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Analysis on mechanism of Duliang Fang in treatment of migraine based on
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Abstract: Objective To analyze the effect of Duliang Fang (#8%%J7) component group on the biological process network of migraine
by random walk with restart (RWR) algorithm, reveal the mechanism of Duliang Fang component group in synergistic treatment of
migraine. Methods Firstly, the active ingredients in Duliang Fang and the corresponding targets were collected from literature and
databases such as Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP) and Bioinformatics
Analysis Tool for Molecular mechANism of Traditional Chinese Medicine (BATMAN-TCM), and the components were grouped.
Then, migraine-related genes were collected from six databases including the Human Gene Database (Genecards) and Gene Set

Enrichment Analysis (GSEA), and biological process enrichment analysis of Duliang Fang component groups and migraine was

Yeks HER: 2024-05-20

EEWMB: BT EARFRENA G HHE4 (LH202402042)

YEHEN: ZFde, %, WiLWseds, BFFCr oy h 2R EOR . BRI A REHIRFJE . E-mail: 2533207068@qq.com

KEEIEE: 1 B8, 2 M, iR, W4T, BRI RDAHTEIR. B, B 2. E-mail: heyao2010@cdutem.edu.cn
% 5, 5, %A, FERHN, SRR SR, E-mail: 5092498@qq.com



FEH 202410 5 $55% B 20 Chinese Traditional and Herbal Drugs 2024 October Vol. 55 No. 20 - 7007 »

conducted. Migraine-related biological processes were clustered using Cytoscape 3.9.1 software to preliminarily analyze the synergistic
effect of Duliang Fang component groups in treating migraine. Furthermore, the correlation and significance between Duliang Fang
component groups and migraine biological processes were determined using the RWR algorithm, Pearson correlation analysis, and Z-
score significance analysis, quantitatively analyzing the key component groups and key biological processes of Duliang Fang
synergistic therapy for migraine. Finally, based on the quantitative analysis results, a Protein-Protein Interaction (PPI) network was
constructed to select key components and key targets for synergistic action of the component groups, and molecular docking was
conducted to select core components and core targets based on the combination energy as the index. Results The components in
Duliang Fang belong to six categories of component groups, while migraine biological processes cluster into five categories. The
mechanism of Duliang Fang in treatment of migraine involves the synergistic action of four key component groups, namely coumarins,
alkaloids, organic acids, and phenanthrenes, in four categories of biological processes. Their significance is ranked as follows: response
to exogenous stimuli > inflammation and immune response > blood circulation > synaptic signaling. Molecular docking identified six
core components (piperine, isobavachalcone, ligustilide, chlorogenic acid, psoralen, and dehydrocostus lactone) and seven core targets
(MMP9, MMP2, SRC, EGFR, TNF, PTGS2 and MTOR). Conclusion Starting from the holistic concept of traditional Chinese
medicine, this study explores the network correlations of the synergistic action of Duliang Fang component groups on migraine
biological processes. This approach is beneficial for elucidating the mechanism of Duliang Fang in treating migraine, providing new
insights for using network technology and machine learning to analyze the efficacy mechanism of traditional Chinese medicine
compounds.

Key words: Duliang Fang; ingredient group synergy; migraine; biological process; random walk with restart algorithm; molecular

docking; piperine; isobavachalcone; ligustilide; chlorogenic acid; psoralen; dehydrocostus lactone
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Fig. 1 Classification of active constituent groups in Duliang Fang
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Table 1 Chemical constituents in Duliang Fang and classification of constituent groups
el s o3 B4 R A0 Vi B € L CAS %whg S R HjE ey
1 senkyunolide A NS N A 63038-10-8 ARIRZE e
2 ligustilide FA N 4431-01-0
3 senkyunolide I HENE N T 63038-10-8
4 perlolyrine =TS 29700-20-7 G ES &
5 tetramethylpyrazine =2~ 1124-11-4
6 alloisoimperatorin A ERATEH R 35214-83-6 HFEERR S
7 ammidin BR AT HH & 482-44-0
8 isoimperatorin SERRETHH & 482-45-1
9 neobyakangelico 1 Bt B S 35214-82-5
10 (-)-oxypeucedanin hydrate KEEARTHER 24724-52-5
11 phellopterin MR 2543-94-4
12 prangenidin G ES 642-05-7
13 prangenin PhiE 2880-49-1
14 bergapten THE A T 484-20-8
15 xanthotoxol TERLEE ) 2009-24-7
16 psoralen ETRE 66-97-7
17 byakangelicin SEVEFS 19573-01-4
18 oxypeucedanin EALHTEH 2 737-52-0
19 ferulic acid R B TR 1135-24-6 AR =
20 chlorogenic acid SRR 327-97-9
21 caffeic acid WP 331-39-5
22 neochlorogenic acid Bk IR 906-33-2
23 sitosterol A 149-91-7 LSS N=
24 B-sitosterol B-%r K5 i 83-46-5 SN
25 stigmasterol 7 [ i 83-48-7
26 mandenol iR 2. 544-35-4 BN N=. HIE
27 wallichilide NIEZEWR A i 93236-64-7 N=
28 ethyl oleate (NF) TR 2T 111-62-6 Efi2
29 propyleneglycol monoleate W BE BRI 1330-80-9
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Fig. 3 Clustering of biological processes in migraines
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Table 2 Pearson analysis results of Duliang Fang, single herbs and ingredient groups

o 28I T Mokt
XoF AP SR S R RAE Ry RN MG BTiie RfE 5
HRGETT 0.351™ 0.249"* 0.269* 0.193" 0.299*
NE 0.287"* 0.220™ 0.208™ 0.142" 0.257"*
S 0.298" 0.200™ 0.220™ 0.142"" 0.242""
FNUeS 0.102** 0.072" 0.094* 0.140" 0.146™
GVl TE 0.230™ 0.222* 0.222* 0.122* 0.164™
HEOURR 0.260" 0.184™ 0.223" 0.157"* 0.244"*
CLINES 0.238" 0.173" 0.154" 0.103** 0.197"
R 0.118" 0.024 0.024 0.023 0.097**
e 0.140™* 0.106™ 0.069" -0.008 0.102**
"P<<0.05 *P<0.01
B e e e e v lun BERBL” 1 Zacore KT 4, HAMIH R
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Larger bubbles indicate a higher correlation.
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Fig.5 Correlation matrix bubble chart of Duliang Fang,

single herbs and ingredient groups
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R3 HEHES. BKRHE. KD B Zscore
Table 3 Zscore of Duliang Fang, single herbs and ingredient groups
Zscore
2/ Ry T X - X R n
o A R Y S R G RV MBAEFR BTz EN R
G TT 10.707 9.858 9.458 5315 9.401
% 8.916 8.540 7.051 4.427 7.946
HiE 8.546 7.618 7.544 3.729 7.421
ENUES 2316 2.016 2.546 3.652 4.061
G/ e 6.605 8.658 7.616 3.089 4.698
HEEURHE 7.616 6.965 7.638 4.185 7.486
EERINES 6.887 6.503 4.929 2.511 5.830
e 2.818 —0.147 —1.643 0.011 2.368
fig s 3.561 3.494 1.553 —0.949 2514
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Redder the color, the higher the Z score.

Fig. 6 Heat map of Z score
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Table 4 Key components and targets in biological processes
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Bold targets are common targets for key components in key biological processes.
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Diamonds represent core constituent groups; circles represent key

components; rectangles represent key targets; arrows represent key

biological processes; intensity of color reflects number of edges.
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Fig. 7 PPI network of “core ingredient groups-key

components-key targets-key biological processes”
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RS HFIHRESRENEHRR 10 WEAZK- NS T
Bk

Table 5 Top 10 protein receptors-small molecule ligands
by absolute binding affinity in molecular docking

dithe/

H 2N T B

(kcal-mol ™)
MMP9 (PDB: 6ESM) -{¢hil#M) -10.2
MMP2 (PDB: 7XJO) -{Ehl5M) 9.7
SRC (PDB: 7NG7) -5l 5 R R #12 9.7
EGFR (PDB: 8A2D) -)I| 5k -9.5
MMP2 (PDB: 7XJO) -4J5 % -94
TNF (PDB: 1A8M) -%J51% -9.3
PTGS2 (PDB: 5F19) -k -9.2
MMP2 (PDB: 7XJO) -JI| %Wk -9.1
MTOR (PDB: 8PPZ) -JiF%H -9.0
MTOR (PDB: 8PPZ) -)I| &5k -9.0

JRER  RKATEAZR  ME R B0 )8 E I lE 9 (matrix
metalloproteinase 9, MMP9). MMP2. ZE[EHEE 5214
IWIEE T (steroid receptor coactivator, SRC). 3
AR 752K (epidermal growth factor receptor,
EGFR). {83 S8 L [Rl -F- (tumor necrosis factor, TNF)+
WA= N WY &M 2 (prostaglandin-
endoperoxide synthase 2, PTGS2). " FL3I4Y) i 1H 5
ZHLE H (mammalian target of rapamycin, MTOR ).
3 Wit

kI AL R 2 B o E e, FEA =
XARE M Ul RAEN T U B BT Bl i
YLEER2), Hod = AR I E AR R E
WAL, 24 = SO 2 57 BN 2 B O 2 ik, 53
PR YR 9RE SR AT AR bk, AT 5 K 2k
I3, HATIEIR B8 TEIR T e S iR A2, W H
2y 2R BB RUR T R AR RUR G2
SKIREAR, FEEMEH S —. AR BIER GE
B T 251 AR O AR ) 4 ) -8,
AT R Al Sk IR IZ T A T B 20607 AR A R, IR
RHYTTRZ G 280 A M2 3 3A 2507 7
re i kIR Im RGN EE TR “NE-HIE” NiE
T mkIm 2 MU 77, SR R LS AT Re
T S I K AR 20 i S . PR
A2k 50434, IR B C R AL #S
IR FERFRGL R I AEZ MR, 1 B2 b, XE .
AL HEE PRl PR 9 2 W R B2 SR 3 ] A RIIR T T g
Sk B 32 PE R AFCS . (B HAR - LHE A 727

W, WBFRANREEGRETT “Zsr. 287 BT
s Sk e A 24 5 AL, B R A EC I R 288
9 H I PR S FH 3558 Bl B Al

EHERBAN SR ST, AU 2 5
& RWR BEAE 5 B AERR R TT 5 I kI 78
FEAEPIIR 2R S A GE 7 v AS 8] s o3 B W [R BC ATV I T
SRIRIAVE FILE o SRERR SRR A A, AR Ty
BRI N 6 AT EE Sk IAH S AE Pt FR R R
N5K, BEERE BB RS o R T W
SKIBI P ENE o B SRR TS B B R E LT 5T
RISy A 3 AN (R AT A O =k SR AH DG AR it
e, H MR RES ROB T o, HICR
H RWR Skt — DI AL TT o D R VR 9T
SIS B A, I PR RV E B BRSO B
R SR AE I AR . ARG A I AZ O T R R
SR AT PPL 43 B de tHAZ O 70 4 B
A /E FH el s AR I RE 1) 34 AN SCERBE A, 11 A
REBRENSY o B3 JE X IR o 5 B o A UG AT o
T, LG RER/N AR bRiE— 2 5 B ks
FERIEMFEERR 6 MEOEAF 7 MEOEE T
(B 10,

P KSR AT S A% D o D e S
kM IR R, KIL 6 MRS N GE T
W B 2GRS, BT AN & ARV T SRR -
(D) fEMEER . I RERETEHZ . BRATHHZR . JUE &R
BIABHIEM X EAI R —F SR BNEY, H
HRRETEA R | B AEREY, AR E SRR
VIR ETE RIS R BURAE OGBS B, AT S Mk
Sk TR AR, PRI E JE ot 2 1 P4 21 5 DR AH OBk
(calcitonin gene related peptide, CGRP). —% L%
(nitric oxide, NO) KW K 2KV, KE METEEY)
JR T, TR A R, AR AR IR
S, MIMIRIT ISR, (2) JIEWRET I F
ARGy, B FARIE ) AT R
S-FEiE 1B HHIES B NI IRGER NGB Ik L
W SRR R AR S P SR B0, (H
H AT T NI W o>, (R FER B 0
RN s YR R HLBAA B Y LR OGR4
() RIFRRJE T )N E A HIRE S, AT [
TR 55 80N AH I - 0 R SR 8 A i R A 3 PR AP A
W, BEFE R B4R JE IR AE )1 =5 b & B 5B 2L IR AH
Y, ENEM EEASER S, HFERANEG K
PR BURIEA R EZE RSy, AhaEd T £z R/ ik
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Fig. 10 Schematic diagram of biological processes network mechanism of Duliang Fang ingredient groups in synergistic

treatment of migraine
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methyl-D-aspartate, NMDA). i PE 478 75 K+
(brain derived neurotrophic factor, BNDF) ] B 4
PEA BT (41 TNF. IL-18) 5 K w47 PTGS2
B2 55 E A BE-2 (cyclooxygenase-2, COX-2)
#58 CGRP #i&, 5 TNF {EN W& N7 80s

%K F-«kB (nuclear factor-kB, NF-xB) &5 i# i,
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