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Effects of Shenmai Injection on calcium signaling in HiPSC-CM

ZHANG Zhang, YU Tingting, LI Sen
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Abstract: Objective To study the effect of Shenmai Injection (SMI) on calcium signaling of human induced pluripotent stem cell-
derived cardiomyocyte (HiPSC-CM). Methods The effect of SMI (final volume fractions in medium were 0.25%, 0.50%, 1.00% and
2.00%) on the cell viability of HIPSC-CM was determined by CCK-8 assay. Calcium ion probe Fluo-4 was used to study the effect
of SMI (2%, 3 min) on spontaneous calcium transient frequency in HiPSC-CM. The effect of SMI on amplitude, rise and decay time
and half-peak full width (FWHM) of electrical stimulation-induced calcium transient in HiPSC-CM was investigated at different
electrical stimulation frequencies (0.2, 1.0 and 2.0 Hz). Results The results of CCK-8 showed that SMI was not toxic to HiPSC-CM,
and cell viability was significantly higher than that of control group at 2% (P < 0.05). Compared with before treatment, the
spontaneous calcium transient frequency in control group did not change significantly after treatment, and the spontaneous calcium
transient frequency in 2% SMI group was significantly decreased (P < 0.001). Compared with before treatment, SMI significantly
decreased the calcium transient amplitude, rise and fall time and FWHM of HiPSC-CM at 0.2 and 1.0 Hz electrical stimulation
frequency (P < 0.01). At the frequency of 2.0 Hz electrical stimulation, SMI significantly reduced the rise and fall time and FWHM
of HiPSC-CM (P < 0.01). Conclusions SMI can decrease the frequency of spontaneous calcium transients in HIPSC-CM. Under the
electrical stimulation at different frequency, SMI can reduce the amplitude of calcium transient in HiPSC-CM. It was indicated that
SMI achieve its cardioprotective effect by regulating the calcium signal of cardiomyocytes.

Key words: Shenmai Injection; human induced pluripotent stem cell-derived cardiomyocyte; calcium signaling; calcium transient;

frequency; amplitude

iE B HA: 2022-05-15

EE£WE: BxHARFAEELTH (81973698.81703942) 5 Hr Ak [ 24 2 2 5 45 N A4 #64¢ T A2 H (2019-QNRC2-B08)

BT—EH: K =, HFTT RO OIS (55 . E-mail : chris@bucm.edu.cn

SBIEEE: & & AR BT RN EE T AR S 2 R8T AN AT A2 O WLAH A 1) R 24 22 A PE RV 20PN . E-mail:senli@bucm.edu.cn



$45% F 1287 2022F 128 %!‘ﬁiﬂ';ﬁti Drug Evaluation Research

Vol. 45 No. 12 December 2022 - 2459 -

SEFSIE A T EESR T —ZF 8,
FEHASRIZE RN, DA B B AR , B
HIR TZAEF MR . 2 E 0 H 2405
3 5 R I AN T R 7R — e R R T
ZITE B E RN R AGEED . O KE IR K
UEBH T 222 3 GO O 7 3 38 G0 32D e O 9 A
P Jili 95 SRR I A T R AN, S 3 1 B TR
A HAR LY B A 0 2 A R B e Y. H
AR TS EFEFWM A A EEREEH T :
TE Bl WA Y A BE 5 5 I 3 6 00 M WO 4R s 7E AR AL
Y1) B S 56 U T A R R Th RE ST, AR IX
SO T 5T AR B 1) B G R A RO LA B ) e ) A A5
5

B B8 A D Lo JL A B v B R (R B B, 7R DY
By WA 4 9 Bk b R B EE AR Y, 50 B R 46 T R
BEAR . B0fE AL KA B T NI, E— b (et
O LA B H L2 DX 85 26 () 605 2 R TS 1) 40 L Joit v
CE Aol IR g S L R R e Rl I
IS o 20 PR o Hh S B IR BE IR SRR T AR
5 g A0 BF 5 A B AR RE A — 8 A AR O L Th
REUM . AR H T AR AR A PR, N 0 UL 4H B HE DL 3R
3, B2 258 A0 # R 1), BB AE A O WL -
TE B 0 FE R DRtk 2 e 40 i 20 4 1) 0
VLA B 3287 o T R AN S E E A . A
75 2 e T A AT Az O LA B (HIPSC-CMD & — Fif
BV I 200 L 4 A T SR 2R RO LA Y, 5N 0
JVLZH B AR ABL, th LA Rl 28 (A 465 fi R 465 B T C CICRO AL
il , P51 HIPSC-CM # ) 72 FH >k 33 47 25 4 i k7
{RILAESE T HIPSC-CM JZ [ 1 2] 31 22 B e 415 98 LA,
YN E, UL 2o T F A, Hov R A
N HiPSC-CM % 8 Zj Y055 5 52 o ASHE 5T
TE L AR B2 AR 9T 2 22 VR S ON HIPSC-CM #5145
SIEH  #87 H oG O L BE L .

1 M
1.1 4Ape

HiPSC-CM A 35 7% 4k . &2 75 VR BRI, AL ot
TR RS HRA R RS
1.2 HREZERF

SEFERBEERMNIEREFEEAILA R
A A (L5 2011263, FLkg - S 2 mL) s 85 & 1
W G R EF Fluo-4 - Wi HE X % H € [ Thermo Fisher
Scientific A A ;s G KWW B L REERHA
FRA R CCK-8 I @I E KIEECEMEAR
BIRAF

1.3 FEUFE

SpectraMax i3X [ #x 1X 4 H 3% E Molecular
Devices {X #§ 24 @ ; FV3000 3t 5 £ BB i 5 H A
Olympus 22 7] ; B3 ¥ % 4 H ¢ [H Digitimer 2 7]
2 Hk
2.1 HHRRIE R

MR 2 S A PR R A S, SR RN
37 °CKIEAR AL , B G LR R R A &
15 mL B0 & ST E I35, B8 AR R I &2 I8, (A i)
Jie % B 0 AT &) 40 M B AN 2 5 - 300X g 15
5 min, 7% EIE, K400 & T 37 °CHI 5% CO, 1%
FRAE TR, 24 h JE S OO VLA i 55 R kL BE R
e -
2.2 HHRRTE

FE“2.17 T 52 75 3 R T, T 500 A1 P e AR T 0 4
96 FL AR , %l AR ¥ AE 9 5 B HIPSC-CM i A% . %
HiPSC-CM ABEFL I X 10* NI S B FAE AL IR &S
KI5, T 2 22 70 5 OB 97 38 b & AR R 0 BON
0.25%-0.50%1.00%+2.00% ) &b H 21 i, £ A4 FH 43
BB 3N AL, G IR I A & A ) R R
HiFt 24 hJa , OR B 77 58, 4 & 10% CCK-8 1) 3%
FREMANB A FLAN , 452 he 1E B b5 I
450 nm P KA EE UL E COAE, T4 A7 35 2

AT 5 = 5 22 TE B A B0 BB A 1
2.3 ERE

TE“2.17 W) 5 75 72 B, T 50 48 P A o 4
FEREAE/NDL, K HIPSC-CM AR 1 X 1044 41 g
SRR L T AN I R R FL . 53R 1A AR AN
MRS R U7 )G, WS B 97 45, () & IRV Be 4t i 1
. & KRR # Fluo-4 TAE W (4 pmol-L™) , 7E
37 °C.5% CO, N & 48 M1 30 min. f¥1H & KT
VedBE 33, NN 1 mL & K. BfiJG , B IL R AN
& T FV3000 3L R £ B MEE T I HFRERS,
R FERREAE 37 °C BB S ITRLE 1 Hz /2 4 B
Arhn 2y, A8 A 2 22 7 O (2% Ak 3 HiPSC-CM
3 min - WITHEER] CBE A X5 HR, 25 mmol- LY B AL ¥ s
VSRR I AT G 20 AR B R A AR AR (1 ST, S 1
BEXTHRA, A R 7738 e 5 S5 &
WA .
2.4 BRI

A S Hh, — g A (1 H R IORT DA A0 L
Y1) A R B SR O R R 5 AL Bk Bl L A5 BT 4 A 25 et
[F) — A3 2% I P 240 i 4605 e A R 1 - 0 4 B (FWHMD
LSRN, X SRR T — e AT



<2460 - 455 F 128 2022F 128 ‘ﬁﬁ-#ﬁﬁti Drug Evaluation Research

Vol. 45 No. 12 December 2022

V20 f A% 2. 27 TR R FE A AE L SR A /N L, DL JR] B
()85 97 26 AF AN 5 1R AL B0 B, H R A — S E A AN
B 20 B 5 1 0 AR, S — o 2 IR RT S BT
AR, A5 AN [R]HR ) 3O 22 (0.2 1.0+ 2.0 Hz) il
HiPSC-CM, it 5 1 min, i 5 15 72 H 41 i 38 30 5 %
FEOE G TN 2% 15 22 33 5 W AR 22 3 min, fi ] 2E
B B0 3 HIPSC-CM HI55 %¢ 6 A8 Ak 3 5 HY R
B, IR 46 ST A 28 0 B T Image J 1 Olympus
viewer ffi fF B2 HU , 3 2 313 43 M J5 Tt AR B Excel XC
1, F- 5 X\ Matlab ffJ Peakcaller i 1 73 A7 45 % A% 1z
Mg~ Tk BT B TR) AT FWHM
2.5 FHitF4AE

B 2 UL ks 203, 0 T 0 199 Ll R I E 6 4
36 R e A 36, X T 22 T 3 41 I B0 1 B iR A
K2 T 2% M. Geit 8 4Fh SPSS 22.0.
3 45
3.1 SEFSEX HIPSC-CM 4077 5E R A 200

WE 1 prR, 5XBA iR, & FERA
HiPSC-CM 41 i A7 % 2 S 3G I 34, AR R 53 30 2%
B 22 53 2 3 (P<<0.05) , ¥ X 4 e 0 B . #44, J 4k
SR AARAR o Bk 2%
3.2 B3I 5K HIPSC-CM B % 45 B3 35 Y

Fluo-4 /& — Fh 85 B iR &, RS 45 &85 8 1
7 35 IR B OB R D 488 nm K Kb 7 A BRI
PRt . W 2 o, ke 9% {12 12F HiIPSC-CM 1L
G, REE A T ) B8 T A SRR A, DR 0 2 B
SR 11— YR58 1) 5% 6 AR Ak, TR A Mk ] A 5 11 il
RS BE T A SE I T g AR B X R,
Tn 24 R B, uhn v TR Ab B R 0 4 9 Ol 9 R 3
Tt SRR ) HRIE 2 G N (P<<0.001) , iiF B S35
RET 5. HnZnn e, x B8 410 24 5 45 1% A5
BB WL AR AN 5 2% S 37 S T 48 4 I AR AT R

140= *

120-

100-

80—

60—

HEAEE/%

40—

20—

(1=

XHHE 0.25 0.50 1.00 2.00

SENIR%
5t L - "P<<0.05
P <0.05 vs control group
1 AERESEESEN HIPSC-CM A EE RS
| (;:I:s ,n=3)
Fig.1 Effect of SMI on cell viability of HiPSC-CM at dif-

ferent concentrations ( v+s,n=3)

B2 AR (P<0.001).
33 A EBRHFINET S E T 5K EK HIPSC-
CM 5T R

i 0.2 1.0 A1 2.0 Hz ¥ 451 % X} HiIiPSC-CM
A7 LI, R B% S A S O LA B R IR I
. g R 3 A s, 5o 25 E L, 7R 0.2,
1.0 Hz LRI A 2R T, & & 3 0 W % 3 B K
HiPSC-CM 1] 5 % 22 9% & « b T+ A~ B i) [|] 0
FWHM (P<0.01):7E2.0 Hz LIl i % T, & %
T B R 2 P& K HiPSC-CM () £ Tt . R [ i) ]
A1 FWHM(P<0.01) .
4 Hig

I PR b, 23 32 V6 56 VA FH SR ¥ 7 B il B At
2y T O M R B AR R . IR,
TSR 2 5y —— 40 2 A 52 2 35 3G 0 S %2 P i
I8 3 0o LA T MR S 2 AR Y. Han SN2

A 6.5] - o B 4.5: :%E%%S 45 TintiE

g S 6 kK ’LE N g N

g/ 4.54 I £ ‘}E 04 § {3’% o *xk
% & 4 I = 03 e % 03

s = & 25 = £ 25 E02

B 25 bl £ A o -

B = X % 0.1 0.1

& 8 0 B LI - g

05l * I INZ5ET nZifE 1s INZG T )5
Wi 0.5 0.5

5 R4 N2 w7 Lz - P<<0.001
" P<0.001 vs same group before treatment

2 UHEE (A) XFER (B) 2% S &£ iE 51 (C) A HiPSC-CM G515 S HIB 1B R (n=3)
Fig. 2 Changes of Ca’ signaling in HIPSC-CM of caffeine (A), control (B) and 2% SMI (C) group (n=3)



$45% F 1287 2022F 128 %!fl-'iﬂ'[ﬁti Drug Evaluation Research ~ Vol. 45 No. 12 December 2022 - 2461 -
=35 35 0.4 0.5, 0.8
w T T Hk 0.7 Hok
< =4 2 03{[ 204 » 0.6
E25 E g = > 203 S 05
02Hz & 1 o E02] - T 04
= g 3 min g:( 2 = = 0.2 =03
4 . s
N 1s & obl— 0 oH— oH—1L
05 Ingiae mehjE InZinr m#E nZanr nzhE mginG mefE
. =5 03 0.4 0.7
E 1 i 4 %) . o 2 03 ] b 06 *
5 251 E 4 F02 = £05
1Hz & A B & g 0.2 L ot
= 3 min 52 R0 =03
i 151 AL B 3o - o1 )
SN Y 0.1
N 1s o 0 0 — 0
0.5 T s INZTT ngjE IR g IZ§RT s
.35, ~
R 22 0.2 03 0.5
E 4 E, » *k
= 2.5 E‘E E >k 1§0 ? P 0.4 >k
= &, = = = 03
o §15 3 min §< ﬁm %M 3 02
Sal N . o
- AVAC VAVANE- 01
&5l 05s N o—L oH— N —
nZan nzhE InZanr nzh s nZan nzhE

InEiHr InzijE

5 n#i L P<<0.01
P <0.01 vs before treatment
B3 0.2.1.0.2.0 Hz BRI T 2% $ &£ iE 5% AL 2 HIPSC-CM BT S $5 R T HRIB R AE X S A EX (n=3)
Fig.3 Amplitude and related parameters of calcium transient in HIiPSC-CM before and after treated with 2% SMI under
electrical stimulation at 0.2, 1.0 and 2.0 Hz (n=3)

RIL, ZRIBEOIELL S, G 20 5 408 N
B U BUR N AR 22 A R oE 2R g i
T [ Th el Hwang 2510 141 23R LY R, 7T LA
T T ¥ R A (ROSD I 338 il e 40 M 97 1 LA B 2Rk Ak
Wit , b4, 22 4 TE ST R 30 B 7 il e v ok 4% 2
FORER , B FE AR Hossain 4520 138 i /)N
RS R 1) B 1 41 2 56 0o LT T RE AR TS A 338 2 AR
PR R 0T 0 1 T3 T W 4 28 T 22 23 H 9T 50 R B0
AR IR T 0 I R B AE Y. X — R A
WFFEAESE TS ME LA s fE AR, K
SE R S BORIX S R E MLz 4. B
A CERIRE T S 2R FAEAER , 325
SR RE S R HE 1R v e % D) RE L KT Y e R 2 il
% (COVID-19) & 42, DL K 0] G 36 3o 41 i) 41 ffa (51
T AT ZERR OB RS L SEH COVID-194
- 76 00 75 B ) B 7 5 Cheng 252438 328 [t A1 % &
WG, B8 7 S 32 1 e % B8 90 1f A R
AP A R R T B R A, 4 30t i Re o & OF F 4K
M 3 580 25 03 3k AN PR VE o kA, 3205
VO 0 48 B8 AR 2 2 LU R B 00 I B 1
o5 I PR AL T TS BB 3 1 AR S R R DL R R P
SR H BT 5% T A 28 78 A A 45 0 DL B 4545 5 10
WFIC i, B AR AW 703 T-4515 5 i B 2 2 %

SFPVRCR 45 0 UL ) RE PR AR DAL

CCK-8 &5 B 578 , 2% 1 & 2 1 5 W e
HiPSC-CM &t , Jo B 5k, 5 SRS 1) 52 56k
FEA B2, g A RRGE KRG 8 W R IT F
BRIk A 5 3 TR 7 A0 ZE S AR R 0020 i 4
PR I, IR BN B R FH A AR E, HORE R
RS AREANFERERD . XRPSEEFR %S
PER I AR 2 5K, BARSN 5 1IG R0 S A S8 A7
TEZ S, RIOE 75 B — DR L. AHE 5T F 211
HiPSC-CM C\ # 1iF B & It R (R A B B &, AT 7E
&SN LR ERAF . 2 Wi 5 K W, HIPSC-CM A
152 FH SR PR 1O U 53 14 25909008 . da Rocha"% 37
1 5T HiPSC-CM [0 48 2% 8 2540 VP 1) 4k A1 A5
s Hortigon-Vinagre™ " 2% T HiPSC-CM V14t T i K
HF R U R AT E403 1 5% 40 it 1) 24 R v, 2 B .
HiPSC-CM H] DA A g & i I 245 4 22 A P 2
Mo LRAEIAWRE , BRI T HIPSC-CM 1T 4k
W2 TR D AR AT IR A B AT

OIS 5 — EREE EARE T ONLThEE.
Ak R, S 32 7 5 W8 3 BRI T 4 % AR 1) 4
B R AR 1 2 BRI L0 26 1 A8 4k, HiPSC-
CM It B BBk R L2451z F SRR & 25 i A8
RN . B W TR R B, 0 T AT RS B0 L



£ 2462 - 455 F12H 2022F 128 "éﬁ-i‘ﬁﬁti Drug Evaluation Research

Vol. 45 No. 12 December 2022

PRI > H. O IE B 2 S0 O ML 0 07 14 1
B IA 2R o WEFT AL, 0o FN B 2 ARTEVEA 5%, ] B
S AR AN T LG B0 A EEAR . i R N A
O ZEH) 2R B IR0 38 SR BT 28, 4] dan A )
A T T AT DL PR AR SRR O FE I AEAR
R PR S A R AR B S AT R, e

AT 3 1) 5 28 AT DASE 2o 0 SR AN () o 300 380 ) 45 %

AR AR AR T BIEFEUE S, B 45 5 AAER I IR 4

Ty B0 A AR A 0 s N7 o 0 L 98 FR) 12 W s 760

HiPSC-CM F71£ G [7] T3 5055 2% , T £ AN [7) H 3500

BN, B WA PR AR TS R R R .

Watanabe S5 AF 58 & I, P Al 45 F A2 ¥ 9% A2

A CRLIE AR MR D A2 1A 245 W0 0] O JIE WL 4 70 52 i 1)

BT B, ¥ 2 At 24 4 0 4% 38 3 FH I 77 g

Bee AL 475 9 A8 B FR MR o AT T R W) BT IR R FH I

25t m] YR AR SR T R I AR, B AR 7R

LA Ao 77 5 35 1R RS S RIBE T2 4600 KR il R

BAEA R , 2 221 0T DL AR E5 I A2 L

THI IR) N I 6] o 45 4008, VF 2 SO R )

o MK % A2 PR Y op W (T B I () 5 0 {1 T

IS [ ) BB (D/R EEOB, 78 5 SE0F 7, BV T DA AR

AR R W T2 2 R R I A AR B AR H

e REPE . BRI, AT 7T W D9 PR SR T 7 5 J 52 1l g

LG A AR P S IR It — 2D U 1 2 2 R 24 B

e
L5 LPTIR , B EIRREAE A NE IR HIPSC-CM 1)

HRES BRI , HLAEAS [R5 0 f R S RIS

5 % A8 IR L R BN AE 5 R T RE e 2 R IR

O VR E BB ENL S 2 — o 5 SR B0 K4

PRI 2 B R 73 « B AR 15 48 i e A5 5 3 g S EAT

BE— BT .
- B3

SE Ik

[1] Yang L, Zhang C D, Chen J T, et al. Shenmai injection
suppresses multidrug resistance in MCF-7/ADR cells
through the MAPK/NF-«B signalling pathway [J]. Pharm
Biol, 2020, 58(1): 276-285.

[2] Jean K, Orlando D J. Medication routes of administration
[EB/OL]. (2022-02-17) [2022-04-15]. https://www. ncbi.
nlm.nih.gov/books/NBK568677/.

[3] Chen CY, Lu LY, Chen P, et al. Shengmai injection, a

traditional Chinese patent medicine, for intradialytic

PR3 FARAEA B R

hypotension: A systematic review and meta-analysis [J].
Evid Based Complement Alternat Med, 2013, 2013:
703815.

[4] Ye L F, Zheng Y R, Wang L H. Effects of Shenmai
injection and its bioactive components following
ischemia/reperfusion in cardiomyocytes [J]. Exp Ther
Med, 2015, 10(4): 1348-1354.

[5] Li L, Yang D L, Li J H, et al. Investigation of
cardiovascular protective effect of Shenmai injection by
network pharmacology and pharmacological evaluation
[J]. BMC Complement Med Ther, 2020, 20(1): 112.

[6] BB, HIE R . 2 VRO % e IR B K 3F (4 87 7K A
FH L AL WF 7T (9], B A 24 9% A5, 2011, 36(21): 3023-
3025.

Zheng X J, Hu Z Q. Effect and mechanisms of Shenmai
injection on contractions of porcine coronary artery [J].
China J Chin Mater Med, 2011, 36(21): 3023-3025.

[77 Li L, Sha Z M, Wang Y Y, et al. Pre-treatment with a
combination of Shenmai and Danshen injection protects
cardiomyocytes

against  hypoxia/reoxygenation-and

H,O,-induced injury by inhibiting mitochondrial
permeability transition pore opening [J]. Exp Ther Med,
2019, 17: :4643-4652.

[8] Tyser R C V, Srinivas S. The first heartbeat-origin of
cardiac contractile activity [J]. Cold Spring Harb Perspect
Biol, 2020, 12(7): a037135.

[9] Gross P, Johnson J, Romero C M, et al. Interaction of the
joining region in junctophilin-2 with the L-type Ca®
channel is pivotal for cardiac dyad assembly and
intracellular Ca** dynamics [J]. Circ Res, 2021, 128(1):
92-114.

[10] Berridge M J, Bootman M D, Roderick H L. Calcium
signalling: Dynamics, homeostasis and remodelling [J].
Nat Rev Mol Cell Biol, 2003, 4(7): 517-529.

[11] Eisner D A, Caldwell J L, Kistamas K, et al. Calcium and
excitation-contraction coupling in the heart [J]. Circ Res,
2017, 121(2): 181-195.

[12] Chen G P, Li S, Karakikes I, et al. Phospholamban as a
crucial determinant of the inotropic response of human
pluripotent stem cell-derived ventricular cardiomyocytes
and engineered 3-dimensional tissue constructs [J]. Circ
Arrhythm Electrophysiol, 2015, 8(1): 193-202.

[13] de Korte T, Katili P A, Mohd Yusof N A N, et al.
Unlocking personalized biomedicine and drug discovery
with human induced pluripotent stem cell-derived
cardiomyocytes: Fit for purpose or forever elusive? [J].
Annu Rev Pharmacol Toxicol, 2020, 60: 529-551.

[14] Goldfracht I, Efraim Y, Shinnawi R, et al. Engineered
heart tissue models from hiPSC-derived cardiomyocytes
and cardiac ECM for disease modeling and drug testing
applications [J]. Acta Biomater, 2019, 92: 145-159.

[15] Kim J H. Pharmacological and medical applications of



$45% F 1287 2022F 128 %K"‘iﬂ'{ﬁti Drug Evaluation Research

Vol. 45 No. 12 December 2022 - 2463 -

[16]

[17]

[19]

[21]

[22]

[23]

[24]

[25]

Panax ginseng and ginsenosides: A review for use in
cardiovascular diseases [J]. J Ginseng Res, 2018, 42(3):
264-269.

Han M J, Kim D H. Effects of red and fermented ginseng
and ginsenosides on allergic disorders [J]. Biomolecules,
2020, 10(4): 634.

Liu H J, Wang Y, Wang T Z, et al. De novo assembly and
annotation of the Zhe-Maidong (Ophiopogon japonicus
(L.f.) Ker-Gawl) transcriptome in different growth stages
[J]. Sci Rep, 2017, 7(1): 3616.

Hwang S K, Jeong Y J, Cho H J, et al. Rg;-enriched red
ginseng extract promotes lung cancer cell apoptosis and
mitophagy by ROS production [J]. J Ginseng Res, 2022,
46(1): 138-146.

He M Y, Luo Y, Chen L J, et al. Shashen Maidong
Decoction: The effect of TNF-a and IL-6 on lung cancer
Cachexia based on cancer toxicity theory [J]. Am J Transl
Res, 2021, 13(6): 6752-6758.

Hossain M A, Lee D B, Kim B, et al. Korean Red
type 2 diabetic
dysfunction in Otsuka Long-Evans Tokushima Fatty rats
[J]. J Ginseng Res, 2020, 44(2): 308-311.

Yuan S, Xu Y'Y, Yi T, et al. The anti-tumor effect of OP-

B on ovarian cancer in vitro and in vivo, and its

Ginseng attenuates cardiovascular

mechanism:  An investigation  using  network
pharmacology-based analysis [J].
2022, 283: 114706.

Zhu X B, Guo M, Zhang Z H, et al. Chinese herbal
injections for coronavirus disease 2019 (COVID-19): A

Integr Med Res, 2021, 10(4):

J Ethnopharmacol,

narrative review [J].
100778.

SRS, A, 455N, 45 S22 TS HOR T R B R IR
T B it 98 (COVID-19) 75 F 768 /0o 1) I 26% 245 2 7)1 Ll
PRHT [1]. thHE2Y, 2020, 51(9): 2334-2344.

Han L W, Zhang Y G, Li H N, et al. Network
pharmacologic molecular mechanism of Shenmai
Injection in treatment of COVID-19 combined with
coronary heart disease [J]. Chin Tradit Herb Drugs, 2020,
51(9): 2334-2344.

Cheng L G, Liu W Y, Zhong C J, et al. Remodeling the
homeostasis of pro- and anti-angiogenic factors by
Shenmai injection to normalize tumor vasculature for
enhanced cancer chemotherapy [J]. J Ethnopharmacol,
2021, 270: 113770.

Zhang X N, Lv S C, Zhang W Q, et al. Shenmai injection
improves doxorubicin cardiotoxicity via miR-30a/Beclin

1 [J]. Biomed Pharmacother, 2021, 139: 111582.

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Duan B Q, Xie J S, Rui Q L, et al. Effects of Shengmai
injection add-on therapy to chemotherapy in patients with
non-small cell lung cancer: A Meta-analysis [J]. Support
Care Cancer, 2018, 26(7): 2103-2111.

Zhao M, Chen Q F, Wang H, et al. Comparison of
protective effects of Shenmai injections produced by
medicinal  materials from different origins on
cardiomyocytes [J]. Evid Based Complement Alternat
Med, 2022, 2022: 7205476.

Chen H D, Xie Y M, Wang L X, et al. Systematic review
of efficacy and safety of Shenmai injection for chronic
heart failure [J]. China J Chin Mater Med, 2014, 39(18):
3650-3661.

Li X L, Shen Y, He F, et al. Effectiveness and safety of
Shenmai injection in treatment of shock: A Meta-analysis
[J]. Chung I Tsa Chih Ying Wen Pan, 2018, 38(2):
155-166.

da Rocha A M, Campbell K, Mironov S, et al. hiPSC-CM
monolayer  maturation  state  determines  drug
responsiveness in high throughput pro-arrhythmia screen
[J]. Sci Rep, 2017, 7(1): 13834.

Hortigon-Vinagre M P, Zamora V, Burton F L, et al. The
use of ratiometric fluorescence measurements of the
voltage sensitive dye di-4-ANEPPS to examine action
potential characteristics and drug effects on human
induced pluripotent stem cell-derived cardiomyocytes [J].
Toxicol Sci, 2016, 154(2): 320-331.
Pan W, Yang Z Q, Cheng J,
heterogeneity in ventricular myocardium [J]. J Cell
Physiol, 2018, 233(8): 6273-6279.

Haizlip K M, Milani-Nejad N, Brunello L, et al.

Dissociation of calcium transients and force development

et al. Contractile

following a change in stimulation frequency in isolated
rabbit myocardium [J]. Biomed Res Int, 2015, 2015:
468548.

Watanabe H, Honda Y, Deguchi J, et al. Usefulness of
cardiotoxicity assessment using calcium transient in
human  induced  pluripotent stem  cell-derived
cardiomyocytes [J]. J Toxicol Sci, 2017, 42(4): 519-527.
Miiller-Werdan U, Stéckl G, Ebelt H, et al. Ivabradine in
combination with beta-blocker reduces symptoms and
improves quality of life in elderly patients with stable
angina pectoris: Age-related results from the additions
study [J]. Exp Gerontol, 2014, 59: 34-41.

Chavey W E. The importance of beta blockers in the
treatment of heart failure [J]. Am Fam Phy, 2000, 62(11):

2453-2462.

[FHE%E ZHH]



