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 E BW: sANSHEFR) T HERE- a4 G ER e ERNE. Ak ARAFHZS
HIZHFEF PTG RARE. B B H R KT RS &, GeneCards. DisGeNet b & OMIM
BEFERREFEREFES, RAHFXE®L L, B8 STRING BEEHWEEGEEMNLEE, A
Cytoscape3.9.1 B i Az &, WA “GH-fn-¥ 8" WEE, #@3E DAVID 338 & xf 3t [ ¥ 5
AT GO #1 KEGG i ¥ & £ #7. 1T AutoDock 1.5.7 &t £ Z B4 futl O ¥ B 34T 40 F At . G5
ZIE KRG AW A B 164, Hi5RFEEEE 754, H 5 B8 IR 50 F T (tumor necrosis factor,
TNF). B 20l /> % -6 (interleukin-6, IL-6). %2 & B2 /7~ &, B2 & H ¥ M 1 (serine/threonine-protein kinase 1,
AKTI1). 1% A 5 4 K FF A (vascular endothelial growth factor A, VEGFA). ffJi & & P53 (tumor protein
P53, TP53) F 17 MZR AT EARE- A A EROREE A, GO ANF IR ETEPRARKLA
EREE. MEBRBER N . BB 2N FHE 5 BEE, KEGGE5@EEEW X TNF 7 5@,
# R B ILES 3-8 (phosphoinositide 3 kinase, PI3K)/ % & B - 7 %, F& J ® (serine-threonine kinase, Akt) {5
SR, BIERRS. 2 TNEERESTER D) SHUOE LSBT, Fit: ME-AaXHGFFHAR
BEFR. EB. MEFFARRS A E LR T INF. IL-6. AKTI. VEGFA. TP53 % ¥E i % i
f TNF {2 5 @ % . PI3K-Akt 15 53 8. i JE 1 B S50 B R B R (R A
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Analgesic mechanism of Zhishi-Baishao drug pair based on network pharmacology and
molecular docking *

LIU Chun-hua ', FAN Bi-fa >, ZHANG Yuan-jing ', HU Hui-min ', LI Chen ', LI Yi-fan °, ZHANG Yi >, MAO Peng*

(' Department of Graduate School, Beijing University of Chinese Medicine, Beijing 100029, China; * Department
of Pain Medicine, China-Japan Friendship Hospital, Beijing 100029, China)

Abstract Objective: To explore the analgesic mechanism of Zhishi-Baishao drug pair in the treatment of pain
by network pharmacology and molecular docking. Methods: The TCMSP database was used to search for the
effective components and targets of Zhishi-Baishao drug pair. GeneCards, DisGeNet and OMIM database were
used to obtain the pain related targets. The intersection targets of the two were selected and imported into the
STRING database to construct protein-protein interaction network. Then the core targets were screened out and
the "drug-component-target" network diagram was drawn by Cytoscape3.9.1 software. GO and KEGG pathway
enrichment analysis were performed through the DAVID database. Finally, AutoDock 1.5.7 was used to verify
the molecular docking of the main effective components with the core targets. Results: A total of 16 effective
components and 75 intersection targets between drug and disease were screened out. Among them, 17 core
targets may be key targets for analgesic effect, including tumor necrosis factor (TNF), interleukin-6 (IL-6),
serine/threonine-protein kinase 1 (AKT1), vascular endothelial growth factor A (VEGFA), tumor protein P53
(TP53) and so on. The biological processes derived from GO analysis mainly involved positive regulation of

gene expression, response to xenobiotic stimulus, lipopolysaccharide-mediated signaling pathway. KEGG

*IHLETH: o H LB R EERRE AR 55 5 TG R IF7C 0 H (2022-NHLHCRF-YSPY-02) 5 E S s & 1% (2016-KIBYF-004) ;
AR AR R SRRV I H (K 2022-1-4061)
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signaling pathways mainly involved TNF signaling pathway, Phosphoinositide 3 kinase (PI3K)/serine-threonine

kinase (Akt) signaling pathway, and pathways in cancer. Molecular docking showed good binding between

the main active components and the core targets. Conclusion: The effective components such as luteolin,

kaempferol, naringenin in Zhishi-Baishao drug pair may regulate TNF signaling pathway, PI3K-Akt signaling
pathway, and pathways in cancer by acting on targets such as TNF, IL-6, AKT1, VEGFA, and TP53, and exert

analgesic effects.

Keywords zhishi; baishao; pain; network pharmacology; molecular docking
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L. 25904 ROy FHAE R SR

i3 24 2 G 2 PR B R A BT 6 (Tra-
ditional Chinese Medicine Systems Pharmacology Da-
tabase and Analysis Platform, TCMSP)(http://old.tcm-
sp-e.com/tcmsp.php) £ % A3 SEH AT 1A R85 A
A, MREENORAYFIFE (oral bicavailabil-

ity, OB) = 30%. 2&#j% (drug likeness, DL) = 0.18,
JB 1T Uniprot 4 7 (https://www.uniprot.org/) ¥ Ft
SRR AR HEA B 42

2. BT B A I R SR EX

PL “pain” R8I, 181 GeneCards 4 ¢
(https://www.genecards.org/) (i it 2 /F: Relevance
score > 4.7)  DisGenet %1 #i# £ (https://www.disgenet.
org/) (iii4&M4: Score>0.01) LA OMIM %k
(https://www.omim.org/) £ 1) FH I HE L A

3. E 2 5 P B AR M 2% (protein-pro-
tein interaction, PPI)

J8 3 Venny % % (https:/bioinfogp.cnb.csic.es/tools/
venny/) 1LY 500 F AL RIFE AL, IFiId STRING
B (https://cn.string-db.org/) T & [ i A B
FH| (protein-protein interaction, PPI) ¢ &, %€ B 15 % >
0.4. Fi# L Cytoscape3.9.1 Xf PPI 45 B AT — IR I
ik, AR HEEENFEDR P (Degree) /1 J (Betweenness)
FNE % E (Closeness) 215 2% 008 £ .

4. K2 -G RS - B R R 2%

F 2505 595 1) SL R RE R R 250 0% 3N
Cytoscape3.9.1, 4% 2456 Ry - #E s 2% ],
BT SRR S AR p,  AGERTT S R A
HAEFRR, HRYETETE Ao 5 4 I 17 100 0 18

LS - AT BRI 1) SRR TE PR B2

5. FERIAAR I #BL DR 5 B DR 20 | B 4 e
BEST

i i DAVID K % (https://david.nciferf.gov/) i
250 -5 [ B8 p5 AT BE R A (gene ontology, GO)
B A W AN R A R 5 B R 20 B4 1 (kyoto ency-
clopedia of genes and genomes, KEGG) 1# 1% & 224317
GO & &5 i F ZAHE A=) id 72 (biological process,
BP). 4 FIjEE (molecular function, MF) A4 i 2H %
(cellular component, CC),
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Pl OB = 30%. DL = 0.18 A fifi i %% 1, 7F
TCMSP 4t FESRAF AR SE- AT 260 8087 5B
Toxt LR SSRGS E s 16 A, HA sk
107, AR 64 (R 1) o BAEERURD X ML,
ik EREEELG, HAIWAERE AL 153 4

2. B R R T EAE F I AT ik

PL “pain” R, i8Id GeneCards £4 2 |
DisGenet £ &A1 OMIM H i /22 25 1) 15 31573 #E i
F RS 1509 A~ @I Venny [ 3k 1 /F 25 W48 45 5
PR SR RE, 1SR L ERE A 75 A (I

DR
3. 255 500 R 1 AR I 4% R S 5 A% 0 BE
i e

R1 - AR RO FEAE B
Table 1 The effective components of Zhishi-Baishao drug pair
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Drug Pain

1434
(90.4% )

B RS- AR R AR R B
Fig. 1 Venn diagram of the intersection targets of Zhishi-
Baishao drug pair in the treatment of pain

¥ 75 D ILFE SN STRING B e, €
BIERE > 0.4, Bl s m1y 5, 3715 PPLIM 2% ] (I
K 2), T4 Degree N 26.7, f5 75 /N 4, 1003 4532,
Hrp i fRoRBEREER, BEUERRENZEA
HEAOERAR. ¥ PPI 45 RSN Cytoscape3.9.1,
FJH Centiscape2.2 #fiff 115 Degree. Betweenness.
Closeness i, W & Degree > 27.108. Betweenness >
49.757 Fl Closeness > 0.008, §iiik 532 17 MZ L
A (WEKD , ool al (LE 3,
BT AR O S 2Bk P BkR, R
AUTE PP M2 bk B 2. FEAEHEAA B 5 AL EE S0
TNF. IL-6. AKTI. VEGFA. TP53.

i D%y FUIRZEPIHM I BEE (%) FZik %)
Number Components OB (%) DL Drug

ZS1 Isosinensetin 51.15 0.44 Zhishi
ZS2 5,7,4'-Trimethylapigenin 39.83 0.3 Zhishi
ZS3 6-Methoxy aurapten 31.24 0.3 Zhishi
754 Neohesperidin_qt 71.17 0.27 Zhishi
7S5 Ammidin 34.55 0.22 Zhishi
7S6 Eriodyctiol (flavanone) 41.35 0.24 Zhishi
ZS7 Naringenin 59.29 0.21 Zhishi
7ZS8 Nobiletin 61.67 0.52 Zhishi
ZS9 Luteolin 36.16 0.25 Zhishi
ZS10  Tetramethoxyluteolin 43.68 0.37 Zhishi
BS1 Paconiflorgenone 87.59 0.37 Baishao
ma OISR oD s 0 e g0 e
BS3 Paeoniflorin 53.87 0.79 Baishao
BS4 Beta-sitosterol 3691 0.75 Baishao
BSS5 Kaempferol 41.88 0.24 Baishao
BS6 (+)-Catechin 54.83 0.24 Baishao
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F2 B AR Z RO A
Table 2 The core targets of Zhishi-Baishao drug pair in the treatment of pain

8 1 Target J£ {8 Degree 41 Betweenness B PE Closeness
TNF 61 277.010857 0.011765
1L-6 60 282.524311 0.011628
AKTI1 59 400.287788 0.011494
VEGFA 56 181.848562 0.010989
TP53 52 140.201447 0.010526
PTGS2 51 145.145762 0.010417
MMP9 51 186.029913 0.010417
PPARG 50 122.514970 0.010417
MAPK3 49 81.734165 0.010309
EGFR 45 80.289524 0.009901
IL-10 45 71.293354 0.009804
CREBI1 43 210.470772 0.009709
ESR1 41 71.854382 0.009434
CAT 40 99.672809 0.009434
MMP2 40 56.684491 0.009259
RELA 38 71.909438 0.009174
APP 31 117.518406 0.008696

B2 BS- AATZON BUR L R A E A AR 2%
Fig. 2 PPI network diagram of targets of Zhishi-Baishao drug pair in the treatment of pain
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Fig. 3 PPI network diagram of the core targets
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4. 2580 - By - HE R R 28 A

1 75 A2 R 3L R EE KON 250 RRR
55F N Cytoscape3.9.1, i#id CytoNCA fi £ i1 5%
2o B R B, 2] “2GW- BOr-BE R 2%
CLE 4D o B2 B3 A 93 AT ril, 116 5%
W, BERELY, EEREREN, BE6RRY
WA R, ET AR R R EEBR, 53
HERERT S BERLE, AT s KA R IR
B E 2 (luteolin). 111 ZX ) (kaempferol). Al 7 &
(naringenin). B-%% i F# (beta-sitosterol). 57 & ¥ il
(isosinensetin).

5.GO M KEGG il & H 5

i3 DAVID fEZHE FExt 75 MILFEE AR E
#EAT GO 1 KEGG i w40 ir. 43t GO w4kE7>
M85 113 4 BP (P < 0.01), 22 CC (P < 0.01),
22 MF (P <0.01), 73 A&k P AE AN ER T

4 - por-HE R
Fig. 4 Drug-component-target network diagram
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IEHCHT 10 M & HAERIEE (LK 5) , KEGG &%
STIEARE] 111 0B (P < 0.01), KHE P EM/NE]
KM, HEBUET 20 426 BHAEIEE (LB 6)
Hrp A S B SRR R R R 6 AR
TS R g2 B S IG5 B SR L, il
MR FE S AMEIFBR . ANEE . AR TS A R,
YRR E A E. MAEARYSE. dH
TR ¢, KEGG i #% - A4 TNF 15 518K |
T HEMEALEE 3- 348§ (phosphoinositide 3 kinase, PI3K)/
22 Z R - 75 Z IR S (serine-threonine kinase, Akt) {5
S, T IEESE,

6. 7T X

{1 AutoDock-Vina 34, X} Degree {4 il
3 LA RS R B L2 (luteolin) Ll 25/ (kaemp-
ferol). ¥ Z (naringenin) 1 Degree {8 HE %4 A 3 fiL
fARZCOME S5 TNF. IL-6. AKTI BEAT 97X, 45
KW, BRGS0 R4 & e < -5 keal/mol

(K3, WRGEGHERE. N rEakEReE

B 5Tl AT T s (L 7D

Positive regulation of gene expression
Response to xenobiotic stimulus
Lipopolysaccharide-mediated signaling pathway
Response to ethanol

Positive regulation of transcription from RNA polymerase Il promoter
Cellular response to cadmium ion

Response to lipopolysaccharide

Positive regulation of protein phosphorylation
Negative regulation of apoptotic process
Cellular response to lipopolysaccharide
Extracellular space

Cell surface

Extracellular region

Membrane raft

Receptor complex

Transcription factor complex

Golgi apparatus

Macromolecular complex

Integral component of plasma membrane
Enzyme binding

Identical protein binding

Cytokine activity

RNA polymerase Il transcription factor activity, ligand- activated sequence- specific DNA binding
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Protein phosphatase binding

Heme binding

Protein kinase activity

Protein binding

Zinc ion binding

5 GO EHENIFEA
Fig. 5 GO enrichment analysis bar chart
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Worgk M. BEITR WL, 1l 25 AT B Il I BH W AKT3/
WA 7L Zh 0 1 7R E %5 2 ¥ 8 H (mammalian target of
rapamycin, mTOR) 15 ‘5@ ¥, i) 2 TR o 44 i 1)
RIE, IFE AR 2 BB I Toll #5214 4 (toll-like
receptor 4, TLR4)/ %A+ «B (nuclear factor-kB, NF-kB)
T A N B BT AR B, e K R 2
PP U510, B S PT AR R AT s B I A
Al REE A -6, FULRIEL. A EE-2 (cyclooxy-
genase-2, COX-2) Fl—4 L R A EIRIEH 1,

A HE T 28 0 % J5 43 B TNF. IL-6. AKTI.
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PI3K-Akt signaling pathway - o
T cell receptor signaling pathway A °
Chagas disease - ]
Pancreatic cancer - °
IL-17 signaling pathway - ]
Non-small cell lung cancer A °

. . . -Log,, (pvalue)
Human cytomegalovirus infection -

@
HIF-1 signaling pathway - o 18
Hepatitis B - ®
Relaxin signaling pathway A { ]

Endocrine resistance -
Count

® 15
®

@ =

®
Prostate cancer{ @
o
TNF signaling pathway{ @ @
o
o

Toxoplasmosis A

Kaposi sarcoma- associated herpesvirus infection A
Hepatitis C A

Bladder cancerq @

AGE- RAGE signaling pathway in diabetic complications{ @

Pathways in cancer 1 ‘

Lipid and atherosclerosis{ @

0.0e+00  50e-12  1.0e-11  15e-11  2.0e-11
B 6 KEGG &HE/5#r ik
Fig. 6 KEGG enrichment analysis bubble diagram

R3I HFHELERE (keal/mol)
Table 3 Molecular docking binding energy (kcal/mol)

TNF 1L-6 AKT1
ARREZR Luteolin -6.9 7.2 6.8
111 221 Kaempferol -6.6 -6.5 -7
Hili ¢ & Naringenin -6.7 -6.6 -6.5

TNF 5KEEZ (Luteolin) IL-6 5AREEZE (Luteolin) AKT1 51128} (Kaempferol)

B7 s

Fig. 7 Molecular docking pattern diagram
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VEGFA. TP53 %5 17 M %0 #E 5. TNF-o F1 IL-6 A
RYER T, R EREMEARR I E AN, AR
BRIRTE S HIAHE IR, S EGh S EL 2 2,
HSIE- AT 245500 ] g d i 40| TNF-a #1 IL-6 [1)3R14
RIFERER . AKT XFRE A B, J2 PI3K/Akt
fE 5 A% 0L, PBK #B0E G 21 3,4- R
REBEULEL % A8 R 3,4,5- =R W AR L ULEE, 2k i
i AKT, 4% #1554 ¥ mTOR, mTOR | iz
T &AM, S5 7T HEmEE&RE. 2%
PR LA K i ik 9 I R o 40 SR Mk %) T 1 S R AF
FAE S B T, RS- AT 2500 T A IE
I AKT 05, LI PIBK/AKt {5 S0, #%
O R FEAE H . VEGFA B0 6 il 50 #9242 e
A P R AR KR F 32 4 -1 (vascular endothelial
growth factor receptor 1, VEGFR-1) i & & Ji§, 1M
S I N B2 A2 K R - 52 /-2 (vascular endothelial
growth factor receptor 2, VEGFR-2) HJ it F{f 4 #h£
PIVER, /NEJREECAE & 8T VEGFR-1 FHY 7 BE 5%
FRALTT BT A e B 0 &0 RS- (AT 20 g
9% VEGFR-1 BU#E VEGFR-2 A 5t — S AL .
GO & LW, Ms-[gAT x4 2ad
P U PN B S TR E eI PR E 11 G ) SN
g Z M FHME S B EE. 8 2 T aE /N i m4n
Jforh i) TLR4, #E M H0E G5 NF-xB {5 5l B 7E N
&R RIS S S, BRMAKE", X5
IR Ll 2R By ¥R T R R BEAVE A AR @ B AR T
Ui AR SE- AT 2555 AT e ] THE 2 BEN S 1E S
JE M. KEGG & %0 i s, RsE-E A 2%t
Al REJE I 6 TNF {5 58 #% . PI3K-Akt 15 5 18 2% |
Jer R I B 5 22 SR IR I R K HEAE o IR RSB A
F52 4K 1 (tumor necrosis factor receptor 1, TNFR1) j&
TNF-o (1) 1845244, W 456 J5 P 0E NF-«B (55
Mg, H5E NF-«B MBEERIL, W5 KR &E I B Y,
X IRAIE T AR S - AT 250 AT Beid i # | TNF-a
ML, BHWTSORE SN, KAEERIE .
AT 7> F ARG R EIR, RS- JATE R
FEERRAARBEZR . WA E . MR S50
AUTNF. IL-6. AKT1 HE RIS, BET
HER AT SE1E .
2R BT, ARSE-EAT 0 ] il R R R R
WMy, MR B-A SRS RSr, 1EHT TNF (5
S, PIBK-Akt {55 1@ RAEEBKE 2 A L
ff) TNF. IL-6. AKT1. VEGFA. TP53 Z5# 5 & 4% fH
JIER, R sciR sk se ft 7 2% .
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