PP S OO0 T A L T 458 3 A R /) B S A O R % IS
iipA
A OBLE EERDMERATF(RELARERFRMLEL 710068)

FESES RI65 XERERE A XEHS  1001-0408(2018)15-2068-05
DOI  10.6039/j.issn.1001-0408.2018.15.12
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K AR A (A3 2 K) Ao RS BAK P LS AE41(10.30.60 mg/kg) , FFLAS R, HRMEEALL 1R, EELETd, BBLER
Jo IR Rl A Bt ) R34 F P 60 minJ& B2 6 h BB VR AG AR A . A4 kG Al &4 R fe i F &
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BB 5 FALSE AT K RIS, MM 4142 F R =8 (MDA ) (A8 R AL H ALEE (SOD) \ TNF-o mRNA . IL-6 mRNA % 4% 4% & K F«B
p65(NF-«xB p65) & & &k L, 2R 5MRF R4k BEA 400 R o7& ALT ,AST . TNF-o.,IL-6 A B AT 21 2% MDA ,SOD ,
TNF-a mRNA ,IL-6 mRNA #o NF-kB p65 & & £ ik K-F3) 2 I & (P<0.05) s FF LR A A K% K a0 iz 8 T am JL 3R st , K g
o2 EIH(P<0.05), HAR A E, R FIRECBAH B8 R fiF P ALT, TNF-af= i 21 22 F TNF-o mRNA MDA .
NF-«B p65 %& & & ik K- A BAFLLLR F o 37 5 IR 2390, LA &4 R IR ARK-F 3 B F K (P<0.05) ; FAZE S0P |
B A BAT et M R T I R A AR R REBGRR R ERE, Sk TRAE SBITT VR B4 82 LA R
AR, B2 ) B Kb s AR R AL T Ak 5 R AR AL R ) KRE LR e AR 4148 T NF-B p65 % @ 09 Rk A X .
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Effects of Neferine on Oxidative Stress and Inflammatory Reaction in Hepatic Ischemia-reperfusion Injury
Model Mice

ZHENG Wei, HAI Jun, SONG Xiaoxue, CHANG Hulin, DU Lixue (Dept. of Hepatobiliary Surgery, Shaanxi
Provincial People’s Hospital, Xi’an 710068, China)

ABSTRACT OBJECTIVE: To investigate the protective effect and mechanism of neferine on hepatic ischemia/reperfusion (I/R)
injury in mice. METHODS: Totally 40 mice were randomly divided into sham operation group (normal saline) , model group
(normal saline), and neferine low-dose, middle-dose and high-dose groups (10, 30, 60 mg/kg), with 8 mice in each group. They
were given relevant medicine intragastrically once a day for consecutive 7 d. After medication, except for sham operation group,
mice in other groups were given occlusion of liver pedicle 60 min and then given perfusion for 6 h to induce hepatic I/R injury
model. After modeling, the levels of ALT, AST, TNF-a and IL-6 were detected. The pathological change of hepatic tissue was
observed after HE staining and the inflammation was scored. The levels of MDA, SOD, TNF-o mRNA and IL-6 mRNA, and the
protein expression level of NF-kB p65 in hepatic tissue were determined. RESULTS: Compared with sham operation group, serum
levels of ALT, AST, TNF-a and IL-6, levels of MDA, SOD, TNF-oo mRNA and IL-6 mRNA and the protein expression level of
NF-kB p65 in hepatic tissue were increased significantly in model group (P<<0.05). There was a large number of inflammatory
cells infiltration and hepatic cells necrosis, and the inflammation score increased significantly (P<<0.05). Compared with model
group, except that serum levels of ALT and TNF-a, levels of TNF-o mRNA and MDA, protein expression level of NF-kB p65 and
inflammation score of hepatic tissue were not significantly reduced in neferine low-dose group, above indexes of other groups were
decreased significantly (P<<0.05). In neferine middle-dose and high-dose groups, the structure of hepatic lobules was complete,
the morphology of hepatocytes was normal, and pathological injury had been significantly improved. CONCLUSIONS: Neferine
shows protective effect on hepatic I/R injury model mice in dose-dependent manner, the mechanism of which may be associated
with reducing oxidative stress, inhibiting inflammatory reaction and reducing the protein expression of NF-kB p65 in hepatic tissue.

KEYWORDS Neferine; Hepatic ischemia/reperfusion injury; Mice; Inflammation; Oxidative stress; NF-xB p65
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AW oy, AR ILAE UL/ SR AR | A T
MU BT L PURAE L A TS B P LB
T U e S 7 TS BAT B A A FE AT
TR T TAT , FP S 0T LA T VR 453403 B TP EF 4, {H
S HELAHIL ] R (PR o AN TR AES . Rk, 2B E %
P 22 0 B 75 AT 3l e BT AR BT AR A R DU T /R A
137 g Bl e Il AN TR /N BRUTE R SO 43¢
b RS o BB /R 45473/ BRI S S 1z Y
SO, Shy I 1Y P R B D2 T /R 453 1) 1 AL %
Hb— IR RIS %

1 7
1.1 {438

BX-51 & i 1385 ( H AL Olympus 23 ] ) 5 5415D %Y 5
G 2L (8 Eppendorf 23 w1 ) 5 3 B HL Pk A (€ 5]
Bio-Rad /A ] ) 59700 %I 25 & Fg4ik =X S v (PCR) 4 3 4%
(Z£ [ Thermo Fisher Scientific A &) ) o
1.2 Z@m5ikH

FH RS O b o i (T S 1R R 2B SR A PR
H L, S MB6707, 4l : 98% , {ii FH A= FRER K T B AH 1
e ) 5 TN & BRI 4 il (ALT, 595 : CC009-2) R A% iR
5 57 il (AST, 4% 2 . C010-2) . 7§ —. 1% (MDA, 1% & .
A003-1) Fli AL Pz fL il (SOD, 5555 : A001-1-1) I
TR B0 T R A 8 AR ) T AR SE B 5 R SR AE I o
(TNF-a., 585 : 1802261) . [ il Jiid /> % 6 (IL-6, 78 5 -
1803251 ) Jil JE #3281 [ (ELISA ) 1 5 328 51) 4 24 g T+
YR B R A W B AR A IR ] 5 B Bt Si ik ) o B 3o i
SE-PCR (RT-PCR) ¥ 141 71 £ ¥ 1 [ K 3% Takara 23 7] ;
S/ 5Tk B p65(NF-kB p65)—4 (b 511
FRAEVFARAF BT s B AP RHR B EhT e —
AL S AEYHAREBR A ) s RT-PCRIAK H1 5
Wit A T A AR Rl B HARiaR 4 ati.
1.3 4

SPF i fidFE C57BL/6 /N 40 H, & ,6~8 A4 145
1T 22~26 g, W [ 75 2 2838 K2 R 2R s SL g vty
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TSR TR N 22 °C X EE N 50% (12 h/12 h B 548
s b, e B R
2 FHik
2.1 /PMRIFURIRGIEERIAE L

INEARBITES EARES K 12 h, LA E 24 s 1 45
(40 mg/kg ) IR, B 5B Hr 2R 1E H B0 FT R i i o I
5, FAOCR 0 145 Je e P41 FF 5 60 min J5 , 025 145 e
PR A ML il G /R 453493 (AT L B i JHF P B30 €2 Pl S K €2
AF AL )™, 52 KM
22 W AB55ER

B/ BRI W PR TR R 1S BEAL 2 B TR 4L B
ZH RN H S ORGP R R A, A 8 H L
ARG L R s ROHE O S 0 A 10,30, 60
mg/kg® BT AR YL /N B T S5 R B A FEER K

T EHE 2013FEFE205FE 158

FERUNZN VIR, L2 T d, Sh2has )G R 2H A
FESE OIS P R R 2 /N B 2.1 IR vk A
R B ERY ARF- AR/ RATERFAR (CURB S 1718
FOCME AL B, N BHWT T I3 ) o FETE 6 h  IEE &
ZH/INER A LR 22 B bR o 8 ILRAE 4 C 4%
R LA 1 500xg B0 10 min, WCAE LT , 85 TR PR A T —
80 CHM T WAf s HEFR A 2 AR R 5, IR FE
F—80 CH&M Nk
2.3 IMiEH ALT . AST . TNF-o#0 IL-6 7k iU E

BT, 4o 3014 HE A I 3 570) 6 10 B A5 454, AN 4%
ZH/NEUMLTE H ALT . AST . TNF-a 1 IL-6 7K,
2.4 FANRERSFUR

U2, 5 A S AL B S 4T 4 wm U0 1,
S AT AR - LT (HE ) Y 0, 76 B A0 T WA AT
L LU BT A2 AR AT RAETE Sy o PEAThmifE 4n
TR RAEAAL, 0 535 148 il E e VA IR 1
I35 SAEANETE AR JZ IR 1A, 2 43 5 R PE4N
TERAR R IE 29 2~4 A4, 3 4% 5 48 i 40 i TE B 3A
R R 4~5 N, 453
2.5 BF4EZTH MDA .SOD 7k FilllE

BUHTBEF2H 270 0.1 g, FH 4 CA= FRER K PR, %
YU T Ky BRI o R IR BB SR AE 1 BT in
AR ARR (mL) A8 AR BRER K T35, iR 10 9% 14)5)
WG IRIGTE 4 CEAF T L6 000xg B0 10 min, Y4 |
T8 VR, e BECAE N 3 R G 100 B A B AE L R I B T v R
MDA .SOD /K-,
2.6 BFZHZA TNF-a.IL-6 mRNA Rk K FEE

FHIRT-PCRIEFATINE o BS54/ BRR A 2
21100 mg, #% Trizol VA& 5L RNA, St #% 5% 5 /8 cDNA,
SR 5 2 B RT-PCR ¢ 3% 1070 &5 U BH - B AR D14 H 19 3%
o TNF-05| ¥ )% 4 : LiEs19 75k 5" -ACGTCG-
TAGCAAACCACCAA-3 , FiE51 Y1751 R 5" -GAGA-
ACCTGGGAGTAGACAAGG-3' , ¥ 1 H- B K Ji Jy 146
bp; IL-6 1 i 51 91 ¥ 31 4 5’ -CAACGGGTGGAACAT-
TACC-3" , R 51 % ¥ 51 4 5 -GGGTTTGCGTTTGT-
GA-3' , 914 Fr B JE oy 422 bp s H I -3- 2 15t L 1
(GAPDH) I i 51 % J¥ %] & 5" -CGTCCCGTAGA-
CAAAATGGT-3", M5 197514 5" -TTGATGGCAA-
CAATCTCCAC-3' , ¥ 3 i Bt K JE R 452 bpo WK :
¢G4k SYBR mix 11 pL, K7€ 7K 9 uL, 2 pmol/L
) F RS 19045 0.5 pL, cDNA BT 1 uL, 4K 5 B3t 22
uL. HE40E95 CHIAEE 2 ming 95 “CASYE 305,60 °C
Bk 30s,72 CHEM 1 min, 40 MEFR; LA 37 °CH-4E
15 minZ5 R RN . SR 27 e H Y LR 4 A
IKAF (U e (27 B ARk Rk 21158 18 (8 P it R 10
HURE .
2.7 FFAZ T NF-kB p65 BB RIEKENE

KGR AR AT E . $ B R BT R
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J, fH R 100 /L AR 13 18 (1 B 1 h, I A et/ B
NF-xB p65 —#7(1:400),4 CHFE LR, 2% 1 A AL 2007
B 10 min, {H BRI S, A B Ak
T (R B ) 2 S — 0 (12 200) , I 0 AUTE 4 — s bk Y i
A, AR ALY 7 AR T T ISR I
OB BN A Y] oA B TE 20 A5
I GEH AT H 24 200 A2, X 2 ZUbRAS R A PR
Y R 5ECH ST et RIS o
FRUHE FEIRTR AR BH: 20 i Y (o FE B T2 A ) 22 < 4
AT B S €, 1 0 40 5 40 M B B e, 3 143
YA B et T 2 40 s A PR B,
341 PHMEANAEEL H 153 00 < I BH A 40 A s P 41
MR 10% , 11207 043 BHPEARIER 109% ~25% , 110
143 5 BEAE 40 0% 25% ~50% , 114 2 43 5 BHAE 40 %
50% ~T75% , i1k 353 s FHPE AN IR >T75% , 110 4 41 .
Yot RN 5 S AT, HEBR AR R R e, K
G Ak 2 e A5 4 = PHPE A0 B H 3o x e R
7
2.8 ZitFEAHE

% Fi| GraphPad Prism software 6.0 X S 56 # 95 17
ARBR REEOR L x + s TR, ZAREA ] FL R FH PR
Ry 22500, 45 LR AS 0] (%) PR R EL 5 SNK-q K5 56 o
P<0.05 WZEFAHIFE L.

3 #HR
3.1 HEZEOHEITFFURBG/NRIME S ALT AST 7k
FRy =SNG

SERT AR AL, HAR A /N R Y ALT . AST
KR T R (P<<0.05) 5 SR RIZH LA, FREE OOl
1 /N BRUALTE FF ALT  AST /K SF- 24 [l B B2 ARG,
IR T AR ERA G E X (P<
0.05) 5 15 FF 320 Bl PG 201 L A, Y R 32 o i v )
ZH /0N BRI H ALT ZKSF- T B3 O ) s 2 /N B
I3 o AST /K- 25 FAR (P<<0.05) o £ 41/IN RN
ALT AST/KFIESR IR 1,

F1 FHMRMFERALT ASTKFERUEL R (x5,
n=38)
Tab 1 Serum levels of ALT and AST in mice of each
group(x*s,n=8)
FIEL

— S TEELH | MLELR
G S T T T

ALT,U/L 51.6£31.1 5912£812° 5084£784° 3852+1183* 307.7+752°"
AST,U/L 574+141 8693%122.8" 8439+111.0° 580.7£200.2°"* 529.1+184.0°"*
T SR T ARA A, “P<0.05; SERI L 4L, "P<<0.05; 5 HIJE
FECHRAG A 1 2 L, *P<<0.05
Note: vs. sham operation group, * P<<0.05; vs. model group, "P<<

0.05;vs. neferine low-dose group,*P<<0.05
32 BEZEOCHEHMFIRBGNRFARRERSE
sEAl
ZINBRURF /R B A B 5 it 7K etk 26 T g PR 94 If. T
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BB, 20 AR /D s HE e 85 R, BRI /N RUH
LN A LR I, 18] 2 UK R A A 15, R
BORA AR . RS O AR5 12 4/ BT 4
JHE PR T DL R AR R, 8 A IR T 4 s 1Ak
7 R REE o | g 7R B 4N BT SN S5 B A 58
B AR S EEA R, DB R MIR T . A4/
BRUTFZH 2 U B S WA 4l R LI 1.

EIE

1 FSENRHFEARARERSUERE R (HE 3
&, %200)

Fig 1 Pathological morphological observation of he-
patic tissue of mice in each group (HE stai-
ning, x200)

HR 8 2 205 PRk Xt R AE A TRy . HIRTFAR
R, HoA & Al /N RO E P4y i 3 T i (P<<0.05) .
EIRRRIL A, F B OB s R i /N R IE P/ ¥R
[ AR AI s oy, G il P S R Rl 22 A ST
R X (P<0.05), H i A% T H 2 3% 0 B I 57 i 4
(P<0.05) . B TF-ARLL AR L 0P SE% UG b L
2/ B LR FE T KR 0,(3.3 £0.7) L (3.1
0.6).(2.3+0.7).(2.240.9)4(n=8).

33 HEEZELHIFIRBGNMNIBEBEEERER
RNZHI0m

3.3.1  IMiEH TNF-a IL-6 K7 SEFRA A, Hsx
&40 7N B35 H TNF-a, IL-6 7K 7 5 % FH 5 (P<<0.05) o
5 RER A b g, B T O B A% R R L 0N I T P
TNF-a IL-6 7K - F AN [ A2 B R AT, v FE 0o
FEAE A ZEFA SRR L (P<0.05) . 5 H IEE 0
IR 20 b, R s o s 711 2 /0N BRUIL T TNF-o0
IR E PR (P<<0.05) o £ 4H/INBUML I A TNF-a IL-6
IR 25 R LR 2.
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£2 HANMRIMEH TNF-0 IL-6 7K FRUELR (x
s,n=8,pg/mL)
Tab 2 Serum levels of TNF-0 and IL-6 in mice of
each group(x*s,n=8,pg/mL)

x4 FHMNBIFHELK S MDA, SOD K F U E %R
(xts,n=8)
Tab 4 Levels of MDA and SOD in hepatic tissue of
mice in each group(x +s,n=38)

) . PEELH  TELR | TIELR " T WRELH THELH TEELR
& ES 14 s 4 g = o e
LI S I T T Y T feti LSRN Ay R Ty
TNF-a  313%76 1833+25.6° 1744+33.6" 1413+25.1% 11254264 MDA, nmol/mg prot 4.1+ 1.1 112+2.1° 11L1+£12°  83+1.1"*  75+13"
1L-6 230173 2292+33.9%  201.1+31.0° 17454292*  168.5+374** SOD, U/mg prot 163+2.1 79+18° 83+0.6" 1154197 12.5+22%

o G IRFARA R, *P<0.05; SRR L, "P<<0.05; 5 HIJE
FE OB 4 e, *P<<0.05

Note: vs. sham operation group, “P<<0.05; vs. model group, "P<<
0.05; vs. neferine low-dose group, “P<<0.05

3.3.2  JIF4H 4 TNF-oIL-6 mRNA £iEKF  5F
AR PR, A% 41/ U2 21 TNF-a, IL-6 mRNA
FRKF B E TR (P<0.05) . SHIRIL] HA, B L3
Lo A% T i 2/ FRUFF 220 b TNF-a, IL-6 mRNA ik /K
- T [ R AT, JH v PR R R ol v AR o 2 2 S
A G (P<0.05) o 5 Y REFE O BRI 4 T
B, HBEE o s ) 2H /) BRUTFZH 24 TNF-0 mRNA 58
KA ZFEAR(P<0.05) o A LH/NRUHZHZ TNF-o,
IL-6 mRNA FKIKACHINE LRI 3.

£3 FHHA/NFRAFALH TNF-0.IL-6 mRNA RikKF

MELR(xts,n=8)
Tab 3 mRNA expressions of TNF-o and IL-6 in hepa-
tic tissue of mice in each group(x*s,n=8)

415 -

TNF-a mRNA IL-6 mRNA
BFARA 10+02 10£0.1
g 48108 314047
HRTE LW 42406 27405
HE OB 4l 3341.0% 23404
HIGEOBR A Rl 28407 22404

I SIRFARAE, “P<0.05; 5L AL, "P<0.05; 5 HI 5L
PR L4, *P<<0.05

Note: vs. sham operation group, *P<<0.05; vs. model group, "P<<
0.05; vs. neferine low-dose group, *P<<0.05

3.4 HEEOHEITAF URBG/NREX N HA R

ST AR e E, HAS 4/ R4 204 MDA 7K
VIR 2 T SOD K- i E AR (P<<0.05) . HEAIZ
Fb A, 5 OB 45 79 4 4 /)N BRUTF 2 21 HF MDA KSR
[ R JEE A AEG L SOD 7K - AN [l A B2 T v , JH v FF R0 il
bRl EAZES A ST FE X (P<0.05) . 5H 5EE
DTN 1 9 RSl e e R R S Y 1 R SN =78 = s AN o e e
H MDA 7K i 35 A1 . SOD /K & 35 7 (P<<0.05) .
&4/ 2R MDA SOD ZKF- 5 25 5 L35 4.
3.5 FEZELOHEXTAT VR B % /NERAFEL | NF-kB p65
EARIEHIN

SRF AR i, HA %41/ BUTF 4121 o NF«xB
p65 £ [ IR KT T 5 (P<<0.05) . SAAUZ s,
B RS OB 45 39 2/ UL 40 P NF-xB p65 25 113604
IOV RIRR B RARG, v B s Ol rp s R i g 25 5
A Git2EE L (P<0.05) , I H I 36350 md = 7] 12t 41 /)N

T EHHE 2018EFE 295E 158

o ST ARA R, *P<0.05; SHIRIL] 4L, "P<<0.05; 5 H
LA L4, *P<<0.05

Note: vs. sham operation group, “P<<0.05; vs. model group, "P<<
0.05; vs. neferine low-dose group, *P<<0.05

FRUFA14Ur NF-kB p65 5 138KV B I8 T L 0
T AT R 2 2H (P<<0.05) o BT AL A4 1P L0
A L R /N U2 200 NF-xB p65 25 132351
SRR R 0.(95+1.2) . (9.0+1.3) . (7.2+1.3) (5.7 +
1.5)53(n=8) , Sy AL & LA 2,

2 FHANRFALH NF-B p6s EARIENEEA
LB (x200)

Fig 2 Immunohistochemistry pictures of NF-k B p65
protein expression in hepatic tissue of mice in
each group(x200)
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JHEL Wk 00 Y 55 2007 2 L 3 A T A A A6 ] o
PAAIE I IR R AAEA BT, 5 R SRy A8 K 4 B A 4
3" NF-xB 2 A N )32 7313 ) — Bl A, 240 i 2 s
T, AT FP R R0 , 2 S AR T SAE 55 A PR
PRI FE, TR SR R 1 SO R - 335 . p65 AL
3772 NF-xB (5 276 P4y, 284 X 2H 21 P NF-«B
p65 1 YRR TN LK HEA T 1RGN IR SE T R
o R I 2 BRI VR 453403/ U4 21 NF-xB p65
HIRRIK . BT JE R LA A Y NF-«B 30 , T
T 9 NF-xcB A 375 & JH I 8 i 40 Sl F- TNF-au IL-6 1Y
FEIRFRET , [7 sf 3K 6 4 57 240 B A 1~ S AT LA i NF-«xB
A AL , TE OGRS , &7 R ARAE S B, AR ad i
ELISA VEA I 2% 2H /) B ML 35 A TNF-o, IL-6 7K F 5082
A 12 A6 I 45 A1/ BB 21 20 TNF-a, IL-6 mRNA 7K
-, DA B KRR A SN A BEUESE T H BRSO AN
A LA NF-xB &3k , 17 HLA] DRI H T 31 48 0 40 g
5 TNF-o  IL-6 1) 7KF-, AT R #2850 /R 453473 1) 7
(I
A P SRR 98 2 A AL 2 T I/R 950 443 17 T 95 B AL
o A BB A SE A Y P TERE T
R, 40 L A 1 22 LV BR R G0 D ae & AR
R ANRERE B I BR L 2 0 F o 5] 2O AR 1Y
ZAN ARG 5 R 2 A= g Bt A S, R S An L g 7
HITRFE . MDA 21 Fl g i S8 Ak SOy 27747, J2
AL HOKP- B IE 48 B8 5 T SOD Sz 1 HLAST AL
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I 2 AL, T R O P T I SRERATRH TR 453475/ B
S MDA K-, I T L 8L SOD K-, 32 B
FH RS om0 I S 400 I TR 45340 5 ) S A S 0
L5 BT, F RS C 0T/ U TR 3505 5 A W 2 A
TRAPVERT, B Rl OR B, HAEIPLR AT RE S
e AP R I ok 4 P I 8 S Ry A 5 , i BLAA B e 4 A
WRE T, SR AE SO B 2 2 NF-xB p65 2 [ 3%
LY S
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