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The Development of Herbal Medicine Network Analysis System
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[Abstract]

Network pharmacology in traditional Korean and Chinese medicine studies the molecular and
biological aspects of herbal medicine using computational methods. Despite variations in databases,
techniques, and criteria, most studies follow similar steps: constructing herb-compound networks,
compound-target networks, and target interpretation. To ensure efficient and consistent analysis in herbal
medicine network pharmacology, we designed and implemented a common analysis pipeline. We showed
its reliability with existing databases. The proposed system has a potential to facilitate network

pharmacology analysis in traditional medicine, ensuring consistent analysis of various herbal medicines.

» Key words: Network Pharmacology, Korean Medicine, Traditional Chinese Medicine,
Data Integration, Bioinformatics
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I. Introduction
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Fig. 1. Connections of formula, herbs, compounds,
and targets in a herbal medicine networks
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II. Research Method
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Fig. 2. Steps for herbal medicine network analysis
system development
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1. Common Steps for Herbal Medicine Network
Pharmacology
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A5} Table 1.9] 2~5 Tl
02 Table 3.9 2570 E3E|o] Table 3.9} Zo] 3
A2 %S 519k Table 3.9] ‘Al28! A5 o]&)
tlole' &= AAl AlARL 31 &, 59 455 oA A
83t fo[gfo|t}. TCMSP= <Rt Adwe] A, Adwat
EAO] Al Ost JHE A|-Z3t, GOQ Biological
Process(BP)= 71404 tiofet =X 752 B
5171 9ol 2] ARgEl= RAIAE Al Hlojgolt)

2RE ot Aol

Table 1. Analysis steps, techniques and databases for
herbal medicine network pharmacology (Yuan et al.[11])

# Step Databases and techniques
1 Active Compound Databases, LC/MS

Search
o |Compound-Target | royop 1o, BATMAN-TCM

Relation Search
Disease- related
Target Search

OMIM, Genecards, Uniprot, TTD,
GEO, TCGA

Intersections between Drug
Targets and Disease Targets

4 | Target Intersection

5 PPI Netwprk STRING
Construction
KEGG, GO

6 | Mechanism Study

Table 2. Analysis steps, techniques and databases for
herbal medicine network pharmacology (Lee et al.[5])

# Step Databases and techniques
TCMSP, TCM Database®@taiwan, TCMID,
Herb-Co | TCMGeneDIT, ,HPLC, Literature mining,
mpound | UPLC, BATMAN-TCM, TCM-PTD, Organchem,
1 |Network | SciFinder, In-house database, NMR, Korean
Construc | tradional knowledge portal database, LC-MS,
tion Chinese Pharmacopoeia, BindingDB, TCM
mesh
Compou | TCMSP, Molecular docking, PharmMapper,
nd-Targ | TCMGeneDIT, Microarray, CNKI, drugCIPHER,
2 et SEA, STITCH, ChemMapper, WES, TTD,
Network | Tanimoto coefficient, Medchem, AlzhCPI,
Construc | Metadrug, TarNet, SwissTargetPrediction,
tion ChemMapper
TTD, KEGG, Drugbank, GO, PharmGkb, RCSB
Target PDB, Pubchem, Eupmed, PharmGkb, UTRI,
3 | Interpret GeneCards, Association database, FDA orange
ation book, Wangfang Database, OMIM, IPA,
CADGene, NCBI Gene database, MalaCards,
PANTHER, OncoDB, DisGeNET, OncoDB

Table 3. Common steps for herbal medicine network
pharmacology analysis

The Databases used for the
system validation
Herb-compound relations from

TCMSP

Compound-target relations from
TCMSP

GO Biological Process (BP)

# Step

Herb-Compound
Network Construction
Compound-Target
Network Construction
3 | Target Interpretation

2. Analysis Pipeline
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Fig. 3. Analysis pipeline for herbal medicine network
pharmacology

3. Database tables
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gtk COMPOUNDS: 4J0] APgfe} ]2, DL, OBS} 2
© okalebx £4 HBE thy 9lck TARGETS 9&IAL &

o] A= AAstt HERB_COMPOUNDE E5fjA] 2kxf
oF A& IA7F dAE] 1, COMPOUND_TARGETS £}
et mAo] dAElct. GENE_SETS BA a4 T
A ARRElE AJES0] AREE, dE =0 GOY
Biological Processt} KEGG Pathway@lt 22 EX A#A|
7)3la WGl SR AR AuE et grolk
OFl, A%, SRR 217} Tt o]%(Alias)S 7MY 4
Qoo o, YH, SR Mo 8olye SlshA
HERB_ALIAS, COMPOUND_ALIAS, TARGET_ALIASY|
ol AYSIES et

1 N HERB
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TARGET

TARGET_
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Fig. 4. The table relations of herbal medicine
network pharmacology analysis system

Table 4. The database tables and attributes of herbal
medicine network pharmacology analysis system

Table Attribute Description
ID_HERB Herb Identifier
KOR Herb name (Korean)
HERB CHI Herb name (Chinese)
ENG Herb name (English)
SOURCE Data source
ID_COMPOUND |Compound identifier
NAME Compound name
COMPOUND DL Druglikeness
0B Oral Bioavailability
SOURCE Data source
ID_TARGET Target identifier
TARGET NAME Target name
SOURCE Data source
ID_GENESET Gene set identifier
ID_TARGET Target identifier
GENESET DESC Gene set description
SOURCE Data source
ID_HERB Herb identifier
ID_COMPOUND |Compound identifier
HERB_ -
COMPOUND SCORE Herb-compound relation
score
SOURCE Data source
ID_COMPOUND |Compound identifier
compouNp_ | =R
TARGET SCORE -
relation score
SOURCE Data source
HERB_ ID_HERB Herb identifier
ALIAS ALIAS Synonym
LANG Language
COMPOUND_ |ID_COMPOUND |Compound identifier
ALIAS ALIAS Synonym
ARGET_ ID_TARGET Target identifier
ALIAS ALIAS Synonym
SOURCE Data source

4. System Implementation

AR S-S 915 R Shiny T7]X][21]5 ARESHAL,
DBMS+= SQLiteg ARSI Fig 5= &% AJAR] &}
Hol1 Fig 3.01A gt TAE Tt AR & e A
AE|olct. ALRALE Fig 5.(a-e)olA] opf-4E YEYS
T4 Wl MG 49 & 4 Utk AEARE 9IA 52
8 oplg ptale 5. 24 e 2

(). AFEARs 270 Sh= dis2 skl HokFig
5. (d)). EE AFBAH: 0]F TAlA AF8E JEES A
A olzd

4 QItHFig 5. (e)).
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Herbal Medicine Network Pharmacology
Analysis System v0.1

o £5
id kor chi eng
1 1 dxEst —RER Solidaginis Herba
( ) 2 2 ®3S TRE Erycibe Obtusifolia Benth
Showing 1 to 10 of 502 entries Previous 1 2 51 Next
o4 =g
(b) 437 328
“
ofxf &4
4& DB oB DL
(C) 0O T™M-MC TCMSP 30 0.18
C
id_herb kor_herb name_compound  d| ob  sourc
d 1 437 =% luteolin 0.24552 36.162 TCME
( ) 1 437 3%t quercetin 0.27525 46.43. TCM<
Showing 1 to 10 of 23 entries Previous 1 2 3 Next
E[0]2 CIO|E HAESHo = KA
g e
2 S4
EtZ D Confidence

n 2 Flﬂ

TITCH (O TCMSP

(f) =

BN S5
name_herb name_compound name_target symbol score
-~ Prostaglandin G/H
1 22 luteolin rostaglandin &M pres1 0.837102
(g) synthase 1
2 Bt luteolin Insulin receptor  INSR
Showing 1 to 10 of 400 entries Previous 1 2 3 Next
R EE
CXCL14 =
(h) o k
col1 z

ECEEELS

name_herb name_compound name_target symbol score

. Prostaglandin G/H
1 32y luteolin AR

(.) synthase 1

Showing 1 to 10 of 132 entries Previous 1 2 3 Next

PTGS1 0.837102

EX o4 H|o|EfH|o] &
=4 A pB

( 0O KEGG
.J DAVID|2023¢2|OFFICIAL_GENE_SYMBOL2GOTERM_BP_DIRECT

2l g%t

10|12 GlO|E HAES o BA NOS2
(k) o1 HorE = h PTGS1

id desc p_value bh

.532e-24 8.247e-
1 G0:0010628  positive regulation of gene expression 552 B2

(l) 1.067e-21 6.739e-1
2 G0:0043066 negative regulation of apoptotic process 67e 6.739e-18

i 1
| 1
i 1
| 1
i 1
| 1
i 1
[ i
1
| 1
| 1
- |
: Gene Set Enrichment Z1} 1
| 1
i 1
| 1
. 1
| 1
H 1
| 1
H 1
[ i
L 1
: Previous 1 2 3 Next 1
1

Fig. 5. The implemented system
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| 2 A=

A oRi-dE-rY wAE %“%}%‘ 4 QMH(Fig 5
(g). o710l Hstol, ARl #A HES S8 fAA
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(Fig 5. (h)). o2 50] toF AR APt G50 Wadsl SA
AR50 228 diry o]s oA g2 T2l A

ASit 259 AU ol WA A8 Rolct 4
Ak HFA0R TEY 9 24 FRE HolZz 0
& 4 9k (Fig 5. (1),

AFEAHE Fig 5.(-DefA] " BA) a4
sk 4~ oIt} AFRAR= WA AME 1A
Elo|Ejwo] A5 AEICHFig 5. (7). E5t
BAS XA ol s 4 9lciFig 5. (k). Y=lo] Axtg,

AFEAHE Ml B S Paido] &g 210 Hol: A}
=A< 7170l et FES FdstA dciFig 5. (1)),
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}_Q_x}_ =05 |

5. System Validation

B ol 7]x0] to]st Y EQ] T oFa]shd BA Asy
g olst mojmelo R et o] Fagt 7leido]
B2, 7)E o] 23 Aue}, pPY AAHS EHA
oot HEHYI o2t 24 ZAufe] UAI=S H|ushA]
AAE9 52 B shES:

Fig 6.= 22]9] A|AEIS o|&5}A] 932 AlA HA 0]
oAolct. oiAl-4% YEYT HR-EA UED 7

e ol TCMSPE ol &ati, BA siAS 9JsiA GO
BPS DAVID(Database for annotation, visualization
and integrated discovery) AH|A[22]0]A] A|Z5H=
Gene set enrichment testS o]-8sh= 7Mgde] ofjAJolct.
et ool sl opl- 4 E-A Y=Y SE s
Al e&5E 3RS diftdo] 2 GO BP9 Biological
processg A= 17J0]al o DAVIDOM = =54 &
A 2]AEQF GO BPoA Algsh=
processAto]o]| Fisher exact testS 4388510 p-values
AArstct GO BP9 Biological process=2 SAA 22

o7 JAElo] 9lct DAVID gene set enrichment test
oA ojkst  Biological  processo]l  CHaA]
Simultaneously st £4] AX”E £385t8 2 Multiple
testing problem©2 QI3 type 1 errors Z1IEZ 5}7]
2J5fA] Benjamini-Hochberg WS ARESto] False
discovery rateg ZIEE st &, EAAoz Sost
Biological processg¢t sid AAfQ} Tsdo] Qlckal of]
t}. f2]= TCMSP2] 500719] <Fxfof Z¥ztof] tishiA &1

Aoz ©0lst Biological processS2 AFSsSicT
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o ey

L Hd2 74 (TCMSP)

Mol ID Molecule Name MW | AlogP | Hdon | Hacc | OB (%]| DL
MOL001965 |Dauricine (8CI) 62484 722 1 8| 2365 037
MOL002307 |20-Hexadecanoylingencl 586.94) 7.38 3 6| 28.2| 068
MOL002377 |Kaempferol-3-arabofuranoside 41838 018 8 10 2.73| 085

<> EE 34 (1CMSP)

Mol ID Molecule name Target name Source
MOLO01865 |Dauricine (8Cl) Prostaglandin G/H synthase 1 |DrugBank
MOL001312 |9-HEXADECENOIC ACID lg gamma-1 chain C region DrugBank
MOLO02377 |Kaempferol-3-arabofuranoside |Rhodopsin DrugBank

Category

GOTERM_BP

_DIRECT

GOTERM_BF |
DIRECT

L #% 8iM (DAVID)
Term RT  Genes Count % P-Value Benjamini
hegative regulation of apoptotic

process

RT 14] 45.2| 2.60E 13 3.30E 10|

response to xenobiotic stimulus |RT 10| 32.3| 110E-10,  6.70E-08

GOTERM_BP
_DIRECT

negative regulation of gene
expression

RT 10| 32.3| 6.20C-10 1.60C-07|

GOTERM_BP
DIRECT

positive regulation of gene |
: RT 11355/ 280609  5.80E-07]
expression |

GOTLRM_DBP
DIRECT

protein phasphaorylation RT 11] 35.5) 4.30C-09) 7.90E-07

Fig. 6. Examples of manual network pharmacology analysis
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Fig 7.
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Sl AR o ol
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Fig. 7.

= golEfuo] 0] B, to]
BAS o) ALgE m2 0

L=
o
29 4 9.

Frequency

_

[ T T T T T 1
094 095 096 097 098 099 1.00

Ratio of matched GO biological processes

Histogram of the ratio of matched GO biological
processes for 500 TCMSP herbs
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