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Abstract: Objective To explore the material basis and potential mechanism of Fengliaoxing Fengshi Dieda Yaojiu in treatment of
rheumatoid arthritis by network pharmacology and experimental verification. Methods Ultra-high performance liquid chromatography
coupled with quadrupole/electrostatic field orbital trap high resolution mass spectrometry (UHPLC-Q Exactive Focus MS/MS) was
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developed to rapidly analyze and identify the chemical components in the Fengliaoxing Fengshi Dieda Yaojiu. The active components
and targets of Fengliaoxing Fengshi Dieda Yaojiu and rheumatoid arthritis disease targets were obtained through network
pharmacology-related database and analysis platform. The protein- protein (PPI) interaction map was drawn by STRING database and
core targets of Fengliaoxing Fengshi Dieda Yaojiu in treatment of rheumatoid arthritis were analyzed. DAVID database was used to
perform GO and KEGG enrichment analysis on the intersection targets. Molecular docking was performed using AutoDockTools 1.5.6
software. A rat model of rheumatoid arthritis induced by bovine type II collagen emulsion was established. The degree of arthritis was
assessed by visual scoring. Histopathology examination to detect joint changes, PCR analysis to detect key protein mRNA expression
level, ELISA to detect HIF-1a and IL-6 levels. Results A total of 46 active components were obtained by UHPLC-Q Exactive Focus
MS/MS of Fengliaoxing Fengshi Dieda Yaojiu, which corresponded to 661 targets and 2 604 disease targets were screened. After the
intersection of two targets, 283 potential targets of Fengliaoxing Fengshi Dieda Yaojiu in the treatment of rheumatoid arthritis were
obtained. Ten core targets such as Aktl, TP53, and VEGFA were obtained by topological analysis. A total of 10 GO-related items and
15 KEGG pathways, mainly involving MAPK signaling pathway, PI3K/Akt signaling pathway, Ras signaling pathway, HIF-1 signaling
pathway, Rapl and other signaling pathways were gained by enrichment analysis. The results of molecular docking showed that the
core components such as esculetin, 5,7-dihydroxycoumarin, scopolin had good binding ability to core targets such as Aktl and HIF-
la. The results of animal experiments proved that Fengliaoxing Fengshi Dieda Yaojiu can alleviate joint swelling in the mice with
rheumatoid arthritis. The results of ELISA showed that Fengliaoxing Fengshi Dieda Yaojiu lowered the levels of IL-6 and HIF-1o.
PCR showed that Fengliaoxing Fengshi Dieda Yaojiu down-regulated the mRNA level of HIF-/a. Conclusion Through network
pharmacological analysis, it was preliminatively revealed that Fengliaoxing Fengshi Dieda Yaojiu may improve the disease process of
rheumatoid arthritis by acting on Aktl, PI3K, and other targets. Combined with pharmacodynamic experiments, it was found that
Fengliaoxing Fengshi Dieda Yaojiu may play a therapeutic role in rheumatoid arthritis by reducing IL-6 and HIF-1a.

Key words: Fengliaoxing Fengshi Dieda Yaojiu; network pharmacology; experimental verification; mechanism of action; esculetin;
5,7-dihydroxycoumarin; scopolin
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Table 2 Active ingredients of Fengliaoxing Fengshi Dieda Yaojiu
ID %5 EMARR B 7 OB/% DL JHEZAM
Al Bk JH R neochlorogenic acid C16H1509 10.65 0.33 TARE. BRE
A2 ok )RR chlorogenic acid C16H1809 13.61 0.31 T2k BE3K
A3 R IR IR cryptochlorogenic acid C16H1809 2450 0.33 TR
B JR LR protocatechuic acid C7Hs04 25.37 0.04 WY
C Tl iz & naringenin C15H1205 59.29 0.21 FRiE. 5
CP1 2- Ak -4- LRI KTy 4-hydroxy-3-methoxystyrene CoH1002 38.39 0.03 MRRZ. #R3%
CP2 LR A g acetic acid geranyl ester C12H2002 25.94 0.04 BRRZ
CP3 JFRE 7 naringin Ca7H32014 2438 055 BRiZ. #5%
CP4 3-REAERE 3'-methoxypuerarin Ca22H22010 11.73  0.78 kK
D &Rt hesperidin C28H34015 13.33 0.67 WkE
DGT10 R&HIR C isochlorogenic acid C Cas5H24012 1.78 0.69 T A
DGT11 WNHEER 2. B ethyl 3-(3,4-dihydroxyphenyl)acrylate Ci1H1204 103.85 0.07 Tk
DGT2 ZHHLE 6,7-dihydroxycoumarin CoHs04 2297 0.07 TA#
DGT3 AKREFFH scopolin C16H1800 2291 039 T
DGT4 AJEAC AR 7-hydroxycoumarine CoHeO3 2536 0.05 T A%
DGT5 AREFENE scopoletin C10HgO04 27.77 0.08 T A
DGT6 R4EIR B isochlorogenic acid B C25H24012 1.78 0.69 T A
DGT7 R&JER A isochlorogenic acid A C25H24012 1.79 069 T A
DGT8 N-RANFIIRLHFTHE  N-p-trans-coumaroyltyramine Ci7Hi7NOs 112,90 0.20 T AR
DGT9  N-RIAKXFRHEEIR Z LR FEMEE  N-trans-feruloyltyramine CisH1NOs  86.71 0.26 | AJk
E1 Al B2 naringin C27H22014 6.92 0.78 #5%
E2 PR hesperetin C16H1406 70.31 027 RR#&
GZ1 K phenylacetaldehyde CsHsO 38.65 0.02 H:k:
Gz2 KR acetophenone CsHsO 48.19 0.02 L
GZ3 gty N guaiacol C7Hs02 51.60 0.02 kL
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ID w5 &MWL ES&H ¥ OB/% DL WgE#H#
GZ4  3-FRIFHFREE 3-hydroxybenzaldehyde C7Hs02 30.97 0.02 Hik:
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MH1 2= BRI (-)-norephedrine CoH13NO 66.05 0.03 B3
MH2 2 FEE YRR B TR (—)-norpseudoephedrine CoH1sNO 66.05 0.03 JH¥
MH3  JFREEH L-(-)-ephedrine C10H1sNO 43.35 0.03 R
MH4 DR EE R pseudoephedrine C1oH1sNO 52.25 0.03 Ji#
MH5  FEERRE T (-)-N-methylephedrine CuH17NO 44,08 0.04 B3
MH9  PIEERR cinnamic acid CoHsO2 19.68 0.03 B
ZQ1 R L-arginine CeHuN4O2,  47.64 0.03 7
ZQ11l  EEMIGT neoeriocitrin Ca7H32015 393 0.73 #5%
ZQl2  BFEMT rhoifolin Ca7H30014 6.68 0.77 #F%
ZQl4  FER N meranzin C1sH1604 26.03 0.17 %
ZQ15  hiE A heraclenin C16H140s 43.60 0.29 7%
ZQl6  FHIEH obacunone CasH3007 4329 0.77 %
ZQ17  TEAEW xanthotoxol CuHs04 29.21 0.12 %

ZQ18  3,5,6,7,8,3' 4L F & L H
ZQ2  WEIR valine

ZQ20 % Bz A B auraptene

ZQ4  FIEAKHR anthranilic acid
ZQ5  WRNMEFER pipecolinic acid
ZQ9  57-"EREEFTER

3,5,6,7,8,3",4'-heptamethoxyflavone

5,7-dihydroxycoumarin

Ca2H2409 2391 0.58 5%
CsHuNO: 53.33 0.01 #5%
C19H2203 25.62 0.24 tH7%
C7H/NO2 60.35 0.03 7%
CsHuNO: 66.14 0.02 7%
CoHsO04 56.93 0.07 #5%
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#=3 EFERLES
Table 3 Main core target

L= degree g SR e o PV
SRC 598.933 4 0.7539 66
Aktl 521.1900 0.7259 61
HSP90AAL 543.300 0 0.7206 60
TP53 513.157 4 0.7153 59
EGFR 447.292 1 0.7101 58
MAPK1 317.757 6 0.6712 51
HRAS 206.279 1 0.6712 50
PIK3CA 197.292 3 0.657 7 47
FYN 101.718 7 0.624 2 40
MAPKS8 145.445 8 0.628 2 40

(PI3K) /Akt {5 5. Ras {5 5@ K. Rapl (55
. HIF-1 15 588 . Chemokine 15 58 #% . &g
WHEHF (TNF) {55, 235050 E H %
(MAPK) 1558845 . fR Lk (5 5 i A% 248
£k T B AR5 T 6 Chttps://www.bioinformatics.
com.cn/), FEAT AT AAL AR ER, o SR K/ IMRER
PR R, PORER SRR EE, WK 4.
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RUIERRT) . MRS 17 K, SHRAIHAME, 5
THERIB AT 2450 0.2, 0.4 glkg 41535 K AL B
ER# (P<<0.05. 0.1); {EIGMEEE 21 K, SHEAIAH
FHEG, 37 KGR ERFT 259 0.1, 0.2 g/kg 2H . 3% F%
K72 JG e AR AR (P<<0.05. 0.01); fEi&#E 29 K,
SMAMLE, 7RI ST 2590 0.2, 0.4 g/kg
0 BE ST 2 PR ST B BK A AL 943 (P<<0.05. 0.01)-
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Fig. 3 GO enrichment analysis of intersection targets
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Table 4 Molecular docking between key active chemical
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454 BEI(kJ mol™)

ST 4

IR Akl HIF-la  PIK3CA
BN -7.3 -5.8 -7.3
57-"REFT R -7.3 6.3 -73
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Fig. 5 Molecular docking diagram of key compounds to
targets
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Fig. 6 Comparison on ankle circumference and arthritis index ( X +s,n=8 )
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Fig. 8 Effects of Fengliaoxing Fengshi Dieda Yaojiu on mRNA levels of AKT, PI3K, and HIF-Ia ( X s, n =8 )
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Fig. 9 Effect of Fengliaoxing Fengshi Dieda Yaojiu on HIF-1a and IL-6 levels in collagen-induced arthritis rats ( X s, n =8 )
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