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Abstract

Objective: To investigate the mechanism of action of Xiaoyao San in the treatment of alopecia
areata (AA) based on network pharmacology and molecular docking methods. Methods: The active
ingredients and action targets of eight Chinese herbs, namely Chai Hu, Dang Gui, Bai Shao, Bo He,
Fu Lin, Bai Zhu, Sheng Jiang and Gan Cao, were obtained from the TCMSP database based on ADME
screening, and the relevant targets were predicted by Pharm Mapper supplementation. The AA’s
targets were obtained from OMIM, Genecards, Drugbank and TTD databases to obtain the targets
common to both, and the drug component-target network map was constructed using Cytoscape
3.9.1 software. Construct a protein interaction (PPI) network based on the STRING database and
use Cytoscape 3.9.1 for visualisation and analysis. Enrichment analysis of targets was performed
and visualised using the Metascape database. The key components and targets obtained were va-
lidated by molecular docking using Autodock vinal.2.3. Results: 104 core components were ob-
tained for the action of prolotherapy in AA, including quercetin, lignan, kaempferol, acacetin,
prickly mangosteen, aloe rhodopsin, isorhamnetin and glycyrrhiza chalcone B. 36 core targets
were obtained, including PTGS2, NOS2, CDK2, TNF, IL6, IL1B, IFNG, CXCL8; the protein interactions
involved a total of 2958 biological processes and 157 pathways were involved in the protein inte-
ractions. The molecular docking validation indicated that the top 8 core components with the
highest degree of connectivity had good binding performance to the target proteins. Conclusion:
The mechanism of Xiaoyao San for AA may work through key proteins such as PTGS2, NOS2, CDK2,
TNF, IL6, IL1B, IFNG and CXCL8, and the process involves immune regulation.
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1. 3]

BL5% (alopecia areata, AA) A I IR H LI —F0 B B, B XFR “WR7, FEERINLERR K
AR SHE E B BTGB IR TE BOR M, TR E o R RS IR, o B A A RO L].
WO E RN, Z FEURE IR, BRMNES, HE RS O EE R, IREFERW2],
IR, AN AIIBRAE . SEBE R RR 2 3] il S AA BB HO R SR AR e, b — R P B 1
Wi Blg TR EEE, 2 MR, e AEHERS, hn BRI RO R, BUR S AU A
BEZVINRR, BES—THE OCFERAGFIRTTY » JITHAHSHE 9H. B4, i, 5K,
FR B HE, GEFMAa, FROEMRKTi, it bS5 AA FEHIAEG, TR WA G REE A H
I RE A PRI e T AA [3], RIVT BT AR v + 4i4E 3% B6 HIRAL, (HXTHIEST AA K
YEFIBLEI G ANTE 2 o AT RN N 48 25 BR 2 1) T30, ARSI S FE T 90 28 18 10 25 W O s 1 1 4 B A
B, IR TR S R 45 RAATIRUE, DUAXHEEBGAT AA ITERMLEIET 2Tt 5T,
N g Gt — Dk AR IR

][l
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2. #IRE
2.1. REUHERFEEEM/R Y REXEI

M EAG RGP G4 EHREEB T 8 Wk 25 3 sy, MO R A E
(oralbloavallablllty, OB) > 30% H.2524 14 (drug-likeness, DL) > 0.18 FIFRAEXT T3 5] 1% 1 Bl 70 BEAT 07 3%k
PO N X EE T R AR S8 5, LL PharmMapper [5]R935 7 N4 78, B 70 71, 5 R U i i 1k
FS53 PR FH A SO3EAT TN, 5 4 07 22 L (R RS LG — AE Uniprot [6]45 15 348 2 31T genesymbol 44 #4%
FaAL .

2.2. 3RELAA HEEE S

PL “alopecia areata” Jy><iial, 7£ OMIM [7]%d % (http://www.omim.org) 1 GeneCards [8]% ¥ /%
(https://www.Genecards.org) 1178 2%, Hrh Genecards 34 2K R B (145 5K v, {WUHL Relevance score i
KT =D 008 3.59925 IEE5r, B S51Z00m BE 5 % UIRE FE AR B B3 7 ¥E AL, K PN 380808 e v
RIS RHATRS, MEEBEE, B3] AA MRS,

2.3. “IHiBEL - DIX” PPl Mg

NI EEE VNSRS AA AR IR R R, B ERLZE Venny2.1.0 V&
(https://bioinfogp.cnb.csic.es/toolsivenny), FRIFIHEIBHLN S5 AA SRS ERF B, IR KL F
HSAF| SRTING11.5 %l (https://cn.string-db.org), FREYFIER “Homosapiens” , &/NEAHAEF &
%N “medium confidence” (>0.4), BREITCIEL T &, RWERFFEIRE, SRIEFHN PPI I A
1§l Metascape [9]°F £ (http://metascape.org/gp/index.html) %1% PPI [ 83474301, 45 310 4% () HH 5 2 11 A
Bt module.

2.4. GO EEEE N HF1 KEGG B4

BB S AA IS S\ FI] Metascape T 6, WEREWF N “H.sapiens” , P < 0.01,
BT GO BRSNS KEGG Mg, fRF%E, BHEESAET R BESHENMERSTE
(bioinformatics.com.cn)#E4T AT ALAL 23 #

2.5. 254 - FEMERST - B - BERMEIGE

BRI BN RORE 2 GRS S, M IE RO MERS  SEFRE AL R BRI S N2 Cytoscape3.9.1,
FIEZGY NSy - B - B, R R B TS Z N 44T 0 0T, WRIEE R (Dgree) . /M
(Betweenness). %%% J& (Closeness) 5445, FI W% 0o /E FHAE 5 J = ZE0E PR ALY -
2.6. S FXIHEEWHE

M RCSB PDB. PubChem [l i iU it 12 % o A5 ) PDB SCAHF A 18 8 B o3l M 4 1) SDF ST
{1 OpenBabel3.1.1 ¥ SDF 4%t >4 mol2 #3X, F|H PyMOL2.5.4. Autodocktooll.5.7 {4 idE47 b
5, 133 —# ) PDBQT kX 3rf:, fdiH] Autodockingvinal.2.3 [10]#E4T 20 T-RHEIAE, H545 3 BE (il
F HITLOP “F- & AT ] AAL 40 4T

3. £R
3.1 EHIBSFEEMRSY
R TCMSP M5, & ADME fifiig, FLIRIXBISEHAMR D 17 Fh. [ 2 FF. AR5 13
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Figure 1. Xiaoyao San active ingredient-target map

B 1 HEMEMRS - £RE

3.2. FREL AA HEE# S

PL “alopecia areata” Ay<ia], M Genecards £i# FE3R1S AA B AT 787 A, HR#EZ IR HN Score %k
{8 1.332205, {H T % AL EHER 0 BB BAR, w7y 2 =474, BI 3.375998, f#HX Score >
3.375998 1] 197 /ML A AA HIVETERE 2. OMIM H¥s 48 2 2 AH OCHE (195 />, Durgbank %4 248 &
FIFHOCHE 2 101 S, TTD B FE R R BIA O o, AT S R A I G MBR E A, w4455 308
AN AA R RHE

3.3. 19 “HIBE-AA RS PPI MK

o 77 4 1 3 08 G PR P B S AA O LI B, JET Venny2.1.0 224 UK, 15 B RE BN
Tr-AAJEFIFE R 3T A, WK 20 Kz Al SRR 3R AC & STRINGLLS i, 15 2R U /) -AA HLL
RUPPIMIZE, [ XTI AUS, Ax 36 MEA, WK 3, ILEfAILE 1. 43d Metascape 7 & 25,
BEMAENRKRBENZETEA, WE 4, AR KBRS OEAMRE T - HH T2 A 5 AE
. 1gA B SRIIE S JER . RERFBER A& A

Table 1. Summary of intersection targets

FT1 REMILCE

eIl R i LR
1 ALB 19 ADIPOQ
2 BCHE 20 AKR1C1
3 PTGS1 21 VEGFA
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Figure 2. Xiaoyao San-alopecia areata intersection target
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Figure 3. Xiaoyao San-alopecia areata PPI network diagram
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Figure 4. Tightly linked target protein submodules of Xiaoyao San in treating alopecia areata
B 4. EEAATTHAKARTENRERER FER

3.4. MEIHEESEEA KEGG 5 GO BE 44T

M. H Metascape 4~ &5 XHEIEHUATT AA FHCH ST KEGG 5 GO B4 #r. H GO B4
M 35 4= 9243 72 (biological process, BP). #l fits 45 /i (cellular component, CC). 4311 i (molecular function,
MF) =34y, B8 ITa RN EERUATT AA FAHICHE i 3Lih & 2958 MY FE, #EHL BP. CC. MF
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Figure 5. GO enrichment analysis histogram

5. GO EESHERE

hsa05144:Malaria 4
hsa04933:AGE-RAGE signaling pathway in diabetic complications -
hsa05142:Chagas disease -
hsa05321:Inflammatory bowel disease 4
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0.
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Figure 6. KEGG enrichment analysis bubble chart
6. KEGG BT SIBE
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KEGG B/ Mt E 45 157 40888, WL PETHFHES, EFHEL AT 30 @M, FFH M4
F P AT AL 0T, IRIES S8R S BOANK BN, WK 6, 2 Hr 8 2R 1E A s £ Ea s
M F RIEZAMESEN .. AGE-RAGE. IL-17 {55 B4,

35. 193 “EHNEMRS - (ERER - B M%

BT UL BT AT EdE, Wik KEGG Frfg 2045 5 logP & F/NEIKHEF 1T 20 4 sk, e
H 2 55 I S B OB A5 e LSS 25 Wi M By« 32 ] Cytoscape3.9.1 4 #2318 BUS 23 -AA I - VE Tl
PR, WIE 7, B, SMERE AL SARRAYIEIERSY, SE6 = AAR%EE, POl A RAE
YEFH4E 5. dE3T Cytoscape #itE 4 & 19 NetworkAnalyzer X 1% /4% B HEAT 007, 13 BEREBUATT AA 1%
Oy B A U A FH S 55

SRR, TEEIEBUH TR MR, 5 AA ITRIT S S K MM e &, &80 19, NMER
0.06104, 'E#E)y 0.49695, MHIEH A E A LM TS HE Kz 4 K b 2 PR A 52
MK BV NMERHER P AT 8 L TGRS, BRI 2.
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Figure 7. “Component-target-pathway” diagram of Xiaoyao San in treating alopecia areata
7. BIEBUATTRER ‘RS - B2 - ERBK E
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Table 2. Core components of Xiaoyao San in treating alopecia areata

2. HERUATRER DS

Frid % PRI I R OB(%) DL HKIRZH
E4 Wi & 19 0.06104  0.49695 46.43 0.28 SeRA. R
BH5 RBEE 10 0.02184  0.47109 36.16 0.25 M
B1 g 7} 7 0.02188  0.46306 41.88 0.24 HAS . . HE
BH7 R+ P YT 4 0.00597  0.44780 34.97 0.24 g
GC13  HTfRfEE 4 0.00441  0.43817 69.67 0.21 HEE
BH1 FERER 3 0.00555  0.45277 83.38 0.24 A
E3 FRER 3 0.00097  0.42670 49.6 0.31 SEl. HEE
GC6  HHEA/KE B 3 0.00097  0.42670 76.76 0.19 HE
Table 3. The main targets of Xiaoyao San in treating alopecia areata
3. BRI EERE S
gy Y N B
PTGS2 107 0.55356 0.64682
NOS2 76 0.18684 0.50937
CDK2 65 0.16996 0.46306
TNF 32 0.05094 0.40547
IL6 29 0.04055 0.39951
IL1B 28 0.03295 0.39756
IFNG 19 0.01632 0.37907
CXCL8 19 0.01574 0.38084
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Figure 8. Molecular docking heatmap
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Figure 9. Schematic diagram of molecular docking
9. HFXEREE

¥ IR S P E R R BRSO S AA B ST o0, AR A EAIERE A A, o
S FCAREAT X2, B Vinascore B/, R348 G i 1 Sk 6 — AN AURELVE D VRAG A B, R F At
HATATAAL 0 #, B3RBE, WK 8. EHIAN, Vinascore < —5.0 kcal/mol I, =& &5&TE MR, <-7.0
kcal/mol I, &5 4GSR, WEFTR, IAIEZS TR 5SRO Z R T RIFM4 & ERe.
HARTRVEYT 5 NOS2 (¥ Vinasocre s/, #7838 45 Grid M fe i, R HUES A3 TR U 1 J LA RC - 24k,
xR E A 9, WL UAR - ZAEZ & RIF, Al E AN, #— PR 7 HiE R
USAINEA SR i
4. 71ig

PERiE, i3 30 FE, BRI AA KA 1068 &N, KIEEBLL 49.41%, JtLL 25~39 )&tk
NE[LL], BhAh, AA G S TR C BR AR E 7 AR 0 THT 5 T (8 0 R e, A B o, BRI, (H
AA LUHEBE MR 5 S BURE HIUIAL . FEESEA RARAS, HHK £ 1E4E4(Dermatology Life Quality
Index, DLQI)ME &[12]. IUAREZEH N AA 2 —Fitl T B4/ 30 B 5 e emmi[13], S5#&
R . N, Bt LR A e . i S0 56 1E 108 i 32 B s 2 o B3 B KA A < R A
T MMRAAKIE N E S PR, B2 F FEF~ AR SRR, BSHCERRE, S5l fEa SR
AL 454 Thl 4P S A A SG I IFN-y. TNF-8 5§ [14].

HEIAH AASRAIES . . B, SRMERZEVIMG, FEBICIFEAL, SMEE[5], HiE
PRARIE, BEFG 83 R 40 X i B W) S A T Xt HR2H[16], ] LAAEHE A %% 1 rh B WL HEA T AR AE
BT F R, S HLEE tH AA RIS FE B UIARDE, LA T, N AA RIEIEFE R it S ZE TS, AT
HtEEZA, FFRIBMT) e R 2 S EU MRS, SHIAT, HOTE AA R 51 G RO — R ARG,
BUREE A5 — R B 0] 01X — W A 34T 21 [17] [18].
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ASCIEIS WS 2j 3T, WEIERRS AA RIT OIS TR S L R A B BRI T S b
H, W IEREBET AA B R - S - JERTBES T L. BTk A A T R R A
FF. RKBRZE IR, R, BPEMER. HERER. FRER. HREE/RE B %, BUCUH
FUARH, M R W G Th 20 P, SR e N [19], A SER N, fE C3H/Hed /U
R, MR o6 AA RILH AT KT ER[20]. M 2R, ARRER. IEm. FRET. fTmieER.
AR, HEARE B FEHEE S, IR RIS r] 22 %] NF-«B 15 518, %
ICHLIE ) TNF-av IL-1p8 S 4AMIPH 7~ [21], 7L I AR PR 5~ 76 AA SB35 I3 1R K0 IE i B A AT
BRI E[22], HoaTCUAK, EESRAA YT B IZE AR RS AA RIFER . SLi R, &
ZEEH 100 mg/kg-d RITERATE R 8 wE, BEARAE R SRBHTE b R = A v R AR Ak (2t 2 35 5 240 10 1 B ot
BN, B R AEH[23], T CA S0, MESE AR AN IR 1 N B SR AP DA K AR A AT 4
REAH AR ) A KBRS BIR EAE F [24], PI5ERITERAE 3R DRI X —i& 48, B2RIT AATH T,

TEEIEHAEH T AA BIEE A, MR “RBor - d@ig - e Mg rnEs Y, R200 8 41
BRI S R INEBE(PTGS2). i T M — A LA A BE(NOS2). AW A ki il 2 (CDK2). Jifg
WHERF(TNF). A4 2-6 (IL6). H4HiE/E-18 (IL1B). T y (IFNG). H41iE/%-8 (CXCLS),
2B 8 BT BRI IX 8 OB R R ENGYT AA ITER . PTGS2 K E4E H P24 il 51 ik 3= A i 40
BT (RN PG TE . PO e MR ik I A ) A S AR F [25] . ILAB A TNFa B FIFEF
S0 ICAML [J3R1A[26], 1M ICAML BE S 2 M sE R, 5 LFAL FI456XT T 4ifiE e 5 E 213
FIBAER27], BAEIRRI 7R R ILTE AA B3 IS L T 7 38 S a4 (28], omT DAV A
ICAM1 FiL/KFH B TRTT AA.

1t GO Fl KEGG &R, /Rl sl 5L K4 K7 R K Z M AH EAEH . AGE-RAGE. 1L-17
E5 M. Hrp IL-17 {5 502t Thi7 4000 i) IL-17 G R 78 & S 1S S es, IRRIF TR
BAA B AMNE M Thi? KPR N BT m, HiGshi AA BEAEEZh AA B4 E G+ Thi7
SEAFE—DIIRTH29], RPILBEHTTEESS T AA RIFEHLE]

SR LRI, GEEEUGAE SUR - EFE R LR KBRLRSE, RIRRIE I G SO RN F A
R FRIE A0 T S E B R AE AAVRITIER, ML B S A R 7 S L2 AR AH AR . IL-17 15
Tl PRI AE S . AR TR RIR M HE: KRR H P 4 5 oy N R M, TEIEHERR S
0 P 22 SR B SR R BRI A5 o AR SR R B AEE 0 AR OCIE B S L, H ATIS S Z BRI B AR L
FEREUER S AA KIRHIRER, ARATHE— D58 0008, XN CASSE, DAk — 0 B B B8R IT
AA FIHLH .

SE WK
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