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Molecular Mechanism of Licorice Flavonoids Anti-acne Based on Network Pharmacology, Quantitative
Structure Activity Relationship, and Molecular Docking

HU Yi', WANG Zhuxian!, ZHU Zhaoming', WU Yufan', XUE Yaqi', WANG Yuan', ZENG Quanfu',
CHEN Hongkai!, GUO Ylnglm LIANG Peiyi!, ZHU Hongxia?, LIU Li', SHEN Qun!, JIANG Cuiping!,

SHEN Chunyan', LIU Qiang'"(1.School of Traditional Chinese Medicine, Southern Medical University, Guangzhou 510515,
China; 2.Hospital of Integrated Traditional Chinese Medicine, Southern Medical University, Guangzhou 510315, China)

ABSTRACT: OBJECTIVE To explore the possible molecular mechanism of licorice flavonoids anti-acne based on network
pharmacology, QSAR and molecular docking, and to provide reference for the preparation of its transdermal preparations.
METHODS Firstly, the key active ingredients and targets of licorice flavonoids anti-acne through network pharmacology were
screened out. Then, the optimal QSAR pharmacophore model for the activity of licorice flavonoids was constructed by the HipHop
method, and the pharmacophore that might play a decisive therapeutic role was deduced. Finally, the pharmacophore was verified by
molecular docking. RESULTS = Network pharmacology studies showed that 7-hydroxyflavone, glabrolide, 9S,13R-12-
oxophytodienoic acid, naringenin and 4’-methoxyflavone were key anti-acne active components in licorice flavonoids, and
CYP19A1, ALOXS5 and ESRI1 are key anti-acne targets. The QSAR pharmacophore model studies showed that the optimal
pharmacophore of licorice flavonoids consists of one hydrophobic group and two hydrogen bond acceptor groups. The molecular
docking study showed that the active compounds screened by network pharmacology had a good affinity with the target protein, and
the optimal pharmacophore model constructed by QSAR might be the decisive therapeutic pharmacophore of licorice flavonoids in
anti-acne. CONCLUSION This study successfully established the structure-activity relationship between the structural
properties and anti-acne activity of licorice flavonoids, which provides theoretical guidance for the development and clinical
application of traditional Chinese medicine transdermal preparations.

KEYWORDS: licorice flavonoids; network pharmacology; quantitative structure activity relationship(QSAR); molecular docking

TR — P DL B B R RAE PR RAEPERAEN . R RN 2%, IR PR IR R
Wi, 38 R B R B B IR IR R AR AE S AE BERCRSMNI A (NS LE AR . T TR AN E 2

EEWB: EZKAKRPHERA FIUH (81874346, 82074023); |~ ARARHELT H ARHE L 11(2017B090912005)
TEEEN: WX, B, A E-mail: yihu0513@163.com BEEE. R, B, W, #iE E-mail: liugiang@smu.edu.cn

A = PO 225 2022 4F 4 45 39 #4558 Chin J Mod Appl Pharm, 2022 April, Vol.39 No.8 -1039 -



B EAREE R BRI R I AU T Y TR R e A 2 T R
EERHOR) FI R ST (NPT 25 . F IR 4 R
MHUHERR 25, AGE T T2ot)>2l Ty
77 A SRS PR AT TR T TR JUMe R O B
JARHL R RAE, Wik, SRGIFEML, &K%
BRIV R O e A, RE, HECAHITZ
KT & BARIT AR TE, (HARDALE TR
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UTAER, KRy PR TR AR A 24 B P T
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HROR R — R AR, DFERI, H A
B EAHR . préade . ESEEAT); Dai SFPHfE
H B T A AT OSBRI
B O A IR A A, AR AT AT 5T
B, B AT L E A T A A AR A
SRR, SR, A OCH B ERIA YT E
7> LTI 2E o

W 26 245 B2 J R GE A W AT A B — T TR o
B, BAS RIS A MM A, R R
AILGEE 2 . 2R . SRR R R 2y
Wy Rt 52 2 3 1) 245 BRAE FHAILAIT O, S B Al 5OC
Z (quantitative structure activity relationship, QSAR)
SR G I A MBS A5 s P S
O3> ¥ SR B AL SRR 2 A 1Y 5 B S A R
TGS KU PP BT A2 St 314,
O30 S — Mo i B S A2 A 2 1) A A
Ok T A2 1A B 1 S A 93 22 8] 25 5 225 I R A
JIRYITE:, AT R 2GR 2 IR A TR U

AR5 38 5 190 2% 24 B2 7 108 T 55 5 R4
AR BETE PR r S, SRS 18d HipHop Jrik
P g H B 0 e A QSAR 2y Ak IR AY -4
LG RA ] RER HE PRI TP AR T 2038 T, B
Jei i 3 o3 AT IR, s H R S R BT
JEHE R I T AL, A 2438 B 1 780 B 0T 4 Al R
I FH R BE IR AR
1 #MR5RE
1.1 45 23E

R T T Y e - R A SR T TR B
FRFR, RIS 277 e AT 17 o0 M . B
A H B EL S o 2k BT AR PR ST R A i
B, FFFIFH PubChem %% 4 £ (https://pubchem.
nebi.nlm.nih.gov/) ¥ b & Py AT 48 R I T 2 H 4
thy, WK1, DL SDF MaXUPRAT. (] Swiss %idli %
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(http://swisstargetprediction.ch/) 7 M 4 4~ 1k & 9 1)
5, . 7F GeneCards UHE)% (https://www.Genecards.
org) I &R “Acne” DLW HE A SC H #5 (relevance
score = 3) W 1 M 8 43 110 T A 5 5 R R A
DS s e R, BB A (1), 153H
BT VR TERE A, R B ERIA Y TR 1V
TERE S A STRING %5#i JE (https://string-db. org/),
P EFRBN “Homo” , H4JHEH # 8 FHTHeAs v 7 4T
J5RY 8 -85 FUA EAE H (protein-protein  interaction
network, PPD)&, WLIK 2., RJH DAVID 6.8 %44
(https://david. nciferf.gov)HE il 5 AEHE S A AT
W U, fJ5, M Cytoscape v3.8.2 H {4
(https://cytoscape.org/download.html) 44 FH L5 J88 35 25
PIFACHY 54 MEE) 30 AFE S 10 M558
(1) “C-T-P” W%, 1 BH H 2 B R 085 1A 2L
o Hrfr, “C-T-P” MM 93 A5 Al 353
i1, XN S RN A | B SR B
W RZ BRI AR, TR T A 2
[i] fy SR T,

weEY

B
1 RFENE S5 e BN R R &5

Fig. 1 Intersection of disease prediction targets and
compound prediction targets

E2 HEAWGBGEELEANES-EOMIENE
Fig. 2 Protein-protein interaction map of potential anti-acne
targets of licorice flavonoids
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®1 OHEEMWN 74 MeAY
Tab.1 74 compounds of flavonoids licorice
Eikes HEMHT Pubchem ID | %% /s Pubchem ID
1 4 7- 8 F W BElA (47, 7-dihydroxyflavanone) 1889 38  HH A /REI A(licochalcone A) 5318998
2 REHH(glycitein) 5317750 39 HEK R (18-p-Glycyrrhetinic acid) 3230
3 BB SR (neobavaisoflavone) 5320053 40 # H ¥ I0(daidzein) 5281708
4 4R (retrochalcone) 6442675 41 S H B E (isoliquiritin) 5318591
5 HEM(glycyrrhizic acid) 14982 42 H IR —4#%(diammonium glycyrrhizinate) 656656
6  osajin 95168 43 4IPS JE R (4 -methoxyflavone) 77793
7 liguiritigenin-7-O-f-D-apiosyl-4’-O-f-D-glucoside 348881191 44 H N g (glabrolide) 90479675
8 7-FRJLEA(7-hydroxyflavone) 5281894 45 HEEE A(licoflavone A) 5319000
9 H¥EH(liquiritin) 503737 46 H i W (dipotassium glycyrrhizinate) 656852
10 H# Z(liquiritigenin) 114829 47 S H¥E & (isoliquiritigenin) 638278
11 S H % (glabrone) 5317652 48  hispaglabridin B 15228661
12 H e HE C(licochalcone C) 9840805 49 calycosin-7-0-p-D-glucoside 9840805
13 458 (mosloflavone) 471722 50 H#EA /R B(licochalcone B) 5318999
14 mulberrin 5481958 51 kuwanon G 5281667
15 Ja|¥4% 1€ % (formononetin) 5280378 52 PR Z.B(linolenic acid ethyl ester) 5367460
16 o-#i/iZ (a-eleostearic acid) 7850014 53 /NEERf(berberine) 2353
17 [ R (proline) 2353 54  a,a-trehalose 3231
18 ##li jZ & (naringenin) 932 55  F-"f(azelaic acid) 2266
19 4.7 5% (4-coumaric acid) 637542 56 BZQER (ferulic acid) 445858
20 FMEEEE(5-O-methylgenistein) 5748551 57 sakuranetin 73571
21 | —R 5 (testosterone undecanoate) 65157 58  3-hydroxybenzoic acid 7420
22 SR (daidzin) 107971 59 4-53F H #E (4-hydroxycoumarin) 54682930
23 AMTBRRE (psoralidin) 5281806 60 nobiletin 72344
24 4-O-methylpinosylvic acid 67322417 61  H A (anabasine) 2181
25  acetylcodeine 5486550 62 dodecanedioic acid 12736
26 5R[iZ(ursolic acid) 64945 63 9-Ox0-10(E),12(E)-octadecadienoic acid 5283011
27 N £ B (palmitoyl ethanolamide) 4671 64 JHfH(choline) 305
28  oleoyl ethanolamide 5283454 65 WF&MHEHE (stearamide) 31292
29  8-prenylnaringenin 480764 66 kanzonol C 5316802
30 1-stearoylglycerol 22035687 67 9S,13R-12-oxophytodienoic acid 14037063
31 erysubin F 12051847 68 N,N'-diphenylguanidine 14657
32 ¥4 DU TR (arachidonic acid) 444899 69 7-demethylsuberosin 5316525
33 BRILEEMEBR(16-hydroxyhexadecanoic acid) 10466 70  7-hydroxy-2-(4-hydroxyphenyl)-4-oxo0-3,4-dihydro- 387123206
2H-chromen-5-yl -D-glucopyranoside
34tk (pentadecanoic acid) 13849 71 3P S M H (lupenone) 92158
35 2,2’-methylenebis(4-methyl-6-tert-butylphenol) 8398 72 FFEAER H EE (methyl hexadecanoate) 8181
36 a-phenylpiperidine-2-acetamide 386330703 73 ritalinic acid 86863
37 corylin 5316097 74 F(6-gingerol) 442793

1.2 BTl gk g 2530041

AU I 4% 245 PR 8 ) BE (LS s O 5 Mk
BYATIA R kg, S h T AL E )
255 15 238 7 Pubchem 004 FE WA 1Y 3D 4544 .
*H Discovery Studio 2019(BIOVIA, San Diego,
USA)# A Full Minimization B FFA 16 &9
AT RE R/ MEAL FRI® ) R Discovery Studio %
4 ) Common Feature Pharmacophore Generation
BB #EAT HipHop 25 AX IR R EE . A J7 ik
HEEFSCHTRIE TR EEAH R, fmEZ, A
JHl Feature Mapping XG5 ¥ 50 F #ATHHEITCER
AR, AR TS R RRE T R 8 i HipHop it
BETER R IE TR, B S8 A2 1K (hydrogen
bond acceptor, HBA), & #fit{4&(hydrogen bond
donor, HBD). Fi/KH'.(s»(H-region, H). PHE ¥

o E AR 242 2022 4F 4 H4 39 545 8 W]

LA (PHFNTT 2R rfrL(R)AF 5 AT AT REAY 2534
HIRHETCER, WEBNAROTEMEES 0~5,
WE BG4 ERE 255 1, HH
A7 [ Fe IR BB #4421 fi £ 22 {H<10 keal-mol™ A4
AP . Seia )5 RO 10 M3
2T AT RN 538 2o FEAAR 53 A1 2% T D0 BT
S 2 R AT R A T B IE
1.3 - FXERIE

TEPE I 45 2 B2 08 BEAE R R 5 MBS
ARG, 30 I D 2% 24 P2 i e R4 e R
VERSZARER AT o3 F R ESUE . T T+
XHE /N FACE D342 N Pupchem [ F#H 3D
2t #4) . Discovery Studio 2019 #4-AY Full Minimization
Bk e/ MV RE S, JFiXE CHARMm
15k 5y BEgsE o AR S ) B/ NS F R A E 53Xt
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FR AR 20, ffi ] Discovery Studio #X{FiE 1T
AT, XHESE Libdockscore =90 I & B it {4
2R s, ERGEAUS, SR,
A SEARME GYBTEE . K845 A mhEEn

W AR )RR,
A(;Binding = EComplex - (EProtein + ELigand) (1)

2 HER5WR
2.1 GO/KEGG 4#r

He 30 N SCEEHE Sk A S DAVID 6.8 £ ik
17 GO M KEGG W& H 0 GO i R o,
Tl K i AR 2t 7 FE ZE A FE oxidation-reduction
process . positive regulation of transcription from
RNA polymerase II promoter. positive regulation of
transcription, DNA-templated . signal transduction 7/l
inflammatory response ¢t #E . FTiS A B LAY 7
FEALFE extracellular exosome, plasma membrane
extracellular region Fll membrane 55, 7T JIfig F %
£14F protein binding .zinc ion binding .heme binding ,
iron ion binding Fll sequence-specific DNA binding
&, BERILE 3,

20.0 -
175

Biotogical Process

B3 GoyrtegRER%VHE

AWl e AR R T O R R ET 10,

Fig.3 Bar graph of GO functional enrichment results
Biological process, cellular component and molecular function were
significantly enriched in the top 10.

Wit KEGG s Lol G fs sk, L
P<0.05 NE{E, P Count (HHERF, ikt 10 &
SR GG Tl s, MR A R 2 PR
B, LI 4, DhAbR A5 S %, BEARAR A & 54
SHHR/NLL Count (HFIR, KM, WAL
Z., [MgieftE P, D-1gP Fn. KEGG ilifi
w25 R B Ovarian steroidogenesis . Steroid
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hormone biosynthesis. NOD-like receptor signaling
pathway ., strogen signaling pathway %5 1] BEJ& H
BT 14 O HE B% o I8k, CYP19AT ALOXS
ESR1 45 SC I 5 8 45 22 > S B % R 45 P00
ERL

Steroid hormone biosynthesis | ]
Ovarian steroidogenesis - ]
Taxoplasmosis - o C‘Z“;“
NOD-like receptor signaling pathway |- . : ‘5‘
B Hepatitis B - ° 1.610 )
% Estrogen signaling pathway [ . F ogs (pvalue)
A~ Rheumatoid arthritis |- I 4
NF-kappa B signaling pathway |- - %
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Endocrine and other factor-regulated |
calcium reabsorption |, . . . .
Q'\QQ Q'\q{? Q"\‘JQ Q'\Ib QWQQ
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4 KEGG #% g &% R EHE
Fig. 4 Bubble chart of KEGG pathway enrichment results
2.2 C-T-P W&k

N T SR L i R B R B RS R A 4TI
ifil, {4 H Cytoscape 3.8.2 #37. C-T-P M4 KI(IX] 5)
i 2 B 7 P R o AN SR AT A AT, 4
R 2~3, 6,

F2 HEHWFITRARNE 10 9LEY
Tab. 2 Top 10 compounds in licorice flavonoids that may
be effective.

Pubchem ID &Y FETH
5281894 7-$ L B (7-hydroxyflavone) 11
90479675 H # P B (glabrolide) 11
14037063 98,13 R-12-oxophytodienoic acid 10
932 1 2 Z (naringenin) 9
77793 4 F 5 JLH T (4-methoxyflavone) 9
5367460 W JFRFR 2. B (linolenic acid ethyl ester) 8
114829 H# & (liquiritigenin) 8
503737 H#HEHF (liquiritin) 8
444899 A 4E DU R (arachidonic acid) 8
471722 £ HE i (mosloflavone) 8

R®3 HEAMPBIEN 10 WEEER
Tab. 3 Top 10 potential targets of licorice flavonoids anti-
acne

TEERL BEAH
CYPI19A1 43
ALOXS 29
ESRI1 28
SHBG 23
AR 22
MMP9 15
MMP2 13
INSR 10
IKBKB 10
NR3C1 9

R EE R FH 242 2022 4F 4 A5 39 555 8 1)
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Fig.5 Compound-target-pathway network diagram
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Fig. 6 Analysis of the top ten compounds and targets
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R 45 R A 1 R B Yk e A Y i — 20 SR
CYPI19A1, ALOXS5 Hl ESR1 4540 54 v] fig & H %L
B VAT (1) AR A
2.3 HipHop J5 %8 g A 2550 AR A
T H R R U A ROC R, TR

"R R A0 98 1 A AR 2 R AR, AR 43R
HipHop J5 4L/ 2E T 10 N2GRARRL, 3% 4 &
7 10 A~ 24 5 AT AR AU 55 H B 2 i b B A e v M
5 AL S PR VLR . Feps AR TR 1
M, WRTATLESR], HEA5 1 24
VR, PRl | st 254l
HEATJR 9T o Hoh 2530 AT 1 R IE S HAA,
%‘z@%lﬂﬁi%{l"‘ﬁ 1 NERKARAE, 2 NSRS

iE, Hoas e LA 75 B2 sk H BT 4 E N
35.002; BV RCFRIR AR RRE S 5 AN/ T
YT ICHEL s S VCELRR G A S 5 ANt
FR T VERC I 258U E R H o 05 FFIEDE LR R X 3
AR 5 5 AN TG

T4 10N ARALERRESE

Tab.4 Common characteristic parameters of ten pharmacophore

Kl 8tk 10 425 AL AN 5 &4 F It
BLRERYAAE, 3R 5 WoRAHN VCECEE . Horh il
FERRET 4, FonbE Y 5B DT B B S DT
BCREE B4z 0, FRonfb ) SHEAIDC LR B IR
M 8 AT LA F], AR 1 X I DT B (AR 558
K, 203K, B 1R R AR TR 1 A A
AR ] 2R B 2 AT R R A e
BT PR e MR HI B 25880
xS 10NMAREHEEE S MuAHHILTREE

Tab. 5 Matching degree between 10 pharmacophore models
and 5 compounds

WEY ——— ; L -
e 4-HI4, 73k 95,13R-12-0x0ph H= W %
HLHE R T ytodienoic acid N liE
1 1.58 1.36 3 1.82 1.27
2 1.63 1.26 3 1.52 1.14
3 1.82 0.8 3 1.18 0.72
4 1 1.23 3 2.78 0.35
5 0.9 1.28 2.6 3 1.2
6 0.4 1.03 2.4 1.38 1.11
7 1.01 1.25 2.46 1.14 1.46
8 2.66 0.71 2.75 2.1 0.93
9 0.92 1.87 2.24 2.41 1.47
10 1.33 0.75 2.4 0.95 0.94

2yl FEAIE rfE HARITEC FRORUTEC RRAEITAC

01 HAA 35.002 11111 00000 3
02 HAA 33.332 11111 00000 3
03 HAA 33.234 11111 00000 3
04 HAA 32.842 11111 00000 3
05 HAA 31.643 11111 00000 3
06 HAA 31.462 11111 00000 3
07 HAA 30.628 11111 00000 3
08 HAA 30.592 11111 00000 3
09 HAA 30.454 11111 00000 3
10 HAA 30.323 11111 00000 3

T R wE YK AR R BB A 2] 9S,13R-12-
oxophytodienoic acid

WENBAKX, SEHEHZIAX,

Fig. 7 Highest scoring pharmacophore model mapped to
98,13 R-12-oxophytodienoic acid

Blue was hydrophobic region; green was hydrogen bond acceptor region.
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Fig. 8 Heatmap of the matching analysis of 10
pharmacophore models with 5 compounds
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xk6 o TAE

Tab. 6 Molecular docking

: o A hE/ BLiARE &/ HERER/ HEYRER/
A 124 PDB ID Wt A HE 3 € = YhE
feat (PDB) TR kcal-mol™! kcal-mol™! kcal-mol™! kcal-mol™!
CYP19A1(3eqm) 91.38 7.588 1 19.846 5 -18232.2 -18 204.7
4 F S S H ALOX5(2Q7M) 98.79 -34.828 9 14.784 8 -21582.346 5 -21602.390 6
(4’-methoxyflavone)
ESR1(30S8) 93.92 56.876 2 18.6309 144 654 776.847 7 144 654 852.354 9
CYP19A1(3eqm) 103.04 68 535.4 16.956 8 -18232.2 50320.2
7-FR I ALOX5(2Q7M) 98.32 611.499 8 13.129 8 -21582.346 5 —20957.720 0
(7-hydroxyflavone)
ESRI1(30S8) 93.09 212.618 8 15.9919 144 654 776.8477 144 655 005.458 5
CYP19A1(3eqm) 117.42 3431.35 258.013 -18232.2 -14542.8
98,13R-12-oxophytodie ~ ALOX5(2Q7M) 123.24 56.083 7 65.679 8 —21582.346 5 —21460.583 0
noic acid
ESRI1(30S8) 114.06 87.099 2 112.644 4 144 654 776.8477 144 654 976.591 3
CYP19A1(3eqm) 94.48 1329.43 1435.81 -18232.2 —-15466.9
55 P i (glabrolide) ALOX5(2Q7M) 115.19 130.0159 1435.820 5 —21582.346 5 -20016.51
ESRI1(30S8) 108.49 18 102.438 3 1434.964 6 144 654 776.8477 144 674 314.250 7
CYP19A1(3eqm) 98.23 3.0618 45.163 9 —18 232.2 -18 183.9
?H'hﬁ?(naringenin) ALOX5(2Q7M) 108.3 92.296 8 48.606 0 —21582.346 5 —21436.443 7
ESR1(30S8) 97.58 283.0957 51.963 3 144 654 776.8477 144 655 111.906 8

Jot 25 ¥8) B HE JE (protein date bank, PDB): 3eqm].

ALOX5(PDB: 2Q7M)#l ESRI(PDB: 30S8)#1%
XA BRI RE I . WS IR R, 5 MR
Y34 5 X SR R 1 R RS Ak, b
95,13R-12-oxophytodienoic acid 51X LE§IFE [ 1Y X 2
47 15>100, FBH 9S,13R-12-oxophytodienoic acid
FEH B W R 1) 1 AR T RE R4 T A
Mo K9 Rkt 59 508 H 75 0HES,
o ATUURIES Y SR AR 45 G2 LA
w B R AR HEEMEAEH IR 52
A PRI RIEE AR — B, HAACRUL, 4°-H UL
(4’-methoxyflavone) I iy A 5 B 7K X 5 YP19A1
(PDB: 3eqm)flZE |1 I W2 HER5%H PHE, CYS.
MET. ALA Fl VAL 53508 slH B 4.51, 5.23,

432, 4.61, 490 A B w A EAE; 4-H &0
fiil (4’-methoxyflavone) ft. & ¥ I ) & # % & 5
YP19A1(PDB: 3eqm)#f#E [ [ Y=L S% A PHE
TEREEE R 2.86A S EAMER, WK 9A, 7-
¥£ & 35 i (7-hydroxyflavone) |- A% 2K 34 i 7K X 5
ALOXS5(PDB: 2Q7M)#EE 1 L= skt ILE
1 ALA JERGIAIFE A 4.25A F1 4.05A () AR A
H 5 7-F R85 (7-hydroxyflavone) |- ) & 5 324K 43
#5 ALOX5 (PDB: 2Q7M)#EE 1 & FLRR ik
JE TYR H1I ASN JERCIHIEE A 2. 11A F1 3.02A %) &4
MHEMEH, WE 9G, #hH &K (naringenin) [ [ 437

o E AR 242 2022 4F 4 H4 39 545 8 W]

Bi7K X 5 ESR1(PDB: 30S8)#IH [ I+ ) & SR ik
45 TYR, ARG I HIS JE U [HIFE )y 4.48,4.75,4.73 A
1) w BEAH B AEH ; Al & (naringenin) I 1Y 25 57
#5355 ESR1(PDB: 30S8)#IE [ () s SR ik
3 VAL, ALA I LEU JEJ& AN 2.00,2.35,2.55,
2.76 A W EHERI AR (I 90).

[AlkE, [ 9B~F, H~N &R 4’-H 5L AT (4 -
methoxyflavone) . 7-F%3& ¥ fill (7-hydroxyflavone) .
95,13R-12-oxophytodienoic acid . H & N [
(glabrolide) Fllf f 2 (naringenin) i H: & 431 X 45 4%
R, HMEAEMNITAYS - W & 5 5 i @4-
methoxyflavone) . 7-F723& ¥ i (7-hydroxyflavone) Fl
i fZ 2 (naringenin)3&AR—3, BRIk, 43 F X 5T
M, ik P2 2 AR 05 DR R T AL S A AR
HABIFHEFT], It 5 QSAR 2L IAIRAIRY i)
S L ATRAREA AT e A A TR FH 7 A — 3
R, i QSAR 25k AR AR 1 e A
2 550 VA A R S e e 7 A o A v e e
TBITVE IR
3 N

20 BB IA R 25 W) 53 B 25 0 PR 2 A
251107 T IR E G5 (R E SR 1 2 2500 1
5 HEASSZ AR A A T BT A 2530041
I, 2 2Rk AT B AL T AT OKOE B R
2 2550 SRR AVE FIBLE . 2o 2
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(A) (B) (©)

(K) L)

B9 4-WHEILHEIA, F,K). 7-5%5%EI(B, G L). 95,13R-12-oxophytodienoic acid (C, H, M), H ¥ AEE(D, I, N)Filth Kz
%(E, J, 0)5 YP19A1(PDB: 3eqm). ALOXS5(PDB: 2Q7M)#I ESRI(PDB: 30S8)HJ4>T %4

Fig. 9 Molecular docking of 4’-methoxyflavone(A, F, K), 7-hydroxyflavone(B, G, L), 95,13R-12-oxophytodienoic acid(C, H,
M), glabrolide (D, I, N) and naringenin(E, J, O) with YP19A1(PDB: 3eqm), ALOXS5 (PDB: 2Q7M) and ESR1 (PDB: 30S8)
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BT BYAS 5 2 P 2 3% V) ot 55 A DG A AR A R S
PEA ARSI, Homss 2 5 QR TWH 2
(] (%) 225 [) 485 A RN RS0, 5 AT £ L FR B2 . M 259 0
+ 55 PR AH DGR S A AL S5 R L AT SEIR A [R]
BURIEE, TSR BAr s R . Ik, A&
WISERFHPILE 253027 . QSAR ., 7T X 555 0
ST 1 H R B P B o T HL o 7- 8 R B
(7-hydroxyflavone) . H ¥ PN [ (glabrolide) . 98,
13R-12-oxophytodienoic acid ., 5 % (naringenin)Fl
4’ S L BT (4°-methoxyflavone) L & W) & H
B A ST ) OGBS PE ALY, CYPI9AL .
ALOXS5 Al ESR1 2 HATAE Y S K. QSAR
AR R BT, B B R ) e A 24 %A
1 g A, 2 S F 2 AR R, Jf i 2y
AT VE BE o e AR AT T 3k . 1 X bt
GEARWY, 3 Ik o 2 24 B2 0 32 1Y) T 1 b S ) A
EHHRARIRFEMT], FdEIET QSAR
) 3 114 e DI 245 80 VAT A R SR H e o T 0 s v ke
FEMEIRITVE IR 2GR0 T . Rk, ABFoE &
BT H B ) 45 R S TR I M = TR Y
MG FR Sy v 2y e il 390 08 O 2 ARl AR 197 FH £
HET SR
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