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B (CRP). WUBR#BE(CK). WUBR B ) T8 (CK-MB)& 2 & K R & ML LA B AL B ALEE (SOD) . BB H Ak
i$ A AL B (GSH-Px) . A =8 (MDA) & B AALHE /1 (T-AOC) K-F; KA HE £ & %A K R s ILLL L% 2
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Abstract: Objective To explore the protective effective of visnagin on rats with myocardial ischemia and reperfusion
injury (MI/RI) and its mechanism. Methods Sixty rats were divided into 6 groups randomly: Sham control group,
model group, positive control group (Fufang Danshen, 200 mg-kg™') and visnagin 4, 2 and 1 mg-kg"' groups. The
rats in each group were given corresponding drugs once a day for 7 days. After 24 h of the last administration, the
rat model of MI/RI was established by ligating the anterior descending branch of the left coronary artery. After 2 h of
the modeling, the left ventricular end diastolic pressure (LVEDP), left ventricular systolic pressure (LVSP) , left
ventricular maximum rising/dropping rate (LV +dp/dt...) and the mean arterial pressure (MABP) of the rats in each
group were recorded. The biochemical methods were used to detect the contents of LDH, CRP, CK and CK-MB in
serum of rats and the levels of SOD, GSH-Px, MDA and T-AOC in myocardium tissue of rats. H&E staining was
used to observe the changes of myocardial morphology. The expression levels of NF-kB, IkBa and IKKB mRNA in
myocardial tissue of rats were detected by reverse transcription—polymerase chain reaction (RT-PCR ), and p65,
p—p65, IkBa, p—IkBa, IKKB and p—IKKP protein were detected by Western Blot. Results Compared with the
Sham control group, the LVEDP of rats in model groupwas raised (P <0.01), the LV xdp/dt,., LVSP and MABP
were reduced (P <0.01); the contents of LDH, CRP, CK and CK-=MB in serum were increased (P <0.01) ; the
arrangement of myocardial fiber was disordered, the nuclear pyknosis, dissolution and inflammatory cell were
observed; the activities of SOD, GSH-Px and T—- AOC in myocardial tissue were decreased (P<0.01) , the
concentration of MDA was increased (P <0.01) ; the expression levels of NF—kB and IKKB mRNA in myocardial
tissue were up—regulated (P <0.01), IkBa mRNA was down—regulated (P <0.01); p—p65 and p—IKKB protein was
up—regulated (P <0.01), p—IkBa protein was down—regulated (P <0.01). Compared with the model control group,
the LVEDPs of the rats in visnagin 4 mg -« kg™ group and 2 mg - kg™ group were reduced (P <0.01), LVzxdp/dt,..,
LVSP and MABP were raised (P <0.05 or P<0.01); the contents of LDH, CRP, CK and CK-MB in serum were
decreased (P <0.01) ; the pathological injury of myocardial tissue was ameliorated obviously; the activities of SOD),
GSH-Px and T-AOC in myocardial tissue were increased (P <0.05 or P<0.01), the concentrations of MDA were
decreased (P <0.05 or P<0.01); the expression levels of NF-kB and IKKB mRNA in myocardial tissue were down—
regulated (P <0.01) , IkBa mRNA was up- regulated (P<0.01) , p—p65 and p— IKKB protein was down—
regulated (P <0.01), p—IkBa protein was up—regulated (P <0.01). Conclusion Visnagin has protective effects on
MI/RI in rats, and its mechanism may be related to antioxidant stress and inhibition of NF-kB signaling pathway.
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0.1% DEPC ¥R 7 iR AL BT i BF rp , Im AT
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35 MEFR; 72 CRV 15 min. HUSR
Yy, T 2.0%Bi e GRS

SRIESESEE
TR DA B-actin 55

B-actin  GTTGGAGCAAACATCCCCCA

WOLHEE NS, 7rHr 4 H S AR R 18K
T AL 1.

*1 PCR3|4F3

Table 1 Primer sequences for PCR

HIN LI (5—3") THEsI(5—3") 7K E bp
NF-kB  CAGCTTCACTCGGAGACTGG  ACACGGAAGCTGGCTTTGTA 341
IkBa  CGCCTAGACCCAGGCATTTT  TTGGGGGCGACTTTTAAGCA 279
IKKB  TTTCATGTCCTCAGCGGGTG  TCCTGTCGGCATTGCTTGAT 214

CGCGACCATCCTCCTCITAG 186

1.10 Western Blot {5460 K ELOILAIZE p65. p—p65.

IkBa. p-IkBa. IKKB. p-IKKB H 1M #£L H
KECOWIALZ) 100 mg, 555 & ABKA 2.0 mL
RIPA 25 2 (3 B RR BEHI I 7)) 19 ) K g vh 5840

213 FoK FERE 60 min,

T 5 70 22

/{& FU%

JE LA AR T 1.5 mL IO, L4 °C.

12 000 r-min"' (Z.02F48

40 em) B0 15 ming UL

i, R BCA EMESHARERWRE, HiHERE—
B OMASEARRRE R BRI, AP 5 min (AR

xR 2 HEREX MI/RI KO LVEDP, LVSP, LV+dp/dt... % MABP

P B 10 WL EEARES ERE, RURIEFT SDS BEM L
k. OFERE . PUREH . —bURE . ChimE gL
B, wJa, R ECL B Ba, TEBEIT
Wi, s DL B-actin AR KEE NS, R
JH Quantity One #f4H3 7 H E"Jﬁlﬂﬂ"ﬁﬁﬁéﬁéljkﬂﬁo

111 Sit*#Re Bk SRA SPSS 18.0 Stk 1y
BRI TP A B bR 2 (v 2 5) TR £
2 [B] b A8 ok FH B R 2R 7 25 430 1 (One—way ANOVA) ,
I FL R T LSD #2565 DA P<0.05 A2ERA 51T

PN
R

ZR

2.1 % Bl ok & %F MI/RI K B0 JE LVEDP. LVSP.
LVzdp/dt... 2 MABP #3gm 255803 2. 5EF
AL eds, MI/RIALRIZE KBGO HER) LVEDP BH i 7t
#, LVxdp/dt... LVSP & MABP Bl i F &, 2251
B X (P<0.01), SHEAALE, TS
R MBEROKRER R . AR AR RO IR LVEDP B
AR, LVdp/dt... LVSP X MABP Bl i J+iE (P <
0.05, P<0.01),

YEMH (x £5, n=10)

i Pk &%) MI/RI K BT LDH. CRP. CK

K CK-MB &k 5% i

BRI 3. ST

B, MURIFRIZH K IME ) LDH, CRP, CK &

CK-MB 7% B (P <0.01),

HRH e, 2

Table 2 Effects of visnagin on LVEDP, LVSP, LVxdp/dt.. and MABP in MI/RI rats(x +s, n=10)

2153 Fit/ (mg-kg!)  LVEDP/mmHg  (LV+dp/dt,.)/(mmHg-s") (LV-dp/dt,.)/(mmHg-s")  LVSP/mmHg MABP/mmHg
BFARA - —3.86+ 1.44 5488 506 2385+336 121.34+13.53  107.82+10.66
R - 5.86+0.96 2650607 1263+246" 6536849  54.52+6.39
Ve Yivi! 200 —2.48 £0.47%* 4745+290" 2180+2514% 107.97+8.10*  91.04+6.08""
PBITK 2R v 77 k24 4 -1.63 £0.49%* 4043 £370%% 1840 + 1654 97.12+15.13%*  85.20+5.04%%
BRI 2 1.77+0.72%4 3473 £365%% 1648 +196° 87.96 +10.60%°  69.36 +6.98°%
BRI k2 1 5.19+1.07 29554165 1328 +155 73.40 + 8.89 59.04+5.20

W SETARAILE, TP<001; SEIAIHE, “P<005, “*P<0.01. 1 mmHg~0.133 kPa

J7 P2 R 4R AR 22 R 7 o 2K RS ) LDH
IR FRE(P<0.01); BIrFES R Ak kR
L PRE AR BRI A CRP. CK M CK-MB i
PER R (P <0.01).

* 3 HMKEX M/RI KR IME LDH, CRP. CK B CK-MB FMEHIZNE (x +5, n=10)

Table 3 Effects of visnagin on serum LDH, CRP, CK and CK-MB in MI/RI rats(x £s, n=10)

285 FlE/(mg-kg™) LDH/(U-1.") CRP/(mg-L™") CK/(U-L") CK-MB/(U-L")
TFARA - 86.72 +7.37 2.56+0.51 181.91 + 14.26 127.81 + 14.23
GBI - 16732+ 1545 566078 407.21 +38.63 278.53 +17.80"
PR 200 118.16 +9.25"* 3.42 +0.56"" 258.47 + 40.19°* 155.73 = 17.294%
P BT OK 3R fe 79) 4 133.37 £ 9.834* 420 +0.35%% 301.92 + 25.35%% 181.16 + 12,5244
BT OK 3 HR) 2 152.56 + 12.31 4.43 +0.80"* 347.96 + 28.22°% 226.42 +13.71°%
P AR ZE AR £ 2 1 159.10 + 10.36 5.13+0.71 390.52 + 24.46 246.40 + 18.06"*
HE: SRFARLAILE, TP<0.01; SHEBAINE, “4P<001
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2.3 i Pk &k MI/RT K B oo UL AL 25 BEFJE &5 1)
W ZORILIE 1o BT AR R RO L LT 4EHES )

I, ASMSERE, OIS TEN, R ey
2)5 MU/RI BRI R RO WLEFAEHRS I ZK0L, AR
2, Al WK E AN AT A BRI, AR 4 R
%, ARMEANERE . SR LE, 2 2R
AN BAToR R e P AR RO UL 8L AT B
WkE, AMET R e R, IO WLET 4 K
ES GV

o A b, M o. ITFHE A
B ERRER MURI kRO HLA DR

d. Bk R AR
J80E (HE €, x200)

2.4 iR FAF MI/RL KELOILAIZ SOD. GSH-Px.
MDA } T-AOC K F-iigm 45805k 4. 5KF
AR B, MURD AR 2 K RO L4 2R SoD,
GSH-Px } T-AOC 7KV ZREAK, MDA 7 it b 1
i, ZRHESEITT¥EX(P<001), SHEA
B, BhHHSRAMERRERE S miE g KR
WLZHZLH) SOD . GSH-Px }2 T-AOC /K W TH &,
MDA &R FEMR, 25 ASIT2E X (P<
0.05, P<0.01),

Figure 1  Effect of visnagin on myocardial histomorphology in MI/RI rats (HE staining, %200)

&4 HWRKEN M/RI XROAEALR SOD. MDA, GSH-Px % T-AOC KFHIFM (x =5, n=10)
Table 4 Effects of visnagin on the levels of SOD, MDA, GSH-Px and T-AOC in myocardial tissue of MI/RI rats(x s, n=10)

205 it/ (mg-kg™) SOD/(U-mg™) MDA/(nmol -mg ") GSH-Px/(U-mg™) T-AOC/(U-mg™)
BFA4L - 239.59 + 30.04 6.89 + 1.53 296.26 + 16.71 51.71+7.13
AL - 88.96 +11.92" 24.89 £4.07 117.08+17.29" 2347+597
CWiPRE 200 207.82 + 19.74%% 9.84 +2.62% 228.13 + 15.57°* 4426 + 5.80%°
R ST 4 181.56 = 16.72%% 14.87 + 4.4242 196.01 = 21.16%* 37.44 + 8.35%%
W BR R TR 147.86 = 13.27%% 19.90 +4.21% 157.03 + 18.85%% 31.08 + 6.68"
IR AR 2 1 100.31 = 9.84% 2227 +4.11 140.03 = 12.42%% 25.65 +5.50

e SEFEARAIE, TP<0.01; SEEAE, *P<0.05, **P<0.01

2.5 YibiPk Z 0 MI/RT K BLOILALIZ! NF-«B. IKK.
IkBa mRNA £iEKFiygm 2558 0LE 2, £ 5,
SBFARA R, MURIARIEIFOHIZHZI NF-«B |
IKKB mRNA Fik/KV- 02 i, IkBa mRNA Rik
KFRETHE, ZRHA5ITEEL(P<001), 5

186 bp

B-actin
A B C D E F
e ARFARA; BRI, C ZHSRA; DAAFDKRR E
A B AFBDRZE DRI F. RS AG 2
B2 HRKEI MI/RI XROAALR NF-kB, IkBa, IKKB
mMRNA A 7K F IR0
Figure 2 Effect of visnagin on the expression levels of NF-«kB,

IkBa and IKKB mRNA in myocardial tissue of MI/RI rats

BRI i, B PSR Ak B oK R 4550 e gl ok
BLOIHZUE) NF-kB . IKKB mRNA ik /K 44701 i
T, IkBa mRNA EAKFIE R, Z2RE45
2R X (P<0.01),

x5 EAKEX MI/RI XROAALR NF-xB, IKKB. IkBx
MRNA FRiAKFHIFM (x +5, n=10)

Table 5 Effect of visnagin on the expression levels of NF-«kB,
IkBa and IKKB mRNA in myocardial tissue of MI/RI rats (x + s,
n=10)

13 it/ . . ‘
2 (mg-ke") NF-kB/B-actin  IKKB/B-actin  IkBa/B-actin
BFARL - 0.126+0.028 02620042  0.751£0.037
gl - 081200437 07030038 0.132+0.026"
Y Lyl 200 0.203+0.026%* 0.306+0.032°* 0.617+0.055%*

0.286+0.015**  0.417£0.035** 0.497£0.028"*
0.481+0.037**  0.509£0.037** 0.304£0.031**
0.583+0.047** 0.629£0.033** 0.179£0.023"*

PR e 41 4
WRDK 4 2
WRPRE 4 1

W 5EFERALE, TP<0.01; SEBALE, ~°P<0.01
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2.6 Pk AT MI/RT K B0 LALZE p65. p-p65.
IKKB. p-IKKB. IkBa X p-IxBa 1k K Fl
w25 3. R 6. HSRFARLLLE, MIRI
R K FLO LS p—p65 . p-IKKB [ F kK
P B, p-IkBa FEEARILKFRETIH, 25
PIE G4 E X (P<0.01), SHERIALE, Z))
Z R ASRARE S SRR RN L p-
p65. p-IKKB H AR IAACFIE NI, p-IkBa H
TR B, 258a5T R X (P<0.01),

p-lkBa P o e ) WP ———  — 30 kDa

IkBa

e W W wesw ‘Ssmm 39 kDa

p-IKKB D e — — S 36 kDa

IKKB

— —— — — — — 0 N ]

D05 e D c— c— e— @ ) <D:

65 65 kD
P o cm— G— Cum— G— Qu— a

Fraclin sy " S S S —
A B C D E F

T AT BB, CAZJTIZ 4 D.RIDR S Rl
E. BRI AL b R AR
B 3 &K EX M/RI KROALELR p65. p—-p65.
p-lkBa. IKKB. p-IKKR ERAFKILKTFHIZMM
Figure 3 Effect of visnagin on the expression levels of p65,
p—p65, IkBa, p—IkBa, IKKB and p—IKKB protein in myocardial
tissue of MI/RI rats

IkBa,

3 g

O LI I P VR0 45 (MIURT) S2Ife PR b I Bl 1.
ﬁﬁ%ﬁﬁﬁﬁ¢mm%ﬁm%@@ﬁ% TME
O LR S, SR O LA MR AL, iE—20 ik
ﬁb%%%%W%JDm(mRCK&CKMB#m
WA AL T8 A 2 I R b 0 BT AL ke it 958 45 1) o 2 S

#= 6 ERKEX MI/RI KEROALALR p65. p-p65.

Table 6  Effect of visnagin on the expression levels of p65, p-p65,

of MI/RI rats(x s, n=6)

IKKB. p-IKKB.

0, OJJE LVEDP, LVSP. LVzxdp/dt.. % MABP 4% Ifil
W I F SRRV O RE D) RE R AR AR, BT
K FR A BT K 2 2 IR A 24 A ) R 25 R
Y, ik 2 PP i R IR . RPN SER . A
WFFE RN, 15 PR 28 AT I 3 s MI/RT R BLC I I
1%, FERREUMYE LDH, CRP. CK K CK-MB
EAA A, WG RO WL SUR B . 45 R4
N, WBRZEXT MURT BRI UL R 1E

SRR, A AR SN S5 P R
R MURIL B BRI . 76 MURL B HLS R v,
F T ke I 5k A T B A S R, T A AR
A2 T, RS AMEERTHRE, ™4NE
it AR RN, R A B B 2 A Y e e, il T
IO WL 6 P B 340 o DRIk, o 3 4Rk 1
B4R N R AR AN BT IA MIURI 1 32 48 it 22 —
SOD. GSH-Px SR WEBR A M R E R, i
T-AOC J& I B ML IR BT S AL e ) M E B R b 2 —
MDA & HA7 40 e 80 19 i A B 27, K
T 3R F8 b w40 25 40 7 40 o S P 7 385 5 7 g 46 47
FREER,

NF-«kB 15 518 i 5 4 P J b B VA oG, A Bk
AT, NF-«B ITCIHTERY pS0/p65/1kB AT A7
TEF U™, MURD ASWHE 4 A F 3Ry Ak, o]
PO A LU LB R AEA T, 376 IKKB, fiHA
IR s p-IKKB 5 p50/p65/1kB WA IREE A, fili
IkBa BABIRFNZ Z4b, 5% p50/p65/1kB K&
RS, p6S KAMERR LG iiFEs s WESHY p6S BE
i T I A RS AR REA% , 5 DNA L HAR R 5
K (40 TNF-«, IL-18 %% R GE N 1) /5 oo {4 4%
G, AL R R S, R E BT AR AN B 4
%, PRSI I R N, IO L 2L g
FRPERT,

[21-22]
o

n=6)
IKKB and p—IKKP protein in myocardial tissue

IkBo, p-IxBo & HFRIEKFHIEM (v =5,
IkBa, p-IkBa,

4151 Fltt/(mg-kg)  p65/B-actin  p—p65/B-actin  IKKB/B-actin  p-IKKB/B-actin  IkBa/B-actin  p-IkBa/B-actin
FARA - 0.412+0.028  0.286+0.024 0.539+0.041  0.328+0.037 0.731+0.050  0.846+0.043
PRI - 0.405+0.047  0.861£0.040"  0.540+0.049  0.652+£0.046  0.715+0.033  0.363=0.040
CIBRE Var | 200 0.439+0.028  0.343+0.038°%  0.510+0.030  0.372+0.034°%  0.756+0.026  0.819+0.049""
PR R 2 ) dat A 4 0.409+0.037  0.419+0.020°*  0.508+0.028  0.416+0.032°*  0.726+0.020  0.684+0.039"*
S0E S bl 2 0.431+0.040  0.557+0.034°%  0.548+0.035  0.512+0.033°% 074220024  0.460=0.033°*
A TR ZR AR 2 20 1 0.445+0.020  0.628 £0.036°*  0.515+0.033  0.605+0.021 0.733£0.012  0.41320.050
T SETEARGILE, TP<001; SEBILE, ““P<001
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