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Abstract: Objective  To prepare limonin-loaded by zein-fucoidan nanoparticles (Lim-Zein/Fuc-NPs), and investigate its
pharmacokinetics and protective effect on hyperuricemic rats in vivo. Methods Main influencing factors of Lim-Zein/Fuc-NPs were
investigated by single factor experiments, Box-Behnken response surface design method was employed to optimize prescriptions of
Lim-Zein/Fuc-NPs, and Lim-Zein/Fuc-NPs powder was prepared. Transmission electron microscope (TEM) was used to observe the
microscopic appearance of Lim-Zein/Fuc-NPs, X-ray powder diffraction (XRPD) was employed to analyze the crystal form of Lim in
Lim-Zein/Fuc-NPs powder. Saturated solubility and cumulative release rate of Lim-Zein/Fuc-NPs were determined. SD rats were

administered intragastrically with Lim and Lim-Zein/Fuc-NPs respectively, their pharmacokinetic parameters and relative oral
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bioavailability were calculated. Hyperuricemic model was establish, and the effects of Lim and Lim-Zein/Fuc-NPs on uric acid (UA),
blood urea nitrogen (BUN), and creatinine (CRE) levels were compared. Hematoxylin and eosin (HE) staining was used to observe
pathological changes in kidney tissue. Results Optimal formulations of Lim-Zein/Fuc-NPs: the amounts ratio of zein to limonin is
14.74 : 1.00, the amounts ratio of fucoidan to zein is 1.99 : 1.00, and the preparation time was 1.25 h. Envelopment efficiency, drug
loading, particle size and Zeta potential were (84.31 20.96) %, (1.93 £0.06) %, (185.77 =4.69) nm and (-32.77 = 1.09) mV,
respectively. The appearance of Lim-Zein/Fuc-NPs were spheroidal with no adhesion phenomenon. The state of Lim changed into
amorphous form in Lim-Zein/Fuc-NPs powder. Saturated solubility and cumulative release rate in 18 h were increased greatly.
Compared with Lim, the in vivo pharmacokinetic behavior of Lim-Zein/Fuc-NPs changed significantly, and the relative oral
bioavailability was increased to 7.25 times. The levels of UA, BUN, and CRE in Lim-Zein/Fuc-NPs group significantly decreased
compared to Lim group (P < 0.01). HE staining confirmed that Lim-Zein/Fuc-NPs effectively improved the pathological changes of

kidney tissue. Conclusion Lim-Zein/Fuc-NPs significantly increased the solubility, drug release rate and oral bioavailability of Lim,

and enhanced the protective effect of Lim on hyperuricemic rats and possessing clinical development value.
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Fig.1 HPLC spectrums of Lim-Zein/Fuc-NPs (A), Lim
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Table 2 Influence of amounts ratio Fuc to Zein

(x £s, n=3)
Fuc 5 Zein - ,
BEE% HAE% Kift/nm

&L

1.0:1.0 69.361+0.86 221£0.09 180.54£6.35
1.5:1.0 74.10£0.78  1.94£0.03 182.23+3.04
20:1.0 83.63£1.00 1.8010.06 184.86+3.64
25:1.0 8428+139 1.53+0.03 199.167.20
30:1.0 85.32£0.86 1.3010.06 215.25+4.24

243 HlREEFIFELE  [EE Zein 5 Lim HEE
151 1. Fuc 5 Zein FIEN 2 1 1, HE25H| %0 A
X} Lim-Zein/Fuc-NPs f3 % | )& . FiE IR,
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s, n=3) *3 HIEBTEIRSEN (X £s, n=3)
Zein 5 Lim — — I Table 3 Influence of preparation time (x *£s, n=3)
HELEE 3 il 4%} 1)/h BEFE%  BEHEY% Hif%/nm

501 4097+1.34  1.99+0.10 186.24+3.99 0.5 4406199  1.05+0.04  186.68+9.40
10:1 64.14+1.17  2.0630.06 192.92+2.56 1.0 6733+145 146+0.06 179.01%8.12
15:1 8334+1.33 1.85+0.05 184.61£5.25 L5 83.39+1.17 1.84+0.02  187.38+543
20:1 8501x1.14 1.28%+0.06 185.23+4.66 2.0 79.53+£0.53 1.65+0.09 185444396
2511 8533x1.11 1.091+0.04 180.97£3.91 2.5 74001021  1.60£0.03  182.28+2.37
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Je bl g 18] (X3) /F N Lim-Zein/Fuc-NPs 3= 5011
Kz, BHEF (Y. H=E (Y. KiE (Y3 &
ARACSE bR, BN S5 (OD), i OD
{E 1y BBD-RSM [0 W48 . #R#% BBD-RSM 147

3 E 3K P IEE 17 RSESR, SRaR et R af R L
* 4.

d wie= (Mi— Mmin)/(Mmax— Mmin)

d sz = (Mi— Mmin)/(Mmax— Mmin)

d 1= (Mmax— M;)/(Mmax — Mmin)

OD=(d a5 Xd w5z Xd wi)1
Miv Muax F1 Muin 735 00338 G EARAR SN .
KAE AN R /ME

&4 BBD-RSM SLIFEZKF, RITRER
Table 4 BBD-RSM factor level, test design and results

e X X Xs/h Yi/% Y2/% Ys/nm oD 14
1 15:1(0) 1.5:1.0(-1) 1.0 (1) 73.15 1.94 185.64 0.639
2 15:1 2.0 : 1.0 (0) 1.5 (0) 83.66 1.87 180.74 0.781
3 20:1(1) 20:1.0 2.0(1) 79.97 1.62 216.56 0.257
4 15:1 20:1.0 1.5 84.19 1.88 187.56 0.743
5 201 2.5:1.0(1) 1.5 85.18 1.27 190.57 0.000
6 15:1 20: 1.0 1.5 82.73 1.85 181.58 0.754
7 15:1 20: 1.0 1.5 84.29 1.90 190.23 0.730
8 15:1 25:1.0 1.0 73.68 1.39 183.69 0.350
9 15:1 20:1.0 15 82.97 1.86 185.54 0.734

10 10:1(-1) 25:1.0 15 70.66 2.01 189.43 0.534
11 201 20:1.0 1.0 77.97 1.46 192.34 0.421
12 101 15:1.0 1.5 64.14 2.44 193.41 0.000
13 201 15:1.0 1.5 77.05 1.56 186.96 0.504
14 151 15:1.0 2.0 73.87 1.91 219.48 0.000
15 10:1 20:1.0 2.0 65.16 2.08 217.49 0.120
16 15:1 25:1.0 2.0 75.81 1.44 217.08 0.171
17 10:1 20:1.0 1.0 72.66 2.23 189.73 0.634

252 MERRERTTES T UL OD EANFA =,

DL X1y X Ml X EN AR, RIEE 4 aciedioR
{fiF Design Expert V10.0.2 # & 7[FA4F&E (OD
) FMATE (X, LX) ZRMEEXR, 15
OD ff IR =T J7#£ N: 0D=0.75—0.01 X;—0.01
X,—0.19 X3—0.26 X:X2+0.09 Xi.X3+0.11 XoX3—
021 X>—0.28 X22—0.18 X32. HZ & R WK S,

R AUIT P=0.0924 (P>0.05), % P<0.0001,
PR 8 RE R AR RE T8 REL Rag? 509704 0.981 7
A10.958 1, 1568 ECA J0 ] 2565 Tl &5 SR 1) 52 el
CIFCE P =R B BitE Ry AT E 2 <8
B AN SEIGE 2 [ AH OGPE R, DRItz A T A
T4k Lim-Zein/Fuc-NPs 47 .20, OD {H 5244
B, X5 XiXos XiXss XoXas X2 X2 X2 B
W M2 57 (P<<0.01). Xi Al Xo 5 OD {H M N A

BEM (P>0.05), H 2 HEXEEANREE (P<
0.01), BHX 2 MAZRIFIEMZAMEH T OD 1H, 2
& Z A A] BRAEE R I W R BAs L/E L, $Rm B
AT — R R kA S i L OD B 1) B SE R
i, ZRSHAEAER, FIAeS BB T %
% 2 ANFZE N Lim-Zein/Fuc-NPs 48 A # %,

2,53 W N KA TT T2 E  Design Expert
V10.0.2 B A2z il e 37 i B, 25 5 LK 2, BEE X1 Xos
XX XoX3 300 OD fH 2 e G FR&EH. ik
¥ OD HKMEENAER, 152%] Lim-Zein/Fuc-
NPs e fE:4b 774 Zein 5 Lim A& A 14.74 1,00,
Fuc 5 Zein FHEEL AN 1.99 © 1.00, #i£HHE A 1.25h,
Titill OD {E4 0.801 .

2.5.4 Lim-Zein/Fuc-NPs 4773 0F i #% 3 4k
Lim-Zein/Fuc-NPs, Wl 25 R W3R 6. MRYEFi OD
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xS HENW
Table 5 Analysis of variance
WE PR HEE L2yl Fi& Pla TiH SFAA HBE B Fig PiE
A 136 9 0.15 14855  <0.0001 | Xxi? 0.19 1 0.19 183.80  <<0.000 1
Xi 141X107 1 141X1073 139 02775 | X2 033 1 033 32173 <<0.000 1
X 9.67x10% 1 967X10% 095 03615 | X2 0.14 1 0.14 13394 <<0.000 1
X 0.28 1 0.28 276.16  <<0.000 1 | &%= 7.10X1073 7 1.02X1073
X, 027 1 0.27 26504 <0000 1 | KRPIH  546X107 3 1.82X10° 442 00924
XX 003 1 0.03 30.18 00009 | Zifw%Z 1.65X107 4 4.11X107*
XoXs 005 1 0.05 5212 00002 | BEZE 136 16
0.79] 0.81]
e =
Sl
25:1.0 . 20 < 20 |
2'0)(:2 1.01,5 1.010 :.1 ii(l: ! o e 1.0 10 :.1 1; ! o ot 1015 1.02'0/\1:21'02.5 o
E 2 ZEEREX OD &N HE E
Fig.2 Response surface images of each factor on OD value
F6 LHWIFLERK OD EEMRE (X £s, n=3)
Table 6  Results of prescription validation and relative deviation of OD value (x *s, n=3)
#HIR AL 5/% BB Y% Fi4/mm oD 1§
R 84.19+0.74 1.9440.04 185.64+4.59 0.781
2 it 83.714+0.93 1.904+0.07 180.95+3.17 0.793
23 it 85.024+1.21 1.9540.05 190.72£5.02 0.754
f (0.801), L OD AN 2 h-3.12%, ik X
PIHCEBRE AP R AT . 3 Lim-Zein/Fuc-NPs F 5
P E IR RARAR S BN (84.3140.96) %, P
(1.93£0.06) %A1 (185.7744.69) nm. % ill73 Lim- ;!
Zein/Fuc-NPs T4 Zeta HIALH (-32.77+1.09) mV, rt
i B GRKORL SR T 7 1 B e, 252 Lim-Zein/Fuc- ' 1 10 ‘ 700 1000 10000
NPs %) Fuc BBRHUR TALFTE0Y. Lim-Zein/Fuc- , e
NPs Fiz 5 Al Zeta HA7 LI 3. i
2.6 Lim-Zein/Fuc-NPs #} 5K B & KB RN E
2.6.1 Lim-Zein/Fuc-NPs ¥ K il % ¥ Lim-
Zein/Fuc-NPs B35 CUKFHTIA 2d, T-35 CHA
VRFHLH T4 3 d B3 Lim-Zein/Fuc-NPs ¥i K, % H
FHREAEIE-10 CUKAH - Lim-Zein/Fuc-NPs &2 . 00 Fg}wmv 100 200
iy R K i A K 2 e ke b WLl 4, Lim-
Zein/Fuc-NPs ¥ T8 M 2li4k 7K 535 70 805 VR 2 ) 3 Lim-Zein/Fuc-NPs FI12F1 Zeta B {iL
YR WS 7). Lim-Zein/Fuc-NPs ¥y K4tk kK & Fig.3 Particle size and Zeta potential of Lim-Zein/Fuc-

R aER, HE KRN Zeta ALY NPs
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4 Lim-Zein/Fuc-NPs ;B2 (A). ¥R (B) REAL
KERF (C) 5
Fig. 4 Appearance of Lim-Zein/Fuc-NPs suspension (A),
powder (B) and redispersed by purified water (C)

BN (82.07£1.15) %. (1.86+£0.07) % (196.90+
5.14) nm Al (=33.11£0.76) mV, I HRAFZE
BT, Zeta FATZENHEAR BTG N, (A¥T0 R EM
Z (P>0.05); FALAPHEK, H757MT 200 nm,
B Lim-Zein/Fuc-NPs ¥ K B A R U (1) F /-t .

2.6.2 Lim-Zein/Fuc-NPs #} K& fREM % %18
Lim-Zein/Fuc-NPs 47743 HIFRHL Lim. Zein 1 Fuc,
SRS EE ARG . BUS & Lim. P8R
AW Lim-Zein/Fuc-NPs #} K& T 10 mL 4lifksK
o, MR 20 min, SEENEEREEAY A Lim P .
BT 25 CHEEAKBF, 7£ 600 r-min~' NI
2.d, 10000 r-min~! B> 10 min, W%E Lim WJE,

R E 5, 5 Lim AL, #HEEASYF Lim B #
PR BRI (P<<0.01), I TWHER-SY
Zein fl Fuc A —@ FFAAERICN, 325 T Lim
VA RS . 5 Lim 8U)HE R S YIAH EE, Lim-Zein/Fuc-
NPs ¥ RV i B BA R ZE M (P<<0.01),

500 -
~ 400
O
g
g 300
1
B 200 A
100 -
k%
0 T \
Lim YR AY)  Lim-Zein/Fuc-NPs

5 Lim W "P<0.01; S5YEREGYHE: *P<0.01.
**P <0.01vs Lim; #P < 0.01vs physical mixture.
5 BHRBBREMNELER (x5, n=3)
Fig. 5 Solubility determined results of each sample (x *

ss n=3)

XA e Lim-Zein/Fuc-NPs # K&K T Lim Fi/E .
BB T Lim fn 8 AR R B B 8V 45 R R R K
2.7 TEM WE Lim-Zein/Fuc-NPs 55

Y Lim-Zein/Fuc-NPs &2 0.1 mL ¥ #7E 400
H M L, 4l S0 0.1 mL 1.0% B A3 e, i
T BT TEM W22, 25 R W& 6. Lim-Zein/Fuc-NPs
TESNRERTE, LEENSR, WHELZHT Lim-
Zein/Fuc-NPs )2 Fuc $&4t 7 K2 (AR,
FH1E T Lim-Zein/Fuc-NPs 2 £E.

[# 6 Lim-Zein/Fuc-NPs EEi& TEM & (X 14 500)
Fig. 6 TEM image of Lim-Zein/Fuc-NPs suspension (x14 500)

2.8 pH {EX} Lim-Zein/Fuc-NPs K{2F0 Zeta (i
=R

MR B i S, &4 PR Bt
15, DR A L 22 AN pH {E %) Lim-Zein/Fuc-NPs
FifRA Zeta HALAIEZI o B Lim-Zein/Fuc-NPs ) &
10 mg, Z3H70 8% 20 mL. 37 ‘CHJ pH 2.0, 4.0+
4.5, 5.5, 6.8, 7.4 1 PBS 1, 12 h J5illsE kife Al
Zeta A7 . 455 WA 7, Lim-Zein/Fuc-NPs 7E pH 2.0

300 - ) vk - 40
B ZetaF fu 26 A
30 E
200 4 g
3= F 20 =)
o

e H
2
100 4 N

F 10

0 = 0

2.0 4.0 4.5 5.5 6.8 7.4
pH{E.

7 pH {EX} Lim-Zein/Fuc-NPs $12F0 Zeta F8{LAISZMH
(x £s, n=3)
Fig. 7 Effects of pH value on particle size and zeta
potential of Lim-Zein/Fuc-NPs (X s, n=3)
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hkif2 KT 250 nm, Zeta HUAZZERHE /N T 20 mV,
Al AE2E Fuc TEEUE pH /i & AR T BCRRIZL T
FA, Lim-Zein/Fuc-NPs R [ A & FEK, T3
HLATHE R 0 N FE, SRR T SREED0, T
Fif2K . Lim-Zein/Fuc-NPs 7£ pH 1 4.0~7.4 f{]
PBS T kifE /N 200 nm, Zeta B ZEXHE 2 KT
30 mV, %] Lim-Zein/Fuc-NPs AJ #£#71 pH i H
H & S5 .
29 X-STEMKRITEE (XRPD) SiraEE

HY Lim.ZeinFuc ¥ ¥E &%) M1 Lim-Zein/Fuc-
NPs ¥y A& &, ffiH XRPD {2800 &AM k474
i, HHME 20 JuHEN 3°~457, WK 8. Lim
TEF A 10°~25" ML K & i AT i e, R 7
11.8°A1 12.2 AL AT i 0§ ¢ 5%, T Lim-Zein/Fuc-NPs
Ab 759 Zein A1 Fuc ¥ TCHFAE 5o BUATHT U6 . 7EABRIR
A1) XRPD B A nf %22 Lim 3 ZERFIEATH I,
{HYE Lim-Zein/Fuc-NPs ¥} A& XRPD i Lim 4§
HEATEF IG5 2%, UF M Lim-Zein/Fuc-NPs & A& T
YIRS VIR — R, [RS8 Lim-Zein/Fuc-
NPs 5[ Lim B, #NTERE.

Lim-Zein/Fuc-NPs

YR A

Fuc

L

Zein

Lim

0 10 20 30 40 50
200()
8 XRPD £}
Fig. 8 XRPD results

2.10 Lim-Zein/Fuc-NPs F¥Z451THEE

Lim 7E7 0.5% T e LR EN (SDS) 1) pH 2.0+
6.8 [ PBS HHLAIE L 43734 63.74.48.50 g'mL .
PR, 10mgLim BT 1.0L ik 2 BR8N i
SR AR SM R IR SR . ARG B Lim
k2. YIRS M Lim-Zein/Fuc-NPs ¥ A&, 1%
il % 2HAE S Lim S350 10 mg, AR RS
R AT 2> 7 & 8 000 FILEMNTIEA, A SmL 7
0.5% SDS 1] pH 2.0 PBS 5L EE N ES M. 1917
AN 1.OL & 0.5% SDS i pH2.0PBS, k%

THESERE (374£0.2) C, WEKEHIE 75r-min!,
FRERBZSLK, 25T 0. 0.5, 1.0. 2.0 h SHUEE
5 mL. FfifeBEHRBEBN TN 1.0 L % 0.5% SDS 1
pH 6.8 PBS, HARILIGFMIRFFALEGEE, I
T 3. 4. 6. 8. 12. 18 h IF[A] S IHL 5 mL Bl
o RRHURE Ja SRR S5 AR R 25 A o

B AR S T 12 000 rrmin~! B0 10 min, £
AN [ AR, B ETEVRNE Lim & . B4
Bk 9 s, ¥ Lim FEEZ 18 h ERURHER
N 16.17%; YIBIREPIA Lim-Zein/Fuc-NPs 73
7% Lim18 h BRI & 2 36.90% 1 80.46%
%45 KW, Lim-Zein/Fuc-NPs X} Lim H4% 5 5 3%

BT
100 ~ Lim
—4—Lim-Zein/Fuc-NPs
80 - mmm e
&
¥ 60 A
=y
o
= |
Hh%ﬁ 40
20 A ~
0

0 é éll é é 1I0 1I2 1I4 1I6 1I8
t/h
E9 EHRAINERERZ (X £s, n=3)

Fig. 9 Release profiles in vitro of each sample (x *s, n=3)

2.11 ORA}FITHER

2.11.1 &% K H Zorbax Eclipse Plus Cis
(100 mmX2.1 mm, 1.8 um) EifEFE; KR E
0.3 mL-min™"; JBNHA 0.1% FH R K VA - FREE (1 -
1); JERAARL S uL; KRR 30 Co

2112 Uikt RHIEE RN, 29N
W (MRMD, HBI% &R (ESD, FASIETIN
275kPa, TS (N HFEA 325 C, TS
i 10.0 L-min~t. ZIEE (WA € EE RN
m/z 42631752, Lim & & & T X m/z 4712~
161.1.

2113 SERRTER r i H Lim P3RS YR Lim-
Zein/Fuc-NPs ¥ K B T 0.5%1) CMC-Na /KiEH+,
WWHE 2 min, f2 USRS . B 18 R SD
KRZEE 12h, NN Lim A YER A P4
Lim-Zein/Fuc-NPs 2, #RIE%H SD KA &=,

% Lim 100 mg-kg ' &7 ig 4524, Lim Fy)H
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RAMHK R HLE 0.5, 1.00 1.5, 2.0, 2.5, 3.0.
4.0, 6.0+ 8.0+ 12.0 h T K 5 AR HE J= # ik M ifL 5 2
200 pL, FiEEFIAFEE 3500 r-min~! B0 3min, %
AR . BT Lim-Zein/Fuc-NPs 253147 N
BEAT 752, RBUAE 18 h A AT AT A 2ok I H o
ZHVRAE, WD 18 h HUIM AT .

2.11.4  NAREERI LA A i AR Al 3 I
WG, HKERCHI RN 500 ngrmL!
20 LG BRI, A AR 50 pL K
FEdh . 50 puL 2 3% SRR S ORT 500 pl FE RS
BTFE—B0E T, e 3 min SRS, A
1.0 mL BEFE B8R, FHXmE 3 mine 10 000 r-min! 5§
O 10min, BB, FHESRT, MACH 50 uL
25, .

2115 MR IR AR I RO ) B bn v 2 s
HIML3E, 2% “2.11.37 AFEJ7iEH % FEIKE N
2000 1000 500, 100. 50, 10ng-mL' ¥ Lim I
SRR VAT (9 SRR 44 500 ng-'mL D),
i “2.11.17 BUR ZFAFIE 239 085 Lim WA,
TFEME A (Y, 5 Lim KE O #EH45
M, 552 Y=483.17.X—8.12, r=0.9986, ZM:iu
10~2 000 ng-mL"!,

211.6 LEMEFEE  WTHMKIER. Lim-
Zein/Fuc-NPs 2524 12.0 h I 2EFE FVER (2%
SEERAFE N 500 ng'mL™') 1 50 ng-mL~" ] Lim IfiL
R0t R VAR ( 22 9 SR B VR B 500 ng-mL),
21117 BUR &AM e . 4558 WK 10, Lim M1
T2 S € T

A
0 2 4 6 O 2 . 4 6
/min t/min
B
E20 A
Lim ”
. I
0 4 6 6 """"" 2 o .‘ o ‘i """" é
t/min t/min
C
,%i%\ﬁ@@
Lim H
_ I
0 | 2 | 4 | 6 0 2 4 6
t/min t/min
E10 FAM®KER (A). MEHRBBR (EAWE B) FMEMFERZFR (BN C) B MRM [E

Fig. 10 MRM chromatograms of blank plasma solution (A), plasma sample solution (including internal standard, B) and

plasma reference solution (including internal standard, C)

2117 FEEEHEE BURREIRE 58 10, 5004
2000 ng-mL~" I 2% FE AR (223 S IR i R
¥4 500 ng-mL™D), AAIESLIE 6 IR, Z kLR
AT Lim WAL G RSD AE 53 1A 7.10%. 3.66%-
3.19% (n=6), RIIIHGEERLT.

2.11.8 EEMFEE HUREIKEHN 500 ng'mL™ (1)
Lim 5 #0296 S LA 3528 500 ng mL 1),

Hil#% 6 Ml s, WE 2% LA Lim W
L, 1HEAS Lim JlE &K EE RSD fHH 6.19% (n=6),
R TIEEE M R

2119 FaEtEHs WU EIKE N 500 ng'mL!
1) Lim BUEAE IR (2 3 0l 2R 35
500ng-mL™), F 0. 3. 6. 12, 18, 24h MfF L%
SEERAFN Lim W TRIAR EE I RSD BN 4.07% (n=6),
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LR R 000 .

201,10 I ]S L R AR 019 IR A
EIRZ 104 500, 2000 ng-mL ! ) Lim 42 FE M5 ~ 8007 - Lim-Zein/Fuc-NPs
Wi (% %L R BRI 500 ngmL), $% 2 ol

“211.17 SN E 2% LA Lim WEHEIRL (4D, & =

JREWREREAEAT I E 3 I HCFIE . B 50 uL %% § 400 4

H IS, fEAN Lim F1239% BT $2 R 4% “2.11.3”7 = 1

LA, SR JE N Lim 122 7% 37 6 5 4 Lim 2001 s,

JREWE Y 10, 500 12000 ng-mL™" (22 3% 78 i 0

HIREIN 500 ng-mL™), Wl % 3% LA AT Lim g
MR (B, “PATIE 3 (I HCFIME, 115 2% Ed
Al Lim $2EECR (4/B). Z%SIEH AR . &
Ji BB Lim $2 AR ZE 43 7108 102.71%+98.01%-
103.98%- 96.04%. HUF A E 7378 10 500, 2
000 ng'mL™" [] Lim M GIER IAETMEK, £
SR BE AR 500 ng-mL), P E 22 33 7 A
Lim WA (O, THEIEFTN (B/C). 2L
FAG. . BRI Lim 93 5 RN 2 5N
96.17%- 104.52. 97.88%. 95.44%. [, “2.11.3”
T F 000 25 R i PRUAL B 7 v B SR BRI o 3
TN LR

21111 ZighzEgi R Z5-mrii e WK 11, A
DAS 2.0 BAFAE D =AY 4y Bl 5 SRR S I 2530
2BH, ERWE 7. 5 Lim ML, WEESYT
Lim AU [A] Ctmax) R (1) TEREFELL

0 2 4 6 § 10 12 14 16 18
t/h
11 MZKRE-FE/Z% (X £s, n=6)

Fig. 11 Plasma concentration-time profiles (x *s, n=6)
(P>0.05), THWEHKE (Cua)~ 2581 2E T
(AUCo- M1 AUCo-») A B 3G I (P<0.01),
YIHRAYH Lim FAESS ORI KA 2R F R
B 2.05 155 . Lim-Zein/Fuc-NPs [ fmax o 35 M IE J5
(P<0.05), tip wHEMIEL (P<0.05), H Cuaxs
AUCo- Jt AUCo- 3 BA MR E S & (P<0.0D),
Lim-Zein/Fuc-NPs AHX AR A= ) FH B 4 e &2
725 1. SYEIREYIAHIL, Lim-Zein/Fuc-NPs [
tmax T iy B EEEZR (P<0.05), H Cuaxs
AUCo— J AUC-HAWREMEZR (P<0.01),
M3 Lim-Zein/Fuc-NPs #—F 5 T Lim #3)2
177, AR B A

=7 HBEHRT Lim TEHHESH (X L5, n=6)

Table 7 Main pharmacokinetic parameters of Lim in each sample (X *s, n=6)

S A7 Lim ER AW Lim-Zein/Fuc-NPs
Fmax h 1.46+0.27 1.51%£0.31 2.60+0.78"
tn h 3.05+1.39 3.47+1.66 6.27+1.71%
Cimax ng-mL™! 215.18+33.63 361.47+84.16™ 813.71+213.40"#
AUCo-~ ng-mL"h 636.111+71.97 1306.27+137.03* 4 611.54+570.12""#
AUCo ng-mL"h 654.40+75.65 1325.33+144.16" 4 694.85+619.73""#

5 Lim t&: "P<<0.05 "P<0.01; S¥IEEYILE: *P<0.05 *P<0.01.

*P<0.05 *P<0.01vsLim;*P<0.05 *P<0.01vs physical mixture.

2.12 Lim-Zein/Fuc-NPs 8% FREZ Z50F M
2.12.1 SEETU5% HUSD HEME KRR 9100 4%
2.0 g-kg lig AR, LT 7d, ME HUA %
RIO7181, ORI ig A RIRH G 6 h 2 HRHE 5 ik A
UM, 3000 r-min &0 3min, £ EZEIME, 4
I E M RIR . JREZ (BUN) ALEF (CRED
. JRIR/KF>650 pmol-L~!, BRI,
SIS E 6 K SD MEME K BRAE N I IR (%5

T 0.9% TN J1HL 42 JUGER LTI HUA
K, BENL A 7 4, B 6 K, 4 RlAaiERig]
(0.9%FALINE WD RINEEE (BHEZ, 100 mg-kg™
ZH9L, Lim (100 mg-kg ™) B, 4iklH (Fuc 45 Zein
FcEb ] Lim-Zein/Fuc-NPs =5 &41) . ¥R A

1 (Lim 54#RHEC L[] Lim-Zein/Fuc-NPs &7 5 4H)
J% Lim-Zein/Fuc-NPs fik. &7#J& (50, 100 mgkg ™)
o FHKRER 9 100 B4 ig 25T X Nk )
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0.9% FAINE BSR4, LT 21 do
DT 0. 7. 140 21 K 1500 I, &
KR IE J5 F Bk AR 1ML, 3 000 r-min~! 2.0 3 min J5
SrE BRI, RIS R KE . A5 21 K
15200 B, SRA 1% B B 40 A W ip R R,
BIZLCaF R 1M 5 mL, £ 3 000 r-min~! (> 3 min 4
BOIME, MIMLFE BUN. CRE & & . R4 E#
BRI L, BT 4%2% 5 P 2 i b AR AT

7 H Ja 5550
2122 JRIREENELR  FAKRMF KRS

MR WK 12, FHE 21 K, SXBHME, #H
RULH K SRMLIE R K A 2 Th e (P<0.01). #H

- XT18 - FHAY
1000 Iidnid Lim
—- %k R EY
= +Lim—Zeim‘Fuc—NPs +Lim—Zein/Fuc—N'Ps
- 800 {  50mgkg! 100 mgkg™!
é l %k ¥
g 7 ¥
B HHA
400 - HIAA
< AN
##
200 - — —A
-7 0 7 14 21
td
SRR "P<0.01; SHEERAE: *P<0.05 *#P<0.01;

5 Lim AL AP<<0.05 24P<<0.01,
**P <0.01 vs control group; *P<0.05 #P <0.01 vs model group; 2P <
0.05 24P <0.01 vs Lim group.

B 12 SFHREXRMEBERESENESER (X x5, n=6)
Fig. 12 Serum uric acid levels in rats of each group
(x s, n=6)

18 4

Ju—
W
1

BUN/(mmlo-L™")

PR B BIRERE Lim

ikl WIEYE 50 100

CRE/(mmlo-L™")

&%) Lim-Zein/Fuc-NPs

BT RERL A, Rk 4K B IA) A I3 SR R R R
B, ZRELgHE X (P>0.05); Lim 44K
T FRIR B 2 BRA% (P<<0.05), VB Lim 7] [&{K HUA
PR K RAR P JRIR KT PERIR G4 . Lim-
Zein/Fuc-NPs fii7 & 5 = &4 KR 21 KRifiE
PRI Y A PR (P<<0.01). 5 Lim ZHAHEL,

YIFR A KRGS 21 RILERRK T B3E %
(P<<0.05), 254 CA SCERARE1ST, WP HERTZIN
R Fuc WA &A% B REE/E TR Lim-Zein/Fuc-
NPs & =7 2H K BRI B 37 PR R 22 A I 325 B A1
(P<<0.01), WEBIZKHIFH] Lim-Zein/Fuc-NPs AJ K
TEHETE Lim FRIRERZGRL, HH PR M3 PR R 85Uk
SRR

2.12.3 BUNMICRE #&E4i% M5 BUN Al CRE
VPO DIRE R H WARFRI20-2T, %4 KE BUN Al

CRE SEIEEEWE 13. SXTHEAME, A
ZH KB IMIE BUN FI CRE &&= EZETE (P<

0.01), KB HUA KE'BEIIReZH™HE, SHAH
AHLL, #HRl4H BUN FI CRE &84 — R T,

HEG 55 X (P>0.05); Lim. ¥/HIEA WA K
Lim-Zein/Fuc-NPs ik =i7fl| 541 BUN 1 CRE & &
B R R (P<<0.01), RHI A 22M# HUA &
DiReig st ts, BAERATEREI, 5 Lim 4
AL, YEE &4 BUN Al CRE & & B B
FBE (P<<0.05), 1M Lim-Zein/Fuc-NPs {5 A =7 &
‘4 BUN #1 CRE & & 2WMEE N (P<0.0D),

Vi Lim-Zein/Fuc-NPs #3800 7 Lim 2554, HF%
BUN F CRE %% 5 Lim-Zein/Fuc-NPs 7| & & 1EAH
Fo HRMERZH AL, Lim-Zein/Fuc-NPs &7 =20

120 7

100 1 I

#HA

o0
(=]
1

ANy AN&

(=N
(=}
1

B
(=1
1

[
(=}
1

W OBER RINEEE Lim AR EE 50

100
&%) Lim-Zein/Fuc-NPs

HxP AL TP<0.01; SREMALE: #P<0.01; 5 Lim AHE: 4P<0.05 P<0.01; SHMEEALLE: 4P<0.05.
*P <0.01 vs control group; #P < 0.01 vs model group; *P < 0.05 “*P<0.01 vs Lim group; *P < 0.05 vs allopurinol group.

13 ®RLAARME BUN 1 CRE R2MELER (X x5, n=6)
Fig. 13 Determination results of serum BUN and CRE content in each group of rats (X *s, n=6)
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CRE R FBRAFEENEER (P<0.05).

2.12.4 HE B 253 {EH 4%2 5 T v i [
EEREAL, AT CRERRERK . AEEAE. )
A&, R HE G a0 52 & 20 K B 4 20 2
AL, GERILE 14, SR IR S5 R Ew ;B
RS NG Y, SIEMRIREN R R, 4%
HAR KB PNERREA MG ; Lim AP ER S Y4

R SN AR R VMR I R g,
INE BRI EME, (BRI ER ARG Sk
Y 2T o 25 23 1 A R 98 4 B IR I B AT i T

REIERIBITIEH . BE%E Lim-Zein/Fuc-NPs
FER PRI RG I, B A ) 2 A DLRE 2 3G D,
H Lim-Zein/Fuc-NPs 5 7 5 2H 3 #L 4% O 5 B 14 41
ik

E 14 FHEKRSHE4ALE HE £ (X200)
Fig. 14 HE staining of kidney tissues in each group of rats (x 200)

213 GIHESR

BHELLX £5 R, K SPSS 24.0 #AF#EAT 4t
TN, GRS K 7 Z 5 AR . DARC G
FSEREA ¢ 4656 T LR A IR) (1) 22 57, Turkey’s N
S5 A 56 1 B IR 2R 7 o b T e i 2 AL T ) 22
S, P<0.05 FlEHMAEREES .
3 g

Zein Al Lim 7E/K RIS RS2, (R 5T
80% /K L BE, Wik AENAENAH. Fue 5 TK,
YERNKA. 2 Zein A1 Lim HIEFIFHIIZE Fuc
AKAHEE, BRI %, 55 Zein A1 Lim 1A
FISWACRE, BETHT IR B R R K
Kio Zein 7£ pH 4.0 PBS iy IEHLfT, 17 Fuc I
Wy oA, RIMAEEREE S JIEH 1T Fue FIELE
1E Lim-Zein/Fuc-NPs K H'>1], 7E Fuc LA H
HEF 1. A FHE/E 485 7 Lim-Zein/Fuc-
NPs g5 tfane i, NJa s B Hah. fiIE 5
RIKIG IR Lim-Zein/Fuc-NPs 6| &A — &
M, 8 2 K IR ) FE B Lim-Zein/Fuc-NPs 53 %
MR b2 3, EKBREST 50 ChrAaE
RANGRLG IR TR, e R 1) 25 I 8] - e i 1) 4,
HEMB A E, RERHKBERE 50 CHTH#% .

Lim-Zein/Fuc-NPs fill & i B AR A% A6 2 R R 1H i 1t
7w A NSRS, KO Lim-Zein/Fuc-NPs {3 H
AR, ERHE I8 IR

Lim Bi/KPER EAREAC, EAEFSHIEA i+
Gy B, SRR BB CRAL 16.17%. YIEIREY)
E—ERE EWINT Lim ERBRE, WHES
Zein F Fuc 3907 Lim 5E/K M $2m T InME SR
A4 5. Lim-Zein/Fuc-NPs fi¢ Lim Bz iz KT
YIFIR-AY), % T Lim-Zein/Fuc-NPs 4t 75 ' Zein Al
Fuc A IERAE 45, T 6845 Lim-Zein/Fuc-NPs
BOAE Lim 57 BRARKIAE 3R VA AR 25 TR R A 6 .
Lim-Zein/Fuc-NPs 7ER 5 M h RAVBEHCRAL T
HIREY), FTRESE T Zein 7EFRYEA 5 VA AR
7%, 53 Lim-Zein/Fuc-NPs Z5 AN Z g A ER, H40n
7 Lim FPREIRPE 77 o 248 i % 78 BRI ) Lim-
Zein/Fuc-NPs H I T RGN, XATEER Zein
Fuc TERRE A5 7 5 4 P4 4%, 5 81 Lim-Zein/Fuc-NPs
SEM DRI, BRAR TR A FH I BT e UL,

YIERAYIR: Lim (ARXS ARSI ) FH
FEmE 2.05 £, WHYHEIRESYH Zein 1 Fuc Xf
Lim &AW =4 7 — 2 AR, wRe&H T
Zein AP LB 50 AR . BEIRAEF, I
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TR AR B ; Zein AT N2 40 i B HED3),
BTS2 PIERIR ST Lim YA AR
£ K RETRORE , DR AE 2 PR 2R 3L [ A R 321 1 Lim
(PILEDD R, (HA R A e IS E P AR A PR -
Lim-Zein/Fuc-NPs [] fmex S EVELESS, FHES Lim-
Zein/Fuc-NPs 1 B ¥R 2 A AT 510, Lim-
Zein/Fuc-NPs g5 tafa e PEE s, NI ZjPRe i ke
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