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(Abstract] Objective To explore the mechanism of action of Xuefu Zhuyu Decoction (XFZYD) in treating coronary heart
disease (CHD) with blood stasis pattern based on mitochondrial calcium homeostasis. Methods A total of 150 SD rats were randomized
into normal group, sham-operated group (only threading without ligation), model group, atorvastatin calcium group (0.90 mg-kg™-d,
hereinafter referred to as statin group), and low—, medium—, and high—-dose XFZYD groups (351, 7.02, 14.04 g-kg™-d”, hereinafter
referred to as low—, medium—, and high—-dose groups), with six rats in each group. Except for the normal and sham-operated groups,
the other groups were prepared for CHD with blood stasis pattern models by ligating the left anterior descending coronary artery of
the rats. After 24 hours of successful modeling, the rats were given continuous intragastric administration for 7 d. The myocardial
tissue of left ventricular ischemic area in rats of each group was taken. HE staining was used to observe the necrosis of the
samples. The fluorescence intensity of calcium ions in mitochondria was determined by mitochondrial calcium ion probe. The Ca*-
Mg**~ATPase activity of myocardial cells was examined by phosphorus determination method. Immunohistochemistry was used to
check the protein expressions of mitochondrial calcium uniporter (MCU), sarcofendoplasmic reticulum Ca*~ATPase 2a (SERCA2a),
transient receptor potential canonical 3 (TRPC3), calcium release-activated calcium channel protein 1 (ORAII), cysteinyl aspartate
specific proteinase-3 (Caspase-3), and cysteinyl aspartate specific proteinase-9 (Caspase-9). Results Compared with the normal group,
the model group showed disordered cell arrangement, blurred transverse stripes, necrosis of a large number of myocardial cells, a
significant increase in mitochondrial Ca* average fluorescence intensity and AOD values of MCU, TRPC3, ORAII, Caspase-3, and
Caspase-9 (P<0.01), and an obvious decrease in Ca*~Mg*~ATPase activity and AOD value of SERCA2a in the myocardial tissue of
rats (P<0.01). Compared with the model group, the statin group and low-, medium—, and high—-dose groups showed reduced
myocardial cell edema, inflammatory cell infiltration, and cell pathological damage as well as relatively tight cell arrangement,
meanwhile, the AOD value of SERCA2a in those groups significantly increased (P<0.01), and the average fluorescence intensity of
mitochondrial Ca*, AOD values of MCU, TRPC3, ORAII, and Caspase-9 decreased significantly (P<005, P<001). In addition, the Ca*-
Mg*~ATPase activity in low—, medium—, and high—dose groups increased significantly (P<0.05, P<0.01), while the AOD value of
Caspase-3 decreased significantly (P<0.05, P<0.01). Conclusion XFZYD can regulate myocardial mitochondrial calcium ion transport
and mitochondrial calcium homeostasis in rats of CHD with blood stasis pattern, which may be related to up-regulating the protein
expression of SERCA2a and down-regulating the protein expressions of MCU, Caspase-3, and Caspase-9.
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i 6/0 ToOI4E A 22 43 5 28 1 A2 O R 10
ILZE B LAD Z54L, AL LR ST Bef il A Je 26 %
TTRE 0] S K 21 s S bR ks | SR O JIE T
Ml g fis | DGR, 1B 2885 . KA ERFRIRE IS, ik
AR T ARAMUGFLARLGE L, IEH DA A
T, AR AT s, RGITEHRHE 8
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1.6.1 CDAALURHEFMEE K EETE 4% 2R
B A LAZIREART R, 4 pom BIAESETH 1 60 °C
ATE IR TPAEE 12 h R RE T 7 10 minx
2 WK, TR B R TR (TEK \95% .85% . 75% )
ZEEP IS UE, B4% 5 min, FEE T2EKH 5 min,
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LK 5 min, FREIRRE T 285 minx
2 W TR T R d I 7RG AR N L
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1.6.2  ZRIAARES B oo BERTIN A O LA 25T
i A 3 mL IR A B T (0.4% 11 Y Jie S5 i§:0.125%
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AH BT A 2R B8 PR, BRI, 37°C4H
MIREFRFTIEE 30 min, SR S5 FHAS 35 I3 09 A0 85
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BROC LA ZY B WA it )5, 4% 1:9 i AR AR Lk
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W 100 wL 52 000 pl EBRESI MR Ca-Mg>—
ATP i & 0 U B A THRAE | e BR O B A
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TR PC3 ,ORAI1 Caspase—3 ,Caspase -9 [/ 7 [ 3¢ ik
H O WU SO T 19 22 SR RS J= , PBS ohisk, 21
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# 2 hy BRI (JEIK \95% .85% . 75%) L BEIL I &2 K
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UK 3 ming WA AT DU T 8 YT A
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9 Caspase—3),4 Cid7 ,PBS ik 3 ¥, AKX 5 min,
TN R 3 SR, A5 IR 20 min, PBS ¥k 3 WK, BRIK
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F 8853 0 & A5k R 3 A9 EF MCU \SER-
CA2a TRPC3 ,ORAIl Caspase—9 Caspase—3 i FH
TP 6% (integrated optical density, 10D) DL K%}
N TEIFR (Area) , TR PG FE(E (average op-
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1.7 #it=ErAE

K H SPSS 25.0 F AT g AL B i TR
K “xxs” FoN R IEASEE R RIZL A A R A
BRI T M7 (One-WayANOVA ) , 34T 20 (8] 1Y
ZEALL, 25T LSD 3%, 7 255 i k4
Dunnett T3 3% ; ANl /& IEASPERHEPERL ARG, A
P<0.05 25 BA G FE L,

2 &R

2.1 IMAFZRFRAIT CHD MFHEEE K RO AR
R I AR RN
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O LA 23 0 A2 P R S MR LR R O LA
JUSRFE ; SRRV AR LL, VT AL AR e,
SO LA ALK e A B U | S M AT LR T o/ 24T A
GRS 5%, AN SR O AR A T e s ST
AELE A e 7 2 A FL N L 32 45017 00 S 25 K
B2 SR R AL AR L e 7 A UL B AR A 7R
JEUTR AR, TEUE 1,
22 MFFZRFEZXT CHD MFFER S X RO AL4H A
SRR Ca™ T8 38 B RN

HIEWHMERFARLAA L, BRI ZE R A Ca*
PP LR ] BT R (P<0.01) s SECEIZAHLE At
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1 BRAKXRKEZR HE RBER(x100)
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TTAURMIS i A 2R Ca2 P39 a A 1
BT (P<0.01); ST AUA L, b | e 7 it 2 Gk
A Ca™ P55 B B ik T % (P<0.05,P<0.01) ; 511K
FIHRLHANEL, AR R Ca> 39 G
A 2 R R4 (P<0.05,P<0.01) ; 5 4H A EL w5 7
I 2R Ca?=F- 328 e B B i B (P<0.05)
TR 2 1A 2,

x2 BHKREHE Ca FHRABER LR (vis)

215 n Ca? ¥ 9 R g

IEH 6 2 046.22+415.25
BFARA 6 7 653.70£679.18
PRI 6 17 700.66+286.29%4°°
720 6 11 280.98+1 103.01*
jisnlEei | 6 12 870+1 341.80"
FhiR R 6 9 152.02+843.117#4A
e B2 6 4 879.92+855 80" Am

H HIEFAM L, ~2P<0.01; SBF R4 M, °°P<0.01; 5HI#!
AL, #P<0.01; SIBTTZLAR L, #P<0.05, *P<0.01 ; S 4L AH
e ,4P<0.05,44P<0.01; 55 A L, ™P<0.05,

2.3 MAFZRFRAIT CHD MFHEEE X RO A4 A
Ca*-Mg>-ATP BEE RIS

SIEH AR T ARG L, A Ca®*-Mg*-
ATP 15 PE T F% (P<0.05,P<0.01) ; SR AR L
% R Y Ca-Mg2—ATP s M T 55 (P<
0.05,P<0.01); SAITAIAH L, @A Ca*-Mg>~
ATP BEIEYETHE (P<0.05,P<0.01) ; 5K 4HAH L
F A Ca Mg —ATP BE PE T8 (P<0.01), 1
W33,

£33 BAKR Ca®-Mg*-ATP BEHILLEL (xs)

ikl n Ca*-Mg*—ATP fif/(U/mgprot)
EH A 6 1.486+0.191
rFARH 6 1.1230.136
PRI 6 0.495+0.49524°
fhiT2H 6 0.628+0.024
jisilbeei: | 6 0.723+0.027*
rh2H 6 0.86920.067"*
[eilhseil 6 0.977+0.068"* %44

. HIER A, 22P<0.01; 5ETFRAM L, ©P<0.05; S AIZH
AL, *P<0.05,#P<0.01; S5 lyT4LAH Lt , *P<0.05, **P<0.01; 51LH
EHAM L, 44P<0.01,

2.4 IMAFFEFRAIT CHD MFHEREE K RO ALELR
SERCA2a MCU,TRPC3,0ORAI1,Caspase—3,Caspase —
9 BAFRIZHE N

SHIE#E AT AR L, BRI SERCA2a 1y
AOD {235 N R (P<0.01) ; ST AL, Ml 7T 20
FIUIG P AR 2H SERCA2a 1 AOD {H B35 T4 (P<
0.01); 5T A I, = & 41 SERCA2a ) AOD
H R TR (P<0.01) ; SRR AL, b i
2l SERCA2a [ AOD {H {2 # Ft 5 (P<0.05,P<0.01) ;
Hh A, F R 4] SERCA2a (1) AOD {H i
ETHE (P<0.05), THEILE 4 8] 2,

5IEH AT R4 L, B84 MCU \TR-
PC3 ,ORAI1 ,Caspase—3Caspase—9 ) AOD ELERT)
FHiEr (P<0.01) ; SHAILU AR L, b7 T4URMIG L 771
44 MCU . TRPC3 ,ORAI1 Caspase-9 f AOD {& 1]
R FE(P<0.01) i b &7l 20 Caspase—3 AYAOD
{H R T (P<0.05,P<0.01); SHLTTHAMLL, 5
il & 20 MCU ,TRPC3 ,ORAI1 Caspase—3 ,Caspase—9
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[ AOD {E B2 T [ (P<0.05, P<0.01) ; 55 %5 & 21
AL, 3R 2 MCU ,TRPC3  Caspase—3 ,Caspase—9
() AOD {8 W 5 % (P<0.01) , T E 5 41 ORAIL
[ AOD {E W] T R (P<0.01) s S bl i AR L, 5
#5240 MCU ,TRPC3 ,ORAI1 ,Caspase—3 ,Caspase—9
() AOD {E#H & P& (P<0.05,P<0.01) . 3L 4—6,
Kl 2—7,

F4 HAKR SERCA2a F1 MCU AOD {EHILLES (vs)

205 n SERCA2a MCU

EH4l 6  0.2010.003 0.132+0.002
BMFERL 6  0.195£0.002 0.137+0.004

HRRIZH 6 0.147x0.01422°° 0.2110.00824°°

T 6 0.1670.004* 0.180+0.003%
RFIEH 6 0.163+0.002% 0.177+0.004%
FHRIEA 6 0.175:0.005%4 0.170+£0.003#%
FFR 6 0.189+0.005%<AAR () (5610003 Asmm

L S IEH AL, 22P<0.01; ST R4 L, ©°P<0.01; 5 1R
AL, #P<0.01; SATTALAH L, **P<0.01; S{KFI 41t , AP<
0.05,44P<0.01; 5541 e , "P<0.05, ™™P<0.01 ,

£S5 HHAKR ORAIl 1 TRPC3 AOD {EELER (xs)

2151 n ORATI TRPC3

EH4l 6 0.132:0.002 0.107+0.003
BFEARHE 6 0.14620.003 0.12120.003

B 6 0.232+0.007440° 0.175+0.00944°°

T 6  0.2070.007* 0.157+0.003*
RFIEH 6 0.203£0.007* 0.151+0.004*
R 6 0.186£0.006"% %44 0.147+0.004%%*
B 6 0.169£0.006" AR () 13)4() (03" Asmm

e HIEH AL, 24P<0.01; SR FARAHLL, °°P<0.01; 58820
ML, #P<0.01; 5iT A LE , *¥P<0.01; SR FI B 4L L, 44P<
0.01; 595 F 41 L, "™P<0.01,

3 iFig

REBUA 2 3.3 2.0 M ps B3, Hp CHD
31 139 U7, H CHD BB T- R R B4R AR
O CHD WO B IR E 1 B R AL T AE R BiiR
CHD ZIAZEZE, HEE2=IAN CHD HYRHLE 8 A 1
PR, AR A ML FHAS /2 OB R F  BR SR I

Bl 2 SERCA2a EA7EOAALRHHIRIE(x400)
A ER AL BARTFARLL; CAIRILL D ABTT AL EARF ik Frp 4l G w4l

TE: AQER 2L BARTF AL CARILL DAL T BRI B2 Fh 2 G i 2
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R 6 FLHKER Caspase-9 F Caspase-3 AOD {EAIELER (v+s) /ﬁﬁ% ijz‘(f'z \%@%#rmlb\ﬂﬂ( ﬁ{if;[_p [ﬂlﬁ‘-’f B
415 n_ Caspase—9 Caspase-3 H B (EARMAE Y, 1 AR AR I H fE | 157

IEHA 6 0.13220.010 0.11420.010 i R I IS R LT RS R
BFAR4A 6 0.13320.006 0.133+0.015 ,

fﬁﬂgﬂ 6 0.224+0.015%40° 0.232+0.0134400 _[,‘ﬂq \jlﬁ% \1:/\)'_"14 \-H-E‘ 1 1 lﬂi%%/ﬂm 77[:’:] u é‘uﬂ \jlﬁ

fibi T4 6 0.193:0.007" 0.1920.004 AT NS BURLTAERS o fh e sy A5 H 540
IFI 2 6 0.186+0.004* 0.18320.004* TS iﬁ% S AR LN & L AT
) 6 0.175+0.006" 0.173+0.0027%% T SV vy
BRI 6 0.16020.004%FFAAR (1480005 4smm / T ZH B 7L

HH 41 TIEN=R P10 BT 4 9 |
VE 5 IR L, “2P<0.01; 55 T ARLLA L, ©OP<0.01; 15 K7 I, éﬁﬁml%”gﬁﬁ%PLmLW@Mﬁﬁﬁ”Jﬂ%
A, "P<0.05,#P<0.01; 5 HETTHHIEL , #P<0.05, **P<0.01 ; 51 T 2 o B R 0 LA L, R 47 oA 2
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