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Abstract: In this study, network pharmacology research and animal experiments were used to predict and
validate the potential targets of ShengMaiSan (SMS) in the treatment of diabetic cardiomyopathy. The active
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components of SMS were obtained through TCMSP and BATMAN databases. The potential targets of the active
components and diabetic cardiomyopathy were predicted by Swiss Target Prediction and GeneCards databases,
respectively. The protein-protein interaction (PPI) network was constructed by String database. Cytoscape software
was adopted to perform topological analysis to select the core action target. Gene ontology (GO) and Kyoto
encyclopedia of genes and genomes (KEGG) pathway enrichment analyses were performed using Metascape
platform. To validate the potential targets, a type I diabetic rat model which induced by intraperitoneal injection of
streptozotocin (STZ) was prepared. Rats were divided into sham group, model group, SMS group and trimetazidine
(TMZ) group. Left ventricular hemodynamics was detected after 4 weeks administrated of SMS or TMZ. Myocardial
contraction and calcium transients were detected synchronously in cardiomyocytes, as well as sarcoplasmic reticulum
calcium content, calcium leak level and ryanodine receptor 2 (RyR2) expression were detected. Based on network
pharmacology, 1 288 targets of SMS, 1 066 targets of diabetic cardiomyopathy, and 180 overlapped targets were
obtained. The 39 core targets were screened, and 159 pathways including calcium signaling pathway were screened
by KEGG pathway analysis. According to the previous studies and focusing on the contractility of diabetic cardio-
myopathy, this study was involved calcium signaling regulation pathway in the SMS protection mechanism. The
results showed that, compared with sham group, the systolic function of left ventricular and myocardial cells were
decreased, and the calcium transport was in disorder in model group; compared with model group, both SMS group
and TMZ group increased the maximum systolic pressure of left ventricle and the maximum systolic rate of left
ventricular contraction. In addition, SMS group and TMZ group increased the contraction amplitude of cardiomyo-
cytes, decreased the diastolic calcium concentration, the sarcoplasmic reticulum calcium leak and decreased the
phosphorylation level of RyR2. There was no significant difference between SMS and TMZ groups. In summary,
SMS could reduce the calcium leak of the sarcoplasmic reticulum and enhance the myofilament sensitivity of
calcium to increasing contractile function of diabetic rats. The animal welfare and experiment procedures of this
study were in accordance with the regulations of the Experimental Animal Ethics Committee of Experimental
Research Center, China Academy of Chinese Medical Sciences.
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Z7 205 M A ) B R S DCM 35 AH DG BE RUEE AT Il 55
WAL AR, 193148 B B AL RIEESE B . SMSTRYT DCM
H14E F#E 55 5 A String (https://cn. string-db. org/) ",
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X 2%

EESWMENMELE
(https://metascape. org/gp/index. html#/main/step1) !'* %7
% 02 88 55 34T GO (gene ontology) & £ 70 i M2 KEGG
(Kyoto encyclopedia of genes and genomes) i i 73 HT o
GO EE T EFEAEYTFE (biological process, BP). 4
26 43 (cellular component, CC) f1 5 F I ¢ (molecu-
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SLIG B4 SPF (specific pathogen free) 2 SD
(Sprague-Dawley) M K B 60 A, A& (150 + 10) g,
W J b ¢ 4 G M e S 06 S R A IR 4 F] [SCXK
(50) 2016-0006/3h 4 & 4% 1F 5 110011210102148943].
T 3 T o [ o BE R A B B A ST O, iR B 20~
22 °C, FIXTE B 40%~60% . A SE56 Lt o
Bpe e B 2 S5 TP LI S MG B R A W A

BWRENS5%7 60 R KRG M HEm IR 1, b
PLIE H 10 JUAE At HE A (sham). 4% 50 UK AR &
12 h &, B — IR VE 5 T T STZ A7 B IR A 22 i
(65 mg-kg")e KL FUBEARIEIE. TEY4:
Ja, FE2 N, B 3 R OK B IS 8 hoIfil b, S 3 K
IMAEE > 16.7 mmol L™ FF 4 W & 19 2 B R R i
BRERSCT o R B ASERE PR 99 R B A% A4 B BE AL 7 9 B A4
(model).SMS 20 . TMZ 2 . % & 41 K B 45 T S5 A4 B AT
1 R AN 2 1 VR IE s 0 o 5 SCHRD R G K 2 SRR
SE, TMZ 4145 25 54 7 mg-kg'-day”, SMS 2145 25 &
(UAANS 4258 811) 1050 mg-kg'-day'. X BEZH A
B A 25 T S5 A R A IR R 2 v K o A 9 ) e ) I
B, Geit Ak 221k .

ERIMRENFIFERM %R 4 545 24545
JEHEAT ML SN S 5k I o BRI 5 70 185 0 30 50 K
S0 U B RKCRE T AT H N A0 =, 28 1 Millar O
AN & R G50 5% 70 = R LVSP (left ven-
tricular systolic pressure)~ /& & &7 5K 7K = LVEDP (left
ventricular end diastolic pressure)- W 45 ] £ = & /1 &
KA TEF (dP/dt Max) K& 5K /e = i 77 e K A2tk
4% (dP/dt Min) %6240 {H, 2 € 1K 3% 15 min.

OAERR TR KAES 4 5, FREETT I, ok
BUECH AT — BCES KO E, T4 °CH IR iE 2



- 3118 - 222223 Acta Pharmaceutica Sinica 2022, 57(10): 3115 -3123

FOPh PR A MR, FF 8 T+ Langendorff 2% & L iEAT
FE RIS AT HEE, 7F 36.7 °CHI#E (6 mL-min) ¥, &
IV IR 2 min J5 N TG & IRV 5 min, Z )5
B AW . RHHEAZ 30 mine H 10 mL B85 &
PR B L 1 0 4o JUE PR R AR T AT, SR 5 E KB VR BY
e 0%, IR B 0, DARCE /N D R R AT, &
150 pm FLA2 00 8 X 8 5 80T 30 8 9, 500 romin!
B5040s, 77 BIE, KB 1K, 18K 6 min F K
THKBK. =iRFHE 1 hEIFHEES, 275 H 03,
0.6.1.2 mmol L & Ca™ & P VRUHEAT 16 B2 5245, I [ [i)
F& A 6 min.

1BV A 4 2 SRR T A 5 2HL O LA Y
3N, B Fura-2- AM %80 Qe BH i 25 UM 5285 47 11
Feo0 = LA AR B T (R 1 pmol- L), = iR 8
14720 min J5 3 % 3G W, IG5 6 IRIEE E S min
Ja B DU R 0 A 2 R IS 2L YL kL,
By kot fhodk . A5 A O LA B 4 5 5 25 - R R A &
G5 S EREE LN K B AN Ca™ 284k o R 65 i Ton-
Optix Hyperwitch i k] Y ¥ & Fe $ie £, 18 A 340 + 20,
380 + 10 nm UK JGAE R O 510 £ 20 nm 658 5 HE
{H (340/380) >k S W4 il N Ca™ < &

1L £H BB AL 3% MY (sarcoplasmic reticulum, SR) £5
RN B AL O NI EE 30 IE, B Fluo-4-AM
6 BB A UM B 0 A = LA BB
(4R JE N 2 pmol-L™), %IR8 G 617K 30 min 5 37 25 I
TEW, A5 & IRIHF E S min f5 B E 1 ZEAE DAER
EHMH 2 RS G R, b7 kit i # . A DG4
AT YR B2 44 480 + 20 nm UK G, £ 535 + 20 nm K
% B EMCCD SR 4E O LA i 5% 6 58 S5, SR 4R A0
120 HZ. A& IREHEVL, ™ R 3 v Sk Wl 41 e, DA
FUEMMRIE . (50, ¥ & 4 Rl
% 1 mmol-L" tetracaine 0Ca/ONa & K& #E I 60 s.
P E IR WS 1 i 0Ca/ONa & BRI, JEE I 1 I tetracaine
60 so U I I P B 45 B 20 mmol-L caffeine [
0Ca/ONa 5 [KVR, Wt i A B 22 10 . Il & tetracaine #E i
T JE A A5 58 G5 L (F) B 22 R 9 SR A5tk [ 5
T71%: (Fyeiona = Fo)/Fido Wl 5 caffeine 5 3 (14515 5
eI FE RO TE BERAS T SR 5 4if & & [Ca™ g, [THE
Jitk: (Fouy = F)/F]e

Western blot K i 7e 0 = O UL SR LS & H,
BCA € &, WA R 40 1 il S IR B AH N4 B A
044 B B¢ LE 491 9 - GAPDH 1:5 000, P-RyR2 1:500.
RyR2 1:500, % i % & 60 min Ji5 ¥/, ECL (enhanced
chemiluminescence) & YA . KA ChemiDoc %t % %
1857 ¥ RGO K 3. Image Lab 344 34T KMG 43

T, 45 LN 2 GAPDH K IE .

FIrF S KA SPSS 23.0 i it B4 #E 4T Se it
IIHT, BOHE DA £ R UEZE (v £ 5) ROR, 2 4L EE
K B BR 207 ZE AP 5 2253 0T, P < 0.05 N2 RAH Gt

PV
FEi o

R
SMS 5 DCM # g5 70
£ TCMSP ¥ &R & 2 A 2 190 4> Tk 1 130

MRS, 403 OB A DL i i Ji5 6l 4 N 2222 /> ik
T 8AMVEME Sy . 7E BATMAN-TCM %45 B i F % ik
PRUEUCEE B 22 & 22 MG E Ry . PR L2 AN E R E,
SMS A3 F 50 N E RS o MBS TG Ak 2% 5 4 X %
FUI TS M 2, Swiss Target Prediction 3 7 il SMS 3%
PE RS> FHOCHE 111 288 Ay, it A2 5384\ #4477
A CH KT 273 4~ . 1E GeneCards 4 FF £ &R 3K X
DCM J5 7 #8 55 4 555 4, 438 i 3% Al UniProt 1% 1E )5,
PR HE TR 1066 1o K SMS v P4 i 73 I 551 K% 5 9
AN (S S &, 15 2] SMS 5 DCM 2L [FJ 4 55 180
AN (E1A).
2 PPIMZE[E R A% EE =ik

180 AN F#E 5 5 N String, #J7 PPI%% . F)
FH CytoNCA 73 #1, £3 3112 W 4% 7 82 1 rh AL 40k 22, 2
15 5 FE TR AL 2R 44, A BEHR AL 208 0.001 656, 5%
FE AL HRN 0.508 523, R4 OE B E > 4400 >
0.001 656 %% i > 0.508 523, fiiik tHf SMS 157 DCM
A TNF (tumor necrosis factor). VEGFA (vascular endo-
thelial growth factor A).EGFR (epidermal growth factor
receptor) 25 % 00 1F FHE 5539 4 (K 1B). 15 4 T Ak
KR 2 A, AR B P R vy, % S oAt
A AF S R B S, AR Y 4 rp R R
3 EESEMEE

i i Metascape 7 & %} 39 M % 058 25 HEAT GO I
RE AT, 45 B BRI 963 NAEMITFE 41 AN A
68N FINRE. ARYE PR, 8 GO &HE 4T
FIHT 10 25 AR E %R (B11C). KEGG i i 73
Mr, L E £ F 159 %15 T8, L5 DCM % U1 HH %
HIHT 18 26 H RiEF £l <Kl (K 1D). AW & E
A kR OR A O LT RS 4E T BE RTRIE 9T, 45 A SR
fjiE, 505 5 18 % 5 SMS ¥R 97 DCM 45 Th B8 25 ) #H
Ko FEXAHTUARREICL FE R, SRS 563028 4 B 422 52 1 O
JULEH B Wi 48 Dy g, ASHIE 9T B SR 475 4% 32 8 15 SMS
AT RE AR .
4 SMS xt AR M #E A $2 00
5 IE & HAH LG, BE R 9 % 2H 0 A 4 5 Bt AL if 6% B



S

T 468 T ) 296 245 B 2 R A IO S U5 s % 7 W Bk K Bt LA 246 T RE FR) AL 5 17 7

3119

A Ophiopogon

Schisandra chinensis

124

Ginseng

Positive regulation of cell migration
Positive regulation of cell motility

Positive regulation of cellular component movement
Positive regulation of locomotion
Enzyme linked receptor protein signaling pathway
Response to hormone
Response to lipopolysaccharide
); poietic or lymphoid organ develop
Response to molecule of bacterial origin
Heart development
Memt raft
Membrane microdomain
Caveola
Plasma membrane raft
Early endosome
Focal adhesion
Cell-substrate junction
Transcription regulator complex
Vesicle lumen
Receptor complex
Protein serine/threonine/tyrosine kinase activity
Protein kinase activity
Phosphotransferase activity, alcohol group as acceptor
Kinase activity
RNA polymerase II-specific DNA-binding transcription factor binding
Phosphatase binding
Transcription factor binding
DNA-binding transcription factor binding
Protein tyrosine kinase activity
MAP kinase activity

Gene ontology

UUUUUUUUHJ

(=}

10 20
'ISP

Figure 1

B NOS3 MAP2K1 CASP3 STAT3 VEGFA — ESR1
PTGS2  MAPK8  GSK3B - MDM2 MAPK14  ICAM1
CASP8 KBR JUN MMP9-  PPARA  ERBB2
PIK3CA  MAPK1 SERPINE1 EP300 @ REN
MAPK3  TLR4 e‘!ﬁé} EGFR  TGFB1 FOS
JAK2 SRC MMP2 - IGFIR-— MTOR  PPARG
FGF2 L2 ACE
D
Pathways in cancer [}
Proteoglycans in cancer °
Kaposi sarcoma-associated herpesvirus infection °
2 Hepatitis B °
g Endocrine resistance ° Count
s, Fluid shear stress and atherosclerosis ° .5
o) Diabetic cardiomyopathy ° e 10
é Non-alcoholic fatty liver disease ° 015
Insulin resistance 0 : 20
Rheumatoid arthritis ° 23
Epithelial cell signaling in Helicobacter pylori infection
Calcium signaling pathway -lgP
Amoebiasis 30
Transcriptional misregulation in cancer {- 20
p53 signaling pathway { - 10
Longevity regulating pathway - -
Cell cycle 1+
Amyotrophic lateral sclerosis 1+
20 40 60
Gene ratio

= BP
mCC
= MF

Network pharmacology results. A: Common targets of ShengMaiSan (SMS) active ingredients and diabetic cardiomyopathy

(DCM) disease; B: Protein-protein interaction (PPI) network diagram of 39 core targets of SMS and DCM; C: Gene ontology (GO) enrich-

ment analysis of 39 core targets; D: Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analysis of 39 core targets. BP:

Biological process; CC: Cellular component; MF: Molecular function
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Figure 3  Effect of SMS on left ventricular hemodynamics in

diabetic rats. A: Left ventricular systolic pressure (LVSP); B: Left
ventricular end diastolic pressure (LVEDP); C: Maximum rate of
left ventricular contraction (dP/dt Max); D: Maximum left ventric-
ular diastolic rate (dP/dt Min). n = 10-15, x £ 5. ‘P < 0.05, "P <
0.01
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