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[HE] BH:3Fit%E20FE TERIU 413 (Bistortae Rhizoma n-butyl alcohol extract, PBNA-413) % Jk Fl L ULk i/ -3 15
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Protective Effect of PBNA-413 on Myocardial Ischemia Reperfusion
Rats by Inhibiting Apoptosis

WANG Qi, LIAO Jian, XIE Wei-lin, XU Pei-hua, ZENG Li-mei, HUANG Zhi-hua"
( Gannan Medical University , Ganzhou 341000, China)

[ Abstract ] Objective; To investigate the effect of Bistortae Rhizoma n-butyl alcohol extract (PBNA-413)
on cardiocyte apoptosis in rats with myocardial ischemia-reperfusion ( MI/R) injury. Method: Thirty male
Sprague-Dawley rats were randomly divided into five groups: sham group, MI/R model groups, low-dose, middle-
dose and high-dose (0.1, 0.3, 1.0 mg + kg~ ') PBNA-413 treatment groups (n =6). The models of MI/R injury
were established by ligating the left anterior descending coronary artery for 40 min and then reperfusing for 60 min,
and the electrocardiogram (ECG) was recorded. Western blot analysis and Real-time PCR were utilized to measure

B-cell lymphoma-2 (Bel-2), Bel-2 associated X protein ( Bax), cysteine aspartate protease-3 ( Caspase-3) and
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Caspase-9 mRNA and protein expressions in the ischemic and reperfusion region. Result: After myocardial
ischemia, ECG ST-segment and T-wave in MI/R vehicle group were significantly higher than those in sham group
(P<0.05, P<0.01), but they were significantly decreased in the PBNA-413 treatment groups (P <0.01),
particularly in middle and high-dose groups. Compared with Sham group, protein and mRNA expressions of Bel-2
(P <0.01) were decreased, while Bax, Caspase-3 and Caspase-9 were increased in MI/R vehicle group (P <
0.05, P<0.01) . Compared with MI/R vehicle group, the middle-dose PBNA-413 group showed an increased
protein expression of Bel-2 (P <0.05, P <0.01), but decreased expressions of Bax, Caspase-3 and Caspase-9
(P<0.05, P<0.01). Except for Caspase-9, mRNA expressions of Bax, Bcl-2, and Caspase-3 showed similar

changes with protein expressions. Conclusion: PBNA-413 may play a protective role against MI/R injury in rats by

inhibiting cell apoptosis.
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O WU BE R L T 2 di iy 0 LA P 2 — o 7
IO1FE T AT AR 2 0 WURE B8 d5c A R RT T i AR
M7, Bl 25 i e Bk A A e Dk 15 A7 S A E A
I7HOR Y TF e mT 5] R Sk il O WL %) 5 0 T Ak R
G5, BIoo U B ofn/ 7 % 7 ( myocardial ischemia/
reperfusion , MI/R){I’E{%M ,MI/R B9 &AWL 2y,
(OETE=NENEE N3 TR R TI 7 itk R R
B W RE ARG R A DL K N i (R A% PR O 5 0 1A
(gapjunction, GJ) #1106 25 Z R AL > o 4R,
H YT 2500 2% H 248 S/E A4 MR 4505 19 259
Pyt b, Wik, FHMBEFR A LR BT MI/R 45}
Uit 2547 36 BRI AE 2 A2 5 5 L
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3 ) DR A 3R 5K ok k i il O LI LR PR
SIS S A0 WL e 1 B IR B 2k
AR R TR A G B S Ak G W ke i/ R
EBOCIEA R ERCARE" . 22 ET
Jis $2 U ¥ ( Bistortae Rhizoma N-butyl alcohol extract,
PBNAA4I3) M FZ W A T OLE R T HH
SN T LA R BAYA t SRR B A
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5 B S LA /0N B 48 S e A Y A 92 A 4
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PRIAUZH N PBNA B 7K 88 PR 1l o3 v o3 5t A Sl
B, B o T FAR XS 2 7 R 413,35 5 AR 70%
PLE o BTOTSE & 3 PBNA-413 m] 5 o 410 i) 15 a5 1fi.
FHUE T P00 5 B 9 5 g XoF i g i P 3 0 1 e R
PR 0 B R MI/R 4500t B A RS A0 JJLER 37
PERT, AL T fE 5 BT A A AR H L i 4 5 P ) B AT
K B SE R 40 MU T MIL/R 5 %
JEB v S 4 AR S R0 LA T e o 9 3
P 0 e S ik AR v AR 1A Rh ORI A L A A
LA WS R B A A R A T R A, BT
DR 9 WF 5 Bl PBNA413 B A Bt A AL AE
JH 4t PBNA-413 T A iof 10 o 40 i 0 ik A
XF MI/RGELRIE T B, A8 SR A 45 4L 242 5 IR
Bl Dk I R S/ T i, A MI/R 4 PR R 5]
SRR T S B0 L 18T, 8 52 B 2¢Ok i B PCR
(Real-time PCR) J7 ¥ #1 8% 7 0 9% B[ 55 75 ( Western
blot) 45 W 4 T AH O & F1 B 40 JfL ik 12 9/ 1 1fi A5 -2
(Bel2), Bel2 #H 52 X # H ( Bax ), Caspase-3,
Caspase-9 mRNA K & [ 3 ik, W £¢ PBNA-413 X}
MI/R B PR A H 2 75 38 2ok 400 ) 48 6 T /e 5800,
HE—25 % PBNA {1l PR T 4 fE 5 552 A B 27 AR 4l
1 ##
L1z e RIS SD KL 30 2, K5
it 250 ~300 g, i 1) 1 373K v SR R SE R Sh WA R
AR ML A% IS SCXK () 2013-0004, Jir & )4
S AR 5 R R B AR B A e D b UE, S S
PTG HEEARI MR E R 2B ST
B 955 T b S s fdt R
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1.2 234 5iR7%] PBNA413 AR ELS % SCHik [ 15-
16], FIXZE /KK PBNA W1 1.0 mg-kg ™' Ay TR &
W,0. 22 pum FY K 108 P 2o U, 75 1) LK I B 4
220 7 H A AR XS O3 7 B Oy 413 Ak
W1, AR AE T0% B 1, BLENEE 14 ( Boactin) B b,
Caspase-9 Hi{4 ( 3£ [H Cell Signaling Technology 2\ & ,
75 53 i) 49708, 9508 ) 5 Caspase-3 4 14 (3¢ [
Abcam 2> &), #t B ab44976) ; Bax #T £, Bel-2 $i {k
( 3 [# Santa Cruz Biotechnology 2y &] , it 5 4351 4 sc-
526, sc-492) ; T il I -3-8% R it %0l ( GAPDH) 4
SEREBUAR (F 3 FE A AL S RG000110-100) 5 AR
b E AL AR IC I E AR, I E BT B IgG (H + L)
(3£ Jason 24 A, it & # Jy 115-035-003 ) ; 4 55 fk
R OGI R & (£ B Thermo Fisher 24 &), it 5
34580) ;trlzol® RNA 432537, 2 ih2¢ 6 € & PCR
(qPCR) i %] & ( 2 [H Ambion Life Technologies 7%
AL, 45 4 5l B 15596018/117206,4472908 ) ; Jx 5
ik F & (£ [EH Applied Biosystems 2\ &), it 5
1501132),
1.3 W& BLA420F BAYIE S RES T RS
R 42 AR A BRZA 7)) s DHX-300 4 3y iy I W) AL
CBRABAL AT ) 5 BS224S R Ht 7K F (b 50 38 2 Fl i
/N ) 5 153BR e B A Pk, 041BR H I, 552BR 1Y
T B %% B, Universal Hood 1 #Y#8 R 8 1 1k 22 & 6 AL
B & 458 (3£ Bio-Rad 24 H] ) ;3001 £ £ Ty BE i A5 AL
(Z£[# Thermo 2\ 7] ) ; QuantStudio 7 %l %¢ € i PCR
(3 ABT A H]) o
2 FiE
2.1 Gy MEME, RIS RS SD KR 30 2L BEAL
o30S LA 6 L3R TR MI/R AL
PBNA-413 (0.1 mg-kg '), (0.3 mg-kg™ '), &
(1.0 mg-kg ") Fl 4L
2.2 MI/R 5B B o5 S a2 g Wy A R0 ) &
Z % CHk [19], R ®H 10% K & & &
(350 mL-kg™") Ji i 15 6 4 B R B, 0 0 A
AP T W W, IR W 45 R 60 Y/ min, W &l
40 mL-kg '"PRJEL . KRBT A% 3 ~ 4 4T
TE WA I3 T 04, Fe 20 AR 3h Ik 22 BT R 52, 9 A2 1%
MmAEEHM EmE 1 Ra /NP RE (ERY
0.8 mm) il it F 4/0 22 26 25 FL 1 4 il .0 WL Bk 1f
40 min Ji5 3 K SORME 52 I FFE VR T 4R 2L 60 min SR i
& MI/R #0580, fik T AR 20 L F R fHR 5 4L, A
i K HE AT AR, AT BL-A20F W05 5 R 4R 5 70 #r
FR G S AR AR T R B0 L BT 25 4L B
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ST Bedf iy 5l T I i 2 (A5 FLA LT O LR Ry I 21 68
A5 & MI/R BSR4 s Y, PBNA-413 3G 974 T
S5 R T JE, &% N # bk 4y 0 i 5 0.1, 0.3,
1.0 mg-kgfl PBNA 413 ( {51 20 Fij 8 70 52 46 45 5 5
7 VG FEE B B ORI ) S 25 A 1.0 mg kg !
P 5 T AR AL B MI/R AR Y A 7 G 45 (R R A 28
K,

2.3 HEPIRPEEIIE R (Western blot) il .0 JJLZH 21
JAT-HRE A RE LR RE , BUR O, 4f 2
ERIK BRI |, O AR 2l bk A2 F R S A FLZ DL T I
YA A0 LS 30 me, $RECAL A L
BCA B T A E &, BiURH H 50 pg A BFESZ
PR Wk AR P, 42 SDS/PAGE BE i HL UK, 43 B 1 H
M 5% %2 PVDF B E 5% AR W5 Ry E16A 1 h, —
Fr(1:200) i EF 4 CkHEME LK, —H
(1:1000) W FZ=JFEK LBEEF 1 h, RH ECL fk2%
KOk B, ] Image J R4 B 04400 22 B 1) 2%
i F B-actin (WK EEAE, L B-actin NS IR, iHHE H
AR AR e aE i o KR TR AL H 4 I AE X 3R
KRR 1, TR H Al &2 1 2 A

2.4 Real-time PCR .00 JILZH 200 T2 AH e JE H 3
B FLE DL T 2.0 E 4141 30 mg, trizol 5 £ HL
S RNA, Z ) AE B AR 0K I8 RNA ok B K 2,
260 um” Ao FE 1.8 ~ 2.0 BEAREA AL B HALGT o WL
A RNA 4 g, 2238 50 &5 Ul 5 5 VR e i 8 i
%/ 25 CHE 10 min,37 CHEF 120 min,85 <C
W 5 min, FEEERE R 4 C MR, F 70
Sl AE T AW TR () A RA & &6
(1),

5L

D‘:3>

%1 p-actin, Caspase-3, Caspase-9, Bax #1 Bel-2 45 R4S F

Ll

Table 1  Specific primer of B-actin, Caspase-3, Caspase-9, Bax

and Bcl-2

5L 44 Pk JFH(5'-3") P B/ bp

B-actin 3% TGTGACGTTGACATCCGTAAAGAC 243
i GGACTCATCGTACTCCTGCTTG

Caspase-3 | ff GAACGAACGGACCTGTGGAC 259
T AACCATGACCCGTCCCTTG

Caspase9 [l CTGTGGTGGTGAGCAGAAAGAC 228
T i CAGGAACCGCTCTTCTTGTCTC

Bax i TGGTTGCCCTTTTCTACTTTGC 207
Rt CAGCCACAAAGATGGTCACTGTC

Bel-2 ¥ CTGTGGATGACTGAGTACCTGAACC 126

TiF AGACAGCCAGGAGAAATCAAACAG
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i (Real-time PCR) 3 1| & 136 B 5 45 1k i 17 4b
o B AAE R 95 C HZEHE 10 min, $ 1 NI
95 C At 10 5,60 °CiR k 20 s,72 CIEAfh 25 s, 4t
40 NMGIR . et 23 B 6400 72 °C ~ 95 C B[]
B 0.5 C, B4 10 s #EATRIN . SE00 45 ) s, #c an
TR B I BB R, Folds =27, - AAC, =
(C1-C2) - (C3-C4)[C1 75D EEH il FAE
WH, €2, Fp R IL (B-actin) WY FAE £, €3, 1%
TR LA DU 3 PR i O A4, C 4 BT AR R K
FE ] (B-actin) 1Y Il FAGFREL] .
2.5 geit st W PrismS5. 0 GE it 8R4 4T
ST e O HLEL T Pk S ST B iy B4 SR AU 2 7 22
53 H7 . Real-time PCR $4i8 5% HI 54 K R O 22 430 # , 41

[ b4 R O SNK K 55, S 80 A4l R« £ 5 RO,
P<0.05 hESEASITFE L,

3 &8

3.1 PBNA-413 %} MI/R K .L>Aa B ST B & T %
BRI K BRUEE IR 30 bk 22 i I 2 45 4L 40 min J5 0
HLRL ST B o T Ul 46 &, BEPA IS LA M), KR
e bR B0 K 2 BT S 25 FL AT 45 LS 20 min, FEREE
10,30,60 min 5 0r L P8 ST BE R T 3% W1 B 44 7 .
0.1,0.3,1.0 mg-kg ' PBNA-413 &b 3 j5 .0 1 [ ST
BT R R IR (P < 0.05,P <0.01), A&
FIBARHIVE , 2L0. 3 mg-ke ™' Fl B 4L BOR fL A . DY
I, DA I 0. 3 mg-kg ™'l B A9 PBNA413 347 LU
Tocs, k2,3,

&2 PBNA-413 3 MI/R XRir/EN SEOBEE ST EHEIN(x£5,n=6)
Table 2 Effect of PBNA-413 on ST-segment of standard Il lead ECG in MI/R rats(x +s,n=6)

20 5 4/ mg-kg ™! 5 FLHT 254, 20 min FI#EYE 10 min FEE T 30 min FEE 1 60 min
BFEAR - 0.16 £0.09 0.18 £0.05 0.17 £0. 04 0.15 £0. 04 0.15 £0. 04
iy - 0.22 £0.02 0.37 0. 06% 0.30 0. 05% 0.29 0. 05% 0.27 £0.07"
PBNA-413 0.1 0.23 0. 10 0.21 0. 03 0.22 +0.08 0.23 0. 06 0.24 +0. 04

0.3 0.18 +0.03 0.21 £0. 09" 0.18 +0.11% 0.18 0. 07% 0. 14 +0. 05"
1.0 0.20 +0.04 0.28 £0.02 0.22 £0.05 0.17 0. 02 0.14 £0.02%

S F ARG L P <0.05,7 P <0.01; SHRAL R LD P<0.05," P<0.01(F3~5),

%3 PBNA413 3 MI/R XRBiRAE N SEBEOEE THNEM(s+s,n=6)
Table 3 Effect of PBNA-413 on T-wave of standard Il lead ECG in MI/R rats(x +s,n=6)

28 5 F it/ mg-kg ™! EEEiRil] 454, 20 min FI#EYE 10 min FEE M 30 min P 7 60 min
BFAR - 0.05 +0.08 0.14 +0. 10 0.14 0. 04 0.11 £0.07 0.11 £0. 06
g - 0.03 0. 03 0.34 +0.05% 0.29 +0.04% 0.26 0. 06% 0.23 +0.03"
PBNA-413 0.1 0.07 0. 04 0.27 +0.03% 0.22 +0. 06 0.23 20.02 0.16 £0. 03

0.3 0. 06 =0. 02 0.13 0. 11% 0.13 +0. 06" 0.14 £0.05 0.10 +0. 05"
1.0 0.05 0.03 0.28 +0. 03 0.22 +0.06 0.16 £0. 03% 0.12 +0.02%

3.2 PBNA-413 XF MI/R KR IL4L 210 1741 6 28
HRIRFm 5EF AR B, MI/R B8 20 K
SO L0 B oA 40 7 T Bel-2 2 1 R GRREAR, 2
JHT-4H 3¢ & 4 Bax, Caspase-3 fl Caspase-9 3 ik T}
55 MI/R BERIZHAH 1L ,0. 3 mg-kg ™' PBNA-413 4]
Bel-2 ik FHE (P <0.05,P <0.01) ,Bax, Caspase-3
J Caspase-9 FIEFEAL (P <0.05,P <0.01), LA
1,54,

3.3 PBNA-413 %f MI/R B0 LA 2R 08 7 4H o¢ 3
HRIKRE N SR T ARH L E, MI/R R4k
BRLC JIL 200 P 30 7 9 T A R R Bel -2 RGBT, 42
JHT- 40 2 £ [H Bax #l1 Caspase-3 £ ik T+ 5 (P <
0.05,P <0.01) ,Caspase-9 Fik Tt B 1k ; 5 M1/

Bel-2 ” e “ 26kDa
jpe———

L 2

[-actin e L s S55kDa
A B D

E 1 PBNA-413 3 MI/R X ROALARBTHXEERIERIK
Fig. 1 Effect of PBNA-413 on expression of apoptosis-related
proteins in MI/R rats

R 5% 41 46 I, 0.3 mg-kg™' PBNA-413 4] Bcl-2
mRNA F AT}, Bax M Caspase-3 mRNA 3 ik &1
(P<0.05,P<0.01), WL#5,
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& 4 PBNA-413 3f MI/R kX Rl Bax, Bel-2, Caspase-3 1 Caspase-9 EARIEHEM (¥ £5,n=6)
Table 4 Effect of PBNA-413 on protein expression of Bax, Bcl-2, Caspase-3 and Caspase-9 in MI/R rats(x +s,n=6)

24 51 M/ mg kg~ ! Bax/B-actin Bel-2/B-actin Caspase-3/B-actin Caspase-9/B-actin
[P EN - 1.00 =0 1.00 =0 1.00 0 1.00 =0
T - 1.33 +0.33" 0.44 +0.21% 1. 82 +0.70% 1.25 +0.27"
PBNA-413 0.3 0.79 =0.29% 0.81 =0.27% 0.67 +0.31% 0.86 =0. 10
%5 PBNA-413 3¢ MI/R X B/ BL4E 42 Bax,Bcl-2, Caspase-3 #1 Caspase-9 mRNA FiXBIEM (X +s5,n=4)
Table 5 Effect of PBNA-413 on mRNA expression of Bax, Bcl-2, Casp 3 and Casp 9 in MI/R rats(x +s,n=4)
2 5 F 4t /mg-kg ™! Bax Bel-2 Caspase-3 Caspase-9
[PEN - 1.00 =0 1.00 =0 1.00 0 1.00 +0
[ - 1.53 +0.28% 0.92 0. 09 2.10 £0.90" 0.89 +0.05
PBNA-413 0.3 1.09 0. 129 1.29 +0.24% 1.33 £0.32% 0.94 +0. 13
4 itig 53 Caspase-3, {2 i 4 ML g 77>, WANG %>

MI/R #5450 — A5 2 i 5 2, de 4] 2 B0
JELAS A5 A 25 B Zh RE B A, R B F ST B, MIVR 454 45
BLH A2 2%, 0 L 08 T ot o0 UL 5t ot P 8 T 46 4 O s L
Hl BB A 2 — 0 ZHU 7 BE g R W 4
WL R AT L3 3k 9 0 0 AL 40 B O T ok s MI/R
07 5 B A4 g W 1R B 36 nl o g R
i B( Akt) ,Bel-2 Bk, #1#] Bax £ Caspase-3
R 2 3k LA R 2 A 0 I8 B Iy A ILER 9 4
PRI, 20 2R AT LA ) LA e 0 o, D ] AR AR R
JE EREAR MI/R 51 i 0o JIE 453 43 F0 D) e B it

WFFE R W, v 24 X (ke it 798 0 LI DR 4 4
B RLHET R R Y . ARSE 3 B 5T PBNA-
413 J5 b B O WL SR 1L/ P E A A 0 ER 4 PR T R
AL, 24 3 2 50 df 80P, 1 L, B4R £ 7 3l
A EIKTE G 07 4 25 7 PBNA SCERHE B i Uk
FH 25 B} R 7 A Al ZbF =2 32 43k, oK 9 1 il 7 PBNA-
413 EA B A B PR BUAAE R, T e
3 3410 ) 240 B R TR AR X MIL/R RS SR VR R WL 4
o Mg TR A TN —, &
Z B Bt 2 RN 2 B R A 4 il i ik 7L A AR
S A PR ALE , 32208 o PR T 2 AR A T ROk R
ARG K A% B T 20 T R R
1% Caspase-3, 7 1k 1) Caspase-3 W] S E( 4l it DNA
BEIIEE RN FAUMMEIE T, Bel-2 KRS 40 M
AT 4R R DD AR OG0 L Y, A4S T B (A Bel-
2) FIAR JA T2 AL 5% (40 Bax) AR BRAEOLT , X PR
Qb TR X - A IR 2, 2 32 B S8 T AR S 0 R
Bel-2 8 F R AR, Bax B R IE B, S Bk
AR TS50 375 1 194 vy, 38 o 06K 2 W AT T 9 A T 800
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WFIE R B, K b £ T 38 o IR K B MI/R 3511
Bax mRNA FlIZE 43835, 715 Bel-2 mRNA FIFE A #E
ik, JFAE Bax/Bel-2 B BEA, DA T X ke afiL o0 AL Ak £
PHEM . Bax RikThim , JF 5 Bel-2 855 T8 i [A) A —
SR T UA T N Bel-2 59 AR TR A 0 T
IR, 2 Bel-2 Rk, Bel-2 5 Bax JE 5+ — &
P AR Bax 10 i 4 T 4 LA A A TR R
REAFFRE RY MR B0 0L 2 4, % A i T
5 | 7 20 5 ) R, A 4 A 3 3 4 Ca®
DA I, SR A Ca® T AN i B A 45,
4 Jf e AR R, AN T PBNA-413 1]
AEH o B R B A 4 O B P U 45403 0 L
MER . ARFRA R BoR, 58 F AREM L, MI/R
BRI ZH Bax, Caspase-3 M Caspase-9 & [ F ik T+,
Bel-2 8 IR B AL SR ALZH AR L, PBNA413 5]
(0.3 mg-kg ') 4l Bax J Caspase-3 Hl Caspase-9
FIKFEAR, Bel-2 K ikTh R o B Caspase-9 4b, Bax,
Bel-2 FlI Caspase-3 [y 5 P K F th 3 5 8 F1 26 0L A2
b, Ui B PBNA-413 mJ A8 8 o 40 il 40 g 9 T % 4% 0
WUER 1 1T, AR SC ML e A 1 T 3k — 2D B

(B3]
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