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Kangxian Yixin Prescription Interferes with Mitochondrial Permeability Transition Pore to

Inhibit Cardiomyocyte Apoptosis

WANG Zhen-tao'", REN Xue-ping’, WU Hong', GAO Shui-bo'
(1. Henan Provincial Hospital of Traditional Chinese Medicine, Zhengzhou 450002, China;
2. Henan University of Traditional Chinese Medicine, Zhengzhou 450046, China)

[ Abstract] Objective: To explore the mechanism of Kangxian Yixin prescription in regulating
mitochondrial permeability transition pore (mPTP) and inhibiting cardiomyocyte apoptosis. Method: H9c2
cardiomyocytes were cultured routinely. After 8 h of starvation, the cells were divided into the normal group,
model group, Kangxian Yixin prescription(0.25 g+L") group, and cyclosporin A(CsA, 10 pwmol-L") group and
treated with the corresponding drugs for 24 h for follow-up experiments. The H9¢c2 cardiomyocyte hypertrophy
model was induced by norepinephrine (NE) , whose optimal concentration was determined by real-time
polymerase chain reaction (Real-time PCR). The degree of mPTP opening was detected by flow cytometry,
followed by the measurement of mRNA and protein expression levels of apoptosis-related factors cyclophilin D
(Cyp-D), cytochrome C(Cyt-C),and cysteine aspartate-specific protease-3(Caspase-3) after mPTP opening and

the quantification of mitochondrial membrane potential. Result: When the concentration of NE was
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200 pmol-L"', the mRNA expression levels of atrial natriuretic peptide (ANP) and brain natriuretic peptide
(BNP) were the highest, implying that it was the optimal concentration to induce H9c2 cell hypertrophy.
Compared with the normal group, the model group exhibited excessive opening of mPTP, weakened relative
fluorescence intensity in mitochondria, decreased mitochondrial membrane potential (P<0.05, P<0.01) , and
elevated mRNA and protein expression of Cyp-D, Cyt-C, and Caspase-3 (P<0.05). Compared with the model
group, both Kangxian Yixin prescription and CsA inhibited mPTP opening, enhanced the relative fluorescence
intensity of mitochondria, increased mitochondrial membrane potential (P<0.05, P<0.01) , and lowered the
mRNA and protein expression of Cyp-D, Cyt-C, and Caspase-3 (P<0.05). Conclusion: Kangxian Yixin
prescription inhibits cardiomyocyte apoptosis possibly by regulating mPTP opening and inhibiting the expression

of apoptosis-related factors Cyp-D,Cyt-C, and Caspase-3.
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2", DCM I R ER R MR L EEM, k4
BB AS WA B, v] BE 5 P9 5 I R 8L 4Ok 1R ) i B
5 A5 5 5 S 5 5 R 0 4B 0R T B R R AR AR
5w BRI O LA dE b L

LROR AR 2 2 R 2L A T 2 I I AN AR 7E 41
OGS 7 25 7 Ca¥ RS 40 M U8 T R R 6 25
R, WERET A 2 RER, KRR RN T H
R R R R AN T E R (I R O P & S B AN
TIE B 28 7 A 3 3 1 % 4 FL (mPTP) J2 40 it A 0 T 1Y)
EHET B R RO R RS W S AN A .
FA) 400 B O T 2 S B0 LA B A 0 AL T RE R R,
Foo = BT KO I P . 2R AR T fiE AT S
S mPTP Ji 3 M B2 ik % O WLAR B8 12 Fn 0 =
PR B 2R . mPTP & 4h A R F 2 )5, T 4
I ERIID N SRR TR LNAN Y QN E SN € A
PRI I 4l B 5 R C(Cy-C) B, #F A ML 5T v, 3%
b2 bk 220 R K 4 IR 2R 1 K i -9 ( Caspase-9) , i#F
— 2 W% Caspase-3, e & FH A MM -7 AW
FTUE L3R M & 1 D(Cyp-D) S M — —Fh )8 35 mPTP
B T 9 M K R -l 2 R i S A L HOR AR A
(CsA) FAE R AL 550, LI%E 3 1k HOce2 48 g Fil K
Bl S 36 W 92 & B2 mPTP — Ao JUE 38 45 43 1, 4 i)
HCFF AT DAk 2 o0 UL A BE TH R R A B B T %
MOON %5 F 5 UE B T 78 1M O g s iy s, 3076 T
B AR B I T A, (ipLA,,) A2 R B — -k Y
I R (HETE ) fit 2F mPTP (495 B2 7, £ .0 41 i
WA ET - hEsNEERE, R
X mPTP IS WA R O A T H 295 H 1
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T3 Z X mPTP A R IR YT 25 W) LA s 0 IE D) g
TR A2 YA A R AT 2% 0 AR I R A
J7 DCM T MU R UF 9728, Be % W] b el 5 A 2 e IR
AT (752 % M1 DTN 3 L o I R P= 1
1 L Tl BF 9 TIE ST AT 25 0 5 Al 8 4 o UL 20 e
T A HAE WL A R og . AR S g6 A AT 25
B IR 2 (NE) %S HOc2 O LA A B A #E#  AHit
£ 4 0 J5 T B mPTP £ B, Y83 DCM 0 JULZH i 4
T AL, Rl R 6 T7 DCM $2 L3 i) L i
1 Melt5R%®
1.1 259 Piem oA RO S 12 g, # K
30 g, RE 15, AR 15, FFZ 15, TR 9 g, &4
12 g, P22 15 g, 25 BEB 15 g, v 24 4 BiUS0RE i o )1
ek 2 B R R ATBR A F A7 S 1706039, 2
Yy B o R UE SR GMP (Good Manufacturing
Practice ) IAIE (IE 45 4% 5 SC20150037) . FREUPL £F
50 7 ORI A ) 8.9 g, L4V R T DMEM & Hi
i3 B G 0.2 wm it S A% I U8 B KB L 43,
TRAET =20 °C. M4 2 A~ BURE 25 0L T 22 J5 1 Bk it
S5 BT ST B I b 24 T VR B R 250 g- L flEH]
I B 2 BT 5 TR MR 0.25 g+ L' CsA( 36 [ Med
Chem Express 24 Al , #it %5 34526) , J5i W Wk & M
10 mmol- L™, 7€ {ff FI 25 ¥ % 3 I 6 B &8 7 5 ok
10 pmol-L"'. NE( i MY R A R A A it
7 B24713,100 mg/Jffi ) , K5 B FREU NE ) K 8.45 mg
% T 25 mL G Ifl % DMEM & B 855 3% 35, Bk
2 mmol- L™ iy BEE £ T (4 55 56 3k H B 2F 25 00 7 25
Yk N5 vk S % AR AL AT g ) .
1.2 Z0AEAR HO9c2 O UL A Bk , b B A2 Be 40 i
JE %5 ZQ0104,
1.3 iR 4 L (FBS) , DMEM = #f K 5% Jik
. 43 .
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(LA 3] BI 2 | 4t 5 43 51 2 2037145, 2048219) ;
mPTP k5 I & (1l DU A= W BR A BRA &)L ik
7 BB-43052);JC-1iX 7] & (3£ [ Cayman /24 Al , it %
10009172) ; 3 5 1k “¢ % O ¥ (ECL) 8 i & G,
BCA # 1 & s iR & (b st R E AR
2> |, 45 4 51 o 20201123, 090119191205)
Cyp-D, Cyt-C, Caspase-3, H i [ -3- i /R It & 1
(GAPDH) Ht i (BRI = I B ARG FRS AL 45 43031
00019135, 00091621,00085677, 10008047 ) ; 34
it E ALY B (HRP) £ 50 B 90, HRP £ 41 % 41
(s ZE L R A W BB A BR A A S i e
ATTSE0101,Z0610) ; Buffer Rlysis-AG , mRNA $ it
A &, S8 2O A R A Il 4 X 2 i (Real-time
PCR) 2 #% % 7 & ( H K Takara A &), 3t 5 20 5k
FB26KB3904,FB27KA3898,AK51598A) .
1.4 Y% FACSJazz I i X 4 i {X ( 3¢ [H BD &8
F]) ;3110 % CO, 55 F# 4 , FC R fiff 47 1 ( 3¢ [ Thermo
Scientific 23 7] ) ; OD 2000+ %! 8 ff £ 4% i & 1 I &
X (1 [E One Drop 23 7 ) ; CLS-4SS Al#OG I 5 4
5% (& B Thorlabs 28 | ) ;7500 FAST % PCR ¥ [§
B R R ) A A PR A 15 185-2148 AU L 4
WAL, Power Pac™ HV Power Suply &l % {2 , 170-
4070 A KX (32 [ Bio-Rad 28 1) o
1.5 Jiik
1.5.1 Real-time PCR £l NE 55 H9¢2 > L 41 fid
PRV B ARV B OSBRI HOe2 0 LA L, DA
1x10° /4L 1 % B3l T o LA, & T 37 °C,
5%CO, I 48 15 77 24 h, 7 40 M il 5 %% B >80% i, W1
T 8 hif [n] 10%FBS = i B 75 3L 5 45 25 Ab 3 Bk I
A, Ho 45 414y B m A 100, 150, 200, 250,
300 pmol- L' ¥k & 1 NE, 25 ¥ 1E H 24 h )5 , FH B 2
R 92 v (PBS) WiV 23 . B L N A Buffer Rlysis-
AG 500 L, 4% B0 & Ul W] F J2 BUS RNA L T K
260 nm/280 nm K M W ' BE A, Ay/Ay, 15 1.8~2.10
RG> 5 8 PR K CANP) , fili 8 ik (BNP) mRNA f) 3%
KK
1.5.2 HO9c2.0o LA A 8% 52 A o0 20 4 X $h A= K
Y 4 B DL 1x10° AL I 2% FE A T o fL Atk , B T
37 °C,5%CO, ¥ AT E 24 h, UK 8 h 5 70 M IE
WA BRI B g0 T CsA B ER 34
AL, WAL B 24 h TR SRS .
1.5.3  JC-1 K0 HOc2 O LA B 2 fA B i fi - B
Xof B A K0T HO2 O ILAR B, L 2x 10* 4~ /4L Y %% &
PERP T 24 FL AR, 4% B8 1.5.2 00 F O 350K 40 i 8% % o2
. 44 .

K& PBS 5 ¥k 2 3 , & LN A Tl i DMEM 460 pL
F1JC-1 Reagent i 40 wL, B T 37 °C,5%CO, 5 %
AR E 15 min, B FHOGIL R AL DG T WL, 4
BT GE 125 410 ILAH AR 21 /2% 1 1

1.5.4 3 2 40 ARG 0 mPTP JF B 4% 18 1.5.2
TUT J5 v A0 R 3R 52 B, PBS W Uk 2 3 , JE T T 1L
4 F 2 mL EP4 ., 4°C,2 000 r-min 2.0 5 min
(B 6 cem), s W, BRI Hank's F
i R 5 W (HBSS) 500 wL H B AN . 1) ik A 44
it R 40 i R 4 S A M6 1 e (5 TAEWE 5 wL 3 5843
IRAT,37 CCREEIE R 15 min, £ LS Tom A
VK3 WLIRAT,37 °CE LI H 15 min, Yo a4k
SRR =X 4 A A A I mPTP B .

1.5.5 Real-time PCR £ I 4 ffd 4 1= #H 3¢ 3t
Cyp-D, Cyt-C, Caspase-3 mRNA F ik % i 1.5.2
T J7 0 20 8 % o8 B PBS I Uk 2 38, B AL I A
Buffer Rlysis-AG 500 pL, 20 ik #& B & RNA, P
GAPDH 1E /N2 3K, /] Takara Jx 5% 4857 &, Aic
il B SR &R BB 20 WL HE AT I SR, 37 °C
15 min, 85 °C 55,4 °C¥ HIUH , #E1T 9" 38, i 45 H
1) 5L PXRF B 5% 5% cDNA #E 47 #i B¢ o >R JH TB Green
TM Premix Ex Tag™ 1l i 7] & fic ] Real-time PCR
SR 20 L, A SN 45 T HEAT BN L, 95 °C AR P
90 5,95 °CAE P 10 5,60 °Cil K /FE{H 30 5,65 °CZE 18
SN 95 °C 60 s, TEIEL R 40, R 2 5 15
2 2 mRNA REKFo SI M A TAY TR E
T8 ) ey A FR A |l 6 18, 51 e 3 ULk 1.

&1 PCR3I#F3
Table 1 Primer sequence of PCR

314 591 K

/bp

Cyp-D 37 5'-TCTTTGACGTGGACATCGGC-3' 277
N 5-CAGCAAACCCTCCCGATCAT-3'

Cyt-C 37 5-TGGCCATGTCGAAGATCGAG-3' 278
T 5'-ATGGCAGGGGCAATAGTAGC-3'

Caspase-3  |"1l# 5-GAGCTTGGAACGGTACGCTA-3' 234

R 5-CCGTACCAGAGCGAGATGAC-3'
GAPDH % 5'-CTTCTCTTGTGACAAAGTGGACAT-3' 182

T 5'-TTGAACTTGCCGTGGGTAGAG-3'

1.5.6 & [ %% B3l % (Western blot) £ 1] Cyp-D,
Cyt-C, Caspase-3 H 1 £ ik %M 1.5.2 00 F J7 ik ¥
20 i 3 SR 58 55, PBS Y Uk 2 38, i A R T (PSMF-
RIPA 1:100), #8 B & H , 4 °C, 12 000 r-min" & 0>
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5 min((F.024E 6 em) , FER 13, SR BCA i35
AN EE A& &, DA 4xLoading buffer F 4 J& i3
FZEH 10 min, FEEE 10 wg, B H - b B R
B3R TN I 22 Bk R I HL UK (SDS-PAGE ) HL K i, i A
BE AR LUK, SR B I 2 PVDF B, 4% B 45 o5 78
5% Bt B W5k v &L AT 1.5 b, A — ¥t Cyp-D, Cyt-C,
Caspase-3(1:1000)4 °Cid 7% , % H PEIR 5k, Bk
5 min, il A HRP £35S HT(1:4 000) , HRP E 40
T (1:2000) , = BEE 1S h, YR S K, REIR
5 min, 7£ Image lab 2 I 5% , I 4% 40 210 1Y
K

1.5.7 SEitaEor BdE s B # ] SPSS 19.0 48 it
B HEAT , SRR UL x5 R, 10 T B R K 0y 24 4%
Hi (One-way ANOVA) , Ll P<0.05 £/ 258 51T
2 &R

2.1 NE 5T HOc2 O L0 e (W E 45 T AT
W FE 9 NE 15 5 H9c2 .0 JULAA B I KA AU | Real-time
PCR #: ] ANP, BNP mRNA f % ik /K F , 45 % R

.

£ 200 wmol-L"' i, ANP, BNP mRNA % ik &z /5 , i

Merge

Red

Green

o [} F 3
< al
. :
.
A

A IEH 4B, BRI, C. BLEF 450 4L ;D. CsA 4L (& 2 1A])

A T IR S8 . WAk 2.

%2 FRERENEFESHI2 LALLM B BNP,ANP mRNA R i%
(x+s,n=3)
Table 2 Different concentrations of NE induced the expression of

BNP and ANP mRNA in H9¢2 cardiomyocytes (Xx+s5,n=3)

20 5 #e % /pmol - L ANP BNP

EH 1.00+0.00 1.00+0.00

NE 100 1.13+0.23 3.03+0.72
150 1.83+0.82 3.76+0.34
200 2.37+0.15" 5.06+0.31"
250 1.06+0.35 1.11£0.28
300 0.98+0.07 1.02+0.23

I HIEHW 4L # V' P<0.05,

2.2 BLEF £50 J5 6 NE 75 5 090 WUTE JK 40 ffd v 48 ks
(N R AU I o I S TR N N E RV EROR
SE LSO L2 . 5 IE R A R B4 4R (5 0
S B 8 B4 T, 2k AR FE R A7 B Bk AR (P<0.05) 5 S5 A5
TULH LA, PUAr 35 0 7 4L CsA 4, 4T (98 e W i
B o, 2ok R B B AL B B TE & (P<0.05) , W
1,3,

.
& D

Bl 1 HUer a0 77 3 % 450 BILE B 2k A 0k IR FR i SRR B R M (IO R AR B RUET , <200)

Fig. 1 Effect of Kangxian Yixin prescription on expression of mitochondrial membrane potential of cardiomyocytes in each group

(CLSM, x200)
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x3 RAHOANEAOCNBEERERELTHE N (xs,
n=3)

Table 3  Effect of Kangxian Yixin prescription on changes of
mitochondrial membrane potential of cardiomyocytes in each

group (x+s,n=3)

x5 mAH LA EHONYM Cyp-D,Cyt-C, Caspase-3 mRNA
RIZWFM (X+s,n=3)

Table 5 Effect of Kangxian Yixin prescription on expression of
Cyp-D, Cyt-C and Caspase-3 mRNA in cardiomyocytes of each

group (x+s,n=3)

2150 e /umol- L' R RUN R DA CAEAWES S 205 He ¥ /umol-L'  Cyp-D Cyt-C Caspase-3
EH 1.00+0.00 FHE A 200 1.50£0.03% 2.57+0.38% 2.92+0.399%
[ 200 0.22+0.00? PLLFE0TT 20040250 1.03£0.04%  0.88+0.17%) 1.44+0.13Y
BLLF 25007 200+0.25" 0.75+0.11% CsA 200+10 0.97+£0.07" 0.93+0.18 1.30+0.18%
CsA 200+10 1.12+0.10% W IE 4 45 F5 mRNA X Rkl 1,

W VB LR g5 0 R A 025 gL 5 IE W 4l i Y P<
0.05; SR 4 L # P P<0.05(3 5,67 ) .

2.3 PUAF 350 4 NE 5 890 LR K 40 i
mPTP B 5 5 I0E 5 4 i, LAY 240 mPTP
FERRE b 2 R0, SR AR R X ¢ O B BE B 2 ek 55
(P<0.01), SHBIAL AL, BLeF a5 0 Jr 4 F0 CsA 4
mPTP ¥ 5552 2 30 ], 2R A A T 2¢ St 3 B2 WY 4 3
fin(P<0.05,P<0.01), W34,

K4 HET DTN & 0 L B 2 R A X B 3R B B0 B W

(x+s5,n=3)

Table 4  Effect of Kangxian Yixin prescription on relative
fluorescence intensity of cardiomyocyte mitochondria in each

group (X+s,n=3)

215 W /wmol- L SRR AR X 5 5 B /%
EH 20.58+1.41
Al 200 3.55+0.09%
P a0 07 200+0.25" 21.67+1.83%
CsA 200+10 27.29+0.26%

T VP LR g5 0 7 R 0.25 gL 5 I 4 H B p<
0.01; 5B 20 H 45 > P<0.05,% P<0.01,

2.4 PUAF 50 J5 X NE S 090 JUAE K 40 i
Cyp-D, Cyt-C,Caspase-3 mRNA AR 5IE
WL R 4 Cyp-D, Cyt-C, Caspase-3 mRNA £
KT T R (P<0.05) ; SRIRIZE LU H, B AT 250 Jr A
F1 CsA 4 Cyp-D, Cy-tC, Caspase-3 mRNA 3 ik i
P& (P<0.05), W35,
2.5 PUEF 30 J7 X NE 35 3 090 JUAE K 40 i rh
Cyp-D, Cyt-C, Caspase-3 & [1 R IEW M  HIEH
He #1558 40 Cyp-D, Cyt-C, Caspase-3 5 [ % ik B
BT (P<0.05) 3 SR RL L UL, BT LT £ 0 T 2 A
CsA 4l Cyp-D, Cyt-C, Caspase-3 #& ik B i P& AIX
(P<0.05), 0% 6,/ 2.
3 itie
mPTP J& (i T2 4 P A1 B K 56 Jot v i1 22 b 2
. 46 .

F6 A LAXNEHOIM Cyp-D,Cyt-C,Caspase-3 EA T
BRI R (X+s,n=3)
Table 6 Effect of Kangxian Yixin prescription on Cyp-D, Cyt-C,

and Caspase-3 protein expression of cardiomyocytes in each group

(x+s,n=3)
21 5] i3} 3 Cyp-D Cyt-C Caspase-3
- /wmol-L'  /GAPDH /GAPDH /GAPDH
[l 200 2.26+0.21%  2.24+40.25% 2.71+0.37%

P H LT 20040257 0.77£0.237  0.89+0.09”  0.73+0.22Y

CsA 200+10 0.99+0.02%  0.85+0.24"  0.82+0.05%

T IR W A bR R AR Rkl 1,
CypD - S e 4 kD2

Cyt-C M S . . 0.

Caspase-3 W SIS s e

35 kDa

GAPDH #ESEENES SN SN S 36 Da

A B C D
2 HAEACHAEM Cyp-D,Cyt-C,Caspase-3 & B RiLHE ik
Fig. 2 Electrophoresis of Cyp-D, Cyt-C, and Caspase-3 protein in

cardiomyocytes of each group

5T 40 B Y 52 R 3k 6 2 1 3 e R R A A T S
I RBIMERY . mPTP [ 258 i A B o, Ho o 7
2H R A TE 0, e 9 mPTP 8 TA Ry J2: 4 1A TN i
F AN B (4 AH A8 7 S8 B, B T BT 58 A mPTP
S AL TR AR A IR Y H AR P B B
(voltage-dependent anion channel) , 288744 Py I %)
W2 05 4% 1Y R %% {37 B (adenine nucleotide translocase)
FIE T3 A Cyp-D A '™ . Z I AF 55 §iE 55 Cyp-D
PR Ry mPTP 455, H.K 2 % Cyp-D RE 5 H #£45
B RPEME 258 CsA™ . mPTP A W A HF CIRZS
A B T (R0 T TR0) R AR T R (R )
FH mPTP K R R &R 2, H s A
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(ROS)H4 Z 145 88 1 8 U2 H P oy E 2 5,
9o B 1k OF 0 25 5 BOME R AL BTG L T A A R LR
BRI ATP & WA 1k, 5 44 5 SRR I ik
24, Cty-C BB 4N M R N , 3% 7% Caspase, BRI T2
PRI, 5 2R 0 D o L 0 T, A 0 L

PULT 2 0 J7 & TN 0 BE Al R 22 48 09 i IR
Zu BE R 2R T, J7 AN TR L LS
FoTA AN THERSIT IS 2R ETF, K
M &b AR, RE AR A, P
2 g B MR A K o A AN O BR B 3R BT
fifi o FHZFRMANC 6 AL . DCM A BRI Z
UE, DU M E 2L, Z e RO 2 )5
K55 RR BRI, B T II S
I G2 AT T 22 0 L ¥R 97 B DL AR A0 I B 28 A% 1R
2 I S8 BIF ST I S YT AR 2% 0 U7 BE S IS B 41 i
WRELIRE -2(Bel-2) A 5¢ X 25 11 (Bax) , Caspase-3 3% ik,
[F) i TT LA 3 Bel-2 #Y  3K 7K P, G2 i 14 o I 2 3
IR AT, 23k DCM K UG TaE

ARWFFEEE R KW, 5 B 5 4 A B 4] mPTP
PAN QS ¥ A N B o N | ES A  N R A (A
£F 350 J5 F1 CsA T 1l , mPTP IF L 52 2030 1 , 2 ki
A TA % iR T I R R T H A2 15, O L 40 L 5
FH OGP 7 B 2D o i — 20 IR 1R A DR T AE S
S5 R WoR 5 E R A R, A A0 LA N R 2
BLAR N 1 98 65 55 , H Cyp-D, Cyt-C, Caspase-3 &
FI 1 mRNA %35 B 2 F T, £ W] mPTP JIF i fie i 94
T-HFEEAER R 45T Her 4.0 7 F1 CsA
F ¥ J&i , Cyp-D, Cyt-C, Caspase-3 4 1 1 mRNA %
K REAR . 4R R B P 550 T BE 98 4
HOc2 O WLAR 98 T, FCAE FA L AT E 55 40 4] mPTP
JF e, KT R 8 g8 T A5G W Cyp-D, Cyt-C,
Caspase-3 £ 1 fl mRNA K ik i ¢, FEfFgesigmrh
it JE— 20 S BT B AT 4 .0 O 45 25 W0 A O o SR T
B RS RR R O6 R  DATR AR AR ML -
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