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Mechanism of notopterol in promoting osteoblast differentiation via
the COX2/WNT/B-catenin axis based on network
pharmacology and in vitro experiments

ZOU Wen-jing" , LIU Huang-xing' ,FAN Chen’, YE Ben-gui'”*

' School of Medicine , Xizang University , Lhasa 850000 ,China;’ The Hospital of Chengdu Office of the People's
Government of Tibet Autonomous Region;” West China School of Pharmacy ,Sichuan University , Chengdu 610000 , China

Abstract: This study aims to investigate the mechanism by which notopterol promotes osteoblast differentiation using network
pharmacology and in vitro experiments. The potential targets of notopterol were predicted using databases including PubChem
and SwissTargetPrediction. Disease targets related to osteoporosis were retrieved from the GeneCards, OMIM,and CTD data-
bases. The Venny,STRING,and Cytoscape tools were utilized to construct a drug-disease common target network and to per-

form GO functional enrichment and KEGG pathway enrichment analyses. Mouse calvarial preosteoblast subclone 14 ( MC3T3-

ek H 3 :2025-07-03 5% 1 151:2025-12-12
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El) cell and mouse bone marrow mesenchymal stem cell were used as models. The safe concentration range of notopterol was
determined using CCK-8 assay. The osteogenic differentiation-promoting effects and underlying mechanisms were evaluated by
assessing alkaline phosphatase ( ALP) activity, Alizarin Red S staining, RT-qPCR, Western blot, and validation using the
wingless-type MMTV integration site family/beta-catenin ( WNT/B-catenin) signaling pathway inhibitor XAV-939. The re-
sults showed that network pharmacology screening identified 61 common targets between notopterol and osteoporosis. Core tar-
gets included prostaglandin-endoperoxide synthase 2 ( PTGS2) (which encodes the cyclooxygenase-2 (COX2) protein) , po-
tassium voltage-gated channel subfamily A member 2 (KCNA2) , and hypoxia inducible factor 1 subunit alpha ( HIF1A).
KEGG analysis suggested a potential role through the WNT/B-catenin signaling pathway. Molecular docking indicated that no-
topterol exhibited the most stable binding with the COX2 protein ( binding energy:-8.5 kcal/mol) . In vitro experiments con-
firmed that at safe concentrations (5,10,20 wmol/L) ,notopterol significantly enhanced ALP activity , promoted calcium nod-
ule formation,and upregulated the mRNA expression of osteogenic-related genes Runt-related transcription factor 2 ( Runx2) ,
transcription factor Sp7 (Sp7) ,and distal-less homeobox 5 ( DIx5). Western blot analysis further demonstrated that notopterol
activates the WNT/B-catenin pathway by upregulating COX2 expression , promoting B-catenin nuclear translocation and the ex-
pression of downstream proteins G1/S-specific cyclin-D1 ( Cyclin D1) and B-cell lymphoma 2 ( BCL-2). These effects were
reversed by XAV-939. The findings suggest that notopterol promotes osteoblast differentiation potentially by regulating the
COX2/WNT/B-catenin signaling axis, providing a theoretical basis for the application of notopterol in the treatment of osteo-
porosis.

Key words : notopterol ; osteogenic differentiation ; network pharmacology ; WNT/B-catenin signaling pathway ; osteoporosis
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07 16 A3 AR A TE AR MMTV e 45 {3 85 5% i/ B-
iE 8 H (wingless-type MMTV integration site fami-
ly/beta-catenin , WNT/B-catenin ) {5 ‘53l J 1& i 45 &
T IS4 O S g8, LT T AR A2 1) 52 J5 T 4 D e g
BAsME" o BT, AR P A &
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ana (Fedde ex H. Wolff) Pimenov & Kljuykov) {2
YR AT B G A A Y O AR OGS B S R I o)
A6 SO RR I B E TSR 1 AR A T BiE
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5 ATL001-004 , LM A B E Y HARA BR AT ) 5 5 5%
FEAIR AW (100 x ) P 2R 20 e 038 0] & (5
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WOETAEY TR B AR F) s PVDF fif
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1 subunit alpha, HIFTA) , 8 i JE[ @B W R IE A
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FIE A G 3 (potassium voltage-gated channel sub-
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il KCNA2 945G, FET5 I -5 KCNA2 O #E AR
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Ser-274 1 Ji & B A AT T, X 45 G RE NS, 8
kcal/mol, 27K ¥ 5 KCNA1 B #0 &S H Y Glo-
313 Arg-307 JE B EUEAH B, W45 G gl -6. 3
kcal/mol, FEVEEES PTGS2 BHE &5 48 1Y Gln-241 |
Arg-333  Gly-235 J& Ji¢ & 8 A1 B A 1, JE 15 B AN
PTGS2 X #2455 AE N -8. 5 keal/mol, J5 1if B3 5
KCNA3 (90 R H Y Lys-458  Trp-437 JP i S A
HAER], X455 REN-6. 4 keal/mol, 45 R 3K,

KCNA2
X g \c 3
HIFIA NETNS
’%ﬁ%é&:\ﬁ‘
1.33":&
Cn b\ /&_“1.._
KCNAI . Tk,
AW £ 8
£ !
PTGS2
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PIGS2 551 B e b BAT sl 24 0k 70 7
XHESR LA 4,
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Table 2 Molecular docking binding energy of

notopterol and core targets

LAt

B4 G e
Core target Binding energy ( kcal/mol)
KCNA2 6.6
HIF1A 5.8
KCNALI 6.3
PTGS2 -8.5
KCNA3 6.4
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