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Abstract: Citrus reticulata pulp is a primary agricultural byproduct of citrus processing. Although it can be processed into foods such as
canned products and beverages, its sour taste and low market acceptance lead to poor resource utilization and significant waste. Recent studies
revealed that its abundant polymethoxyflavones (PMFs) possess significant potential in the prevention and treatment of lung cancer. To
systematically analyze the active components and potential molecular mechanisms of Citrus reticulata pulp against lung cancer, this study
employed UPLC-Q-TOF/MS/MS technology to identify its chemical constituents. Combined with network pharmacology, a
"component-target-disease” network was constructed. Furthermore, molecular docking was utilized to verify the binding affinity between core
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components and key targets, followed by core target screening and GO/KEGG enrichment analyses. Specifically, Cytoscape software was
applied to build a "C. reticulata 'Chachi' pulp - active component - target" network. The Protein-Protein Interaction (PPI) network was
constructed via the STRING database to screen core targets, which were subsequently subjected to Gene Ontology (GO) functional analysis and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis using the Metascape database. The results demonstrated that
124 chemical constituents were identified from Citrus reticulata pulp, yielding 18 core active components and 422 component-related targets.
The intersection with lung cancer-related targets generated 210 common targets, among which 15 core targets, including AKT1, EGFR, and
BCL2, were identified. Molecular docking results indicated strong binding affinities between the core components and the key targets. GO
enrichment analysis revealed that these targets were primarily involved in biological processes such as protein phosphorylation and the
regulation of cell proliferation and apoptosis. KEGG analysis showed significant enrichment in 1L-17, NF-«B, cell cycle, PPAR, and other
cancer-related signaling pathways, suggesting a synergistic regulation of lung cancer cell proliferation, apoptosis, invasion, and inflammation
through a multi-target and multi-pathway mechanism. This study systematically clarified the core active ingredients and potential mechanisms of
Citrus reticulata pulp against lung cancer, which not only provides theoretical support for the resource utilization of Citrus reticulata pulp and
related research on lung cancer prevention and treatment, but also lays a scientific foundation for the in-depth exploration and development of its
application value.
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Tablel The components of the ethanol extract of Citrus reticulata peel

%5 A R4 EXL 2 FX KRG RE/min RARI(miZ) #EEmDa BFEAR
1 HFHENBEEE 5-O-demethylnobiletin CaoH200s 22.76 389.12 1.00 [M+H]*
2 P58 sitosterol CyHs0 33.45 397.38 1.00  [M+H,O+H]"
3 BRE hesperetin Ci6H1406 14.23 303.09 1.00 [M+H]*
4 |ek-3- LEF indole-3-acetaldehyde CioHgNO 19.93 160.08 0.99 [M+H]*
5 AR FE naringenin Ci5H1205 13.34 273.08 1.00 [M+H]*
6 L ARy kaempferol CisH1006 16.39 287.05 0.99 [M+H]*
7 -5 a-boswellic acid CaoHa503 30.73 479.35 0.99 [M+Na]*
8 FHE isosakuranetin Ci6H1405 16.56 287.09 1.00 [M+H]*
9 34578 AFALER isosinensetin CaH207 19.95 373.13 0.99 [M+H]*
10 AR isosakuranetin-7-O-neohesperidoside  CygHz4014 15.96 595.20 0.99 [M+H]*
11 BERAETF acteoside CaoHz6015 15.39 647.19 1.00 [M+Na]*
12 A8 A B norambreinolide Ci6H2602 29.22 273.18 0.99 [M+Na]*
13 R AL tetramethylscutellarein CioH1806 21,57 365.10 0.99 [M+Na]"
14 N R & nobiletin Ca1H20g 23.44 403.14 0.99 [M+H]*

5-#24-2°4°,7,8-79 T A, 5-hydroxy-2',4',7,8- .
15 Ci9H1507 21.45 359.11 1.00 [M+H]
ES 3 tetramethoxyflavone
16 4°,5,7,8- W F E8JL & 6-demethoxytangeretin C19H1506 21.03 365.10 0.99 [M+Na]*
17 MG pongirin CagHas0m4 16.56 617.19 1.00 [M+Na]*
18 3-EFNHEEE 3-demethylnobiletin CaoH200s 22.76 411.10 1.00 [M+Na]"*
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Fig.1 The Venn diagram showing the intersection of the action targets of the active components in the Citrus reticulata
peel and the action targets related to lung cancer
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Fig.2 The active components in the Citrus reticulata peel-anti-lung cancer targets-lung cancer target network diagram
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Fig.3 Network diagram of PPI interactions and core target screening for the anti-lung cancer effect of Citrus reticulata peel
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Fig.4 Biological Process Analysis (BP) of the Target Mechanisms of Citrus reticulata peel on Lung Cancer
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Fig.5 Cell Components Analysis (CC) of the Target Points of Citrus reticulata peel on Lung Cancer
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226 XALEMWRSLE KRS T AR

KT T IETAAI R (4o P SR PRI A T 977 5 R0 o 3 O > 2 D 8% B o B A S PRI B i e 2
HFAH EAE R (PPD 2% B, il i b 22 e e 845 3 N mnde 4 FEAZ Ois P R 435 49731l 6-Demethoxytangeretin.
Isosinensetin. 5-Hydroxy-2',4',7,8-tetramethoxyflavone, [F]i%5 5 i AKT1. BCL2. EGFR. ESR1 It 4 MiiERhiA
KA P IOIRAZ O 5 R S 25 B E, AR A AutoDock B AFxS Bk 3 Rl CovE
55 4 SRR RO LR R AT 3 SHEERIE o« ARG RHE A f R VOIS B R S S Re BRI SR 2 s
BIATIAREY, 24E e AhE<S5 keal mol™ It, BLiASS20R0] F R4 AL RRUE AW, AR,
TG AR R MIOAERRRE . SER 2 T TEEEE K& A B G R EI T R (B 8) wTAl,
5-Hydroxy-2',4',7,8-tetramethoxyflavone 5 ESR1 & [ {145 & AER A, A-7.3 keal mol™, #7~ ESRL 1% 8 il />
RAER VR E R B 45 &85 . FIF, EGFR B £ 5  6-Demethoxytangeretin . Isosinensetin /%
5-Hydroxy-2',4',7,8-tetramethoxyflavone )L FR LS AiETE, R LB CVEYERSC vt 5 EGFR #E i AH
HAEH, S5 SRR .

=2 PTFXIELEEH
Table 2 Molecular docking binding energy

¥ &5 44  PDBID et #5445/ (keal mol ™)
6-Demethoxytangeretin -6
ATK1 1UNQ Isosinensetin -6
5-Hydroxy-2'4',7,8-tetramethoxyflavone -5.9
6-Demethoxytangeretin -5.6
BCL2 4L XD Isosinensetin -7.1
5-Hydroxy-2'4',7,8-tetramethoxyflavone 7.1
6-Demethoxytangeretin -7.1
EGFR 3POY Isosinensetin -7.2
5-Hydroxy-2'4',7,8-tetramethoxyflavone -7.2
6-Demethoxytangeretin -7.2
ESR1 1L21 Isosinensetin -6.7
5-Hydroxy-2',4',7,8-tetramethoxyflavone -7.3

ESENE (keal'mor™)
r -5.500

LSRI

EGFR

BCL2

ATKI

-7.500

T
6-d. hoxytangeretin Isosi i 5-Hydroxy-2',4",7,8-Tetramethoxyflavone

8 BREZHHRAMZLR ST SRR 5 FIHEE S RERE
Fig.8 Heat map of binding energy between core components and core target molecules of Citrus reticulata peel
T LRSS SR A R, AW BIRIE A A RE<-72 kealmol™ (1) 4 AURBE A, B
Isosinensetin-EGFR . 5-Hydroxy-2',4',7,8-tetramethoxyflavone-EGFR .  6-Demethoxytangeretin-ESR1 Az 5-Hydroxy-

2'4' 7 8-tetramethoxyflavone-ESR1, JF£FJ& PyMOL "] AL &5 e 504, B> T45 SRS E L. X
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ZERLEW, Isosinensetin )22 H AL BB AT 2N EGFR ] ATP Z54 1148 (45468 9-7.2 keal *mol™)

(F 9a). Z45H T LYS-42 BT A K 3.3 A WA, 715 TYR-OL FRAEE K 3.0A A, £ A
VER R HFasE (8 -B445H . 5-Hydroxy-2'4',7 8-tetramethoxyflavone 5 EGFR 1454 g falkE J9-7.2 keal-mol ™. 1%
AR5 EGFR JEPE D48 ) LYS-42 FRILTE K 3.3 A &, 5 TYR-91 FRILTE MK 3.1 A s,
55 GLY-42 FRILFE K 2.6 A EEE (K 9b). LYS-42 5RIEE4R EGFR EBEX, &/'F ATP BERILHLE & 4k
¥ EGFR JBEHE R S<8807 S. W& 9¢ Fion, 6-Demethoxytangeretin Al FS#ERR A ESRL FifkZE & 048 (454 HE
-7.2 kcalmol™), FILHESRI > TLEGEM . Hr T4 5 ESRL SCHIfEkIt ARG-363 M4 A,
RN 25 A fil 22 A. 5-Hydroxy-2',4' 7 8-tetramethoxyflavone 5 ESR1 & &9 B A AR K45 & fig

(-7.3 keal'mol™), PRI s i SR IZE MRS e M. TI&] 9d i, AL & S0 5 A A TE ST T A4 52 1
HAY, 5 ARG-363 FRIL A, KN 2.4 AR2.1 A, SRR D R ELA 5 2R I 45 ARl
71, 7% 5 VAL368. PRO365. ALA318 LTI n-fi kb /K AHEAR, 24 GG e et S mka
e, A 5-Hydroxy-2',4',7,8-tetramethoxyflavone 5 ESR1 [ S EAH HAF R 6L 7360, %45 R 5SIA R EEE—
B, BN HE S BRI R UM ENE M T R ESRL DhBEM), KT ESRL 15 5 B 7E &3 e 1
R ] RAFARIEVE RS, 124k S a0 i e A 4% ESRL MK, ARG MR R . R R VEFENLEIY
RETSIGIOUE, HAH} FEE RN G ST MR B A SR AT VA It IR AN LRI 78 S AR £ i, 388t 1748
STFHRAEFERIE S,

ARG-363

B9 53F X% PyMOL AT S A IEL
Fig.9 PyMOL molecular docking visualization analysis diagram
7E: (a) Isosinensetin-EGFR; (b ) 5-Hydroxy-2'4'7,8-Tetramethoxyflavone-EGFR; (¢ ) 6-Demethoxytangeretin-ESR1; (d )
5-Hydroxy-2',4',7,8-Tetramethoxyflavone-ESR1.

11



MK EEBHE Modern Food Science and Technology 2027, Vol.43, No.6

3 g

AWK UPLC-Q-TOF-MS/MS Hi AR 456 N2 238 2 R0 3§ XTI 5425, oh R BAH SR PRI B i it P v P g
a3 BILTELE AT T R T W 7R A SR P e th DL 22 ARSI N - 18 DR BNE Ry, H
o 6-Demethoxytangeretin  ( 4'57,8- Py H % X ¥ B ) . Isosinensetin ( F & & FK O M
5-Hydroxy-2',4',7,8-Tetramethoxyflavone (5-¥23-2",4",7,8- U H 42 JE T ) R VA i 17 « PP 28 43T i
DR ALHE AKT1. EGFR. BCL2. HSP90AAL. SRC %5 154, Mt AKTL AFA% LA . KEGG il & 44t
PR, HUTEREEET IL-17 F510%. NF«B (55188 40H0E Y. PPAR (55 @S A fEAHOGEES . 207X
et DIAIE T IR O o 5O S 45 A 7, b 5-Hydroxy-2',4',7,8-tetramethoxyflavone 5 ESR1 fE7w
HEBRAEA ) (S547AE-7.3 keal mol™), Al # it ZUHAIH /K /E A4 & T ESRL i) ATP 4541148, M7
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