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Abstract: Objective To systematically identify the candidate core herb combination and potential therapeutic targets for ischemic stroke
by integrating patent mining, spatiotemporal multi-omics analysis, and computational simulation, and elucidate the scientific connotation of

the traditional Chinese medicine therapeutic principle of “Tongfu Xingshen” based on the patent database of traditional Chinese medicine
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compound prescriptions. Methods The China National Intellectual Property Administration patent database was searched. Cluster analysis
was used to screen the candidate core herb combination. Network pharmacology, molecular docking, and molecular dynamics simulations
were then performed to identify and evaluate candidate therapeutic targets of traditional Chinese medicine compound prescriptions for
ischemic stroke. Single-cell RNA sequencing, spatial transcriptomics, and CellOracle-based in silico knockdown analysis were further
integrated to perform multidimensional association analysis. Results A candidate core herb combination consisting of Yuanzhi (Polygalae
Radix), Shichangpu (Acori Tatarinowii Rhizoma), Dahuang (Rhei Radix et Rhizoma), and Yujin (Curcumae Radix) was identified. Nine
representative active components, including 1-hydroxyacoronene, aristolone, calamendiol, B-asarone, a-asarone, kaempferol, thymol,
eugenol, and caffeic acid, and six candidate therapeutic targets, including tumor necrosis factor (TNF), interleukin-6 (IL-6), protein kinase
B1 (AKT1), epidermal growth factor receptor (EGFR), mitogen-activated protein kinase 1 (MAPKI1), and prostaglandin-endoperoxide
synthase 2 (PTGS2), were obtained. Molecular docking and molecular dynamics simulations suggested that some representative active
components exhibited certain binding tendencies with the candidate target proteins. Among them, the kaempferol-PTGS2 and kaempferol-
EGFR complexes showed a degree of stability under simulation conditions. Single-cell and spatial transcriptomic analyses further showed
that the regions with high expression of candidate targets were spatially consistent with the distribution of macrophages, astrocytes, and other
cell populations. CellOracle analysis suggested that Jun/Fos, signal transducer and activator of transcription 3 (STAT3), and other related
transcription factors may be involved in post-ischemic inflammatory responses, cell-state transitions, and repair-related regulatory processes.
Conclusion This study identified a candidate core herb combination consisting of Polygalae Radix, Acori Tatarinowii Rhizoma, Rhei Radix
et Rhizoma, and Curcumae Radix from national patent traditional Chinese medicine compound prescriptions, and proposed that PTGS2, IL-
6, EGFR, and related targets may serve as important candidate targets in the regulation of the inflammatory microenvironment in ischemic
stroke. These findings preliminarily construct a mechanistic evidence chain integrating the core herb combination, core components,
candidate targets, and spatiotemporal validation, and provide a reference for the modern mechanism explanation and subsequent
experimental verification of the “Tongfu Xingshen” therapeutic principle in ischemic stroke from the perspectives of inflammatory
microenvironment regulation, cell-cell communication, and neurovascular remodeling.

Key words: ischemic stroke; data mining; single-cell RNA sequencing; spatial transcriptomics; in silico knockdown; Polygalae Radix;

Acori Tatarinowii Rhizoma; Rhei Radix et Rhizoma; Curcumae Radix; kaempferol
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Fig.1 Flowchart of patent retrieval and screening

BOR A TRIT IS M2l @7 YRR & o A R ),
TR A B RS QAR IR 1 T
ARG ETT
1.1.3  HefebriE QLR H AN E T4
O3 R B B B 24 s @RNG IS /R N EEH)IE
STHBIME T, ORI HAMERK LR ETr, A
AR AR R FRAENEE
1.1.4  HEEE LHVEA 8 Microsoft Excel
2021 AR AL RET7, IR P E 25 80
2025 PR, (AR L) B2l (4 E R 2T
G ) [SOOF S N 1 24 Je PERR A 2 53047 R TE AL Ab 2
Ogi—2FR: Wk “am” My “4ig”, “ic
7 BN “IERAR T S QMK TFEEAF TR
Wi 225 R0 o AL AR E 7 5 “hilE S,
CHEHhEE” 5 R O AN [ T A 25 2804 [
FHohdsk: “NNER” 5 “HER”; @OHRIAS

LG R IC T a0 RGE 7 DO “ET, CRFEY
kN .

115 BIESH eI RREA S s %
A Excel . ET7 9WHHEE, 16 R4.4.3 AL
NHIH tidyverse 47 A0 0 B R HEATIR U 5 A S
i, A ggplot 2 £l b 25 Kl . I HoRH
Chiplot Chttps://www.chiplot.online/) X4k £ 5%
BEAT AT AL B, DAZGWA R AR =15 IRAE Dy i
imIE R, BEHE (KO =8, HIBRHE. K
AL N2 DL D Ho 2O B IR A T4, g
Ward.D2 34T 2 IR R # LARANE A TT o ik
2 A IR 8 MK Ay e L 24 At SR A3 SRR B
SEANEE N 25 D8 B AR I ELREXS R AR H e 5
5 MPRANE” B SCERL. JuiE— B PN e %
O HAERT LR E I SEbR G oL, X%
HBATIEIMGE T, 3 A IR IR,



PED 202688 B57% B168  Chinese Traditional and Herbal Drugs 2026 August Vol. 57 No. 16

* 6435«

PRILHR . 3 WRILIAIIR J 4 WRSL[R] AR,
[E 4 psych 115 Phi 2% (phi coefficient,
¢), F45E corrplot AIARAL

1.2 MEHEE

121 YRR SRR S T Sl AR SR R 2
R G Y H K% P2 (TCMSP,  https:/old.temsp-
e.com). HALEEH AR (ETCM, http://www.tcmip.
ct/ETCM) K H s 258045 2 (Herb, http://herb.ac.cn)
rhokr 2R IR R B I A% O 24 2H b 2 Bl 5 B4R S
53 o LA Lipinski FLAE [AHXS 43 F 5 & (Mw) <500
JE/K AR EL (LogP) <5. S {IL1A% (HBD) <
5. SEPZAE (HBA) <10, A]liEib4s (RB) <
10] YEIEVE R B SR bR e, B 3 S Hcs PEAs:
RERIIHE, FEERERE R EZZ 0 25 H I
MR BE o 4 AIAE ChEMBL %04 2 Chttps:/www.
ebi.ac.uk/chembl) , AHLIEE AR HE KU TN & (SEA,
http://sea.bkslab.org) & SwissTargetPrediction %{#
JE Chttp://www.swisstargetprediction.ch) i3 {7#E i
T, YFhd2) R 2 N Homo sapiens, 33 3 MR
FETZE 34, &id K= 4— UniProt ID #i
TEAAL B JE A R %A% O 2 L B TEE L AR
1.2.2 IS BIRHEAURILE ¥ “ischemic stroke” {F N
KHIA, 4y BIFE GeneCards #(#E/%E (https:/www.
genecards.org). AFHHE/REEEHIEE (OMIM,
https://www.omim.org) OpenTargetsPlatformChttps:/
www.opentargets.org) M 5 JT s A4 P (TTD,
https://db.idrblab.net/ttd) H1 4% 5 IS HH I HE
Mo B4 NEIEER RS RNIFE, EHEEHT
UniProt ID MYEALALEE, fieJa i IS WIpomtl mAE &
1.2.3  “HMW-TEE OB A M 2% S R E B ELAR
H] (protein-protein interaction, PPI) MZ5HJ%E ¥
HOH RS IS B SRS 2L
Z4HIRYT IS MR AL KRR 2N STRING %
$% £ Chttps://string-db.org ) , W) FF % € N Homo
sapiens, BEAGEEBEREN 0.7, RIS, 3K
HY PPI M 25 04 97 5 H - 13 2R F\ Cytoscape
3.10.1 % fh, R CytoNCA i 5415 i b
240, ARYRFE(EXS PPI 2T St AT B HE T,
EHER T 6 A7 11T VR RGO EE R, IFREAT ]
ALK

1.2.4 FEEIAAEA (gene ontology, GO) IhfiE 5 H A
FER 5 R KA H R4 (Kyoto encyclopedia of
genes and genomes, KEGG) BT W ATEEHE

S\ DAVID ##i % (https://david.nciferf.gov), ¥
& € N Homo sapiens, 53 51147 GO D e Ml KEGG
HEEEESNT, LA P<0.05 /BN EE EENTRIER
. LREESNERIRXHAMEGAEL TS
(https://www.bioinformatics.com.cn) /T ] AL AL HEL .
1.2.5 7p 7R R sl i@ RCSB PDB
a1 (https://www.rcsb.org) N EAEIEAZ L S =
e MR EE M, 4 AutoDock Tools 1.5.7 £ [R/K4r15
JRECAR . INEF R AT S R A7y PDBQT #% 2
T VE R = 4E 45 M) )N PubChem % 4% 2 hittps:/
pubchem.ncbi.nlm.nih.gov) SR FHLE [FIFE TV AR B
KH AutoDock Vina 1.1.2 #EAT M0 042, 45
i PyMOL3.0.3 BT AL 3 ) A
W ORI G RERIRII Y - R E 6, KA
GROMACS 2025.1 ¥ # CHARMM36 J1375; @
BEWET TIP3P KA 1) B P E & b IR
PR R AT I Natsl CIrghAT Hfar Fh Al QR A
B BE N R A ILYERE iR AT e B MU AR B, B
RIEAEHIY Y 10 000 28, HEEILSEE A 1 000
kJ/(mol-nm) RALIR REEH; @OWKIRIEAT 2 ns IEN
Z%; (canonical ensemble, NVT) P4 A& 2 ns i
5K &% (isothermal-isobaric ensemble, NPT) ~F-fff
F1 100 ns 73¥ 3l 71221540 G i 3577 MRk % (root
mean square deviation, RMSD). 7Rk (root
mean square fluctuation, RMSF) S8 % H %5 04t
P E AU SRR @ — P KA gmx
MMPBSA S AR E B B 50 ns BT 50 77
22K -B% IR 28 2 R 7% (molecular mechanics/
Poisson-Boltzmann surface area, MM/PBSA) 254
FHREZ BT, BERR 16 i 1 fil, $££5 105 M. JET
Poisson-Boltzmann #E4L1H5 H HEEZE I LA &
H EHAE (total binding free energy, AGtotal) 1F N4k
B RETEUN FEDF o

1.3 B4HRE RNA F R =S EEE R EBIR S

131 EdEEREC Dy 7 IREL IS AHSCH R4 RNA
MFF (single-cell RNA sequencing, scRNA-seq)
Fe B, 5 NCBI 2 KRB 255 88 2 (GEO,
https://www.ncbi.nlm.nih.gov/geo/) #', ¥ “MCAO”

» o«

“ischemic stroke ” “ single-cell RNA sequencing ”

“spatial transcriptomics ”“ mouse ” £ AR BT
K& IAFRAE: OKH /N BRI o 3 ik P 28
(middle cerebral artery occlusion, MCAO) #i%; @)

BE XA SN, OBEFE BRI H I ihEdE



* 6436 «

PED 202688 B57% B168  Chinese Traditional and Herbal Drugs 2026 August Vol. 57 No. 16

AIAFFIREL . S &mIEFFPIN 2 MRS OB
s IR SE GSE174574, 8 /Ml MCAO it
BE 24 h KT ARXGE (Sham) % 2H 2L 540 g
RNA MFHR, 2 20 3 MEA, 36 AMREA, W
7V 54 lllumina HiSeq 40000181, @)75[A]#4 20 %
PE4E GSE233814, B & /MK AME MCAO AL

Z I ] fUELHE IEH X & MCAO RJ5 1. 34 7d 1
i 2 23 75 () i SR LA, 3% 5 AVREAS, BV IE 0 1R
H 14, MCAORE 1dH 1. 3dH 141, 7d
2H 2 %1, KH 10x Genomics Visium V-5, ¥ EH
bregma-1.3 mm IR, ZFE]HEF N 55 pml7,
ZVBIE G B IWNE 1.

*1 ZRBEERESERESKUHENTIER XN XR

Table 1 Information on multi-source datasets and their correspondence with mechanism inference of core herb combination
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Fig. 2 Statistics of high-frequency traditional Chinese medicines and distribution of their property, flavor and meridian

tropism
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A-Ward.D2 hierarchical clustering dendrogram (K = 8), the vertical axis represents the clustering height, and the eight distinct clusters are indicated by
rectangles of different colors; B-Phi coefficient correlation heatmap, the color gradient ranges from dark red (positive correlation, ¢ = 1) to dark cyan
(negative correlation, ¢ = —1), the shape of each ellipse reflects the magnitude of the correlation coefficient, and the arrangement of herbs is determined

according to the hierarchical clustering results.
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Fig. 3 Cluster analysis and Phi correlation coefficient heatmap of high-frequency traditional Chinese medicines
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A-Venn diagram of ischemic stroke (IS)-related disease targets retrieved from four databases, including GeneCards, OMIM, Open Targets Platform, and

TTD; A total of 4 065 non-redundant targets were obtained after merging and deduplication; B-Venn diagram showing the intersection of drug-related

targets (core drug group, n = 193) and IS-related targets (IS, n=4 065), yielding 114 overlapping targets.
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A-herbal-component-target-disease network diagram; B-protein-protein interaction (PPI) network constructed based on the STRING database; C-core

targets screened by degree value using the cytoNCA plugin.
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Fig. 5 Herbal-component-target network and PPI network analysis
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Fig. 6 Enrichment results of GO functions (A) and KEGG pathways (B)
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Fig.7 Heatmap of molecular docking binding energies between representative active components and some candidate target
proteins

A-1l1 Z2H)-PTGS2(—9.2 keal-mol™1); B-111 45 3-EGFR (8.7 keal-mol ) ; C-111 Z3H)-MAPK1 (8.5 keal mol ™' ); D-5 JE#4H-EGFR (—7.5 keal-mol 1);
E-B7 “F-EGFR (—7.4 keal'mol™); F-1-$23E & WJA-PTGS2 (~7.1 keal'mol™).

A-kaempferol-PTGS2 (-9.2 kcal-mol™!); B-kaempferol-EGFR (8.7 kcal'mol™"); C-kaempferol-MAPK1 (-8.5 kcal-mol™!); D-aristolone-EGFR (-7.5
kcal mol™"); E-calamendiol-EGFR (7.4 kcal mol™"); F-1-hydroxyacoronene-PTGS2 (7.1 kcal'mol™).

8 HDFIMERIRESEMRTNML (Top 6)

Fig. 8 Visualization of molecular docking poses with lowest binding energies (Top 6)
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signaling pathways; D-ligand-receptor pairs associated with the core targets of the herb combination in the MCAO group.
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targets; B-violin plots of module score distributions at each time point; C-heatmap of average expression of core target genes at each time point.
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Fig. 13 Spatiotemporal expression profiles of targets of core herb combination in spatial transcriptomics
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