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Abstract: Objective To explore the efficacy and action mechanism of total flavonoids from Psoralea corylifolia in treatment of
rheumatoid arthritis. Methods Total flavonoids from Psoralea corylifolia was prepared by stepwise extraction with polar solvents
and analyzed by HPLC for content determination. Network pharmacology and molecular docking were used to screen core targets and
pathways. The anti-inflammatory and joint-protective effects of total flavonoids from Psoralea corylifolia in vivo were observed in
collagen-induced arthritis mice, and its effects on the proliferation, migration and invasion of RA-FLS cells were investigated in vitro.
The expression levels of p-Akt, Akt, p-GSK-3f, GSK-3p, and B-catenin were detected by Western blotting. Results Total flavonoids

from Psoralea corylifolia mainly contains 8 major constituents such as neobavaisoflavone, bavachin, and isobavachalcone. Network
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pharmacology predicted 48 common targets of total flavonoids from Psoralea corylifolia and rheumatoid arthritis, and key targets such

as TNF, IL-6, and Aktl were screened. GO analysis and KEGG pathway enrichment analysis showed that total flavonoids from
Psoralea corylifolia may act on pathways such as PI3K/Akt, MAPK, HIF-1, and TNF. Molecular docking showed that the main

constituents had good binding affinity with Aktl. /n vivo experiments showed that total flavonoids from Psoralea corylifolia could

significantly reduce the arthritis score, paw swelling degree and joint pathological damage in model mice (P < 0.05, 0.01). In vitro

experiments showed that total flavonoids from Psoralea corylifolia significantly inhibited the proliferation, migration and invasion of
RA-FLS (P < 0.05, 0.001), and significantly down-regulated the protein expression levels of p-Akt/Akt, p-GSK-33/GSK-3p, and -

catenin (P < 0.05, 0.01). Conclusion Total flavonoids from Psoralea corylifolia can exert anti- rheumatoid arthritis effects by

inhibiting the Akt/GSK-3f/B-catenin pathway, reducing synovial inflammation and abnormal proliferation, and alleviating joint

damage.
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D-cluster 2; E- hub targets; F-degree bar chart of hub targets.
El1 #EESEEATLRIEXTIROME LIRS
Fig. 1 Network pharmacological analysis of total flavonoids of Psoralea corylifolia in treatment of rheumatoid arthritis
R RV MM AR SRR SRR R A
FALE, RS 2 K kB i e B AR 2 A B AN [ SR AR, *E IR S B4 4524 12d )5 AL
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Fig.2 GO enrichment (A) and KEGG pathway analysis (B)
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Fig. 3 Schematic diagram of total flavonoids of Psoralea corylifolia docking with Aktl molecule

*4 HEREDRERSS Akl PEEEE
Table 4 Binding energy of Psoralea corylifolia with Aktl

WE 254 88/(kJ-mol ™)
AE R E —-11.1
WEET -10.0
SHRNE R R 2 T -10.7
M IRE A -10.3
FME IR A B -8.8
FME R S B A -9.6
M R R -9.6
4" F A AN R R T -9.9

ST, *ME TS A2 2 18 d i) 2
JUELJE 3 (R AIK (P<<0.05), W3 7. XIHAME G &
B T A R AR I /N BR 2T K
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TEFTE ;SR 2H ki I e S5 2 /)N B G
M. WEEFERE IS R0 B, WK 4.
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e JREEVE 45 IR, SR, *hEflEa
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x5 HBELEHEMNNRERETHHENE ( xts, n=5)
Table S Effect of total flavonoids of Psoralea corylifolia on body weight change in mice ( xts,n=5)
; R /g
H Y 1) & kg!
LA A mgke™) —55 g %57 6d % 12d 575 18 d 5% 24 d
xof HE — 22964124 23.1842.03 23.2241.55 23.2641.60 23.2642.10
it — 22.08+1.56 21.50+1.89 20.23+1.87" 20.96+2.41 21.7242.32
FH 4 2 22.12+1.48 22.5442.05 21.0441.57 21.2042.10 21.624+1.69
AhE AR S R 75 22.66+1.98 22.78+2.30 22.34+1.90 22.00+2.45 22.04+1.45
Sxtigetbie: P<0.01.
**P <0.01 vs control group.
x6 W EEEREIM/IE ALESRIENM ( x£s, n=5)
Table 6 Effect of on total flavonoids of Psoralea corylifolia on Al score in mice ( x= s,n=5)
AL Py
IH R B Jeo—]
L) AR mgke™) 5555 %25 6d 5% 124 575 18d 9575 24 d
it iR — 0 0 0 0 0
iR — 417+1.23 4.50+2.36" 5.00+1.48" 6.14+0.46™  6.334+0.38"*"
FP It n4 2 2.83+145 3.174+2.23 4.00+1.36 4.8011.60 4704 1.49*
b g . H R 75 2.00+127%  2.80+1.78 3.25+1.30% 4334137 3.834+1.70%
SXIRA R P<0.01 ™P<0.001; SR #P<0.05 #P<0.01.
“P<0.01 *P<0.001 vs control group; *P < 0.05 *P <0.01 vs model group.
x7 HEBEAEFENNERENEENENE ( xts, n=5)
Table 7 Effect of total flavonoids of Psoralea corylifolia on paw thickness of mice ( x+s,n=5)
S JTVR JE /mm
H 5 & kgt
L) A/ (mg ke ™) 95250d 957 6d 575 124 4575 18d 5% 24 d
Xt B — 2.1540.13 2.1440.17 2.1440.11 2.1240.05 2.1440.08
R — 2.414+0.48 2.4440.59 2.50+0.39* 2.50+0.27" 2.44+0.40
FP It 4 2 2.2840.37 2314025 2.4040.15 2.4040.26" 2.3840.24
Fhi i B R 75 2.2940.16 2.3040.24 2.2940.31 2.3140.22% 2.2740.16
S5x AR "P<0.05; HHRBALLE: #P<0.05.
*P < 0.05 vs control group; *P < 0.05 vs model group.
9 kk
6 #
% #
&
'’ 3
FA U4 HE I8 A 0
XPEE B FEURERS  RME RS TEER

B4 NRERXTAMRS

Fig. 4 General morphology of the mouse ankle joint

E5 #MERES IR RERSC TR LRIERZSHIRNE (X 10)
Fig. 5 Effect of total flavonoids of Psoralea corylifolia on

pathological morphology of ankle joint in mice (X10)

R RA LS P<0.01; SHRALLE: *P<0.05,
**P <0.01 vs control group; *P < 0.05 vs model group.
Bl6 #BIR2EINRAHRETIOEM ( x5,
n=5)
Fig. 6 Effect of total flavonoids of Psoralea corylifolia on

joint pathological scores in mice ( xts,n=5)
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T, RENFM
3.3.1  FVE RS EEERXT RA-FLS 40Ai% 71016 A
Xt HRAHAREL, A 21 v] 2 25 4] RA-FLS 41
My 71 (P<<0.001); #MEEAIEET 0.5, 1.06 2.0
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105=
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354

W REM% 05 10 2.0
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ExRALE: ™"P<0.001,
“**P <0.001 vs control group.
7 AMBEE R EBIXT RA-FLS fHAEHHISNE ( x5,
n=3)
Fig. 7 Effect of total flavonoids of Psoralea corylifolia on
RA-FLS cells viability ( x+s,n=3 )
332 AME RS EEEA XS RA-FLS 20 i 38 5 5 i
ERARAMEL, #VE R AR 0.5, 1.04 2.0 ug/mL
IR A TNF-o S MEE (P<
0.001), &5 R WK g S 3 58 A %54 il RA-FLS
AL sE, WK 8.
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100
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g i HitH
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2
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O I L] 1
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ERHRALELE: " P<0.001; SHBAILLE:: ##P<0.01.

“*P <0.001 vs control group; **P < 0.001 vs model group.
&8 #HEREREX TNF-0 558 RA-FLS 4018553
BIgsm ( x+s, n=3)
Fig. 8 Effects of total flavonoids of Psoralea corylifolia on
the proliferation rate of RA-FLS cells induced by TNF-a

(xxs,n=3)
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LxTHALE: TP<0.001; SEAMHLLE: *P<0.05 *#P<0.01,
**P <0.001 vs control group; *P < 0.05 *#P <0.001 vs model group.

E 9 RA-FLS fHRITRFRENENG (X20,

x+s, n=3)

Fig. 9 Effects of total flavonoids of Psoralea corylifolia on the migration and invasion of RA-FLS cell (x20, xts,n=3)

A3 2 T 1) R v 23 v o SRR AR EAE L, 4R
INZIERAE FHMLE 0 T B, AR R SR,
ANE AR R SRR P 8 AN 3 EEE M Rl A A% O R Akt
(25 L RESG T -8 kI/mol, R & RS Aktl B
A RIFRSEAEME, Pt EiRed Gl A
BE KRBT VER S, oI 45 A e s e T
—~10kJ/mol, TMEILHIL RN GRE ST, BI/RE, =
SRR IR o o FRHEEE FAEsE, #hE e
BEAFT S 8 PR TR 5B LG E S Aktl
BIRA RN GRS, 7R Aktl 24hE e
T R A B2 G R T A FH PR B 00 1B
Aktl VBN —Fh 22 S IR/ 7 2 B s 5 1 2 1 g
/& PBBK/AKt {5 5 8 B A% O N 50T 7E PBK T
TWEHEBOE f . Aktl TR 1L Bad. NF-xB. mTOR
XN HAE S, 251 RA-FLS HE SR T
SRAET s [FIIS, 2B AR 9 2 P EA R VR Y

TE 17 U 428 24 DX 5% 4T 8 PR 98 RE K s B34, |
Akt [l 2 EHLHR IR : H %6, Akt R3E R
W NIRRT E A, (e RA-FLS FT-B536; HK,
Akt 15 5859 7405 mTOR BEKIEL, b4 i JH
WIER (I 3RIE, M BRI 4 i 8 SRR 07 Ak,

AKt/NF-xB ¥y A B T FRAR SO0 R 75 56 i 4
JEE AR (MMP) 3RIE, JREHREEMEY, 515
SIE MM, Akt ATEE— B E R T R
GSK-3B 5 B-catenin. JHEAL[) Akt Al IS BERRLAZ
MifE GSK-3p J<if: 24 Akt 7513240, GSK-3B )
08 RS BB . RIE ) GSK-3p Lk 7
B-catenin BERE AL AR, BETMTIE R B-catenin 7EMI A &
U NAZ S ) R % . 70V IR 20 e 5 1 -8 & e
1, PI3K/Akt 18 %3 BE0E 22 T 5 GSK-3p AL,
KB, L3 RA-FLS 3658, fik T,
BN AR T SR AR R0 T GSK-3B ThRESZ



* 1580 * FEHNBEH 2024F6H AN HwE%E  Drugs & Clinic Vol. 41 No. 6 June 2026
2.01
P-Calenin me . o w— a— e ) | ()¢
sk sk
D-ALL — — —— — - () () L5
Akt S e SR NS s W 6.0 10° = ## . w4
- S 104
p-GSK.3p W - 10 <
© . SCH o é_‘
GSK-3P gl wwows M. - 1.6 10° 031
- \
Beactin w—_> E————— 210 00
PR MR HIEERMS 05 10 20 P BRSNS 0.5 1.0 2.0
A R SR (ug-mL ) o . MR S PR/ (g-mLY)
1.59 07
* 0.8 | T #
i‘ 1.04 £ - 1
Q 0.6‘
& # # % #ih
& . 2 04
% 0.57 g
(i . ().24
0.0 0.0

xﬁlﬂ.ﬁ 1‘3}'2.?2 tﬁﬁﬁ%ﬂ@ 0.5 1.0 2.0
FME AR A B/ (ngmL )

Xn"ﬂﬁ ffﬁ"ﬂ Hﬂﬁ:ﬂ%ﬂ% 0.5 1.0 2.0
FME R SR/ (pgmL )

LXTHALE: P<0.05 TP<<0.001; SEMALLE: *P<0.05 #P<0.01 *P<0.01.
"P<0.05 ""P<0.001vs control group; *P < 0.05 #P<0.01 *#P<0.001vs model group.

B 10 # EAs2EEI% RA-FLS 4Hf9F p-Akt/Akt. p-GSK-3p/GSK-3p # f-catenin FEHFIAKFEMHEM ( x£s, n=3)
Fig. 10 Effects of total flavonoids of Psoralea corylifolia on the expression levels of p-Akt/Akt. p-GSK-3p/GSK-3p, and §-
catenin proteins in RA-FLS cells ( X*s,n= 3)
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