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Abstract: Objective Hypoperfusion cerebral infarction (HCI) represents a critical subtype of cerebral infarction, for which current
therapeutic strategies exhibit notable limitations. To provide evidence supporting Shenmai Injection (SMI, ZZ& {3 §1#%)’s efficacy in
HCI treatment by integrating multi-source heterogeneous databases and employing network module distance measurement
methodologies. Methods Disease targets for HCI were identified using three distinct approaches in open-source databases. The
therapeutic potential of SMI was evaluated by comparing its Sas and Z-scores with those of conventional Western drugs and Chinese
patent medicines within a protein-protein interaction network, followed by validation of SMI’s prioritized ranking in HCI treatment
through a “target-component-herb” pathway analysis integrating PageRank and Hscore algorithms. Results Compared to
conventional Western drugs, Chinese patent medicines for cerebral infarction showed generally lower Sas and Z-values. Compared
with other Chinese patent medicines, SMI demonstrated superior performance (lower Sap values) in two target-integration methods
(Datasets 2 and 3), though this advantage was not consistently observed across all analytical approaches. Among 687 herbs analyzed,
Hongshen (Ginseng Radix et Rhizoma Rubra) consistently ranked top 20 in all four datasets, while Maidong (Ophiopogonis Radix)
appeared within the top 302. Conclusion SMI may offer particular therapeutic advantages for HCI, especially in cases secondary to
chronic cardiac conditions. Its mechanism appears multifactorial, involving not only direct neurorestorative effects but also modulation

of fluid shear stress and atherosclerosis pathways, potentially mediated through improved cardiac output and subsequent cerebral
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perfusion enhancement.
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Fig.1 Framework of research methodology
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Fig. 2 Visualization of term relationships in functional enrichment analysis of S1 dataset (A), top ten key targets in S1

dataset (B), and visualization of term relationships in key targets functional enrichment analysis (C)



‘r #- B 2025E 108 £56% F20H8] Chinese Traditional and Herbal Drugs 2025 October Vol. 56 No. 20

* 7489 »

BINSHOHAT B 2, RS KT 3 )
R, 3208 MO RB 18 B (B 3-A). i
FEZE 12 MR (& 3-B). ARAESE 2 DNk f@fith
B E IR 73 ADMBRE X T ROLH
BB RAL I K B VPl 3k i 2 () i B8 AR

K ﬁiﬁd\v‘m%\%%ﬁ%@/b, T 2 ANBLAELE

RRARL. KL TR (61.8%) 1ENEIM,
1B K AE GG ETE 61.8% A i, &5 3
23 MEERE R (K] 3-C), B it R, 78
AT YA A HCT B IR EOT o e 2401 i
H HCIL A1) 88 AN OGBS i, Kzt N
S2, S2 H¥EEThae'E E e R WK 3-D.

e

4 v
it

@ . {.‘,3.«
/|

u!l;ln,‘
[

gis - s “:‘_ i
= o
r . - - y
- g = s | T N
e - - Ry B

W Pathways in cancer
B Pleural mesothelioma
W Integrated breast cancer pathway
M Kaposi sarcoma-associated herpesvirus infection
1 Gastrin signaling
Cytokine signaling in immune system
B Human papillomavirus infection
¥ Cellular response to cytokine stimulus
~ W Prostate cancer
Glioblastoma signaling
EGER tyrosine kinase inhibitor resistance
PID REG GR Pathway
W Hepatitis B
1 cellular response to abiotic stimulus
Androgen receptor signaling
Cellular response to nitrogen compound
Response to lipopolysaccharide
Cellular r&sponse to growth factor stimulus
[ | L/epun signal
Neganve regulatlon of mtmoe]]ular s1gnal transductlon

Q’O ,m@
©"ﬁ (4.4 4 4
© o= @ ‘_,,j,_;f' i ¢ #1»
E 3 YOS 4 3

AN O R R 2B
Top 10 FHEHLAT; F-S2 HURASCHEAL T & TR R R AT ML

WTROP2 regulatory signaling
mPhotodynamic therapyinduced AP1 survival signaling
W Fluid shear stress and atherosclerosis
mIntegrated breast cancer pathway
mUrotensin I mediated signaling
Fas ligand pathway and stress induction of heat shocl
W Aryl hydrocarbon receptor pathway
1 Aryl hydrocarbon receptor pathway
mRegulation of G/S transition of mitotic cell cycle
Chemical carcinogenesis-receptor activation
Head and neck squamous cell carcinoma
Acute viral myocarditis
W Androgen receptor network in prostate cancer
WPID AP1 pathway
Oxytocin signaling pathway

B-Jii B [ P48 Btk s C-12 400 R BT F I HCT BEELXS; D-88 ML E £ T RiB R R ATMAL; B-S2 B4

A-network module for chronic heart diseases; B-network module of cerebral infarction; C-module pair of HCI caused by chronic heart diseases; D-

visualization of term relationships in enrichment analysis of 88 targets; E-top ten key targets in S2 dataset; F-visualization of term relationships in

enrichment analysis of key targets in S2 dataset.

B3 1810 RERMREE T SRR 1

Fig. 3 Network module analysis of chronic heart diseases and cerebral infarction
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Fig. 4 Network module analysis of carotid artery stenosis disease
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Fig. 7 Sas distances (A) and Z values (B) between different drugs and HCI disease targets
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Table 2 Sas distance between SMI, Western medicines, Chinese patent medicines and HCI targets
- o S1 S2 S3 S4
SaB He4 SaB He4 SaB He4 SaB He44
1 SMI -0.006 12 -0.004 2 0.217 7 0.285 37
2 Acetylsalicylic acid 0.260 41 0.090 14 0.143 2 0.589 42
3 Apixaban 0.496 55 0.524 56 0.430 54 0.857 56
4 Atorvastatin 0.365 48 0.279 44 0.348 38 0.629 44
5  Choline alfoscerate 0.570 57 0.466 53 0.465 55 0.822 55
53 MR HE 0.045 35 0.165 37 0.381 49 -0.069 6
54 RPHEL T () 0.020 28 0.122 24 0.322 26 -0.027 17
55 TETFRIES -0.007 9 0.089 13 0.320 22 0.026 27
56  FHZEiEE AL 0.006 19 0.122 25 0.331 30 -0.039 15
57 BRI 0.010 22 0.125 27 0.335 34 -0.051 7
Fz3 SMI. LE%, dRHAS5 HCI S Z |
Table 3 Z value between SMI, Western medicines, Chinese patent medicines and HCI targets
s i S1 S2 S3 S4
VAL HE4 VA: HE4 Z & HE4 VA: HE4
1 SMI -5.020 38 -3.814 26 —5.487 27 -5.173 35
2 Acetylsalicylic acid -2.814 40 -2.739 40 -2.681 40 -2.691 40
3 Apixaban 0.321 46 0.477 48 0.426 46 0.399 46
4 Atorvastatin 0.876 50 0.896 53 0.863 51 0.772 51
5 Choline alfoscerate 1.182 54 1.180 56 1.437 55 1.173 54
53 JCoE R EE —5.700 22 —4.006 20 -6.144 8 —5.905 17
54 RFR#EZ R (k) -5.277 32 —4.566 9 -5.111 36 —5.199 34
55 WEIFREW —-6.368 -3.618 36 -5.715 21 —6.003 14
56 FhAEE -6.833 —-4.226 14 -5.837 16 —5.746 21
57 Fhedreie -5.638 24 —4.194 15 -5.592 23 -6.013 13
£4 5. ERKEDHEERHES receptor type 11, PTPN11). HSP90AAL. RiFIfRE

Table 4 Ranking of Ginseng Radix et Rhizoma Rubra and
Ophiopogonis Radix in traditional Chinese medicine

recommendations
- H#
S1 S2 S3 S4
A& 3 3 3 3
9% 18 17 14 15
T4 267 302 205 263

24 SMI5 S2 B R BB

¥ SMI AEFAE s 51810 R BIH 23 HCI
FE RS ARG ) 11 N IEFAE AL (BT 8-AD, 203l
HE AN LM 2 (histone deacetylase 2, HDAC2)+
FSH—EHMAEH (nitric oxide synthase,
inducible, NOS2). FGF2. EGFR. F&% 2 AR
BgdESz & 11 & (tyrosine-protein phosphatase non-

G/H £ 2 (prostaglandin G/H synthase 2, PTGS2).
Bel-2 8 A 1 (Bel-2-like protein 1, BCL2L1). 1-
B I IBE UL 4,5- BRI WE IR — MRl y-1 (1-
phosphatidylinositol 4,5-bisphosphate phosphodiesterase
gamma-1, PLCG1). #EH % LBALEF 1 Chistone
deacetylase 1, HDACI1). IR /A (androgen
receptor, ARD, ¥ i@ LK 8-B. K5 SMI [1IfE
FE 53 A Cytoscape [1) CytoHubba #4152 Top
10 RHEHE & (18] 8-C): EGFR. %Ak WA 5
YPE sz v (peroxisome proliferator-activated
receptor gamma, PPARG). 4 fifg & HA &5 At 1 Bk
M 2 (cyclin-dependent kinase 2, CDK2). #2ZJ5 i
LB I 14 (mitogen-activated protein kinase 14,
MAPKI14). BCL2L1. HSP90AA1. PTGS2. MMP9.
M W AR B 7524k 2 (vascular endothelial
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Fig. 8 Target of SMI and HCI caused by chronic heart diseases (A), enrichment pathway of intersection targets between

SMI and dataset S2 (B), and visualization of gene enrichment analysis and term relationship of SMI key targets (C)

growth factor receptor 2, KDR). “H JHIEE-3- 1 i it &
( glyceraldehyde-3-phosphate dehydrogenase ,

GAPDHD. LE LM AR, BWRE
T EAL R 1B A B 7R 2 -1 (neuropilin-
1, NRPD) fil & IE SEAR R Sl ks FEaE AL . 4

[{URSE| e 7/puIb ) FYANEZ % A LN R2AL NN R I TR N
BYUIN ) SED BRI RERE Ak . 0% P B2 4T A% 1
BEEKR L (E8-C). Hrr, BT KRR M
AL A, TRARBT V)N A7 S koA R A E B T
S1. S2. SMI (1) I 55 5 K] ‘& 45 P [R] B B
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A DI REBR AR B/ U0, BRIk, A7t LR
I 3 FOTIERE S FRRAAE E R HCT 5 4 5,
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HCI {38 77; JEEXT HCT #E47 25445, 50F SMI
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NEGE. BT RFISIBYUERE, BT 2R
PR R RS T HE S Hodr, BT RO
L) P 3 A RV % 17 Sy A i ) 18
ORI Bk A X 2 89500, & FR HCI
(11 R IALI 38 A SCRR SRR, JE 3 3 FAS [A] i) 4
HEIFARET 4 DI SEHESE . DrugBank &
WG B 55 B U B B R
SymMap 4% T PG RIIACEE Y, N2k R
Bt 7 KEME R, ETCM 2 — AN 258U B 2 .
ZH AT EIFZG . AR e S B EREL,
DUME T PS5 55 (10 &R, PRAIE T 45 SR B HEf
PE R AT E T

FEVHAE 230 5 R 56 R I, AREFFLSIH T
Sap fHAN Z {85 2 N IRBEFEPR . Sap {H FH T 17 & 25 W04
B 5 PR B ERLE IR 25 R BE S . Sap R/, R
BRI E SRR, B 2595 500 1 Ik
e Z (HNE— 2% 8 TSR, RS
IR AR L A G R AR AE UL B A E UL
FEHIBENLER (45 . BT B 25980 p 5 0 A 2 B
T 1 S5 B A R B A58 K 5 e L 0 B R AR K B T 2
S, VY- R R Z AN, R 2R
SRR AN ik, ATt R A E R
BITH 1. WESGEH, o DR AL 4 1 254 -
IR R RPN« SRR, JRITINEESE R T
HCI 15 5 BE B A 25 B BT . TER R
TP S s O BE B LR, SMIT PR B 110 34 8 Bdm 4
S2. S3 A EERT, JUHAE S2 HEE A 2.

FEAWTERE: B—, TRAZHIS. 2,
Al REE I “ 2R E 7 R S A TR A o R
W2%, S Sas M Z HIITHE 50 H B — R0
2y Ubhh, TR A AR RIE R, TR
BT, A 2R 24 0] R R ) e T e (AN R,
R A TE Sap 5 Z B3N T 2. 5
HAR AL, SMIAX AL 2, &4 2 WRTh 254
B, MZERIA/N, BRARAERT PR, &d ZHH—
WG, DRUEZE R REN U S B AR R, S5 BEHLM
ZEAHEL, SMI L AAN G i HoAth o sl 24 2007
ZHEE . BAZ, RIS & AEEH—1k
JEHEOR, ZEEM. B, SMI {EMEYEL R
FELHCT R HER ) HCT #0930 AR iR 25 L
B 2, IR AR 2 HCT RS SRR
HHEA SR 7, ¥R T SMI 7RG YT HCT 299 7 T 11
W0, JCHEE B IGST O R FE HCLIX K BR
NBE, wRes SMI JLEMEH TO. i 2 MH
Ko SMI LS, ZLAM. Hh, AZUEHAS
NIEEE, 2 RZERIIN T 2. fE 687 Whrh 25 HES
PIBUEA 7, NSHERE 3, 4.SHALENT 20, #
ZHFATERT 300 &, RIL T NSO SIERIT
HCI 7 EEEH, RN & 8 S SRR
TR B B M A MEEEEARRAETT
SR o A SREGIE A 2250 A Lk D o LR A, B
o JIE S I 53 #500280, 40 23 v ) R R T DA 5K BR
R0 Iy B2, SR R i Ha 1300 22 A A Uk
G RHCHEBI2 A B TR ER . AR
B SMI A Bl T ORRF e i A4 i 453 7 BoF 1L S B 2y g
P 5EEEAE, IR IEM SR ERBY, th4h, SMI
L A A AE K R F-B1 (transforming growth
factor-B1, TGF-B1)/Smad 15 ‘5 i@ B O AF4E1L,
A RO I3RS . AT IR DU 2% Meta
IITRIN, SMI BRE A5 25 7 28 ot HY B A P A1
AN IR ZKF 7 THAR AT AT RE N SRR VR T 77 28 B0. 4
HiT R S50 35 B SMI ZE AT /Lo« 10 I3 77 T B
A H & MAE L o

SMI 5 S2 Hl AR HE il B SR T 4 R 3R
W, SMI G780 R 9505 T 21 HCT 1IAE AL
A REV e 2 AN BRI P RIAE T, AL (R I A A
B A A SN PRI RR R AR A o I LA 3
[FE T e sE AR s, (ks A2 s B A AR,
WIS TG . BEAh, ST, S2. SMI Y IRHEEE xR Ak
K& ke 73 & ER 7T AN, 38 R IR Y
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