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1. BRI EREER, M @M 363000
2. HOPIT R KRR — R, BT WMIRIE 150040

& E:. B WIS EROG RS0 3 K RO A G R F B FaiE HEE Wistar K REENL N
TR BRI ARIREF] (2.1 mg/kg) HLUUKSEFLEHK. T mAIE (9.975. 19.950, 39.900 g/kg) 41, BrxtH&4141,
HAKR ip MERFE SO IIDEHA; K525 ig HINZ54), XFRRAUMBIAIL] ig SRR, | Rid, %S84 8. 42
SR, RO IR 0 2 8 4k A A 5 % K B e 55 1150 # (left ventricular ejection fraction, LVEF). 7r % fAh4i5 3
(left ventricular fractional shortening, LVFS) Pl RO (stroke volume, SV); RABAR-FL (HE) Yeikiisg
FAAKBOIA LRI R IG5 B2 25 20K RO LA BB T s # R ELISA VAR %5 4K R 2K N vty B ALA|
K (N-terminal B-type natriuretic peptide, NT-proBNP) K UJIZHZ =R *HF (adenosine triphosphate, ATP) 5 &; KA
A RSO A2 R SR LA SRR T s SR qRT-PCR G I 8541 K SR AL 4 B kB 41 SR 2 (B-cell lymphoma 2,
Bel-2). Bel-2 M98 X & A (Bcl-2 associated X protein, Bax). M EIREARE-3 (Caspase-3) Flik S ALY BRI TP i
AR y FEPE R F-1a (peroxisome proliferator activated receptor y coactivator-la, PGC-Io) mRNA kW ; KH Western
blotting yEA I & 2H K UL HLHE Bel-2. Bax. Caspase-3 Fl p53 S ARIBFE M. &R SHRAE, HA4H KK LVEF.
LVFS #1 SV 2F K (P<0.01), I3 NT-proBNP & & B &= (P<0.01), LHZHL ATP &5 2% FK (P<0.0D), L
UL M3 TR 52 TR (P<<0.01); 0L Bel-2 Fl PGC-1a mRNA Fik /K V-5 2 BE K (P<<0.01), Bax M Caspase-3 mRNA
RILKTFREZETE (P<0.01); LIIHL Bel-2 HARIERFERAL (P<0.01), Bax. Caspase-3 Ml p53 & R BKTBEF
B (P<0.0D), 5HMALLE, SEMZF. BFEHRKIERH KR LVEF. LVFS 1 SV ¥ EET & (P<0.01); I
# NT-proBNP & & 2 % [FK (P<0.01), LAAZLR ATP FEEEHE (P<0.01), CN4HMIE T2 8K (P<0.01);
DAL Bel-2 Al PGC-1a mRNA RIE K T4 1.2 F+ 5 (P<<0.01), Bax fl Caspase-3 mRNA R IE /K T3 8 2 FFK(P<0.01);
DLAR Bel-2 A RIEKTFEEFEF B (P<0.01), Bax. Caspase-3 Ml p53 & H#iAK P8 FHRFL (P<0.05. 0.01).
it SRA BRSSO RE KR AO UG Rem Al & OThae, O T, ARSI R85 s
PGC-1o AL AR T3 B AR DGR [ RIAH Ko

XA SEMOG: O1EE; OUEW; OThRE: GOV T SRk T

FESAES: R2855 XEAPRERS: A XERES: 0253 -2670(2021)19 - 5922 - 10

DOI: 10.7501/j.issn.0253-2670.2021.19.015

Protective effects and mechanism of Shenqi Lixin Decoction on cardiomyocytes
of rats with heart failure

ZHUANG Jin-long', LIU Li?, ZHONG Yuan-fu', SUI Yan-bo?, LIN Geng-hai', HU Gui-hua', XU Hui-lian!
1. Affiliated Dongnan Hospital of Xiamen University, Zhangzhou 363000, China
2. First Affiliated Hospital of Heilongjiang University of Traditional Chinese Medicine, Harbin 150040, China

Abstract: Objective To study the protective effect and mechanism of Shenqi Lixin Decoction (Z EF:(»#%) on cardiomyocytes of
rats with heart failure induced by adriamycin. Methods Male Wistar rats were randomly divided into control group, model group,
enalapril (2.1 mg/kg) group, low-, medium- and high-dose Shenqi Lixin Decoction (9.975, 19.950, 39.900 g/kg) groups. In addition

to control group, the rest of rats were ip adriamycin to induce heart failure model, rats in each administration group were ig
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corresponding drugs, rats in control group and model group were ig equal volumes of distilled water, once a day for four consecutive
weeks. After administration, cardiac color doppler ultrasound was used to measure left ventricular ejection fraction (LVEF), left
ventricular fractional shortening (LVFS) and stroke volume (SV) in rats of each group. Hematoxylin-eosin (HE) staining method was
used to observe the pathological changes of myocardial tissue in rats; Transmission electron microscopy was used to observe the
ultrastructural changes of myocardial cells in rats; N-terminal B-type natriuretic peptide (NT-proBNP) level in plasma and adenosine
triphosphate (ATP) content in myocardial tissue were detected by ELISA; Flow cytometry was used to detect myocardial cell
apoptosis in rats of each group; qRT-PCR method was used to detect B-cell lymphoma 2 (Bcl-2), Bcl-2 associated X protein (Bax),
Caspase-3 and peroxisome proliferator activated receptor y coactivator-lo. (PGC-I1a) mRNA expressions in myocardial tissue;
Western blotting was used to detect Bcl-2, Bax, Caspase-3 and p53 protein expressions in myocardial tissue of rats in each group.
Results Compared with the control group, LVEF, LVFS and SV of rats in model group were significantly reduced (P < 0.01),
NT-proBNP level in plasma was increased (P < 0.01), and ATP content in myocardial tissue was reduced (P < 0.01); Cardiomyocyte
apoptosis rate was increased (P < 0.01), Bcl-2 and PGC-1ao mRNA levels in myocardial tissue were reduced (P < 0.01), Bax and
Caspase-3 mRNA levels were increased (P < 0.01); Bcl-2 protein expression in myocardial tissue was reduced (P < 0.01), Bax,
Caspase-3 and p53 protein expressions were increased (P < 0.01). Compared with model group, LVEF, LVFS and SV of rats in
medium-, high-dose Shenqi Lixin Decoction group and enalapril groups were increased (P < 0.01); NT-proBNP level in plasma was
decreased (P < 0.01), ATP content in myocardial tissue was increased (P < 0.01); Cardiomyocyte apoptosis rate was reduced (P <
0.01); Bcl-2 and PGC-1a mRNA levels in myocardial tissue were increased (P < 0.01), Bax and Caspase-3 mRNA levels were
reduced (P < 0.01); Bcl-2 protein expression in myocardial tissue was increased (P < 0.01), Bax, Caspase-3 and pS53 protein
expressions were reduced (P < 0.05, 0.01). Conclusion Shenqi Lixin Decoction can improve myocardial structure, energy
metabolism and cardiac function in rats with heart failure, and reduce myocardial cell apoptosis. Its mechanism may be related to the
regulation expression of PGC-1a and mitochondrial apoptosis pathway-related proteins.

Key words: Shenqi Lixin Decoction; heart failure; myocardial structure; cardiac function; cardiomyocyte apoptosis; mitochondrial
apoptosis pathway
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BN 53 G R TR T TR DR 27 B e 2R v s e s ) s v
O, HHEHBEEYOK, St 120, EE (22+3) C.
MBIE (50E8) %. sh¥ISEIA TR s R B 1
Pefe R A ki (kiS5 909DWLL201901).
1.2

SEALHE NS 20 g BT 20 g« HEFL 10 g.
EFE20g. BT 15g. 158, K% 20g.
FIAR 15 g IIESEL 30 g 2EREEL 15 g AIHEL 10 g
AImiEe, CL BT I B TR R AR B R
eHdbs, ZBITTRT BT BN PR B E 7 ]
RNHMEHEI NS Panax ginseng C. A. Mey. 1T}
WMAMWZE. SRHEYZE G WK Astrragalus
membranaceus (Fisch.) Ege. var. mongholicus (Ege.)
Hsiao TR . MRHEYIAE Cinnamomum cassia
Presl H-TJEaA . /NEERMEYIE X Epimedium
brevicornu Maxim. M A AERMEYIIR IR G
Descurainia sophia (L.) Webb. ex Prantl. [\ T J8 il 24
. BERHEY TS Salvia miltiorrhiza Bge .} T
FEMRARRZE . Z LB IR Faria cocos (Schw.)
Wolf )T B2 %« % FHE Y B R Atractylodes
macrocephala Koidz. I FIEMRZE . S RHE Y Je 28
L Agrimonia pilosa Ledeb.[F) T F#845r. JETEFR}
MY 23 BEEL Leonurus japonicus Houtt. ¥ -5t _F 0
o SRMEYIH S Glycyrrhiza uralensis Fisch.Ff)T
TRAR AR 2 .
1.3 Zm5i

TR ER IR FI A (10 mg/ 5 #ik5 18010301
16BN IR R 2 ey A IR A =] VRS
FERLZ IR (10mg/s2, #its 18033311) IWH
WL IE 25 PR A 7] TRAR KRG (s
20170035) FHLLGER (L5 20180017) M EH b
AR R ARAR: N o B AR 4k
(N-terminal B-type natriuretic peptide, NT-proBNP)
ELISA {7/ & (#t5 ER0309). =@M R+
(adenosine triphosphate, ATP) ELISA {7l & (it
5 ER1637) W H sl AE R AV RHA R A A
Annexin V-IIALARE (PD 57 &. Trizol {7 &+
qRT-PCR X7 & R BCA H I EERAAE.
T R B R AN - SR TN A TR i B I LUK L ECL BB UK
Je CHk 5 4y i A AV0120126 . PRO1259 .
LK-0103A. PWB-78503. PWB-563. PWB-020,
PWB-03132) H _Lifgvaie AP 25 AR F IR A7
PCR 51y bifg 3 B AR AT IR A w5 B

PVDF ## i (k5 IPVH00010) 4 3£ [ Millipore
AT X 6 B E R E 35 E Kodak s
HRP Fric i 2EHT e 1gG Pk (k5 A0208) T H
FBEZREDHEAGRAF: B MEAME 2
(B-cell lymphoma 2, Bcl-2) Fiifk. H4H Bel-2 AHR
X # 1 (Bcl-2 associated X protein, Bax) fiff.
4 B-actin Pl AR E FIBG-3 (Caspase-3) i
. p53 Pkl H % [EH Abcam A ] .

1.4 {43&

IE33 BLO R G285 (faf 2= Philips
AF); MDF-US3V B[R BRIRIKFE (HAR=6
AF]D; ST5020 B4 2 DyRe gLttty — 441, RM2245
B] L. DW4-B A4 2 8% (4 ] Leica A F]);
JEM-1220 BLE S HEE (TEM, HA Hitachi A 7]);
TDZ4-WS 7 & RT3 B0 IR A S 56 54X
PRI R AT FRZA )3 BD FACSCalibur i s04H A% (35
BD Bioscience A ] ); MX3000P %! qRT-PCR 1%
(£ HE Agilent A7]); PowerPac™ HC HLIKAX
170-3940 BLY-FHEENRE . XR+HEERR BAE 0BT R4t
(£ Bio-Rad A#]); VE-180 AU F HE Kkl ([
RAEEHEAFD); XBT-1 BFLAERH X 2k (36
Kodak A #]); Gel-Pro analyzer BB ff (36
Media Cybernetics 22 7] ).

2 &
2.1 BEFLIANGIZ
BT EANS. EE., e, k. &1,

FE&. K% AR, AVESE, R REERTH RO,
TN 10 522808 KIRH 1 h, BIZ 1 h, 2AijEt,
JEE TN 8 M5 EAR MK ARSI 1 h, L, BFF2
PCIEH, A3 RS AR 25 8 0,998, 1.995. 3.990
g/mL IV, 28 RORAE G A0l e 32 B B e
1 27821 pg/g. FHEMR 1, 1.58 mg/g. FEEFET
326.32 pg/gl, rAEKWE, T4 CRFEH.
22 ILDHREARBRERNGIE. 7ES5%RH

S CRITVENN, R RIENMEESRE 7 d S,
K BENL S 7 2R 15 RAE R R4, Ay KR
F08AT 3 A 3 mg/kg. J& 3 F 2 mg/kg (5 E ip BT
BRI (0.8 mg/mL), XA ip 46 0.9%5
AN, 1 A, ESR 6 ;s 6 FJE R LT
82 1 S U K RO ThREFR bR, A2 2 5 1Moy
# (left ventricular ejection fraction, LVEF) <45%
B2 BR 0 ) 3 0 R RSS2 1) 28 B D o AR AR ER A ZH.
AT FE 081, WA AR RS ) (10 ) 36 9 K BRBE AL 20
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REARIZH . AR F] (2.1 mg/kg, FH24T IR &5 %557
B KSR AR 77 E(9.975.19.950.
39.900 g/kg, ZrAIAHSTIGIK 172 f55751E . SFRG7
B, 258 4, 84 16 R B4HY ig N
258, STIRLAIRERA ig SEARRZRIK, 1 IR/,
a4 B HWEIECFR RIS REE.
AN JRE . FE. BRE RIS DL,
2.3 BEFLIHNLNRBAROIEERF N

SBAERE, KREAEASIK 120, BE. R
ERTRE, ip20%S R0 (1.5 g/kg) FRIEE, A00ERE
SE PIRTIEE S, SR O R 0 22 e et s A S AR )
KB LVEF. /A = % 45 % % (left ventricular
fractional shortening, LVFS) 2 &40 tH & (stroke
volume, SV), ZEZEME 3 NOshEEE, HBCFHIME.
24 BEFLIHITONRBKROHELRET
A 0A

KB LSRN 5 mL T EDTA $HiktE 4,
#+E 1 h,3000 r/min &-C» 10 min, BUM Y, T —20 C
RAF. RILJG SERPACFER R, B s HPRs B
O IE, AT B 0.9% A it st s, Tk b
BRI, A et 2H 2345, IR =0 LA
g1, PEAET, PUHBTIAL FO0RFOMAL, F
A% KHREFE T, BECEERK. ZHZKIERH,
FIEAMEYI A (& 4 um), FAMFRAT 4 5kU) 4,
WIAAAR R (HE) Jett. FHEMKE A, T
BB T MK RO UL SR AR AL A IR
25 SEFLIFITONFBRR OB HHLE
IR

IS H K R = ORIONAL, T 2.5%1%
TEERWRE E, DATAT PBS WRIEDE 3 I, T
1% 8RR [ 52, BRIE CRELK, AR AR, &8
WU R G, BAPRAR S kU1 A, T TEM R
5 2H K SR LA B AR R 25 46 4 R
2.6 BEMLAFHOAFBARMIEZ NT-proBNP
FUOANLELE ATP S 2 RIS

U “2.4” WUNIMHK, #% BELISA 7 & Ui
I %20 K BRI NT-proBNP &5 BUAE %0 L4
41, ZWARME. FHESK. B, RINESEAR
Tl 2 4L 2510, F4 B ELISA 57 & i B A 2%
HR RO ATP & &
2.7 BEFILIFAFOHFB KB OHLAEEA T
Al

B H R B2 AR ED LA S, LTIV 1

PBS VAR HE 5% B 15, FAAL b2 ] 4 SR 20 i B
FONAHZURE T 200 H AWM L, ~ESPIL,
Je FIIRBL BT BT, BRoR e bRy, LA
A PBS ¥, B A se, R
LA YR R 300 H JEM 22 Bram ke, Wedean i
B 2000 t/min, B0 5min, 3 B3, WCEEANM;
HET 4 CHAK PBS W, 2000 r/min &L 5
min, YEREAH 2 IR, FF IR AR FE N 1X105mL.
W3+ PBS W5 40 E & T 300 pL Binding
Buffer, I 5 pL Annexin V-FITC & iE%], =ik
BEEEE 15 min; EAHLAET S min I 5 uL PI %L,
#Min 200 uL Binding Buffer, K FH it =040 B AR I 4%
KR T
2.8 BEHLIFINLNHRBREOHLELR Bel-2.
Bax. Caspase-3 i3 S YIEBIIEEMBUE SR v
HHEEF-10 (peroxisome proliferator activated
receptor y coactivator-la, PGC-1a) mRNA FRiLH]
Al

A LHR A DRI O, Fe R &
PR A 28 RNA JE & AL cDNA, HHAT
qRT-PCR 73#fr, SIMFFI N 1.

#z1 SHMF5

Table 1 Primers sequence

RS 5 (5°-3) K /bp

Bcl-2 F: CGACTTTGCAGAGATGTCCA 223
R: ATGCCGGTTCAGGTACTCAG

Bax F: TGCAGAGGATGATTGCTGAC 207
R: GGAGGAAGTCCAGTGTCCAG

Caspase-3  F: ACGGACCTGTGGACCTGA 151
R: GGCGCAAAGTGACTGGAT

PGC-1a F: GGGCACATCTGTTCTTCC 197
R: TCCCGTAGTTCACTGGTC

B-actin F: CGTAAAGACCTCTATGCCAACA 131

R: GGAGGAGCAATGATCTTGATCT

29 SEFLIAFTHOHRBAROHEALE Bel-2,
Bax. Caspase-3 #l p53 EERIZRF NI

HUE- AR R A =0 AR OISR, inN 500 pl
A IR, WEBE . 2138, UK L3@. S0, 3
IWAHLEN, KA BCA B EERA&ENEEA
JREWREE, AR Z T e SRR R - 55 P 45 Tt e
HEI LYK, #5452 PVDF JBE, IO S%Mt 4R 45, 37 °C
A 1 h; BN Bel-2 Hufk . E 4 Bax Hiif.
Caspase-3 Fuff. p53 Fufhk (1 1 2000) FE L B-actin
Pufk (11100000, 4 CHFER, H TBST Pk 4
Y, 10 min/%; N HRP FRic il 2Edi 6 1eG it
f& (1:2000), 37 ‘CH¥E 2h, H TBST ¥ 4 %,
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KH SPSS 22.0 B AF#EAT SR04, THETR
PAX £ 5 Ko, WI2E IR] LU0 2 R4 70 A1 J 7 22 551
(1) LSD-¢ kxfer, ANl /& IE2S 70 A J 5 22 55 e
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White arrow shows cell swelling, red arrow shows cell necrosis
B2 SEFHOHITBA R OB LR RFIEL LR
(HE, X400)
Fig. 2 Effect of Shenqi Lixin Decoction on pathological
changes of myocardial tissue in rats with heart failure
(HE, x 400)

R B KT 9.975 19.950 39.900
EH A OEH (kg

SXRA LR P<0.01; SEBALE: “P<0.05 #P<001, E4~7[F
**P <0.01 vs control group; *P < 0.05 #P <0.01 vs model group, same as fig. 4—7
1 BERMLAINONFBERROINEENFM (Xx+s,n=13)

Fig.1 Effect of Shenqi Lixin Decoction on cardiac function in rats with heart failure (x £ s, n =13)

PRS2 20 18] LRI SR R R T 22 434

3 &

3.1 BEFLANOHRBEKEOINEERNZ
WK 1 AR, 55 IR b, R 41K B LVEF.

LVFS Fl SV ¥ 1.3 F#K (P<0.01); SR LA,

SRR Z L BRI A FILLK B LVEF,

LVFS f1 SV ¥ E.E T+ (P<0.01).
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33 BEMLANLARBARCINMBIRBME
Al EA)

WE 3 Fs, SRR SO WLA L2 b4 SR
NN, BEER SRR TR, NIRTE T, ULER4E
HEPIEESE, WIS AE s AR ALK O ILAH R Lok
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ZEFRLHN g ke ")
W EE LRI, AT kRN, Tk
RNV, GOSN A %
Blue arrow shows swelling of mitochondria, red arrow shows lysis of
mitochondria, white arrow shows internal ridge lysis, green arrow

shows lysis of muscle fibers
3 BERMLHLNFBAR DA AEBHEHRFE
(X5000)
Fig. 3 Effect of Shenqi Lixin Decoction on cardiomyocyte

ultrastructure in rats with heart failure (x 5000)
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S RPI = e Ny LY L Vi O i T - 7
WA, AR WA, N NI AR, LAF4EE
VR, BB SR R A
T FUZE R B O WLAB M SR A H 73 I, (R 4544 1w
SERE. RV, SEORAILRE, G YIRS
DTEAR, WU VR
34 BEMLAHFNONFBARMIEZ NT-proBNP
FLLALZALE ATP &2 HIENT

WK 4 Frox, SXPERZE LA, B K R 2%
NT-proBNP & & W E 5, OIIHR ATP &= 8%
FE(X (P<0.01); SR, SEFLHF.
e T B AR A 2K B 3K NT-proBNP 75 &

6007
5007 T
4007
3001
200
1001

NT-proBNP/(pg-mL ")

SR BER KA 9.975  19.950  39.900
ZIHOF (g kg ™)

BERE, DN ATP &8 EE A5 (P<0.01).
3.5 SEFLIAFHL B KR OHLAEEATH
Al

WK 5 s, SxEA i, AR RO L
TR EETE (P<0.01); SHAA LA,
SRR i E AR T 4K R O L4
FR T 235 B2 TR (P<<0.01).
3.6 BEMLIAILHRERFROINELR Bel-2.
Bax. Caspase-3 1 PGC-1a mRNA FRiARIFN

W 6 Frs, S, AR RO L
HI Bel-2 Fl PGC-1a. mRNA Fik /K15 15 2 FEAK
(P<0.01), Bax F1 Caspase-3 mRNA Fik/KT 5. 3%
T (P<0.01); SEMALLE, SEROHT .
o 7R R AN TR R ALK B L 4 Bel-2 A
PGC-1a mRNA FiL/KFEETE (P<0.01), Bax
H Caspase-3 mRNA FIE/K- W ZFFK (P<0.01).

25017
2001 it

T T
1501 Hok T

100 1

ATP/(umol-g ™)

50

0.
MR R AKARFR] 9.975  19.950  39.900
SEFF (g kg ™)

El4 BEFLZIOHRBARMITNT-proBNPHILAILALLATPES BRI (x5, n=13)

Fig. 4 Effect of Shenqi Lixin Decoction on NT-proBNP content in plasma and ATP content in myocardial tissue in rats with

heart failure (x £ s, n =13)
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ERE ! !
=
B
3 107
0.

YR AR KHREF] 9.975 19.950 39.900
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5 SEMLANONIRBARONABRBATHNE (x£s,n=13)

Fig. 5 Effect of Shenqi Lixin Decoction on cardiomyocyte apoptosis in rats with heart failure (x £ s, n =13)
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(mitochondrial permeability transition pore, mPTP)
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