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Improvement effect and mechanism of Shengmai powder on heart failure mice with qi-yin deficiency
KANG Lanfang"*, LI Jian’, ZHAO Yating', CHEN Yingchun"*, CHEN Guiyin'*, NIE Xiaobo', LIU Jiao’,
CHENG Jie" *(1. Dept. of Pharmacy, Hebei Provincial Hospital of Traditional Chinese Medicine, Shijiazhuang
050011, China; 2. Key Laboratory of Evaluation and Transformation of Traditional Chinese Medicine, Hebei
Provincial Administration of Traditional Chinese Medicine, Shijiazhuang 050011, China; 3. Beijing Tongrentang
Pharmaceutical Co., Ltd., Beijing 102629, China; 4. Dept. of Pharmacy, Shijiazhuang Medical College,
Shijiazhuang 050062, China; 5. School of Pharmacy, Hebei University of Chinese Medicine, Shijiazhuang
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ABSTRACT OBJECTIVE To study the improvement effect and mechanism of Shengmai powder on heart failure (HF) mice
with qi-yin deficiency. METHODS The mice were randomly divided into blank group (water), model group (water), Shengmai
powder low-, medium-, and high-dose groups [2.61, 5.22 and 10.44 g/kg (based on crude drug dosage)] and positive control
group (metoprolol, 30 mg/kg), with 10 mice in each group. Except for the blank group, all other groups were subcutaneously
injected with D-galactose, and a qi-yin deficiency HF mice model was established by continuous food restriction and weight-bearing
swimming. At the same time of modeling, the corresponding medicine/water was gavaged once a day for five weeks. The general

state of mice was recorded and the traditional Chinese
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medicine (TCM) syndrome score was evaluated. Behavioral

experiments were conducted to investigate the total distance of
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transaminase (AST), creatine kinase (CK) and lactate dehydrogenase (LDH) in the serum of mice were detected; cardiac function
indexes [heart rate, left ventricular ejection fraction (LVEF), left ventricular end systolic diameter (LVESD), left ventricular end
diastolic diameter (LVEDD) , left ventricular mass index and whole heart mass index] were all detected; the histopathological
morphology of mice myocardium was observed; the level of cardiomyocyte apoptosis in mice was detected; mRNA expression
levels of B-cell lymphoma 2 (Bcl-2), Bcl-2 associated X protein (Bax), and Cleaved-caspase-3 in myocardial tissue of mice were
detected; the phosphorylation levels of sarcoplasmic reticulum calcium regulatory related proteins [ryanodine receptor 2 (RyR2) and
phospholamban (PLB)] in myocardial tissue of mice were detected. RESULTS Compared with the blank group, the body weight,
total distance of open field action, swimming exhaustion time, LVEF, LVEDD, Bcl-2 mRNA expression level in myocardial tissue
and PLB protein phosphorylation level in the model group were significantly reduced/shortened (P<<0.05); TCM syndrome score,
the percentage of immobility time, heart rate, LVESD, left ventricular mass index, whole heart mass index, cardiomyocyte
apoptosis rate, the contents of CK, LDH and AST in serum, mRNA expression levels of Cleaved-caspase-3 and Bax and the
phosphorylation level of RyR2 protein in myocardial tissue were significantly increased (P<<0.05) ; there were inflammatory cell
infiltration, disordered cell arrangement and obvious myocardial interstitial fibrosis in myocardial tissue. After the intervention of
Shengmai powder, most of the above quantitative indexes in mice were significantly reversed (P<<0.05), the inflammatory cell
infiltration in myocardial tissue was reduced, and the degree of fibrosis was significantly reduced. CONCLUSIONS Shengmai
powder can improve cardiac function, reduce the level of cardiomyocyte apoptosis and myocardial fibrosis in HF mice with gi-yin
deficiency. Its mechanism may be related to the regulation of the expression of sarcoplasmic reticulum calcium regulation related
proteins.

KEYWORDS Shengmai powder; qi-yin deficiency; heart failure; ryanodine receptor 2; phospholamban; sarcoplasmic reticulum
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WA %, i85 8 T 32 1K 2 (ryanodine receptor 2,
RyR2) 4™ WLBT W Ca® FET5 LA S 32 14 £ 1 (phospholam-
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1 ##
1.1 EEUE

Vevo" 2100 AU &5 43 B/ Nl e 75 R R G0 B
Jin% K FUJIFILM VisualSonics 2 7 ; A40426 1 58 45 il
53X (PCR )Y \NanoDrop 2000C A i 43 Y6 e B
114 B 2 [E Thermo Fisher Scientific 2\ 7] ; BX53 %U{3| &
BB A H A Olympus /A 7] ; Mini-PROTEAN® Tetra
TRUBE I FL VKA ] 56 ] Bio-Rad A W] .

1.2 FEHmEIRF

NS ORI (1 g BL 7 BURIAR S TA:25 5 g) L bk
TRy R (1 g P ORI Y T A2 1.5 g) ATy
WL (1 g Tc 5 0kE A 24 T A2 25 3.3 @) (k543 31 R
1035613, A2033953 , 1081483 ) ¥4 phy fal Ik 2 v B2 g it
AT TR SEFTI% R F (4175 2211049, B0A% 25 mg/H) T
Bay 357 R S 1) 24 A R | 5 D=2 FLBE (41L5 WXBD1824V)
W A b5 22 AR A BR A 7 5 R AL SR % 4 (aspar-
tate transaminase , AST) | JJLER il ( creatine kinase, CK)
FLIR It S (1actate dehydrogenase, LDH ) A ik 5% T
BRI (ELISA) 57 & (k-5 430l 2 IM-10641R2 . M-
02031R2.IM-11249R2) #JIl [{ VLI & 36 A= W FH A FR
/N ) 3 TUNEL iR 77 & . Masson 4% {4 7% (3t = 43 51k
G1501.G1006) 40 [ I FE 2 /R A= W Bk A BRZA W 5
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RNA 42 BU 7 & (5 R6934-01) 1 [ 26 [E Omega 23
w3 IR R -BHAL (HE) 9 83050 & (15 G1120) g A b
TR E R BRA A 5 SR B R {1k RyR2 (p-RyR2) |
RyR2 . W2 fk PLB (p-PLB) .PLB £ ve & BT A& Fil LI 8-
WSl E& 11 (B-actin) B 5 FEHT A (Fit-5 2351 hy ab2845459
ab302716 , ab15000 , ab219626 , ab8226) ¥ Iy [ ¥ [
Abcam A w5 I AEPTARAREERRE M G —ht PR A
JEEREE 1 G —Hr (A543 20001471 ,20001399 ) 31
H 2RI =8 A WA A BRZA W) 5 B 4H ML L9 2 (B-cell
lymphoma 2, Bel-2) . Bel-2 #5¢ X 5 H (Bcl-2-associated
X protein, Bax) | B ) I bt K 25 [ i 3 (Cleaved-caspase-
3) «H 1 -3- B R Wi 4L (glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) [t PCR 5| ¥ i 2= T A4E 9 T &
() Bedn A7 BRAA Rl OB JARS [ H )75 34

PYIRKENR 1,
F1 PCRE|¥MFEIIRY E=HKE

Lk A3 Tk
Cleaved-caspase-3 L TCTGACTGGAAAGCCGAAACTCTTC 84

Nl GTCCCACTGTCTGTCTCAATGCC
Bel-2 if: CCGTCGTGACTTCGCAGAGATG 97

Vi ATCCCTGAAGAGTTCCTCCACCAC
Bax [4##: GCTACAGGGTTTCATCCAGGATCG 140

Nl TGCTGTCCAGTTCATCTCCAATTCG
GAPDH if: ACGGCAAGTTCAACGGCACAG 145

i CGACATACTCAGCACCAGCATCAC
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RINGEHE . BRURIE BT SR AR5 S TR DI RE , AR
/N R R T M AW S o B s A [ RS
By, HAA4E 5 ming K/ BRI ] 55 G0 ] A9 LR AR T
AR RN A 43 L, Rl R R G ) 6 RN 51 73)
SN
2.4.2 Wk J1E SR

TSI A G 2 h IR S5 . /DR i &R
2y 5% IR E R EY) SRR A 25 °ClE R K A6 il
VKRR 35 em 22 47 o il s/ BRM UK 21 4 22
T KT 5 s B TR sk Ta] , BV Ay ik vt el
2.5 INRROIhBEAR S HRAG T

Tk 19555 2 h e, B s /N T 0 D) he
R 22BN G 98 2 SRR IR] A B L LA S 9BUE (2%~
3% ) R /N BUS K HADEM [ R R ERE S b, T
IR R AR 550 s SR v 0 BRSNS P R R G R
BN M R 7500 31 [ R B RUEE P 5215 I [R50
A0 ZE I 43 #X (left ventricular ejection fraction,
LVEF) | 70> 2 WL 4 R N 4% (left ventricular end systolic
diameter, LVESD) . /& /0> & %F 7K K N 42 (left ventricular
end diastolic diameter, LVEDD) | .0 % i 5 8 50 (Z2 0>
T AR A =250 F BT AR T X 100% ) F40 BT R
B (A0 B R R = O VR B /A H X 1009 ) ATTRE /)N B
L ERAE I AR RE Kot 28 F ARG DL
2.6 /NRIMFH CK.LDH R AST & 14

P ARG I 6T /) B A T A MR R BB, 4 L T
#-E 30 min /& , A 3 000 t/min #5.0> 15 min, B2 M5
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i ELISA 1250 € 10 B B 75 VAR R A 1fL 3% h CK .LDH |
AST &,
2.7 INEUD AR RIEFRASE

B SE B, FEREY T /NGO, RRZHE S H/INER
BB WL GRIAR TR r R A D B T 4% 2 R EE
[ 2 s 20 K 3 A, A 2 I B, P00 0
5 wm A W TR b BT 24 hS S s BGH 3 U)
AT HE 4o, 6 JBK 35, 8 F B NIt
IR, S BER) B i Masson e 0, [Rl AR, B
SRTAT G Sl
2.8 ZINFR AL AR T 1B R A

B2, 7750 F F 4 U1 R A 200 L 8 1 K 3 1L
10 min, AR AR T R RS Bl DO HRIC R IR 1T =
BERRE T 2 h, FE2E)5 B T 37 °CH A Wi FP % 7 30 min il
PECARIC A b 3 BRI 30 ming B4, 2R ik
B I R (e 6 5 40 R A% S W 8 O T A M S
@), Rl Image T4/ B 40 B T A5 SO FR T-o%
(PAT%= T 408 S A4 X 100% ) .
2.9 /NER O BLZE £R H Bel-2, Cleaved-caspase-3 ., Bax
mRNA FJ R %46

2. 7T 4 A O AL ZE (n=5 )3 =, A
Trizol iR 77 G IR A | 5 RO 40 fk RNA, P30 7 S 15 1)
cDNA. L) cDNA R T PCR Y 3G S : 96 °C i AR
4 5 min; 93 °C7ZEE 30 5,58 °CiE K /AEfH 30 s, 2 35 M
I IEIREE RS , 74 °CHEMH 5 min, 255 )V . L GAPDH
KNS R 2 SRR B YRR AR X ik
2.10 /NEROALEL H RyR2 PLB E BB L /K F
i

H2.77 000 R 45 AR O (n=3)iE &, A
SR WA S SRR 20 SR 1, g RIS
NG i REGE IR G AR 5 U R S A AT ke
S T R - SR TR 7 T R 5 S FEL DK, SR R 1244 2 11 B
BB B IR L B L, DA AT IRCER A 5 A RyR2
PLB.p-PLB .p-RyR2 B-actin —¥{ (A B EE 4 K 1:500) 7E
4 °CRWFE A7, R H AN — 40 (R FeEE A 1:10 000) 7E
Fl NI E 1 hs INASSE B RS Image J 1 44
XFEE MR T KB . DL EMER S NS EN
(B-actin) Z&4f K BEAE Y LU A 2R H I EE A 1 R KF
Pl p-RyR2 5 RyR2 . p-PLB 5 PLB ) JK Ji {8 kb i & 7w
RyR2.PLB & [ (Y #ER K-
211 SitFEFHE

K SPSS 25 BAFHA TG o3 b o A R RS
SIARIE, Phx + s o, 24110 LSRN 7 225007
A 2 5] 9 9 L 2R ) LSD-¢ A 56 5 s A5 i s ) 46 i)
PR LR HECRT ¢ e o A3 7K #fE a=0.05,
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3 #£R
3.1 ARKEXY/NRAE A EIEE IS B30
TEASEHT , 45 41/N R A PR EE AN P BE IR 40 22 R 38
Gt B L (P>0.05), SiEMETRIIA L, BRas F 4l
G RS AN 255 e R B E R (P<
0.05) , H ERUEMRE T 43 35 0 2 T (P<<0.05) . 4524 5 )4
Ja o, 52 A AR R AN BRUR B R AR (P<
0.05) , 1 BEEAR P43 1 2 Tt 5 (P<<0.05) 5 SR AY 2 A
Fb , £ Ik 4% 751 ek 2EL R0 S o B /N BRI o 4 B 25 T v
(P<<0.05) , i R IFAEPE 4334 i 5 BRI (P<<0.05) . 45
W2,
R2 BANREEFMFEIEETESEEBE (x£s5,n=8)

) fhig ‘ I
bl BN bt BASRR
SR %8105 266407 0.10£0.05 0.10£0.09
A 216404 195£06* 0.15+0.09 1484020
ileaspiel 242104 200£08% 0.18:+0.04 0.88+0.11%
e Gl 2%6£05 B0£09* 0.13£005 075£023%
L3 el 245105 20108 0.15£0.05 0.60+0.16™
B4 214105 218405 020+0.06 103£031%

a: SIS FZA L, P<<0.05;b: 545 HEHMI L, P<<0.05;c: S5
HIZHAH L, P<<0.05,

3.2 HERKE/INRITAZRIFNE

Has MR b BRI /N R 517 80 SR 2 Tk
3 B )R] X5 S 4 (P<<0.05) , AR R] 7T 43 b i
Th (P<<0.05) , $E7n Ak oy . SHRIRIZH A HE , A= ki
2/ B 54T B B B AN A4 25 4/ Bk
SRS I ] 1 35 4E K (P<<0.05) , & 45 24 20 /N UK B I i
A H s R (P<0.05) . S5 ILF 3,

x3 FHNMRITHFEHEXEBIRELE (x+5,n=8)

ik WHTHEESem  KEREE % BB s
SHA 617341539 36,1480 7166+79.6
fg] 3074542 69.5£60° UT6£396
ilaopie] 45561045 452164 4061 +444
G Griai 621.7£101.5° Bl 0548776
L3 sl 700911258 3.6+50° 6509+61.2°
S 6454£79.1° B0169 41334349

a: 55, P<<0.05;b: SHTR4TMIEL , P<0.05,
3.3 AERKELX/INROTHRERI I

52 A H BRI /N U0 % (LVESD 20O &
Jo B R 40 TR B B 2 TR (P<<0.05) , LVEF
LVEDD ¥ 8 Z /A% (P<<0.05) . SHEIA AL, 4524
/N0 (LVESD 220 % PR 4 40 T 45 4L
P 5 A (P<<0.05) , LVEF (£E Bk B 4 2H [ o0 ) 1
TR (P<0.05), 459034,
3.4  ARKEXT/NRMiEH CK . LDH AST &£ /I

525 LA He, BRI ZH /)N BRI Hh CK L LDH L AST
TR ETE (P<0.05) . SR L, BHMEXT IR
2R A K L A R N BRUMLE T CK L LDH \AST 7%
T34 0 SRR (P<<0.05), 45 W3S,
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x4 BHENROINBEIEIRIER (x £ 5,n=5)

RUERE 200

415 O%/(ffmin)  LVEF%  LVEDD/mm  LVESD/mm e, 1o
IEE 40651318 60847 T04%44 28039 18£02 46206
i SI6E370F 4431010 S94%54 400135 35£03 79106
liloni] 41271268 619135 613160 27835 23030 50%05°
AREEAEE 380753501 556139 635148 302328 22402 52105
ARETHEE 40902347 533137 G157 3183l 26103 59105
EREICHES 4731399 488437 618+43 333135 301020 6208

a: 55 ML, P<0.05;b: SHIUAH] L, P<0.05,
£5 HKEMNRIMFF CK.LDH AST &= 51040

BTERIEE (x+s)
4151 CK(r=8)/(UL) LDH(n=8)/(UL) AST(n=8)I(UL) LI (n=5)1%
S 8794133 08401 626%110 123413
R 1255415 15403 870+9.1° D123
lilioni) 9134139 09£02 701+102 298+6(°
EIEERES 88421300 10£02 94195 14614
EIRECRRIE 10502114 12402 706£95 16018
ERREIRAIES 1372165 1402 786174 B4£28

a: 525 AL, P<0.05;b: SR AR L, P<0.05,

3.5 HERKET/NRO AR REER SR

HE 4L (A 2551 (18 1) 7R, 25 /RO LN L4548
TEMT, R/ —  HEP RS V%% BT/ N RO LA
HMEI B G, HAFTERAEANMIZ I , O JULIE] 5Tt IR
WO, A HES 2K L B A MR INAS — o A ki ) i
21 5 BAMERT B2/ B O WU SO BB 4 1 35 e
SRR SRR AN MR L O LA SRS R S o AR DK
rh R 2 /N BRUAH L TSR R L0 JILIR) T AT 4 AE 0 1 i
T O, O LA LS T B T, (5 80 A iR T b

2B E

D MR BRI e
9 D LAHEAPEL B 5 0 % SEAE MBI
ik BRI R
1 BAMNROIEL HE F8R27E
Masson e (0,25 5 (8] 2) s, Je (o 5 O L 2L 5 v
2, RIRAgER 6, 525 AU, BRI /N RO
LG S5 2F 2 A R B e vy s S AR TR ZH AR L, A KOs 57 i
ZH R SHPH X BB 2H /0N B O JILT) S 41 4 AL AR B S s

T2 2025 4F5 36 5 17

UDCEBKECRABA  EEMEGEARAL R
2 BH/PMROAELRE Masson & BHIE

3.6 AERKELXS/INFR O BILZH AR T RO S M

55 AR L RV /DN B LA L 1 5t 25
15 (P<<0.05), SHIRIZAMILL, 25 25 25 2/ BloC LA
PTRI B FE(P<0.05), 45 WL%E5 &3,
3.7  HERKEIXT/INER O ALLE 2R Bel-2 . Cleaved-caspase-
3.Bax mRNA R i% #8401

52 AR, B /N B LA 2L Cleaved-
caspase-3 ., Bax mRNA A 7K -1 g 2 T & (P<<0.05),
Bel-2 mRNA KA /K B35 AR (P<<0.05) . SHALA]
AL, & 45 25 20/ B LA 2L b Cleaved-caspase-3 . Bax
mRNA % kK-35 1 2 K (P<<0.05) , Bel-2 mRNA 3%
IR AT (A KRG ) B B A1 ) 349 ik 25 T i (P<<0.05)
R 6,
3.8 AERKEIX/INROALE L & RyR2 . PLB & B BEER K
KFEHIF M

523 AR L BRI 2 /N ERC LA 2 PLB 25 11
PR AL 7K 2 3 B AR (P<<0.05) , RyR2 25 il iR b 7K F- (i
FTHE (P<0.05) . SHEIAIZHAH EL, Az kil | s Al
FBH X R/ RO LA b RyR2 2 (BRI /K F- 1)
B FEFRAR(P<<0.05) , AR KA | i 70 B 4/ RO L 21
rh PLB £ IR ALK 134 1 35 T 5 (P<<0.05) o 45 R WL
Kl4.3R7,
4 g

Bl #1232 AL HERR B R, HF (14 %2 9 e m
B, BT A R A i DR ) A M R A I PR A S IE
S, A KOG SR R R B HF HLAA RIRIRITVERY.
THRFAEDKEERYT HE BIALE , A 5858 8 B2 T 3 35 D-
EFURE, XN R BRI A, & HRk 2 v, D d /R
ST B HF BRI B HF B35 3R BB A4
T ARHEZ ) 0 AT, RS RS /NGRS
5T B HF B3 AR R RER , e F i 5 <1
PR RETIE 0 SR — B AR E R S AR R
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DAPI

TUNEL

A B.f5i74]

C. ARG 4
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