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The Protective Mechanism of Qingying Shengmai Decoction (A MkiA)
on Myocardial Ischemia Reperfusion Injury Based on Network Pharmacology
and Experimental Verification
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[Abstract] Objective: To explore the protective mechanism of Qingying Shengmai decoction on myocardial
ischemia reperfusion injury (MIRI) based on network pharmacology and molecular docking methods, and to verify
some key targets and signaling pathways through in wviiro experiments. Methods: The active ingredients and
targets of Qingying Shengmai decoction were obtained by traditional Chinese medicine pharmacology database
and analysis platform (TCMSP) database and BATM -TCM database, and the disease targets of MIRI were
screened by GeneCards database and OMIM database. The intersection of drug targets and disease targets was
obtained through Venny platform. The intersection target PPl network of Qingying Shengmai decoction in the

treatment of MIRI was constructed based on String database to obtain the core targets of drugs and diseases.
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The enrichment results of gene ontology (GO) enrichment analysis and Kyoto encyclopedia of genes and
genomes (KEGG) pathway enrichment analysis were visualized using the bioinformatict platform. The "components—
target—pathway" interaction network was established with Cytoscape v3.9.1. Molecular docking of core compo—
nents was performed by AutoDockTools and PyMol software. In vitro, H9¢2 cardiomyocytes were induced with
H,0, to construct oxidative stress model, and the optimal drug concentration was screened by CCK-8. The
content of lactate dehydrogenase (LDH) and cardiac troponin T (c=TnT) was detected by enzyme-linked im—
munosorbent assay (ELISA), and the content of reactive oxygen species (ROS) and mitochondria was detected by
laser confocal microscopy. Western blotting was used to verify the predicted pathway, and real-time quantitative
PCR was used to detect the mRNA levels of core targets. Results: There were 109 active ingredients in
Qingying Shengmai decoction, corresponding to 1 002 targets, of which 122 targets were related to the treatment
of MIRL. GO enrichment analysis obtained a total of 2 494 items. A total of 195 pathways were obtained by
KEGG enrichment analysis, mainly involving TNF signaling pathway, HIF-1 signaling pathway, JAK-STAT signaling
pathway, etc. The results of molecular docking showed that the binding forces of quercetin, luteolin, kaempferol
with TNF, IL-6, HIF-1a, JAK2, STAT3 and other key target proteins were stable. Cell experiments showed
that the serum containing Qingying Shengmai decoction drug-containing serum could reduce the levels of LDH
and c¢—TnT (P<0.05), inhibit the generation of ROS, and increase the content of mitochondria (P<0.05). The results
of Western blotting and PCR showed that the Qingying Shengmai decoction drug-containing serum could
down-regulate the expression of HIF-la and up-regulate the protein and mRNA expression of JAK2 (P<0.05).
Conclusion: Qingying Shengmai decoction has a multi—component, multi—target and multi—pathway therapeutic
effect on myocardial ischemia reperfusion injury. The Qingying Shengmai decoction drug—containing serum may
alleviate oxidative stress—induced myocardial injury by regulating HIF-1a and JAK2 signaling pathway.
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(xss)

2851 n LDH/(U/mL.) c~TnT/(pg/mL)
ZEHH 3 0.45+0.006 104.23+0.920
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205 n SOX Green
=K 81 11.17+1.33 9.12+3.48
EHIZH 81 49.36+17.15 5.17+2.31°
FHIMEL 81 22.20+7.47 9.27+2.14*
TMIEH 81 17.14+5.69> 17.51£6.47"

E L O, P0.05; SR A P P0.05; 5 &
& o F 40 AR, 0 P<0.05
3.2.6 Western blottingfMHIF-1oa JAK2E FAFERAKFE  Ha
P2 H A, B 2 40 P HIF - 1o 838 B 2 TR (P<0.05) 5 5
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xR7 BAHIF-1a.JAK2 EARIEBER  (xxs)
210 n HIF-1a JAK2
ZFHA 3 1.00+0.000 1.00£0.000
A2 3 1.48+0.020° 0.64+0.035"
FHMEL 3 1.1620.080" 0.660.042
FHMEH 3 1.00£0.040 0.88+0.038""

E 5T AR, P<0.05; AR MILE ' P<0.05; 5 F
G foE 5, P<0.05,

JAK2 |- —— = — | 130 kDa
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AR B EHN(P<0.05), T4 ML IEHHIF-1a. mRNAFHXTFIA
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%8 &4 HIF-lo mRNAJAK2 mRNA BXFREER (xss)

20 5 n HIF-1a mRNA JAK2 mRNA
2 H4 3 0.770.10 1.17£0.13
HAIZH 3 1.210.15° 0.35+0.03°
FHMEH 3 1.18+0.14 0.32+0.05°
THMEA 3 0.91+0.18"¢ 0.99+0.07°¢
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4 3F it

Hp B2 A 0 LR L P T B A 3K — A B, T Ry
P FLCIR U T  FEBEAS LA O KRR , 9
FRPE SR A BB AR, AR B A AL B PHAS A, s S A58 il i 7%
R IRIT I SeIR AR, R TR AR B T MIRTSBIPA K 8 il
BHLZ5 (O HILARR A, TRT7 2 AT ARS8 35 IR T T 5 R
ik v T 5 R KRNI T 1 7 75 ¥ R K R 5
TE AT A , TR T KA ORIE RS B S 220, IL T IR IE A
T 2 B B S A N 2 5 AR RRIR T T 407D,
HATFIRITEAMEIE . EE LKA T RIS BT
RH, S35 TR PV e s B CE ARG A 3 AR s — I 2
2 AR 0 BF B 5 A b B T VE AL, SRR AR s S AR AL
HESRAT T A T e, W AT [ S0 DS 425 T T A
MM E 25,3550 K02 K FFS 00 % AR DB,
LSRR K SRR, B DL TR T84 BH A e, U 3 g i
2 W R FIEL , i 2h i 256 FHIRTE R 42 R
L 1R =2 TR,

VA SRR 0 45 2 B4 vk O o 1 T A ke P b
FORBRER LA AT M S MIR AR 80 S B
B2 YL 3R M LA 7E VAT T MIRTAL A o B OCHEE
gk B, it Rz 25 D00 JURE B8 T BURILO LA TR, [
TIRROS /K- Fa 2> S8 Ak B, A R0k O WL S8 483457 ,
W JAK2 FNSTAT3 1 85 iR Ak /K7, 412 2 o8 T g o 1% A B,
A3 O UL I S5 2 R 2 B o AR 2R 7 2R 3 o 9T O R
AKT/mTOR/STAT3 {5 538 % , 411 i) S8l A0 45 07 . 40 ML T F0
TAEIR A B IR E R, LLZS Y BRAE R IKROSFINADPH
SAALRERIE T, (M GSH W2 T 5, 1569 LU 43 M v R a0 11 41
A0 ORI AE O IR AP o & 354 T, PP 46 i 7R , MIRTS
TNF IL-6 .JAK2 .STAT3 \HIF- 15540 5 6 R V) X SR
PR HubHE A, AT REFES AR MK TRY Y MIRI L A e %
FEANER R T IO A BKIATRY T MIRT T LE AL [H]
X AT T GORKEGGIl 5 & 5 73 Hr . GOAM T A 245
SR, XS R f F2 T S AN A IR A AL T X

ARG A5 50 55514 S5 LW IIRE  KEGGH T
SR B RE A A T I A (F Sl T MR, Horp
TNF5 il # HIF- 15538 B JAK-STATF -l R B A1
F M RO B  TNFAL S TNF—a AT TNF-B o TNF—o FI TNF —B F4 77
Az AT R[] (R 35 1T 32 A O TN F 3222 Hh T Ak Y B 4
it NKAUA S TR A=A, B RTZ A8 TNF-ol TNF-a BE I il
WL 1 A 0 LA B U T TNF - 23R 38 I T 55 46
PEAG 5 338 O |, (R RIE AR, B A S B0 Tihe
FREAGH, T -6 4 8 WL AR AE BT , BEMS 4R O LA B B VR
FELOIEFGEL JERUNAS DL 77, 451450 LR
JAK2FISTAT3 7 5 J& T JAK FISTAT S % . 51 . JAK2-STAT3
{5 530 i 2 T R AR A AR R AR A I | i P AR
K FEMRDS, A K 3458 b R, JAKTR
I — 2 S R s SRR, %o T Am A 4 3G 78 Ao fL L
HEEMIEER A SR AT, JAK R HE X T2
2% A ARG TR O LI s D R BA B AR [RIET JAK 2
BB HIROS Y = Az o ik 37 BT AK 27 201 I 1) 7 38405 g AN AR 47
HR I B B A (00, HIF- R A T A 19 e e
PG SR T, 3 3 4 2R S PR A 5 S TR M A T AT A
St R/ fple S 38 IO M L o HIF — 1o — i N TR S 481k
I BT 24 Ry R L 2k A SR A B S HITF — 1 o3 B 80
T8 A8 K Pt i 22 T, R IS HILF — 1o B8 AR A B A 1
SR RS X E B SRR R A, 9t SHIF-18
TE G2 AW 62 A 0 1 5 i 4R R T R Y R
DNAJT F 45 G A 19 8 S i, DA 9 42 25k TR = 1 09, [ IR
HIF-1a M FRIABEME T IANF-« BFIE 26 B3 1k, ] 46
E R FIL-6 L1 TNF—a R, AT S S5 g A L
YHBE IR T, 1T HIF-1o00T B8R 23 00 UL A0 AR A9 383 45100 AR B 55
B o F AR TR, 15 8 A bz P 0 R o A R
L ILZRE M R S R O RS I S A T R, S
FEIRYT IR P O o £ TR, Ak N S R AE R
EMIRTA AR KSRt A G LR 0 B B ZEHL], TNF TL-62 %
I SN IS 5, T HIF-1a JAK2Z 5 MIRTE AL R 8
AR AL HT ) . 258 8 AR ik % RE IR MIRTAY
PR HEAT T S ED, B R FHHIF- 1o JAK2AE A 48 4L
7 S ) S R S A T SR ST

FEBR I, U AR, S 3 A O =X i IR D R 4
A A R AP0, Sl I, [X s I 390 A 17 B T A, P2 A
HAYROS, FTRE T A A SE AR JF SRR A, 0 ULA0 M IR Y
W AR BT i AR ARG, W PR TR AR | A MR AR B R E
RSB0 LA I SR B 222 A M S e 25 SR o T B A ik
HIRBE B 409% 12 Wi H,0,175- 3 I H9e2 S AL L A% 7Y
Y PRI e A o 15 785 A DK AR B AR LDH L T T ¥ 2, P IR
ROS/K, & S ki iAok, Il it N JHHIF-1o . LIHJAK2EE
FI FImRNA 5 , B9 20 G 57 A AR 3405

L5 LR TE B A MKA T e i 2 ORI L
iy 25 955 1 B VB T HIF - 1o JAK2 28 4% 000 38 (0 0, Ikl
H,0,i% S AUH9c2-0 LA M U8 T, 32 755 40 it 370 8 A 1 i g
PR RLR ABFGAR B T P EE 2 BTIEMIRIF 20 85 218

13



* & (3 532

2025 F6 A %315%68  June.2025 Vol.31 No.6

FEBRT TS R, D RIS SR A 18 A B S, B3
B AN A IR AR A LRI AL T8 7 1 R o

S0k

[1] LI S, LI F, WANG Y, et al. Multiple delivery strategies
of mnanocarriers for myocardial ischemia-reperfusion in—
jury: Current strategies and future prospective [J]. Drug
Deliv,2024,31(1):2298514.

[2] XLt , K R, 52/ A 2R B AL TG P A -k A
A8 O L DR AP JH B BIF S SR 7). 8 it Tl R
2025,46(4):434-442.

(3] MR AR B, 2T B R KA IS Ak (s S R A
HOc2.L LA i o S8 52 S840 B/ RIS (). 70 Tl rp R 2
it , 2024 ,33(5): 804-808.

[4] KLU, EHE, T, % 01 XHETE T 2551 K 0 B0k
SR E 244, 2024,49(3): 671-680.

[5] MIREHE VTR, A5, A T I 455 24 2 R 240 L S
PRITE SR T R A FIPLA 1], T 25,2024, 46(6):
2095-2101.

(6] XA, Wil , o, 4 rb 24 SR 1 52 05 1 aod 34 4%
PI3K/ Ak {5380 i By i 4O JL St 100 -PHE9 2 45 475 14 F 52
JE[].390RE H BE 2R 2244, 2024, 44(6) : 1124-1132,

[7] BAAR AN, 2R, 45 35 B AR TRz X o JUL e L P 45
PR B AR AE PR F (A2 [ P P R 2UE , 2023, 32(2) : 204
207,237.

[8] FMriy, i, 014 2%, A A B %k 0 LBk IfiL 5 2R R BE
A TIRERSZ D] E 25 57, 2024, 35(4): 401-406.

[9] LIUC J, YAO L, HUY M, et al. Effect of quercetin—
loaded mesoporous silica nanoparticles on myocardial
ischemia—reperfusion injury in rats and its mechanism[]J].
Int J Nanomedicine,2021,16:741-752.

[10] 4R, AT AR B 2R 3 AL Yl JIL AR 4 1 1 i
R I PR R RO L0322 2 2022, 45(6) :
509-514.

[11] SUN C, WANG T T, WANG C Y, et al. The protective

14

effect of kaempferol against ischemia/reperfusion injury
through activating SIRT3 to inhibit oxidative stress|[J].
Braz ] Cardiovasc Surg,2022,37(3):335-342.

[12] =&, fLAR, TG, % RS SE I F —a A5 5
FAREAE FABLEIAH 5870, 0 B A BB A 4% 5, 2023, 29(3) :
426-430,436.

[13] Z&PRHE, sk ek , 14 D2 TRAFSIE A #51L-17A/NF-kB
T A R MR 2 R 5 RO L B A
AR T 0 RO AR A4S, 2024, 30(1): 97-104.

[14] F#. M7 CK-MB . 1L—6 . LDH/K -1 A A6 AE 48 0 g
W A REE). T E REREE 2%, 2024, 36(11): 108
111.

[15] Thar Bk, 3K % JAK2-STAT3 5 518 % 50 LR ofi P38 v
05 BRI R 0. O E 2R L 2024, 36(6) : 686689 , 696.

[16] Fmk, F&, Tk, 55 J5T M4 B2 Fsh Py L 5 i e 4
TE—E 7 1 24 X6 380 5 3 R AR S5 A kil O FILET kA b 1)
HLAI[D].H B R 2 4, 2022, 47(3) : 753-763.

[17] 2540, SR = i, EIRhR, S5 A5 2 B F 1o W 1 B RS
T 1 A0 1R 9T P PR S LI R T
RIFFT,2025,29(26): 5680-5687.

[18] LA %, Z= i, FME | A5 . 2 B S R 4% HIF - 1/BNTP3
T B A TR A WO WL I R R VR )
R RS A 2Rk, 2024 ,44(9): 1086-1093.

[19] PRER, BRER BT , 45 T 28 24 302 R S 00 e R 5
BETIRYT O IS L PV 43405 ) A FEBIL AR 0. 80 e v B
ZyREF2EHR L 2024, 44(2) : 266-277.

[20] PINEE BH , 5KHE, 5 M PRM2XFC LB 473 7 A ot
JE[DH LG INAE 245, 2024, 29(2) : 178-182.

[21] FEH, ZEY, ARBAME MOTS—c AT U LB i P 1
ARG R E R SR R R 222 4k, 2024, 59(8) :
1405-1410.

[22] K%, W5 ZEIE AR, A5 O LS L P T 45005 SR AR L 3%
B I 25 AR V8 F [ B P 2 4%, 2024 ,49(13)
3452-3461.

OKAS B H7:2024-11-09 %03 F 3&4x)



