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(SOD), TN [ (MDA ) Al 43 Jot H Kk 42 Ak 9 il ( GSH-Px ) 7K - F 521 . 2K 1 6 98 B3 72 ( Western blot) 46 016 1 348 b0 AL
ZHZUE H Keapl 5 H st 7 E2 M1 DG K 1 (Nrf2) 3Rk K P . 8558 5 IEH 4 LA, MIRTRL Y 20 RO H 181 1 30 4 30 LGBk 1l
PR AE ST B W A D W T 72 T,, T, T, T, B HR 2 R AKX (P<0.05, P<0.01) ; 5B RIAL L 45, 1 3k A A i ALl
MIRIT K BUC HL B, T 28 B 3k % 76 T,, T, Ty, T, IR B HR T 55 (P<0.05, P<0.01) ; 5 IE # 41 e A B2 PT, APTT M TT 3
W 45 4 (P<0.01) , FIB 7 B 8 25 TR (P<0.01) 3 B 41 1fi 355 v PGL /K 2 5 R AIK, TXA,, ET-1 & B 8 % T R (P<0.01) , B A1 4]
D WLZH 21 SOD 5 £ Hl GSH-Px i 7k i 3% P& % (P<0.01) , MDA & 5 J1 55 (P<0.01) ; SR 4L L 85 , 12 3k o £ IE FL4L PT #E K (P<
0.05) ,APTT A ZE K, TT &l 35 4E K (P<0.01) , FIB 7 1 FFAIK (P<0.05) , 23k 3% A1 IR AL AL 1ML 3 PG, K F Tt 5 (P<0.05) , TXA,,
ET-1 % & 8 Z FEAK(P<0.01), 0 ILZL 4! MDA & £ 4% H. SOD % & Al GSP-Px i P 2 2 T 7 (P<0.01) o [&] i 12 3k 5% £ g AL 4l
fil 6% T Keap 1/Nrf2 {5 538 [ {ff Nrf2 3235 8 B+ #5 , Keapl 35 B3 T (P<0.01). 58 33k kA AR LA S 4.0 LBk 1l P
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Protective Effect of Wutou Chishizhi Wan on Vascular Endothelial Cells and Oxidative Stress

in Myocardial Ischemia-reperfusion Rats
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[ Abstract] Objective: To investigate the protective effect of Wutou Chishizhi Wan on myocardial
ischemia reperfusion injury (MIRI) in rats, and observe its effect on such mechanisms as coagulation function,

vascular endothelial cells and oxidative stress in rats. Method: A total of 40 SD rats were randomly divided into
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normal group, model group, positive drug group (Urokinase group) and Wutou Chishizhi Wan group, with 10
rats in each group. Except for the normal group, rat myocardial ischemia-reperfusion injury models were
established. The changes of heart rate (HR) at 10 min before ischemia, 30 min after ischemia and 30, 60,
120 min (T,, T,, T,, T,, T,), and the change of electrocardiogram (ECG) J point after modeling in rats were
observed. The pathological changes of rat myocardial tissue were observed by hematoxylin-eosin (HE) staining.
The changes of four indexes of coagulation [ prothrombin time (PT) , activated partial thromboplastin time
(APTT), thrombin time (TT) , fibrinogen content decreased significantly (FIB) ] in rats were observed. The
contents of endothelin-1 (ET-1), thromboxane A, (TXA,) and prostacyclin (PGIL,) in serum and myocardium
levels of superoxide dismutase (SOD) , malondialdehyde (MDA) and glutathione peroxidase (GSH-Px) of
MIRI rats were observed. Western blot assay was used for the detection of oxidative stress protein Keapl and
transcription factor-E2-related factor (Nrf2) expression levels in rat myocardial tissue. Result: Compared with
the normal group, the ECG of MIRI rats showed significant myocardial ischemic injury-like changes, ST
segment was significantly elevated, J point was significantly increased, and the incidences of HR in T,, T,, T,
and T, were significantly reduced (P<0.05, P<0.01). Compared with the model group, Wutou Chishizhi Wan
significantly reduced ECG J-point changes in MIRI rats, while increased the incidence of HR in T,, T,, T, and T,
(P<0.05, P<0.01). Compared with the normal group, PT, APTT and TT in the model group were significantly
shortened (P<0.01), FIB content was significantly increased (P<0.01), and the serum PGI, level decreased and
TXA, and ET-1 levels increased significantly in the model group (P<0.01). SOD content and GSH-Px activities
of myocardial tissue in the model group were significantly reduced (P<0.01), whereas the MDA content was
increased (P<0.01). Compared with the model group, PT of the Wutou Chishizhi Wan group was prolonged ( P<
0.05) and APTT slightly prolonged, TT significantly prolonged (P<0.01), FIB content decreased (P<0.05),
serum PGI, increased (P<0.05), TXA, and ET-1 decreased significantly in the Wutou Chishizhi Wan group (P<
0.01), myocardial MDA content decreased, and SOD content and GSP-Px activity increased significantly (P<
0.01). Meanwhile, the Wutou Chishizhi Wan group was able to activate the Keapl/Nrf2 signaling pathway,
which significantly increased Nrf2 expression and significantly decreased Keapl expression (P<0.01).
Conclusion: Wutou Chishizhi Wan group can protect myocardial injury in MIRI rats. The specific mechanism is
to protect MIRI by regulating vascular endothelial cell homeostasis and oxidative stress levels and activating
Keap1/Nrf2 signaling pathway.

Wutou Chishizhi Wan;

oxidative stress; Keapl/transcription factor-E2-related factor (Nrf2)
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Pt U AR TR Y A I R B S IE S LA
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B AR SE B TR S — 2 BT 5 Sk AR A R U 2
PO WURE BE 5 75 13 453 43 (MIRT) B AE ML i
7 MIRT K RS UL ¢ K BRUE I 2 A L I v v Y
R FE-1(ET-1), M F A, (TXA,), {5 ¥ % (PGL)
0 LAl 20U Ak 5 fL i (SOD) , N
(MDA) Fl 4 Jot H Ak ik 48 Ak W1 il ( GSH-Px ) K S X
Ji I3 422 3k B 1 Keap 1/4% 5% - E2 AH OC A - (Nrf2)
{5 530 B 52 e, DU Ol 20tk O LR JE 8 3 A T
AR I PRI H o
1 ##
1.1 3% i SD K 40 2, SPF 4%, {& it &
260 ~ 280 g, g {1 TRAAEWHE AR B ARAF,
BA&IUE S SCXK (1L)2018-0001, 7 5256 3@ ot K %
B2y RS sh W10 28 2 0 St (it
2019-065) .
1.2 KA BARR-PH(HE) B a5 & (db &R
KERABRA LS G1120) ; 78 5 F IR B (R
S R 25 A R AR A AL L5 H10920040) ; SOD,
MDA, GSH-Px, ET-1, TXA,, PGL i #| & (dt 5 4 9%
AWM S 43 5 20180119, 20181105,
20181101,20180122,20181113,20181115) ; B-AL 5h
1 (B-actin) PL A& ( £ [ Proteintech 24 ] , it 5N
66009-1-1g) ; Keapl ¥ f& , — 1 HAR 1 & 1L ) i
(HRP) (U Al ) TR R A BRA L A5 4
N BA4497-2,BA1054) ; Nrf2 /i 4 ( 35 [E Abcam 2%
w45 31163),
1.3 254 AR 5K A s 4 B WS - i 90 9 S
s WK IEIR 55 L) B Sk AR A R L b & AR IS T
Z MF R ARR OAS R KR BT AR
R s G RKEPEGRET L REET
o B 5 Sk R A R AL FL 9 (R BT - -
TERANR2:1:1:1:2) 55 i M IR 24 L 4
AR R 45 2 (AR 1.26 ¢, )11 12 0.63 g, B F
0.63 g, T2 063 g, o A l§ 1.26 g) , 7l & K
817 g-kg'o HIZE 7k )Ly (B A 10 5 5
21 K W20 30 min J5 6 RT 60 min, A H Al
2 9 J5 S0 KR 25 30 min, o UE 5 4k 20 8 4% &
. 42 .
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1.4 Y #F BL-420S %4 Y HLAE 52 50 & 5t , HX-
100E 7 /)N 2y ) W W B () #8 8 B R HC A BR A ) ) 5
DR-200BS % i b5 43 #7 4% ( TG 85 £ T18 B 2% A R
v ) ) 5 CA-600 B 4> [ & il 43 A A (A AR 3L B 2 H
B A RA T ) ;A6 B [ B A AL (bt il B4R
A BRAF) ;DY Y-7C B kAL (b5t N — A Y RH
R A A D) ; VDS Bt I 1% X ( 5 E Phamacia
Biotech 2\ H) ) .

2 FHik

21 SHSH KRR IERH BRI R
PR AL 5SSk AR A BRALAL, e LR 3R 1 R
FTey W WA B, IE H A Ah , A& AR R 2%
T L 2 AN (40 mg kg ) IE E ST, BF R BURR
e S A0 RN B 2, DU R R 50 R (ECG) HE B A
o REO R AT B R 5L 3h P i
Mlo WHEEJG UM B 252 2 mm AN 16 ) JT 45 3 ~ 4 1
] Bz Bk, MR OR VI IT 8 B 4 20, 2 & O % 0 I, L 5-
0HEGE R TALDHE TS 1 ~2 mm b EL 4540,
WEA ] mm, %EEA2mm, G R 286 MW,
W B P, LA EGG By ST BE &L 5 35 1) b o e iy A%
Se bR, AR AT D0 ol A8 S X0 = UL 68, 5 AR 4 1
FLAR A, 30 min J5 AT 2544 17 R I
120 min, T PR F R WO AL B . 1E 8 4 RR IS, 4F
KE AT HE T Ak 2, >R A K BRUIE 3= 30 Ik i s JIE A
A% AR S T SRR AH DG FE bR . IE AL E LR
FE BRI A KES LB H 2 mLARES
3, MR AS 1R PR OB 2 DR U IR e TR A, B
10 J7 B A7 19 PRI 5 ff T 2 mL @y 2B B AR K v, 52
YIRS, B R 1~2 min, B E S T KRR AN
5T U-mL'-d", BHIA, LA R 2 mLARS 253 d,
FH LR, B3R R AR ARG A S RIEANS
OB A R e B OC R ITE ARk
8.17 g-kg' MY & 3k IR A g LK BRI EH L L
2mL/AR/IA AT R 3 d, RS 1k, THEIRA
24 30 min J5 , % K BUH 2% 89 18 B B 2 43 41 0E AT RR
s # MIRLAR Y, F P8 7 25 R, SR IO 3 30 ik
B, & 30 min, B0 5 S B , IF 57 BOK b
WL ZL, T UKAR -20 °CIRAT .

2.2 HEJe 8 880 LA 200 22 A h K K BUR
P Jo E AT BORE 65 00 I 20 20 ] vk A B R /K 47
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Pk, SR )5 [ 5 4% FPA 3t 48 h, K v Uk 1 b,
O WU B DX S 7K L35 B I s RN A M L i S 00 R
IF ] 22 5 28k & 86 FE & B — W ORI I I 0 S T
IR R YW A G G 5 K GE W OF = R L 7R
JEEE T (x400) WEE L 45 410 LA BUE & 2228 4k
2.3 BRI AT BRI E E F SRR L, # R4
FI 2l BE I 53 A ARG 4 R 0 S I e A )
(PT), I Ak 350 20 %€ 1L 775 st [] ( APTT) , %€ i il o [i]
(TT)FEF4E 7R (15 (FIB) , JFi0 % K I 45 5%
2.4 I35 ET-1,TXA2 & PGI2 & s (& B850
MLLL 3 000 remin” .0 10 min W4 113 T & 0%,
SR FH T I0C S 8 WG R0 S 32k G 0 1L 5 R ET-1, TXA,
K PGP, ELAA L B DL 0] & i 1 B o 1
2.5 0 JL4 4 SOD, MDA, GSH-Px & #5 4 il 5&
W K RO AL 2L, ik T A PR KB A% 0 L
A bR A, Fe BRG] & Ud B A D a0 L 4 21
MDA % & SOD 1 GSH-Px % .
2.6 FE M ED I (Western blot) & .0y JILEH 21
Keapl FI Nrf2 8 (1R A ME 8 K Lo L4 2Lk
A B rhofin A RIPA 4l VA W )5, T UK b iF
JE ,F 4 °CLL 12 500 r-min” B0 10 min, #l &0 HLE]
W E R EWRE AT E A E R, BH R
JBE e e, R A A 1 B 2 PVDF B B AT
HLUK R, T B PR A8 S 4% K P 1 he A3 HIAEAS
[f] 2% A —$i Keap1(1:2 000),Nrf2(1:1 000) I
B-actin(1:1J7)4 °Cit . W H , H HRP Fric iy —
YU E 1 h o, i H VDS B AR AL 1T I A%
I D AR
2.7 GEitsEsr M SR SPSS 19.0 BG4 i,

R2 BLFAREAX MIRIKARHR B (3+s)

B G 45 RN x5, BT B B A M 2%
FEI SR B 2 07 22 43 B, 9 G LL 35 ff ] LSD- £
B AP IES A EUE I 2 A 2 A HA
ke ¢ #9 Kruskal-Wallis H /5 56 , P<0.05 &R 22 5549 48
ES-3&

3 &R

3.1 X MIRIK RO L EHE PR 5 1E % 411
A, MIRT A B O L [ AT D 308 2 1040 UL 38R o, 453 43 45
AR, ST B i 25 40, I s B 5 T /&1 (P<0.05) 5 5 A
AU H 8, 53k i 7 B AL RN JR 3% 21 34 B8 ff MIRT
RO L T T s B BRI (P<0.05) 0 WLk 1,

F 1 BLFAEREAT MIRIK RO E 1 SE J S8t

Table 1 Effect of Wutou Chishizhi Wan(WCW) on displacement
of point J in ECG 1II lead of MIRI rats(x+s)

4151 n fiilkes VSR EH/mV
EH 10 - 0.075+0.013
50 8 - 0.174+0.0222
PR 4 8 5x10% U-kg! 0.123+0.020%
1 5 i L 9 8.17 g-kg! 0.103+0.019%

W 5 OE 41 H 4 DP<0.05,2P<0.01; 5 #5841 [ 4 YP<0.05,
DP<0.01(F£2~6) .

3.2 X MIRIR B (HR) B0 5 1E 5 4 L
e MIRT R Bl B 893 1.0 2K 3 R B ECG R L
RS KW Y QRS 3, 7T # #h B B MIRI K
BU7E T,,T,, T,, T, i 6] BE HR 2 F& MK (P<0.01) ; 5
BORALHRE SRR 5 % o 1 RS ALAL T, T, T,
T, I 1] B HR & 3 T, 553k o £ JE ALZH HR 3%
BT RN AL, % B R S B X (P<001) .
mWFE2,

Table 2 Effect of WCW on HR in MIRI rats(x£s) X /min
gl n by T, T, T, T,

EH 10 - 374.23+25.73 353.93+27.42 356.26+31.10 360.25+27.47 369.86+31.05

i 8 - 365.86+31.78 238.98+33.64? 242.75+29.262 260.25+25.73% 268.34429.522

PR 8  5x10°U-kg'  384.26+29.58 266.26+26.28% 287.32+31.129 302.53+29.03% 311.67+34.679

53 AR B8 AL 9 8.17 g-kg! 376.30+36.36 292.57+£22.20% 302.26+25.25% 325.87+31.16% 336.40+25.539

3.3 X MIRIA BUWBE S0 B LR R IEH 41
R Bt WL A0 i R 51 B 55, 4548 5E B, 4 i [a) Bt Tt K
i 9 AE 154 L I, A TSR PE IR AE . MIRIZH R
BLCo WL 40 B HE 21 3K L 0 B0 LT 2 AL, 4 i ik
FEEE AR o A M S R AR IR AT, Ak AR T
JR 8 Tl 21 B 5 S i A R AL A0 L 20 D A A 7Y 4
FIRE BT, 0 JILAR M IR S0 R B 0804, O JULTR] J5 i 1M

Kb AR BE ARG, R M A IR I D, T L S Sk R A
BHLZH R BE A 2 pdl R W i . DLIRT 1.
3.4 XF MIRI K BUEE Ifi PY 51 48 #% PT, TT, APTT, FIB
BYFEM 5 R A L, BERLA PT, APTT FI TT 2
B i 45 %5 (P<0.01) , FIB 7 & i % T} &5 (P<0.01) , 2
SHAGIEE L A W, R 41 PT,
TT ¥ i % % K (P<0.01) , FIB & & i % B¢ Ik (P<
. 43 .
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(HE, x400)
Fig. 1 Effect of WCW on pathological changes in MIRI Rats

(HE, x400)

3340 B W

0.01), 225 B4 W& M, APTT #E K (P<0.05) ; 545

AU A, 153k AR A i AL PT 4E K (P<0.05) , APTT
ALK  HES LG I E L, TT B EFEK (P<
0.01),FIB &t W] i F# ik (P<0.05) . W3R 3.

3.5 X% MIRI K B I 7 PGL,, TXA,, ET-1 & & i 5%
M 55 OE H 4 L A, A AR A0 UL I S i PG,
B A, TXA,ET-1 & 5 8 3% THE (P<0.01) 5 S5
RUZH P AL, DR K 1 3k O A g AL 2 R BRI i P
PGL W] & F+ & , TXA,, ET-1 & & F# fik (P<0.05, P<
0.01), W54,

3.6 X MIRI K B0 ILAH 4L SOD, MDA, GSH-Px [ty
S 5 OE R 4, B AL AL .0 L4 4L SOD A
GSH-Px I M i % A% (P<0.01) , MDA & & i 3% J+
{5 (P<0.01) ; 5 BEAU AL LA, PR UG A5 Sk o A i AL
2H g % 2 R A K B0 LZE 21 b MDA & 5t i 3
J+ 1% SOD F1 GSP-Px i #4 (P<0.01), W35,

F 3 SLFABEAI MIRIX R M P IRA 0 (x+s)
Table 3 Effect of APC on fourclotting items in MIRI rats(x+s)

2151 n 3 PT/s APTT/s TT/s FIB/g-L"!
EH 10 - 15.800.62 23.50+1.06 39.90+1.87 2.20+0.10
] 8 - 13.97+0.67? 18.830.512 30.57+2.07% 2.67+0.152
DR W i 8 5%x10* U-kg! 16.73£0.21% 21.17£0.90% 44.47+1.679 2.07+0.07%
LKA g AL 9 8.17 g-kg! 15.13+0.47% 20.17+0.68 37.87+2.209 2.35+0.16%
F4 SLAFABAI MIRIKRIMLEH PGL, TXA,,ET-1 & 2 M0 (f+s)
Table 4 Effect of APC on serum PGI,, TXA,,ET-1 content in MIRI rats(x+s) ng-L™!

451 n bl PGI, TXA, ET-1
EH 10 - 271.96+11.65 73.56+2.32 65.43+1.53
! 8 - 115.41+11.322 163.95+6.502 183.48+6.91%
DR 8 5x10% U-kg! 166.77+18.72% 123.51£2.61% 115.95+4.019
5395 A B L 9 8.17 g+ kg 153.70+£10.93% 124.22+6.63% 101.98+7.65%
x5 LBAFAEBRAINMIRIXRCHEALF SOD, MDA, GSH-Px FJ#I (x+s)
Table 5 Effect of WCW on SOD, MDA, GSH-Px in myocardial tissue of MIRI rats(x+s)
215 n 7l i SOD/U-mg’'! MDA/pumol- g GSH-Px/U-mg’

EH 10 - 16.29+0.54 0.31£0.02 164.80+ 9.23
A 8 - 6.39+0.362 0.90+0.122 79.81£6.67%
Rt 8 5x10* U-kg! 13.44+0.53% 0.58+0.08% 116.74+8.53%
L3 AR AR AL 9 8.17 g-kg! 14.58+0.54% 0.49+0.09% 126.14+10.98%
3.7 XFMIRTK BG4I 4 Keapl 5 N2 EEHE 4 Fig
KACER 5 0EE A IR, R 2 Keapl R iA TE 4 (B L % - e 9500 90 S0 ) o v i R
BT NTR2 £k B E AT (P<0.01); GBI BRI 3 i 1 S M0 0 R0 RL L TR R

B, DR B A Sk AR A B AL Nef2 655 B B T

Keapl 25 B g &K (P<0.05, P<0.01) ; 5 JR {0 i 41

s, Bk R AR AL B 20, WK 2,586,
.44 -

E N R A e R N 3 S E SRS S
1IN N 11T 1 O N I B -9 R 9 A
SR TR, W0 D AT, TR AL T 2 AR
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Keapl FH 0 oA BR AT HU A 4 6 B o i ) 40 5 i

A G s — 70 D2

v SR . . —

L-actil R GRS S— w— 42 kDa
A B C D

B2 SHAXRONASRKeapl 5Nri2 EARIEARK

Fig. 2 Electrophoresis of myocardial tissue Keapl and Nrf2

protein expression in MIRI rats

F 6 BAFAMAI MIRIK RO AR H Keapl ,Nrf2 E AR IX
(EAGIEER)
Table 6 Effect of WCW on protein expression of Keapl, Nrf2 in

myocardial tissueof MIRI(x+s)

21 51 n Fiilbers Keapl/B-actin  Nrf2/B-actin
EH 10 - 1.05+0.05 1.59+0.03
LAY 8 - 1.56+0.04? 1.24+0.072
PR it 8 5x10*U-kg!  1.38+0.039 1.39+0.04%
B SRANRIL 9 8.17 g-kg! 1.22+0.04% 1.41+0.03%

i 36 LA Sk AR A RS AL, 3 BH AT B BB 9 Ll AT
Ik, eSOk . % S sk I B T2 R
ARRAL, 25 15 By & 80 i AN B, ) B A R
LR T 2RO . R AR R ) T (4 R )
SEVIC R, 23k W BR FEVR T T M LRV IR O
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