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Abstract: Objective To prepare dextran-modified isoliquiritigenin /zein nanoparticles (Dex-Iso/Zein-NPs) and evaluate their oral
pharmacokinetics in rats as well as their therapeutic effects on acute gouty arthritis. Methods The formulation process of Dex-
Iso/Zein-NPs was optimized using single-factor experiments combined with the Box-Behnken response surface methodology.
Transmission electron microscopy (TEM) was used to characterize the morphology of the nanoparticles, while X-ray powder diffraction
(XRPD) analyzed the crystalline state of isoliquiritigenin. The apparent solubility and in vitro drug release profiles of the nanoparticles
were determined, along with evaluation of powder stability during storage. SD rats were orally administered with pure isoliquiritigenin,
a physical mixture, or Dex-Iso/Zein-NPs; plasma drug concentrations were measured by HPLC to calculate the relative oral
bioavailability of the physical mixture and Dex-Iso/Zein-NPs. An acute gouty arthritis model in rats was established via intra-articular

injection of sodium urate crystals into the ankle joint. The effects of isoliquiritigenin, the physical mixture, and Dex-Iso/Zein-NPs on
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ankle joint swelling, tumor necrosis factor-o. (TNF-a), interleukin-1f (IL-1p), and cyclooxygenase-2 (COX-2) levels were compared.
Hematoxylin-eosin (HE) staining was performed to assess histopathological changes in synovial tissues. Results The optimal
formulation of Dex-Iso/Zein-NPs was achieved at a Zein-to- isoliquiritigenin mass ratio of 10.90 : 1.00, an anti-solvent-to-solvent
volume ratio 0f 3.15 : 1.00, and a dextran concentration of 2.4 g-L™!. The resulting nanoparticles exhibited an encapsulation efficiency
of (83.94 £ 0.73)%, drug loading of (5.69 £ 0.09)%, particle size of (181.22 + 6.14) nm, and zeta potential of (—30.84 + 1.09) mV. The
nanoparticles were nearly spherical, and isoliquiritigenin existed in an amorphous form within them. Dex-Iso/Zein-NPs increased the
apparent solubility of isoliquiritigenin by 34.17-fold, with a cumulative release rate reaching 88.10% over 18 hours, and enhanced its
relative oral bioavailability by 5.50-fold. Compared to the pure drug, Dex-Iso/Zein-NPs significantly reduced ankle joint swelling and
levels of TNF-o, IL-1B, and COX-2 in rats (P < 0.01), showing superior efficacy to the physical mixture. HE staining revealed that the
nanoparticles alleviated synovial tissue inflammatory cell infiltration and tissue damage, with therapeutic effects comparable to those

of colchicine. Conclusion Dex-Iso/Zein-NPs significantly improved the solubility, in vitro release, and oral bioavailability of

isoliquiritigenin, thereby enhancing its therapeutic effect on acute gouty arthritis in rats.

Key words: isoliquiritigenin; zein; dextran; nanoparticles; bioavailability; acute gouty arthritis
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reference substance (B) and negative sample (C) solution
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Table 2 Influence of volume ratio between anti-solvent
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NS

zg:;:si WET/%  BER% R/
20:1.0 61.824+1.53 4.50+0.06 234.06+7.33
25:1.0 71.554+0.58 5.08+0.07 212.39+7.90
30:1.0 80.5710.88 5.7240.05 182.82+6.78
35:1.0 76.03+0.94 5.0710.05 216.26+5.50
40:1.0 72.58+0.68 4.6710.06 239.71£5.06
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2 bTF, BRI BT R R A, BRIk
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FHI4, {H Dex Jot S I = 238 RGP IR =,
ERRATIE R SREEEFR, BE SHAIER, 5
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Table 3 Influence of Dex mass concentration (X *s,

n=3) n=3)
ZinSI0 iy, wgERs Kf/am Dex UK by mzsm%  fuf/am

=L /(gL

5:1 62.77+0.85 7.49+0.06 261.83+9.12 1.5 63.40+1.12 47240.07 239.01+4.80

8.1 71.28+1.25 6.361+0.04 228.07+4.55 2.0 73.57+1.07 5.30+0.03 219.01£8.12
11:1 82.16+0.93 5.75+0.04 181.031+6.89 2.5 82.71+1.09 5.63+0.07 187.39+7.92
141 76.72+1.05 436+0.07 188.40+4.16 3.0 82.87+0.77 536+0.04 208.77+5.48
17 01 73.46+0.57 3.57+0.07 21043+3.83 3.5 83.67+0.70 5.22+0.03 225.62+7.87
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OD=(d ws X d paunXd i)
Miv Muax F1 Muwin 7355003 % 825 AR SLNME . &
KAE A/ IME
252 MEBIE KT E5 M A Design Expert
V110 A [ AR EME AR OD A R £k
%, & OD A OD=0.82—3.64 X107 X+

0.08 X2+0.03 X3—0.08 X1.X2—0.15 X1.X3—0.09 Xo.X3—
0.50X12—0.13 X:2—0.16 X32, I X1+ Xo M1 X3
() FR 2 o0 R T Dex-Iso/Zein-NPs [ OD {H. %t
SRR BANETELHEAS PR RTNTT
ZOEERINE 5. RAUI P=0.1027 (P>0.05),
Ut B TR 20 B B B s e mf 20, G5 RN
S xR . BRAVHE R AL R TR E R
Rag® FA T EBCER R AR HE S, e in
1.0 ARRECAE ARG S B s L S AR, A
FEAY R2F R 539905 0.993 0 F1 0.984 0, 5 B AL &
FIRET 0] F T4k Dex-Iso/Zein-NPs &b 77 T.25. %%
A, X0, XiXGs X2 X2 R G AR ENE
ZR (P<00D). X352 XiXo. XoX; B REMER
(P<<0.05).

# 4 BBD-RSM LW EFRKF. &t R
Table 4 BBD-RSM factor level, test design and results

75 X X2 X3/(g' LY Y1/% Y2/% Y3/nm oD 1§
1 11:1(0) 3.0:1.0(0) 2.5(0) 81.25 5.57 180.51 0.792
2 14:1(0) 30:1.0 2.0(-1) 72.67 4.39 200.19 0.241
3 111 30:1.0 2.5 83.04 5.66 186.74 0.820
4 1401 3.0:1.0 3.0(1) 74.91 4.22 194.53 0.000
5 11:1 250101 3.0 75.23 5.31 190.44 0.562
6 11:1 3.0:1.0 2.5 82.94 5.58 183.13 0.817
7 111 25:1.0 2.0 69.97 5.67 211.47 0.305
8 14:1 35:1.0(1) 2.5 77.65 4.45 241.16 0.182
9 8:1(-1 30:1.0 2.0 68.76 6.44 241.15 0.000
10 11:1 35:1.0 2.0 78.89 6.07 210.89 0.675
11 11:1 35:1.0 3.0 77.92 5.57 216.89 0.555
12 1401 25:1.0 2.5 72.79 4.36 206.71 0.217
13 8.1 30:1.0 3.0 74.44 6.01 236.97 0.376
14 11:1 30:1.0 2.5 84.06 5.70 184.78 0.855
15 11:1 30:1.0 2.5 81.63 5.59 183.34 0.792
16 8:1 35:1.0 2.5 75.12 6.22 244.13 0.303
17 8.1 25:1.0 2.5 71.96 6.27 249.22 0.000
RS RESWER
Table 5 Variance analysis results
BiH  CFOM HdE By FiH PiH HiH T B FAg P{H
B 155 9 0.17 11032 <0.0001 | Xxi? 1.07 1 1.07 683.32  <<0.0001
Xi 1.06X 107 1 1.06X 107 0.07 0.8019 | X? 0.08 1 0.08 48.07 0.000 2
X 0.05 1 0.05 32.81 0.0007 | X3 0.10 1 0.10 66.61  <<0.000 1
X 9.32X1073 1 9.32X107 5.96 00447 | %E 001 7 1.56 X107 411
XX2 003 1 0.03 17.23 0.0043 | KT 826X1073 3 2.76X1073 0.1027
XX 010 1 0.10 60.94 0.0001 | 4lifiz  2.68X107 4 6.70X 10
XX 0.04 1 0.04 22.72 00020 | HEZE 156 16




F49EFENY 2026F118

"{;35;%4-'1# ER Drug Evaluation Research

Vol. 49 No. 11 November 2026 - 3973 -

253 WaRIH AT T2 E  #RERE OD R
M, LK 2, BiEsEImAIESs. Ll oD Hi
KA HFR, S Design Expert V11.0 314402

0.86 " 0.867
@0.65' \_0.64'
043+ Q0414
Ot S0.19
0 0
35:1.0 v J 3.0
30110 - o014 25

1:1

=1
Xo2s5i108:1

X/(g'L™

JE 158 Dex-Iso/Zein-NPs &AEAL77H: Zein 5 Iso A
& 10.90 : 1.00, RIEFIFSGEFARLL 3.15 ¢

1.00, Dex JREIRE N 2.4g-L7", Tl OD 144 0.870.

0.867

[ o 0.72 )
~ 0.58:

O 0.44:

0.30

30 -
25
Xa/(g' L™

141

T B
208:1 X

2 EEZE5S OD ERE N EE

Fig.2 Response surface images of each factor on OD value

254 WEAE 4% 3 #k Dex-Iso/Zein-NPs, %4t
PRI ZE R LR 6. “FIEER . HARARAE
Hy (83.94£0.73) %. (5.6940.09) %F1 (181.22+
6.14) nm. HRFEFM OD 14 0.870, HH Ll OD
ELAHS i 22 8-0.46%, IEBH S8 45 555 TR0 45 S AH
KN RUT o B AR I IEZS 43 A REAE (B 3); “F45 PDI
874 0.081+0.005, kifeds—1E R, Zeta AN
(-30.84+1.09) mV, WA 3.
2.6 TEM W% Dex-Iso/Zein-NPs 7N

H{ Dex-Iso/Zein-NPs YB3 BE 400 H 41/

*k6 TWHERKODE (X +£s, n=3)
Table 6 Experiment results and OD value (x X5, n=3)

ik BHEE/ % e/ % HifE/nm OD &
1 84.10+0.95 5.68+0.06 183.77+6.10  0.856
2 83.50+0.52 5.73+0.16 178.47+5.31 0.877
3 84.234+0.73 5.66+0.02 181.43+799  0.865
1 10 Thoo, 1000 10000
Fife/nm
-100 0 " 100 200

Zeta HA/mV

3 Dex-Iso/Zein-NPs K12 5% F Zeta HL{iL

Fig. 3 Particle size distribution and Zeta potential of Dex-

Iso/Zein-NPs

b AFH 1.0% B RN G, TEM FE 25 LI 4.,
Dex-Iso/Zein-NPs JESURNRERTE, TLHEREIN SR .

2.7 Dex-Iso/Zein-NPs T K& R TN SHEE
ME

2.7.1 Dex-Iso/Zein-NPs #} &K ] il %  Hl Dex-
Iso/Zein-NPs B &M, 1 0.45 pm FFLIEEEL,
12 500 r-min~" .0 30 min, 32 EER. KBIRER
T35 Cok#Hi% 3d, RET-35 CHETHHE
%1%, BI15 Dex-Iso/Zein-NPs ¥y K, &FE 4N
L 5. Dex-Iso/Zein-NPs ¥ A 351 40 U VR 2K

4 Dex-Iso/Zein-NPs i TEM [E (X 14 500)
Fig. 4 TEM image of Dex-Iso/Zein-NPs (x14 500)

5 Dex-Iso/Zein-NPs ;E2& (A). #HK (B), difkkE
AR (C) RETIERAK (D)
Fig. 5 Dex-Iso/Zein-NPs suspension (A), powder (B),
redispersed by purified water (C) and its Tyndall effect (D)
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FA R TIAREL, %R — PR 7B
1R & . Dex-Iso/Zein-NPs F3 A 58T /3 BT a2
Bz, Rif2. PDI {HAN Zeta LI/ 7N (82.36+
0.80) %-. (5.60+0.04) %. (185.17+7.02) nm.
0.089+0.006 Al (=31.11+1.04) mV, &Fatr 5%
THIAH LI TE R RN (P>0.05).

272 RWEMBE N BUEE Iso. WEIREY)
(Iso. Zein. Dex #4b/5[E] Dex-Iso/Zein-NPs ¥4 ) Fl
Dex-Iso/Zein-NPs 3 K 735 B T4l /KH, #8710 min
i BB BT B ARES, 25 C/KEH 600 r-min™!
W14+ 3 d, 10 000 romin™' B> 10 min, &
B Iso &, 5 R WHE 6, YHEIR A YA Dex-
Iso/Zein-NPs & W ¥ fift B 0 il 2 35 PE i | &2
2.02. 34.17 {5 (P<<0.01), H. Dex-Iso/Zein-NPs %
MR Vs TR A Y (P<0.01).

120 -
L

100 -

80 A

60 A

40 4

RMEASRIE/(ug-mL™)

20 A
dkk

0 T

Iso YIEREW

Dex-Iso/Zein-NPs

5 Iso LR "P<<0.01; SPENREWLR: #P<0.01.
P <0.01 vs Iso; #P < 0.01vs physical mixture.
E6 HBHEEMBEWBIHREMNESER (X Ls, n=3)
Fig. 6 Apparent solubility results of each sample ( x =*s,
n=3)

2.8 X-HEMARITENE (XRPD) Sir&EE

HY Iso JE#LZ4 . Zeins Dex. ¥R AW Dex-
Iso/Zein-NPs #y K& &, WETM L (20) 3°~45°
FAREE 4" min™!, X &FEGBEAT XRPD W, 45
RILE 7. Tso SRELA AT I T2 ZLAE R AE 3°~407,
YIFIRAY) XRPD EIRE AT WSS Iso RFAEATH
Vg, (H H AT B R & AR 235 784k . Dex-Iso/Zein-NPs
K XRPD K3HE A Iso FFAEATHTIEE K, LA Iso
mn B AT RE R AE T AR
2.9 Dex-Iso/Zein-NPs F2241THE

HY Iso ik 24 . W3R 59 ) Dex-Iso/Zein-NPs
ARG R, %40 Iso HBZAELN 10mg, BT —ink
FIFEENTEE GBS 7 7R 100000 1, [idg
HNN pH2.0PBS SmL, FLEENTLE 5 —, #25]

Dex-Iso/Zein-NPs
IR A
————— Dex
Zein
o
0 10 20 30 40 50
20/()

7 &FEG XRPD 4R
Fig. 7 XRPD results of each sample

JENEL T . BB EE 75 rmin!, BN FAAA
1 L, M 37 'C. Jtbh pH 2.0 PBS AR
B, 43T 025, 0.50. 1.00. 2.00h BUEE SmL, 3f
[E) 25 AN SAR AR [F)iE pH 2.0 PBS; B )5 B #y 1 LpH
6.8 PBS A& IT RARSMEEZGSEES, T4, 64 8. 12,
18 h #AH I 77 I 54K 22 10 000 r min™!
B0 6min J5, B RIEHEFERI, 455 0K 8. BERE
R T RE K, Tso JEURLZG2H RFAREZR 12, 18h RN
BEIBCRAN 35.87%; PIHELIR A4 18 h BAVRCR
Ak 43.27%, HENMREAY)F Zein 5 Dex $2F+ T
Iso FIFR WA E 17, Dex-Iso/Zein-NPs 20 18 h
RBRCRIL 88.10%, B3 m T Iso ikl 2440 59)
HIB A
2.10 Dex-Iso/Zein-NPs #} KF2EHE R

HY Dex-Iso/Zein-NPs ¥y K& & T HE 48, HE
TREET-8 CUkFE, #ulT 0. 1. 2. 3. 6 MHHK
FE, IRYEART AR B, A AR R R 44k K
HF UG MR R HZ & bR Zeta AL,

100 7 —e-Iso
= PR A
80 - —4Dex-Iso/Zein-NPs

BN
¥ 60 -
B
o
&[é
e 40

20 A

0 .

0 3 6 9 12 15 18
t/h

8 BHMEIIMNEREL (X x5, n=3)

Fig. 8 In vitro release profiles of each group (X s, n=3)
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ZE LK 7, Dex-Iso/Zein-NPs 3 R A # 245 &
SRR T REES, HaEEJRIKT 80%; FifEm
RE KBS, H 6 NHERAET/NT 200 nm,

Zeta AL HEA KT 30mV, Ui iZIE ST e
4, UEA Dex-Iso/Zein-NPs ¥ KAEZ . (KR
WEE g e Rt

# 7 Dex-Iso/Zein-NPs $ K7 6 MTHRNEREHEIFEWL (X L5, n=3)
Table 7 Changes of quality indicators of Dex-Iso/Zein-NPs powder in 6 months (x *s, n=3)

IS TEl/ A BER/% WAE/% K4z /nm Zeta FA/mV
0 82.74+1.01 5.571+0.04 188.70+5.41 —30.81%0.96
1 82.78+0.84 5.62+0.07 189.01+7.02 —31.04£0.71
2 82.23+0.99 5.56+0.09 185.34+6.56 —30.77£1.13
3 82.0410.67 5.51+0.05 190.78 £3.96 —30.97£0.81
6 81.61£1.15 5.49+0.07 194.93+4.78 —31.05+1.20

211 ORBHFITAER

2,111 iERME 5% 2217 TR ik, Kbkt
BIEEE 20 uL, HRKMFAL,

2112 42 M7 % B Iso. YEIR-SYAN
Dex-Iso/Zein-NPs 73T 0.5%[#] CMC-Na 7K¥##
W, IEABIAS. B 18 X SD KRBENL N 3 4, ig
2= N 100 mg-kg™ (LA Iso 1) DO, 435+
0.25. 0.50. 1.00. 1.50. 2.00. 3.00. 4.00. 6.00.
8.00- 10.00- 12.00 h -T-HRHE J5 & ik M EX L2 250 L,
LA HE S 3 500 rrmin~! 5.0 2 min HI5.

2.11.3  WARE R 6 S 2R A i Ab B HL 219
AKNGiE R, FHORERHREREN 1 pgmL™ 1IXF
TR SRR, VNIRRT . B TR 2R AL P b A I
WS 100 pL EEGOE T, fTH 1 mL FEEHER S
2R RN Tso,  [R)BSASE IfiL S5 HP 2 1 55 P R P 2 T AR
PEVTHE. 10 000 r-min' B0 5 min, HUH FEHHL
FIEB LT, 1E37 C/KEET, i 100 pL
OGRS, RS MRAE MR, s E Mk, B
AN ST 2 e A1 [R5 ) 6 25 IRV

2114 2R AR SV C ) S et e R A
72 2R BCH Tso BN 2 500.00 2 000.00-
1250.00~ 500.00. 100.00. 33.33 ng-mL"" [ L X}
AR (ORI BRSS9 1 pgmL D). 4%
“2.11.17 BUN 3l S5 R e FE Il , BA Iso A Lk
KGR (V) 5 Iso FAEIRE (XD HHATZME
[H 4, AT Y=0.0022.X—0.0556, r=0.9987,
LR VU 33.33~2 500 ng'mL~',

2115 LREMEE WS AMKER. Iso FiREK
4 33.33 ng-mL ! LR RE VAR C 2R i I
W 1 pgmL™") F ig Dex-Iso/Zein-NPs 12 h [ 1fil
KFEIEW (LR EKRE N 1 pgml ™D, 1%

“2.11.17 TRt g e e . 53R WK 9,
Iso M Z A i o i 0 % J@ ME R IE

. LRI
Iso C
i
il .
L A
W
0 4 8 12 16
t/min

B9 Z=AEMEFR (A, MEHRER (EWE B) M
WITBGIAR (AWFR, C) # HPLC

Fig.9 HPLC chromatograms of blank plasma solution

(A), plasma sample solution (including internal standard,
B) and plasma standard solution (including internal

standard, C)

2.11.6 FEHEHEL B Iso i EIKE /78 33.33,
1250+ 2500 ng-mL" Ifil 6} B SR ( LBEAR & T
HIREEYIA 1 pgmL ™D, 25015 6 ¥, itk Iso
2R e AR, ARYEBEAT ARl T Tso it
IR RSD H 5N 7.19%. 3.66%+ 3.01% (n=
6), FHUZNGH B RLT.

2117 HEWESR UFHMKECH Iso FEK
FEN 1250 ng-mL ! B4 FE M, 4% “2.11.37 TR J7
L& 6 I MLSEAE SRR, OB ZRIG R E IR FE YN
1 pg-mL™!, #2“2.11.17 WUR 7R 0 AT, 103K Iso
AR I T AR, ARYEBEAT AR AE IR THE Tso &
 RSD BN 6.64% (n=6), R LELNERL .
2118 FaEtb¥gE Bl Iso JFEWE NN 1250 ng-mL!
PRSI, LRI RSN 1 pg-mL™,
I 0. 3. 64 120 18, 24 h ll5E Iso A 22 iz
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AR, AREFEATARAE RT3 Iso & & RSD fH N
5.18% (n=6), THIFEMIEHRARENE R,

2.11.9 SRR AR AR LS i “2.11.37

WUR 7, A AMEES] Iso FEKRE DN
33.33. 1250.00. 2 500.00 ng-mL! Ji 5 4E S AR,

ORI IR EN 1 pgmL ™, $% “2.11.17 I
N IEEREIN E Tso AT 2L TBE A Ji e T AR WA T AR (A1)
27 “2.11.37 TR 7204 100 pL 75 (i A 3 Y
BRI, IO Iso F 22K ent B, A Iso SV
93333, 1250, 2500 ng'mL~!, Hrh ZBERR
IR T pgmL™!, [FVEZEFEIE, 123 Iso A
LRI (42D, THE Iso FREXRIER (41/42)
SN 101.36% 103.17%- 97.24%, L ERAFEHEEL
[ A 98.05%. i F Z ST Tso S &K BE 43
93333, 1250, 2500 ng-mL! %R SAW, H
ORGP E )9 1 ug mL ™, [ERESEFENE,
105K Iso M LR R JZWE TR (A43), THE Iso FEJi &K
N (Ao/A3) 535N 98.70%. 104.35% 102.52%, <.
Pk 2R I SR RN N 99.09% 0 ik &5 B IS 75 & A W ke
m AT IESR SRR, SROR AT VERE AT AL B
PECR R, MEFEF Iso HIARINTE &2 4 5
EAHIER

2.11.10 Z8ha R SRtz WA 10,

2500 q —=]s0
W EIREY)

—e-Dex-Iso/Zein-NPs

)
(=3
(=3
(=]

1500 1

1 000 1

253 /(ng-mL™")

500 1

0 2 4 6 g 10 12
th
10 Z-Bfphék (X £s, n=6)
Fig. 10 Plasma concentration-time profiles (x s, n=6)
K H DAS 2.0 B Py SRR 253 28, 45
R 8. 5 Iso MHEL, VI3RS YA AR H
FEE 1.87 £, Ut Zein A1 Dex A B340 Iso 1)
PRI . Dex-Iso/Zein-NPs H' Iso Z#l2547T N kA
TR, WERE (Cua) PRI (n) 250
2L R THAN (AUCo- Al AUCo-o) 15 B A B 2 25 AR
H(P<<0.01), IR ] Cfmax ) S22 EVERE S (P<<0.05),
Dex-Iso/Zein-NPs AHX RS AEVIAI FH EESE s 2 5.50
. SYIFIRAYIALL, Dex-Iso/Zein-NPs %252
ZHAE BEMEZER (P<0.05. 0.01), #i Dex-
Is0/Zein-NPs {E I B RCR B 4.

#*8 HEHSED Iso TEHTHFSH (X L5, n=6)

Table 8 Main pharmacokinetic parameters of Iso in each sample (x *s, n=6)

S BT Iso YIRS Dex-Iso/Zein-NPs
Fmax h 0.954+0.22 1.11+0.26 2.18+0.53"
tn h 2.76£0.40 2.93+0.47 5.32+1.78"#
Cimax ng-mL™! 705.121+143.65 1114.88+204.37" 2 096.04 +475.81"#
AUCo-~ ng-mL"-h 2 046.111+337.74 3 834.18+387.01" 11247.12+1 614.53™#
AUCo ng-mL-h 2 104.861+350.26 3 905.70+409.85™ 12 268.37+1 723.80™#

5 Iso tb¥: "P<<0.05 TP<<0.01; SPEESYILE: "P<0.05 *P<0.01.

"P<0.05 *P<0.01vsIso;?P<0.05 "P<0.01vs physical mixture.

2.12 Dex-Iso/Zein-NPs ST KEESMRXIE XA
K E1ER
2121 SEERTTR HUEREE SD KR, SRAI4HZEZ5HL
AR R RS A MBS K (Co). BRI
257 d JaH 1 mL JFESPEHER B P LA 30~40"F1 3
NAMERICT i, 445558 20 mg-kg™ VEH 50 pL JR
TR R A TR B VR L8, S 12 h S 3K RURS FIDIR S
AN ST LR B NG BRAT
5 ASHRRAE B 5 1K SR S A 208190,

B 42 RGBT KR, BENL A AR Bk

A CBHPEZY, 0.3 mg-kg™') ZH20 Iso (100 mg-kg ™)
HBL, FEHYKRLAH (Zein A1 Dex H&E[F Dex-
Is0/Zein-NPs 3 KD ) HIR 540 (Iso+ Zein A1 Dex
H & [F) & ) & Dex-Iso/Zein-NPs ¥} K ) . Dex-
Iso/Zein-NPs {&. 75 (50, 100mg-kg ™) 4, 5
WEXNRA, 4 6 K. BRXIRAMERNA (57
0.9%FAANEID 4b, HAhKLA 2 HITEIERTHT 7d
B ig 42y 1 Ik, GG HIESLE25 7 d, RIRG
24§ 6 h Ja &5 FLIk O K B A R 5G4 1 A K
(CD, THEMKERY, SLEGAR)E ip 1% E %
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BRI 5 BUME I AR BE, DA RS o BR
53 AL 0.5 cm BYIT, USCEEBRICTT N ISR 2
BOEN, B-20 CUKFEIRAE. RN HCH IR Z,
WIRZE T5%~100% SEEWL K, SRR LK CBE S
THIZRIRATGEA AR, —HIKIRH 20 min, R
3G, YR, BAKRE-LL (HE) §eth, T2
BN WS % 2H S T ZH 2R s B A 2
Jif K B = (C1— Co)/Co

2122 PPAREMELSER  SRLE 1. 5XTRA
AHEE, AL RO MK B W2 A= (P<<0.01),
I RER AN S T 1 SV PR DT R AR D). 5
Rkl I RS PP S TR ER O Sl c | s Wi
HEEER (P>0.05), oA #4524 20 RO i ik B
PR R (P<0.01). 5 Iso 41AHLL, YHR &
VDL BRI K B 25 R PR (P<<0.05), RIAY)
HYR &S T Iso Zi%%; Dex-Iso/Zein-NPs 1. &
R ZH OGP A R TR (P<<0.01),

60 7

ok

!

S EE /%
8

0
IR AR BK Iso EEAZELE 50 100

Al KK &) Dex-Iso/Zein-NPs/( mgkg™)

LXHAE: P<0.01; SHMALLE: #P<0.01; 5 Iso 4
L. AP<<0.05 24P<<0.01.

P <0.01 vs control group; P < 0.01 vs model group; 2P <0.05 2P <
0.01 vs Iso group.

1 KRBRXTMKELSR (X £s, n=6)
Fig. 11 Results of ankle swelling rate of rats
(E +s, n=6)

22 W] Dex-Iso/Zein-NPs 2§ R0 5 5% o 5 K KANBHAR LE
Dex-Iso/Zein-NPs 15771 8 2H B2 7 Jirb i B2 TG S5 25 4
Z5 (P>0.05), 18] Dex-Iso/Zein-NPs il &4
ALK BRK K ALBRAR TR TT R -

2123 KTIERAIERFMES R ELISA i
DA LH R BRI TNF-a IL-1B Al COX-2 7K
F, GERIER 9. SXTIRAMILL, BRI R
HHJOIE Rk B B 25 Ty (P<<0.01), 3R
BH R BN 55 1 S PR RV D 98 AR R ) . 5 A
UM, 25 AR R R T /K P70 B35 1
Z5 (P>0.05), HAh&4h 254 4 0E R 17K T35 4%
BF T (P<0.01). 5 Iso ZLAIEL, WHRSMA
TNF-a. COX-2 /KA~ (P>0.05), IL-1p %
EPETFBE (P<<0.05), UiHHHHREME— @R Bl %l
BHBEAR A SE K F- 7K *F » Dex-Iso/Zein-NPs fi =77 &
M 9NE K K35 B PR B E R R (P<
0.05+ 0.01), i35 7153 i 2 i D5 4 il £ FH o A
2o SHOKABEAHEL, Dex-Iso/Zein-NPs =71 &4H
IL-18 fl COX-2 LR EFEMZER (P>0.05), 1fi TNF-
o BEM TR (P<<0.05), 1 H] Dex-Iso/Zein-NPs
B 2H ATk BRI AL BRAEBA ) et S00R
2.12.4 HE B850 S50 WA 12, % BRZK RIS
AR GE M 5 B, TR EANRIRR s AL A BRI
A ZHES 2L, SO ANIRIE R (e,
YL GEEFSk), RFMFMAH LA™
oy BKARALBEAE K B B ZR AR AR, 8 2t P
RIS k5, W BROK ARG TT R B
Iso AAYEIRAEWHIE—EFEE FocE TIRA
SRS, (EIE A S ALY EREL, RIELH
RIEILGAT T, PR A Y NG SR B BAR
T Iso 4o 25 YKL L NI B 2H 23975 28 oA WL 2

®9 BEKRRETFREP IL-1B. TNF-0 & COX-2 KFEMELER (X L5, n=6)
Table 9 Determination results of IL-1B, TNF-a, and COX-2 levels in synovial fluid of joints of rats in each group (X s, n=6)

ZH 5 il /(mg-kg ™) IL-1B/(ug-L™") TNF-o/(ug- L) COX-2/(ug-L™")
paict — 0.78+0.14 1.45+0.20 1.75+0.24
ieic) — 2.16+0.21* 5.78+0.38" 2.46+1.20"
FRAKAL 0.3 1.06+0.14% 2.69+0.25% 1.78+0.16*
Iso 100 1.70+0.08"* 426+0.26% 2.16+0.20%
E=ELY S 1400 2.044+0.22 5.334+0.44 241%+1.19
YR EY) 10041 400 1.624+0.10* 3.8740.28%4 2.09+0.15%
Dex-Iso/Zein-NPs 50 1.45+0.1 1764 2.92+0.21#A 1.94+0.17%4

100 1.09 0,094 2.29+0.16"8A& 1.73 016744

xR "P<0.01; SEAHELLE: #P<0.01; 5 Iso HLLE: 4P<0.05 44P<0.01; HRKAMRALLE: “P<0.05.
*P <0.01 vs control group; #P < 0.01 vs model group; 2P < 0.05 2P <0.01 vs Iso group; &P < 0.05 vs colchicine group.
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= EHYPKRAL WELRE )

ilm F d
.\, Y
=i e

50 mg-kg ! Dex-Iso/Zein-NPs 100 mg-kg™! Dex-Iso/Zein-NPs

().

B 12 JBAKXRBEALARFESE (X200)
Fig. 12 Synovial tissue pathology of each group of rats (x200)

3% . Dex-Iso/Zein-NPs ik @7 EA I ME 7 IFH
HAUHRA, FEE T ERGINSCE SR AN . Dex-
Iso/Zein-NPs =77l 5 2H ¥ 20 205 215 1 5 FH PR 2
AHIE, VIR RS Se B, SORESH IR T I R
(CEI PN
213 FHHEDH

BRI UL X £ 5 BAFKR, A SPSS22.0 #
R T Z 9 H1 (One-way ANOVA) F1 Duncan
Z H WA T BT, P<0.05 HEAFAE
TEER.
3 i

Zein Fl Tso WJ¥AT 80% 0%, [FlItikH %Ak R
VEDNWEFIAE s 0N S 7R AH I A BILAE 14 57 % AR A%
th, T Zein KA HHIETH, Tso FEHAKIMEHT
HEN Zein B 7K P2 2% 0] o 4945 77 AH N RS 7RI AH
Ja, AR AENA, Zein RIEME FFEEEE
e, BFE Iso TWRRAUKRL, J& ok iezs 2 ik
FPEREE I AE LR 2R K URL AR L 2R AR i [
K, FERAADRIEK, EZ2KRADUE. Zein 5 Dex
7t pH 4.0 ) PBS R 457 A ) ML fef, 7E &R HL T
F1EH B2 % Dex-Iso/Zein-NPs, 7 Dex $2fit
PERRHE R . 2R FEEEE A R BE IR T gk
WORLEREE, T RAE . & IELRFIIA
FMIEPER, WG IARHET B SRR

f1# N\ Dex-Iso/Zein-NPs J5& , Iso st KA 1 8%
KA, FAZ N ToE TEARAS . —J71Hl Zein Al Dex 3%
RTETEAEL, AR Iso s BIHEIEH; 55—
J71H Iso He 3 v 85 Zein Al Dex 2 [A] R A4 A
PEAI), JL[E S A AR . 2R WO S Tso M
TEARRE . BRI T X BRI B B 22, A

By T4 Iso AEMIRIF B . 35824530 Dex-Iso/Zein-
NPs R 25 #2320 B W M S REARRAIE, iR [RIAE T
Dex-Iso/Zein-NPs &5 f i) As g PEAS 24 238 &, 1M
H. Dex-Iso/Zein-NPs K [fl EH Dex (&1 2 ] BELAF
0 Iso [FIAMEETI,  SELZ LIRS, 2 B AE H g
B O Iso RN 253N FAT R, SR RGBS VER .

i R IR, WEIREGYITF 10 1 Crax-
AUC)— Ml AUCo—oo R 522 PEHE N (P<<0.01), $&7R
Zein Al Dex 810 1 Iso MIAAR MWL, HALHIATBERZ
Zein, Dex Y4111 Iso FUIA IR IE SRBETICR, F T4
WIRWL: Dex Redemi i sZ #Y) Fud 2, (2t
IF N3, B9 Iso MTEWR ISR » Dex-Iso/Zein-NPs 1)
tmax 2 B PELE )G, F 5 Dex-Iso/Zein-NPs ZEREF
HK, I T PRI, 1 O EEIEK, BT
ZRAER AN, WA HESE Dex-Iso/Zein-NPs &5 ) Fa €
PEE S, FEAK T VAR B %iE pH (HSE R R X Iso
HIREAE, $TH259 Ja B IOK 24, Dex-Iso/Zein-
NPs {2/ E R SEML, PR GV Tso AHXS A
PIRI I FESRTE 2 1.87 s 1) Dex-Iso/Zein-NPs £ {X
e Iso RMIBMESHEHE. ¥ Iso HATLEN
A VARIT IR, (R gk ki 2 58 /N, Bl 2% Tso B
g W IROE AR P22], A Tso 1 RN, B — 204k
AL LIE &

Iso ig 45 100~400 mg-kg ' A B AT X K R
KU ST R BA B E B2, £ 3 Dex-Iso/Zein-
NPs AJ G0 Iso AR IRISE, SABf R S KRR 22 4
FUBEAS RV, W%+ 100 mg kg ! FIEIEAT
Vs HAZAE T Iso JEUR24 I 24 BEAS W
A AL HPLC V7 T 2K . MR G — e iR
AT Iso FRMIAMEE . REIBCR K R,



F49EFENH 2026F 118

%¥38at A, Drug Evaluation Research

Vol. 49 No. 11 November 2026 - 3979 -

Rl T P BV S ) m] 38900 Tso X KBRS ME g XU O 15
RHIEEEVEH « Dex-Iso/Zein-NPs #E— P58 T Iso
2530, FE LY Dex-Iso/Zein-NPs £ 1 Iso A=¥0F|
FAREEA 5R25-201, 728 YRR AR & JL - P R s 1
1t B Dex-Iso/Zein-NPs 245 KI5 T H. 21 Iso, HEFR
Btk B S AR

Zi b, AWFFAEFHAEYIRIE Zein M1 Dex #4J%E
Dex-Iso/Zein-NPs, 37 H§ BBD-RSM V£ {44 T Dex-
Iso/Zein-NPs 4b75 T2, GUGIESEE N ZH] & T
CEEM R IT. Dex-Iso/Zein-NPs ¥y K7E % B K
WEARAE 6 D A=A KT 80%, KA IZFK
AT A2 1 R I . Dex-Iso/Zein-NPs i 4 /1
T Iso AR, HE5E Iso XK R SPER KU G
TRIOBEEEH, Bt — DI RNME. JFEaH
e R EEME . AERALE] . BRE 2 A H X AH O FE K
SiE [ RN TE A L7280, S8 3 A ORI FUER

FEHAR PAGEHNEARGEAZTR

SE R
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