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Abstract

To systematically elucidate the potential molecular mechanism of Portulaca oleracea L. against acne,
this study predicted its feasibility for clinical application and natural anti-acne drug development
based on computational models. An in silico approach combining network pharmacology, molecular
docking, and molecular dynamics simulation was employed. Firstly, active ingredients of P. oleracea
were screened from the TCMSP database, and their potential targets were predicted using Swiss Target
Prediction. Acne-related targets were retrieved from OMIM and Gene Cards databases. After obtaining
the intersection of these targets, a protein-protein interaction (PPI) network was constructed via the
STRING platform to screen core targets, followed by GO functional and KEGG pathway enrichment anal-
yses. Key targets from core pathways—androgen receptor (AR) and aromatase (CYP19A1)—were se-
lected for molecular docking with active ingredients, and complexes with high binding affinity were
subjected to 100 ns molecular dynamics simulations to verify binding stability. The results showed that
10 active ingredients and 102 common targets related to both P. oleracea and acne were identified,
among which 26 core targets were further screened. GO analysis indicated that these targets were
mainly involved in biological processes such as steroid hormone signaling, inflammatory response, and
cell proliferation regulation. KEGG analysis revealed significant enrichment in pathways including
ovarian steroidogenesis, steroid hormone biosynthesis, IL-17, and TNF. Molecular docking results
demonstrated that B-carotene bound to AR with a binding energy of —10.8 kcal/mol, and cycloartenol
bound to CYP19A1 with —-9.9 kcal/mo], representing the highest affinities among all components. 100
ns molecular dynamics simulations confirmed that the conformations of both the S-carotene-AR and
cycloartenol-CYP19A1 complexes remained stable throughout the simulation, with RMSD and RMSF
values fluctuating within reasonable ranges. Based on the computational data, we predict that P.
oleracea may exert anti-acne effects through a “multi-component, multi-target, multi-pathway” regula-
tory network. We hypothesize that its active ingredients, -carotene and cycloartenol, may regulate sex
hormone balance by targeting AR and CYP19A1, respectively, thereby improving sebum overproduc-
tion and follicular hyperkeratosis mediated by hormonal disorders, while also alleviating inflamma-
tory responses by modulating related pathways. In conclusion, the computational model constructed
in this study predicts the potential mechanism of P. oleracea against acne, and this hypothesis warrants
further experimental validation.
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1. SR SREERTL

JEHE(Acne Vulgaris) & — P 82 I BFE R NR IR IS 1 SOREVE B KT, AR W2 =1k 85%, WFRTH /D
R, REERAS . ORI R [ 1]. AR 2, WY ARIS B s B
R NRNR S MW PRIE TN BRFT & (Propionibacterium acnes) 7€ 8 % 98 TE N S5 2 AR . B ATIERIG
JTUABUAE SR 4E A BRI N E, HKRWH S 50K 251 ROk JeBUR B ERIEN, BHHER
Gh HBINRINAY)T TFNE .

ik b (Portulaca oleracea L.), M4 503, Kansie, NGE TR FARARY), ERELGEY
JTEZRT CEREE. ik, BRI H TR RS B RR RO . BB SR
B, SUioi s iR . L KRR ERSE). 20 AW, AMEFIEDIRREE R, BAER.
i préadl. BT 2 M2 ERI 2], Horb, HHa ) rl4i] NF-«B. MAPK S5 R[S 5@, $1
R PR X A DA R AT T 55 B RO R A I BB A ROR, R TR SR it 7 B Bt A e AR AR «

SR, T iR Y78 VR AL R 58 A B, JCHGRH “ 2R - 2800 - 27 i EH
B KRG W22 NESAYE RS AR, Bei MR JZ T ffE T KA
MEERNLE, AR SR IR IT R SR EOR SCHE . BT, AW TR F I 2% 24 B 2 7
%, RGAZYR UG S I T AR A, AT L SR A OC B SCRRE BK, A T  TAE R VR T T )
FIRBERL AR, W 9 RIRZ YRS AL AT 58 S (Ao 1) SR G

AT R T S OEAE R AR IR FeHh O — € BORH R SE B e flt . filtan, o2 24 32
TIEAE T - BRSO PRI LA 78 i S, Bl B I SE 8 36 uE 1 Hodid PI3K-Akt 15 5 IE KL
SR B m I E R3] TRl I, 2R N TV R - 24 G it e
PESHLEE, A0 7E S el s 75 00 R a1 S AR B F I A rh, REOLAS B ROl 7 OGR4 S Bk AR T 4R
F TG BETRAAEM GTEAT[4]0 IR EESLER SR BT, e T U AL TN RE 0% O B2 28 A WA R IR HIL L A
Hrig it B E 2R R 5 S TR
2. ETOEREHMNEAEZ ST
2.1. $BTF

7E TCMSP B4l ek R DU BSOSy, 97 LA OB > 30%1 DL > 0.18 bR T iE sy, I llcsE
TP A 1 MOL2 4% 3 S0, B J5 14 F Open babel K MOL2 4% 3 S04 #4 464 Smiles 5, 85 £ % Swiss
Target Prediction £¥E FE (http://swisstargetprediction.ch/) i 47 v P4 il 23 B 58 p 00 o 07 iE bR v FR 7€ 4 “Homo
sapiens” HMER L UEME KT 0, Ffiik s Itk Beor I ZE O/ SR . RIS, FRATAL OMIM %4k P
(https://www.omim.org/)Hl GeneCards {4 % (https://www.genecards.org/)PA “Acne” A2 1A 3k HUEEHE 1)

AR S . B EERIHE p L AEE Unitprot #5040 7 (https://www.uniprot.org) P TR R, THEARHEIR E N
“Homo sapiens” , MHBRELE . JEANTEAFE S, FRmE B 098 SgE T AR AL AR BE

2.2. Protein-Protein Interaction (PPI)H4EIEL
8 T 0 DV 1 7 AR FRRE A A% BB AE 5 F B (http://www.bioinformatics.com.cn/), FRHF &
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CAT 58 v 2435 M 173 T8 E A R BE ORI S A QB R AN A BAE R G &R o WS B S A2 B8 5 B AL 3
STRING ~F 5 (https://string-db.org)H & /. 25 [ ~ & [ 4H E.{E F (Protein-protein interaction, PPT)P%%, 4
PR3EN “Homo sapiens” o 752 PPI M 2% HAE G RS F AN ZE Cytoscape 3.10.1 ffEH AT 44, X PPI
WX 25 i F AN B HEAT T b, SRR T A b O 1 (Betweenness) 55 % H 0 P (Closeness) FlEE HR O 1
(Degree)iX =/ NSH . K25 S HUE T H AP0 SR DU D8 IR T B 1A% OB 05

23. BRESKIHAEZE

B 1 J5 R A B A% 2 David B FE (https://david .nciferf.gov/), YIFHBR €A “Homo sapiens” « 2 J&
HEAT HE AR 18 (Gene Ontology, GO)FI 5 #BJE K] 5 L [K1 20 7 #} 4> Fi(Kyoto Encyclopedia of Genes and Ge-
nomes, KEGG)i# % & 25041, FEHRHE 45 5 UL Pvalue (TP HEZ X & 5245 B 4525 H R AOET 15 8¢ 20 TUHAT
i S AT AL

3. BIERRTTREEREE(E AR TbE

B 5 05 0 A vE P A 2 (L7 1)) Smiiles 5 A% F] Swiss Target Prediction W, b ¥ 55,
1337 255 MBS . 7EXF OMIM. Genecards. TDD F1 Disgenet (4 2 ib i #E S 3t TR R I LbrEE G,
JLEER 2062 A SHEAAH G HE Ao H0IE 1 o B BB AU e (A O HE SRS &R I, 381 T 102 /N
s B E G BEVR TR VS EE R A, TR 1

Table 1. Active components in Portulaca oleracea L.

1. SNRHPREER S

Frs ETERLSY
1 e VIR
2 A 2 I
3 R EE
4 BT
5 1L 2R

6 5,7-FR B 2-(3- PRtk -4- P AR IR L £ k-4 -
7 RBER
8 S E
9 S
10 it He 2%

3.1, “DEH - BEEL” WMEaE

BT Cytoscape 3.10.1 K- A3 211 102 /N A G2 HE 5 1 9 25 AT PTAAL DARH Af 55 U5 D78 76 7 T HE 9 25 P 1
YER . BRI 113 AN A8, 255 4. HAsEE R mARR A B A, BT SRFPEET RS, =
MR ST AL, LA 2.
3.2. PPI & #93E

B BRI R A 162 MNEAEVE FHEE A EAE 2 STRING HdEFEd, JH#H Cytoscape 3.10.1 H4 Al f
tk, 733 PPI 25, 7F PPI 48, RBriiF LS SRS T 101 AN SR 783 410, R A
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MCX Acne

Figure 1. Venn diagram (Green MCX represents the number of genes in Portulaca oleracea L., and blue Acne represents the
number of genes associated with acne)
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Figure 2. “Portulaca oleracea L.-Acne Target” network diagram
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Figure 3. PPI network diagram
3. PPI 4 [E]

3.3. GO TIEEFN KEGG BB EE S

8 H David W4T GO ThAREF KEGG M & &0, 2R ER, GO iRt E otz 560
MNEH, A 368 Wit i (Biological Process, BP). 154 M-I (Molecular Function, MF) A1 38 N4H
Jfi2H 43 (Cellular Component, CC) (WL1# 4), £ GO ThfeH, HERFFESHEBEHRE 5T HMIEHE
VAT JNE N A oA S AR R, e STE AR . AR S AN X, IR SRS AR TR L T
WY T IhEE. AN, KEGG b4t 100 ME4ESKH . T Pvalue {8, B/ THT 20 MHICIERK
(&1 5)o KEGG 73 #r i — P 7~ X Lo B R 2. 35 ' 4R T OF SIS [ B AR il 288 [T e & il A6 2R DY R AR
PPAR 15 53 4% DL M 8 S ANA QA DS @ M (B0 TL-17. TNF FIBE S RARPUEER) . T T el #7 vl LE RS
B R R AR X0 M, FRATERE 7SS S Y OF SR IR AR B SR AR A O B
PR O R 5 (AR)RMIE AR IR R A (CYPIOA DE N S 81 7y TR H AR R

3.4. SFIHERIUS AT

EHE 3.3 TN 8 BIAR OB RUHEAT 70 % . F T X2 R52 4893 519 AR (PDBID: 1GS4 ). CYP19A1
(PDB ID: 3S79), it AutoDock Vina® (—Ff 2 T35 V73 B EURH = SO0 A B - o) 48234 B 55066 B () 3 A ) K vl
P TR EER AR R A RS TE D48, IrE 450 B PyMOL AR, 240545 & At (Affinity) < -5 i, A
AR SEAR N GRCR T ZARE ARSI N TR SR R INE 2 PR, 456 BB 11T
2R 6 s
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Figure 4. Bar plot of GO functional enrichment analysis
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Table 2. Docking results of receptor proteins and ligand small molecules

2. REEBSEMA NS FHIHEERR

25 30

Tk Ry

CYP19A1 (PDB ID: 3S79)45 & fig

AR (PDB ID: 1GS4)%; &g

TEAE DU IR -7.2 -7.1
PR 55 J T -9.9 4.5
B b —-6.4 -10.8
BT -9.8 45
Ll -7.8 -8.7
5,7-FHE-2-(3- R Sk -4- H S L IR AL ) € 5 -4- i -84 -8.6
NS -8.4 -9.1
FEHRE -7.9 -8.3
SRS -7.9 -8.3
IS -8.2 -8.8
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Figure 5. KEGG enrichment analysis bubble plot
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Figure 6. Molecular docking result diagrams. (a) Molecular docking result of -carotene and AR; (b) Molecular docking result

of cycloartenol and CYP19A1

6. PFIHRERE, (2) A P-HE MRS AR; (b) FARREHKEES CYPI9AL

DOI: 10.12677/acm.2026.1682802

341


https://doi.org/10.12677/acm.2026.1682802

EHZ &

P b 2 a4 A e B e K N PR AR 35 475182 (Cycloartenol) 5 CYP19A1, S-#135 N % (beta-carotene)
5 AR, 7139179-9.9, —10.8.

CYPI9AL fEATS EFEE, Z OIS STEMERE AL 5P, HOE PR ST s 5 M
B L1, A R BN E R . W FRHES RORE, MREZMELS CYPI9AL HmE A4 &,
7~ T TRl RESZM CYPI9AT [ VK (A1 FE T 55 44 oA Pk 3 P4l ol Xt o 3R LIRS, el et
RIRHB A R

B-iA% N EE AR (PDBID: 1IGS4) R4 A Re, SEMTHEBIE, sl 38 2 ARG I RE 1
GG )T AR RIS KA R R I OCHEEE AT, HESER S AR WSS -G0S 2 TR R B N e BE s . BEEA
A RO TS, XA B AR A 2 B4R S B Y IR 28 5 2ORE I OBL. T B-BAEY D RS AR HI&E
WG, FOoRHTTREEFVEILAT NIRMEEER S AR B EAER, HEmiH] AR /300 5 5 s ok &
EBEMTH .
3.5. FERVIFES

FTA 15 F3H422K H AutoDock Vina (1.1.2 JR)FER[5], HHFRAH Amber ffO9SB J137 8, ¥ 7FIK
ST TIP3P A7, MifA 1135550k Bl ] AMBER 713 (GAFF)[6], FCAAHRS T i3 T Gaussian
09 (1) HF/6-31G* B if g ik {R il 14 55 L 3 (RESP) T [ 7] W46 AL br 53S0 AMBER20 1) tleap Bk
AR, A R F AL TT G L AVE D B A (8] T8I 43 e B dn /MR St 71 S B 1 - O R A (I Ik ] e
WIRR 7. BMABEEIFERAR), MG NVT REEHZ 100 ps M OK FHEZ 300K, F£7E NPT FR£%(300
K, 1.0 atm) F#EAT 100 ps “PATELIL, FASE 300 K (1) NVT RLZEH 58 100 ns A2 = PEALFL(f8 ) Amber20
) GPU fli& pmemd F2/7). BLALHRA] 2 fs IR, JEAEAEIEHAWIE N 10 A, # i oail . s
SrATiE python 22K, A - AR EAEEIG i PyMOL A 1%[9].

3.5.1. RMSD 43#fr

FEREAL 100 ns J5 N AR E BIE T -FEPIRAS (& 7()ME] 7(c)), H1E] 7(b)[) RMSD 73 Aii 465 3
BoREIER 1.44A, HofimEsEd, Sd—PEHE T IZE S ENfe . XMKsh. S i
SAFE, BT -5 N RFFLE G AR MG ME 4, R0 AR M4 &HHIER, iR 7+
PEHE R T AR AT 1) R AR I FE 43 b 5 B FE A A S T RE A

T() AW B IHHE-CYPI9AL BEHH RMSD £, HIHMEA 2.03 AL waifE%E 020 A, FUELE
B 2 G & ke TP A2, BEEH 100 ns J5 ZE S FEFEAS] TPERRZS . Bl 7(d) RMSD 2 AR5ME N
1.83A, MFE oMM LS, REH RMSD YA =T AR E6Y), B TEAD - AE &N A e
JEHGET <2.5A), IEHZEAYMEAREIRE . XMRENS R, SRR SRR ER T
CYP19A1 HJ3f I X 35, I H 4 MG RT3 1 L RGE 1 AR RE PRI AT, DT 4R 8 o538 P A DR P 8K
REGLIFH .

3.5.2. RMSF 94
8(a) N B-tHEE N ER-AR EAWINFRIEL TR B SI(RMSF) /41, & RMSF 381X 0.74 A, B{EN
1.44 A, EFMRIEN 23 4. XK g-IHE PREEA G, AR EREARTRIE M RAL, THZEM D48
BRI SR RN, AL ECAART AR MR T EER . IXFhERE 8 B A B T 4ERF p-5A%E b
75 AR WFFELE G, ANIMERREANH] AR NS00 AR /- Uit . BT A A 70 S A% O B R
8(b)Xt N IR AT B EE-CYP19A1 E &) RMSF 23#r, H RMSF $S1E4 0.96A, BI{E N 3.1A,
R MERAETL 60 AN, BEATRET M T AHAE .. RE®FHERENER S, BAREEKT -5

DOI: 10.12677/acm.2026.1682802 342 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1682802

FHE &

% NER-AR EEW, (5 CYPIOAT IO X I A B IR I S IR B2 5245, VLR AL B IR MR 45 5 i v] 4 45 1%
B DO AR E I, BT IR AT

RMSD Trajectory {Original Values) Complex RMSD Distribution (Original Values)
—— Complex === Mean: 1.44 A

2.00

175 500 1

1.50
400 4
125

z
o 1.00 300
@
= g
-3 o«
0.75
200
0.50
0.25 100
0.00
0
(a) 0 500 1000 1500 2000 2500 3000 3500 4000 (b) 0.00 0.25 0.50 0.75 1.00 1.25
Frame Number RMSD (A}
RMSD Trajectory (Original Values) Complex RMSD Distribution (Original Values)
— 1
- m!al’;'%osbﬁf)\ —— Complex ! --- Mean: 1.83A
| [Mean: 183 A 700
Std: 0.20 A
2.0 600
500
15 >
< H
2 g 400
z g
1.0 200
200
0.5
100
0.0
[}
(c) ° 500 1000 1500 2000 2500 3000 3500 4000 (d) 0.0 05 1.0 15 2.0 25
Frame Number RMSD (A)

Figure 7. RMSD analysis of f-carotene-AR complex and cycloartenol-CYP19A1 complex. (a) RMSD trajectory plot of the S-carotene-
AR complex during 100 ns molecular dynamics simulation, with a mean value of 1.51 A and a standard deviation of 0.13 A; (b) RMSD
distribution plot of the S-carotene-AR complex, with a mean value of 1.44 A; (c) RMSD trajectory plot of the cycloartenol-CYP19A1
complex during 100 ns molecular dynamics simulation, with a mean value of 2.03 A and a standard deviation of 0.20 A; (d) RMSD
distribution plot of the cycloartenol-CYP19A1 complex, with a mean value of 1.83 A

7. - HE NE-AR EEMSFARHEEHEEE-CYPI9A] EAYIM RMSD £341(a) f-8BE NE-AR EA Y7 100 ns HFEHZE
BRI RMSD $ULE, #ER 1514, FREE 0.134; (b)f-#% MR-AR EAYIH RMSD 768, HER 144 A; (0
FAREEHEE-CYPI9A] EAYITE 100 ns - FEIFFERIPH RMSD i E, 8K 2.03 A, FREE 0.204; (d) FKEE
%EE-CYP19A1 E4¥8I RMSD 7375[E, ¥R 1.83 A
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Protein Flexibility Analysis
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Figure 8. Protein flexibility (RMSF) analysis of f-carotene-AR complex and cycloartenol-CYP19A1 complex. (a) Root mean
square fluctuation (RMSF) curve of the f-carotene-AR complex: mean RMSF = 0.74 A, threshold = 1.44 A, with 23 high
flexibility residues; (b) Root mean square fluctuation (RMSF) curve of the cycloartenol-CYP19A1 complex: mean RMSF =
0.96 A, threshold = 3.1 A, with 60 high flexibility residues
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