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i e A% s e, 3E4T R B AR (gene ontology, GO ) Zh Ak 2B fo AR A B 5 2 B 204038 % ( Kyoto Encyclopedia
of Genes and Genomes, KEGG ) il %% & 5 #7 ; R /| AutoDock Vina k#5840 58 o 5 475 32 & 347 4 F %
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R HE ST KOA #9408 32 5 648 i J8 37 58 B -F (tumor necrosis factor, TNF ), AKT £ 288 / 7 R824 5 1
( AKT serine/threonine kinase 1, AKT1 ). & & 4 K B F % 4 ( epidermal growth factor receptor, EGFR ). Src B &
FA & & % B ( Src tyrosine kinase, SRC )\ & 4 /% % & 8 9 ( matrix metallopeptidase 9, MMP9 ) % ;GO # 3t %
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( phosphatidylinositol 3—-kinase/protein kinase B, PI3K-Akt ), £ % J& 7& 1L & & # #( mitogen—activated protein
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Mechanism of action of Xiaotong powder in treatment of knee osteoarthritis: A study based on net-
work pharmacology and molecular docking
BI Huaizhong, ZHANG Hanwen, BAI Liqun
( Dongfang Hospital, Beijing University of Chinese Medicine, Beijing 100078, China )

[ Abstract ] Objective: To investigate the mechanism of action of the external application of Xiaotong powder in the
treatment of knee osteoarthritis ( KOA ) based on network pharmacology and molecular docking. Methods: The active

components of Xiaotong powder were obtained and further screened based on the features of transdermal permeation and
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local effect and the key indicator of skin permeability coefficient ( Log Kp ) . The disease targets of KOA were obtained
and intersected with the targets of Xiaotong powder to obtain potential therapeutic targets. A traditional Chinese medicine

(TCM ) —component—target network and a protein—protein interaction network were constructed to identify core targets.
The gene ontology (GO ) functional enrichment analysis and the Kyoto Encyclopedia of Genes and Genomes ( KEGG )
pathway enrichment analysis were performed, and AutoDock Vina was used to perform molecular docking between core
components and core targets. Results: A total of 85 active components were obtained for Xiaotong powder, with the core
components of quercetin, ellagic acid, kaempferol, myricetin, and apigenin, and the core targets of Xiaotong powder in the
treatment of KOA included tumor necrosis factor, AKT serine/threonine kinase 1, epidermal growth factor receptor, src ty—
rosine kinase, and matrix metallopeptidase 9. The GO functional enrichment analysis involved the biological processes such
as cell response and inflammatory response, and the KEGG pathway enrichment analysis involved multiple pathways such
as the phosphatidylinositol 3—kinase ( PI3K ) /protein kinase B ( Akt ) signaling pathway, the mitogen—activated protein
kinase ( MAPK ) signaling pathway, and the Ras signaling pathway. Molecular docking showed good binding activities
between the core components and the core targets. Conclusion: Xiaotong powder exerts a therapeutic effect on KOA through
multiple components, targets, and pathways, possibly by inhibiting the expression of inflammatory factors and regulating the
signaling pathways including PI3K—Akt and MAPK to improve inflammatory response and cartilage metabolism.

[ Keywords | knee osteoarthritis; Xiaotong powder; external preparation; network pharmacology; molecular docking
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#i& % (Public Chemical Database, PubChem) X i
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Iy i A 2% 3 (the canonical simplified molecular—
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MU HIEAT R BR K A L 25 R R A T AR S R E
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Cytoscape 3.9.1 Zx il vh 25 — J§i7) — Y7 HE S M 45
RN AR5 IEA 248 A 50, 844 kil Horh g a4y
RS . (LI 2)

iz J Cytoscape XJ H1 2 — Wi 73 — 16 97 #8450 )
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B P E =03 845 0 08, A% 0 e O i B R
( quercetin ), BEAEFR( ellagic acid ). 111 45 3 ( kaempferol ).
¥ Z ( myricetin ) 32 Z (apigenin ), (WL 1)

2.3 PPIM A K e THE S A STRING
B, A H#PPIIM 2%, 5 A Cytoscape 3.9.1 X
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1% 2 R 25 P (sre tyrosine kinase, SRC), 3 Jii 4>
J& 7 11 1 9(matrix metallopeptidase 9, MMP9), (il
#2)
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Degree Betweenness Centrality Closeness Centrality

fillz £ quercetin 136 0.146 833546 0.386 895 476
WA ellagic acid 40 0.092545033  0.334 682 861
IZE® kaempferol 34 0.033560783  0.332 885906
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JEKZ  apigenin 16 0.032300 89 0.346 853 147

EY)
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25 o FAE BRECPZ - Wy - 6T R A UOCHK
P 245 e i Y 5 A0 A BSOS, I i
B9 5 %0 S TNF . AKT1, EGFR . SRC, MMP9
1 F X% AR B 5 B0 S 2 IR S5
fiE VUl }y -8.6 ~ —11.0 keal/mol, 43 1 X 43 i g 4
H5Z KNS A <ORRPIEREA LY G, 4Gk

TNF(2e7a) AKTI(7nh5)
quercetin
ellagic acid
kaempferol
myricetin

apigenin

Bo HFXELSR

TNF-ellagic acid

EGFR(3poz)

TNF-kaempferol

HUE BN R T IS SR TR 2 AR S 4G
A HEYY <-5.0 keal/mol , #2758 it P4 F1 52 1A H AT 45 i
IS T 6) o 5 %0 A BUR S5 TNF
AKT1 A 50 407 X e 8 Bk A7 nT AL e
Iy LT E 8

SRC(2sre)

MMPY(litv)

BE# & (kcal/mol)

TNF-myricetin

7 DS S TNF & FXT#E

AKT]-quercetin AKT!-ellagic acid

AKTI-kaempferol

AKT[-myricetin

AKTI-apigenin

B8 S5 AKT1 4> F3f#E

26 ERMARS LS 5 FrFE SR
R, TR EOR R, R T 2 - ik
Gy =R 9T RS 2% b AR BE A = 10 A B
£ =0.01, B ot = 0.3 %14 BB A SO
PEAT O, 1214 DA (LR, HY
TNF . AKT1 7p X485 G Re WLIE 90 %0 Lo fie i
552 (R B0 5 B S5 A B <-5.0 keal/mol , 3% B it 44

FISZ A HAT P B S5 53 - F 10
R3 ERBROBHMS

JGE B Afobott BEPOE

0.024 145 449 0.324 183 007
0.028 372756 0.308 841 843
0.019 346 577 0.308 841 843
0.035 089 811 0.306 551 298

3 —amyrin 12
Propyl octadeca-9, 12-dienoate 10
Methyl 17-methyloctadecanoate 10
Ethyl palmitate 10
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TNF(2e7a) AKT1(7nh5)
pamin [
Propyl octadeca-9,12-dienoate -5.4 -6.4
Methyl 17-methyloctadecanoate -5.4 -6.3
Ethyl palmitate -5.3 -6.5

B9 £RMZOMSE TNF, AKT1 5 FHHE 4 & BEHE (kcal/mol)

30 i

T 0 IR G5t v B8 2 R AR T R e i R IR
AN T 255207, fellfn R b © BB B RCR
A B 58 B T A0 25 ) 8 R W ISR AL, R T 9 AR
7 KOA BYAE B . il id TCMSP . HERB %045
JAE B SCRRAG: 2, B 168 ) 1 I WA J7 KOA 1Y 85 7if
A RLST, AL FE R 2R (quercetin ) BEAE TR ( ellagic
acid ). 111 2% 3 ( kaempferol ), 4% ¥ 2% ( myricetin ), f7*
% 2% (apigenin ) 8%, Mt KRV ILZE B MR T
KRR T EEEA G Y . BAAR NS TR
Wik, BT RARZHAELEY ", WAL
PUR RO AR A SRR Ak
M7 sy AT R AR R TN TR A
# KOA BYECH AR RNED . g2 n] a4 il
HEVE H R K TS TR s h 22U F K A
Jig JE A 14 T 5 R 1 5 AR AR 0
KB AT FEAR RAE N 1K F, 3 i L S RE T, AT
VR SR B

TH 9 HO B R R 2, FE AL T T ok
2 PRI e B 4 R 0 HA BU R B e
AL L w4 SO BUAY AT O
e i3 2 B - A B IR BEC B —amyrin )| JE 9 R N Pk
( propyl octadeca—9, 12—dienoate ), 17— H & il fii5 fig
F 5 ( methyl 17-methyloctadecanoate ), k£ iR £ Fig
(ethyl palmitate ) PUFH A3 73 F XHHESE R B -
B BE B2 ( B —amyrin ) FY 25 & BE Fe MK, #2 /8 Hi T
TUTNF . AKT1 8542050 A BE ) S5, n] fE 2 42
SRR T KOA 1 CBEAZ O AT o K Bl S 36 Tk 55
B —amyrin HATHT T R B, 41200 Bl 45
R 7R B RE R B R i BRCET E  E
i, HEE 3 EA A4 7, S34h, B —amyrin

BUUE S RE A% 110 ]38 3 002 2% 40 Jf PR 1 14 3Rk Ok il 3%
RPE T,

PPI [2% 53kt TNF . AKT1EGFR , SRC
MMP9 % %0 5. TNF 7E KOA ) 48 4 Rt
P E AR 0, S KOA KRBT E R EE >,
TNF 5 g SR 3E DX 5 32 44 1/ b g IR 8 I 1~ 32 1
2 (tumor necrosis factor receptor 1/tumor necrosis
factor receptor 2, TNFR1/TNFR2 ) G5 e e
RFED 52 AR FH G L T 45 38R 1 - IR R A8 A
T2 4K 2 (tumor necrosis factor receptor—associated
death domain protein—tumor necrosis factor receptor
2, TRADD-TRAF2 ) & & W3 % N 1 « B 1
F ¥4 i (inhibitor of nuclear factor— k B kinase,
IKK), fif #% #% 5 1 ¥ -k B (nuclear factor- B,
NF- B ) ARZIH: b 5 < Jas 2 11 i ARG 87 R
B2 B33, 4 R A R A 5 v A TR A
FUERBE L AN, TNF T 7 S 08 I 2T 4t 40 i 4>
DA AR, DT I DG TS 2 AKT
J2 PI3K- Akt 3 % 14 5 2298 $22 [N 1, ATl i 9414 20
L B 55 e D AR U T R A S e
Bor iR AR, AT 28 KOA EJ& 27 AKTI 788 451k
iR R A SR I A AKTT RT3 AR A
B3 SR Y EGFR B 5 XV T £ 2
20 L R 1S B A B R T, AT OGS B R E A
P 1) B 1) 34 0 G 1 A AR
Hh, A BFFEFRI EGFR X R 41 M i T2 A7 i il 7k
M, EGFR i Pk ] A 1 fie E B 200 e 06 T
i KOA ik J&' ", EGFR J& PI3K-Akt 3 I ) T
B EU R T, 25 HOR A0 A B RAE RO
EGFR FJ 3 it PI3K-Akt i 40 il 48 4 PR 5~ 4 fiefr 98
WHE T — o (tumor necrosis factor— o , TNF—a ).
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HAENE -18 (interleukin-1B ,1L-1 B ) FIBEIL,
B R R TR A SRC TE R AR b e R
IR, e PR B WS DGR Ao G A A A
i B DAy A2 S AR AN | 38 0 i W ST 1, 3K
BRI A, TG S
Yfrh SRC Y2 FE U i 25 i R i PI3K-Akt 45
15538 B, F— 20 (8 T A1 4 L 4 T R A TR 1
TR, IR 5 R AN BRI Y, MMP9 J& T2
G Je8 B 1 it G IR v i) WD P T, R R e £ L o v
(I DI D i P SR M B R ), S Sl
FFFE I GRS AEBLRAS T, MMP9 54
214 @ 5 H B Y R EE A, 4E R ECM B S
RS G 5 o BHDIRAS TS, 3PP o T8 , 9 03K
TR,

GO T RE 73BT $ 7 A J7 295 K i A= Wy ik 7
o A0 B N A ML RS AR S AR S AR, W R CC
IS LE G AR B W) B TT a5 W X MF
Shy AP U T M G P 4R A8 A O I
it 1% V45 . KEGG 43 H7 i 1% 1 PI3K-Akt {5 5 3
% MAPK {558 % | Ras {558  FE 3 . Rapl
15 = 8 B% 55 5 B 06T RO OC 1 38 B . PI3K-
Akt J8 }% 7€ KEGG & 40 b o 2 5 4R, [l i
PPI i 4 ) /9 #% 0> ¥ 55 AKT1, EGFR ., SRC §
PI3K-Akt i #% ¢ & % V), 2 2] 4 4% PI3K-Akt i
PR 001 T, 25 B PI3K-Aket 18 8% ] BE 2 114 9 B4
7 I E DG AR EEAE I . PI3K-Akt i #%
{18 S TR B ) 5 R A O T 9 T AR E B
B T R R A DDA O, R R G RS
B0 38 BT, PI3K-Akt 38 B 3 o 9 45 08 o
A 1 Bad . B A % R 4K 11 ( mammalian target
of rapamycin, mTOR ), NF-« B 72} bt & B2 1) K
2 24 TR & M K fif B ( cysteinyl aspartate specific
proteinas, Caspase ) #7553 B ( Glycogen
synthase kinase 33, GSK3 ) S N TR b
RAS, B s R R AR T Y TL-1 B
TNF- o 55 40E I+ 7] J00E PI3K-Akt 3 %, i &
T 1 48 0 S T, MAPK {5 50 i R 45
O HCH A L S 5L o A R T DL R OGT  R

‘@Eﬁﬁ%m]o 7 & BE AL 45 4% A £ (integrin ), 26
F BE 1 Wi ( focal adhesion kinase, FAK ). i & [
(‘paxillin ) 4% [ (vinculin ) 45", 5 2 BE 846 F1
BAEE S KOA XA, A5 shY) L5
WESZ FAK/MAPK {5 53 B2 /v 5 KOA #E i
P 2 s, 42 B1 (integrin
B1)fE/ T FAK-PI3K 5 5 % & 5 a1t
R A BESTR IR S I B T g FAK
{5 5 38 %, o] BELUST 18 1M 45 5 5 00 S s,
T 400 94 5 45 B (3B AR 5 AR Y. Ras 2 42 Ras
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