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Potential mechanism of Citri Grandis Exocarpium on alcoholic liver injury based
on network pharmacology and molecular docking technology
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Abstract: Objective To investigate the potential molecular mechanisms of Citri Grandis Exocarpium in treatment of alcoholic liver
injury by network pharmacology and molecular docking. Methods The active components and component targets of Citri Grandis
Exocarpium were obtained from the TCMSP, and the gene information of disease target was obtained from GeneCards, OMIM, TTD,
and DisGenet databases. The potential targets of Citri Grandis Exocarpium in treatment of alcoholic liver injury were obtained by the
intersection of active component targets and disease targets selected by Venn diagram. The protein interaction network (PPI) was
constructed using STRING database, and Cytoscape software was used to obtain the core target network map. Finally, Metascape
database was used for gene ontology (GO) functional enrichment and Gene Encyclopedia (KEGG) analysis of the core target, and
AutoDock Tools was used to verify the molecular docking between the active ingredients and the core targets. Results 10 active
components, 98 component target genes, and 1 531 disease target genes were obtained. 67 intersection targets were obtained after the
intersection of the two genes. Five core targets including p53 (TP53), prostaglandin peroxidase 2 (PTGS2), cysteine protease 3
(CASP3), transcription factor AP-1 (JUN), and protein kinase B (AKT1) were obtained by using STRING database and Cytoscape
software. GO analysis and KEGG analysis respectively obtained 50 signal pathways such as peroxisome and 20 signal pathways such
as lipid and atherosclerosis. Conclusion Citri Grandis Exocarpium might exhibit anti-inflammatory and anti-apoptosis effects
through multiple components acting on multiple targets, thus attenuating alcoholic liver injury.

Key words: Citri Grandis Exocarpium; network pharmacology; molecular docking; alcoholic liver injury; naringenin; nobiletin

WIS BEA: 2022-11-27

BEWB: I ARENH MBI R EIHEIH (2016B020239003)

fEZEN: RZi, & AR, RN AEYRRE . E-mail: wuxiao53@mail2.sysu.edu.cn
HBIEMEE: A, B, W, BT ROy 22585 . E-mail: lipeibo@mail sysu.edu.cn


mailto:wuxiao53@mail2.sysu.edu.cn

FIBHFE2H 202342 H RS E T Y3

Drugs & Clinic

Vol. 38 No. 2 February 2023 + 301 -

RS VR B34 2 — i el T O 5 U
ZARIE R, BA NS, HK LN
Gy A R RE PEIT 98« WOREPERR DT« TRORG P A
PO B S AR i AT 2 B S AR i 1
MEEARE, KRR NS 5 32 B m 4 &
FERFIER, BEE AT AT AL, RS {5
ESHFEEN, BN R ST
Fro HMRFE —EFEHEA ARG IR 3 2os, 18
R I AL o5 FFAEAL R 99 S B L AL 1999 4R 11
10.8% -7t/ 2003 41 24%031, 5 A [E N R A LA
=O—BERBAH R OERS, PR R B
BB o % e B 0 AR B 2 3 1 B g AL 2002 4F 1)
1.7%H N %) 2013 £ 4.6%. 2002—2010 “EF [FH b
J7 Hh X AL SR AR A TR, RS
FFREAL IR R L 81.59%08% 25 66.8%, 1T P A% T4 AT
b 3% FTHE 7.7%, 10 4EE EFFT 2.3 £,
AT sk 34— 20 0 KRR P 403 4 R AT 7 DA H 22
EE BT TERA T EENE L.

2 2 SRS SRR . “hrAak
B R B, TESGE DR A, AR IED
AR, T CRERIR AR, BRI
FFHIE M, HAT, o 25 7 32 BLAR R TE
BAes HESELAM EE, 2 H T AR
AR IE T R R 2 A FER AT . RN
FHAE YA N At S5 1 R BB B T T 1 A1 2
Bz, Bk, B55%Eh2 0, EEHTE
R 2 « AR S XS L YR 7 -8, B LR A,
AR 21 B8 5 TR A VS - % A R T O R AR A
O, AR KSR R I A T N R R R R
i (ALT). REAHREILE B (AST) FHiF]IR
BE (ADH) BI7KF, ot M AR s 22 70 240
AT, RS TSR REE. Ak, SOk
I8 BT LU S VR RS 1 R 0 A O /R F O,

IR 246 245 B 2% F oy F- R R BRAR G th A= 4
5y T 45 R RN Ty e J7 TN 25900 5 9593 2 A1 1) o0 & it
1750, FETEIT B eI, ik, ShgE—2
W SN ZL B0 AE T 4505 B o T AL, A 7%
FH R 28 24 B 22 R0 oy F- X 2 07, AR AL Him ks P
B A5 T EAE FMLE AT 7, L AE TS 1 A
vl R O NA R e
1 #MR5E%E
1.1 B FER S ERIANFGHIE

EFHRGABEZHIBEBES T 6

(TCMSP, http://tcmspw.com/tcmsp.php) H#6 & LA
2L, R HIERME R ME R, ARSI O R
£ (OB) =30%. Z:Zj1% (DL) =0.18 [Mbrifk ik
HE YRR 7o
1.2 ¥ RBUBLLATERE MR IRA REE =

f£ TCMSP Hdfs e SR s P Ry IRE 1, I
SR AT 5 E . 33T Uniprot 204 & Chittp://www.,
uniprot.org/) FREUAJE (Homo sapiens) 14 M
JREERE R, SRER AR T 2590 B Ax
Y #r 5 Uniprot FREREUFEE RIARICHEAT VLG, 4 0
EULEC S S A 25, IRk L EH WP B4 RR
FRAEAL R BE A

L “alcoholic liver injury” A8, 2 HILE
GeneCards #g#% & (https://www.genecards.org/ ) «
DisGenet 4 /2 C(https://lwww.disgenet.org/)« OMIM
HedE E Chttps://omim.org/) TTD ## & Chttps://db.
idrblab.net/ttd/) HHidEAT 45 2R I 97 176 SR HU o L w2
FME R, s Ra It 55 5 RIS 2R M 40 4 1
AL A B R S R R B R AE
Venny Chttps://bicinfogp.cnb.csic.es/tools/venny/index.
htmD H3RECH & (AC 5, RIRTHIE 3R RS e AF H
BT
1.3 #WEZBHEEER (PPD M4

¥ 1.2 BUNRHUIEEAE L S 2 STRING
B PE (https:/istring-db.org) 1, ¥ B ¥4 Homo
sapiens, RIR[753] PPI %%, f)5ik$ Export H)
tsv SO AT FEOFRAF . KT A
Cytoscape HiZEAT AT HRAY 5 15 21 d5c 2% 1R W 28 ] M T
WP ARBUZ OB R
1.4 EHEKXKE (GO) EEEEMERBR 2
(KEGG) B

¥ 1.2 TR TR A4S 2100 20055 1 8 B R
AU S RSB HR 05 N Metascape Chttps:/metascape.
org/gp/ index.html#/main/stepl ) %4 &, B2 Wt N
Homo sapiens, #2732 J5#£ Enrichment Fi1fi 737 i3k
47 GO Fl KEGG 43 #r.
1.5 HEAYNEMRS - B2 - FS BB

¥ 1.3 TSI AZ O R Z900E M G A
1.4 T F {8210 KEGG & 415 S HlfE NEKFA
Cytoscape 3.7.2 1, @EATHHRITI G, 847 SHIK
/NEEARFRFE (degree) IR/, B2 REUENE 1 A%
g3 - SR - A5 SR . 1Z M2 degree {H
=R R PN S 2 0 T ER IR i 5%


http://tcmspw.com/tcmsp.php
https://www.genecards.org/
https://db/
https://bioinfogp.cnb.csic.es/tools/venny/

302 - EISHBE2H 202342 A

ARt bl

Drugs & Clinic Vol. 38 No. 2 February 2023

1.6 FRENKHE (Hub) E[H

¥ 1.3 Ti N7E STRING 52|/ XS A
Cytoscape 1, 1#i il Cytoscape 1 fJ4#i{4: cytoHubba,
e f K AE 0 F (maximal clique centrality, MCC)
THEIRIEHEA AT 10 4410 Hub JE[K, EFH+
degree fE Al 5 & 1EJiZLHE A
17 SFXIEMAR

56, £ TCMSP #48 Fg rh SR IUA 287 1 7
TEEMEFELL mol2 U R AE . #5251
S\ Autodock Tools 1.4.6 #f4 &, 1# 7 grid 2
Al How EONRCR S S HOR pdbgt SCfF. A TE
PDB (https://www.rcsb.org) Hds 4 HH iR 45 2 FE |
Macromolecule §iife B — A& HoAth A4 i . 7 B A4 1)
DAL R AN, RAFIL pdb & 00 RIEAE
pymol B Hel R AT 25K 0 1 EEARSE R
[F] I 7E Autodock Tools F N4 S H pdbqgt L.
BJa, FTEEIECAR N R Z AR R 7 — i 7
A Autodock Tools ¥ ftht, THE 1S BIFHR 45 A fe
i, AR, o ENSERBN, R
PEV RS R T TR A AR [, HE ) T-4.25
kcal/mol (1cal=4.4)) KRR EEVFRSEARLZ
A 45 A&, /N T-5.0 keal/mol I Bl i 45 &
W, /NT—7.0 keal/mol B £ 5 Z1 ) 45 3 PR,
DAL b T DA 488 45 fie v S5 45 SRk ) W 2450 6 20k
Gy SO S S AT I
2 R
2.1 BB TEIEME R 7 B F LSS

P MR TRGEARE I 18 5 15 21 10 A 27 1) 181
MERGE S, R 1.
2.2 AV THEAERETFIRESR

7 Uniprot FH7531] 20 395 4 A\ KK i K Hi 3k
RIS S, B H AT LITR A #E sS4 N Uniprot H1F
AT E, it LE G, RERE 98 ML
F 57 L AT R
2.3 WARBLLIATTIER R BT EREE S

7t GeneCards. OMIM. DisGenet fl TTD %4
PErb i3 ) 1 531 ML A, R SO B A
2R U R R I 43R 67 MEA
CLIRIT IR PERF I VB AEAE T s, L L
24 #L¥ES PPI

¥ 2.3 UTH 453 S AHE i\ STRING J& /]
PATS 215 W 2845 < 1S #3045 N Cytoscape H
HATIAL, WL 2.

25 GO B&ENIE
4 Metascape Z# 11 GO 434, 7] LA1S 3]
P {f<<0.05 [f)%& H3LH 50 4%, HrhgHMusH % (CC)

1 URBLIBARHSEARER
Table 1 Basic information on effective components of Citri
Grandis Exocarpium

MOL ID AR OB/% DL
MOL010267 LYC 3257 051
MOL013276 poncirin(FiETr) 3655 0.74

MOLO013277 isosinensetin(F###%8d)  51.15 0.44

MOLO013279 5,7,4'-trimethylapigenin 39.83 0.30
(5,7,4'- = F A S H)

MOLO001798 neohesperidin(¥if& & #) 7117 027

MOL001803 sinensetin(fH 5 ¥ ) 50.56 0.45

MOLO000358 beta-sitosterol(B-7 #8%) 3691  0.75

MOL004328 naringenin(# & %) 5929 0.21

MOL005828 nobiletin(J11[4 i %) 61.67 0.52

MOLO005849  didymin(Z X 451F) 3855 0.24
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Fig. 1 Crossplot of drug targets and disease targets
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Table 2 Binding energy of core targets and active components

DR R E LR 4E4 B8/ (keal mol 1)

JUN nobiletin -5.67
beta-sitosterol -7.51

PTGS2 naringenin -5.74
isosinensetin -2.79
5,7,4'-trimethylapigenin -5.94
neohesperidin -1.85
beta-sitosterol -6.45

nobiletin -3.08

didymin -3.83

AKT1 naringenin -5.41
TP53 naringenin -5.31
CASP3 naringenin -5.66
6 SIRESTHY Hub EEE beta-sitosterol -7.57

Fig. 6 Hub gene map in intersection targets
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Fig. 7 Visual analysis charts of molecular docking results



« 306 * EISHBE2H 202342 A

ARt bl

Drugs & Clinic Vol. 38 No. 2 February 2023

MERYS PTGS2 MHEAEH: MRS TP53 1)
PHE328. PHE339. GLU349 #IE L 4 NAHE,
5 PTGS2 1) GLN327. GLY45. HIS39 W3tk
e 4 ME4E, 5 CASP3 5 11 ASN208. ASP211,
GLU248.GLU246 55h& AL TP pl 6 M2, 5 AKTL
A ALAS0. GLN43 BRILILIE AL 2 MEE; &
FLAF SRR B e 4305 PTGS2 &)
ASP453 il ARG456 7%t PHEL107 %L . LYS83 7%
SR A, A, B 7 TS R, (kA S
AR Y U SR BEAAE 1~3, BRI R S
AP R S B PE SO, S G AR R .
3 g

AHIE FUAR I P 28 24 2 5 03 1 0RO, P
T AL YT RS PR 400 v A AL . did
FJEE PPI 2% . GO 5 KEGG 43 #7, i H! T degree
HER B ZYIE R LA 5 MO R, 50 %%
GO IIfE4 H, 20 % KEGG 4@

CEIETE RS - BT - BT L RN,
R E R B-A S, SRS ELIRTT
TR PR R0 0 15008 B M oy Wl B —Fh A
Pradb PLerdieth. PR AU ISR, &
BUE L W AN SO RN FEALAE K R T-p/
1 40 ff 441 Rl 1--3 (TGF-p/Smad3) 1 c-Jun S 3k K
Ut (INKD /Smad3 I8 % & #EHT£F 41/ 04,
REf8 B AR 2 Pl 22 ot 51 kS ) R A 8 3ok,
SE 6 3 B bh 2 2% AR R AR R TR BT IR T RS 14 AR
P97 % 214, Chen SRS B F I, -4 ES W]
I 37 PR SR A R R, IR LA
W e s CA S S A B e P, oD 2 I H IRV
¥, RARIRE B R RSN N R 2 R
PSSR EES 8 T2 WY, AR, KR
s MR A 5 1 () PR A e Hp ) S RE AR, RS2
11 F B I A M e R Bl AR 2 B R SV, AR E
JHEmfaiE, BA ORIE R,

Cytoscape fii& ) Hub JE[K 45 R oR, TP53.
PTGS2. CASP3. AKT1. JUN AALMELAE FH (A% O
B 55 . Hussain S0 B 732 01, bl R0 Bl 2 8 s
28 5| F A 4E g 5 TP53 HIRAS A K. PTGS2 /&
PTGS EHAMH—Fr, SHIFIIREED G A K.
BWRRE, NRENEREZ G, RS T RERFK
Kupffer i sH A A A (COX) -1 &, FEiETgn
M7 WEERFE R HT15F COX-2 Rk, T
TPORE 1 FF 495 () R A2 18), AR 4 Fh A 7 22 RS B

ik COX-2 1Rk, R n] BLYE/> COX-2 XA )
F 5119, CASP3 7E4H M IH 1 LA K AR 00 R 35
AFEARRIE R, W], Y Caspase-3 15
SR, 9> CASP3 HFIA BRI AR T, Xt
JHEF e A — € BT ROR Y, AKTL J& T
AKT KRR, Z 540, T, FxiiEs
FhAEHS 2. Reyes-Gordillo %5220 i i b AN R 2%
B AKT il A2k R 5 0 b B E TR, AKTL
BE S AT SDIRGH M (HSC) A1 Kupffer 4 fif
RAEH T4, R H] HSC 4 i it 35 58 L
R it EREETEDR T EEEHE. a8
JunB. c-Jun SERRAE NI JUN XI5 5 IR 1)
PR IR R, AR, c-dun ERIE S
T IR DL B g ) R A AR (23-240,

KEGG & 70 M Ja 13 2 s Bk 45 R 2o, A
2L FEEIT lipid and atherosclerosis 453 i & £ 1E
o BB K ok A A 3 2% 98 & NOD #5244
(NOD-like receptor) {551 B R I T L 3-Tki/
H G B (PIBK/AKD {5 5@ #, A& RIA IL-
1B WHIER A, IL-1B B b 2 VS PR 403 1 1) S 2
FHIERS), Zeng SFROIK)S2ae 45 FR W], PIBK/AkKt i
HMBES CEE R MIEL G X, H
PISK/AKt |77 AT e B AT VR TT £ 1% 35 3 i 107 JH 1
8770 ARTPORG PENR D7 P2 v 1) NF-«B I8 2% v] K34
HH 5 P A LR AR D e DG IL-61271, DA
HeRFRTF Al RS . Bb4h, #R#E Metascape ¥
KEGG 73T i, A4 B0k - S A0 il s v K Ak
VIBGAR S AV OS2 44 v (PPARD {558 . AW
T, 0 PPAR 5 Fmob 31k il #E NF-«B
5T IEER, NI 3 18 B R A4 A FH DA P A
PEF 45431281, B KEGG AT 25 S mT L, fuidsiia
SRS YR 5 2 2015 5l A K.

gR BTk, WABLLIR T RS P T e S H
LT NOD-like receptor. PI3K/Akt, NF-kB %
T T R ) 5 PR SR A SR I SORE [T T
AR AT R

FAENR AEZEHFRAREGEAZFR
EE B
[1] RWels, ZEhR. o267 MRS v IR 4 0 2R3 ALl

AR 0] IR 5@ Bt st T A &, 2021,

5(8): 135-138.

[2] Rocco A, Compare D, Angrisani D, et al. Alcoholic
disease: Liver and beyond [J]. World J Gastroenterol,



FIBHFE2H 202342 H RS E T Y3

Drugs & Clinic

Vol. 38 No. 2 February 2023 » 307 -

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

2014, 20(40): 14652-14659.

W, BRI AR R R AT R S BOIR
[9]. AFiE+:, 2017, 79(6): 24-26.

IR, XUSLET. RS P IR AT 9 5 B R LA AT
FUHtRE [J]. "PHEAR SRR E BT, 2016,
6(2): 62-65.

409, SRR, PRI, S5 (B APPSR D
filf s [J]. "h&izh, 2021, 52(14): 4119-4129.

i, AW, A GYZIRRLE G B YoRk
MR e R 5T [J]. BRIPSALEE, 2018, 290(8): 53-58.
XN, BE. WARLA BUL > i B H BT [J].
& 5mE, 2021, 34(2): 8-10.

XIR, ENELE, M, 55, G EER M 7> UPLC
5 HPLC 4R gU K A AT 5T [J]. &2, 2013,
44(9): 1195-1198.

R, EBR, KT, . ALK T 15
S SPER B R E AT [3. b B SEBRTT AEARA,
2022, 28(19): 42-48.

B RGE, MR, D, 5. RS RS P
A0 KB A P40 PR s e 9], N BE 2 R
224, 2011, 28(4): 396-398.

XgE, VT, B, 5. BT 42 B AN 0
PRV & R RO O IALE [0 BUREm S
I R, 2022, 37(3): 483-492.

Hernandez-aquino E, Muriel P. Beneficial effects of
naringenin in liver diseases: Molecular mechanisms [J].
World J Gastroenterol, 2018, 24(16): 1679-1707.

Yang J, Wang X Y, Xue J, et al. Protective effect of
apigenin on mouse acute liver injury induced by
acetaminophen is associated with increment of hepatic
glutathione reductase activity [J]. Food Funct, 2013, 4(6):
939-943.

M, X SCHA. Al B R R T AR R A e B L2 Rk
TR [ E B SR ER 244, 2015, 37(2): 208-214.
Chen Z, Wu A, Jin H, et al. B-sitosterol attenuates liver
injury in a rat model of chronic alcohol intake [J]. Arch
Pharm Res, 2020, 43(11): 1197-1206.

Babenko N A, Shakhova E G. Effects of flavonoids on
sphingolipid turnover in the toxin-damaged liver and liver
cells [J]. Lipids Health Dis, 2008, 7: 1.

Hussain S P, Schwank J, Staib F, et al. TP53 mutations and
hepatocellular carcinoma: Insights into the etiology and

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

pathogenesis of liver cancer [J]. Oncogene, 2007, 26(15):
2166-2176.

Meng X, Tang G Y, Zhao C N, et al. Hepatoprotective
effects of Hovenia dulcis seeds against alcoholic liver
injury and related mechanisms investigated via network
pharmacology [J]. World J Gastroenterol, 2020, 26(24):
3432-3446.

Ali R, Shahid A, Ali N, et al. Amelioration of benzo [a]
pyrene-induced oxidative stress and pulmonary toxicity by
naringenin in wistar rats: A plausible role of COX-2 and
NF-kB [J]. Hum Exp Toxicol, 2017, 36(4): 349-364.

Lei Q, Huang X, Zheng L, et al. Biosensors for caspase-3:
From chemical methodologies to biomedical applications
[J]. Talanta, 2022, 240: 123198.

Wang R, Song F, Li S, et al. Salvianolic acid a attenuates
CCl4-induced liver fibrosis by regulating the PI3K/AKT/
mMTOR, Bcl-2/Bax and caspase-3/cleaved caspase-3 signaling
pathways [J]. Drug Des Devel Ther, 2019, 13: 1889-1900.
Reyes-Gordillo K, Shah R, Arellanes-Robledo J, et al.
Aktl and Akt2 isoforms play distinct roles in regulating
the development of inflammation and fibrosis associated
with alcoholic liver diseas [J]. Cells, 2019, 8(11): 1337.
F2E, wkEn, W, . HRET JunB 7EHE 40
HERIL . e RS FAE IR [3]. A5 014
B4k, 2010, 26(1): 5-8.

gk, mA, FLRE, 5. c-dun & ETE 4 e b
R IE I [ RSN RFFRFE T2 A,
2015, 4(4): 250-253.

Petrasek J, Bala S, Csak T, et al. IL-1 receptor antagonist
ameliorates inflammasome-dependent alcoholic steatohepatitis
in mice [J]. J Clin Invest, 2012, 122(10): 3476-34809.
Zeng T, Zhang C L, Song F Y, et al. PI3K/Akt pathway
activation was involved in acute ethanol-induced fatty
liver in mice [J]. Toxicology, 2012, 296(1-3): 56-66.
Schmidt-Arras D, Rose-John S. IL-6 pathway in the liver:
From physiopathology to therapy [J]. J Hepatol, 2016,
64(6): 1403-1415.

Kong L, Chen J, Ji X, et al. Alcoholic fatty liver disease
inhibited the co-expression of Fmo5 and PPARalpha to
activate the NF-kappaB signaling pathway, thereby
reducing liver injury via inducing gut microbiota
disturbance [J]. J Exp Clin Cancer Res, 2021. 40(1): 18.

[Fitmit &iR]



