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Abstract: Screening active ingredients is critical for disease prevention and treatment. However, traditional screening methods face
challenges in addressing complex diseases. With the advent of network medicine, virtual screening based on protein interaction net-
works has emerged as a promising approach for discovering bioactive ingredients. Within this framework, the network proximity ap-
proach quantifies the relationships between disease-related genes and the molecular targets of candidate compounds, enabling sys-
tematic and efficient drug screening. This study introduces ZMUpredict, a platform that applies network proximity principles that in-
tegrates disease genes and drug targets to predict an ingredient's potential efficacy. By submitting ingredient targets and disease gene
sets, users can obtain results that quantify the network distance between drug targets and disease genes, expressed as Z-scores and P-
values, providing valuable insights into therapeutic potential. In addition to analyzing individual ingredient, the platform supports
combination drug assessments and subnetwork extraction. Through case studies such as the screening active ingredients in Camellia

oil, this paper demonstrates the platform's applications in natural products and traditional Chinese medicine research. ZMUpredict
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provides researchers with a user-friendly virtual screening tool that harnesses the power of network medicine, enabling efficient in-

gredient screening without requiring programming expertise, and supporting drug discovery for complex diseases.

Key words: network medicine; network proximity; active ingredient screening; drug repurposing; traditional Chinese medicine
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Fig. 1 Schematic illustration of network proximity-based ac-

tive ingredient prediction
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Fig. 2 Cases of applications (A) and webpage interface for network proximity (B)
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Table 1 The potential active ingredients predicted to improve atherosclerosis by network proximity approach

Ingredient Structure Closest Z-score Target (n)
o]
Linoleic acid /\/\WN\)J\ 0.50 —7.26 16
OH
O
Stearic acid /\/\/\/\/\/\/V\/U\ 0.14 —7.08 7
OH
0.82 —5.10 23
Naringenin
HO b S 0.00 —4.77 1
Ergosterol
g-sitosterol HO%\/ f 0.00 —4.10 1
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Fig. 3 Network diagram of potential active ingredients-targets-disease-genes of camellia oil
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Fig. 4 Network proximity-based rational combination design of cinnamic acid and stearic acid

S Ak

(1]

(2]

(3]

(4]

(3]

(6]

(7]

VIAYNA E, SOLA 1, DI PIETRO O, et al. Human Dis-
ease and Drug Pharmacology, Complex as Real Life[J].
Curr Med Chem, 2013, 20(13): 1623-1634. DOI:
10.2174/0929867311320130002.

LI S, ZHANG B, ZHANG N B. Network Target for
Screening Synergistic Drug Combinations with Applica-
tion to Traditional Chinese Medicine[J]. BMC Syst Biol,
2011, 5(Suppl 1): S10. DOI: 10.1186/1752-0509-5-S1-
S10.

MAM X, HUANG M, HE Y T, et al. Network Medicine:
a Potential Approach for Virtual Drug Screening[J].
Pharmaceuticals, 2024, 17(7): 899. DOI: 10.3390/
ph17070899.

BARABASI A L, GULBAHCE N, LOSCALZO J. Net-
work Medicine: a Network-based Approach to Human
Disease[J]. Nat Rev Genet, 2011, 12(1): 56-68. DOI:
10.1038/nrg2918.

MENCHE J, SHARMA A, KITSAK M, et al. Disease
Networks. Uncovering Disease-disease Relationships
through the Incomplete Interactome[J]. Science, 2015,
347(6224): 1257601. DOI:10.1126/science.1257601.
GAN X, SHU Z X, WANG X Y, et al. Network Medi-
cine Framework Reveals Generic Herb-symptom Effec-
tiveness of Traditional Chinese Medicine[J]. Sci Adv,
2023, 9(43): eadh0215. DOI:10.1126/sciadv.adh0215.
FANG J S, ZHANG P Y, ZHOU Y D,
Endophenotype-based in Silico Network Medicine Dis-

et al.

covery Combined with Insurance Record Data Mining

Identifies Sildenafil as a Candidate Drug for Alzheimer's

(10]

[11]

[12]

[13]

Disease[J]. Nat Aging, 2021, 1(12): 1175-1188. DOI:
10.1038/s43587-021-00138-z.
Erta, £, KISE, & PEAMK L FEHE»
ST 58T Q& R (0], Hh I v 25 2% 58, 2022, 47(1):
7-17. DOLI: 10.19540/j.cnki.cjemm.20210914.702.
WANG Z Y, WANG X, ZHANG DY, et al. Traditional
Chinese Medicine Network Pharmacology: Development
in New Era under Guidance of Network Pharmacology
Evaluation Method Guidance[J]. China J Chin Mater
Med, 2022, 47(1): 7-17. DOI. 10.19540/j. cnki.
¢jemm.20210914.702.
ZHOU Y D, LIU Y, GUPTA S, et al. A Comprehensive
SARS-COV-2-human Protein-protein Interactome Re-
veals COVID-19 Pathobiology and Potential Host Thera-
peutic Targets[J]. Nat Biotechnol, 2023, 41(1): 128-139.
DOI:10.1038/s41587-022-01474-0.
VIDAL M, CUSICK M E, BARABASI A L. Interac-
tome Networks and Human Disease[J]. Cell, 2011, 144
(6): 986-998. DOI:10.1016/j.cell.2011.02.016.
GUNEY E, MENCHE J, VIDAL M, et al. Network-
based in Silico Drug Efficacy Screening[J]. Nat Com-
mun, 2016, 7: 10331. DOI:10.1038/ncomms10331.
WANG Y R, ZOU Z Z, WANG S H, et al. Golden Bile
Powder Prevents Drunkenness and Alcohol-induced
Liver Injury in Mice via the Gut Microbiota and Meta-
bolic Modulation[J]. Chin Med, 2024, 19(1): 39. DOI:
10.1186/s13020-024-00912-2.
WEI J, WANG S H, HUANG J Z, et al. Network
Medicine-based Analysis of the Hepatoprotective Ef-

fects of Amomum villosum Lour. on Alcoholic Liver



210

PR AE2A4 (L ARBEARR)

48(2) 2025

[15]

[16]

(18]

(20]

(21]

Disease in Rats[J]. Food Sci Nutr, 2024, 12(5): 3759-
3773. DOI:10.1002/fsn3.4046.

REN AR, WU T B, WANG Y R, et al. Integrating Ani-
mal Experiments, Mass Spectrometry and Network-
based Approach to Reveal the Sleep-improving Effects
of Ziziphi Spinosae Semen and I -aminobutyric Acid
Mixture[J]. Chin Med, 2023, 18(1): 99. DOI: 10.1186/
$13020-023-00814-9.

REN AR, MAM X, LIANG Y Y, et al. GSZ Formula
Enhances Sleep Quality: Exploring Its Active Ingredi-
ents and Mechanism Using a Network Medicine Ap-
proach[J]. Clin Complementary Med Pharmacol, 2024,
4(1): 100107. DOI:10.1016/j.ccmp.2023.100107.
R, AR, T, 25 T 28 A0 00T B 7 124K
TR R Gy G RN Y FHAL R[], 38 SR
RER2E24R, 2023, 46(10): 955-963. DOI: 10.14169/;.
cnki.zunyixuebao.2023.0143.

CAO Y J, REN A R, JIANG J H, et al. Mechanism
Exploration of ZWLZ on Sleep Improvement Based on
Network Proximity Approach[J]. J Zunyi Med Univ,
2023, 46(10): 955-963. DOI: 10.14169/j. cnki.
zunyixuebao.2023.0143.

REN AR, LIU M C, HUANG M, et al. Traditional Chi-
nese Medicine in Colorectal Cancer Therapy: a Focus
on Panax quinquefolium L. through Text Mining and
Network Medicine Approaches[J]. J Exp Clin Appl
Chin Med, 2024: 9-21. DOI:10.62767/jecacm502.1121.
CHOD Y, KIM Y A, PRZYTYCKA T M. Chapter 5:
Network Biology Approach to Complex Diseases[J].
PLoS Comput Biol, 2012, 8(12): ¢1002820. DOI:
10.1371/journal.pcbi.1002820.

JOSEPH P, ROSHANDEL G, GAO P, et al. Fixed-dose
Combination Therapies with and without Aspirin for
Primary Prevention of Cardiovascular Disease: an Indi-
vidual Participant Data Meta-analysis[J]. Lancet, 2021,
398(10306): 1133-1146. DOI: 10.1016/S0140-6736(21)
01827-4.

CHENG F X, KOVACS 1 A, BARABASI A L.
Network-based Prediction of Drug Combinations[J].
Nat Commun, 2019, 10(1): 1197. DOI:10.1038/s41467-
019-09186-x.

JEPR, 4 W, 2R, 55 . — PRI B T AR
Tk RYGE. B KATT: CN117894377A[P]. 2024-04-
16.

HUANG TY, ZHOU W K, MA X G, et al. Oral Admin-
istration of Camellia Oil Ameliorates Obesity and
Modifies the Gut Microbiota Composition in Mice Fed
a High-fat Diet[J]. FEMS Microbiol Lett, 2021, 368

[26]

[27]

[28]

[29]

[31]

(10): fnab063. DOI:10.1093/femsle/thab063.

FEIN, LA, 4R4RIE, 4 . UPLC-MS/MS ¥ [rl i 2
R DI 8 R A RAO o3 1 (D). 8 SCEER R
274, 2023, 46(12): 1204-1210. DOIL: 10.14169/j.cnki.
zunyixuebao.2023.0169.

FU L, WANG Y R, ZOU Z Z, et al. Simultaneous
Determination of Eight Active Ingredients in Jingling
Oral Liquid by UPLC-MS/MS[J]. J Zunyi Med Univ,
2023, 46(12): 1204-1210. DOI: 10.14169/j. cnki.
zunyixuebao.2023.0169.

GILSON M K, LIU T Q, BAITALUK M, ef al. Bind-
ingDB in 2015: a Public Database for Medicinal Chem-
istry, Computational Chemistry and Systems Pharma-
cology[J]. Nucleic Acids Res, 2016, 44(D1): D1045-
D1053. DOI:10.1093/nar/gkv1072.

WISHART D S, FEUNANG Y D, GUO A C, et al.
DrugBank 5.0: a Major Update to the DrugBank Data-
base for 2018[J]. Nucleic Acids Res, 2018, 46(D1):
D1074-D1082. DOI:10.1093/nar/gkx1037.

ZHOU Y, ZHANG Y T, LIAN X C, et al. Therapeutic
Target Database Update 2022: Facilitating Drug Discov-
ery with Enriched Comparative Data of Targeted Agents
[J]. Nucleic Acids Res, 2022, 50(D1): D1398-D1407.
DOI:10.1093/nar/gkab953.

DAVIS A P, GRONDIN C J, JOHNSON R J, et al.
Comparative Toxicogenomics Database (CTD): Update
2021[J]. Nucleic Acids Res, 2021, 49(D1): D1138-
D1143. DOI:10.1093/nar/gkaa891.

YAN D Y, ZHENG G H, WANG C C, et al. HIT 2.0: an
Enhanced Platform for Herbal Ingredients' Targets[J].
Nucleic Acids Res, 2022, 50(D1): D1238-D1243. DOI:
10.1093/nar/gkab1011.

VISSCHER P M, WRAY N R, ZHANG Q, et al. 10
Years of GWAS Discovery: Biology, Function, and
Translation[J]. Am J Hum Genet, 2017, 101(1): 5-22.
DOI:10.1016/j.ajhg.2017.06.005.

PINERO J, RAMIREZ-ANGUITA J M, SAUCH-
PITARCH J, et al. The DisGeNET Knowledge Platform
for Disease Genomics: 2019 Update[J]. Nucleic Acids
Res, 2020, 48(D1): D845-D855. DOI: 10.1093/nar/
¢kz1021.

AMBERGER J S, BOCCHINI C A, SCHIETTECATTE
F, et al. OMIM. org: Online Mendelian Inheritance in
Man (OMIM®), an Online Catalog of Human Genes
and Genetic Disorders[J]. Nucleic Acids Res, 2015, 43
(Database D789-D798. DOI: 10.1093/nar/
gkul205.

issue):



