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Exploring Mechanism of Pomegranate Peel on Non-alcoholic Steatohepatitis Based on Network
Pharmacology and Experimental Verification

SUN Yi?, HUANG Xinyu?, QU Yagin?, ZHENG Guohua®®, TIAN Xianxiang®", QIU Zhenpeng?®(Hubei University
of Chinese Medicine, a.School of Pharmacy, b.Key Laboratory of Chinese Medicine Resource and Compound Prescription,
Wuhan 430065, China)

ABSTRACT: OBJECTIVE To explore the mechanism of pomegranate peel in improving non-alcoholic steatohepatitis
(NASH) based on network pharmacology and cell experiments verification. METHODS Using the Traditional Chinese
Medicine System Pharmacology Database(TCMSP) to obtain the active components of pomegranate peel and their corresponding
targets. NASH-related disease targets were obtained from five disease databases, including the Human Gene
Database(GeneCards), etc. To screen the targets of pomegranate peel and NASH and obtain the common targets through Venn
diagrams. The protein-protein interaction network of pomegranate peel-NASH was constructed using the protein interaction
database(STRING), and the “pomegranate peel-component-target-NASH” network was established with Cytoscape 3.7.1. Gene
ontology(GO) enrichment analysis and Kyoto Encyclopedia of Genes and Genomes(KEGG) pathway analysis were performed
using Metascape software. Finally, the effect of the main active components in pomegranate peel on NASH was observed with
human hepatoma cells(HepG2). RESULTS There were 7 active ingredients in pomegranate peel, 191 target genes, 1 818
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NASH targets, and 98 intersection targets. Topological analysis showed that the core components of pomegranate peel in the
treatment of NASH were quercetin, kaempferol, and luteolin, and the core targets were protein kinase B(Aktl),
interleukin-1B(IL-1p), interleukin-6(IL-6), tumor necrosis factor(TNF). KEGG pathway analysis predicted that pomegranate peel
treatment of NASH mainly involved phosphatidylinositol-3-kinase(PI3K)/Akt, nuclear factor kappa B(NF-«B), and other
signaling pathways. The results of in vitro cell experiments showed that the expression levels of phosphorylated protein kinase
B(p-Akt™39%) 'TL-6 and other proteins were elevated in the model group compared with the control group(P<0.05). Compared
with the model group, the active ingredients of pomegranate peel could significantly reduce the expression level of p-AktTh308
and IL-6(P<0.05), as well as the mRNA expression level of IL-6 and TNF-a(P<0.05). CONCLUSION Pomegranate peel can
exert anti-NASH effects through multiple components, multiple targets, and multiple pathways. The mechanism may be related
to the active components quercetin, kaempferol, and luteolin in pomegranate peel affecting core targets such as Aktl and
regulating PI3K/Akt, NF-kB, and other signaling pathways, thereby inhibiting the expression of related inflammatory factors.

KEYWORDS: pomegranate peel; network pharmacology; non-alcoholic steatohepatitis; cell experiments; molecular mechanism
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Tab.2 Main chemical constituents of Pomegranate peel
MOL ID (a3 % BICAFR OB/% DL
MOL001002 ellagic acid BEAEm 43.06 0.43
MOLO000358 beta-sitosterol B-A i EE 3691 0.75
MOL000422 kaempferol IS} 41.88 0.24
MOL000492 (+)-catechin (H-JLAER 54.83 0.24
MOLO000006 luteolin ARBHEE 3616 0.25
MOL009274 fritillaziebinol SRULHIEE  55.05 0.34
MOL000098 quercetin Mt e % 46.43  0.28
MOL009146 punicalagin ZAHBAT 1817 0.00
MOL009272 punicalin ZARAK 1637 0.03
MOL000513 3,4,5-trihydroxybenzoic acid & T  31.69 0.04
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Fig. 2 Core targets of Pomegranate peel-NASH

The redder of the circle color, the greater of the degree value.
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Fig. 3 Pomegranate peel-active ingredient-target-disease network diagram
Sl—ellagic acid; S2—p-sitosterol; S3—kaempferol; S4—(+)-catechins; S5—luteolin; S6—fritillaziebinol; S7—quercetin; S8—gallic acid.
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Fig. 5 KEGG pathway enrichment analysis

X-—axis was the multiple of enrichment; Y—axis was the name of the
pathway. In the figure, the color of nodes from green to red indicated the
Count value (gene number) from small to large, and the node from small
to large indicated the gene number from small to large.

— AR R WA O RAE R F 1 R ik . SRR
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RG24 240 J5, p-Akt™% | pp65 LK B
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Tab. 3 Cytotoxicity of different concentrations of quercetin, kaempferol and luteolin on HepG2 cells( X s, n=3)

13 e E/ it % 14 KRR
pumol-L~! 24 h 4IIFFIE /% 48 h AIMIAFIG /% 24 h AIAEIEH/% 48 h QIEFETER/% 24 h GUEFFTER/% 48 h A1MIAFIE R/ %

X HRZH - 100+£0.69 100+4.37 100+£5.13 100+£3.42 100£2.27 100+7.53

owit] 1 97.96+1.32 94.13+4.48 97.5+1.77 93.6+8.27 89.88+2.41D 77.31+4.25
2 95.61+£5.35 92.14+8.67 88.26+2.16 87.46+3.88 88.02+2.961 75.92+1.85
4 93.2541.74D 91.33+2.94 86.23+1.41 85.03+3.55D 86.88+2.231 74.15£2.27
6 90.65+2.17 90.67+1.84 84.08+7.3 82.06+6.63D 86.18+1.95% 73.60+2.01
8 89.67+1.51 87.38+5.58 81.62+1.841 80.16+9.61" 84.48+3.931 72.1645.581
10 88.7244.12 83.07+2.25Y 80.88+1.34 79.52+9.01? 83.18+2.352 62.46+0.77Y
20 66.68+6.86" 63.45+1.08% 71.03+7.2D 71.01+0.759 60.86+0.58% 45.99+5.042
40 49.67+4.022 27.39+0.982 35.18+2.812) 27.46+0.18% 23.99+1.38% 436+0.212

e SXIRALEL, VP<0.05, 2P<0.01,
Note: Compared with the control group, "P<0.05, ¥P<0.01.

T4 TRKEREZZ. LEBMAEEZR I HepG2 4 M+ IL-6. TNF-o mRNA £k K FHEH(X+s, n=3)

Tab. 4 Effects of different concentrations of quercetin, kaempferol and luteolin on the expression levels of IL-6 and TNF-a

mRNA in HepG2 cells(x s, n=3)

oy He s/ Witz % 1125 ARFR
- pmol L™ IL-6 fHX ik TNF-o AHX ikt IL-6 tHX ikt TNF-o #HXf %Kik IL-6 MHXIREE  TNF-o MXT RS E
X HRZH 0.85+0.16 0.94+0.09 1.02+0.17 1.06+0.17 1.05+0.19 0.82+0.2
FERIZH 8.87+1.22D 6.7240.32 12.54+1.35D 9.18+0.482 4.75+0.67Y 8.09:+0.592
SRR 2.5 2.95+0.77 4.50+0.66 9.24+0.39%) 5.04£0.819 2.39+0.82 4.26+1.019
5 2.14+0.459 1.46£0.189 2.77+0.669 2.82+0.599 1.000.14% 2.38+0.289
10 1.40+0.359 0.73£0.014 1.73+0.53% 1.77+0.56% 0.55+0.119 0.73+0.019

T SXPHAEE, DP<0.05, 2P<0.01; SHEIEIA LEE, 2P<0.05, YP<0.01,
Note: Compared with the control group, "P<0.05,2P<0.01; compared with the model group, ¥P<0.05,¥P<0.01.

P E AR FH 255 2023 4R 9 5 40 B4 17 1

Chin J Mod Appl Pharm, 2023 September, Vol.40 No.17 - 2389 -



A AKT

p-Akt™308 | —— ~_]60kDa
t-Akt - o ww o | 56kDa
p-p65 o e s W —= 1 65 kDa
p65l«~----u-~—~h|65kDa
p-IxB-a [ 32 kDa
IkB-a [ 132kDa

IL-6 [ = we

TNF-o [ as ]
B-actin ” “ 43 kDa
“%, 25 5 10
& @9’ W % pmol L
B AKT
p-AktT308 | — e m— e | 60 kDa
t-Akt w— e e | 56 kDa

p-p65 [ = S Wes ws wn ] 65kDa
P65 | | 65kDa

p-TkB-o. [ S W) 32 kDa
IkB-a 32 kDa

&“% @;/% 25 5 10

S LampmolL
p-AktTh‘ws ”A s | 00 kDa
Ak [ —— ] 56 kD3
p-p65 [ | 65kDa
POS | ey oo e e s> _ 65 kDa
pi [ —— 220
IxB-a 3 kDa

-6 = = s s = 26kDa
TNF-o [ ] 24 kDa
B-actin _E""""' N | 43 kDa

@\& 25 5 10
AREBEEZ /umol L

% 6 HepG2 émﬂ’@éé\‘% VR =R d

A K425 HepG2 AMIAHOGHE RAHIK; B-ILZRMA A5
HepG2 Ui HFEHIK; C—ARBE RS Z )G HepG2 4141
KA HRIKHIK,

Fig. 6 Related protein expression electrophoresis in HepG2
cells after drug administration

A-protein expression electrophoresis of HepG2 cells after quercetin
administration; B—protein expression electrophoresis of HepG2 cells after

kaempferol administration; C—protein expression electrophoresis of
HepG2 cells after luteolin administration.
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Fig. 7 Effect of quercetin on the expression of HepG2
cell-related proteins(x £ s, n=3)

Compared with control group, "P<0.01; compared with model group,
2p<0.05, ¥P<0.01.
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Fig. 8 Effect of kaempferol on the expression of HepG2
cell-related proteins(x £ s, n=3)

Compared with control group, "P<0.01; compared with model group,
2P<0.05, ¥P<0.01.
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Fig. 9 Effect of luteolin on the expression of HepG2
cell-related proteins(x £ s, n=3)

Compared with control group, "P<0.01; compared with model group,
2P<0.05, YP<0.01.
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