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[Abstract] Objective; To investigate the effect of Shuangshen Ningxin capsules (SSNX) on cardiac
hemodynamics and cardiac function in rats with coronary microvascular dysfunction. Method: Rats were
randomly divided into a sham operation group, a model group, a nicorandil group (5 mg-kg"'), and high-
(180 mg-kg"'), medium- (90 mg-kg"'), and low-dose (45 mg-kg"') SSNX groups. Rats received corresponding
drugs for 7 days. Two hours after the last administration, the model of coronary microvascular dysfunction was
induced by left ventricular injection of embolic microspheres (40-120 pm, about 1 000 microspheres). Twenty-
four hours after modeling, left ventricular internal dimension in diastole (LVIDd) , left ventricular internal
dimension in systole (LVIDs) left ventricular end-diastolic volume (LVEDV) , left ventricular end-systolic
volume (LVESV), stroke volume (SV), cardiac output (CO), left ventricular ejection fraction (EF), and left
ventricular shortening rate (FS) were detected by echocardiography. Cardiac catheterization was used to observe
the arterial systolic blood pressure (SBP) , diastolic blood pressure (DBP) , left ventricular systolic pressure
(LVSP), left ventricular end-diastolic pressure (LVEDP), maximum rate of increase in left ventricular pressure
(LV+dp/dt,,.) , and maximum rate of decrease in left ventricular pressure (LV-dp/dt,, ), and the mean arterial
pressure (MAP) was calculated. Heart rate (HR) was calculated according to II lead ECG. Biochemical
analysis was carried out to detect the activities of creatine kinase (CK) , creatine kinase-MB (CK-MB) , and
lactate dehydrogenase (LDH). Enzyme-linked immunosorbent assay (ELISA) was used to detect serum cardiac
troponin T (¢TnT). Western blot was used to detect the protein expression of Caspase-3, Bcl-2, and Bax, and 2,
3, S-triphenyltetrazolium chloride (TTC) staining to observe the area of myocardial infarction. Hematoxylin-
eosin (HE) staining was used to observe the morphological changes of the myocardium. Result: As revealed by
echocardiography, compared with the sham operation group, the model group showed reduced SV, CO, EF,
and FS (P<0.01), and increased LVIDs and LVEDV (P<0.01). Compared with the model group, the SSNX
groups showed increased EF (P<0.05, P<0.01) and FS (P<0.01) , and the high- and medium-dose SSNX
groups displayed reduced LVIDs and LVESV, and increased LVEDV, SV, and CO (P<0.05, P<0.01). SBP,
DBP, MAP, LVSP, LV+dp/dt,, , and LV-dp/dt, in the model group were lower than those in the sham
operation group (P<0.01), while there was no significant difference in HR. SSNX improved hemodynamics of
rats, and increased SBP, DBP, MAP, LVSP, LV+dp/dt,, , LV-dp/dt, . , and HR as compared with the model
group (P<0.05, P<0.01). The serum CK, LDH, CK-MB, and c¢TnT levels in the model group were higher than
those in the sham operation group (P<0.01). Compared with the model group, SSNX groups reduced serum
CK, LDH, CK-MB, and ¢TnT (P<0.05, P<0.01). Compared with the sham operation group, the model group
displayed increased expression of Caspase-3 protein in the myocardium (P<0.01) and reduced expression of Bcl-
2 protein (P<0.05). The expression of Caspase-3 protein in the myocardium of SSNX groups was lower than that
in the model group, and statistical difference was observed between the low-dose SSNX group and the model
group (P<0.05). Compared with the model group, the SSNX groups exhibited increased expression of Bc¢l-2 in
the rat myocardium, and the statistical difference was observed in the high-dose SSNX group (P<0.01). As
demonstrated by the TTC staining, compared with the model group, SSNX groups showed reduced areas of
myocardial infarction (P<0.01). The HE staining indicated that the pathological injury in myocardial tissues of
the SSNX groups was relieved as compared with that in the model group. Conclusion: SSNX can significantly
enhance the cardiac function after coronary microvascular dysfunction caused by embolic microspheres, improve
cardiac hemodynamics, reduce the area of myocardial infarction, and decrease CK, LDH, CK-MB, and ¢TnT

levels. The mechanism may be related to the inhibition of cardiomyocyte apoptosis to protect the myocardium.
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Effect of Shuangshen Ningxin capsule (SSNX) on echocardiogram in CMD rats (x+s,n=12)
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mg-kg
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Table 2 Effect of SSNX on cardiac hemodynamics in CMD rats (x+s,n=12)
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JEAUE: YN 5 409.2+30.6 104.8£7.0Y  78.1£7.0Y  89.3+7.2Y  107.7£9.9Y  -4.2+8.5 2723.9+475.57 -2 644.8+417.8"
PIE S N 3 180 428.3+24.3%Y  105.0£10.3"  80.2+11.3Y  87.1£15.9° 106.1£16.1>) -3.5£6.5 2987.7+724.1>) -2 665.1£559.5%
90 427.0£31.0Y  102.2£12.77  74.9x10.4% 85.8+11.6° 110.5£14.0Y -4.2+3.5 3 022.3£665.5" -2 698.2+425.29
45 432.8+14.4Y  100.6£9.9°  73.9+6.9"  84.9£7.9Y  107.3x11.6" -4.4x4.4 2 855.3+484.0" -2 633.8+426.8"

3.3 XF CMD KR IMLE O WIRIEAR EW R 5
i F AR 2H b, BB 40 K R I v CK, LDH, CK-MB
K cTnT /K83 T (P<0.01) . SRR LA, e
A] M /R 4 K BLIfL i LDH, CK-MB & ¢ TNT /K 2 3%
TRE(P<0.01), % CK 2 F G125 L WS T 0
Jie #4550 B 41 B 8 % Ik CK, CK-MB (P<0.05, P<
0.01), & M LDH, cTnT(P<0.05). W3,

3.4 XFCMDKEONALHT-Em SHFR

21 He g AR 2l R B0 LAL 4R Caspase-3 3 3R ik b
# Ik # (P<0.01) , Bel-2 % 11 % ik B B [ I (P<
0.05) , Bax & F £ X B AR T AR A T sl FH K WL 5e
Ih2E 2R, SRR R, JE T H R 7T DL s S AR
KD WLAL 4 Caspase-3 3 1 34 (P<0.01) ; WS T
4550 B 4K B0 L1 2 Caspase-3 3E 1 ek f A A
HREAR, H A WS 70 BRI B 2 S AL LU A
GiitaE 22 57 (P<0.05) ; WS T 045 7l i BT T KR
. 45 .
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*3 WSFORKREN CMD KR CK,CK-MB,LDH 1 c¢TnT B S (F+s,n=12)
Table 3 Effect of SSNX on serum CK,CK-MB,LDH and ¢TnT in CMD rats (i£s,n=12)
219 # 4 /mg kg CK/U-mL" CK-MB/U-mL" LDH/U-mL" cTnT/ng-L"
BFA 610.0£311.5 758.8+131.4 402.0+136.1 24.39+1.72
iR 1 047.5+329.7% 1327.7+466.7” 1 463.3+593.5% 35.83+1.93%
Je A] HiL R 5 1 008.6+474.7 600.0£215.0% 625.4£236.7" 31.16+1.53Y
e SN 180 661.6£218.1% 867.4+341.2% 1 009.7+533.4 28.03+1.74Y
90 628.9£119.9% 710.3£294.4% 821.8+485.5% 30.15+1.61Y
45 734.3£185.2% 803.5+251.0% 961.1+347.9 32.69+1.50"

WU Bel-2 £ EHFEA, P IS0 180 mg-kg' 4l
% FF 55 (P<0.01) . BEAIZH 0 L Bel-2/Bax, 8% T

RAA — R EEFTGITFE L & HAHY
BERAUR W RG22 . Wk 4,18 1.

R4 WSTLRKEI CMD KR E Caspase-3,Bcl-2, Bax RiZRIEIE (x+s5,n=3)

Table 4 Effect of SSNX on expression of Caspase-3,Bcl-2 and Bax in ventricle of CMD rats (x+s,n=3)

21 5] # 4 /mg- kg Caspase-3/GAPDH Bcl-2/GAPDH Bax/GAPDH Bcl-2/Bax
BFA 0.151+0.044 0.661+0.106 0.442+0.047 1.494+0.138
Al 0.467+0.029% 0.355+0.108" 0.518+0.209 0.824+0.525
Je ul # /R 0.180+0.039" 0.461+0.140 0.523+0.077 0.902+0.322
WS T 0 R 0.407+0.095 0.559+0.018 0.476+0.165 1.297+0.538

90 0.328+0.187 0.496+0.113% 0.394+0.102 1.391+0.563
45 0.348+0.048% 0.455+0.110 0.359+0.135 1.449+0.847
x5 WBTOREXNCMD XROEEIEEBHIIZM (X+s,n=12)

-3 34 kD

Cgpuse 2 Table 5 Effect of SSNX on infarct area of left ventricle in CMD
rats (x+s,n=12)
Bcl-2 26 kDa
215 i /meg ke 72 ZE AR IE AL/ 28 A 1A %
Bax [ 20 kDa AR 23.19+9.91
Je ] Hb /R 5 11.29+4.96%
GAPDE ™ .
WE SN & 180 10.89+6.75%
A B C D E F
b . P e 4)
A TR B, B C. R AT HUR AL D~F. WS T .0 % 180, 90 9.36+5.47
90,45 mg kg AL(12,3 ) 45 13.4245.21%

B 1 &HEAKRLOEHLH Caspase-3,Bcl-2 K Bax Fik ik

Fig. 1  Electrophoresis of Caspase-3, Bcl-2 and Bax protein

expression in rat ventricle

3.5 X CMD R BLOMUESE I AR B 52 0 JIL TTC
Pty 7R AT AR R DL B B8 A B X, 5 A 40 By iy Al
LB R AR AE X . SRR LA, JE AT MR o] g
Yol /U 22 0 FE A AT T L (P<0.01) , XS T 0 i 8 45571
2] B R [ AR R U /D o0 LA BE TR 1R (P<
0.05, P<0.01) . S HEI MY L, Z 7T 0K %E
180 mg- kg™ & nJ Jif, /b £ 4L i FL 2 53%, 90 mg- kg
2H AT Js /0 4 AE 1 FR 24 59%, 90 mg- kg £ AT Yk /b A8
FET AR 29 42%. WLk 5,1 2,
. 46 .

3.6 X CMDKELENFEIEESEmR  BFAR
LR B JUL A B HE S BN, 5K RS, RUNIE
R UL AR K b R R R AR R AR T A
RS AT DL A ZE TBR A7 A, 20 40 /N Rk L0 D A%
Wy 28, HE S ZK L 18] B 5E 5 O AL TE] AT AL 2R A TR
HEIFRIRP A\ TS NI+ 1 S TR I U R v R s
{1 o JE n] IR 41K B0 L HE B¢ ¢4 n] LB /N kO
JUL A0 i 38 A /0 UL 200 M 1) B 3 5, /0 i o 2 4
JiE L D e R A LR o RS T B 455 2
o B e A 5 TR 2 AL g A Y A R L
PRI ZH WA e/ o ULIAD 3
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B2 WSTORENCMDKROEEREREN
Fig.2 Effect of SSNX on infarcted area of ventricle in CMD rats

3 WBTFTLOREWNCMD ARLOENREEZTLHIM
(HE, *200)

Fig. 3 Effect of SSNX on ventricle pathology changes in CMD
rats (HE, x200)

4 itit

5k JDk GUCAIE B 2 1R B O LA 80 T A ) 1) i
ZH LR 4Y , 24 56 ok I A 45 F L T e S R 2 AL
A B IEE ik A 78 — T B00 WLFE S0 0 L5 KA, 51 i
I DA i AR T 52 Wil 1L 56 B0 Y1297 MRS . CMID

BB R R P B O N RS R R
A48 0 7 3 S A BE L0 LA BE 0 TR PR R B8 S
H HiT, CMD 14 & 93 AL i1 i A 35 5 — 250, 38 Rkl 1Y
Ul T LR 5 L N R B e KRR AR B A
TE B ML P R 36 R i il TR T 405 4 AR O
AR NEEAS S5 I PR A6 B G I P B
fatn 45 LA K sh ok s B B Ak 19 36 97 0T DL CE CMD AR
I E IR LR A A T BE (AR A B AL X R 4
SR A0 0 3 S AR T SR 1 R B, el 2l i
Jik % 4& ER AR o0 BE B h IR 9T CMD B 1Y B 5
D7

A BNy CMD 0] I g R 2E L R
B T = W N N2 7 N 11 £ S
s 2 B ik Z2 A R K b NI A T M
Bl K LB Al i B G K Tk 2 ) T 4% K R T W
CHERT N2 - R - ok BE DTN 2 ok o L S
R4 N F R ING T . A TR Z 58, PRSI AT
TR I T RN . i R CIGIES R B )il
- BRI 2% R E RN SRR =2 4%, B 4% Bt AS ) U R 4 A
SR B S Y s % Mk, CMD g
G v e RO R0 S8 B AS R bR S 2 e AR R
MO OB, s K, AR T
T ST #3521 11 17 NN 1| 8 S = W L 7 VAR < 0
PRI 25 AN I 7E CMD 9 B9 P EE Il TR VA 9T
iz Tz, 9038 T — & W 98 IE 4 S 480
SR AH S WF 5 22 R I PR 8 88 0F 5 I A XoF VB F AL 61
HEAT IR AT, S5 50 A 53 A1 22 2R 1 4% G20 LA BE A5
IR Rl B A CMD ¥ SR 3 B B R T R
gz,

K ¥ CMD #5858 2 N O 54 O kA
AFEAR 2856 ik P9 1 59 0 ZE S0k 45 19 5 125, LB AR
4 ZE 1 BRI 5 0 DR 1 5 K I 32 R S A
Fe PRz 20 M P Bz 9 L Bl Ik o A e Ak BE B i 24 i
A = N Ao 1 = o LS
120, BRI, KELAE /N s 0 IR /D Bk 3h
JBERR, H T T I RO A A AR AR K
FEGOBROBE 1 B VR S B 6k bk B 0 O = N G
e FE IR, BT J I AT 3 Bl bk Y O ik A o7 el Bk ok 2
FE CMD BRI SR R )0 = N B IR B0 ik
PN T S e E Tl R AL B BEL 2E B il 45, J2& 57 CMID
Sl WA AL F R 5 i R F 98 CMD i B 25 W0 iR
Jr PR AL T EEE . AFSRCRHKRLDEN
T G A ZE Bk 1Y vk 5L CMD S AR R AR T
A8 A P 2 S T 0 B T TR

.47 -
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O IR 1 JE AR AT 55 2 3l S U 4 BT sk I B oh & B
ZH 4R At it AR L O VR T R Y SE I A B 2 A I R
9 AH AR T A48 O URRME B 2 MR R R 5 )
A6 B 1M 75 2 R A0 T a0 AR P A L pke s 0 E T
1) B 3 22— R e O = AR AR L 38 i TE A Bk
A B e 2 = A 5 R R A G T8 A AT DL R e i
VEM O RETD R . 200 54 DU 1 3 30 0 2 A T 2
28 B PE M JIE 0l 2l RE Y U %, — A S LVSP
A LV +dp/dt,,, J2 B A2 2 W46 D1 g, LVEDP Al LV-dp/
dt,, 2 WA 2 EF Ak D AR . BE K I B R B
AR AR MR B AR IR B 0 g AE O D RE Y
PEA b, R 0 75 0 ol TR ARG 4 2 0 B e i O = D)k
WA RCF B, M AR 7RO 3 B, AT AR E]0 E
WAL i T 5k AS [ B T ) 3 RE SRR Ll N AR R R
FeAn L 1 1 T LUAS 2 EF FFS FH Ok S0 % I
AES o AR IR 2 A 9T R TE % 55 1 A ek Tk 4
FL 77 ik ST 1 g 9 KRR IR IR R B, A Bl
BT B B kG B e s b B
Ik EF A FSE AL, 44 T WS 720 K%+ Hl 5 ik
Febr A — ™ RO BoR 0 F N TS
FE YR I R B0 IR i 3 3l 77 2 B 0 3 B RS
R K BAE DU RE B K, LVDP, LV+dp/dt,,,, ,
LV-dp/dt,,,. EF FIFS{E Y 30 7T 8 T F . 25 <0
i 2 &2 05 WS 70 A i B B ok g
CMD K ER-CIRERIEH , 7T LA s K B LVDP, LV+
dp/dt,, , EF A1 FSAH , 2 3% 0> 25 Y 46 ) RE ; ) 15 38 m]
PL It & LV=dp/dt,,., X0 = &7 sk D e A — a2 ol 3
YEH -

O UL A f 358 495 5 IR 0 15t L 2T 4 (1) 5¢ 56 1
IR, 40 6 5 30 35 P 3, 4 i P9 K 4 4 5 An CK,
LDH % JF i R Bk AT 3R 1M b, 223 2 A 2 22 Y
It A 2, 33 20 JULAE 43 A 35 ) A8 O ILAE BT L0 UL
2 F 2 6 Ik 25 5 AIE 4 R 1 12 I RTG TT S80R TF
Wb BT EEAEM . K B, Y0 WUAESE &
J&i 4~9 h CK B 3if 14 8 2o 1F 5 35 [l , R 46 i R T
T 24 h B Ik B0 (E , IFAE 48~72 h R [ 2 IE
HOKOESY S 7 HLMECE I A R R SR IR T R
CKUEME M LA B A . CK B4 3 M [F T .MM,
BB,MB FZ A7 T 0 LA iE , /L4 CK-MB 1] DL 7
O IR 22 A 1 L Al 2 23 v /0 0 E DI R S £
JE K, — BT CK-MB T & & e O IR BE /Y 45
o LDH R — R AR R 5 2k 190 WUEE , A7 76 T 8 %
JUL B L 2T 400 A 25 4 20 40 B A i 2 N 2k A b
— 8\l LDH 712 Wi 0> WURE 58 5 18 BUSE ZEAK T

. 48 .

CK-MB il CK, {H LDH X .0 JJLIE FE 55 2 0 2% L K
MeBMBEFEEAEEEL . OIS EMA(Tn)
£ & 3 AR, B LAS A T(TaT) , JLES T
(Tnl) FMALEG 2 (4 C(TnC) . & A4 2tk L i i,
cTnT F 451 3 5 ¥ L /N B 5 386 A ol ¥ 8¢ s A I
¢TnT [a] )32 1 A /) CK-MB AS [ , 5 5 8% L TnT JG
SN T 3Z TP/, B1 R e TT (55 5 M B ik
FHF UG RG2S A58 8 7, 3 a0 5 P TR I A
FERLER AT LA K B0 L 3, R JE 24 hifiL i CK,
LDH, CK-MB f ¢TnT /KF-H1 8 Ft i . SHIARIA [
B WS 70 B A% 7 o 21 HL A I S BRI sh W I T
CK,LDH,CK-MB } ¢TnT f/E ], U B AU 7 0
] LUA B Bl CMD B L 493

20 B U8 T 5 AN IR AEAS [ ) — R A
MLFET: R AT — 50T il e sh N
£ DNA P D) il 36 M 10 & A 00 40 i [ AR ST T ad e
O LA e i, A5 E P T 4 05 B 4 S B0 L
211 87 N A i R A e <N O e e S
filk 2 20 LA T AR AR 3B AN AR TS 2 AR IR AR kL
PRIEFEFD N BT M ik 42 . Caspase i 2 51 & 4l g 4
T G S N o AR A 0 BT, TR S AR AR K
H AR ML TS Z R T3 48, Hirp Caspase-3 #IA N
SRR TR OGS B B, — PO & AR T U O Sk
JCRE, {88 T2 A ] 3 A, R Caspase-3 8 FR 4 “ 56
TR, Bel-2 Z% 8 12— 28 5 %2 11 40 i 4
TR AR 1, AR A AT A A0 R T P T LY
F P — 2RI T L 4248 Bel-2, Bel-XL,
Bel-w, Mcl 1 A1 %, 75 — 2822 #F 98 T- 25 11 : Bax,
Bak, Bok,Bcl-xS,Bad, Bid %% . 7 W58 4t il , 4 7 Jik
PR T S A R e 2 5 B CMID /)N % A 50 vl 25 1
PO LT T ARBESE Bon 40 BN TR
FE Y BR T 3 CMD B KRR AT DL T 2.0 L2 21
Caspase-3, Bax & [1 R A F+ & , Bel-2 e I R A W] 1
R AR, R 7R A5 TR0 S 0 LA B 2 A R T i S T
O B8 2 W LA 2o 40 4 0 UL A0 i 98 TR 20 PR A0 L
BIPEH . RS 770 I8 BAT R K Bl Caspase-3 &
2R VE T, Horh 45 mg- kg ' A Go 24 25 5L 1M
180,90 mg-kg' K WG T4 %7, X 1 i 5 Western
blot 45 M 2l ) B D> Bl KA Ko WS T 0
Ji e LA T Bel-2 £k AE T, Hb 90 mg-kg' 4
SRR A Gt 2% H, 180,45 mg-kg' K W4 it
222 5 0] Re A RE 5 DU Bl i B A BR TE 22 K
P

FE 52 B A 58 o0 LA B8 T B PEAN 0 LA 4
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FERE A 25 U697 ORI — A B4R . AR
WO, 280 B N T G R JE Rk O 4 30 2 BT 3= B ik mT
DA A B I HE B0 LA 45 R B, TTC R R e
00 0 = AL b X I 2 AR AR X, e
FEAEAE XA E T R, NS T O R ERS
W S RS sh 0 WU SE T AR ME T . & = N TE
S #e FE S Bk 5 3 CMID A5 LK R0 UL HE B £ m] D
e ZE T Bk BH ZE 145, o7 UL HCAE A9 G0 LBk i 3R BE IX
SN D O N O 3 Rl o T R
XS 70 Jie 3 AT LA B S 3 K B0 UL HE % 68 BT R
B0 LR 03, 156 B G €MD 5| 4 fle 1fi, 0 A B
AR E .

ZE LS 70 BT LI R Rk ke 2
F iy CMD B0 WE I 3 36 7 2F 48 B L 3 oK BLG
kT B , Uk /b 0 LA B 1 AL R AIK CK, LDH, CK-MB
Je e TnT 450 WU 93 b 7 0 K7, oA FHAIL -5 40 61
O LM B U8 T B AR e WLAY 1 B A 56 (847 75 F
— 25 S B A T AL AT IR AT
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