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Abstract: Traditional Chinese medicine (TCM) databases provide a crucial platform for deepening TCM theory,
exploring the relationship between disease and syndrome, revealing compatibility mechanism, and developing
component-based Chinese medicine. The construction of TCM databases is centered around the multi-level
"syndrome-formula-herb-component-target-pathway-function-disease" network. With the advancement of computer
science and high-throughput experimental technologies, there is a growing trend of integration with artificial
intelligence and multi-omics strategies. This paper reviews the current state of TCM databases, and summarizes the
research progress from three aspects of data collection, data analysis, and network visualization. It systematically
discusses the strategies and methods for building TCM databases. Additionally, it also reveals the challenges faced
by the current TCM databases, and puts forward the future exploration direction and potential development trend,
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aiming at providing technical support for the construction of subsequent related databases and offering insights for

research in related fields.

Key words: traditional Chinese medicine database; network pharmacology; artificial intelligence; data

collection; data analysis; data visualization
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Figure 1 Ideas and methods of traditional Chinese medicine (TCM) database construction. CCDP-TCM: Classification and codes of
diseases and patterns of traditional Chinese medicine; ICD: International classification of diseases; IPA: Ingenuity pathway analysis; NMPA:
National medical products administration; MV-SEA: Multi-voting similarity ensemble approach; KEGG: Kyoto encyclopedia of genes and

genomes; GO: Gene ontology; PPI: Protein-protein interaction
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Data sources of TCM database. NATCM: The National Administration of TCM; DO: Disease ontology; NLP: Natural language

processing; TTI: Target-target interaction; NCBI: National center of biotechnology information; UMLS: Unified medical language system;

GNPS: Global natural products social molecular networking

Database Category Counts Source Ref.
ETCM v2.0  Syndromes 319 Clinical expert consensus and manual verification [3]
(2023) Formulas 48 442 TCM formulas

Chinese patent drugs 9872 NMPA
Herbs 2079 Chinese Pharmacopoeia (2020 edition), The Fourth National Survey on
Chinese Materia Medica Resources, Authoritative Chinese medical books
and dictionaries
Ingredients 38298 Chinese Pharmacopoeia (2020 edition), literatures
Targets 1040 D3CARP platform based on BindingDB database
Diseases 8 045 MalaCards v5.0, HPO, OMIM, DisGeNET v5.0, ORPHANET v5.49.0
HERB 2.0 Herbs 6 892 The national database for herbs in TCM, iPlant database, CNKI Plant [6]
(2024) Register database, YaoZhi database
Formulas 6 743 Chinese Pharmacopoeia (2020 edition), NMPA, NATCM
Ingredients 44595 PubChem, NPASS
Targets 15515 HIT 2.0, GenBank, GeneCards, TTD
Disecases 30170 DisGeNET, OMIM, HPO, DO
TCMBank Herbs 9192 NLP, knowledge graph intelligent recognition [7]
(2023) Ingredients 61966 NLP, knowledge graph intelligent recognition
Targets 15179 OMIM, HGNC, MeSH, ENsembl, DO, HPO, DisGeNET v5.0
Diseases 32529 OMIM, HGNC, MeSH, ENsembl, DO, HPO, DisGeNET v5.0
BATMAN- Formulas 54 832 TCMID, TCM-Suite, LTM-TCM, ITCM [9]
TCM 2.0 Herbs 8404 TCMID, TCM-Suite, HERB, ITCM
(2021) Ingredients 39171 TCMID, TCM-Suite, HERB, ITCM
Targets 9927 SWISS-PROT
Pathways 217 KEGG
Functions 11931 GO
TTIs 17 068 DrugBank, KEGG, TTD, BATMAN-TCM, HIT, HERB
TM-MC 2.0  Formulas 5075 Two prescription textbooks and five internal medicine text books used at [10]
(2023) Korean medicine universities
Herbs 635 Korean, Chinese, and Japanese Pharmacopoeias
Ingredients 34107 PubMed
Targets 13992 STITCH v5.0
Diseases 27997 DisGeNET v7.0
TCMSID Herbs 499  Chinese Pharmacopoeia (2015 edition), TCMSP, SymMap [11]
(2022) Drugs 10487 DrugBank
Ingredients 20015 TCMSP, SymMap
Herb-ingredient associations 50 053 TCMSP, SymMap
Targets 3270 SEA, SwissTargetPrediction, HitPickV2, PPB, PPB2, ChREMBL
LTM-TCM Symptoms 1928 Public databases, literature mining [12]
(2022) Formulas 48 126 TCMID, TCM-ID, Chinese Pharmacopoeia (2020 edition), NMPA,
GIMLZY
Herbs 9122 CANCERHSP, TCMID, TCMIP, Chinese Pharmacopoeia (2020 edition)
Ingredients 34967 TCM-ID, TCMID, TCM-MESH, TCM-IP, TM-MC
Targets 13109 BATMAN-TCM, ChEMBL, STITCH
SoFDA Syndromes 319 CCDP-TCM, ICD [13]
(2022) Formulas 1359 Diagnostics of Chinese medicine, ETCM v2.0
Disecases 8 045 MalaCards v5.0, HPO, OMIM, DisGeNET v5.0, ORPHANET v5.49.0
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Database Category Counts Source Ref.
HIT 2.0 Herbs 2751 TCM-ID [15]
(2021) Ingredients 7375 TCM-ID, PubMed
Targets 2208 PubMed
Herbal ingredient-target activity pairs 10031 PubMed
superTCM Formulas 242 Book: Chinese Herbal Medicine: Formulas & Strategies [16]
(2021) Herbs 6516 Published books, TCMID 2.0, CMAUP, TCM-Mesh, TM-MC
Ingredients 55772 Published books, TCMID 2.0, CMAUP, TCM-Mesh, TM-MC
Targets 543 ChEMBL
Diseases 8634 ICD-10-CM
Pathways 254 KEGG
Botanical synonyms 11794 MPNS, NCBI
TCMM Formulas 48 043 TCMID, CPMCP, TCMBank, SymMap [17]
(2021) Herbs 8932 TCMID, CPMCP, TCMBank, SymMap
Ingredients 69 816 CPMCP, TCMBank, SymMap, PharMeBINet
Targets 76 449 CPMCP, TCMBank, SymMap, PharMeBINet, PrimeKG
Discases 22365 CPMCP, TCMBank, SymMap, PharMeBINet, PrimeKG
MM Symptoms 17079 PharMeBINet, PrimeKG
TCM Symptoms 1900 TCMID, CPMCP, TCMBank, SymMap
Syndromes 146 PharMeBINet, PrimeKG
Pathways 3704 PharMeBINet, PrimeKG
SymMap TCM Symptoms 1717 Chinese Pharmacopoeia (2015 edition) [18]
(2019) MM Symptoms 961 UMLS
Herbs 499  Chinese Pharmacopoeia (2015 edition)
Ingredients 19595 TCMID, TCMSP, TCM-ID
Targets 4302 HIT, TCMSP, HPO, DrugBank, NCBI
Diseases 5235 OMIM, MeSH, Orphanet
TCMID 2.0  Formulas 46 929 Document mining [19]
(2018) Drugs 8 182 DrugBank
Herbs 8159 TCM-ID
Ingredients 43413 TCM-ID, HIT
Prescription ingredients 1045 CNKI
Targets 17 603 HIT, STITCH, OMIM, DrugBank
Diseases 4633 OMIM
Herbal mass spectra 778 CNKI
Mass spectrometry of ingredients 3895 GNPS
YaTCM Formulas 1813 Formulas of Chinese medicine, Chinese Pharmacopoeia (2020 edition) [20]
(2018) Herbs 6220 TCMID, TCMSP, PubChem
Ingredients 47 696 TCMID, TCMSP, PubChem
Targets 18697 TCMID, TTD, OMIM
Predicted targets 1907 MV-SEA
Pathways 390 KEGG
CEMTDD Herbs 621 Kazakh medicine blog, Uygur medicine blog, Chinese Pharmacopoeia, [21]
(2015) Chinese Materia Medica
Ingredients 4060 CNKI, SCI finder, Web of Science, Google
Targets 2163 SEA Dock, Google
Diseases 210 PubMed, CNKI, SCI finder, Web of Science, Google
TCMSP Herbs 499  Chinese Pharmacopoeia (2020 edition) [22]
(2014) Ingredients 29384 PubChem, ChEMBL, ChemSpider, ISIS Draw 2.5, Sybyl 6.9, Open Babel,
InChIKey
Targets 3311 DrugBank, HIT, SysDT
Diseases 837 TTD, PharmGKB
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Table 2 Data analysis methods and tools of TCM database. QED: The quantitative estimate of drug-likeness; MS: Mass spectrometer; EL:

Ensemble learning; HNN: Hybrid neural network; BH: Benjamini-Hochberg; FDR: False discovery rate; GSEA: Gene set enrichment analysis

Category Database  Analysis tool Application Advantage Limitation Ref.
Multidimensional ETCM Jaccard Quantization of the Simple and convenient algorithm Ignore weight [3,13]
association and  v2.0, similarity correlation between considerations and
similarity SoFDA assessment  datasets collection size constraints
assessment HERB 2.0 Data-driven Pairwise similarity Support complex relationship Data quality risks and high [6]

connectivity — assessment between the ~ modeling and can process data ~ maintenance costs
mapping datasets and CMap gene  efficiently
pipeline expression profiles
TCMSID ECFP4 Molecular precise Accurate capturing of molecular Prone to false negatives [11]
structural similarity search structural differences and broad with functionally similar
applicability compounds
TCMSID FCFP6 Functional group Strong functional generalization Overgeneralization leads to [11]
combinations similarity ~ ability and broad neighborhood overlooking critical
search coverage structural features resulting
in false positives
TCMSID Tanimoto Molecular similarity Intuitive quantitative evaluation Neglecting feature weights [11]
coefficient assessment and efficient computing introduces feature bias
SoFDA Cosine Evaluation of indirect Consider word's frequency and  Inadequate sparse data [13]
similarity correlation between weight responsiveness
assessment  datasets
SoFDA Feature Relational reliability Applicable to multiple models ~ Neglecting synergistic [13]
shuffling assessment and capable of directly feature interactions
reflecting features introduces bias
TMNP Pearson Evaluation of correlations Sensitive to linear relationships  Relying on the normality [14]
correlation  between variables and broad applicability assumption leads to an
coefficient inability to infer causality
superTCM  KEGG Ingredient-target-pathway Broad coverage and manual Large-scale pathways with [16]
global maps  association annotation support high complexity
superTCM  RDKit Fingerprint generation Optimize underlying algorithms Risk of generating [16]

and similarity calculation

and efficient molecular data
processing

erroneous structures for
molecules with atypical
configurations
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Category Database  Analysis tool Application Advantage Limitation Ref.
Medicinal TM-MC 2.0 ChemAxon  Acquisition of Support full-process chemical Non-open-source platform [10]
attributes pharmaceutical chemical information
prediction properties
TM-MC 2.0 QED Drug similarity Rapid assessment and intuitive ~ Neglecting synthetic [10]
equation assessment quantitative scoring accessibility introduces
design risks
TM-MC 2.0 Veber'srule  Oral bioavailability Augmented with molecular Overly restrictive rules fail [10]
assessment rigidity and polarity descriptors to encompass all critical
factors
TCMSID ADMETlab ADME/T-related Data-driven modeling and multi- Dynamic updating [11]
2.0 properties prediction task learning framework requirements and data
dependencies
LTM-TCM SwissADME ADME/T-related Integration of experimental data Predictions may be [12]
properties prediction and machine learning models influenced by complex
for enhanced predictive accuracy factors and require
experimental validation
TCMID 2.0 MS spectra  Analysis of molecular High sensitivity and specificity =~ High operational complexity — [19]
structure and composition
of compound
Drug-target ETCM v2.0 D3CARP Target prediction, virtual ~ Computationally efficient Fails to capture the effects [3]
prediction screening without requiring of spatial arrangement or
conformational sampling stereochemistry on activity
TCMBank Ligand-based Molecular activity Cost-effective for early-stage Neglect of target dynamics [7]
EL model prediction drug discovery
TCMBank HNN-based Drug-target affinity High-accuracy prediction of Requires sufficient data and [7]
EL model prediction complex molecular interactions computational resources
LTM-TCM  AutoDock Molecular docking, High computational speed with  Limited handling of [12]
Vina virtual screening enhanced accuracy receptor flexibility, complex
conformational changes
require integration with
other methods
YaTCM MV-SEA Target prediction Integration of multi-source High computational [20]
similarity data with high complexity, requires
predictive accuracy optimized algorithms and
hardware support
CEMTDD  LibDock Evaluation of Rapid processing optimized for  Simplified treatment of [21]
score intermolecular binding high-throughput screening conformational flexibility
capacity and solvation effects
CEMTDD  SEA dock Molecular docking, target Feature fusion enhance model =~ Computationally intensive [21]
prediction prediction accuracy
CEMTDD  Reverse Reverse docking, target  Identification of small molecule Dependency on target [21]
docking prediction multi-target mechanisms of library data integrity, high
action false positive rate
TCMSP SysDT Prediction of potential Integration of computational Dependency on high-quality — [22]
targets of compounds predictions and experimental target databases
validation
Enrichment ETCM v2.0 Reactome Pathway enrichment Fine-grained pathway Infrequent updates, limited [3]
analysis enrichment  analysis annotation supporting cross- species coverage
analysis omics analysis
ETCM GO Functional enrichment Unified terminology and Complex hierarchical [3,9,20]
v2.0, enrichment  analysis comprehensive functionality structure may lead to
YaTCM, analysis redundant enrichment
BATMAN-
TCM 2.0
HERB 2.0, Fisher's exact Obtain reliable High precision and flexibility Limited to small-sample [6,18]
SymMap test associations with with distribution-free data or sparse data

statistical significance

characteristics
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Continued
Category Database  Analysis tool Application Advantage Limitation Ref.
HERB 2.0, BH multiple Control the FDR Computationally efficient for Sensitivity to threshold [6,18]
SymMap test correction high-throughput data processing selection, inability to fully
eliminate false positives

TMNP, GSEA Evaluation of gene Function-oriented association Dependency on the quality [9,14]
BATMAN- expression differences with established biological of predefined gene sets
TCM 2.0 functions or pathways
YaTCM, KEGG Pathway enrichment Well-structured interaction Limited to known canonical [9,15,20]
BATMAN- enrichment  analysis network covering multi-species pathways
TCM 2.0,  analysis pathway data
HIT 2.0

LTM-TCM clusterProfiler Identify target enrichment

Comprehensive functionality

Limited support for non- [12]

pathways with robust visualization and model organisms, poor
diverse enrichment approaches  performance with large-
scale data
Network analysis CEMTDD, PPInetwork Screen for relationships ~ Systems-level analysis of Experimental data [13,19,
TCMSP, among herbs, ingredients, complex biological processes processing is prone to false ~ 21,22]
TCMID 2.0, targets and diseases positives and false negatives
SoFDA

4 HIEFRL

B AT AL A — ek 5 % 1 0 2% i i TR AL
FBIMATEM R A . BRI S 3LBE K
/NSRRI TG R R R T X 2% R Se A S A LR &R, A
15 P fie 1 B0 25 Ty 1 T g R 93 A I 24 0 1 45 4 L RR
0D e N S A AN T IV RS A
Gephi. Cytoscape 5, $2& it | =5 % 2% ] #4146 Ty g Al
VLSRR o E R 2 00 E 1 T AL R R A A
D3.js+ECharts %5 JavaScript £, i i & i 55 K ¥ i 2 B
FARE 7 g R A= & B Bk I, fovF T R & RE
s 1) D) 8% T ) A A0 1, L SCHRF R B S AR 1 19X 28 T
WAL BT & . RN JavaScript I R ¥ P A1 3l 45 4 7T
AT B A DLER R A3 o ) AE KA T E
WEREA R4 AR 25 M AL YE, v] e 2 H BLACRS TR
ELAS L AE B

T I o AT 5 308 )8 Kt R R AT 20 B IR, KX
F TR TR BB Z RS . B (12014 4F
(K] TCMSP™) [ 545 e, Fodls T AL T vE AR X i 42, 32
BT Cytoscape Web 45 WX 46 T H AE sl 3 9 2%, JF:
VR AT E— P BT . Cytoscape
Web HAH HAR B 5y AP FNES T & R H BN 5
o 2 B PE A g v s B TR TR . BRIAE T
A % S5 N TR A DK 11 A AW 5 ) s i 5
5 HZEe A AR, & R AR AL 3O AR H i i
A BB SZ B, A0 G NS Y 4 ) T AL TR R . B
I T HER , B v REAG 7 V508 8 = &, W1 2018 411
YaTCMP ' JF 4 {# F§ ECharts F1 NetworkX 25 5 4 i f)
ATAALER, SR LA B 28 I AT Ak . e, ECharts
SLIE R B % 1) Canvas JiE ZRender 2 I, #24L T F & 1)

BRI, i 28 B AR B B0 BT 4%, o T 20 4
Mr AR IR 3 587 SR, ECharts X 5 2% M 4% & (1A=
WA 2% AR A8 R %) B SCAR R 5 HL T i W R i T
KRR . NetworkX AL 55 I £E T e 9 K ) 9 2% 73 it
INRE 5 FIPE DL K 5 Python Bl 24 1H5HEZS (W NumPy
Matplotlib) o5 R . (HH AT AL DI REHR 55, 8 75
B 8 Matplotlib 8L H Ath 2 (41 Gephi. Cytoscape) H#E17
KRR . #2023 4, — 2504 2 (W ETCM v2.0°,
TCMBank") (L& $2 4t 7 5T JavaScript 1 2 1] # 4k
TH, avr AP Ve B SRR R B M 2%, IF H SRR
BASAT Ry € AN 2 Mk U T e A, B S A
HFE R RS R o . RO B RO TR R
24 A HOHE (1 B S AN AT A, 5 A8 T IR PR A X
B o BEEE IR ) HERS, R 2 I BOHE T U e it
X AN JL S P ) 51 HI 8 £, 2 CAS . PubChem 4%,
KA BT M P RBCE A 45 S . %, TCMBank!™
AR AL T 5 o R4, 1 o v P ARTE T AL E
H E SN 2% IR 3 2540 R, 1% 3E — 2 B9 58 1 HOaE e 1 5
RPN R EE . Britbz Ab, Bt vl w4k 15 24 25 A 1
SEE T INEE . A ARG B A 3 B E T
JROREE ¢ 2, B 0 M DU REAR RN L5 . FR I
A8 73 4 22 T b R B mT AL S s 20 i R 4
#, B ETCM v2.0° M@ 4 1) 19 4% AT 1 Ak R A LS
AL R 7R, 36 SRV P AT I AT B 2. iR
P ELAREHE v AA I v W 3R et ite 2,
5 WRMRE

oy g v 5 24 B0 B 5 — 0 R R T e e BB R IR
iz =77 7] - 2 - B 4y — B8 A -8 8% - D e - 7 I R 4H
FE. X —IBEP EFEAAEUTRE: O fT g



R A S rh R 2O A ) R B S T AT T - 2687 -

Table 3 Data visualization methods of TCM database. CSS: Cascading style sheets; DBMS: Database management system; NER: Named

entity recognition; PDO: PHP data objects

Database Data visualization method Ref.
ETCM v2.0 JavaScript [3]
HERB 2.0 Neo4j graph database, Apache ECharts [6]
TCMBank Dynamic layout customization of multi-level biological networks, JSME molecule editor [7]
TCMSID Python based web framework Django, HTMLS5, CSS, JavaScript, automatic generation of network analysis diagrams [11]
LTM-TCM uWSGI web, MySQL DBMS, MySQL database AnalyticDB, NER [12]
superTCM ipath3.0, Typescript, React JS, Ant Design, PDO, docker, ChemDoodle [16]
TCMM RxGen [17]
TCMID 2.0 vis.js, TCM components-target network visualization [19]
YaTCM Django, Angula, Nginx, JSME, RDKit, EChart, NetworkX, PostgreSQL, Interactive network visualization technology [20]
CEMTDD Cytoscape web [21]
TCMSP Cytoscape web, NetworkAnalyzer, PHP, HTML, CSS, Apache 2.2.22 [22]
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