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(Abstract] Objective To predict active constituents, drug targets, and signaling pathways of Jiawei Danshen Decoction

(JWDSD) in the prevention of myocardial ischemia-reperfusion injury (MIRI) based on network pharmacology and to perform
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experimental validation. Methods The related constituents and targets of JWDSD were obtained from the Chinese Medicine
Systems Pharmacology Database and Analysis Platform (TCMSP) and UniProt; the MIRI-related targets were obtained from
GeneCards, OMIM and DrugBank databases; the protein—protein interaction (PPI) network model was analyzed and constructed
by String platform; the “drug—component—target” and the involved biological processes and signaling pathways were analyzed by
the Metascape platform, and then the “JWDSD component—MIRI target—pathway” network was constructed by Cytoscape 3.7.1
software. The MIRI rat model was established by ligating the left anterior descending artery of rats one week after preventive
gavage administration of JWDSD. The serum malonic dialdehyde (MDA), creatinekinase-MB (CK-MB), lactate dehydrogenase (LDH)
and superoxide dismutase (SOD) level of MIRI rats were observed with ELISA, the pathological change of myocardium of the
rats was observed by HE staining, and the serum prostaglandin—endoperoxide synthase 2 (PTGS2) of rats myocardium and the
expression level of akt serine/threonine kinase 1 (Aktl) were detected by qRT-PCR and Western blot. Results The total of 102
active constituents in JWDSD, 140 drug-disease intersection genes and 54 core targets were obtained by preliminary screening.
Aktl, Jun proto—oncogene (JUN), signal transducer and activator of transcription 3 (STAT3), PTGS2 and other targets may be
closely related to MIRI. KEGG enrichment analysis predicted that the prevention of MIRI by JWDSD mainly by the regulation
of 20 pathways, including cancer—related pathways, and Aktl is upstream of PTGS2 in 5 pathways. Animal experiment showed:
JWDSD could significantly increase the serum levels of malondialdehyde (MDA), creatine kinase isoenzyme MB (CK-MB), and
lactate dehydrogenase (LDH); meanwhile, it could decrease the level of superoxide dismutase (SOD) (P<0.05), inhibit the expression
levels of Aktl and PTGS2 in myocardial tissue and reduce myocardial tissue necrosis in MIRI rats (P<0.05). Conclusion JWDSD
may inhibit Aktl and PTGS2 targets at the same time, thereby alleviating excessive myocardial damage and preventing MIRI.
(Keywords]) myocardial ischemia-reperfusion injury; Jiawei Danshen Decoction; network pharmacology; MIRI rat model;

mechanism of action; akt serine/threonine kinase 1; prostaglandin—endoperoxide synthase 2
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e FARH 8.334+0.328" 2934+55.59% 22.37+0.516* 38.77+1.303%
2 10.7020.180% 1881+55.59% 28.57+0.875%* 47.25+0.660%*
il SR E el 6.19 9.142+0.285" 2524+55.59" 25.52+0.488" 41.17+1.362%

52 4L, #P<0.01 3 SR AL, #P<0.01,

o,

z

L

PR

B7 XROINMALRBRIW(HE,x400)

(protein domain specific binding) DNA 45 & 5% 5% [K
F454 (DNA-binding transcription factor binding) .
AR RIAEATE M (protien homodimerization
activity) H A 7 (protein kinase activity) 5%,
VLI 4, AHOGHE 6 324 pathways in cancer [ 58
# AGE-RAGE {5553l % proteoglycans in cancer
HEE L K PISK-AKT 45, TEULK S,
3.4 JINBRFFS RN~ MIRT $IE A5 3 % P 45 P Ay A
iz H Cytoscape 3.7.1 ¥4 B fil bR J+ S 4% 8 43 -
MIRI #0fi —im i 2%, ULIET 6, i Cytoscape 3.7.1
B %) Network Analyzer 43 HT IR FHS AR HLB MIRI
PIZEAHF VA AR B OB RAEHTER . Cytoscape
W2 3 e 2 BT, PTGS2 75 M 46 H 134 Ty 86,47
B 0.267 8, B A 0.550 1, T PTGS2 Sy
WRIFZIRIRIG MIRD A HEHE G SRR, 455
78 PTGS2 55 Aktl [FIFFEHER 20 A3 19 45 1Y
pathways in cancer 5§ 5 %3 B 1 [RIBS H 20, Akel 3
AbF PTGS2 I,
3.5 shscm Rl
3.5.1  KEUME MDA SOD ,CK-MB LDH FiA/KF
52 A AR o MDA CK-MB |
LDH &0 B 7+, SOD &4+ B B F# 1K (P<0.01) ;
SRR AR FE, IR P 2R A R BRI MDA |
CK-MA LDH B {5 i B (P<0.01), Hormuk S+
TR IR 7 TR TR ; SEBILLRE L, iR P21k
A5 BF AR LK B H SOD & & 7t 5 (P<
0.01), LR 1,
352 HE Q@WK RGN EZZ L HE Ze@
ZER R, 5 FAA L R KB O L 2R R

RBE , AN S AT, O LA E L 2500, SR
FHEL, INBRFH SR R RO LA 2R 4544 B S 2, 40
METE R, SR S IRFEm D, TEDLIEL 7,

3.53 DALHZ PTGS2 Aktl FERFE K HasH4]
KB L BRI KB, PTGS2 Akl mRNA A3
58 (P<0.01) ; SHRIRIZH K BRAR L, k2R A 51
FARA K Akil PTGS2 mRNA ik i 8055 (P<
0.01), PEWLFE 2,

x£2 MEFSERIT MIRT X ROAALA F PTGS2 mRNA,
Aktl mRNA FRiEBIFM (x+s,n=6)

51 PTGS2 Aktl

25 4l 0.94420.022 0.721£0.458
BFARA 0.963+0.019* 1.169+0.213"
R 1.066:+0.048%* 2.627+0.422%*
TS HS IR A 0.966+0.018* 1.313£0.193*

L 24 R, ##P<0.01 ; SHRZH A, #P<0.01,

354 DAL PTGS2 Aktl EEHEE  HasAdl
KR, R K R PTCS2 B #£A B # M,
Aktl £ FFRIA W3 T (P<0.01) ; SAERIZH R LE
B IR PSR 4K B PTGS2 3 1 638 1A g 2>
(P<0.01) , Homsk SRl B Rk & T IRF R
4 ; SRR R BRLLER, IR S IR KRR Akl 2
Rk 2% Bl (P<0.01) , A RIS i A
RkETRFARL, HILE 8 FIk 3,

4 g

SRS T RN B AR L A (R Y
EEPINZ — R TR TS . SR,
FEsR AN BHGTT 36 L TEIE R A ART i S



2023 448 43 &

RE H E 2R 224 http://hnzyydxxb.hnucm.edu.cn 481

PTGS2 wwmme g SN S 2 kD2

AKT] S wm— e S—

GAPDH 4l @aED 4D @S 36 kDa
a b c d
B8 Mm-Sk KROMALR PTGS2, Aktl EBERIE
o 28 (A b ARTF AR c BRI, d NSS4,

£3 RS MIRI KROAALE P PTGS2,
Aktl BEBBIFRIE (35 ,n=6)

25 PTGS2 Aktl
2 HH 0.505+0.134 1.150+0.338
RFARA 0.637+0.155* 0.752+0.232"
BEAL 0.987+0.376%* 0.685+0.112%
ISRl 0.839+0.115" 0.950+0.213*

e 528 AL, ## P00 SRR LU, #P<001

Bl iz d @R m 5 SR A A 2 — o R Tk ok
AR, PR A IGIRIZTE MIRL #&4E T
J7 R S [R] S AR R S P 20 2 i RE U T T
MIRT #5580 KBS, 31 BH 32 5 T 38 ok 400 i) 1 e sl 42 46
Hi, FLAE FAPLHI AT 68 5 T 8 Bl e A5 AH DG i AR 1
(MALAT1) BRI K RN i Toll FEAZAAR 4/8%7% s A
F-k (BTLR4/NF-«B) 5 Sl A 5, 2L
U FEAY 2 o B T vl E s R B E2
FHOCH F 2/ LT RN 1 (NRF2/HO-1) {55538
G O R MR A0 PR T o PSR ER 4
FHUALBEXT MIRT K BRUSERL Y 52 ) | 285 SR BH NOD
FEZ R IER 2589 30 3 (NLRP3) #3552 BP0, A
LA R -1 (IL-1B) F A FEAR , AT L 470 L4
M, G2 ff MIRI,

MIRT 5 500 [7) Jag T H B2 < B f) e ™!
T3 4 A 3 L e o B AR T, o BE HEIE LA
MR F i DL g B S5 A AR AR S, LA A
A LU RAR #8006 28 BEa YT L EDANE
20, SRS IR I, A X R I35 PR L
R IR T IR, kPSR a0 S B M
B SRAT IS CYIE L0 AR AR, B 25 S0
I GBS IR, FHS RN 42 L
B AARAT (ZLABTE MRS 5 £ LA S VA A= b 8 55 105
M3 5 )1 55T ATk IR, A RE AUk o |, e
FEHJ A, NS R B AT A ] P38 22
U 5 AL A I (p38MAPK ) 5 53 6, MR H R
i 3 PR B A il -2 (COX =2 ) R4 it 181 286 B 4371

(ICAM-1) &35, el U 57 IR A9 R 3L
Bl o UL P A ML 5 LR s N P A A
I WU ZUNE B ik —y — 2417 B (CSE)mRNA J2 4
F#ikhE K9, JRekil g T 18 Beclinl \LC3A/B p62
FATGS 25 BEP Y35, I A W5 5 i, KR SE
fift MIRT AOFE I,

ABIFGEIE 1L (0 4% 24 AP A L RS 2R
JAE MIRI (1Y 2505050 Aktl \PTGS2 45, Aktl &5
MO LA AR TGP S T Re i B2 e R 2 — |, B
Akt BT DUV Ui 0 D55 e 200 B P 5 0 R T
W S AR L2, RS T YA v JE [ e IR £
W BT AT AT AGRAP SRR EE T O LA
B AN b 37 AR SO A T, SRR R 4 mT
A5 Aktl G, YL Akl FEHAEE IR0 L /R
Wi, HAEFAPLHI AT BES Akel 04000 LB 0 4 v
Y LML R RS 375 1R e e, DT RAG DR Zobi
MIDIREAR ™, COX-2 HiAER PTGS2 KRk ™4
FEIE B A PR T BB S AR AR, 16O 1 A8 0 1
P H B 3RIR 5 AT SN Y A A B DI AR 5G4, 548
YRS R B, COX =2 By ik il Bl &3 i &
iE RN, FES SO R i B R B AR A
WFFTIEI I 2% 24 B2 F0 1 PTGS2 Akl B 55
TRFPFZARIE T MIRT APEFAE AL KEGG AT R
FEMISCAERERTRY pathways in cancer 55 5 il 1,
Aktl YJ4bF PTGS2 L7,

AW FE 45 25 BR2E TR Akel 5 PTGS2 Ak
PRI MIRT 82250 63, H Aktl /EJ T PTGS2
iE, SRR IR SR I MIRL K
B B 20 R BRORAL LG, 1f % H MDA | CK-MB | LDH
i B R, SOD % & B I B AN, Akel FT PTGS2
mRNA FRIk T FE, Aktl 8 H KRBT IF B LA
MIRFERNET AEACRR FE R DL B S5 FAESE ik, +2
o] B [ B S Akel (PTGS2 WA i, 10E 1 2% fift
ot B, & HETBE MIRL AR,

[1] LI L, WANG Y, GUO R, et al. Ginsenoside Rg3-loaded, reac-
tive oxygen species—responsive polymeric nanoparticles for allevi-
ating myocardial ischemia—reperfusion injury[J]. Journal of Con-
trolled Release, 2020, 317: 259-272.

[2] GUO X, HU S, LIU J J, et al. Piperine protects against pyrop-

tosis in myocardial ischaemia/reperfusion injury by regulating the



482 1 v BE 25 K2R 243 htp://hnzyydxxb. hnuem.edu.cn

2023 4R 43 5

miR -383/RP105/AKT signalling pathway[J]. Journal of Cellular
and Molecular Medicine, 2021, 25(1): 244-258.

[3] ZHU N, LI J, LI Y L, et al. Berberine protects against simulat-
ed ischemia/reperfusion injury —induced H9C2 cardiomyocytes
apoptosis in vitro and myocardial ischemia/reperfusion —induced
apoptosis in vivo by regulating the mitophagy—mediated HIF-1o/
BNIP3 pathway[J]. Frontiers in Pharmacology, 2020, 11: 367.

[4] YUAN X X, JUAN Z D, ZHANG R, et al. Clemastine fumarate
protects against myocardial ischemia reperfusion injury by acti-
vating the TLR4/PI3K/Akt signaling pathway[J]. Frontiers in Phar-
macology, 2020, 11: 28.

[5] BR  BREBEB A NS SRR A 5 %O WL i P
Hif COX-2 ICAM-2 P38 MAPK 4 133X B2 M [J].1L 7
|22 7%.,2016,43(12):2636-2638,2703.

[6] BR BRSANGEAT 05,5 INRFHSIRAE N IR H2S & g tR
LA FLS L /PR T 4505 1 SE IR T (). 39 m v R 2 R AR 24,
2019,39(10):1183-1188.

(71 B BEAT 03 AR AF NGRS SR IIAL BN AR B LR 1P
HETAU I OB VR L399 R v B2 24K 224 412,2016,36(6):11-15.

(8] BR BRI VEFEITE AR NRSHSUGE 0] H2S A 509 F
17545388 6 X O JL A ot P30 3 i 005 B 0 T VR D B T R 2,
2021,4(3):241-250.

[9] 1H3CH, PR BE M 20,45 T 0 4 2 22 B BURSIL IR IfL B S+
B B3 F LRI I] R R R BR - R 25 B0 46,2019,21(11):
2396-2405.

[10] SRR BR85S W4 2 32 A0 F 3 S S i
UEFRD IR T HOA T 1A B VR RIBLEN (). b 52 56 07 571
27R5,2022,28(7):162-171.

[11] 3K 8,25 A2 0, 45 3 T 0 45 24 B2 A TR e 5
RO 20 PR IR 94T FIAIL R[], o 1 o 24 2% 35, 2020,45(7):
1499-1508.

[12] H8 IEAREE B P55 T M4 22BN B T6
ST A BR PR FIATL R[] A A2 B R — b B2 25 3R 4E,2021,23(9):
3326-3336.

[13] ZHENG S, HUANG H, LI Y, et al.Yin—Xing—-Tong—Mai De-

coction attenuates atherosclerosis via activating PPARy-LXRoa—

ABCAV/ABCG]1 pathway[J]. Pharmacological Research, 2021, 169:
105639.
[14

=

SHEN Y C, SHEN Y J, LEE W S, et al. Two benzene rings

with a boron atom comprise the core structure of 2-APB re-

sponsible for the anti-oxidative and protective effect on the is-

chemia/reperfusion—induced rat heart injury[J]. Antioxidants, 2021,

10(11): 1667.

[15] Bk TR ZEEENE, EHSE 55 PF M il i X IRT AT KRG AL

A F R PEEEALRIL]. T S 2241R.2020,35(6):1252-1257.

ZEVAR OGBS B R T I8 i NRF2/HO-1 {5538 B

AN B UL i, TR T 40 A3 0. o R s P A R 4 R, 2021,37(12):

2147-2153.

B A, L A G NLRP3/IL-1B/Caspase—1

4530 15 2 A R o JULBRE a0 PO 3 483 4 0. v 0 522 38 J 791 2

75,2021,27(20):87-94.

[18] EM= X 54 H E R EE AT O MR
SRS RNTE OIRIR YT 230 MR, PG B 25 5o I L5905 2
#.,2016,14(10):1167-1170.

[19] BRSEEE, FE AR 5 453K E a0 0 o BE UE Y M 3645 A B A
T[T T R BE 445, 2018,45(6):1142-1146.

[20] = 24ET KBV, 21 EE A B 3808 R B O LI 1L -V 40 445 114 5%
W[ . H S 7 ) 2424 7R, 2013,19(4):266-270.

(217 B4R T A 8, B R 1, 25 00 45 25 B2 73 Bt B S IR B0 4R S0
i 388 £ 4 MIRT B9V F ML (D). 22 8B B R 24 417,2022,57 (1)
131-138.

[22] %) 52 o g BUFE AT T OR3P = BEEREE T 0 UM 8 P9 e 240
MuE s AL IR 5D Fh A B AR BE 24 24 7K,2018,37(9):1026-1030.

23] £ W ZEAREE 555 e Akl 3 DR Xl PV R RO
IR KA 88 75 M2 4 1 Sl 0] v el B A 3 447,20 10,26(1):80—
85.

[24] 2= A7 8 RGE A ASTR] R L BRI 24 5% Sl koA A
fifi Ak /N FE Bk PTGS2 \PADI4 ITGAM 3 [K 38 3K (1 54 iR [ 1. 5E
XME24=75,2016,15(11):1182-1186.

[25] FBUCHR, BDEF-, F M55 )35 3l 5 R[] AR R BRLC L p-

p38MAPK \NF-kB COX~2 F&3k ) Zh A5 Th[7]. o [ g A B~

Z%.,2016,32(1):88-91.

(16

[}

[17

—

(RX%Bi H %)



