 2.00
fafy  fish oil 2.50 2.50 2.50
KEH soybean oil 2.50 2.50 2.50
/NZETHKT  wheat flour 21.50 21.50 21.50
WK zeolite powder 1.50 1.00 0.50
HeERTUREL  vitamin premix” 0.50 0.50 0.50
WHRETUERL  mineral premix” 0.50 0.50 0.50
iR 445 monocalcium phosphate 1.00 1.00 1.00
F31fF  resveratrol” 0.00 0.50 1.00

WU proximate composition
HI®EH  crude protein 39.07  39.15  39.32
HLAEWT  crude lipid 7.25 7.23 7.26

W DA RTUREIIUBmg/keg) & 44 R A 8000 000 U, 4EERD
2000 000 1U, #EA4EZRE 5000 1U, 4E4EFRK 1000 mg, 4i4EEKB,
1500 mg, #4i4EEB, 1500 mg, 443 B 800 mg, 44 FB,20 mg,
JHBERE 400 mg, VZEREY 25 mg, MR 25 mg, AAFES mg, NIEE100
mg. ) )R R AN mg/ke) & — /KB ER SR 50, WAL 100, FAbEH;
(1%)100, TOKBRRRER 20, —/KERAR Wk 260, — KBiREE 150, JE
WEREN(1%) 500 3)BUE I EDRHEER AT, T8,

Notes: 1) vitamin premix(TU or mg/kg), VA 8 000 000 IU, VD 2 000 000
1U, VE 5 000 IU, VK 1 000 mg, VB, 1 500 mg, VB, 1 500 mg, VB¢ 800
mg, VB, 20 mg, nicotinamide 400 mg, calcium pantothenate 25 mg,
folic acid 25 mg, biotin 8 mg, inositol 100 mg. 2) mineral premix(mg/kg
diets), MnSO,4-H,0 50, KI 100, CoCl,(1%)100, CuSO,-5H,0 20,
FeSO4-H,0 260, ZnSO,4-H,0 150, Na,Se03(1%) 50. 3) Zhenhai
Baichuan Biotechnology Co., Ltd., Ningbo, China.

14 BHERREREARE

BEEREREANG, FRIFEYLIPE 15 B
fn, BT REHAHE (33.24 mg/L) @AKIAEA,
FFIE 96 h Y Sk 2 A R 55 L0 . AL R
BHEUE S Egnew 251 HE 444 (kIR 25 C,
pH 7.8 ~0.2) SARWFFE —3, HBSLKIRIE T %k
JEAEAR SR R T IS I . SEg i, RHT 10

g/L NH,Cl B 4 b 8 h B AT e BEJR T, SRA YSI
Z B HOK BN E SRR P R AW E . AR 12 h
0% 1 RAET- %, I LERERIET- 3 .

SHEARES RS, KH 120 mg/L MS-
222 HEAT R . RRGTREMLER L 3 BCKfa, B
JkAm, FEARBUMEE , —20 C f-7F, T 5y n
BAYHT MINLE B, IR BUR T, —H 5 I
EORAET 4% Z R RERCD, HTAZEENER,
— A HTFIE—20 °C 1447, T REE T o

1.5 H{koth

K H AOAC(2000) s E 77 12 D e S5 56 1) B} RN
S RS KRR T 105 °C B AR D
T EEEE, UMMEKsaa; HEASTEN
7 R F FP-528 4 [ 8l 1Bt 43 Y (Leco A H],
FEE); HLAR W B A 2 SR 2055 K Kl &R
B¢ (Foss 2w, B diy; KA 43 5 o 0 00 5 2 -k
b5 BRSBTS 550 C ML EfEE

K H 7600-110 4= H s AL #1 (H7, H
A) M2 L SR 1 (TP). H#E M (ALB), 3R#&E
1 (GLB). MfH[EE (TC). Hih =W (TG). #i%i
B (Glu), FLM M E S (LDH), 45 N 5% 2 (ALT)
A B S il (AST) & it SR FH il 3500 &0l
M7 v R B TS PR (LY Z). BRMA (CHS0). A
RERREE & i (Ig) SBUIRTHE (AD titer)(FHFI B2
A, E).

JHRIEAE i 7 T8 I B PR 22 vpl TR 213K, 4 C
12 000 r/min B 0> 15 min, UHE EE®R . R
IR & (B A B TR FFE ) T8 A b 4
fLBEJ1(T-AOC) . ALY fLEE (SOD). %1k
Z W (CAT). A H Ik ALY B (GPX) 16 P I
% (MDA) &t ; ffi ] ELISA 357 & (7 ot i
B T AR 5 ) D 22 IR YR BE R F-o0 (TNF-ar)
HA N % -1 (IL-1). FI4iMs & -8 (IL-8) & & .
W E R BE AR & U (ASS). K 2 1R 5% 30 R 2L i
fitt (ASL). ¥4 &R M (ARG) M 1% & R & 3k F
T (OTC) 1G5

1.6 ZHZRZF4Hh

JHE2H 2R 28 4% 2 5 W EE (PFA, Sigma-Ald-
rich, J2[E, pH 7.4) B 24 h J5, MRUGHEATHK .
B SR WAL B . KT B LS 70% S (4 h).
80% L I (2 h). 90% Z B (1 h). 95% Z B (1 h)
K 2 R HeK W (5K 30 min); & WAL FE R FH 2
Fe- I 2EVE AW (12 1, 30 min) Al 2 Yk — F1 K
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2Rk 50 %

(BFIK 20 min); R TR A A B (5 5 56~58 C,
Leica, &) #1433 YKIZET (BHK 1 h, 60 C fHIR).
B 5 8 A7 110 A AL (RM2235, Leica, f () il
4 pm EELY) L W BT 2 RO R S
(Servicebio, H1E), PIFZE 2 IR ZHI RS (BRIK
10 min) . BB BRI, SATHANG YL 5 min,
TAKMVEIR I, 1% EHR AL 3s, FELL0.5%
PRI 1 min, FeJa S8 CBEBIK . —
HARGEY], UEREE R, T Eclipse 200 J624% i
B JRREA R, HA) T4,

1.7 5 RNA 2Bl. ¢DNA &% qPCR 547
% RNAiso 2057 & AT A 3R RNA (K

EFEAY), HE), #id Nanodrop 2000 fif 7l 45 743
HOCEE T (Thermo 24w, SEE) lE 260/280 LUAE,
I H Prime Script™ RT 5 & (KEF LW, HE)
3K1% cDNA 55 —4%% ., i [l SYBR Premix Ex Tag(K
EFEAY), PE) 50 &7 LightCycler®480 II(Roche
o], ) POt B PCRAY AT 40T, TEER
MR E: 95°C10s WA, 95C5s, 57 C
30 s PEAT 40 NMEFR, 72 °C 30 s &k, i EE
2-AAC I 7 TR B AH X 3R UK F, -actin T
GAPDH fE R4 FILHP, A4l MIQE 5 r5™",
AREARGEAT 3 WA, AR AN AT AR 3R
AR 525 T S8 B 2O A i R A Bk =X
(qQPCR) W57 5 L3k 2.

#z2 KOEEH qPCR HHr314&it

Tab.2 Primers used for qPCR analysis from M. salmoides

ERiREs FiFEIH(5-3") N3-S KM bp
target gene forward primer (5'-3") reverse primer (3'-5") size
sod CATTTCAATCCCCACAACAAGA CTTTGCGACATTATCTGCTCCT 102
gr TTATGTCGGTCACCTAAATCG CCTGGAACTTCAGCATCACTC 195
gpx CCCTGCAATCAGTTTGGACA TTGGTTCAAAGCCATTCCCT 94
cat CTGCTGTTCCCGTCCTTCAT GGTAGCCATCAGGCAAACCT 154
il-1 ACCTCTAACCCAGGGCTGAT GGTTCCATTCAGTGGCGAGA 102
il-8 CAGTGGTGTCGCTGCATACG AGAGCCGTTTCTCCTGGTGA 129
P53 ACGGATCTCTGTCCCTCCAA GTCCTGTTGCTCAGAGACCC 246
bax GCTTGTCACCACAGCCATTG TACAGCAGACCAGCACAAGG 134
bcl-2 TGGGAAATTCAACTGGGGCA GGTGAGAACACCAGCCAAGA 241
caspase 3 CACGGTGATGAGGGTGTGTT CCAGATCAGTGCCTCTGCAA 145
caspase 9 GCTTCCCTGGTGCTGTGTAT AGGCGACACCTCAAATCCTG 167
p-actin CTCTGCATACATGCCTACAC GTAGAGTTTCTCCCCATCAGG 117
gadph AGGTCATCACCATCGGCAAT TGTAGGTAGTCTCGTGGATTCC 102

1.8 Fitoth

SEHE S FH SPSS 26.0 KU TN R T 2
507 . K Duncan [CRG I AT 28 i, D&%
5O P<0.05. GEitEE s LY {EAPRHEZE (mean
+ SD) F£IR

A RAEREA TR A

FEIE R (SR, %) = N,/ Ny x 100%

WK (WGR, %) = (W~Wy) | Wy x 100%

B R KR (SGR %/d) = (In W—In W) / £ x 100%

TR R B (FCR) = Wy / (W, —W,)

FFARFE S (HSI, %) = W, / W x100%

HE3H FE (CF, g/em®) = W/ L*x100

HEBCE (PER, %) = (W~W,y) | (WxSp)*100%

P N, HARREL Ny MRS, W, WLk
KT (0), Wo WAIEATKTE (2), Wy lodB AR
(). Wy BT (2, Wik (), Ll
Pk (em), ¢ JFRTRAC (), Sy o RRLEE 11

i (%)
2GR

2.1 EARPRIMBERATEN KOESEKMRE.
MiRERE. IR LEFME. KEXMEETH
=)

A S0 20 ] AF T R (100%) TG W 3 M 2 R
(#3); WRH IR AZE B E RS T A
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14 TS TRV RIS E 90 NI R R o6 SN =R S AR a0 i i A

50 %

PIZRIRE | WER | FREAERKR ., EORCE
A& & (P<0.05), Wk E M 0.50% F1 1.00%
P22 P T 5 M 25 S (P>0.05); AR, X R4
S £ 1) TR R B T 0.50% T 1.00% 132
FUEEL (P<0.05); ARDERHES N A FE BT S5 A
1) JH AR BORE W5 5 TG d 2 52 e (P>0..05)

®3 ARFRMARAREN AR KMEREM
AL F YR

Tab.3 Effects of dietary resveratrol on growth

performance and feed utilization of M. salmoides

R4 ERSRMBERAEEXN A ORGSR BRI

Tab.4  Effects of dietary resveratrol on

body composition of M. salmoides %

Tk B A2 W R

dietary supplementation levels of resveratrol

0.00% 0.50% 1.00%

Sz
item

e A 2 B

HEACTE)

crude protein (dry matter)
HUIEWT (F )

crude lipid (dry matter)
I3 (F )

crude ash (dry matter)
KTy

moisture

52.19+0.50°  54.95+0.40"  53.96+0.74"

28.72+0.76"  24.92+0.69°  24.81+0.28°

10.86+0.04°  12.00+0.17°  11.88+0.42°

28.80+0.31 28.72+0.14  28.80+0.04

x5 ARFRMBARARENAORES
M3E A AR FRRY RN

Tab.5 Effects of dietary resveratrol supplementation

on serum biochemical index of M. salmoides

TiH dietary supplementation levels of resveratrol
item
0.00% 0.50% 1.00%

R /g 38.64+0.78" 43.50£0.50°  43.25+0.69°
final body weight
WGR/% 422.21+10.50°  487.82+6.78"  484.52+9.27°
SGR/ (%/d) 2.95+0.04° 3.16+0.02° 3.15+0.03°
FCR 1.27+0.03" 1.16+0.01° 1.18+0.03°
HS1/% 1.36+0.09 1.25+0.07 1.26+0.03
PER/% 2.01£0.05 2.21+0.02 2.18+0.06"
CF/(g/cm’) 1.42+0.11 1.69+0.22 1.60+0.13
RN &g 39.74+0.33° 41.78£0.13*  42.05£0.54°
feed intake
SR/% 100.00+0.00 100.00+0.00 100.00+0.00

TARLA AL PR R AR N

e FETEAR B AR AN NG PR 22 5 B (P<0.05), Rl

Notes: In the same line, values with different small letter superscripts

mean significant difference (P<0.05), the same below.

T Ak v I R B R AR R T SR A
HLAE A ALK 70 & B (P<0.05)(3 4); 50 R ZH A
b, 0.50% 1 1.00% F4 22/ f i 5 B AR T 4 fa kil
R T & (P<0.05); 458 & & F2E By il Rk of
WA s 4 K 535 B (P>0.05),

TPk b 0 R B R T S A Y
TP. ALB J GLB [ & &, 1.00% 22/ B4 i
1 (P<0.05)(#% 5); HEEE & H2E N B (0.05% Al
1.00%) Al K} 9 SC 5 FA MLV TG. TC. AST. ALT
TP B F AR T X R4 (P<0.05); falkRE A s n e 22
IR X S 56 7 1ML 7 GLU &5 & M LDH 35 11 1
R (P>0.05).

Sz A0 iFAE T-AOC, SOD. CAT. GPX itk
BEE BT AR ES RN R ET S
(P<0.05)(3 6). #H 5, Xt B 4 52 56 40 i I op
MDA & #3515 T 2 M 2 (P<0.05); SEdafa
JFJE H TNF-00, TL-1 A IL-8 5 4 Bifi %5 1)) v 1 22
JE S 4R i IR (P<0.05).

l_ﬁi H dietary supplementation levels of resveratrol

ttem 0.00% 0.50% 1.00%
TP/(g/L) 35.00+1.91° 40.22+0.45° 42.95+0.93"
ALB/(g/L) 15.30+1.10° 18.55+0.45" 20.1540.05°
GLB/(g/L) 24.20+2.70° 26.50+0.90° 27.30+0.40°
TG/(mmol/L) 11.76+1.07" 5.76+0.55° 4.87+0.77°
TC/(mmol/L) 7.56+0.50° 6.73+0.05° 6.24+0.20°
ALT/(U/L) 11.50+0.50" 6.15£0.15 5.83+0.48"
AST/(U/L) 94.50+8.50" 57.50+0.50° 55.50+9.50°
Glu/(mmol/L) 3.33+0.02 2.95+0.57 2.68+0.58
LDH/(U/L) 1252.50+191.50 1250.00+114.00 1255.00+34.00

F6 RARFIRMBEREAEER K ORI

MEMNEEEN R RERIFE

Tab. 6 Effects of dietary resveratrol supplementation

on liver antioxidant enzyme activity and

inflammation of M. salmoide

EUEHEE TR P IIES

ﬁ H dietary supplementation levels of resveratrol

ftem 0.00% 0.50% 1.00%
T-AOC/(U/mg prot) 2.57+0.15° 3.69+0.04° 3.89+0.04"
SOD/(U/mg prot) 16.13+0.48°  19.21£2.32°  22.13+0.46"
CAT/(U/mg prot) 19.97£0.70°  22.68+1.65°  24.72+0.60°
GPX/(U/mg prot) 234.64+£0.42° 261.86+15.17° 297.54+7.30°
MAD/(nmol/mg prot) ~ 8.29+1.87° 4.67+1.04° 3.4240.20°
TNF-o/(pg/mg prot) 84.55+3.02° 72.4+3.65° 60.87+1.22°
IL-1/(pg/mg prot) 34.25+1.70°  30.00£1.98"  26.18+1.86°
1L-8/(pg/mg prot) 43.16+2.85"  36.25+1.30°  33.56+1.00°
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BEE R R AR B R, LR aF R®7 SRREhEAOBYFHNRRATERMESR

fEH sod. gpx. cat Fl gr F£ K ) mRNA Fika G BRE
F L, M, i-1 F1 -8 F: A mRNA F+ik & Tab.7 Cumulative mortality and serum immune
Ay (P<0.05)(/ 1); TRk R I A A T response of M. salmoides exposed to ammonia for 96 h
=N T SE g A AR pS3. bax. caspase3 Fl TE I
e . N dietary supplementation levels of resveratrol
3 =2 E _ t
caspase9 = [H ) mRNA F ki, [IET bel-2 % item 0.00% 030% f—
R ik Rk (P<0.05) FIFETIH/% 53.03£6.94"  36.36+4.55"  34.85+2.62°
EASE 1 . 0% resveratrol cumulative mortality
= ?‘38?}2?@2? s izzzzzgg{ LYZ/(U/mL) 32.0040.50°  41.63+7.88°  46.5042.50°
o) ) . 0 . o
SN § 23 ba 2{12 CHS50/(ng/mL) 32.05+1.36° 37.5+1.36 43.3+0.84"
é & 20r a a Ig/(mg/mL) 2.5140.02°  2.56+0.02°  2.59+0.01°
N a2 a
RE 1519 baa o ay Ab titer 1.29£0.07°  2.11£0.06"  2.34+0.10°
a
5 1.0 ¢ SR T R
] 1 C b
= £ os c [ %8 EERE 96 h xADRISIFI KW
=5 o WLLLLLLLCR TR [R LU CR LRI SE OB
B P23 45 %6 78 9 10 Tab.8 Ammonia metabolizing enzyme activity of liver
genes in M. salmoides exposed to ammonia for 96 h
B 1 RERNAREKFE B R AR K OB LSBT TR (9 B R VR B
FE. RERFATHEEEERSLNEN ?fe El dietary supplementation levels of resveratrol
0.00% 0.50% 1.00%

Fig. 1 Effects of dietary resveratrol supplementation on
M%/(umol/L)  1060.17+2.03*  710.61+7.12°  652.13+42.86°

relative expression of antioxidant, inflammatory and ;
blood ammonia

apoptotic related genes in the liver of M. salmoides

ASS/(U/g prot) 11.05+0.07° 11.75+0.28" 13.64+0.35*
1.sod, 2.cat, 3.gpx, 4.gr, 5.il-1, 6.il-8, 7.bax, 8.bcl-2, 9.caspase3, 10.cas-

ASL/(U/g prot) 18.88+0.48°  20.22+1.09°  23.01£0.87°
pase9, 11.p53.

ARG/(U/g prot) 7.39+0.26° 8.32+0.27° 8.95+0.33"

22 ARPRMBERAEN KORHE AN
LA

HATREE 96 h 5, HELPTIE L i Eit SzEsfa iR ASS. ASL. ARG. OTC iRt
PETH G EAR T4 R (P<0.05) (%% 7); WE & 1Rk Tl A S B AR B THE (P<0.05),

OTC/(U/g prot) 19.41+1.08° 20.33+0.77° 23.68+0.91"

AR A R AR, SEIR AN LYZ W FAFTE 6 h 5, XT IR S5 Tt 4l 2]
CH50. Ig & Ab titer . I (P<0.05), & B Rm  AZ R A L 40 M S o A T A AT i

WARABFE oG, MEREPAZMEESE SN (E); SYRAML, AR ERaR
OB, Ul 28 & i W FRAR (P<0.05)(3R 8);  MFAIMIEASIES, AUiRxsei.

4

Ay, P, Ve
E ki B4R 2R B2 0
TERAEHCN 40 f5. 1.0.00% FHEEE, 2.0.50% FESEE, 3.1.00% AR E:; K AZEM, PN 40804t @, HPV. FF40 4 ik,

Plate Effects of different concentrations of resveratrol on liver histology in M. salmoides exposed to ammonia for 96 h

The magnification was 40 x. 1. 0.00% resveratrol, 2. 0.50% resveratrol, 3. 1.00% resveratrol; K. karyolysis, PN. cellular peripheral nucleus, HPV. hep-

atol cellular vacuolation.
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3 W

3.1 EARPIRMBERAEEN A ORFE KR,
MigkER. MENEEME. ELMARETH
A0

HE P EE YR 2 G, BA
ZAOETE M, T N TE IR S .
MHTALRESE WA Y h 3R I, A2 TR R 18
WRE KGR, TR KT oAb 5 AT = AR
238.71 mg/L W HZEFIE, BRART AZE AT EE T
ks, & 7 AR RN TR, RE R
PR R B S A S A R, (HAE ARSI 5
o, A O IR R S R Y A BRAE RO
YR A g EASY, TGS — R ER,
filf FHZR AR AN 3 4 2 1 98 K JBORL (TWIPNPES) 40 %%
() LB BEAEAR AN AR, A= R m] 45 3]
FPEm T B R B R AR DI - 20 H 2
sk (LPSM) H, AT £ g 1 22 2 I i Bt AL e
JEHE T B AR AR AN A i AR b i A= R
FHEERN e 40 26 57 4 3 78 v ] RH IS I 2
(0.5%~1.0%) 1] i F 4 =K A S pg A K ERE .
PESI . B RE ST RIBTILRE /) . A8 B P
AR, R, (A YIS PR R
KTl b T A ) S IR Y AR L 3h R
AT IR K I 32 1 IR, R
FRETE S AP ) B BRI, (AR PEAR
YT REE S B WL 1 R S PO O, ROk
38 3[RV 28 7R B A R A 25 3 BB R PPAY AR
AU -

P27 B Ry — vz T K™ R TR
s, SRR DR a2 i A KRR TR
BRAT ST A B, RDRHES I 300 mg/kg H AR,
BEN N: E Be s T B O B SR (R $2 3
(Paralichthys lethostigma) %) fa.0F 58 Hh & B0, ) k)
NN 600 pg/g FIRE PR, Gk B S RS A AL BE
T3, BEATC AR V5 Tl 1A 15 T A e firt i ok i v LK
A Y, SR A R 4 R WA 2 4 ] A
Sk (Megalobrama amblycephala) FAE P, FHK
WF5E Kk X L4 5 T A3 R AL 5 5l Bt A
KB FEARM G, WS B R 2H R
SRR T . WGR Il SGR ¥ 12 2 T X} 4L
ARG R PAETE— 3. fEFLa s
R, GRS I A R AT DR R v LA

HFwP, TEVEAREET (Acipenser baerii) B 5T T &
B, DR T A A T T 3 A v TR A R K
F, PIEMTOR 5 S, B4 UL & H & Al
FIFLEDT ARBFFE & B, kb a8 (22 1 s
BEFERE TR B e E A S, FRR
RS2 8RS, UARTIE W iRE S 2 w2
Y AL AR R I S ) A 30

1L 75 A AR A A B R DA sl 00 fee iR
AP, ARG, DR IR R 2
ORI B % TP, ALB M GLB (& . TP,
ALB #l GLB & &= 4w, A 1E X ks S A
IKF 3 1 HA B AE Y, e 1 3k @7 5 B AT
GEH R, TR IS A R SR 8 ]
FFAR M TG A TC &=, 163 D i 57
HOR B, HEE P BERENS AT BN BE T £ Sirt] 25
K, SRR I S Bl A 3 5 W TG 2 Ak y R
FIKSE, DLIRRAR M TG KERY, fEe % %3k
AT ST P 2 B, R R R I R T T L A
BTG sirtl FEN, W5 PPAR oy 18 1% M AH L,
KRR NE TG & i, WA 5 I RG D5 A m Al
B, AR LB, BEE & AE A R
KIS I TG Fl TC /K B EFRAE, R4
FOMLIR G o B B 2 R, PR A R ML
5% —8. EFL AT bR R, & Ag
iE /N BGE 2L AN AN T B P, R AR T R
HTC I TG &, R HEE SR A, XIS
T A B B JR T VE Y, I ALT #i1 AST
T E SRR A O, ER B T R,
AR RS FE B B BR K T MV ALT A1
AST W& i, B8 T R INEMY . %K
S ARG LSRR8, WMEAFEAEEN K
125 111 %% o ALT 1 AST 7K 5 215 %o B 4

e YR FACHHE AR, kAR S AR
WAL= 035 P4 (ROS), 1 ROS B 5 FL 2 Fn4h
VA IO 38 nT 3 A PR A L PN ROS a5 & Ak g
W R B A NPUEIL RS, W SOD.
CAT Ml GPX 45, FEARI DL G 32 S A0 403 U7 1
RET LHAE™, SOD BE#EI4 ROS #EAL K3t 4
L& (H,0,), 81 E b & 7E CAT Fl GPX 1
HE—2B AL, AR TG EE W AT ARK ™,
B PR — R R AP, BENSE I H
Tk G2 R A AR TR A Sk B R T
B, PR IR Cu/Zn-sod HOFESE, M T-
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SOD. CAT Fl GPX Wi, Zefft KL & ¥
BT AT AL EEE P g E, SEsRUA R PE L
PEREY, 1E L8 (Channa argus) W52 &8, 1E
TR AR I 75~125 mg/kg FARE s, AT DL 5 4R
ML SOD, CAT il GPX /K FM, A58 %
U, GEDRE AR 0 A e 2 R TR BRI
WP E R TG 1, el RS R SR B Fnfrpg
PRI — B, DRSS, UL
P 1 58 55 34 37 BIAH G HE ) mRNA Rk 15, A<
IR R, TR SN B A R RS 2 L RR
PR & AT S sod. cat. gpx R gr ZEH ) mRNA
Fikar, SEEEREGETH B, PN A
PR B sod . cat. gpx F gr LAY mRNA
ik, OkHIE T-AOC. SOD., CAT il GPX 15
(YY1 7o =1y N Y =R A==

FALI R S R 20T, I A 2 4 i A
FRYRET, MO A R B, 7E ot [ IR 2 foff
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TN ZE P EEREAS W SRR 18 mf-a TN il-8
FEH M RIB A, AR AE SR 07 30, A
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BFE T TR BT -1 7 il-8 KN mRNA
ik, MIMFEAR T TNF-a. IL-1 &% IL-8 (%
PR AL EE NS D R AIK A X K 1 R
T AN IS

— M5, SN SN 38 H 2> R 20 i T
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RHEREIN, o HAE F ™) R AR TR bax
RN, TIPTIT- SN bel-2 WA, FEANMIE
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caspase3 1 caspase9 ) mRNA FIE [ F k7KK
ZfRAME TS, RS AR R R T R, A
B T BE A A A R AR NG HE M 35 3 1Y) pS3. bel-2.
bax F1 caspase3 FEPI ) L, K 5% fif B 5 £a ik fify
R AP T2 B LB, DR S
B 2 R TR BB pS3. bax. cas-
pase3 Fl caspase9 ik H ) mRNA ik, Jf FiH T
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ROM TR 2R AE DA . A WEH BRI R R R A
W FER BB A B, i/ 5 mg/kg 2P
it 290 K L) AT LA 280 986 AL O 0 g v %) 227K F
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JHe 5 J T RN AT R e s AR 3R AR R B,
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H, WREBAEMRSHAAMEBELIRDTRET
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PE—2E e, 5 R B, E A X AR EEk
R PR B T A, 8 SRR A 1 RE Y R
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KE, MEEMEH AR RS RN T, RETE
IR CER R ME PR, MUK B RRAL, &
AH 32 2 BT PR EAG I 38 17 HA B VR H o
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S J6L A1 JE A B A0 i 2 Ak, AR
B, R E SR AR A7 A A 3 W I 2 fidk
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N AR, SAETOREE G, (HA
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Effects of dietary resveratrol supplementation on growth performance,
antioxidant response, and ammonia detoxification in
largemouth bass (Micropterus salmoides)

YUE Yinggi', WANG Shidong', TANG Yanjie', FENG Dexiang®, LIMing "
(1. School of Marine Sciences, Ningbo University, Ningbo 315211, China;
2. School of Fisheries, Xinyang Agriculture and Forestry University, Xinyang 464000, China)

Abstract: In order to investigate the effects of adding resveratrol to the feed on the growth performance, health status and
ammonia nitrogen tolerance of Micropterus salmoides, the experiment was conducted on largemouth bass with an average body
mass of (7.40+0.05) g. The fish were randomly divided into three groups, each with three replicates of 30 fish each, and were
fed with experimental feeds containing 0.00%, 0.50% and 1.00% of resveratrol, and saturated feeding was carried out twice a
day for 56 d. The results showed that supplementing the diet with resveratrol significantly enhanced the weight gain rate, pro-
tein efficiency rate and food intake, and reduced the feed conversion ratio; increased the serum total protein (TP), albumin
(ALB) and globulin (GLB) contents, and decreased the triglyceride (TG), cholesterol (TC), alanine aminotransferase (ALT),
and aspartate aminotransferase (AST) contents; increased the activities of total antioxidant capacity (T-AOC), superoxide dis-
mutase (SOD), catalase (CAT), and glutathione peroxidase (GPX) in liver, decreased the contents of tumor necrosis factor-a
(TNF-a), interleukin-1 (IL-1), and interleukin-8 (IL-8); up-regulated the mRNA expression of superoxide dismutase (sod),
catalase (cat), glutathione reductase (gr), glutathione peroxidase (gpx), and b-cell lymphoma 2 (bcl-2) genes, and down-regu-
lated the expression of interleukin-1 (i/-1), interleukin-8 (i/-8), tumor protein 53 (p53), bcl-2 associated X protein (bax),
cysteine aspartate protease 3 (caspase3) and cysteine aspartate protease 9 (caspase9) genes. After 96 h of ammonia exposure,
the cumulative mortality and blood ammonia content in resveratrol group were significantly lower than those in control group;
but the serum lysozyme (LZM) activity, total complement (CH50), total immunoglobulin contents (IG), antibody titer (Ab
titer), the activities of argininosuccinate synthetase (ASS), argininosuccinate lyase (ASL), arginase (ARG), and ornithine car-
bamoyltransferase (OTC) in liver were significantly higher than those in control group. The study showed that the addition of
resveratrol to the feed could improve the growth performance, serum health, antioxidant capacity, inflammation and apoptosis
of largemouth bass, and that resveratrol could enhance the ammonia-nitrogen tolerance of largemouth bass by activating the
urea cycle, and improve the immune response to the occurrence of stress.
Key words: Micropterus salmoides; resveratrol; ammonia; stress resistance
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