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Protective Effects of Resveratrol on Alcohol-induced Hepatic Injury through Nitric Oxide Pathway in Rats

LUO Jinghuil, YANG Yingbaoz*(l .Department of Pharmacy, Nanfang Hospital, Guangzhou 510515, China, 2.Department of
Pharmacology, School of Pharmaceutic Sciences, Southern Medical University, Guangzhou 510515, China)

ABSTRACT: OBJCETIVE To investigate the effects of resveratrol (Res) on alcohol-induced hepatic injury and the relationship
with nitric oxide (NO) pathway. METHODS The rats were randomly divided into 5 groups, including the normal control group,
alcohol-induced hapatic injuried model group, Res 25 mg-kg™' group, Res 50 mg-kg™ group and Res 100 mg-kg™ group. The
hepatic injuried model was imitated by ig 55° Red Star Erguotou. Res was administrated twice daily, continuously for 7 days. The
contents of lactate dehydrogenase (LDH), reactive oxygen species (ROS), reduced glutathione (GSH), nitric oxide (NO), induced
nitric oxide synthase (iNOS) in liver and the concentrations of serum IFN-y, IL-10 were determined by the commercial kits. The
expression of iNOS was determined by Western blot and the level of iNOS mRNA was measured by real-time RT-PCR. RESULTS
Compared with the normal control group, the concentrations of LDH, ROS, NO in liver were significantly increased (P<0.01) and
GSH was significantly reduced (P<0.01) in the model group. Meantime, in the model group, the level of serum IFN-y was
significantly augmented and serum IL-10 depressed (P<0.01). In addition, the expressions of iNOS and iNOS mRNA were
significantly increased (P<0.01). Res reduced the levels of LDH, ROS, NO and iNOS in liver and IFN-y in serum compared with the
model group, respectively. Furthermore, Res significantly increased the concentrations of serum IL-10 and hepatic GSH.
Additionally, Res significantly suppressed the expressions of iNOS and iNOS mRNA in liver. CONCLUSION Res may prevent
liver from alcoholic impairment via NO pathway.

KEY WORDS: resveratrol; alcoholic hepatic injury; oxidative stress; inflammatory cytokines; NO; iNOS
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PSR . WORE S5 B BUR- B A I, B
JTFET 4 A RIS 10967 A B s e i X7, (A
JE, Res BB RS LA 05 (R LA A A dE— 2
Flo AT ISR S PEPOR VTR A8, A
FU Res SRS T 0003 (0 R G E F 25— A
(nitric oxide, NO)MEKFIFEMT, PRI Res PGk,
PEFB0 IAE FHLEE, S TF R Res M H U4 4t
S BRI -
1 #MR5FHZ
1.1 SEREh)

SD K, 40 2, ¢ 8 %Y, 44 200~250 g,
Hi B 7 B B 22 BN s 50 i AR A, B AR IR S
SCXK(%)2006-0015,
1.2 235k

55 BEARE Sk Eh T bR a B R A
B P78, L5 20070202; Res: P4 %55/
PIEARA R A T =0, 2 99 %, ik : 040701,
I FHRT T 1% 52 A 27 4 2240 20 S EL Rk 2.5, 5,
10 mg-mL™" & ; LDH.ROS. GSH.NO. iNOS
WG PR A TR ST =, ks 20 5l
20080612, 20080622, 20080711, 20080715 Fil
2008218; IFN-Y . IL-10 il 6n: SHoeEM TR A
], FRK0002 F1 FRK0007. # 14047 cocktail i)
H Sigma-Aldrich, W #1771 cocktail J& [
Roche, ##$t iNOS 4 H Santa Cruz, HRP-IgG —$1
5 H Pierce . TRIZOL Reagent i 7l & 4 H
Invitrogen, First Strand cDNA Synthesis Kit 4 H
Roche, QuantiTect™ SYBR PCR & 7] &5l H
QIAGEN. mRNA 5|#J¥ 51k Primer 5.0 K13
71, % GenBank BLAST [AJEMHAGZR G, H EilE
WIHAR TREARAF A, iINOS K _F5 144
5' -CAGAGTACAAGGATTGGAAGTTCA G-3',
TSI A 5 -ATTTCTTCCTGATAGACGTG
GTCCT-3', NZ M GADPH Lif5%% 5' -TGGT
GAAGG TCGGTGTGAAC-3', Filf5 ¥k 5" -TTC
CCATTC TCAGCCTTGAC-3' .

1.3 ik
131 547y KREGENERTE 1 G, BERL
G005 UL, R 8 B, B IE N R L ARG IR A

Res k#1520 (25 mg-kg"). Res ™ 71 & 41 (50
mg-kg ™). Res Ei7E41(100 mg-kg ). ZiHLLER T
ST U RN B (RN 1%), R ER KRR,
BT, W Mg 1R, ELEL 7 do AR
PR BLACR T 252% 2010 45 9 F 45 27 %45 9 11

YL TERR %R ARM, SN 1
mL-100 g™,
1.3.2 SRR & SD RIS
YT 55 LR AR, BEK 075 mL-100 g,
H 2 W, HepEE 7d, SRR, ZHCR
SRR PR AR AR, DR Sk T80 A A I AR B
35, WU Z8, H HE Jeta, b
BOWEE, A0 IR A KRR AR P, 4 B Kk
ik, 2 WA R T,
1.3.3 FEARESIRREN T30 7 RRIKHES 4
ZiJa, BEEaAEEK 12 h, HAHBSPIFRE, B, 3 000
r-min~' B0 15 min 232 035 4 s REATHTUERE
T HFIR 2 - d5e K% 5 mm A0HK 1 em % 0.5 cm % 0.5
cm AR 3 ke, JLep 1 HeRUJE R P8 40015
FEM K A R o BV TR 4 1 St
H5, VAP EROK O G il £ 10% T AT
3000 r'min~" B0 15 min, B WG 1Ll 4 %
R E e, i, PR, 3T HE 4,
JeBE N ST LU BE2E AT
134 AFHZLLDH. ROS. GSH. NO. iNOS [{Jl]
RIS AU BT EAE . RS2, RIIK
AL 100 g, RIS EH, €EASGEE, o
W52 LDH. ROS. GSH. NO il iNOS /K, If
DABREANFE L B 5 AT AR IE
1.3.5 i IFN- v . IL-10 fillE N ELISA £
MRRFE IS B IFN-v « IL-10 &8, ™K
Fie FRATR U B AT A
1.3.6 Western blot Ml 52 iNOS & BUTFZHZ 100
mg 7EVKER N A, LA 1 mL 28303 [ 1% NP-40,
0.1% SDS, 0.5%/i %2 HR4h, 150 mmol-L™' NaCl
H120 mmol-L™" Tris-HCI, pH 8.01%)3¢, Hrh4 4 H
I S (PMSFE, 1 pmol-L™"). & EJHIF] cocktail
MR B cocktail, &) AE 4 CLL 12 500
rmin”' B0 20 min, HUEIE RN A AR EOR,
—80 CIrRAfF£H . B 42U, Folin-MydkAT 4
FE s, UM T 15 pg B A B ISR AR BORREA
ERE, RIS HCH IHEAT SDS-PAGE #EI Hi VK, HE
2 PVDF I, DL 5%/BAG 9K (1) TBS i N
M2 h, R EINASRPT INOS(I & 500), 4 C R
B, F—Pr, LLTBS ik 3 &, &K 10 min.
I TBS Fiké () HRP-IgG — i (11 5000), =
VLI E 2 ho 3 9T, B TBS PESS 3 WK, K 10 min,
BN ECL &G, =i T E 5 min JaH X 4
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TR, BAUAER . IR UG 73 i RGERT
INOS [ 44ty HAHMN NS ] B-actin 451 34T 4K
FE44, AW F 4 9 B2 LU A INOS & I AH
XRIE

1.3.7 RT-PCRJlI’Z iNOS mRNA ik HUF414:,
LA TRIZOL Reagent A G HE U RNA, 440015 5%
e W) G Ul W PR A 5 1 cDNA 55— 454k, AR5
F QuantiTect™ SYBR Green PCR i&7#: T Light
Cycler {_FHETSEH 2 & RT-PCR, AT FEMWARE
SR . PCR JRVARZR K 20 pL, Hp 347 10 puL
2 X QuantiTect™ SYBR Green PCR Master Mix. 7
uL Rnase Free Water. 2 uL 5| ¥ % B & W (3
pmol-L ™)1 1 pL cDNA(100 ng). PCR [ N AL N
95 C THIVAEYE 7 min, 94 CAEYE 155, 58 ‘CiEk
30s, 72 CHEMf 30s, Bb, RTOCME. 5K
40 AMEFRIY NS, LL 0.2 °Crs () TAT B A
65 ‘CH| 90 ‘CUEM, RAFRAIME ML . LUbRHE i Zebr
EY RNV IERAZE, LK mRNA PPN 1
MRS, AIRAL e e 0 B IR Bl e 1 56 PCR
). B AL FER ) Light Cycler A4 (fiA 3.3.9),
TEHAEA k. INOS Rl GADPH [IhsifE k1

F G
Bl 1 B P BRI AT ARG AT A R A ¥ ¥
IEHSTHRAL: A(100X), B(400X); FBIFIEEIZL: C(100X), D400X); Res fikil#4l: E(100X), F(400X); Res *illadl: G(100X), H(400X);
Res HilE41: 1(100X), J(400X)
Fig1 Effect of Res on live morphology in alcoholic hepatic injured rats
Normal control group: A(100X), B(400X); model group: C(100X), D(400X); low dosage group of Res: E(100X), F(400X); middle dosage group of Res:
G(100X), H(400X); high dosage group of Res: I(100X), J(400X)

2.2 Res X REUF41Zi% LDH #5210

B K RH 4123 LDH & E e, 5
LE 0 AL e 3 M 22 57 (P<0.05); Res 1R
X} LDH A FARIER, (AEG02% 2 3 Res 17
2 AN R AR PR 4 28 LDH, SRR 4 AH
Pbf W3 P 22 5(P<0.01), w74l I 0 el
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Bt SR)E, tHEHAEAES INOS X GADPH [#)
Fb, BRI/ INOS mRNA HIAX &k K
1.4 HdEobr

GERBLIX £5 FoR, KH] SPSS13.0 HEAT AL
e, P<0.05 WHRENZER, P<0.01 Nf
ek B R
2 %R
2.1 Res X2 PEWOREPEFF B4 Ja P LB &S24 1
]

PR & m] WL, 455700 2 O 265 A AL AR R
B, Mgk, SURELKEEARYE; 2545 T
AR, (0 5 IE W o AL B2 . WREE D) B AE 6B
RS AT L, I R AT A 2N I 8 3 e
4 R HES 35, RIPIR, TR AE, JERAE
MR, UL 1-A, B; BIAL R AL B
B0, 40 M 5 AN [ 288 20 RIAN [ R 1) 74 1
A%, KBOKFEARPE, A B IR 3 Rl s K
(), I X R M4 R, WK 1-C, Ds Res
YL SR LY, AT AR B 40 04 AN D R ok e
IKBEAR I K 0] R A E R B, B sl

MAEZH, WK 1-E~J.

PR EEZ R, 4R IE 1,

2.3 Res X KRF4148H ROS. GSH 131
RS ALK BRI 2H 22 ROS W2 T« GSH W

SRR, SEWNRAKEHIEEELEER

(P<0.01); Res 5541 # T+ GSH(P<0.05),

X ROS HATREAREH, (LG4 X Res
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T2 ) A PR IT 4148 ROS KF- 1
N GSH & &, SEAAA LI W e R
(P<0.01), 7l B 41 5 1E 0k FEZH A LG TG 6t 25 1k 22
Jto RN 2,

F1 Res KB4 LDH K FHEH(n=8,x+s)

Tab 1 Effect of Res on the level of LDH in liver
(n=8,xts)
2 5 FHt/mg kg LDH/U-L™
TE 6 2L - 7 832.8+623.4
R of A2 — 9 774.5+758.2"
Res {7141 25 8 945.1+712.0
Res 4 50 8392.6+913.8%
Res {74 100 7 902.5+734.4%

TE: HIERABALE: "P<0.05; SHBXIRA R PP<0.01
Note: Compared with normal control group, "P<0.05; compared with the
model group, P<<0.01

K2 ResAt A RAT4 4 ROS.GSH AT (n=8,x+s)
Tab 2 Effect of Res on the level of ROS and GSH in
liver(n=8,x £ s)

i FlHE/mg kg™ ROS/U-mL™" GSH/pg-L™
TEH X HRA - 124.3+9.64 516.5+18.4
R} HE 2 - 589.7+28.6" 168.67+8.16"

Res il 41 25 460.2+15.0 234.6+12.8%
Res 141 50 331.5+13.4% 346.0+12.0°
Res = 7 #4 100 185.8+10.1% 490.7+23.17

T TR E: DP<0.01: LN M4 2P<0.05, P
<0.01

Note: Compared with normal control group, "P<0.05; compared with the
model group, ?P<<0.05,P<<0.01

2.4 Res Xf K FUMLIE IFN=ys TL-10 7K V[ 52 0
RS KBTS TEN-y, IL-10 /K~F 55 1F 3 % i
YIAHEL, TFN-y 23Tt &, 1L-10 B3 FFHE(P<0.01,
P<0.05), Res FP7 4R 714 2 LT TFN-y 7KSF
B R FEAC, IL-10 KPR WG vy, SRR A Lk
HAT 25 M 25 5 (P<0.01) 0 R4 SR 7R 2 A
LR EM R, SRS EEX A T 5
TR, SSRNES.
%3 Res A B iF IFN-y. IL-10 K F 4 B0 (n=8, X + 5)

Tab 3 Effect of Res on the level of IFN-y and IL-10 in
serum(n=8, Xxzts)

415 #lH/mg-kg”  IFN-y/ng-L™ IL-10/ng-L""
IEH X A - 62.84+5.25 771.75+30.12
BRI AL - 101.02+4.16”  670.23+41.68"
Res 51141 25 90.26+4.51 684.26+22.04
Res 41 50 71.44+3.85"  724.02+52.06”
Res w741 100 60.80£6.28"  769.14+34.75Y
e SIEFEXMALE: DP<0.05,2P<0.01; HEAWHALLE: 2P
<0.01

Note: Compared with normal control group, "P<0.05, P <<0.01;
compared with the model group, ¥P<0.01
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2.5 Res SRRAFALIZH NO. iNOS (1520
PRI K BT4120h NO. iNOS /KT 27
w5 IEHONT A ORI A Bl 25 1k 2 5 (P<0.01)5
Res KA AN NO AP RIEm Lg% 2 5, H
A 5 25 P INOS 7K (P<0.05); Res H 7] B 75 771
A W] B BRI 44 NO. iNOS & &, LA A
L3 3 M2 5 (P<0.01), s Al 5 0 6
UL W xR 4R WK 4.
F4 Restt kB AF4 4 NOINOS AT # # (n=8, X £5)

Tab 4 Effect of Res on the level of NO and IL-10 in
liver(n=8, xzts)

4 5l Fi/mg-kg ! NO/umol-L™"  iNOS/U-L™
oyt - 61.244£9.42 10.12+2.24
LIS 4L — 142.11+8.14"  38.76+5.62"

Res G741 25 126.55+5.82 31.45+7.82%
Res P4l 50 102.05+£7.03Y  23.26+4.05Y
Res FHfl 4l 100 78.80+6.62% 15.74+2.19%

TE: IR RTRALECEL, DP<0.01; S HALEE, 2P<0.05, YP<
0.01

Note: Compared with normal control group, "P<<0.01; compared with the
model group, ?P<<0.05, *P<<0.01

2.6 Res XJ AR 4128
mRNA KA 1520

B2 41210 INOS £ 1315 Fl mRNA KA1
B T IER AL, Res 5748 b sk 2D
iNOS FKIAFI iNOS mRNA #F ik (P<0.05, P<0.01).
iR 2,

iNOS % 15 iNOS

A 1 2 3 4 51 c

e, T F 3 R D
 Pactin - [
= B . % 1.6} y
= 80 ra Z g [ ¥
B 60 2) N g ‘ | L. 2
ad 3, 08}, | ]
= 410 “ | | |
= = | |
z =[] AR
%;1 0 ol | |
}:‘ 1 2 3 4 5] 1 2 4 5

2 Res Xk RF4141 iINOS & A #7 iNOS mRNA %Kik
®U(n=8, Xts)

A, B-western blot 454t C-RT-PCR &5 Yl;  1-1FH %t AL 270 5 it
2H; 3—Res L FH24H; 4-Res 754 ; 5-Res 7l

T HIER A EALILE: D P<0.01; SHIA AL 2P<0.05,
Pp<0.01

Fig 2 Effect of Res on the expression of iNOS protein and
iNOS mRNA in liver(n=8,x + 5)

A and B-the result of western blot; C—the result of RT-PCR; 1-normal
control group; 2-model group; 3-Res 25 mg-kg™' group; 4-Res 50
mg-kg'group; 5-Res 100 mg-kg™" group

Note: Compared with normal control group, "P<0.01; compared with the
model group, ?P<0.05, *P<0.01
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AW RS R A U . KSR RO, BUER
EREEANAR P, Ll S ILARU ™) A5 T 40 3 ok
S NRWTAYE . RBERIFRA:, 3 S50PRE I IHe 1)
Ao WREPEIB 07 045 B R k5 0 5 4k R LA
B RS AR P IRIITE T4 &R, S5 HLE
RIEAM B, AR H FTIA A 5 8RR 28 1 SN
PSS S ka7 g

5 RS Mk 805 s B R b, SRR Y SOIR
A B 2 Bk 2 A Ak ) 388 22 B S A D o2 A
M3 ROS KEER . AWML RELN, BRI
ROS W% . SN HTA ALY GSH &b, &
B — 5 T R BE= A n, 50— U7 T B SR
WRZE, 5l A RIS AZER, sz
H H S S (0 7 SRR P B 2 3, A A R R
AT RSP BRI, A Y BOTR 3 2 W RS P T
P 4k & PE O N R, X S SR T AT 45—
HU, R, PR AT SR AL, i PEAL ROS
ACEREIN, 40 BB FE b LDH /K7 R T,
PERTEAAL N BORAS T, P4 Bl ™ ERIR, 41
furh LDH KRB0 AR RS0 . JiliH] Res WAE
ROS /K >FP&M%, GSH & WkE, LDH 3P,
e BN A S A AR R B AR BRI A
Zirh Ay &, b BHERER, 78 Res
- FRURT A 7 K 5 12 (0 JF 40 B A A N R S 0 i B
filel, PR AT 52 4003

T3, RS 4L 20 3 2E R A Y
WOIRASAT L5 S 5 28 1 5 A DG 1 4 it R - 7
IR BB F-a(TNF-a). A 41A22A0). T4k
FAFN)SE, i 2 MR 1 5 P 4 PR - P 35 8L o
YRS 1 JHF 453 407 I8 7 2 22 8 0 A [) 440 i D) o JHF 451
A998 BRI R b TR B AN R 1, — 5 Tl e PR TR
T TNF-0.. IL-1B. IL-6 25K FTF!', 55—,
B2 M S N 40 DR 5 TL-10 257K R RN, R
8 22 10 98 P DR 78 T 4 2L A e 403 40 A FH A ok
IR AR DR AN BRI 40 B AR PE T, 1T EL
PUIE A7 (09D 1] LAASE 98 M DR -7 (9 4 L AFDG 3555,
DS RS2 203E— B>, ARBFserh, W
JFFRAG RS AR 20K BRI TNy 7K1 835 L THRI I 7
IL-10 KPR R, 5 LR IRIEATF . TFN-y &2 —
Foloos 4 i oy s AT PR R /Ny T 2 1k, AT R
Z N M e 5 PRI S BE BT, AE SR R Y. AR A
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M R i W R IL-10 2 F
Z AN M IR T, A5 JE RN e N R A L)
VER, LA 2 PE N . DRI Al i I
A R SR B A L PRI AT EF4Rb it R A
J2 FENS), TFN-y 1 IL-6 f447 PR S+ B4 (17 2
52 R PR A AL h A BIRE S, WFS 4l ],
Res 1T BH (PRSP 453497 B 4k k. TEN-=y R J3CH o
IL-6 ZK-FBRAR, AT 28 P R 1 KPR bt &
PEDI 77K, R HERHORS I a3 R R4 VR

NO 2—MNZIhesn+, EFEIT, Y
H 45 /7 NOS Rl eNOS 5 3/~ 4K /KF NO, 1N
JH RSSO IR D R A 5 I B 2540, (R, fesa btk
MECIRA T, 428 NOS Bl iNOS Wi, s ki
NO #i & B, HAT R EFA e e, 21
JH- 4 B AR AR A SR O 2 F 2 —, 2 PP
JE3505 90 IR R R I L AN K
o R NO S T S T RN A AR
AT ONOO™, HAFZREMRNY, ik
— TR IR, R A g e A
AR OCREY T ARG 25 FR I, WOk I I P
R LU NO 1 iNOS 7K1 Bt 1 5 ok R 4 2 2 T
B, Res & AT ALZUH &0 iNOS 7K F-Ai
NO WKRJE, Wb HmE=4, WERIG R N
KA, #7R INOS 5% 7742 NO TR -8t v R #E4E
F, Res UIERL ] iNOS Rik, 9> NO A,
PH I NO fEAUAL TN Bk 7R

ZREFTIR, TRS PR A5 05 5T 40 A A 1 S 3
WRERAE, REF TR PLREF TR TR,
[FIf, iINOS M ERVH IR, g, #5374 NO
4% ; Res n[4ii] INOS Fi&, fff NO f=A:uib,
BEL T A NBCIRAS R 72, BRI R 1k R /K
PR PLRNED 77K, T BRSP4 e v 4k
RNERN, PR PE R d L ORG1E F, ATTh
I PRI N Res B HAALDII7 6 RS 20 JH- 407 £ 62
HET
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