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Mechanism of Citri Grandis Exocarpium in the treatment of hyperlipidemia
based on network pharmacology and experimental validation
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Abstract: This study aims to explore the mechanism of Citri Grandis Exocarpium (CGE) in the treatment of hyperlipidemia
based on network pharmacology and experimental verification. The active components and potential targets of CGE in the treat-
ment of hyperlipidemia were screened through databases such as TCMSP and STRING. The core targets were analyzed through
GO functional annotation and KEGG pathway enrichment. The protein-protein interaction network was constructed using the
STRING database. Molecular docking technology was used to simulate the binding ability between the active compounds of
CGE and the key target proteins. Furthermore ,an oleic acid-induced HepG2 cell model was established,and Oil Red O stai-
ning, triglyceride (TG) and total cholesterol (TC) assays,as well as Western blot analysis were used to verify the lipid-low-
ering effect of CGE. After screening and analysis,20 potential targets of CGE were obtained. The core active compounds in-

cluded naringenin, isosinensetin,and apigenin. The key targets related to the treatment of hyperlipidemia mainly included cys-
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teine-aspartic acid protease 3 ( CASP3 ), serine/threonine kinase 1 ( AKT1), and prostaglandin-endoperoxide synthase 2

(PTGS2). GO enrichment analysis indicated that the potential targets of CGE were mainly involved in biological processes

such as apoptosis, response to lipopolysaccharide ,and protein phosphorylation. KEGG pathway enrichment suggested that CGE

was closely related to metabolic pathways and the phosphoinositide 3-kinase/protein kinase B ( PI3K/AKT) signaling path-

way. Molecular docking results showed that the core components exhibited favorable binding activities with the key targets, a-

mong which naringenin with CASP3 (-6.5 kcal/mol) and apigenin with AKT1 (-6. 15 kcal/mol) showed the best binding

energies. In vitro experiments showed that 0. 2 mmol/L oleic acid successfully induced lipid accumulation in HepG2 cells,

while CGE treatment reduced intracellular lipid droplets in a dose-dependent manner, significantly decreasing the Oil Red O
positive area from 39.89% to 19.4% -23.92% , and markedly lowering TG and TC levels. In addition, CGE inhibited lipid
synthesis by suppressing the PI3K/AKT signaling pathway. This study reveals that CGE alleviates lipid accumulation in

HepG2 cells by regulating lipid metabolism-related signaling pathways , which provides a theoretical basis for further investiga-

tion of its lipid-lowering mechanism.
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MBI, BT 37 C.5% CO, MXFFH 1 3% 24
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FRAEEAR LR FE 24 h I HINMAL O KIR AR G 0 0
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e,
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M, 355% 24 h AT AR BE . X RRZE A DMEM
KRk, A A B B i R B R 3 s BRI AL LA
TR RS TR LK 5% AICAR S AMPK #4357, IF DLtk
YR BAMEXS IR J5 B ATICAR 4H . AICAR ZH7EIMER K
FEHELRE A 1 mmol/L AICAR 238, 245254 4y
FIIMAE B B9 CGE 1535 24 h, B &
1% PMSF (1) RIPA 24, ToK -2 40 10 min,
T4 °C 12 000 x g 5.0 10 min, Y L3 , B4
B VW, MK s bk Y i B 1 v TR
SR UK RIS B R E P U E b B,

R Tmage] B1E5MHT FIAR R (1400 B0 R JBE (4, 4B
T R AR e 1K
1.4.8 it o7k

AHFFE BB HT IR ] GraphPad Prism 8 %k
TESE, BORLS LI « ARIE (v +5) R,
AN Wi R 22 R« K5, P <0.05 £RER
HAG 4B X,
2 BERENH
2.1 MRZGIE=
2.1.1 CGE #97& Mo

FIFH TCMSP B , 575 28 tH A5 B b (Vs 0%
PERUSY , JE45 &4 X SCHRIRGE , B0 T 4% B 2 BT
AR ISR i DA T 5 R T M A, 3RS 25 A4
WA ()

&1 CCEBEFUERDELRER
Table 1  Basic information on potential active components of Citri Grandis Exocarpium
A o 5 "
gt ot el 10 Componen mane B S L

HJH1 MOLO005812 Ml 2 4 Naringin 6.92 0.78
HJH2 MOL000010 FAMTF Rhoifolin 6.68 0.77
HJH3 MOL004328 1 2 % Naringenin 59.29 0.21
HJH4 MOL013279 =W R E 5,7 ,4-Trimethylapigenin 39.83 0.30
HJHS MOLO00008 F3E#E Apigenin 23.06 0.21
HJH6 MOLO009088 BB B 1T Neoeriocitrin 3.93 0.73
HJH7 MOL003621 ¥ iz N /K A4 Merancin hydrate 43.61 0.17
HIHS MO1013382 e H PSR Meranzin 26.03 0.17
HJH9 MOLO013331 518 B2 Mg IsoMeranzin 42.78 0.15
HJH10 MOLO013277 SRS HET Tsosinensetin 51.15 0.44
HJH11 MOLO001942 %L&’Kﬁﬁ%? Isiripemtorin 45.46 0.23
HJH13 MOLO001945 hF17 P EE Bergapten 42.21 0.13
HJH14 MOL010267 FMiZL 2 Tangeretin 32.57 0.51
HJH15 MOL001798 BB 23 Neohesperidin_qt 71.17 0.27
HJH16 MOL007930 ¥ Kz Hesperidin 13.33 0.67
HJH17 MOLO013276 M4+ Poncirin 36.55 0.74
HJHI18 MOL005785 WM A 5% Bergaptol 24.22 0.12
HJH19 MOL002341 ¥ 2 3 Hesperetin 70.31 0.27
HJH20 MOLO05814 T iz % Tangeretin 21.37 0.42
HJH21 MOL005828 JI BBz 3 Nobiletin 61.67 0.52
HJH22 MOL012682 FHE#E 5,7-Dihydroxycoumarin 56.93 0.07
HJH23 MOLO001803 RS B Sinensetin 50.55 0.44
HJH24 MOL000358 B-43 i Beta-Sitosterol 36.91 0.75
HJH25 MOLO05849 FXHW Didymin 38.55 0.24

T =7 AR B AR % N A

Note:"/" indicates that the content was not obtained from the database.
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Fig. 3 GO functional enrichment analysis of core targets of CGE against hyperlipidemia
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Fig. 4 Sankey bubble plot of enrichment analysis for potential targets of CGE against hyperlipidemia
T R A MBI 1 S ARERIRY TR AR TE 5 mUAUSR KEGG T R FE i Sl BK Z AT A A JB SR . Note: In the Sankey dia-
gram , the rectangular nodes on the left represent the therapeutic targets ; The rectangular nodes on the right represent the KEGG pathways; The lines

indicate the subordinate relationship between the targets and the pathways.
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ES5 COEEMMA-ER-FSERNEE
Fig. 5 Active ingredient of Citri Grandis Exocarpium-target-signaling pathway network diagram
T TR AR EDERR COE WG MY ; £k (VT 22718 18 HTHE AL 5 3 60 DU30 I JE 2R/ 0 Mk 03 S 44 38T 80 i IR 5 P D 2 1 5 538
s B PR R R AT S Z B BAE S R ISR . Note: The pink ellipses represent the active components of CGE ; The green rectangles represent
the targets; The yellow quadrilaterals represent the signaling pathways involved in the therapeutic effects of active components against hyperlipidemia;

The connecting lines indicate the interactions and their strengths among the nodes.

K2 COEEMMSEXRBRAS FHENEGRREBEIERKE

Table 2 Binding energies and interacting residues for molecular docking between CGE active components and key targets

[EZI LY PG 256 LAk
Core target Active component Binding energy (kcal/mol) Binding residues
CASP3 fh iz % Naringenin -6.50 Met39 \Tyr274 \Leu278 \Leu33
ZHEFFHEE 5,7,4 - Trimethylapigenin -5.42 Lys268
AKT1 TR & Apigenin -6.15 Asn53  Lys268
EHRERES ,7,4’-Trimethylapigenin 5.99 Arg241

JFAER - AKT1

= HHEFTE - CAPS3
5,7,4'-Trimethylapigenin - CASP3

28:[#] 6(Continued Fig.6)
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6 CGE BN EXBEAS FXHEERTRN

Fig. 6  Visualization of molecular docking interactions between CGE active components and key targets
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N Fig. 8 Effect of different concentrations of oleic acid on

the viability of HepG2 cells(; +s,n=5)

B 7 CGE 3t HepG2 ARETE SIBIRMA (x £5,n =6)
Fig.7 Effect of CGE on the viability of
HepG2 cells (; +s,n=6)

TE:OA FoRINAR ; SXH R4S, * P<0.05," " P<0.01," " P
<0.001, F [, Note: OA stands for oleic acid; Compared with the
control group, * P <0.05, " * P<0.01,* * * P <0.001,the same below.
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Fig. 11  Effects of CGE on protein expression in oleic acid-induced steatotic HepG2 cells(x +5,n=3)
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