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Explore the Molecular Mechanism of Treating Osteoarthritis with Huoluo Pill Based on Computer Aided
Drug Design and Network Pharmacology

ZHANG Min'®2, QIU Lu'®, LIN Jia'®?, HOU Yehu'®, ZHANG Huijuan'®?, GOU Lihong!®?, TAO Jinzheng!'¢,

YAO Juan'®?, LTU Yongqi'®>®, JIN Xiaojie'®**(1.Gansu University of Chinese Medicine, a.School of Pharmacy, b.Gansu
University Key Laboratory for Molecular Medicine & Chinese Medicine Prevention and Treatment of Major Diseases, c.School of
Clinical Medicine, d.Dunhuang Key Laboratory of Medicine and Transformation, Ministry of Education, Lanzhou 730000, China;
2.Northwest Collaborative Innovation Center for Chinese Medicine, Lanzhou 730000, China)

ABSTRACT: OBJECTIVE To explore the potential pharmacodynamic components and molecular mechanism of Huoluo pill
in the treatment of osteoarthritis by using computer aided drug design and network pharmacology based on the pathogenesis of
osteoarthritis and the need for clinical drugs. METHODS TCMSP, TCMID and Chemistry database were used to search the
traditional Chinese medicine compounds of Huoluo pill. The affinity of compounds for therapeutic targets of osteoarthritis such
as COX-2, 5-LOX and coagulation factor F2 was evaluated by molecular docking and binding free energy calculations. The
hierarchical clustering and pharmacophore model of potential active compounds were constructed. Swiss Target Prediction was
used to predict the potential targets of compounds. Cytoscape constructed a network of “drug flavor-component-potential target”.
Genecards, DrugBank, TTD and CTD databases were used to search for osteoarthritis targets. DAVID performed GO and KEGG
analyses, and STRING analyzed the target protein interactions. RESULTS The components with potential affinity for
therapeutic targets of osteoarthritis such as COX-2, 5-LOX and coagulation factor F2 were obtained. The pharmacophore model
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was constructed after hierarchical cluster analysis, and the pharmacophore models AAH, AAA and AAR for COX-2, 5-LOX and
F2 were obtained by molecular docking and binding free energy calculation. The skeleton structure represented by santamarine,
aloe emodin and glabridin might had potential effect on the treatment of osteoarthritis. There were 180 targets in Huoluo pill and
osteoarthritis. Through PPI analysis, 179 potential targets such as STAT3, SRC, CXCR4 and EP300 were obtained. Six hundred
and eighty six GO items and one hundred and eight KEGG pathways were obtained through GO and KEGG analyses.
CONCLUSION In this study, arachidonic acid metabolic targets COX-2, 5-LOX and coagulation target F2 are selected.
Through multi-target molecular docking and binding free energy calculation step by step screening, cluster analysis,
pharmacophore model and network pharmacology, the molecular mechanism of “multi-point effect and synergistic effect” of
Huoluo pill is preliminarily revealed. It provides target combination and research basis for the development of active Chinese
medicine components or component compatibility with osteoarthritis with low potential adverse reactions.

KEYWORDS: osteoarthritis; Huoluo pill; COX-2; 5-LOX; F2; multi-target molecular docking; pharmacophore model; network
pharmacology
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Tab. 4 Molecular docking scores of potential active compounds at different targets of Huoluo pill

AR &=L/ XFEAT 4 | BE A AFR L& XRS5
COX-2  HHA/RAEN -10.66 5-LOX HRHLER G —7.18
COX-2  MZERZE -10.26 5-LOX 1H-Pyrrole-2-carboxaldehyde5-(hydroxymethyl)-1-[2-(4-hydroxyp —7.08

henyl)ethyl]-

COX-2 Wi AN N i -10.23 5-LOX  4-ZHEEZR ~7.02
COX-2 A 11 —-10.09 5-LOX A Z i -7.01
COX-2  Licoagrocarpin -10.06 5-LOX  6-F S Sk M e -7.00
COX-2  #RIR D ~10.00 F2 HEARE D -9.04
COX-2  HHEM -9.99 F2 2,6,2’ 4’-tetrahydroxy-6"-methoxychaleone -9.01
COX-2 FEHEXEI -9.98 F2 5 193 -8.98
COX-2  HNEIERNE —9.95 F2 Tl e -8.94
COX-2  Divaricatacid -9.93 F2 HER -8.79
5-LOX tetrapentylthioperoxydiphosphate -7.98 F2 2-(2,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-chromen-4-one -8.77
5-LOX KL -7.58 F2 (S)-7-hydroxy-2-(4-hydroxyphenyl)chroman-4-one -8.74
5-LOX 5 -7.53 F2 (S)-5,7-dihydroxy-2-(4-hydroxyphenyl)chroman-4-one -8.70
5-LOX  S5-FRHISL-2-mk g H R —7.24 F2 Glycyrrhiza flavonol A -8.64
5-LOX  5-F%FH b pkms -7.21 F2 E R at -8.59

T Lr7iE<500, SHESAEHE<S, SHZEEE<10, JRKERE<S, ATER IO ECE <10, BEHUE R SXTHEATAMAT 10 LA (E Sk
HCE,

Note: Molecular weight<500, hydrogen bond donors<5, hydrogen bond acceptors<10, lipid-water partition coefficient<5, number of rotatable bonds<10
is the screening condition, and the information of the three targets first 10 points is selected to summarize.
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Tab. 5 Binding free energy of potential active compounds at different targets of Huoluo pill
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Fig. 2 Cluster analysis tree chart

A-—the cluster analysis tree diagram of COX-2 representative compounds; B—the cluster analysis tree diagram of 5-LOX representative compounds; C—the

cluster analysis tree diagram of F2 representative compounds.
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A-COX-2 Ziak AR ; B-5-LOX ZyakRAIBIAL; C-F2 2B,

Fig. 3 Pharmacophore model

A—pharmacophore model of COX-2; B—pharmacophore model of 5-LOX; C—pharmacophore model of F2.
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Fig. 4 Representative compound- COX-2, 5-LOX, F2 binding pattern

A, B—interaction effect between santamarine, furanoeudesma-1,4-diene-6-one and COX-2; C, D—interaction effect between aloe-emodin, sugetriol and
5-LOX; E, F—interaction effect between glabridin, divanillin and F2.
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Fig. 5 Drug-compound-target network of Huoluo pill for treatment of osteoarthritis
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Tab. 6 Top 10 targets of degree in PPI network diagram of
key targets of Huoluo pill and osteoarthritis

5 A4 FEfE
SRC Proto-oncogene tyrosine-protein kinase Src 43
STAT3 Signal transducer and activator of transcription 3 40
MAPK1 Mitogen-activated protein kinase 1 33
RELA Transcription factor p65 33
TP53 Cellular tumor antigen p53 31
JUN Transcription factor AP-1 29
CTNNBI Catenin beta-1 (Beta-catenin) 28
EP300 EP300-interacting inhibitor of differentiation 1 28
HSP90AAI Heat shock protein HSP 90-alpha 28
VEGFA Vascular endothelial growth factor A 25
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Fig. 7 GO and KEGG enrichment analysis of the common targets of Huoluo pill and osteoarthritis
A-biological process; B—cell composition; C—molecular function; D-KEGG pathway enrichment analysis.
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