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Abstract

Objective: To explore the potential mechanism of Pericarpium Citri Reticulatae (Chenpi) in the
treatment of colorectal cancer by integrating the GEO database, network pharmacology and mo-
lecular docking technology. Methods: The active components of Chenpi were screened via the HERB
database platform. Targets were predicted for the active components using SwissTargetPredic-
tion. Colorectal cancer-related disease targets were retrieved from the Gene Cards, OMIM, TTD,
CTD and GEO databases. The protein-protein interaction network was constructed, and core ac-
tive components and key targets were screened using Cytoscape 3.10.4 and the STRING database.
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment
analyses were conducted using R-4.5.2. Molecular docking validation was performed on the CADD
molecular docking platform. Results: A total of 60 active components of Chenpi, 924 correspond-
ing targets, 4356 colorectal cancer targets and 145 differential overlapping targets were obtained.
Fifty-seven core active components were identified, including naringenin, (2R)-flavanone and hes-
peretin. Ten key genes were determined as critical targets, including proto-oncogene tyrosine-
protein kinase (SRC), protein kinase B (PKB) a (AKT1), signal transducer and activator of transcrip-
tion 3 (STAT3), and mitogen-activated protein kinase 1 (ERK2) (MAPK1). Enrichment analysis showed
that these targets were significantly enriched in the phosphatidylinositol 3-kinase-protein kinase
B (PI3K-AKkt), hypoxia-inducible factor-1 (HIF-1) and mitogen-activated protein kinase (MAPK)
signaling pathways. Conclusion: This study shows that Chenpi plays a potential role in the treat-
ment of colorectal cancer through the synergistic mechanism of “multi-component, multi-target
and multi-pathway”, and provides a reference for its further experimental verification and clinical
application.
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Table 1. Information on main active ingredients of Pericarpium Citri Reticulatae

= 1. BGREEMEEMNER

(AL B WEMH = a2 a9
Vitamin ¢ HBIN048047 P-cymen-8-ol HBIN039004
6-hepten-1-ol HBINO012375 (r)-p-menth-1-en-4-ol HBIN042501
Hmf HBIN029444 Terpinen-4-ol HBIN045972
P-coumaric acid HBIN038995 Alpha-terpineol HBINO015704
Flavonol HBIN026565 (1)-alpha-terpineol HBIN032583
Benzyl alcohol HBINO017844 Terpineol HBIN045976
Naringenin HBIN036366 [(3r)-3,7-dimethyloct-6-enyl] butanoate HBIN009500
(2r)-flavanone HBIN006545 (2s)-2-ethoxypentane HBIN006593
2-(2-butynyl)-cyclohexanone HBINO003688 3-decyn-2-ol HBINO008418
Perillaldehyde HBIN039229 Oya HBIN038534
Beta-terpineol HBINO18338 Dodec-2-enal HBIN024363
Isoprenol HBIN031051 Decanal HBIN022899
Alpha-sinensal HBINO015673 Undecanal HBIN047528
Citral HBIN020976 Antak HBIN016265

Neral HBIN036780 Octanol HBINO037796
Geraniol HBIN027528 Dep HBIN023404

Neryl acetate HBIN036819 Eufin HBIN026061
(r)-linalool HBIN033265 Dimethyl anthranilate HBIN024054
22410-74-8 HBINO003647 Synepherine HBIN045246
4-acetylbenzoic acid HBINO010168 Synephrine HBIN045247
N-methylisopelletierine HBINO037096 N-methyltyramine HBINO037127
L-leucine HBIN033427 Isovanillic acid HBINO031339

Dibp HBIN023623 Atsudaidai HBINO017337
(r)-citronellal HBIN041971 Hepta-3 HBIN029058
(e)-linalol pyranoxide HBIN025000 Nobiletin HBIN037171
Obacunone HBIN037642 No-biletin HBIN037172
Limonin HBIN033253 DHPMPC HBINO11258
O-thymol HBIN038398 Citromitin HBIN020991
Thymol HBIN046387 Vanillin HBIN047744

3.2. FEMERBERIREN

M GEO #i#fs FE 3R 1345 Bl 2705 N ERRIBH A, B 480 4, i 597 4, AR 1628 MN(H
1) 43 AIHE Gene Cards. OMIM. TTD 1 CTD ##fs E A6 % 1) 45 L e #E 21 4167 200, 226 1 32 14,
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Figure 1. Heat maps and volcano maps of colorectal cancer data analysis based on GSE41328, GSE44076, GSE74602 and

GSE160988 datasets
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Figure 2. Venn diagram of target numbers obtained from different databases

B2 TEBREE-REHEFEE

3.3. BRBURTT H EEMERREEBERL R IR

XS 924 Tk KA RO HHE RS 4356 45 LI AH OGN #E itk

MEERE SR, W 3.

b, mEZRHIH 473

DOI: 10.12677/acm.2026.1662362 1478

M PR 15 2 3 fe


https://doi.org/10.12677/acm.2026.1662362

Chenpi Colorectal Cancer

Figure 3. Venn diagram of the number of “Chenpi-disease” targets
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Figure 4. Network diagram of “Chenpi-active ingredients-potential targets-disease-KEGG pathways”
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Figure 7. Results of GO enrichment analysis
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Figure 8. KEGG enrichment results
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Figure 9. Binding energy of molecular docking
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Figure 10. Visual analysis of molecular docking
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Figure 11. Display of molecular dynamics simulation results
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[ %% 242 (Radius of Gyration, Rg)FJ LA SR8 IR AR 45 R HIASAUAE B, o] F T 3RAEE A R4S 185
TR, Rg BB KR RBIZIK . AWK RTESL P ZENMERS), R\/DNT - BEAEE
VIR T RGN 11(0). SEIERE IR - & E AR AR RORIESSEIER . 31 R BoR
(F 11(D)), My TEHEAZAEERNERIETE 0 £ 3 2 s, A2 YR 2~3 NMeti, i
B~ 2 IR B B i) S A EAE A

VS FRIA] S R AR (SASA) R WAl & SR AR (U FE AR, BL BT SR 2 RN 231 2 [R] R 77 T 2
RIMBUE 11(E)), ERER, ZHRERASGEE, EE5YH SASA THEZL, RFBUANLE SR EH
GERFERUN . =4E(3D)H H g3 Kl (Free Energy Landscape, FEL), 7#1in, E&WIKRAERE Re
(0.08 nm)5 RMSD (0.4 nm)y [ N AETE A5 B B RE SR /IME X3, R GORAS T4 RIA BT F AR
FasE P o G H 3 DI (AL () 3 T R G P R 1 (R PTOGT L7, 2 % FL A FROER PR AL s T I 9 F 38 X I (O
)i AL T 2R T B T IX I, SRR MR AL RL(E 11(F)).

4. g
EREEW T, SEpEEEET R . “pE” S, w2 58 E R IR, KR
REUINBRZAE ARG . NLEE “ARMEARSE” o AMELL IR AL, PREZIN IR B FEIML S
BHAIE. BREFEATER, YERARN, EE “PBERBR” . CRBUREAR” 2, HATER
MELF =2 e © AR, BHBEMz I, PR NERAT . shBAARE, KigE RN,
PRBAASMSESR, KEUEFRE. RN “BREE7 , peRperh . 5ImAL, fF CRTHE R 12,
BEBhEtL/KIE, NERBIEHEA, A AR B2, @ BHRUALEER, WEURERTHOA . BURHE
FAESE, WiEie vt 50 508 - P S DIAHC . PR & 2 WA RS, nridid #H] NF-«B & 28 i 8
P, BRI IL-6. TNF-a 7KF, ARG, NIl % - miein” Jf. X5hE “RieAH
A, ANk IR EERE[13]: @ PhFEfFR: APURE, AR “HRIEREA” o BRE AR 2
S-ERIE A B 2R 45 R M 2 AT SR A % PISK/Akt. MAPK. Wnt/f-catenin 2545 B iy S (5 S %
[14], FHSMET. P AR MH EMT, H'5 5-FU. B REASALST 259 B U [ BN . R EE
ST IMRAE A AR F BRIk 8 J7 ¥ AR B o fil,  BEAS AT SR LA Bh B F 25 B, AR #%
M 2H 4> EL AN TR 5, SCOL B - AR - AR - MR — IR 15].

AR5 N T B h et R 26 IR EE 2. (2R)-#5 42l . DHPMPC. Hepta-3. 45 FH &L
BTG 2-2-"T B IR CURASE 2 PG M R 43, X 8 iy T e 45 B e AT e Ve A o Ml 3 5 D1 IR
F e N Cyclin D1/CDK4 Jf i p21, SEG1/S WA RIS 7t Bax/Bel-2 LUAE, #iE Caspase-9/3
ZeHk, BT INH PI3K/AKkt 5 Wat Sl R TI[16]. (2R)-#Eelidil i {2 ROS # & FIFE3E GSH it i DNA
RUFEMWTRL, filkik p53 /- F ) Gy/M B S5 ERiAR M T, [RIB7E S 7 & N I0E Beclin-1/LC3-11 f8M: H 1,
HA#) GCLC I R MRP1, n[3450BYb R4 DNA INEYIERL, SEOLERIEE17]. DHPMPC @i # i)
PIK3CA/AKT1 BHWr PI3K-Akt-mTOR A= 1{7%h, 55 Go/M [ Jffilt /& Bax-Cyt c-Caspase-9/3 ZRRiAAH T,
[Ei) N VEGFA/MMP-9/Snail #llifil] EMT S5 A=k, 2 0 R A2 4L, SeOl “Husis -
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VTS - YU ” 22 [F)[18]. Hepta-3 A a,B- AN AT 45 /) FE3% GSH 517#2 ROS A, M FEL p53-
Bax-Caspase-3 &RAKTIT:, F[AZ 40| PI3K/Akt 5 MAPK/ERK #li. FH¥ Gy 1, 7F HT-29 BAa R Y
o 40 mg kg BIRSCHN 47.85% MR % HOC W 2, Wk R BRI pl oy P s B SR (e[ 197 48
FH U 2K F R PPV M 3E i 01 PIBK-Akt. MAPK K TNF {5 5%, 52K LPS % 51 RAW264.7 FI
ZHA NO+ TNF-o Al IL-6 B8, $on HA0 58 v 14 7T B 18 ok BH T NF-xB/STAT3 18 #% A1 B4l [ AH G (118
PERAE - AL 2 [20].

PPI (%% 3 ikt SRC. STAT3. PIK3R1. PIK3CA. AKT1 45 5 PGSR & . SRC #£4) 60% CRC
L T R IA R LGS - S 5 B B B/ A R -FAK-SRC H e BE4IHIT A2 . 1RZ2F EMT; [H
SRR EGFR. STAT3 K& PI3K AT LEE, 3&98 FUHEHE SHUE TS 5. S SRC MHMHIH 57528
PTG AT 1% KRAS RAZA CRC M 2j[21]. FRELBERRIENE & CRC A R WG ML FE bR . 1L-6/JAK2-
STAT3 Lifl Cyclin D1, Bel-2 1 VEGF, IXZNMUREIGE ., I8 A s IF 4] CDST 40 iR . 2025 55
WESE, STATS3 il 1) ] Jid 25 B ARG/ ) BRUFS ML R T I A8 % FE IR S 5 Bt PD-1 97 2% ffml 4% PI3K-Akt JH %,
FARRIE FIL pl10 AL FEH, M50 Akt BFER{L. TCGA-CRC #i#fi i/~ PIK3R1 mRNA /KF5
R o B 2R e, KRB 5 EATFRMEK 18%. K PIK3R1 FiE A H#] HCT116 4065 12
BT 29 15%~20% CRC f71E PIK3CA BUERAL . RAGAKIE R FUMEGETE, Fr8080% Akt-mTOR-
S6K1, IaEhH H A SRR E gL, S5P% By 2 0c. IRKIREERB, PI3Ka R
# alpelisib B¢ & HT EGFR $iA7E PIK3CA AR mCRC T E WML 27% [22]. AKT1 AT PI3K T
W, WEIRA S $IH] GSK-38 A28 B-catenin, M TIIESE Wnt {55 [FIR @R MDM2 {231 pS3 F#f#.
SHMLI Y RN AKT 5 205 5 g A O 2T 24 20 ff BR80E S CD8 41 B #Eu IEAH DG o N 255 o 2538 M i 7y
MBS R E S A AKT1 HASBHMT kR 1L, ZEm#ld CRC 40 Ml jE f # 88 fu e or 55 [23]. 45 1,
SRC/STAT3 /' FHIRAE - 12284505 PI3BK/AKT WA K13 5E - AR B HL R  CRC 3E A% O 2% .

GO EHRM, FrREE MR T B AR A/ IR X B G &k DL 4 1 H3/H2AX 4%
Pt JFin] Jo X . 4 CRCESH TR “BER A7 5 “RR&N7 , 18I [R5 HI 55 A AR5 5 R gL B 5 18
e, SEIU ISR RS RS B XU T

KEGG MBI/ o, IXEL#l 5 0 2% E 4 T PI3K-Akt. MAPK. HIF-1. FoxO fl Ras %:{5 518 .
2 T FEAIESE , PI3K-Akt {5 5 18 B A& WX 8h 45 B g 1 10 F2 1A% 0K 4L - 138 1 7T 8% RAD23B.METTL3.
ST6GAL1 55 2 Ff 1 i K+ 4 W0, 10F 1 o 4% i mTOR. MMPs 5 5C8E 3+, iz A 2k s 40
MIXGTE . T (R2%. FEREMRAQU B YR DL AT I 2, 2@ AL ZIEPURE T BRSPS 2 Fdh 24 75 1
53 e 5277 vl ] PISK-Akt a6 S FARDCHY i, RIEPLSS B A FH([24]-[29]. EGFR-MAPK i
AT 23 1 5 B DRI ER BB [30], R 24 PR B AL RUEL T i 2R U [R5 FH I INK/p38 MAPK \NF-«B % PI3K/Akt
AEIC R PR R MU OMAS S35 10 0 B 5 e S5 Im) 24 ()97 RR(31] [32]. AT 2417 SEEHIEH D
O, ERE R BRSPS K W v BRI HIF-1, 8> MDSCs 2, &E
CD8+ T Dfig, fiife fiimr I 40%~60%. A7 BURESR M 2 £ PL [33]-[38]. FOXO1/3 it [ Wram i
AWM. %5 Bim/p2l SR T. 1] SLCTA11-GPX4 Hlifih & ZkFET- H-45 5T PKM2/YTHDC R #5i f1 {#
ik E R, AT IO ZS B G G [39]-[41]. ERINE 3R . AR SRS T 2 Bl i ) Ras-GTP Hn#ak
RhoA/ROCK 1 i1, AIE 254650 7.8 5 E48 & 2.1 {4 IFH1 5912 B H£ M [42] [43].

AW 5T 1 B (2R)-flavanone-SRC EAWIE NN R, /& 50 ns 73 T2 5400 . IEFRXE &
PIEAT IR AN T RO B I R . O SRC SRR AE MR A= B SRBEAE FH . SRC AF 9l 52 4 i 2 BR UG
FIRMIR AR A, (RN 1T 1228 R A s S IR T v 3R B i 45 b R FE % O . SRC 5+
WWOE S 2 PRI R AR R R VIAADG, A OB MR 25 Wit R I A S Rk, IR
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TS SRC AR EAE PR A B ZE 25 B 22 . Flavanone Jb &Y 145 ML 355 B2 1k -
(2R)-flavanone J& T B H2Rb &4, HA MK C6-C3-C6 i 24egkity, H 2,3- A 2- KB a Rtz AN S
Pl ATP 254 NAS0AE AR SR AL 7 AR P S5 B6at . ARER T H AR E AL (1 flavone BX flavonol),
flavanone 7£ C2-C3 frik = XU, BA SRS GOE R, FTRe AR 15 SRC W45 1438
MBhALE A WAk, RIRKUEI B IR AE Vil BB R AR YAR S AR 21, B TF R 94
] SRC A 71, @ FHEF LGSR ER N . (2R)-flavanone 7£ C2 7 B A HIRA I T4
A4, 1 SRC B ATP 454 NREA BENTFHHERME. 2+ FHa S5 EANZRILE. &
B 25 TE 1 St /KA ELAE B LA sE s . It o 1B L, W LR RS QR RIS & 148
R RASENE KNEAT N, NG EETIEA B AL ISR . @ ShaSAH BLAEHALHI RGN K.
FRAS I 73 TR A BB TR &5 S X, (BRI e Rk - 2R B S WE A B T IBh&1T M.
50 ns (5373 A RERE . H3RES & T ARG Gl SOGSR IR BRI RO AR . i Else . Bk AR
N m-m MERAGE ORBEA BAE I IRF M SR e v TSI IRAE S &AL R S & B B Re KRB B R
TER ALK N Je 5 AW N 558 S St HR I ER S8 . 1@ XJ(2R)-flavanone-SRC
HEVBNEBAT ARIRNGENT, v LA SS & D48 b i) OGS 24 R BIRFAE . PO SE i il A IO AL L e
PSS G B PUE TER R o X 2815 B0k N fa 2228 T 45 i 1 25 vH(SBDD) S (it B EE ) BRIR 45 T I vl
PR SRC I KT AL .

5. AR =R

AWFFARSE GEO Hdi i WIZE 25327 L 73 703 e o3 80 0 S AR 58 Bl v 530 25 T BIL A T,
RGN T VRBOIRIT & B “ B - S8 - R WML, H2 R R A R VR, AEAERL
O SR PR s 1) B SR P A 1 5 e« (R R 3 R 40 I RS S A K8 HER B Swiss TargetPrediction
SENICHIRPE, AFAE R VEREAN AL B R TR SE R S A ) R S EL R R AU S B 2R, A
[~ S USSR HE 22 7 2 0 FRHE R U AR BB 2K . GEO Bl SR AR EREA S BT Ik o WU P L IR RO, 222 S i R
MR SE AL, FTRESI AN TN ZE o 2) THERLSE0E B TR G RES « DR 2% 24 BR 22 (S G I ¥ 4 S HUR A% 019 53,
RFE SR AU e IR AR, AAAEARPH AR PETI : J3 FRBEONER S S5 SN, 2R A
HEAZNSHR . ENERAEL, B iR 4GSR 078 I AUER R — 2 5. 50ns FilS
FREE T, RERZS - ZHASIESIESERE, GRAG R, 3) AN EIVEBREG: K
AN ZGARNAREEI AR, BRI #E AR G i s, I AC S B A0 IS BT PEAR = M) AR
B, TR RS AR N S BRAE PR AR E R 22 AR5 RS L IR R SR (e At . SR 4t 2 MEERL )
MR 2, TR YR N BAR 2580 4) Z 0 IR RINLEIREAL: LT “ 2o - ZHE7 BhIF
RUSE, AR BB A 5 T O A RGRI & FCATL LA S P R S BTG 2R, 5l = A P A1 245 200 2 s S 428 I 2% 1)
A 5) IMREARIAE M. PHRMUEEEME D Tt EZE, RITRIIYSER 5InRUER, s
ZES AMRZE R K AR B> B RO SO R AR B, SR I i R S P A A AE B R AN o 1

6. &t

AT I 2 A RS AT, VIR R BIR T 45 B R R L T R e . PR B AR R )]
MR R QR)-HE Bl S A% DiE TE 2y, $EH SRC. STAT3. PIK3CA. AKTI1 £ #l 5, iH4% PI3K-
Akt. MAPK. HIF-1 {5 58, WMERKETS EEEN .. ERE ROy EZmrRA R, K&
AR AN SEIR ISR, ASH R R 2 SRR . 5 SRR I I SR E UIGIE DL R A OB R 1) R R
Al REERL 45 A AKT1 [ PH G503 148, 4MH)3L Thr308/Serd73 f7 SRR 1k, BHMT PI3K-Akt JEEIELL,

DOI: 10.12677/acm.2026.1662362 1487 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1662362

W 55

AUCE IR INS RS . 410 Western Blot [z Gl 2 e JL @ AL 38AIE; 2) JIIBR B &= v e#E il SRC
WM, N STAT3 BEERIL/KT, #HI4E B gifibst. 2285 EMT SH2, @ uUET gl il aEsLs .
VRV PEAS I K S ST sE I E s 3) MhA 2 5 BB 2 T RE Vb [F] i 4% PIBK-AKt/MAPK XU i & F 38 2
P E R AE R, @ UGE T g0 M e TS I R T R DR K AR R RS AR A AL G AIE

HEEmE
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