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treatment of RA were screened by network pharmacology, and phytochemicals-related parameters such as pharmacology and
toxicology were evaluated. The protein interaction network was established to screen the core targets, and the correlation between the
core targets and RA was further validated by bioinformatics strategy. Finally, molecular docking of core components and corresponding
targets was performed. CCK-8 assay, cell migration and invasion, cell apoptosis, qRT-PCR, and Western blotting analysis were
performed to clarify the regulation of prangenidin on phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt) pathway in MH7A
cells. Results A total of 18 bioactive phytochemicals and 66 potential target genes intersecting with the screened RA disease target
genes were identified from S. divaricata. Finally, core ingredients such as wogonin, B-sitosterol, 5-O-methylvisamminol and
prangenidin were obtained. The underlying mechanism of S. divaricata in treating RA might be achieved by regulating pathways such
as PI3K/Akt, interleukin-17 (IL-17), apoptosis and multiple biological processes to exert anti-inflammatory and immunomodulatory
effects. Molecular docking confirmed that all core ingredients and key targets had great docking activity. Prangenidin inhibited viability,
migration and invasion (P < 0.05, 0.01), induced apoptosis in MH7A cells (P < 0.01), and significantly down-regulated /L-15, IL-6,
1L-8, matrix metalloproteinase-1 (MMP-1) and MMP-3 gene expressions (P < 0.01). Molecular analysis showed that prangenidin exerts
its regulatory effect on MH7A cells by inhibiting PI3K/Akt pathway. Conclusion This study successfully predict the effective
components and potential targets of S. divaricata in the treatment of RA, which provide a new theoretical basis for further exploring
its molecular mechanism. It is revealed that prangenidin inhibits the activity, migration, invasion and expressions of cytokines and
MMPs of RA fibroblast-like synovial cells through PI3K/Akt pathway, and induces cell apoptosis.

Key words: Saposhnikovia divaricata (Turcz.) Schischk; rheumatoid arthritis; network pharmacology; pathogenesis mechanism;

prangenidin; wogonin; 5-O-methylvisamminol; fibroblast-like synoviocytes; PI3K/Akt signaling pathway
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Gibco AH]; CCK-8 ikifl& (k'S5 VB816) I H
HAX DOJINDO A7]; J RNA $#EGRFAI& (s
343904) W EHEE Invitrogen AF; WiEEFRA &
(#it5 HO10473 DG A _Lilg el =M R A R A F] 5
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Chttp://tcmspw.com/tcmsp.php)~ YaTCM Chttp://cadd.
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omnibus, GEO) ##ifE (GSE93272 Fl GSE97779)
Xt FEZH AN RA ZH b 22 53 R IA 2L P (differentially
expressed genes, DEGs), 73415 RA KIEHLHIAHE
(1) 877 AL BR IAREAL R IB Ko 64k, 383 Panther
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343 PPI M2k RIS AEL R D 2 A BAR B#e 5
(AR R . PPL R fARE 1 NMERB
i, AR B -E OGBS AR BB R AH B
Z A FL R ThEE R HL . FFIXEEZE R TN Cytoscape
3.7.1 % HAn & AT B S IS0 AT A4 PPT
LR RN S HT o

215 FPF AL (geneontology, GO) IhfEFlE{#R
FE[R 5 3 R 4H H RH4 15 (Kyoto encyclopedia of genes
and genomes, KEGG) % EHE2H HPiIK-RA
FLARESZER SN R Chttps://www.r-project.org ) # A4,
FIH “Cluster Profiler” ST AYE B & E 51T,

4% GO Tl KEGG {5 5@ 4. P<0.05 M
BEEE, 4RH R B IEEMFEERE
WHLE 7~ R A “pathview” 1 “GOplot” 43#H T
¥ KEGG £04 it 21 RA AH OGS 5@ % B FI 2
N RAIZ: 4] Chord plot K5 $EIE KL F] GO 8k
KEGG % H kR FJHJE KR
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FEM AR, BiRESH RA WRITER TR K 2
M EAAL. @i BioGPS ##EE (http:/
biogps.org) FFAFEEAEHK-RA B S8 B 2K
) mRNA Fikik. 5t E A mRNA fERNH
LA B PSB85 B i A
PIMH, FEH mRNA oIk H = T S E B A G 2R 4%
B. i Cytoscape 3.7.1 #4)E#E S -3% B B AL N4

217 “EOT-TEAERLEE A -E Sl (ingredients-
potential target genes-signaling pathways, IPS)” [%%%
. FIH Cytoscape 3.7.1 7 IPS %%, =1 fiAt
TIEEAEY) . SRR B Sk, 2R MRS
PEA & W) BB R A 5l g =3 Z A AH BAE R
FIH Cytoscape 3.7.1 N E 1] “Network Analyzer”
DIREST il P o AR L R K 28 P Fh 24, B dE

R N BREES, RIS E ORI
IR/

2.1.8 A0 A RUAZ O BB 2 ) A IR AR X
IPS #%0> M %% (Hithubs Network) F745 31 (4% 0o il 73
TR I R e R B - HE R 28 R R 2 O R AT
O3 T X EIGALE o B 56 PubChem i 72 R 4005 M ik
571 SDF #3304 HFIFH Chem 3D K fFdkATRE &=
/MU R # oy MOL2 #0383t RCSB
PDB #(## % (https://www.rcsb.org) F#7HERALT
0.2 nm (LA HERETE N AN FEER
SERD I EEEE (111 PDB £5#4 3044, £ A AutoDock
Tools1.5.7 #AFFAT 2240 S - Al THE FLfr 550
T.. 1847 AutoDock Vina 1.2.3 #4745 X%, LA
V) Affinity<<—20.929 3 kJ/mol B B H98 f)
AR, H)5, 18t CB-Dock Mk Chttp://clab.
labshare.cn/cb-dock) ¥ 45 B BEAT AT AL

2.2 ZABASCIE

221 ZHHUREFRAIALEE MH7A 40 10%062F
MG 1% % = -5 % = '] DMEM #5725, f&
37 C. 5% CO, RIS FRFAh G 7%, &F 48~72 /NfAE
R IR AR PR 2] 80%~90% i FH fik & (1 i
THALAIH) . MHTA 4L 1X 105mL 50T
N B IR, 45 TNF-a (10 ng/mL), 5Kk HT &
% (20, 40. 60 pmol/L), MTX (20 pmol/L) BX
LY294002 (20 pmol/L) 75 24 h % 48 h.

222 ZHHOIE SIE MHTA 40053 545 T B R ET
#2 (20, 40, 60, 80 120, 160 umol/L) 4b¥H 24,
48 h, #RJ5H CCK-8 ikfIiFH 3 h, MAR{XAE 450
nm AKSIIROGEE () {H, THEEA0EE 7.

223 RIREENE HHRE EEIE 2] 80% B 4
FEREREFRAERG IR 12h, HZW AL 24 h, FHfEH
B ARG 1, 104E 0h, et gk el
F% 48 ho J3HITE 0. 24, 48 h BTG, TR
S 2

224 ITRARZENE MRHZAGYHLIHE 1205
A A Transwell /N%E, 24h GEF2) 5 48h 5 (12
22, Matrigel JRELHE) X/NE AT E . e, g
Hit#.

2.2.5 qRT-PCR &l IL-1p. IL-6. IL-8. }:JF 48
HHAM-1 (matrix metalloproteinase-1, MMP-1)
MMP-3 FERFRIE 42 HEIR R & Ud B 1 E 4 A
& RNA A cDNA, T qRT-PCR 7. 514
JFEHIE 1.
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Table1 Primer sequences

FEH SFFH (5°-3)
IL-18 F: CAGGCTGCTCTGGGATTCTC
R: GTCCTGGAAGGAGCACTTCAT
IL-6 F: CCTGAACCTTCCAAAGATGGC
R: TTCACCAGGCAAGTCTCCTCA
IL-8 F: GAAGTTTTTGAAGAGGGCTGAGA
R: GCCCTTGGCCTCAATTTTGC
MMP-1 F: ATGAAGCAGCCCAGATGTGGAG
R: TGGTCCACATCTGCTCTTGGCA
MMP-3 F: TGGACAAAGGATACAACAGGGAC
R: ATCTTGAGACAGGCGGAACC
GAPDH F: TCGGAGTCAACGGATTTGGT

R: TTCCCGTTCTCAGCCTTGAC

2.2.6 4UMATIIE SR TI 48 h S HI4H
M, PBS e 3 IR, RS Ml AR OInA
Annexin V-FITC FI{LARE (PD §#¥H 5~10 min,
e e g X AN 00 240 B T A 0L

2.2.7 Western blotting f&:ill] PI3K/Akt 18 i A% - AH
KEARIE EH2E AR EHE gL 5
F1, 7 BCA Ml sE R &l € 85 A BTk . SR A
a2 10% T e FE R BRAN- 2R R L I B I B ik, %
% PVDF i, fE=R T 5%Milg2E 930 1 h 5,
A3 AINN p-Akt (107500, Akt (1:750). p-PI3K
(1:750). PI3K (1 : 750). Bax (1 : 5000). cleaved
Caspase-3 (1 : 5000, BelxL (1 :1000) 1 GAPDH
(1:5000) Fifk, 4 CHEIH. K5, K5

PUEZER NS 1 he N ECL A2 A Gl 7 i
J& » 3 Bio-Rad Gel-Doc XR+A] ¥4k 1 45 H5 o i
FH Tmage Lab #AFXT 567 14T AL
2.3 GeitESH

iR LLX £s R, JHEH GraphPad Prism K
PF (9.5 WO #AT T Gt MR SRR 7 % 5
M, JHSIFEA ¢ e, A S AniE .

3 4R
3.1 MEEHIBENR

311 [ AT M ) 24 BE A M o AR SRR DL
OB=30%-. DL=0.18 FriExf Bl KA 2 H ¥ e 53 i
TR IS5 & S R, I AFRAT 19 PSR -
HATREE T (Hace>10), H4x 18 FiiFEME 75
4 “RO5” (MW<500. Hdon<<5. Hacc<<10. —2<
logP<<5. RBN<<10). IX&&yfithpl o (ML 253 2
LR 2. 1@ K5 2 HERB %## 2 Chttp://herb.ac.cn/)
STENIERZ R fmtEil. SRRE, EN17ED
K B E RS, 11-BE-ZFHE qt.

divaricatacid FIIEAZE P B OAFE T-BI R, B XU
PRI divaricatol f77E T EFERTRAEN 1) 2 Fh
o, ETE N R AN BRATEAZR 2 3 . B REIET A
TE TR P AR R I g, WIHR CBEF 11,14-—
Tl AR R LDso = (B 1). SAscore v
TR BT A B #AE25 T G i) Bk EE R, T

®2 BREMEERSNEEZMS TR

Table 2 Pharmacological and molecular properties of bioactive components in S. divaricata

E MW AlogP Hdon Hacc OB/% DL Caco-2 BBB TPSA RBN SAscore
AR A 38638 249 2 8 68.83 0.66 0.21 -0.53 107.59 4 3.448
-BE-Z W qt 29231 0.88 3 6 5024 027 —-027  —1.23 100.13 1 3.502
JIT A IE P g 42646 5.05 0 7 59.65 0.66 0.56 -0.02 92.04 6 3.932
divaricatacid 32032 134 2 7 87.00 032 -0.18 -1.05 106.20 3 3.436
divaricatol 33435 125 2 7 3165 038 -0.13  -1.09 106.20 3 3.505
G ES 27030 3.65 0 4 3455 022 1.13 0.92 52.58 3 2.782
I577 R € i 2 37442 280 2 7 3205 051 0.07 -0.81 106.20 4 3.718
IESA S PN 30033 364 0 5 4339 028 0.90 0.43 61.81 4 2.815
5-O- F 35 24 iy ] K i 290.34 2.02 1 5 3799 025 0.54 -0.10 68.90 2 3.466
W R 30033 364 0 5  40.19 028 0.98 0.48 61.81 4 2.815
3-R-B-4 B I 41479 8.08 1 1 3691 075 1.32 0.87 20.23 6 4388
POEE R 28428 259 2 5 3068 023 0.79 0.04 79.90 2 2.288
B-4% 5 41479 8.08 1 1 3691 075 1.32 0.99 20.23 6 4388
SV H R 2L 308.56 699 0 2 4200 0.19 1.46 1.14 2630 16 2.305
FRRAT R 27030 365 0 4 4546 023 097 0.66 52.58 3 2.674
T RKHT HH 2 27030 3.79 1 4 3631 022 0091 0.50 63.58 2 2.982
11,14-— BRI R /1 Bis 32259 755 0 2 39.67 023 147 1.10 2630 17 2.322
KRR 32839 396 0 5 3927 038 0.77 0.25 65.74 3 3.359

MW-HHX 73 FRisE AlogP-FEE//K T REIATEL  Hdon-F8EHEA  Hacc-EH#E3Z1k  Caco-2-lp L i@iENE  BBB-MWBERE  TPSA-#fifh

PePERTHA RBN-fLAr 4l e e g A4

MW-molecular weight AlogP-log of octanol/water partition coefficient Hdon-hydrogen bond donors Hacc-hydrogen bond acceptors Caco-2-

intestinal epithelial permeability BBB-blood-brain barrier TPSA-topological polar surface area  RBN-rotation bonds number
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Fig. 1 Toxicological parameters of bioactive components in

S. divaricata

DRUGBANK  GeneCard
79 <2893

DisGeNET OMIM

ccL2
AR MeLt

GSKIB CDK2

36 H IR e B RGPy B IR i “ 2R 2
R o 7E TCMSP AR 2B X 18 Ff s P Bl 43
218 M, ZEEMIEFES 80 MEE M.
3.1.2 BiRIAYT RA [ EREREN )2 PPI 4% 4347
#HL GeneCard. DisGeNET % [ ¥4 KT L
BIRHE A, & 3F DRUGBANK. OMIM % & gk
S, F AR 5769 > RA HSHEIE . I
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Fig. 11 3D views of top five molecular docking combinations sorted by docking score
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Fig. 12 Effect of prangenidin on biological behavior of MH7A cells
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