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Abstract: Objective To optimize the preparation process of Achyranthis Bidentatae Radix micro-precipitation self-assembled
nanoparticles (ABR-MP-SAN), compare them with ABR decoction self-assembled nanoparticles (ABR-D-SAN), and evaluate their
anti-acute gouty arthritis (AGA) effects and mechanisms via network pharmacology and animal experiments. Methods ABR-MP-
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SAN were prepared using a micro-precipitation method. Single-factor experiments combined with response surface methodology were
employed to optimize process parameters including extraction time, magnetic stirring time, and crude drug concentration. The
optimized ABR-MP-SAN were compared with ABR-D-SAN in terms of characterization, polysaccharide content, and ecdysteroid
content. Network pharmacology was used to predict core components, key targets, and signaling pathways of ABR-MP-SAN against
AGA, followed by molecular docking validation. C57BL/6 mice were divided into blank group, model group, colchicine (1 mg/kg)
group, ABR-D-SAN (1.82 g/kg) group, and ABR-MP-SAN (1.82 g/kg) group. AGA was induced by intra-articular injection of
monosodium urate crystals into the ankle joint cavity. After 7 d of intragastric administration, therapeutic efficacy and mechanisms
were evaluated by joint swelling degree, gait score, serum inflammatory cytokines, histopathological changes of ankle joint, and protein
expression of interleukin-17A (IL-17A), tumor necrosis factor-a (TNF-a), and nuclear factor-xB p65 (NF-xB p65). Results The
optimal process for ABR-MP-SAN was ABR was reflux-extracted with 10 volumes of water for 60 min, the residue was extracted with
10 volumes of 75% ethanol for 60 min, the two extracts were combined, magnetically stirred at 400 r/min and 25 ‘C for 25 min, then
concentrated to 0.2 g/mL after ethanol removal under reduced pressure. The obtained ABR-MP-SAN exhibited regular spherical shape,
with higher stability, uniformity, polysaccharide content, and ecdysteroid content all higher than those of ABR-D-SAN. Network
pharmacology identified core components including kaempferol, baicalein, and B-ecdysterone; key targets including IL-1f, TNF, and
IL-6; major pathways enriched in IL-17, TNF, and NF-kB signaling pathways. Molecular docking demonstrated strong binding affinity
between core components and targets. Animal experiments showed that compared with the blank group, the model group exhibited
significantly increased joint swelling degree, gait score, serum IL-6, IL-1p, and TNF-a. levels (P < 0.001), obvious pathological injury
of ankle joint, and markedly elevated positive expression of IL-17A, TNF-a, and NF-kB p65 (P < 0.01, 0.001). Compared with the
model group, all treatment groups showed improvements, with the ABR-MP-SAN group exhibiting significantly better efficacy than
the ABR-D-SAN group. Conclusion ABR-MP-SAN prepared by the micro-precipitation method possess small particle size, good
stability, and uniform distribution. They demonstrate potent anti-AGA effects, and the mechanism may involve inhibition of IL-17/NF-
«B and TNF/NF-«B signaling pathways to alleviate inflammatory responses.

Key words: Achyranthis Bidentatae Radix; self-assembled nanoparticles; process optimization; acute gouty arthritis; network

pharmacology; interleukin-17A; nuclear factor-kB; tumor necrosis factor-a; inflammatory reaction
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X RS B K7 S5l (k5 111638-202208) FATE/K
I AFE (HIES 110833-202410) 0 H A [ £ 5 24
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BRAT]; A 2-6 (interleukin-6, 1L-6). IL-1f
FIHBEERFE IR -T--0 (tumor necrosis factor-o, TNF-a)
RAE G5 MM-0163M1. MM-0040M1. MM-
0132M1) 0 FTTIRBE S S A PR A R FRARZE Ry
W AR & %I 4 (ethylene diamine
tetraacetic acid, EDTA) M5l KA RIRAILE
(aspartate aminotransferase, AST). NZRZIHE
Y2 (alanine aminotransferase, ALT). R &R &
WLEFAIR T & (ftS G1004. G1002. G11105.
GM1103. GM1102. GM1110. GM1112) i H %
YeRAEMRHE AR AR HEE. O RvEsa, b
H 3 [E Sigma A,
1.3 )

SPF ZiifEtE C57BL/6 /MR, A& (20£2)
g, W EILIEANEHE AR R AR, s
IES SCXK (#5)2025-0012. sh¥ia 7T =i (23~
27 C). MIXHEE 45%~55%. 12 h/12 h BIEEHE3R
(12 P R R 2R B S Ly, 45 T 0 R 281K
AL, h 9z Wi v el iE g 5 SYXK (JE)
K2022-0004. 77 R4 2 B R 25 K SL e sh e B
2 S HE, 1LHE S YNUTCM-XMSS-G-20260036.
2 FAEEHR
2.1 ABR-D-SAN 71 ABR-MP-SAN #ll#&
2.1.1 ABR-D-SAN Wil RAALG/KAEL T2

#% ABR-D-SAN. A& 10 g, I 10 5 & /KR 30
min, [FIFEFEH 60 min, JEIL, JEEM 10 fEEK,
PEHL 60 min, ARG, HIF 2 RFTRIENE, JE
W52 0.2 g/mL.
2.1.2 ABR-MP-SAN [Wiil€ RARUTEEN12]
il % ABR-MP-SAN. HU4HR 10 g, fn 10 fE&E/KIR
W 30min, [AIASZEL 60 min, €I, HAKIRTR, JE
BN 10 5 & 75% GEERSEI 60 min, JE, 15
FEHEW . 9% 2 KIRHGH, 400 r/min, 25 CZ&MH4F
Wi A% RE 25 min, 60 CUREEREREE, FHIkA 4
0.2 g/mL.
2.2 BEESIIL ABR-MP-SAN BHIETE
221 OPFEAER S [E ESRIUN [A] 30 min,
Wl S3 95 PRI 400 r/min, WLOBEREERE 25 C, W
JIFEFERF[A] 10 min FIA 2l 29K FE 0.2 g/mL, H#%2
WNE CTEARFA D H (25%- 50%. 75%. 100%) T,
ABR-MP-SAN [fJ ki 412 . ¢ HL AL £ 2 B R %
(polydispersity index, PDD) HJ7224k. 25515 1 Fr
7N, KR § HALAT PDI B 2B AAAR 43 B0 38 n i
WA, I 75%)5 X0, PRk SRR AR 44
N 75%.
2.2.2 PR EEEE  [EE ORI EON 75%,
TSI PE 5635 400 r/min, WLABERHERE 25 C, WL
JIFEFERT E] 10 min FIAZ 25 i IR 0.2 g/mL, H%2
ANEHREURE] (104 204 304 60+ 90. 120 min) F,
ABR-MP-SAN #ife. ¢ HLAZF1 PDI (17840 45 K an
2 foR, MEHUET (A2 60 min B, ABR-MP-SAN
=1 CEERSBERER (Xts,n=3)

Table 1 Ethanol volume fraction investigation results

(Xts,n=3)
L% Hi 4% /nm CHLAZ/mV PDI
25 199.67+8.67 —1537+2.09  0.31+0.04
50 159.76+2.08 —17.16+0.99  0.27+0.01
75 154.56+4.99 -18.96+020  0.21+0.04
100 184.83+324 —17.39+1.01  0.22+0.05

2 IEBATEIERER (X+s,n=3)

Table 2 Extraction time investigation results (X =S, n=3)

FRHT ] /min $i1E/mm CHAL/mV PDI
10 151224479 -9.87£1.17 0.26%0.03
20 120.15+3.70 —-15.33+£0.75 0.224£0.02
30 136.69+5.76 —18.03+0.90 0.22+0.02
60 129.994+5.15 —-19.424+0.46 0.21+0.01
90 125294341 -13.14+0.65 0.21+0.03
120 128.564+1.60 —11.67+1.64 0.21%0.01
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) C AL SHE R R, SAN Fefase, HAIZREF .
SrEAS), PRGBS U (]2 60 min.

223 WA R E L [ S SRERRR S HCN
75%, $EHUEE] 60 min, BEAIHFEIEEE 25 C,
JIEFERTIE] 10 min FIAE 25 2K E 0.2 g/mL, %2
AN[ERE 1B (2004 400+ 600 800 r/min) T,
ABR-MP-SAN Fife. ¢ HLA7F1 PDI 84 455840
3 Fon, AN iR ORI AR AT PDI SR 45
N, RFERALEZIR R, 2 H 3 Y 400 r/min
W, AL E AR, SAN fkasE, Rk
J1 % 9 400 r/min.

3 HNORHHEERER (Xts,n=3)
Table 3 Magnetic stirring speed investigation results
(X+s,n=3)

Mﬁﬁ#ﬁﬁ/ HifE/nm CHLAL/mV PDI
(rmin’")
200 138.354+2.47 —-13.34+0.86 0.24+0.02
400 125.194+3.02 —20.81+1.70 0.21£0.02
600 121.57+3.29 -17.09+£0.58 0.2140.01
800 121.78%+1.76 -15.12%£1.08 0.22%0.03
224 WABHREFES [ CRERR S ECN

75%, HEEUNTA] 60 min, #7345 400 r/min,
H 714 FET (8] 10 min FIAEZ5 R B3R 0.2 g/mL, 5
SEAFIWE PR (25, 50, 75 C) F, ABR-
MP-SAN Fife. ¢ HAZH PDI (484, Z5 R NE 4
Fs, BEA&EREERIAG N, Kite. C A7l PDI K,
RN 25 CHY, SAN KAt/ BAE, 7rHL
w35, PR PRI R N 25 C.
T4 WHHBHEBEEERER (X£s,n=3)
Table 4 Magnetic stirring temperature investigation

results (X +s,n=3)

WA/ C R4 /nm CHLAZ/mV PDI
25 122.30+1.16 —19.36+1.12 0.20%0.01
50 129.91+2.49 -18.0240.81 0.2240.01
75 175.97+5.92 —-17.71£1.46 0.25%+0.01

225 WEAIBERERT ] E S [ € SREARAR BN
75%, $EHUNE] 60 min, 4714 HEEE 400 t/min,
WE D1 25 CHVAEZ R EWRE 0.2 g/mL, %
SERNRRE IR 1A (104 204 304 40 min) R,
ABR-MP-SAN Fifs. ¢ HAf7F1 PDI B384k . &5 54
R 5 P, BEABCRERT RGN, Kifg. C HALFI PDI
JeI /NG AR, TN 20 min B, SAN Hifeix
NG BRARGE . AMHURINS], DRI R A )

N 20 min.

22,6 AR EIREFL  [HE SRR ECN
75%, $EHU[E] 60 min, #7140 #EF5 3 400 r/min,
W I PR FER R 25 CRIRE I i HERT (] 20 min, %
ANEEZ R ERE (014 0.2, 0.3g/mL) F, ABR-
MP-SAN it ¢ HA7A1 PDI 484k . AW R K,
T 235 55 B AL U R AR IS Bl AR 2 B
WREI A 2B E K SAN, — H R Bk BT %
G FHE, Mol RS, FECRAAIE RN, H
6 ATAEN, MEIKEA 0.2 g/mL I, ABR-MP-
SAN 4Tl A2 R, SAN KiRE/NHix
FoE, KIEEAZA R EIRE RN 0.2 g/mL.

RS HORHMEERER (X+s,n=3)

Table S Magnetic stirring time investigation results

(Xts,n=3)
WA Al /min - kifR/nm CHAL/mV PDI
10 127.66+3.01 —18.8620.67 0.20%0.01
20 118.78+2.01 —23.85+=1.51 0.1940.01
30 165.531.97 —18.781.05 0.2440.01
40 174.17+4.14 —17.59%+1.38 0.26+0.02

x6 EHRBREFRER (Xts,n=3)
Table 6 Crude drug concentration investigation results
(X+ts,n=3)

EARERE i cbfmv PDI
(gmL™)
0.1 153.69+3.34 —-17.54+1.16 0.19%+0.02
0.2 120.27+1.00 —23.33+1.21 0.17%0.01
0.3 172.63+4.04 —-13.67+1.37 0.21+0.02

2.3 MMEIRIEHL ABR-MP-SAN H&I&TE
231 RWWITSER BT LRREER S
GERL, EBUREURIE] (X)) W SFER TR (X)) Fl
RZRERE (X3) 3 ANEms K E =E 5
SR, bifg (Y FC AL () 1ENTFNRIR, &
i3 RER 3 AP RS, SR G BIEALER 2
FRERIAT AV, THESEETES (V. REAKT
SEBG VT AR 2 R LR 7
232 FEEBBUESE SEAAECE G2t
Iy HT 2 TR bR TR ALE B, R e SRR AL
Ho WE—RARM S, BEEN, B R AR
K, FrRefRAtiE RAEEE, EEAVHN IR
B E Ak, AR T A E R . Bkt
ST R e8],

(D @ LSRBHARAE: BA m NMPHNTE ,
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Table 7 Experimental design and results of response

surface methodology

F% Xi/min Xymin X3/(gmL™) Yi/nm YomV Y

1 90(+1) 10(-1) 0.2(0) 170.88 —14.20 62.30
2 90 20 (0) 0.1(-1) 16536 —11.95 58.18
3 60(0) 30(+1) 0.1 136.92 —19.09 80.86
4 301 10 0.2 17530 —12.87 58.51
5 60 10 0.3 (+1) 150.21 —18.18 75.48
6 60 20 0.2 125.16 —21.78 90.51
7 60 20 0.2 127.67 —22.97 92.40
8 60 30 0.3 142.99 —22.54 87.12
9 30 20 0.3 169.94 —12.23 57.97
10 30 20 0.1 175.20 —14.10 61.34
11 60 20 0.2 116.11 —23.07 96.63
12 60 20 0.2 131.88 —23.12 91.47
13 90 20 0.3 171.73 —20.08 75.53
14 90 30 0.2 139.87 —14.72 70.13
15 30 30 0.2 146.71 —16.88 73.33
16 60 10 0.1 149.70 —-17.08 73.10
17 60 20 0.2 128.75 —24.55 95.67

n NVEU RS, EESLIR IR BAEAERE A= (i), Hoh
Ay FoRE 1 GRS j TR R R o

(2) JRIBEER PR AL B A B R 4R
K (4D =(Aip)men BEATIRUEACAL I, 15 B bR AL E IR
FEEE (B) =(By)mano AWITTH 2 DNPHANFEIRE A 7
FFEFR, MAHAL (1D #ATIHE.

Bj=(maxA4;—A;;)/(max4;—min4,) (1)
By NBARVR ISR HEAL A, Ay FoR5E i MRS j A atn i
JRAEIEME, maxAs. mindy 73 AAFEAHER T B EBORME
R/MA

(3) FREA B I — AL B 42 A0 (2D
FEERE B= (Byj)mn BEATVA— AL BR, 15 302050 [
(P) =(Pj)mns Hert, PRIRNTEZE i R ZE j A
PP TR, H PR 0<P<I1.

Py=BilY. ", Bi (2>
Py NEMN RIS

(4) THELSFME BR (ep: MBI (3) (4
THE SRV ¢0 ZUFE, RARH C AL ¢ fKIXH
0.933, 0914,

k=Inm (3)

e=—kXY. I, PilnPy 4

() THEBERI (w): WIFLAK (5 HHE
BB wyo T, R AT C HLAL I wy 43000 0.441

0.559.

wi=(1—e¢)x | (1—¢) (5

(6) YHIIHE: AWK 6),

Y=(Yimin/¥1 X 0.441 4 Yomin/¥2X 0.559) X 100 (6)
233 iR Hr dlid Design-Expert 13.0 #2E%}
x 7Y T2 0AUE, BRI Y=
93.930+1.870 X;+5.260 X>+2.830 X3—1.470 Xi.X>+
5.180 X1.X3+0.968 8 XoX3—21.580 X;2—5.690 X»>—
8.510 X3%, R*=0.981 2, [AH/7FELM R RIF,
VAEE 5 AR IE R R%=0.957 3, R WAL IAR L,
M TTHRZEN 95.73%. I T 250 Hr, X R 5154
()3 8L AT S VAT A X ik, S5 R 8, 15
R ESHARI F 44 40.89, P<<0.0001, B2
R E BA SR EE, K P EH>0.05, T
A 5 SEME ) 2 i Geit 7 m , RIABAIR 2
BN, BALEBREONAE. SREX Y BI5m L
IR Xo>X> X1, H X0 XG6H B35 (P<0.05),
) P 2 4 5 vy 20 AR — 24 5 T I 9 3 AN AR
P Y BIFHE R (B 1), BRI 28 B R R R AR
WK K XG> XX > XX, 5K 8 451 —5.

#=8 HESH
Table 8 ANOVA analysis

TIREKIE I AmE % FlE Pl

B8 3018.80 9 335.42 40.890 <<0.000 1
Xi 28.07 1 28.07 3.420 0.1068
X 221.00 1 221.00 26.940 0.001 3
X 63.98 1 63.98 7.800 0.0268
XXz 12.17 1 12.17 1.480 0.2626
XX 107.36 1 107.36 13.090 0.008 5
Xo X3 3.75 1 375 0458 05204
X2 1 960.43 1 1960.43 239.000 <<0.000 1
X? 136.40 1 136.40 16.630 0.004 7
X2 304.58 1 304.58 37.130  0.000 5
B2 57.42 7 820 - -

AT 28.75 3 9.58 1.340 0.3804
aliiR 2 28.67 4 717 - -

it 3076.22 16 - - -

MRPEAE RTINS (L & T 2 S HON 2 U 8]
60.187 min, fli 7345+ 8] 24.770 min, A2 R
£ 0.208 g/mL, ZREV53H 94.473. 456 SLhniRfE,
W] 5 T 2R AR I (] 60 min, 7341 A]
25 min, A FEIKE 0.2 g/mL. N T AT
HERf I, SRR G 0 L 2T 3 IRIGAE S, 2558
W2 9, FNMESSCIMEVI& R, R & T
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Fig. 1 Interaction plots of various factors

Xp/min

*=9 WIERWMZER
Table 9 Verification test results

T H Yi/nm Yo/mV Y
WME  122.79 -23.35 94.47
Sl 123.95+3.63  —23.08+1.07 93.87+2.69
i 22/% 0.67 0.83 0.45

ZiRasE 5, AT ABR-MP-SAN f#i %

2.4 ABR-D-SAN 5 ABR-MP-SAN HJZ={F

24.1 TEM JEEUE 25 H ABR-D-SAN #
ABR-MP-SAN VAW 10 uL, 03] 300 H 4R
MR, R 10 min, FHZETK DG, 2%
RS R AN S Gt 2 YR, SRR 10s, fRieta
Hi W 584l TS, I TEM 7E 80 kV HiJE N A&
HMWEL. 458K 2, ABR-MP-SAN [\EA 5
B, ERNMEBKE, R KNS —; ABR-
D-SAN FE&ZREE, HAN—HAEREINS.
2.4.2 fiff. PDI 1 ¢ HAL50HT  HUEE ABR-D-
SAN il ABR-MP-SAN ¥, IHEBAUKFMREE, K
FH YR B B G 2 Foki A% | ¢ B AT PDI. 25 51
WK 3 fizas, ABR-MP-SAN KiAZRMAikiss, S5
W, SFHIRifR AN (123.954+3.63) nm (n=3), F
CHLAN (—23.08£1.07) mV (n=3), K
fif, PDI ¥ 0.18+0.01 (n=3), /EUEY%5). ABR-

100 nm

B2 ABR-D-SAN (A) #1 ABR-MP-SAN (B) # TEM [
Fig.2 TEM images of ABR-D-SAN (A) and ABR-MP-
SAN (B)

D-SAN [ FEIHi4E N (201.68+5.81) nm (n=3),
T ¢ AL (—-10.524+1.01) mV (rn=3), PDI N
0.35£0.02 (n=3), HEEM 573 H#IES ABR-MP-
SAN A ELE A

2.5 ABR-D-SAN 1 ABR-MP-SAN & &ilE
2.5.1 UV-Vis ENERRE N EE RARE-
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100 100 1 B-1
75 1 75 1
X
50 | 50 |
s
251 || I 25
0 I\ 0
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Fife/nm $ifE/mm
251 Al 51 B-II
=
3
i}_{
= 2.5
0 0 04 0.8 0.8

t/s t/s
3 ABR-D-SAN (A) #1 ABR-MP-SAN (B) RIS %
(D~ SEfL (M)
Fig. 3 Particle size (I) and ¢ potential (IT) of ABR-D-SAN
(A) and ABR-MP-SAN (B)

T FRy: 00 'F ABR-D-SAN F1 ABR-MP-SAN 154
ZHEOE. WMERDOKE AR EE, BT
10 mL &, KSR oK % 510 pg/mL
(P50 R S T FE 25 O BRIV 0.14 0.24 0.4+
0.5 0.7+ 0.9 mL, 7 3 & TiEH, hk#hE 2mL,
N 6% 1 mL, #&25) 5@ MAER SmL, =
IRJBCE 10 min, 40 C/KIRIE 30 min 5, B TUK
KIBHAE 3 min, PAAHNARFIAZ A, T 490 nm
WKL B CE (4) {H . PATG/KE %0 o7 vk
FBAAAE (O A H AR (V) LefilbniE iz,
AT EAE RN, 43 1EH 7R 8 ¥=0.010 2 X+0.097,
r=0.9997, G5 REH], W& PELE 25.5~229.5 ug/mL
MR R RAUF. B “2.17 TR il % 1) ABR-D-SAN.
ABR-MP-SAN VAW 3 f7, FRe 20 B B FE, ]
PR RH & 774, B “IMA 6% K8 1 mL” &2,
WAEME A 185, RG2S E. 8837 0%E 10
fii7n, ABR-MP-SAN H1 ZHi 2K R/ & &9 ABR-D-
SAN [ 1.29 fi.

2,52 UV-VisiEillE S EE O & & RS FREL
B-ii 7 S X R &, BT 10 mL £, nH

# 10 ABR-D-SAN 71 ABR-MP-SAN & 2/lEZER
(Xxs,n=3)
Table 10 Content determination results of ABR-D-SAN
and ABR-MP-SAN (X +s,n=3)

Ff b ZHE/(mg-g™") £ i/ (mg-g ™)
ABR-D-SAN 33.20£2.76 1.55£0.17
ABR-MP-SAN 42.6743.02 3.14£0.26

P ] 2 B-i B2 S5 R 61 ug/mL fo e R SRR
PR B AR RE T 1) 05 B B2 23 701 61,0 54.9. 24.4,
18.3+ 122, 6.1 pg/mL FIRFIN R SIEW, CLHFEEN
TH, T 242 nm FERALNE 4 617, DL B4 57 S i
R RS AR (XD A T RMAERR (V) b5
e, HEATZVERIE, SEIH7REN Y=0.028 4
X+0.094 1, r=0.999 7, Z5RFH, B-WiK7 KHH7E
6.1~61.0 pg/mL ZEPER R R A4F. HL “2.17 TRl 2%
ff) ABR-D-SAN. ABR-MP-SAN &V 3 43, /Kisz%
T, BRI B AR 2SR IRE, T 242nm
PRALME A, THEFES T S S &, ARWE
10 ffi7~, ABR-MP-SAN H il 2K 1 53 7 &9 ABR-
D-SAN [£] 2.03 f%.
2.6 ABR-MP-SAN J&f7 AGA BB IR EM%R
2.6.1 ABR-MP-SAN % S HE pilfit 8 75 TCMSP
BAEEET, LAERAEIHFIAE (oral bioavailability,
OB) =30%, HEZjH=0.18 NEMKZR, ik
ABR-MP-SAN V& VER 73 S HBE £, Uniprot 21
P ST HE p A ARBEAT IR IE . SEREREH] 19 NMiEdE
B Je 204 AR A, IETERC LR 11,
2.6.2 AGA HSUEE DL acute gouty arthritis 9K
HA], 1#id GeneCards F1 OMIM 4 FEULEE AGA
FHIREIREL 5 . GeneCards 4 JZE e =15 31 8 5
% 11 ABR-MP-SAN SEMR S
Table 11 Active components of ABR-MP-SAN

MOL ID TP R Y OB/% HKzZjt
MOLO001006 45 {5-7,22F- " H%-3B-F% 4298  0.76
MOLO012461 28-2HIFFI R -17-1-3-¢ 3593 0.78

MOLO012537 &#TFFA 4175  0.40
MOL012542  B-1ii {7 §5 T 4423 0.82
MOL001454  /NSERH, 36.86  0.78
MOL001458  $EZERK 30.67 0.86
MOLO000173 P& HR 30.68 023
MOL002643  87- 5. {8 /s 7 3742 0.75
MOL002714 BXE & 3352 021
MOL002776 B&:1F 40.12  0.75
MOL002897 & /NEERH, 43.09  0.78
MOLO000358 B-24 & ¥ 3691  0.75
MOL003847 #4IJE5¢KE 38.81  0.85
MOL000422 1l 251} 4188 0.24
MOLO004355 3% {4 I 4298  0.76
MOL000449 & % 4383  0.76
MOL000785 E5yT 64.60  0.65
MOL000085 B-HA%Y 3691  0.75

MOL000098  #i iz & 4643  0.28
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330 4>, PAAHZRME % (relevance score) {H >10 A
fabr, FETRESE] 195 MEOEE R, OMIM ¥
RAFAICHE 5 202 A4S, ¥ LIRS A IR E, It
551 389 I~ AGA FHICHE 5 .

2.6.3 SRR SRS “ RAr -SSR R R 2RI
i ¥ ABR-MP-SAN /555 AGA K
PR N Venny 2.1.0 23 72, 46| RE, B
HATHEED A, By ABR-MP-SAN $T AGA [K)7B /e 40
Ao BRI 354, AR FRE (B 4.
i&H Cytoscape 3.8.2 B f4%f ABR-MP-SAN y&H {4 %,
o3 5 R pEAT ORI AT, AR AR R
M7 HAEMZEE, HAREEE (degree) {HITIE ABR-
MP-SAN J&77 AGA %0, 5 5RILIE S, %M
SRILH 54 AT, 80 ki, FE(EHESET 5 MO
By LR L AR L B S B-50 B K TR A B

354 (63.4%)
4 ABR-MP-SAN {7 #0 525 AGA HHXEREENH

AE
Fig.4 Venn diagram of ABR-MP-SAN component targets
and AGA-related disease targets

MOL002897 MOL002776
—

MOL002643

_—— i = LO01454
mkm.l\imn@.u 1001485 l.“l;z
nu.zu\nosx>< coLz -

e 2 MOL001066
RELA =—=CXCLE=—— BAX 3==FNG, R

; S MOL
BIRCS e
— — = N

— - —
AU XDH™—ILIA — MMPI— TNF

OLo12542 MOL000IT3
MOL000OSS

Bl5 “BN-REHR” MEE

Fig. 5 “Component-intersection target” network diagram
2.6.4 A HEAE (protein-protein interaction, PP1)
WM& IR f&5Bh STRING %i## EF1 Cytoscape
3.8.2 BN AL B k5 HEAT 70 A #4978 ABR-MP-SAN
1077 AGA | PPL (5[], 25 ILIE 6-A, 1% %%
35 N1 RURT 388 ZKIUM AR, 1T RN SEEIRE S
FEAE R TEAR S SR cytoHubba {56 T FEAE
WA ODEE R, TR I, 2R LA 6-B,

6 PPIEE (A) FHEET 10 22LE (B)
Fig. 6 PPI network diagram (A) and top ten targets
diagram (B)

ZME LA 10 M R, 45 2%3L, EEHEAET 10
(AR RCH IL-1B. TNF. IL-6. HiFIIRE NS
4§ 2 (prostaglandin-endoperoxide synthase 2,
PTGS2) %5, #Eill IL-6. IL-1p. TNF %2 ABR-MP-
SAN JfJ7 AGA [I5CHE4E A, RN thid IL-17/NF-
kB, TNF/NF-kB {5 5 IE )R EH .

2.6.5 JERAIKE (geneontology, GO) ILREFI 5L
HEE G REKFAAFFI4A T (Kyoto encyclopedia of
genes and genomes, KEGG) g EESHT 5
DAVID ¥#s Pexf 2 588 sl 4T GO Dfig & KEGG
BESN. LEEGSINEYZELE (biological
process, BP) ZH 262 %, 4T UiAE (molecular
function, MF) %5 H 29 %%, 40fE4l4r C(cellular
component, CC) %5H 13 %%, KEGG i 89 4%,
R4 PAEKAN, 208 BUAT 10 255% H 5, 1@
AAE T G AT AT A, 2t < I S R
&, SGERILIE 7. 8. WKl 7 WA, BP LES KA
X G 2 MR SN S JRIERIZ | He PRI R TA K IE T 4%
S, CC FEEEAALNMAI AR JEAhIX | 40 shFE
% MF FEZH5EASE. MRETEE. B
g5, R 8 WA, EE K IL-17 {5 5K
TNF {5 5@, NF-«B 5 510K,
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cellular response to lipopolysaccharide [ ]
inflammatory response -
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negative regulation of lipid storage

positive regulation of vascular endothelial growth factor production 4
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immune response - el
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extracellular space
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1
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endoplasmic reticulum lumen
RNA polymerase II transcription regulator complex - count
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@ 20
identical protein binding 4 . 30

protein binding

cytokine activity 1

enzyme binding -

heme binding 4

serine-type endopeptidase activity

protein homodimerization activity
transcription coactivator binding

chemokine activity
prostaglandin-endoperoxide synthase activity
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025 050 075  1.00
B Ll

7 GO IRt E&ELER

Fig. 7 GO functional enrichment results

lipid and atherosclerosis 1 ‘
IL-17 signaling pathway - .
AGE-RAGE signaling pathway in diabetic complications 1 . “lgP
Chagas disease 1 . 15
TNF signaling pathway - o I 13
leishmaniasis 1 10
influenza A 9
rheumatoid arthritis 1 7
NF-kB signaling pathway -
pertussis 1 count
malaria - ® 3
Kaposi sarcoma-associated herpesvirus infection 1 @ 0
amoebiasis . 12
toxoplasmosis 1 . 14
tuberculosis 1 . 16

NOD-like receptor signaling pathway
Yersinia infection 1

Legionellosis 1

C-type lectin receptor signaling pathway

human cytomegalovirus infection 1 o

0i2 Oj3 014
ESEas
8 KEGG EHRESEN
Fig. 8 KEGG pathway enrichment analysis
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2.6.6 S TXERAE NIRFZ O S AEA
AHSCE, Wl 5 MR ST 3 MZ O S &
IL-17. TNF 5 NF-B {55 8 B s #E p 4770 1
X% A TCMSP i P 8% O BLar 1 2D 4544
FARAEAN mol2 #530; M PDB Hd P SR EN G B HE £
(1) 3D &5 FHLRA7 N pbd #550, FIH Autodock Tools
BT R T, RS NMAA TS AR,

SR 12, B B-Wifk 5 NF-«B 7k, HARMK
43 GRS (45 G BE <—5 keal/mol, FHINC-&40H
KL HHARBRIIEM S, M PyMOL H A%t 45
G Re BRI A A BT TR R, SR ILE 9,

ssssssss

a,
.,
[ p——. -]
0

-5t Bz 5

______________ B il ] e e e e e e e e e e

r
| TNF g= .S ! W
i L %) o !
: m ;.;')\‘} : :
: - \:x\{r{?;/ <o : :
\:l‘;\ \.“hv_.'_' L]
: - ,\ w 1!
,-;} Ry 2 1 1
1 (S 1 : 11
Lt DS L L B D e e
[ ——— S ———— —— —— —— — — — —— —— -

&9

R SR R A T RRoE AR, HXEesh S0
ML TR S IR TR R X3, SRR IX e Rk 43
A[E/E ABR-MP-SAN KFEHT AGA 1ER I CEEZ
eSSt W

2.7 ABR-MP-SAN j&¥7 AGA BIZGHITEMN

271 A ERRGY RIE (P EZ )
2025 R FUR R FH &, 2RI A3 T A
E/NREREIE, 1FE/NRGAHEL R 1.82
g/kg. C57TBL/6 HEVE/NRIERIEMRTE 1 85, BEAL
I3 s A BRI FKKALAK (1 mg/kg) 41 ABR-
D-SAN (1.82 g/kg) 4H1 ABR-MP-SAN (1.82 g/kg)
4, fd 6 K. K ig & THMNAYGRT, AN

F12 URSEERAEANS FIHEER (1 keal =
4.184 kJ)
Table 12 Molecular docking results of core components
and target proteins (1 kcal = 4.184 kJ)

254 fig/(keal-mol ™)

A
SRS e W o Ll S

IL-1p —6.05 -640 —6.46 —7.56 —8.28
TNF -891 812 -8.84 -9.20 —7.98
IL-6 -6.99 -7.00 -6.71 —7.92 —7.33
IL-17 —-6.74 —6.77 —6.75 —9.96 —6.31
NF«B -5.01 —5.08 —547 —5.59 —2.54

IE]

i

al

HE

sl

11

11

11

11

.1 2

§

S —— — — —— — ——— - ——— -

N e

= .
3] 0

o o e s s e e

A e e e e

T IR BT R E

Fig.9 Three-dimensional view of molecular docking model

AR /N R 2 TSR K, FFERZ) 7d. T
B 4WMGY 1 hJa, RSN &2/ R
R, BRasEHHAh, 1A HoR & 1 B JE BRI
AbYE ST 50 mg/mL R B EAIE B 25 uL, 57 AGA
FERIOSY, 7 S A B O B AR B AR K . DASGTT
X B v S R bt DABRSGHT B K .
T o 47 JE S 10 AR TR S ST R TR o JEARAE R
FHNRARSELA Y] 3 d JFEUM .

272 HHDNBRKRITIIKERN € 400 T T
GRS 4. 8. 120 24, 48, 72h, idR&4/NR
i Ja B EME . R A2 k7S R A s B[] e
INRAJE RN, TR I IKEE
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Fif i FEE = (O 52 I ] A A Bl 2 0 — T B 25 B/ T
JEHEZE

SR B 10 13 13 s, AN RABRR
RN K I, 8 h J& I iz

K Y (38.6314.58) %: SHEEILIAALL, 4
Zi K EE A BT R BE (P<<0.05. 0.01. 0.001),

HorPRKALBRZH AT ABR-MP-SAN 23697 ROR Betd:,
H ABR-MP-SAN 43597 %R B E M T ABR-D-

HR; HRHENSENRRNESR G, BT SAN 40 (P<<0.05. 0.01. 0.001).
PRSI, 24 h IABIRb K b, RBERIZH/NR 72h 273 BRSNS SRS 24h, X

RREERRRR
LARRARRR:
R AR
R

HY
iy

L L l l L 1 .
Oh 4h 8h 12h 24h 48 h 72h
E 10 ZENRBRXTIFEKIERELER
Fig. 10 Comparison of ankle joint swelling in each group of mice
F13 BHENRMKELE (X+s,n=6)
Table 13 Comparison of swelling degree in each group of mice (X £ s, n=6)
i1 i AK BE /%
4 L

(gkg™) 4h 8h 12h 24 h 48 h 72 h
ZH - 4194070 9.66+0.93 7.44£0.74 5.47+0.84 3.87+1.30 2.01+1.10
Y - 20.06%2.18"" 32.50£2.66"" 42.70£5.01" 62.84+7.36™" 48.691+6.92"" 38.63+4.58™

9.78 £ 1.59"#&&& 17 764 1,07##&&& 24 6541, 72##&&& 31 (02 £2.59#&&& 29 4] £3,19###&&& 14 2547 ((##&&&

ABR-D-SAN  1.82  15.48£2.09% 25.691+3.61%# 34.774+3.24% 47.72+£4.72# 39.28 +4.89* 28.28 +3.08%#

ABR-MP-SAN 1.82 12,09+ 1.51%#&& 213942 32##& 298343364  38.0444.22%#&&  3(.93 43 50M#&& 19 694 2,03##&&&
& Aatig: “P<0.01 P<0.001; SHRAEE: "P<0.05 "P<0.01 *P<0.001; 5 ABR-D-SAN #lIb4:: &P<0.05 &&P<(.01

&&&p<0.001; 3 14~16 [A.
P <0.01 *P<0.001 vs control group; P < 0.05 #P<0.01 *P <0.001 vs model group; P < 0.05 &%P <0.01 **&P <0.001 vs ABR-D-SAN

AR 0.001

group; Same as tables 14—16.

BHNFOE ST WE SV . PRI bl X5 INRSEAS TR B PR (P<<0.05. 0.001); 5 ABR-

Be g, TEIEFNYEN 0 4 fRIEE, XU
EHTEI R, G, SR ERE, B
TR 1 4 FEANESPIRE T, B & EY
YR, APAE AT NN 2 4 BIANREARE,
SEAEH, ZEBE, BATBONmELITEN 3 4.
ERINK 14 Fon, 52 AHMEt, RN RS
SrERETR (P<0.001); SHIRAMILL, KA254

D-SAN ZHAHEE, FRKALAHZLFT ABR-MP-SAN 4H 5
BRI FEAK (P<<0.05. 0.01), F£HZGYIATT AL
NP, H ABR-MP-SAN 412U T ABR-
D-SAN 4.

2.7.4 ELISA £ 52 % 20/ B3 A 28 0E K71
SEA RRGY 12h 5, RESHDRILKE,
{8 BLISA 7R, T Rpi vl B 15 5 44, T
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#z 14 FBHPMRESIFS RILEPIAERE T IL-6+ IL-18+ TNF-0 LLER (X +5s,n=6)
Table 14 Comparison of gait scores and inflammatory cytokines IL-6, IL-1B, TNF-a in each group of mice (X £ s, n = 6)

451 7/ (gkg™) BV IL-6/(pg-mL1) IL-1B/(pg'mL 1) TNF-o/(pg-mL™)
= - 0.000.00 29.50+4.65 67.23+9.18 419.49+41.70
TR - 2.67+0.52"** 68.71+5.53* 161.39+17.33"* 1030.62+132.56™"
AR AL, 0.001 0.83+0.41%#&& 37 6443 D4H&&s 91.33 4 14.54##&& 629.72 £ 38.20###&&
ABR-D-SAN 1.82 1.83+0.41% 52.2145.63% 12478+ 13.61# 847.49+93.65%
ABR-MP-SAN 1.82 1.0040.63###& 42.64+4.91#& 95.23 9 (5HH&& 624.36 +86.18##&&

450 nm Fll5E 4 18, THHE & IL-6. IL-1B. TNF-
o EE. RINE 14 PR, STAHMN, B8
/N FMTE A K AT IL-6+ IL-1B+ TNF-o0 7K -1
BEE (P<0.001); SEAHAMLL, FraiRITH
IL-6+ IL-1B TNF-a 7K & 3 F£Ik (P<<0.01. 0.001);
5 ABR-D-SAN @AALL, FKKALFHLF ABR-MP-
SAN 4 IL-6. IL-1p. TNF-o 7KF&3 &K (P<
0.05. 0.01. 0.001). &553%H], ABR-MP-SAN fi¢

A BT LI JORE R 17K, AT 6 4
hE L, RIEIRTT AGA ITEH

2.7.5 FA/PNRECTHIURBERENE KRG
2512 hJa, RESHPNRET, T 4% R

o

EWCPIEE 480, ZAS. G PIA. TRREA

5%

o

B e

4. (hematoxylin-eosin, HE) Fl13 4. O-[# &
(safranin O-fast green, SO-FG) Yffj5, KA A
ML BT RGEKEEE, WEEKTHEEE
oo GRMWME 11 Prox, a8 AHDBRERRTT45H 58
B, BERIDUIEES, WEARESIER, B
BRI BCR R R R, VI I S R S8 A, 4
NBCE > HIEAS RS, RN KR R4
MR HOKALBEAT ABR-MP-SAN 41/ B 4CH 4
WIEW, REDEGHE, KN R IR,
IR BRI 2, WS AR H UG A A 3
NFEIRLFE 2R . 9] ABR-MP-SAN A8 3B
AGA /BRI T S, Xof 58775 0B A B R DR A
B .

ol
ABR-MP-SAN

Poless . -

ABR-D-SAN

B SHEPMRBRXTELRERSENL (X200)
Fig. 11 Histopathological changes of ankle joint in each group of mice (x 200)

2.7.6 ABR-MP-SAN WA KIKGZ
12h J5, RESHPNRIME, RHA AU
MifEH ALT. AST. WU, RERAMETE. X
L BHR, T 4% 2 EHBEHERAE T 480, &
B, YIRS HE J4ta)5, SRR PG R
GURERG, WEI. BHLUEES. iEELER
W15 s, 52 A 4iAe0, B84+ ALT. AST.
WIEF K EZE T (P<0.01, 0.001), REZUK
PR ZE R SEAAMLL, 45254 ALT. AST.
LI 7K P35 A R AR B R A

HE Jeta s R 12 s, &4/ RAFIE4 2
PR E . AL, MR, I
5 5 R ES P o F K SO RS BRI
SR > FUEMT, BB BANERESE IR
BIEF. BEFEE, YWANLHEHRESH. BR
SRR, AGA B UM IMTE ALT. AST.
WU K —ad Mt s, EAR SR S 2 2 ) 3
TEASNAR, T ABR-MP-SAN AV I 28 645145
HAEFRCRA 521 ALT. AST. WLEFKFTHE,
PRI R B A 2 At



* 8496 « CER 2026F 118 $57% $ 218 Chinese Traditional and Herbal Drugs 2026 November Vol. 57 No. 21
Fz 15 SBHEPMRIUEEMINBEIRIRLEE (X£5,1=6)
Table 15 Comparison of serum biochemical function indicators in each group of mice (X + s, n=6)
2H 5 il E/(gkeg™) ALT/(U-L™) AST/U-L™) JRE A /(mgLT) WLEF/(umol-L1)
A - 20.25+3.41 92.88+7.00 2.593+0.241 32.10+£2.49
ieis) - 28.08+2.80" 157.16+24.55™* 2.665+0.262 37.66+2.18"
KA 0.001 19.89+1.31##& 105.26 £7.20%#& 2.615+0.342 34.41+2.07
ABR-D-SAN 1.82 23.21+2.71* 123.83 +15.84% 2.65240.242 36.35+2.44
ABR-MP-SAN 106.03 £ 11.45%#& 2.556+0.194 35.27+1.45"

21.18+2.68"

Bk

ABR-D-SAN ABR-MP-SAN

12 FEPRAFFMEELARERSENL (X400)
Fig. 12 Histopathological changes of liver and kidney tissues in each group of mice (x 400)

2.7.7  FHH/NRERTT AL H IL-17A TNF-a. NF-
kB p65 PHMERIE LB KA 4%k d 4k %
(immunohistochemistry, THC) A4l IL-17/NF-xB
A TNF/NF-«B 8 2 ARG B A RIS T Ol B
BRUBLCHTHL, & 4% R T B, i,
VIR G, KR WIS, 3% Ha0, Pl 5 min, 1
DR IEH M+ A 30 min. IL-17A. TNF-a. NF-xB
p65 —Ht4 CTFIHELH, HRP Frid=$Ht37 CTH
%75 30 min. {# /I SABC J5 DAB &, HAMKE
e, WAKHE F, BB T WS IERERIE, Image
T A AT BH R He . 25 5 IR 13 FIER 16, 5
TEAAM, BRI/ REOCTT AL IL-17A

TNF-a f NF-xB p65 PHEFEFE (P<0.01.

0.001); SR, FKAITEA ABR-MP-SAN
Hrp FiREAREHEZRK (P<0.01. 0.001),

ABR-D-SAN 41 IL-17A AR ZFFL (P<0.01),

TNF-o #l NF-xB p65 FIAT 2% % 5%; 5 ABR-D-
SAN ZLAH L, FKALAS AT ABR-MP-SAN 41 IL-17A.
TNF-a #il NF-kB p65 ik &L (P<<0.05.

0.01). Z55%H], ABR-MP-SAN AJ A i IL-
17/NF-«B il TNF/NF-«B i@ #%H IL-17A. TNF-a fil

NF-kB p65 & H I ERIER K DT AGA FITER] .
3 g

T O B R R S R A IR EAE T,
HRTEA SAN, AR PV . W &% Tk
LIRS PIANKRLEE T Skt 4K il 751
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Fig. 13 Expression of related proteins in each group of mice (x 200)
#16 FHENREXTF IL-17A. TNF-0. NF-xB p65 PRI ZREEEL RELE (X +5,n=3)
Table 16 Comparison of percentage of IL-17A, TNF-a, and NF-kB p65 positive cells in ankle joint of mice in each group
(X+s,n=3)

FHPEZR A LE1/%

ZH HE/(gkg™)

IL-17A TNF-a NF-kB p65
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ABR-MP-SAN 1.82 17.47 £0.60%#& 17.1941.00#&& 22.5242.39%&
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