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Abstract

[ Objectives | To predict core targets and pathways of flavonoids from Scutellaria baicalensis against PD via network pharmacology.

[ Methods | Network pharmacology was employed to predict targets of six flavonoids ( baicalein, baicalin, chrysin, wogonin, wogonoside, orox-

ylin A) from S. baicalensis. PD-related targets were screened from DrugBank, DisGeNET, GeneCards, and NCBI databases. Compound-tar-

get-disease networks and protein-protein interaction ( PPI) networks were constructed. Functional enrichment analysis (GO/KEGG) was per-

formed via Metascape. Molecular docking ( Autodock Vina) validated ligand-target binding affinities. [ Results] Intersection analysis identi-
fied 18 pivotal targets from 148 compound targets and 18 PD-associated targets. PPI network analysis revealed PTGS,, ESR,, TNF, and AB-
CB, as core targets (degree >6). KEGG enrichment highlighted ovarian steroidogenesis ( hsa04913) and ABC transporters. Molecular docking
confirmed robust binding between flavonoids and PTGS, (binding energy < —5 kcal/mol; baicalin: —13.2). [ Conclusions] Flavonoids syn-

ergistically target PTGS,/ESR, -mediated prostaglandin synthesis and hormonal pathways.
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1 Introduction

Primary dysmenorrhea (PD) , a prevalent gynecological disorder,
arises primarily from pathological uterine hypercontraction and
localized ischemia-hypoxia. Scutellaria baicalensis Georgi, a
traditional herb for clearing heat and drying dampness, demon-
strates significant spasmolytic activity attributed to its flavonoid
fraction. However, its precise active components and mechanisms
remain incompletely characterized. Network pharmacology offers a
systematic approach to analyze the multi-component, multi-target,
multi-pathway  therapeutic  profile of botanical medicines.
This study integrates network prediction and molecular docking
validation to comprehensively delineate the active flavonoid
ensemble of S. baicalensis and their synergistic mechanisms
against PD, thereby furnishing a scientific foundation for its ad-

vanced development'' ™',

2 Materials and methods

2.1 Compound target prediction Canonical SDF structures
of six flavonoids were retrieved from PubChem. SwissTargetPredic-
tion (species: Homo sapiens) identified targets (P >0)™, fol-
lowed by deduplication.

2.2 Disease target screening PD-associated targets were

mined from DrugBank[S] , DisGeNET™ , GeneCards, and NCBI
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using " primary dysmenorrhea" as the query.

2.3 Intersection targets and network construction Venny
2.1 identified shared targets. Compound-target-disease networks
were visualized in Cytoscape 3. 8.0 (compounds; circular nodes;
targets; rectangular nodes; degree-based layout).

2.4 PPI network analysis STRING-db ( confidence >0.4)
generated PPI networks. CytoNCA calculated topology parameters
(Degree, Betweenness) to identify hub targets.

2.5 Enrichment analysis Metascape performed GO ( Biologi-
cal Process, Molecular Function, Cellular Component ) and
KEGG pathway enrichment. Results were visualized as bar/bubble
plots.

2.6 Molecular docking Ligands ( flavonoids) and receptor
(PTGS,, PDB: 5F1A) were prepared in Autodock Tools 1.5.6.

Docking was executed via Autodock Vina; poses were rendered in

PyMol.

3 Results and analysis

3.1 Compound and disease targets Targets of six flavonoids
are summarized (Table 1). After deduplication, 148 unique com-
pound targets were retained. Eighteen PD-associated targets were
identified (Fig. 1), with TNF and PTGS, recurring across =3
databases'’ ™"’

3.2 Compound-target-disease and PPI networks Eighteen
shared targets were identified (Fig.2). Network topology analysis
(Fig. 3) revealed CA,, PTGS,, and ESR, as highest-degree
nodes. STRING analysis yielded 40 edges among 18 nodes (aver-
age degree =4.44). Visualization in Cytoscape (Fig.4) identi-
fied TNF, ABCB,, ESR,, and PTGS, as hub targets ( Degree >6,
Betweenness > 11. 866 6, Closeness >0.566 6). PTGS, and ESR,

exhibited high centrality across networks'’ ™"
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Table 1 Active components in Scutellaria baicalensis

Chemical structure Name Predicted targets (n)
OH O
HO
O | Baicalein 104
()
Chrysin 104
Baicalin 14
Wogonin 104
Wogonoside 19
Oroxylin A 104
DrugBank GeneCards

DisGeNET

Fig.1 Venn diagram of disease targets

Primary dysmenorrhea

Compounds

Fig.2 Compound-disease target intersection

Fig.3 Compound-target-disease network

Fig.4 PPI network

3.3 GO and KEGG enrichment analysis

3.3.1 GO analysis (Fig.5). Biological process: Regulation of
inflammatory response, transepithelial transport, eicosanoid meta-
bolic process, cellular response to organic nitrogen, chloride
transport regulation. Cellular component: Apical plasma mem-
brane, membrane raft, external side of plasma membrane, perinu-
clear cytoplasm, mitochondrial membrane. Molecular function:
ABC-type transporter activity, hydrolase activity, heme binding,
receptor-ligand activity, protein homodimerization.

3.3.2 KEGG pathways. Significant enrichment in ABC trans-
porters ( hsa02010) , antifolate resistance (hsa01524 ), ovarian
steroidogenesis ( hsa04913 ), and chemical carcinogenesis-DNA
adducts (Fig. 6). PTGS,-encoded COX, catalyzes prostaglandin
synthesis in ovarian steroidogenesis'"'’ (Fig. 7) and antifolate re-
sistance pathways (Fig.8) "/,

3.4 Molecular docking™'  All flavonoids exhibited strong
binding to PTGS, (binding energy < —5 kcal/mol; Table 2). Ba-
icalin demonstrated optimal affinity ( —13.2 kcal/mol)"™’. Doc-
king poses are illustrated in Fig.9.

Table 2 Molecular docking affinities

Component Binding energy //kcal/mol
Baicalein -10.5
Chrysin -10.8
Baicalin -13.2
Wogonin -9.4
Wogonoside -11.7
Oroxylin A -11.0
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Fig.9 Molecular docking visualization

4 Discussion

This study applies a systematic network pharmacology approach to
elucidate the multi-target mechanisms of S. baicalensis flavonoids
against PD. The identification of 18 pivotal targets at the com-
pound-disease intersection, particularly PTGS, and ESR, as hub
nodes in PPI networks, reveals a synergistic modulatory pattern.
Three key insights emerge.

4.1 PTGS, as the core therapeutic target Molecular docking
confirmed all six flavonoids bind robustly to PTGS, ( binding energy

< =5 kecal/mol ), with baicalin exhibiting the highest affinity
( =13.2 kcal/mol). This directly suppresses COX-2 enzymatic
activity, reducing PGF-a synthesis, a principal mediator of uterine
hypercontraction and ischemia in PD'™ "’
4.2 Multi-pathway synergy  KEGG enrichment highlights
( hsa04913 ) and ABC transporters
(hsa02010) as dominant pathways. PTGS,-mediated prostaglandin
dysregulation intersects with ESR, -driven hormonal responses, ex-
(To page 28)

ovarian steroidogenesis
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guarding the quality and safety of Jiulongteng honey. Furthermore,
they contribute to the enhancement of regulatory measures within
the honey market, protect the legitimate rights and interests of
consumers, and promote the sustainable development of the Jiu-
longteng honey industry.
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plaining traditional " Heat-Clearing" efficacy of S. baicalens
4.3 Flavonoid ensemble advantage

larities, baicalin ( lower predicted targets ) showed strongest

Despite structural simi-

PTGS, binding, while baicalein/wogonin modulate broader targets
(such as TNF, ABCB, ). This suggests functional complementari-
ty-where baicalin potently inhibits prostaglandin synthesis, other
and calcium

flavonoids  concurrently inflammation

[7,12]

regulate

signaling

5 Conclusions

S. baicalensis alleviates PD through a flavonoid ensemble (baica-
lein, baicalin, wogonin, eic. ) that synergistically targets PTGS,-
mediated prostaglandin synthesis, ESR,-linked hormonal regula-
tion, and calcium signaling pathways. Network pharmacology and
molecular docking validate; PTGS, inhibition as the central mech-
anism, with baicalin exhibiting optimal binding affinity. Co-regu-
lation of ovarian steroidogenesis and ABC transporters plays as key
therapeutic pathways. These findings will provide a mechanistic
foundation for developing S. baicalensis based multi-target thera-
peutics against PD.

References

[1] CHEN L, DENG Y, LI J, et al. Traditional uses of Scutellaria baicalen-
sis and its bioactive compounds in inflammatory diseases[ J]. Journal of
Ethnopharmacology, 2021, 270 113841.

[2] LI S, ZHANG B. Traditional Chinese medicine network pharmacology :
Theory, methodology and application [ J]. Chinese Journal of Natural
Medicines, 2013, 11(2) . 110 —120.

[3] JU H, JONES G, MISHRA G. Pathophysiology of primary dysmenorrhea:
Current perspectives and future directions [ J].
Women’s Health, 2022, 14. 89 - 101.

[4] DAINA A, MICHIELIN O, ZOETE V. SwissTargetPrediction; Updated
data and new features for efficient prediction of protein targets of small
molecules| J]. Nucleic Acids Research, 2019, 47(W1) . W357 — W364.

International Journal of

0e00S0OSO0S00SOOS0O0

Chinese) .

[5] OU HZ. Overview of nectar and pollen plant resources in Guilin City[ J].
Apiculture of China, 2014, 65 33 —=34. (in Chinese).

[6] MAO ZG. Brief discussion on Bauhinia championii as honey source[ J].
Honey Magazine, 2007(10) : 30. (in Chinese).

[7] QIN HR, BI ZH, ZHOU DW, et al. Investigation on bees utilizing Bau-
hinia championii as honey source in Guangxi[ J].
2016, 67 40 —42. (in Chinese).

[8] Chinese Pharmacopoeia Commission. Pharmacopoeia of the People’s Re-
public of China (Vol. 1) [ M]. Beijing; China Medical Science Press,
2020. (in Chinese).

[9] ZHANG XH. Analysis and discussion on the identification method of hon-
ey adulteration[ J]. Food Industry, 2018, 39(12) ; 234 -238. (in Chi-
nese).

[10] ZHANG LY, CHEN RY, ZHANG M, et al. ldentification of syrup

adulterated honey based on solid phase extraction-thin layer chromatog-

Apiculture of China,

raphy image analysis[ J]. Journal of Chinese Institute of Food Science
and Technology, 2021, 21(3) : 263 —273. (in Chinese).

00900400400 S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00SO

[5] WISHART DS, FEUNANG YD, GUO AC, et al. DrugBank 5.0: A ma-
jor update to the DrugBank database for 2018 [ J]. Nucleic Acids Re-
search, 2018, 46(D1) . D1074 - D1082.

[6] PINERO J, BRAVO A, QUERALT-ROSINACH N, et al. DisGeNET: A
comprehensive platform integrating information on human disease-associ-
ated genes and variants[ J]. Nucleic Acids Research, 2017, 45(D1) .
D833 - D839.

[7] SASAKI K, EL OMRI A, KONDO S, et al. Flavonoids as potential ther-
apeutic agents for the regulation of neuroinflammation[ J]. Frontiers in
Pharmacology, 2021, 12, 678316.

[8] WANG ZL, WANG S, KUANG Y, et al. Comparative pharmacokinetics
of baicalin and wogonoside by liquid chromatography-mass spectrometry
after oral administration of Xiaochaihu Tang and Radix scutellariae extract
to rats[ J]. Journal of Chromatography B, 2010, 878 (24) : 2184 —2190.

[9] SZKLARCZYK D, GABLE AL, LYON D, et al. STRING v11: Protein-
protein association networks with increased coverage, supporting function-
al discovery in genome-wide experimental datasets[J]. Nucleic Acids
Research, 2019, 47(D1) : D607 — D613.

[10] TANG Y, LI M, WANG J, et al. CytoNCA: A cytoscape plugin for
centrality analysis and evaluation of protein interaction networks[]J].
BioSystems, 2015, 127. 67 -72.

[11] MILLER WL. Steroid hormone synthesis in mitochondria[ J]. Molecular
and Cellular Endocrinology, 2013, 379(1 -2) . 62 -73.

[12] KANEHISA M, FURUMICHI M, TANABE M, et al. KEGG: New per-

spectives on genomes, pathways, diseases and drugs[ J]. Nucleic Acids

Research, 2017, 45(D1) ;. D353 - D361.

TROTT O, OLSON AJ. AutoDock Vina; Improving the speed and accu-

racy of docking with a new scoring function, efficient optimization, and

multithreading[ J]. Journal of Computational Chemistry, 2010, 31(2) .

455 -461.

LUCIDO MJ, ORLANDO BJ, VECCHIO AJ, et al. Structure of cy-

clooxygenase-2 in complex with baicalein[ J]. Biochemical Pharmacolo-

gy, 2020, 178 114074.

WANG CZ, YU C, WEN XD, et al. Flavonoids from Scutellaria ba-

Phyto-

[13]

[14

[N

[15]
icalensis Georgi target COX-2 and improve dysmenorrhea[]J].
medicine, 2022, 102 154152.



