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[Abstract] Objective To predict and analyze the potential molecular mechanisms underlying the
intervention of Zanthoxylum pericarpium in hepatocellular carcinoma (HCC) with a network pharmacology
approach. Methods Using Zanthoxylum pericarpium extract as the research subject, this study employed
network pharmacology approaches—including active ingredient screening (oral bioavailability > 30% and drug-
likeness > 0.18), target prediction and integration of literature-derived targets using databases such as TCMSP,
construction of PPI networks, GO/KEGG enrichment analysis, and molecular docking validation—combined
with amino acid sequence alignment and comprehensive ADME/TOX evaluation—to assess the clinical
development potential of the core components from both drug-like properties and safety perspectives. Results
A total of 78 active compounds were screened and identified; subsequently, an in-depth analysis was conducted
on the 372 associated target molecules. Enrichment analysis revealed that these targets were significantly
enriched in cancer-related signaling pathways, the PI3K-AKT pathway, and the MAPK cascade network.
Molecular docking revealed that 7 components, including tangeretin, diosmetin, and quercetin, exhibited stable
binding to the core targets, with binding affinities approaching those of the positive control.Further comparative
analysis revealed that multi-component-target pairings (e. g., sanshool-HSP90ABI1, diosmetin-STAT3, and
tangeretin/quercetin-EGFR) share a consistent binding mode with the positive control at key amino acid
residues, suggesting that these components may exert their biological effects through similar molecular
mechanisms. ADMET analysis demonstrated that representative compounds within this system exhibit
favorable pharmacokinetic properties, including excellent intestinal mucosal permeability, high blood-brain
barrier penetration capability, and a safe in vivo metabolism profile. Conclusion Zanthoxyli Pericarpium
exerts its anti-HCC effects through the coordinated regulation of multiple chemical constituents, diverse
protein targets, and various metabolic pathways; its core active components mimic the binding mode of
positive inhibitors, providing a theoretical framework for research into related mechanisms and for drug

development.

[Keywords] Zanthoxyli Pericarpium; Network pharmacology; Network targets; Hepatocellular

carcinoma; Mechanism of action; Molecular docking
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Table 1. Important compounds in Zanthoxyli Pericarpium

YR REA
5 & (tangeretin) 70
FAMZE (diosmetin) 66
it 2% (quercetin) 65
ZAFUESRLTI (dihydrochelerythrine) 64
P (nitidine ) 59
/NEERE (berberine) 55
AIEHZRAT (oxychelerythrine) 54
HARLEMZE (suberosin) 52
(2E,4E,8E, 11E)-N- (-2 52— HEN L) +D0ki-2,4,8, 11-PUEELRE [ (2E,4E, 8E, 11E)-N-(2-hydroxy-2-methylpropyl) 5
tetradeca—2,4,8, 1 1-tetracnamide |

2—+—kBi (2-undecanone ) 51
FIE 32008 (chelerythrine) 51
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Table 2. Core target characteristics
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Figure 7. Role of core targets in HCC
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T3k (gamendazol) B FHAEBHPEXS B 2005 4%t
MAPK3 {5 738 B I FFE, WK FH Sch772984 1
PEPEXS IR Y5 7 STAT3 Tl BRJE /M4, C188-9
(TTI-101) 1 A4 BGRF & A H Y5 6 F
CASP3 /R4 T80, Z-DEVD-FMK 7&$H
XFHR I EE 35 RET MTOR & P BERR AL AR S 1 K
W, FEMAEEE (rapamycin) {EAMFRAEXTIEY) Y5
7E HSP9OAA L ik AL/ M vh, /R Fl A 3
(geldanamycin) FHFXFHCSZH 75 EP300 AT
WA B, Sge—cbp30 B W B B A& 0F DY
MAPK1 8 il 15 5 56 0F o F2 o, o5 8 0 0 ot
(methylnissolin) £ 4 Xf BE 4 2 5 ot 775
EGFR SZ KB 5256, PD153035 HCI & # %} 1R
PR D5 T AR HIFLA %% 5i X1 34 45 F 95 L
LW 6 (CAY10585) R#HXI M0 1), SRC K
W S H G A AT AR YD e (dasatinib) 42
TR0 AL g X BE O 28 T AR AR 4 X I 4
ST, AEAREE B A i — e S B 1 A W P
AT B R T R R A AR ), HARR
W UL 30 AT UE— b b o M M R R
ZIMEAEH S, FEE8 el T —&
AR A A E A AR N RO RS B 45 A AR M AE L
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(HIFEHR
2.7.2 ADMET 5#7

AR SC A BT AR O T P A A I R Y
N FANE, FHESL R G4k B9 ADMET (WU
i AR HEME RN EEVE ) A ke HE B b A T
T, e 4 op 4y Y logP (8 HE ¥ BT 9 A4S #L A 4k,
G, MR B H ST A S R AR A E DY R
% #0545 A Lipinski B8 W | Ghose i £ 45 #E |
Veber #fE U] fl Egan . Muegge #i& it 1 25 ¥ 1k 2% ¢
PEER, BRI MA . Xefbs
Yy ok HE AR08 W RE L i ik B
B ads b R AL R, W AR P-BEE AR,
U 5L B 0 1 AR A W R B R A4 o B R R
J1o MR BT vl 0, e 0 BArfe &9
Py EA BB 0 e RN, (3 ELAR R HIL A
R 2ZN, RA DS Y S X CYPLA2,
CYP2C19. CYP2D6 & CYP3A4 ix 4t & B X i} il
EEHER, SEmg RS ALY Z WA R
A EAE A RS 5 IAERRUER | 22 JE 55 o 1 2 35
439 5 I AT XAT AT —Fl CYP I 784 3 B 41 o]
TER, XA HBIR LR T THma I
W,

R3 HFXEEGBE (keal/mol)
Table 3. Molecular docking binding energy (kcal/mol)

i MIOTRSW mx mAbE ik et mmEE Wk Y
STAT3 TTI-101/-8.4 -6.8 -7.6 -7.8 -7.9 -7.9 -6.3 -4.8
AKTI -5.8 -6.1 -6.1 -6.6 -7.1 -5.3 -4.2
HSP90AAL Mo IRTEREFR/-6.3 -7.1 -1.3 -7.4 -8.3 -8.3 -6.5 -4.9
EGFR PD153035 HCI/-7.5 -6.8 -7.0 -7.8 -8.4 -85 -57 -4.7
SRC KPR IE1-9.0 -6.3 =77 -1.7 -6.9 -7.0 -55 -5.0
HIF1A LW 6/-8.1 -63 -7.4 -75 -6.8 -7.1 -6.9 -52
HSP90AB1 Jni Tk me/~10.4 -8.6 93 -9.7 -10.7 -103 -75 -6.2
ESR1 -6.4 -6.7 -7.1 -7.1 -73 -5.7 -4.4
CASP3 Z-DEVD-FMK/ -8.0 -7.0 -7.6 -7.0 -83 -8.0 -6.9 -5.4
PIK3CA -63 -6.7 -6.6 -72 -74 -52 -4.6
MAPK3 Sch772984/-11.2 -7.4 -85 -89 -9.0 -9.0 -7.0 -6.0
EP300 Sge—chp30/-8.6 -73 -7.4 -7.9 -7 -75 -7.1 -6.0
MAPK1 RSB /8.2 -6.5 -8.8 -7.1 -8.9 -9.2 -6.8 -5.3
NFKB1 -6.9 -6.8 -7.3 -7.0 -7 -5.8 -48
MTOR HINEZ/-8.6 -6.9 -8.3 -1.5 -8.8 -8.8 -72 -5.8
AKT2 -6.2 -6.9 ~7.4 -7.1 -6.9 -5.8 -5.4
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8 EENAYEEER M FXELERUR Vinatgs
Figure 8. Molecular docking results of key compounds with selected targets and Vina scores
ARG AR R MLE. ARG RKLB. mEAE. LRE . Ak BRI TR AP A 5 HSPOOABT 69 4 F x4 R BAF
BE. AR E BEE. ARG RRLM. BEAR. LE . AkIERER I MR AR A5 MAPKS ¢ F AR CHRAE. A
R MR ZRABEELR. BEAE. LIRE BTSRRI N 5 STAT3 69 5 F 4% DA E. FATE. A8 BRFELH,
A A HE . A ST AR BRI FR AT BB AR N 5 CASP3 W - T AT A R EARAE. AAE. Mk E. A9 R ELB. WaEia.
LR FE A T A Al 5 MTOR #94F B4R FAARE. A F. —A9REas. Mmastm. LRFE 2 ek e d 7l 5
HSPOOAAL 89 5T *F 825 R GABRZ. A&, WA Z . Lid . AkFAE8 A3 fxd g pd) 7l 5 EP300 69 - F aH 24 R H. AR %
ZROBRRLB, WEARL WRE . AR AL BT R APE N 5 MAPKI 65 T BAR LAAE. M. —RaBRXLms, BE
AR B S TR B AP 5 5 EGFR W9 o F st R ] ARt H . M E. iRk, AR LA BArH H 5 HF1A 695 T 447
K. ARrtE . Bl F . A s R AL F st A6 5 SRCHY 5 Fxf 25 Ry B P &4 F sl T 5 ¥ 4rA 45648 (keal/mol), HALMARE

B 4E S AARE
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Table 4. ADMET analysis of important compounds
. 2E,4E,8E,11E)-N—-(2—- -
swak fik TN des Gt B pae KR %gf(ﬁﬁﬁkﬁﬁﬁ%H$ﬂ kg
- B T BE-2,4.8, 11D

M miE High High  High High  High High High High High High High
MLRBFFSEBNE  Yes No No Yes Yes  Yes Yes Yes Yes Yes Yes
P-HE ) No  No No Yes  Yes  Yes No No No No No
Lipinski A0 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Ghose HLI Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No
Veber #L0 Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes
Egan #LI Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Muegge HLI Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No
AFIEEESY 055 055 055 055 055 055 0.55 0.55 0.55 0.55 0.55
CYPIA24MHIR  No  Yes  Yes Yes Yes  Yes Yes Yes No No No
CYP2C19 #ifil 51) No No No Yes Yes Yes Yes No No No
CYP2COMIEIF  Yes  Yes  No Yes No Yes Yes Yes Yes No
CYP2D6 111l 71 No Yes Yes Yes No Yes No No Yes No No
CYP3A44MHIF  Yes  Yes  Yes Yes Yes  Yes Yes No Yes No No

TE: High. #; Yes.J&; No. @ AWHHIEITS ) SwissADME T & 3 T4 FASMIRFE 25 Hh I — LS 5 ATAN B GEF0~1), JEAMR OB
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Figure 9. Molecular dynamics simulation results
E: A STAT3 5 & ARrt £ ZHik; B. STAT3 5 A& ARvH &89 B—factor; C. STAT3 5&ARvtFay4F4E(i; D. STAT3 5AKrtZathr 2H,
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MBS, RMERREEN S, BREF
(NMA) ) 2 7 i 1E 88 20 730 AF (normal mode
analysis, NMA) M55+ SRR kMS, %
FHFT5000 26 11 BT i 25 A e M X 8. 141 9-B iR,
2L NMA TS/ B K B4 T0.2 ~
0.6 Z[[], FUIZIX I+ IR B AL THARoK
e, AR A D) RE AR M A W B

M i 2 RN
TE BRI P HrRESR L, R AEAE 0 3t FH AR

FIE A G SRR R4 bs , 1 B PEFIE A
LRRITELF IR GBS . ES R RUE R/ MA
BLER T S BRI i S R A R A A
FLO-CTLUIFE Hh, 2RO B A R AR (R L B 5
— T B O R, A E R AR R S
STAT3 M AR ZIR, HARE AT RAT B i
PRMIPE,  ELORAE 1 A= W) D RE Tl 2 A A 19 23 1]
45k

P 9-D S LR R FEAE =423 W] i B S &
THOLHYIIET . BT LR, 4o £ 5
Wz, LIRS TR EE S S A AT N O — B, x5k
Sl REZ HEABNRERI PR ETE T, Wi e b
ey, U BB A AR AR S 7 1] A S AN,
AT AL R E RGO MR, EHH
XA, BN R0 X0 Sk
WA, ZZEE ST EEE TR, AN
5 STAT3 A E S HA BSR4 AR EVE L
R OIRERE S, HEDH AT REAHT HCC L] e i
VU IR AR A SCBRE 1E Ok S B

3 g

WHUE Tiea i g RN EEAR R, HXF
HCC %5 Z R vE R A B R e, Hiksz
FIWFFEH B o O IFE 0 G4 DL KBt
JAVEFMLEL M R S A B B, B 98 K2 A7 7E
TR NG o R N 45 25 B0 43 B 531 b 44
AR, SFAEHCE RS> 5 HCC A% A 2Z A 158 H.
VE AR T 2 AR AT, [P 28 Bt i 24
PISE 5 A5 B LA A, b Pkt — 2 W )
BTG PEA &P SHAE AL, IR ATRITAEHUT)
PUREHLERA T T 2 A NS S B R B .

AWFFEAH H TCMSP %045 % . HERB 2.0 °F- &
1 SwissADME T-H X FE AU B i nl g i A= 1%
PEO> T REAT IR 0E , 453 78 Bl i 75 A 22 W0 1 43
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o LA3 4761 HCCAH OGS P 41 58l ol iy, )
FHAEDE B2 A B i AC E N 4, e ik il
372 4] AR HCC Js BELAYHE 45 . MR 4 PPT I 4%
AN LA S HAE I ZR 3T, LA E B e AR
HE 59 AN OGB4y F, FE AT STAT3,
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£ PPLIN 4 TP A i S B (2 R 70 /A
66, Ml E 65, A HH R od, Wi
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TEAEHUHT HCC 1Y 22 518 A W 26 0 455 v oy 3 4% 0
A o
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AN B AN R B SR e AT o Y
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file KEGG i % & H 45 AR WAL AU 6l HCC (3%
RRZ, WSRIEMHCIE S5 S MAPK 208K
M. PI3K-AKT DA Mz HIF-1 3 %45, LA b3 Bg Y
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P uE P A B R BRI SR . PIBK-AKT 38 % )&
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FRUAP JIT B ) 7 Fofr = B TE A 43 T EE B A A
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UE T HTHA R 48 253 0 B 25 W TR B . Gl iy
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