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Abstract: The study investigates the therapeutic effects and mechanisms of Buyang Huanwu Decoction
(BHD) in treating ischemic stroke (IS). Using a middle cerebral artery occlusion/reperfusion (MCAO/R) rat model,
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we evaluated the neuroprotective effects of BHD, demonstrating significant improvements in neurological function
scores, prolonged rotarod retention time, and reductions in both infarct volume and brain water content. An
unsupervised clustering algorithm was employed to identify active components of BHD by clustering them with
FDA-approved drugs for ischemic stroke treatment. Combined with network pharmacology analysis, the
mechanisms of these active components were predicted to be associated with anti-inflammatory pathways. Further
validation using a lipopolysaccharide (LPS)-induced BV-2 cell model demonstrated the anti-inflammatory efficacy
of seven key active components, with their effects on anti-inflammatory activity and cell viability assessed via the
Griess and MTT assays. Additionally, the content of these active components in BHD was quantified using liquid
chromatography-mass spectrometry (LC-MS). In conclusion, this study elucidates the critical active components of
BHD and their potential pharmacological mechanisms, providing valuable insights for the modernization of
traditional Chinese medicine and its application in ischemic stroke therapy. All animal experiments were approved
by the Animal and Medical Ethics Committee of Northeastern University (approval No.: NEU-EC-2023A052S).
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Figure 1 The total ions current of BHD in negative ion mode. BHD: Buyang Huanwu Decoction
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Figure 2

BHD alleviated ischemia-reperfusion injury after MCAO/R. A: Seven herbal medicines in BHD; B: Flow chart of the

experiment; C, D: Neurological scores were evaluated at 0 h (C) and 14 d (D) after reperfusion; E-H: Rotarod test (E), infarct volume (F,

G), and cerebral edema (H) were evaluated at 14 d after reperfusion. n = 6, x £ SEM. P < 0.001 vs sham group; ‘P < 0.05, “P < 0.01,
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P <0.001 vs MCAO/R group. MCAO/R: Middle cerebral artery occlusion/reperfusion
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Figure 3 Machine learning approach to mining BHD active ingredients. A: Unsupervised hierarchical clustering of BHD compounds and

approved drugs based on similarity of chemical structure, unsupervised cluster analysis study of BHD components and FDA therapeutic IS

drugs; B-E: Affinity propagation (B), Agglomerative cluster (C), Butina (D) and K-Means (E) clustering algorithms were used for the study;

F: Seven compounds were taken into account in following analysis. IS: Ischemic stroke
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Figure 4 Network pharmacology analysis by BHD compounds for the treatment of cerebral IS. A: The top 10 significantly enriched terms
of the hub genes in KEGG pathways; B: The top 10 significantly enriched terms of MCODE cluster] in KEGG pathways

Table 1 The contents of the components in BHD

Peak area of chemical reference Peak area of BHD Concentration of the Ingredient content in herbal
Component substances (5 ug-mL™") (50 mg-mL™") substance/ug-mL" medicine/ug-g"
Formononetin 30387 0.13 2.51
Calycosin 14 929 0.31 6.26
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Figure 5 Molecular docking analysis by BHD compounds and FDA approved drugs for the treatment of IS. A: Molecular docking score

heatmap of BHD compounds and FDA-approved drugs with core targets; B: Molecular docking diagram of BHD compounds and core targets

A B
S S
‘E 120 ,‘é 120
S + . N S o
<90 e S 9
X X
> 6 2 60
£ 30 £ 30
= =
S © o
LPS * LPS - +
Formononeim - - 1 3 10 30 poicalein - -
/ pmol-L’ / pmol-L*!
D E
120
120 i
© 90 0 9
H 5
5 5
s 60 *kk s 60
E ? E é
% 30 % 30
L J
0 0
LPS € + + + + + LPS R +
Formononetin - = 1 3 10 30 Baicalein - -
/ pmol-L*! / pmol-L*!

C
]
Jél 120
w. S L - -
S 9
R
E- 60
;‘_S‘
£ 30
3
S
+ + + LPS + + + + +
3 10 30 Luteolin - 1 3 10 30
/ pmol-L!
F
120 i
(] *
o
- % 90
=|
seksk &= %
» o © koK
o
Z 0 & Hkk
0
+ + + LPS - + + + A +
3 10 30 Luteolin - - 1 3 10 30
/ pmol-L*!

Figure 6 Evaluation of in vitro anti-inflammatory activity of predicted active ingredients. The effect of compound formononetin (A, D),

baicalein (B, E) and luteolin (C, F) on the rate of cell viability and NO release in the LPS-induced BV-2 cell model was measured. n =3, x £+
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