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B OE: B 6l DOREL AR IR T R YRR (maleimide-modified limonin nanoparticles, Mal-Lim-NPs), Xf3 B {f
PEFUATRAE, A AREORAGSNEAT N FiE HRIEES S Box-Behnken W il-2(M [HV: (Box-Behnken design-response
surface method, BBD-RSM) fift. Mal-Lim-NPs &7 T. 2, FHlGETH . X SHEMARATHE (X-ray powder diffraction,
XRPD) M 2 75 Mal-Lim-NPs T4 HH I 2, &5 T 488 (transmission electron microscope, TEM) M%% Mal-
Lim-NPs #§004MH, 5 Mal-Lim-NPs % FH7E pH2.0. 5.0+ 6.8 BEER 220 (PBS) T HOVA MR FIREIUE . SD K25
ig 4 TP F A Mal-Lim-NPs 18, 6l 23 - ih4k, TR EEAN¥ 8. 4R Mal-Lim-NPs fw L7
LR -2 2 - BE-SB A8 [ maleimide-methoxy poly(ethylene glycol)-poly(lactic acid), Mal-PEG-PLA] S5t R &
7501, KAAREY 35 mL, EAERAA 13 mine Mal-Lim-NPs FEX B, 258, R ¢ BALS 5N (81.63+
1.30) %. (9.324+0.24) %. (171.56%6.63) nm Fl (—=16.60+0.92) mV. FFEE KA Mal-Lim-NPs 1% T8 4 S BDIR S 7T A &
AT, BT R ER G Mal-Lim-NPs SO0 AMRAT AR . Mal-Lim-NPs ¥ T-#37E pH2.0. 5.0, 6.8 PBS 1 HIRZ1T 1Y
754 Weibull #5%!, Mal-Lim-NPs i W ] (fma) REJEZE (2.61£0.40) h, REMHREFEY (np) EKE (6.73+£1.54) h,
YR PE (Cinax) BT HIZR FTHIAY (AUCo-n AUCo-w) ZF 3R BATHEE =11 4.01 £580 5.65. 5.89 fif. 4512 Mal-Lim-
NPs B8 T A =R 230 #AT R, REWIN T DRZGYIRIL, NE S0 703958 BEat
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Maleimide-modified limonin nanoparticles: Preparation, characterization and
its oral pharmacokinetics study
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Abstract: Objective To prepare maleimide-modified limonin nanoparticles (Mal-Lim-NPs), characterize its physicochemical
properties, and study its oral pharmacokinetic behavior. Methods Single factor experiments combined with Box-Behnken response
surface design method (BBD-RSM) was used to gain optimal prescriptions of Mal-Lim-NPs, and its lyophilized powder was prepared.
Crystal form of limonin in lyophilized powder of Mal-Lim-NPs was analyzed by X-ray powder diffraction (XRPD), and microscopic
appearance was observed by transmission electron microscope (TEM). Solubility and drug release rate of Mal-Lim-NPs in pH 2.0, 5.0,
6.8 phosphate buffers (PBS) were determined. SD rats in each group were administered intragastrically with limonin and Mal-Lim-
NPs, respectively, blood drug concentration-time curve was plotted, and main pharmacokinetic parameters was also calculated. Results
Optimal prescriptions of Lin-Mal-NP: Mal-PEG-PLA to limonin dosage ratio was 7.5:1, water phase volume was 35 mL and ultrasonic
time was 13 min. Average envelopment efficiency, drug loading, particle size and { potential were (81.63 + 1.30)%, (9.32 £ 0.24)%,
(171.56 £ 6.63) nm and (—16.60 = 0.92) mV, respectively. The crystalline state of limonin maybe changed in Mal-Lim-NPs lyophilized

powder. Microcosmic appearance of Mal-Lim-NPs was still nearly spherical after dissolved by water. The release behavior of Mal-
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Lim-NPs in pH 2.0, 5.0, 6.8 PBS were in accordance with Weibull model. The fmax of Mal-Lim-NPs delayed to (2.61 + 0.40) h, t12 was
increased to (6.73 + 1.54) h, Cmax and AUCo—, AUCo—» were increased to 4.01-fold and 5.65, 5.89-fold, respectively. Conclusion

Mal-Lim-NPs changed the pharmacokinetic behavior of limonin in vivo and significantly increased the oral absorption, which laid

foundation for the following research.

Key words: limonin; nanoparticles; maleimide-modified; Box-Behnken response surface design method; release in vitro; oral

pharmacokinetics

FrigEi gz (limonin) & — & R A ) =ik 8
B4y, EEL (Meliaceae) 22 F} (Rutaceae) 524
FHAE Y85 v SR HAS 2020, 25 B 220 50 Rk s &=
BADUME . SR, PUEE. P, SCEREIR. O]
PR SIS P2, B I TT R A A A R AE
WE . A RIEMRE AN (6.12+0.08) pg/mLB,
T BRI, HARN 2 P B /MR E FE R B 553K
SRy matel, e g 1O RIS, A R AE
KA AR EAL 5.43%07, S350 H 28 14
TR KA H BIAT AR Z0B B i 7R RF 7 48 1)
AHERE WS, Ja RS, HEEIRE SR
K, il B I — 5 75 2R T B PR ORI U Sk g 45 L
AN, 2GR B B AR J7 AR A R
%, RS B MiE b i) &P A 2 2 B R o 4
ghgua, sz 7 AR H SR i

AR BORFELE 279U R I BRI, ATk
S VIS IR RE SO R B, PRI RS, e
BELYIRL . IR 2 A B e A . Horp, AEMRS
B PEgN Kk (bioadhesive nanoparticles) A2 44K il 7]
BT R — 13180, 2252 R 48 S oK AE VD R B
PPRMWE AR B, T A ) 5 B e K 4K 24
VIAE RS AL ()35 BA INFTR], - AT 389 I 24 P i i
e AL . 70 SO AR O AR R B A
Rk, H T2 TN R TR M I Atk AN BRI 12 75 2 52 M oK
ittt BIERBEH EARENRE
H, TREE S KEWFEHEE, S RBE I Z ] m]
RV 5 R B AR I R SRR AT A S 501516,
TR T A P R B 1

AT TE R F B A R IV fi = 141 1) 5 SR T
Wi -5 0 —FE -5 A BR [ maleimide-methoxy poly
(ethylene glycol)-poly(lactic acid), Mal-PEG-PLA] 1f
EA, i B RV A 1 AT A R 4 KR
(maleimide-modified limonin nanoparticles, Mal-Lim-
NPs), FFEAT VL 3% 5 B 1 A8 (transmission
electron microscope, TEM). 1RANEEZG1T A5
KR -3 [ poly(ethylene glycol)-poly
(lactic acid), PEG-PLA ] Jy#itAk, il & AR MR b

GKKL, BIFTER T 2 4NKKL (limonin nanoparticles,
Lim-NPs), Eb#: Mal-Lim-NPs I Lim-NPs [1Jik24
BNEEAT NAFEN CIRAEVIRI AL, HE S &
T A 1 25 1 TR R B AT A
1 UEE5RH

1.1 4Z&

SQP TRV, FEZRIER AL A R
N5 1290 Infinity 11/G6470B B i OB -5 1% B¢
% 1200 By OB E i A, 36 H 2518 A |l s KQ-
300GTDV AU, Eilid A A PR A
L6S BUR AN WAL, HIACE TR A TR A
Al TG16G B 5 2 Um il B ObL, )19 sLia i &%
HIRAF; 85-2B RUMEIRM /I HEEESS, HINGRHE
A% 287G PR A 7] ; Zetasizer Nono ZS-90 Ly | 24X,
E IR AT, JEM-2100 735 5 H 1 5 1o
(TEMD, HAH F#E<4t; DW-86L348 AL KIR
UKFE, AT A PR A E] s MF600 Y X 28k K
ATHHX, HAH 2 Rigaku A H]; RC-16MD HYiE H!
1, RETHEHAERRH AR AR YTLG-10A %Y
AR GETERN, B R AR A F; DN200-
24A BUGEAWRANL, B RACERA TR A A
12 #&

Mal-PEG2000-PLA200 (it 5 Y22P01S05 ) «
PEGa000-PLA2000 (Ht5 Y23P9ISN1), iR AG4EW
BHEARA A frEs 2R, S 20201002,
JRETHL 98.6%, PRI RAEMBEARAR; 7
B RIFERZE, #tS 202008, FEE 97.0%, 1]
JERERIERM AR AR s 23 CEx R, #ikS S-
024-230206, JRESE 99.2%, AT AR
FHBAR; BfR, fit'5 C12747030, i sk
AR HR AR + RS (SDS), it
20191120, YL THRA; R 24,
fit5 20201015, W ZAERFFHAFIEGRAR; HEE
i, 5 20220715, IR SLILHEIZ A AR A F] .
2 FHEEHR
2.1 Mal-Lim-NPs B0% &

Y JIE 8 P 921 % Mal-Lim-NPs. BUFF 535 2% 10
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mg F4bJ5 & Mal-PEG-PLA & T [BJELHH, A
10 mL Nl 5 BT 40 C/K¥H, 600 r/min #i# T
Wh 1 3ibE RIS RVETE . TR AR LB E
HUAR OKIBIRE N 40 C), EREFMANEER T
— MG R 5 Mal-PEG-PLA T2 RLIK) 3515035 W 1
B, BT 40 CEHT TR IR, PABRRREE
7o B B LS E T 40 C/KWIBT, A 40 Crh4l
h/Ki&E =, 600 t/min 3% ML 1+ 30 min 2
oK, T EDF N A g A (BN 40
kHz), H#'E T-10 CUKFEHELL 10 min, KH
0.45 pm FHALIEMEERL, BI453 Mal-Lim-NPs. [7]7%H]
HEAYKRL (RIS 2D,

22 MIEEREENE

221 (k%M (g4 Dikma-Cis (150 mmX
4.6mm, 5pm) #; AFVE 1.0 mL/min; RN
30 °C; JshtHANHEE-ZK (60 : 40); HEAEAARL 10
uls A K 220 nm. FAGES BB LT BT R A
fi&F 5 000.

222 LMEXRZRFEH FEEM 1048 mg FriEEHR
YR ZE 50 mL &R, INFEEL) 40 mL HE 75
fift, MEINHEERMBEZ, HFrGET 20 R g
B IR N 209.60 pg/mL) . % H A B i
il 5 240.0. 2 620.0~ 1 310.0. 524.0. 104.8. 52.4
ng/mL RYIFFEE ZA R EIER, % “2.2.17 TR
R SR AR WU 5 AN R BT BV FE (X0 A7 v 2 0 R
MRV IET AR (Y), BLMERIATFE: Y=32.054
X—6.981, r=0.999 8, LLMEAHKXRE r Blr 1, 45
R IR R 52.4~5240.0 ng/mL 7E7E REF T
LIERR.

2.2.3 Mal-Lim-NPs i S & A5 2%
1 mL Mal-Lim-NPs £ 10 mL £+, 1A 5mL H
FE-TRERVE A7) (40 1), #8745 min B, E
ZEREIMNFE-AEREGER 4 DFREER,
RAER %A 1 mL BT 10 mL &, s
MREZ, BI18 Mal-Lim-NPs i fdik . B[
KKL 1 mL, R 2 A PURRLE R

224 LEMEEE  BUSAPKRAR . Mal-Lim-
NPs A G A AT AR 30 IR AT, 4 il 4%
“2.2.17 T G AN E, g EILE 1, 4
PRI B ROWGIERZMESER TN, T8
PERT -

225 FEEEFES WUREIREN 5 240.0 pg/mL
(FED~ 1310.0 pg/mL (). 524 pg/mL () ¥

ﬁﬁ%ﬁ%
\|

1> wla

0 2 4 6 8 10 12 14

t/min
Bl ZAMKKHR (A). Mal-Lim-NPs #& (B) i
BEEMNR®E (C) B HPLC
Fig.1 HPLC spectrum of blank nanoparticles sample (A),

Mal-Lim-NPs sample (B) and limonin reference substance (C)
TN LAV Mal-Lim-NPs Bt 5, 251
i “2.2.17 WUR IS FAFERE ST, SIE 6 IR,
IR R R P R EIR B IR SR
Mal-Lim-NPs f3 5 Vg T ALK RSD 430 R
0.20%-. 0.28%- 0.24%. 0.69%, FHIZIXASH: 3
R4f,
226 FEME#EE B Mal-Lim-NPs {5 A,
A FH %5 0. 3. 64 9. 18, 24h, % “22.17
TR G R ERE 0 AT, TR R T AR Y
RSD 4 0.93%, £5%:3 8 Mal-Lim-NPs fis i 75
7E 24 h PN ENE R AT,
227 EHEMHEE B Mal-Lim-NPs £, 1%
“2.2.3” i FJ7ikM 4 6 4 Mal-Lim-NPs il i %
W, 1% “2.2.07 TUNEIERAFEREST, HEATE
TR FEH RSD N 1.76%, 45 B R 1% 715 E
SR
2.2.8 JOFEEISFEESE H0.5 mL Mal-Lim-NPs £+
a2 10mL #HH, Lo, A, . K3 4,
BELH 3 3 o 53 A 36 I AGE 7 2 0T Rt i 28 VR
EIRE 209.60 ug/mL) 0.4, 0.7, 1.0mL, % “2.2.3”
T 77324145 Mal-Lim-NPs 3 fis e, #642.2.17
TR s 2 PR e A s TR IR RN
M RSD fH . 45 R oR, At 2= B~ Rl
#9100.19%, RSD K 1.64%, 455HE %754k
WL o
23 BHE, HHE. NER CBEMANE
K& EC 1 mL Mal-Lim-NPs ¥£/45, & T80
B GERAXT T B 10000) #1, 12 000 r/min 2
O (BE0$42K 8.6 cm) 10 min, BUAMEJER, %
“2.2.17 TR EIE KN EIE R A E (mowes). K
WL 1 mL Mal-Lim-NPs £, #% “2.237 WK
ke, W B ZiE (m v FHEWE 1 mL
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Mal-Lim-NPs ¥ 5 B —55 CUKH i 3d, T4
HTIENL GABHEE-30 C, HEZE N S.0Pa) H,
2d JEEH, BUEARE R (mo). i 5 Mal-Lim-NPs
T R I EE R AR &

AR =(m e —m uw)/m

AR =(m 5 —m ww)/mo

H{ 100 pL Mal-Lim-NPs & T .08 4, Il S mL
Atk KRR« HUE &M FE 5 (1) Mal-Lim-NPs &
FHmr, J5E Mal-Lim-NPs (845 (X 2s 24k
Prit2en 1.47, BIEA 5%, WILER 0.01%),
SEI KA DR E R RN . HEUE &S Mal-
Lim-NPs A, W5E C BA7. B Fe s~ F47 I
W3k, HCPIE.
2.4 BHEESEESE Mal-Lim-NPs &5 TE
241 Mal-PEG-PLA HfriES ZHRELEE  [H
EMETT R EN 10 mg, /KM 30 mL, &
IR 200 W, RSN 10 min S5 %4,
LI AAMR Mal-PEG-PLA 51745 18 % FH & Lb
Mal-Lim-NPs f3 %, 2 mARARM 20, 25
%% 1.B6% Mal-PEG-PLA &1, Mal-Lim-NPs
BRI G BARIE NG T, RN
#h0 Mal-PEG-PLA A &EAFFHmas%, HH
Hid KA #43 Mal-Lim-NPs #2458 FF%; Mal-Lim-
NPs $if2Bi#% Mal-PEG-PLA F &Nk,
A AR R BRI R R B TR, S5
YRR 2 A LA . R 0, kT (R A A
K. Mal-PEG-PLA S5triEs s HEN R 311 B
Mal-Lim-NPs G5 2K, 1HHEN N 20 0 1 1%
25 R, B3 Mal-PEG-PLA [R]IN B A B & 1A
RN E, MESmEHEL 5 1~15:1
BEATARAL o

#*1 Mal-PEG-PLA 54745 £ H X Mal-Lim-NPs
BHE, FABFNENFTM (X£s,n=3)
Table 1 Effects of amounts ratio of Mal-PEG-PLA to
limonin on encapsulation rate, drug loading and particle
size of Mal-Lim-NPs (X £ s,n=3)

Mal-PEG-PLA 5

242 JKHMERAER  [FHErEERHAEN 10
mg, Mal-PEG-PLA S5riEE &=L N 1011, H
FEIZEN 200 W, AR E N 10 min 55T,
82K AAFR T Mal-Lim-NPs G382 | #5245 8 F0ki
Frsm, 2558 0K 2. Mal-Lim-NPs [ €35 Al
B2 A A AR AR 3 I 2583 K s T &
e, ATRE R KA AR N R B Mal-PEG-
PLA 7KAL R FEFIRE S , 33 1T 520 Mal-Lim-NPs %
Z4U81 KAHARARIE KT, Mal-Lim-NPs 58 KH2E 1y
TR ERAE KA T, DRI 245 4 itk i L 28t okl
Mal-Lim-NPs Fi 4% fifi %5 7K FHARFA G I 4 29580/
e, A W KAARFAN) Mal-Lim-NPs 055, #2455
AR E R, 5 S2%F KA AR 20~40 mL 32E47
et

243 BEIIEREL HEEESTRHEN 10mg,
Mal-PEG-PLA S8 RN 10 0 1, /KAEK
U 30mL, HFEREN 10 min 25544 A4, 8
IR N Mal-Lim-NPs B3 5 | 325 B AR AR5
Wa, 285 5L W3 3. 5 6 A5 Dh 2 13 K, Mal-Lim-NPs
B RN I IR FRES, nIRERIE
IR 7S DA T 84 4 KBL Mal-PEG-PLA 7E/KAH
HHFE BT R AP0, (HEE S T A I ORI BT B e
2 KMBEFFAX Mal-Lim-NPs G135, A8 MK

2 (X+s,n=3)

Table 2 Effects of hydration volume on encapsulation rate,

drug loading and particle size of Mal-Lim-NPs (X £ s, n=3)

AKAERYML  BER%  BE% Rif%/nm
10 36.9410.67 3.37+0.12 241.81+16.34
20 67.23£1.12 592+0.15 206.22+9.95
25 77.09£0.95 6.84+0.19 184.97+8.44
30 81.97+£1.66 7.42+020 17233+826
35 80.18£1.04 7.24+021 173.08+7.58
40 7473£1.17 6.58+0.13 164.89+7.12
45 70.56+0.89  5.92+0.17 152.31£6.93

%3 BEINEX Mal-Lim-NPs G R, HAEMKRZH
En (X+s,n=3)

Table 3 Effects of ultrasonic power on encapsulation rate,

drug loading and particle size of Mal-Lim-NPs (X £ s, n=3)

Pl E oo BARN  AifEm AW R B Hfm
301 36.92+1.11 8.14+0.21 163.11+9.36 100 75.16+1.01 6.80+0.09 224.69+5.78
501 66.711+0.92 10.47+0.39 169.82+8.20 150 80.61+142 7.06+0.15 191.54+7.67
10:1 82.55+1.51 7.49+0.26 179.42+9.53 200 82.04+097 7.46+0.12 170.02+5.99
15:1 83.071+1.03 5.19+0.09 192.90+15.16 250 7743+1.19 6.85+022 164.34+6.78

20 .1 83.924+0.96 3.97+0.16 224.87+13.13 300 70.28+0.84 6.13+0.21 160.55+7.52
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Mal-Lim-NPs 254 [ fa e 14, 2254k #5181 Mal-
Lim-NPs FiA2 0l 5 i 75 DR R AR/, vl e
FE D ZER R PR LR R B BOR, A4 FR UG T v [R] I
JE R, A HT Mal-Lim-NPs K248/, A%
N 200 W I Mal-Lim-NPs £33} R0 525 B 55,
Kt/ 200 nm, HCRFHEA IR 200 W il &
Mal-Lim-NPs.,
2.4.4 I A 52 EATEE R HEN 10
mg, Mal-PEG-PLA S5 E RZHEL RN 10 11, /K
AARRL 30 mL, A IIRN 200 W FEMAALE, %
SLEA AN ()% Mal-Lim-NPs 3 % | 325 Bk %

VN, SR IEK 4. A AR EK, Mal-
Lim-NPs G35/ R M2 85 B8 K5 T Ras,
Tt B A 18 B A N A R 38 0 Mal-PEG-PLA 7K
TORERE, AR EARI R 2081,k A I [R]
I e AN 2 38 L R AL, T e 7
) B A FR L SR =, 20 T Mal-PEG-PLA
MR AR E P, BEiT AT BEXT Mal-Lim-NPs 25 #4724

s, PRI R . B I R Mal-Lim-

NPs Fife g K%, mT Ik 7 N E) %) Mal-
Lim-NPs §204¢ K, 5826 8 75 15 1] 10~20 min 4k
it

= 4 HBAEBTEY Mal-Lim-NPs G2 A8 FRIZE/

=M (X+s,n=3)
Table 4 Effects of ultrasonic time on encapsulation rate,

drug loading and particle size of Mal-Lim-NPs (X £ s, n=3)

AR A /min - BER%  HEE/Y% RiAE/nm
5 75.8410.90 6.85+021 214.44+12.63
10 82.51+£1.22 7.50%0.18 174.62%8.10
15 85.74+£0.96 7.7810.23 164.30%9.17
20 76.4310.99 6.8410.12 213.89+5.24
25 7037+£1.52 6.1140.14 234.77+10.69

2.5 Box-Behnken & i+-3{RHE /% (Box-Behnken
design-response surface method, BBD-RSM) i1t
Mal-Lim-NPs b5 TE

251 Wit FREERFELN KD, Mal-PEG-
PLA 5FriE8 R HE . ACHARFURIEE 75 I 8] & 52
i) Mal-Lim-NPs £33  $25 EATRIAR A 3 Z 3R,
SAERBERE Xy Xov X, LX) KK AR
5. # Mal-Lim-NPs {83 2 & AR5 )
TERARAERE Y. Yo Ya, N T AR 3 N8R,
BadR, RGBT AL, RHR
PEVH—M4 Coverall desirability, OD) HEAT B AKIEHY

OD ARt HE i ARH AL dnw=0M—
Mumin) (Minax — Mumin) 78 IV d wnse il d szm, KA
0 dnin= Mumax— M)/ (Minax— Mumin) 1. d e, 2
Mumax~ Muin B0 M; 53 5 95 KA S/ MBI SEBRAR s
OD=(d wssd nzind wie)"o

Mal-Lim-NPs A [F 4L 77 T 2K HE 1 Y1l Yas
Y; #1OD % 5.

#=5 WMEHER =3)
Table 5 Experiments results (# = 3)

75 Xi Xo/mL X3/min Y1/% Y2/% Y3/nm OD{E
101 1(0) 40 (+1) 20 (+1) 64.15 5.71 231.50 0.000
10:1(0) 30(0) 15(0) 82.61 7.56 16138 0.724
10:1(0) 30(0) 15(0) 8046 7.14 16326 0.656
101 1(0) 40(+1) 10 (-1) 75.64 6.82 182.09 0.511
101 1(0) 20(-1) 10(-1) 7298 6.44 193.87 0.409
5 1(-1) 40 (+1) 15(0) 62.52 10.38 182.64 0.338
151 1(+1) 30 (0) 10(-1) 79.66 4.94 196.14 0.227
1511 (+1) 40 (+1) 15(0) 78.12 4.74 204.58 0.000
5:1(-1)20(-1) 15(0) 6458 10.72 192.93 0.421
S1(-1)30(0) 10(-1) 74.69 11.85 184.07 0.743
10:1(0) 30(0) 15(0) 83.11 7.34 164.22 0.700
10:1(0) 30(0) 15(0) 8148 7.15 159.84 0.680
105 1(0) 20(-1) 20 (+1) 72.76 6.49 218.65 0.287
511(=1)30(0) 20(+1) 60.93 9.98 222.43 0.000
10:1(0) 30(0) 15(0) 8076 7.14 164.41 0.656
1511 (+1) 30 (0) 20 (+1) 80.47 4.97 230.12 0.082
17 155 1(+1) 20 (-1) 15(0) 79.18 4.92 195.25 0.219

252 BUERHREEN . B EST SRELTT TS
ffise 1% Design Expert V10.0.3 A% OD ¥
BTG, UGN OD=0.680—0.120 X, —
0.061 X,—0.190 X3—0.034 X,.X>+0.150 X1.X3—0.097
XoX3—0.240 X12—0.200 X22—0.180 X32. J7 Z Mk
BRI 6, RIARLH) OD Kb BLA i i i 22
5t (P<<0.000 1), J7F2EM) R* A Rag® 53724 0.987 7
F10.9719; KR4I P A 0.0944>0.05, TLEiH#
B YT PR ot 4 R ] 2 . G 7 R
X Xov Xov XiXss XoXas X220 X2 B0 X2 AR 2
FHMZER (P<0.01).

Wi o7 T = ZE R L 2, REABEE L 2 IR
Bk OD ¥85 BJHE PR . wE OD NE KX
8, X8 0~0.8, 3 Mal-Lim-NPs {405 T.25:
Mal-PEG-PLA S5 R HEN] N 7.53 1 1, /KAH
RFA 34.82 mL, A EA 13.16 min, OD Fililll
H°4 0.802.

O 0 3 & W B W N =

[ S e S
AN L A WD = O
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*=6 FENH

Table 6 Analysis of variance

it H UM AmE HJ5 FlA P

Rt 1.18 9 013 62.49 <C0.000 1
Xi 0.12 1 012 56.54  0.000 1
X 0.03 1 003 14.14  0.007 1
X 0.29 1 029 137.89 <<0.000 1
XXz 462X107% 1 4.62X10°% 220 0.1812
XX 0.09 1 009 42.63  0.0003
XoX3 0.04 1 0.04 18.04  0.003 8
X2 0.24 1 024 114.42 <0.000 1
X2 0.17 1 017 80.29 <<0.000 1
X2 0.14 1 0.14 66.12 <0.000 1
Hk 2 0.02 7 2.10%X1073

KM 0.01 3 3.74X103 436  0.0944
AiNHiRZE 3.43X1073 4 8.59X107*

SRR 1.19 16

2.6 Mal-Lim-NPs T ZI83iF

J9fF T44E , ¥ Mal-Lim-NPs 4b 77 B 1 8 % G
BAEE /N T 2%): Mal-PEG-PLA 54745 & &
RNT7.5 01, AKMAEFN 35mL, HAERTE Y 13 min.
SEAT ) % 3 it Mal-Lim-NPsCHt 543 7 4 20231227
20240111 20240118), M H-Fiyat%R, &=
Akifz, 5 OD RHAXHmZE [AHXHm 2= = (S2br
B — FOOMMEL)/ U] « 25 R 7R, 3 #it Mal-Lim-NPs
PP EE R 25, hifeA OD 4354 (81.63+
1.30) %. (9.32+0.24) %. (171.56%6.63) nm £l
0.79540.060 (n=3), H:h OD H5Hil{a (0.802)
BB, AN ZE -0.87%, IR BE R
BT §E R 4T

5 W 43 Mal-Lim-NPs [ £ 4 # 1§ %

(polydispersity index, PDI) 4 0.101£0.009 (n=3),
CHALN (-16.60£0.92) mV (n=3),

35.0 125 17.5

Xo/mL 25.0 75 X

X3/min 12.5~

12.5 175 ~350

75 X Xy/min 12.5 250 Xo/mL

2 TE Xi. Xo. X3) SII{E (OD) HI=4EE
Fig.2 Three-dimensional plot of independent factors (X1, X2, X3) and response values (OD)

2.7 Mal-Lim-NPs R TR B0 H & B R T4
2.7.1 Mal-Lim-NPs % TR il & SR 4K e
FH B R B EON 15%HVE T, ¥ 2% 8 10 mL,
BN 20 mL Mal-Lim-NPs, V&%) )5 703 2 /i,
WIS 1.5em A4 . =55 CHMRIRVKAE D104 3 d,
SLEPE FAG TR GABHEE-30 C, AZEN
5.0Pa) 1, 2d J5HLH, EIS3 Mal-Lim-NPs 17
A3 % Mal-Lim-NPs B4R T8 CAI0H EEED .

Hobr g R 25 o BT alifok, BIRIR &
¥, Mal-Lim-NPs ££ /i . Mal-Lim-NPs % T3 1 Mal-
Lim-NPs T 24t /K E oMLK 3, BT
FrAGe ey 2 B K P S BRI KA T, S EUR R
(PRI SR 2, T i) £ i Mal-Lim-NPs Ji53%)
SRR, AT A . Mal-Lim-NPs % T8 &
Wa, WP aER, RAEF ¢ BAL3 N
(80.45+0.96) %. (178.87+7.04) nm Fl (—16.20=+
1.31) mV.

Mal-Lim-NPs F1% T8 &8 5 kA% 5547 WL 4-
A, TR ER GRS A B K Mal-Lim-NPs

B3 ITFEEEEE® (A Mal-Lim-NPs & (B). &
F# (C) MENKERRE (D) KIS
Fig.3 Appearance of limonin suspension (A), Mal-Lim-
NPs (B), lyophilized powder (C) and redissolved by distilled
water (D)

HTRMEEE ¢ A XHMER A K, ¢ ALK
4-B.

2.7.2 TEM M%< Hl Mal-Lim-NPs, 5 4li4L/KF
FE 30 %, W 3 WAEHIM L, BAEGEGHEZHE, N
LO% SR AN, B 35 CEZSTEFA 30 min, T
TEM R % Mal-Lim-NPs 4N G B3 S0
#0.23nm, JUEAEE 200kV, Z843#E% 0.14nm),
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Mal-Lim-NPs /X KW EE G
f \, )

A )\
[\
ffl \
1 10 100 1000 10 000
i 4%/nm
Mal-Lim-NPs

| HTHERE
N\

/ |

—1.I50 =50 l 50 1.%0
¢ HA/mV
4 Mal-Lim-NPs & AT EREHRIAEZES T
(A) FACHAL B)
Fig. 4 Particle size distribution diagram (A) and {

potential (B) of Mal-Lim-NPs and its Freeze-dried powder

redissolved samples

200 nm

FAAEAL KA E: Mal-Lim-NPs, 1F %S [ 5% HREE i .

Mal-Lim-NPs B #1585 CA I H #2 1% ) F1 Mal-
Lim-NPs %3, MLk /KR35 R % Mal-
Lim-NPs 7P, 25 5. 25 o B R W 52
FUTATHKRIEDS (B 5-A), BiBHE 5-B~D M5
S35 Mal-Lim-NPs. Mal-Lim-NPs &M BlEk
& (B 5-B), ¥ Mal-Lim-NPs [ 34T 255
YKL TR ™ L, SRR R B R (B 5-C), 1 Mal-
Lim-NPs T4 (& HEEED naith/K &G R0
KBNYER BRI IS (B 5-D), B ING T
{450 BRI ) £ Mal-Lim-NPs -8 /& b E (1) .
28 @mEMR

XRPD & 1F: M (20) N 3°~45°, Cu-
Ko ¥, $H35#EEN 4°/min. BB RERZG, 5
H4HkL (H # /5 Mal-PEG-PLA f ¥R &, HLGl[E
Mal-Lim-NPs % T3 ) WERAY) (25 S55k
A e = )

£

5 ZHEXHE (A). Mal-Lim-NPs (B). Mal-Lim-NPs H# & F# (C) #0 Mal-Lim-NPs Z&F# (D) # TEM
Fig.5 TEM of blank control (A), Mal-Lim-NPs suspension (B), Mal-Lim-NPs direct lyophilized powder (C) and Mal-Lim-
NPs lyophilized powder (D)

5] Mal-Lim-NPs #1-#7, A f&i #5925 ) Mal-Lim-
NPs BEL#5TH CAITH EE2) 1 Mal-Lim-NPs 4
THriaE, BT X FEMARATHOCIE, 258N
K 6. FrET R IERIZHE 11.7°0 12.0°, 12.9°, 13.9°,
16.2°, 18.7°, 19.6°Hi1 20.4° kb HI BUERAE i B0,
DL 11700 12,0981 12.9°%6 kb8 . VI BEVR S0
it HAT AR BIATAGE 2 0 R A 2 0, B A
B m M AR B As . Mal-Lim-NPs B84+ )5 al M
SRR T FRRAE AL T 0, (SR T I B T BE .
Mal-Lim-NPs % T4 XRPD &l 1A 7 W52 5145 (5 4
B AT, Ul BT AR R AE Mal-Lim-NPs %1
M BT RE R A T U
29 BERENE

B A5 7 2 JFURHZ R0 Mal-Lim-NPs % T8
3BT pH 2.0 BERRER i (PBS) H, S 15
min J5, BT 25 CHEIEEGHEY 48 h (FiEA

0 8 16 24 32 40 48
26()

Bl 6 Mal-Lim-NPs FTF# (A). EIEETH (AMEE
B, B), ¥EREY (O). ZAKK D). ITEERREHA
(E) i XRPD R
Fig. 6 XRPD results of Mal-Lim-NPs lyophilized powder
(A), direct lyophilized powder (without mannitol, B),
physical mixture (C), blank excipient (D), and limonin raw

material (E)
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100 r/min), 8000 r/min &{r (E0F4% 8.6cm) 10
min, B0 EIEINE s R VAR o [RIVEDE &
FESLTE pH 5.0. 6.8 PBS VAR, 45RILEK 7.
Mal-Lim-NPs 4 T#37E pH2.0. 5.0~ 6.8 PBS 1, #T
T B ITA A P 20 ol B v 22 L SR 411 33,71, 78.21
41.16 .

RT BEENELER (Xts,n=3)
Table 7 Results of solubility determination (X £ s, n=3)

Ff i I R (ugmL ™)
R pH 2.0 PBS 22.434+0.32
pH 5.0 PBS 6.95+0.14
pH 6.8 PBS 15.7940.27
Mal-Lim-NPs %4  pH 2.0 PBS 756.041+4.12
pH 5.0 PBS 543.54+5.14
pH 6.8 PBS 649.87+3.76
80

60

40

FRUBETE%

t/h

7 A[E pH {E PBS FURSMERMBIZ (X£s,n=6)
Fig. 7 Release profiles ir vitro in different pH value phosphate buffer (X + s, n=6)

PBS ' 18 h RMBME DAL mE 71.86%
65.66% 68.71%. 737K H —Z k. Higuchi.
Weibull #AI%F Mal-Lim-NPs T RSN
LTI, AL RN 8. Mal-Lim-NPs £ pH
2.0. 5.0, 6.8 PBS IR E RS Weibull 44
P04 FE B v, Ui B Mal-Lim-NPs B 243 F 20 bk |
SRR 2 MY EL,  FFE XA BN ) SRAER

2.11 Mal-Lim-NPs FT# &N E R EIZEMS
%

HUHT ] 4% 1 Mal-Lim-NPs % T8, InA4lifbok
S, MM R SR (M) . BUEAFAS [FI a]
Mal-Lim-NPs ¥ Tk # i, IO SiKE %, it 0.45
um FRFLIERE, MEFESRNE (M), THH Mal-
Lim-NPs T8 FTFE 2R

VTR =Mo— M)/ Mo

U B A Mal-Lim-NPs T8 & TR E 30

210 {RIMERIEMELE

HURF 75 2 JEUR 25 A1 Mal-Lim-NPs % T4} &
B, HIESRSTEN Smg, A pH2.0PBS (£
1% SDS) 8 mL R ZHIRA G BN R GHEAH
X3 EA 100000 1, L. RA CHEZ )
2020 F= R PUFRIE N 0931 55 ik, B pH 2.0 PBS
(% 1% SDS) 900 mL 1E Ao, i EEN (37+
1 C, ¥i#N 75 t/min, HUFESA 0. 0.504 0.75.
1.00. 1.50. 2.00. 4.00. 6.00. 12.00. 18.00h, HY
FERFIFIANIN S I/ B34 SmL. 8 500 r/min &5
(ELEAEN86cm) 15min, MEMTEERSE.
[FV:%%24E pH 5.0, 6.8 PBS (%5 1.0% SDS) ()
BEZGTEDL, 25 R I 7. FriEs R ERZG7E pH 2.0.
5.0, 6.8 PBS H' 18 h RFEETHES A4 30.50%-
23.97%. 28.66%. Mal-Lim-NPs 7£ pH2.0. 5.0. 6.8

—— IR (pH2.0)

1 == R (pHS.0)
—— R (pH6.8)
— Mal-Lim-NPs (pH 2.0)
~~ Mal-Lim-NPs (pH 5.0)

—e— Mal-Lim-NPs (pH 6.8)

12 18

78 Mal-Lim-NPs R F#MAIMER LR BRARE L&
HR
Table 8 Fitting results of release model of Mal-Lim-NPs

freeze-dried powder in vitro release curves

i R WAETTE R?
pH 2.0 — B In(1 — M/M)=-0.068 t—0.177 0.899 2
PBS Higuchi M/M.=0.182 £2+0.022 0.938 0

Weibull  InIn[1/(1—M/M=)]=0.740 Int—1.660 0.962 9

pH 5.0 —ZFEHL In(1 — M/M)=-0.058 t—0.102 0.915 4
PBS Higuchi M/M»=0.170 £24-0.023 0.9372
Weibull  InIn[1/(1—M/M=)]=0.823 Int—2.095 0.9643

pH 6.8 —ZFEIH In(1—MJ/M=)=-0.062 t—0.143 0.907 1
PBS Higuchi Mi/M.=0.174 t2+0.004 0.929 6

Weibull  Inln[1/(1 —M/M-)]=0.753 Int—1.823 0.959 7
MM ¢ RARRETT 203, M9 ¢ N FARRETR, M. Neolt] B
AR .

MM, is cumulative release percentage at time ¢, M, is cumulative

release rate at time 7, and M. is cumulative release rate at time oo.
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T, BE 65%EIRERAAF, 25T 0. 15, 30,
60. 90 d HUFE, rnlEilEs. AE, hift.
ANEANF (pH 2.0 5.0+ 6.8 PBS) H1 [V fift £ Al
XRPD, Z5H L3 9 fIFE 8. Mal-Lim-NPs % T-#3 £
DR A T fEAE 90 d JRUikER/NT 2.0%, BH*%R

KT 80%, FifeA/NT 200 nm, 7EA[FE pH EAN
JR PV R FE G A8k . XRPD i (B 8) R,
B IFA] 5 Mal-Lim-NPs % -85 AR W22 2 by g
FIFRIATE 11.7°0 12.0°F1 12.9° %5 A HFAE 5 Y U,
ZH] Mal-Lim-NPs % ¥ fa 2 B IF.

#z9 REMABRER (Xts,n=3)
Table 9 Experimental results of stability (X £ s,n=23)

AR E/ (ngmL™")

t/d DURERI% WEH% k4% /mm
pH 2.0 pH 5.0 pH 6.8

0 1.14£0.19 80.79+1.10 176.40+5.62 749.85+3.11 547.12+3.22 653.04+4.01
15 1.08£0.11 81.11+0.94 172.96+7.14 751.17%5.16 544.45+4.58 656.811+6.05
30 1.3240.09 80.81+1.32 176.28+6.06 747.6214.88 546.93+3.95 648.97+5.27
60 1.4740.17 80.52+1.06 181.71+£6.85 752.64+5.27 548.68+5.73 655.27+4.96
90 1.641+0.12 80.69+0.97 184.62+5.80 750.20£5.64 545.01 £4.68 649.54+5.53

2.13.2 PR A YRR T 1 R I S5 ity Ak B L R R

— ﬁlﬁj% o % SRR 5 SRR 800 ng/mL. (Y

M Jk....JLLJ..A....._.J___..L 30d PREHD, B 25 L NE 50 pL MRAE S, BN

| 1 YV SO WA S W 200 uL FEE, IMBEIRSIEIMA 1.5 mL BRER 21,

JiE 5 min 757 PRRZ 9 LA AFTAR K - 6000 v/min

MM B0 10 min YO, BCEBAHURE B0,

; " " > p ) 37 CRAERRERA LI, A 50 uL FEFEE,

200) BT 5 AR o B I A vt R o

8 A [EIRTE =AY XRPD £55R
Fig. 8 XRPD results at different time points
2.12 Lim-NPs REFTHEFI&

2% Mal-Lim-NPs ffE4b77 1.2, KA PEG-
PLA ##t Mal-PEG-PLA, [Fli£##% Lim-NPs. |15
Lim-NPs P32, #igjs. Rifemm ¢ Biisy
AN (78.16+11.17) %. (8.84%0.19) %. (157.74+
6.63) nm. (—22.06+1.42) mV. #% “2.7.1” Wi R
YR % Lim-NPs T8, W45 2% 5 FIaE =,
K2 ¢ AL HIN (76.90+0.90) %, (163.48+
5.79) nm Al (—20.31+£1.26) mV.

213 ORRAENFEER

2131 WG HE  BUTET R EEZS . Lim-NPs 7%
T8 Fil Mal-Lim-NPs % F#1& &, A 0.5% CMC-
Na 7K¥EHHI % ig . B 18 HZAE 12 h f SD K
o BN N 3 4, %08 50 mg/kg (DIPTSR
I ig, T 0.5, 1.0, 1.5, 2.0, 3.0, 4.0. 6.0, 8.0+
10.0. 12.0 h 7EK B ARHE 5 i ik A B IfLZY) 250 pL,
BTHEH (5% HRWERD BiEEOE , &
HRA)JE 3000 r/min 850 (00242 8.6 cm) 3 min,
R 28 E L VA R AR AT

2133 MRS BN Hypersil Cis
(100 mm X 2.1 mm, 1.8 pm) #; BN EE-0.1%
R KIE (1 0 1Ds ARFRIRE 0.3 mL/min; Wik
B8] 5 mins AEIEH 30 °Cs #EFERRUN S ul. KH
IEB A, HmIE A TR (ESD, 29 Rk
(multiple reaction monitoring, MRM), Zb 544K
U 1.5 L/min, By 70 80 FE A RASEHLIE R 733
250 ‘CAHI200 C, WMIHERN 1.7kV, EEHHTHS
Fr&E i & M 2 3% L E 2R T R miz
471.2—161.1 Fl m/z 426.3—175.2.

2.13.4  FrAGEE 2R IS HE A T D 1) R 2R %
RELE PUTEE ZOM BV (800 ng/mL) K H]
H AR S 400, 200, 100, 10+ 5ng/mL, 435HK
50 ub BT EOEY, 37 CRAEERGHIIE
Fo SPHIINNE ALK 50 ul, 3% “2.13.27 W R I
TERRAE I 25 MR HR I, 4% “2.13.37 TR 404
FAFHFENGE o DAFTE v 3R B EIR B (O Mg
RG2S EETHRL (4440 HATEMERIE, 5
[EHT5FE C=532.7 Ai/As—12.49, r=0.9962, %R
FWIATRR v 2R RO IR A RAE 5~800 ng/mL 4%
PER R RUTS
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2135 LEMHEE WA EMK. MRS E
W (5 ng/mL) FIAEEE AR, 73 0i% “2.13.3”
TR oM oA RE I e, SR 9, Friges &= IR
FES R 3.38 min, PIBRY) I 2 7% 2 OR B B TE) D
3.06 min, 4 EERE RIS .

E2C AT

>w0
L
|
1

B e e e e e LA S s w S s B S L s |

0 1 2 3 4 5 6
t/min

9 FEMRK (A). MEMBMAR B) FMRHERE
& (O MRIETFREEE
Fig. 9 Extracted ion current chromatograms of blank

plasma sample (A), standard plasma sample (B) and plasma

sample (C)
213.6 FEEEEZE HUREIKEN 5. 400, 800

ng/mL AP 2 I IRV, # “2.13.37 TR
IR ARAFESLIAR 6 Wk, HHRBITEERSZ %L
U THEIAL L (4/45) Y RSD 437510 8.43%. 4.06%
A1 3.24%, 25 RFRIZAGSHE 2 E R I

2137 FoEtEE  BULKEESETR, 5T
#%J5 0. 3. 6. 12, 18, 24h, % “2.13.3” W~
P& AFRERE E , THEAS A/As ) RSD A 5.60%,
48 RN MR SR VRAE 24 h WA EPE R 1T
2138 EEMEL HUrEERIEEZ ig2h 1
MHEFES, % “2.13.27 TUR LA, Hil% 6 tfit
AR, 1% “2.13.37 TR b st e, e
B RS 2% BTN, THEAETE R R
FE) RSD N 4.18%, 45 FRIIZLH HE A M R IT.
2.13.9 LA SIRE R FE L H ST
KIREIRE N 800, 200 5 ng/mL [RJFRIEFER (13
FTWER, 1% “2.13.27 WUF LR, & “2.13.37
TUT 3B 2 A RERE I 2 W T AR (A, &Ik
N 3AFEAR . B S0 L FE MK, 2 “2.13.27 TR
TR ORI ARD 135%3, 233 800+ 200
5 ng/mL FIFTAGTE Z0 IR S I ORN 22 7% S DY b i
W, S TEIREEYN 3 AR, % “2.13.37 U R4
MrocE IR VG T AR (42, THEAREEICR, 2R 8
IR R 3.5V EAC A TR S B L& 7 i ]
94.78% (RSD A 5.52%, n=9) #197.01% (RSD N

6.10%, n=9). HL 800. 200. 5ng/mL F7& & KK
W CHE R, FREIRESN 3 MEA, B
SEVETA (A3), THEIEEFIRN .. 458 RS R
K BRI FE RS 73318 93.74% (RSD A 4.08%,
n=9) F197.23% (RSD N 7.24%, n=9). £WFF
P IEAT VA THNE Il e = e iR
/AN, AT TN 29 B

PR EI 2 = 41/42

FEFR AU = A2/ A3
21310 BRI ShlFrEs R IR,
Lim-NPs fll Mal-Lim-NPs 24-i fi2k, 255 WL 10,
F1 DAS 2.0 #AFAE 5 SRR B i A7 o0 i, 455
W2 10, SirEE R ERZA L, Lim-NPs [1253)
B B EMNAE (P<0.05. 0.01), Hrhikig
B ] (fmax) BEVERESS, RImHBR RS (1) &
FUEEK, ZHUEIRE (Cua) FIZY-I 22 R R
(AUCo- 1 AUCo-o) 73 AIHGINE 3.69 3.24, 3.32
f . Mal-Lim-NPs [ 2455 250 B AT 0 35 VR
(P<0.01), HA tyax B EVELE ST, 10 AT 5 M ZE
K Cumaxs AUCo-r. AUCo-oo7) Al BT 15 75 2
B 4.01. 5.65. 5.89 fi5. 5 Lim-NPs #HEL, Mal-
Lim-NPs [ t1p #—F 3K, AUC(-, 8¢ AUCo-wilf
— 8N, %8 Mal-Lim-NPs A& — 88 iyt
EXNDLIT
3 g

VTR PR VR A, TGIA TR B ), R
FH 78 -8 75 951 % Mal-Lim-NPs. @i+ BBD-RSM
Jifii% H Mal-Lim-NPs s fEALTT T2, 1573tk
FAH (81.63+1.30) %, fie (FFEZM) 2020 4F

700
<500 4 == Lin-NPs
'TE] —+= Mal-Lim-NPs
&0
=)
2 100 |
2 300
S
=]

100

0 2 4 6 8 10 12

t/h
10 #7#8E &, Mal-Lim-NPs, Mal-Lim-NPs AJZ5-A
ik (X+s,n=6)
Fig. 10 Profiles of plasma concentration-time of limonin,
Mal-Lim-NPs and Mal-Lim-NPs (Xt S, n = 6)
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F*10 FEAHESY (X+ts,n=6)
Table 10 Main pharmacokinetic parameters (X = S, n = 6)

S EEDA Fr e 2 R B2 Lim-NPs Mal-Lim-NPs
tinax h 1.46+0.33 1.97+0.27 2.61£0.40"#
tin h 2.9340.46 4.0440.78" 6.73 = 1.54*##
Cinax ngrmL™! 126.71+£40.39 467.65+102.07* 507.94+152.26™
AUCo- ng-h-mL™! 447.53+82.11 1450.01 +479.57™ 2526.84+677.71"#
AUCo-o ng-hmL™! 472.62+88.73 1 568.13+524.34" 2 782.65+720.40"

g RIERZ R "P<0.05 ™P<0.01; 5 Lim-NPs b *P<<0.05 *P<<0.01.
*P<0.05 "P<0.01 vs limonin drug substance; *P < 0.05 #*P <0.01 vs Lim-NPs.

FRVUFES 9014 T okl (o 2R M ESR (A5
KT 80%). frig i & B — MR, 75534k
AL Mal-PEG-PLA JE R SRR, 155 RS
£ Mal-PEG-PLA ZEJE 1R PLA J:H &7 —itg,
TERAGAE PR 0 R A e (R S 2 465 T Fi 5 F A
€ it Mal-Lim-NPs!2%],

FEN & WAEARFER, 73l %% 7 Mal-Lim-
NPs #E 5 E T 24 364 48, 60 h AR AL B,
RINEG 48 h G AR A AR, A5 2 [H]
WU 8 FE ¥ 48 he FBERIUTE S RIEWELR S
(259 5%R LB Mal-Lim-NPs T8 %
Pt ELA B B B PR . IX 2 T Mal-PEG-PLA
J&TWSRPER G, E/KA I B 4R gk
JEAL, TR 2P 2 T B U820, Mal-Lim-
NPs % T XRPD #ff Fi 45 R Eow, #7457 = 1E Mal-
Lim-NPs ¥y H 0l fig ATC & RO KA7AE, AHRIT
VISR AN BRI B s, FRR I AR N
W i21-221, Mal-Lim-NPs 7€ pH 2.0+ 5.0, 6.8 PBS
BAXAEBN 1, PR 25 R T ik
NP, AR AR T 4R 2R B, T
MU T FIRZ B AT AR,

Mal-Lim-NPs 0,3 % 0% 5 T Lim-NPs, A]fgi2
FH T Mal-Lim-NPs 3 [ & 11 £ SR B V. Jie 5k [ A% 17
— 2402, FHiE T Mal-Lim-NPs £ 28R £ 224
itk §E 221, {8 Mal-Lim-NPs €355 % 0% 2T Lim-
NPs. Mal-Lim-NPs [] { A A% {EAE 20mV, 2
S A A7 RS M, B0 Mal-Lim-NPs 1] % 84 T
1 o ¥ Mal-Lim-NPs B4 T 54 T8 i, Mal-Lim-
NPs AR ER0E . BRI, TR T 0%
P B R fS, Mal-Lim-NPs fOW A3 A% 55 BT,
AR T HEE S THhE 2407 E, 55 Mal-
Lim-NPs K [ 5 [ 2 [0 7% s 523, AT 2E R Tt
KSR RIERYER, AR T 4E R 9 KR TR
LI

RG22 B & e o) THZ NG 2@, MY
M, HEBr24s, W56 Mal-Lim-NPs H ik
AT T 5% PRIRIEDRY, MR ig FIEN
200 mg/kg B FEARTCEEVE IR N, AHE TR AT o
# ig MIEN 50 mg/kg, Ft, RAZAERTZZ)
AR EA — M etk

Mal-Lim-NPs ] #max &2 535 VELE J5 1T HE5 A
FHB) 12 R R BE A 9%, 73 4h Mal-Lim-
NPs RS- >Rl W T 5 B a5 =
A EMSRERTHEMNE S, LK T Mal-Lim-
NPs 5 Ji i 5 o [A]129), e 28 T8 tomax 5 AL
F XS BB f PP TR, Mal-
PEG-PLA Zi#Hhic &4 PEG KHEHEHE], X4 Mal-
Lim-NPs LU AN MR IE A 5 m] T K Af A
RESRO, NI FE 6 1K, R T 29WTE N IE 7857
MK . Mal-Lim-NPs #E—2548 001 17 AUCo-» FIRESZ
Mal-PEG-PLA X} B 254 2R EH, FEIKT
B 7B ARG pH H S R0 Frig o 2= 1R L
2261, Mal-Lim-NPs 341 T #7455 R EANE pH 14
IR BRI, o T RO Mal-
PEG-PLA ' PEG K4k n] 41| P-FE & AN SR
PERR2271, S i

Mal-Lim-NPs & i/ K- Lim-NPs, X H]
A& A2 BT Mal-Lim-NPs J&—F R g0 Kk, PG
ZYIAE S P BRI L2728, JE KT 410, AT
5 2505 78 73 WIS 2S); Mal-Lim-NPs () 738 6 i
CIE ek i e e i O PR TP &S
—BHAIN T WAL, I B A RO 3 TR AT SR
i s B i A L EE 11

g5 b, AHIE SR F B DR 25 45 e I TR A 9
t Mal-Lim-NPs {4077 .20, B KT 80%,
R CHEZGH) 2020 SRR ORI ZER, 1A
ML) 2 XS I FAE, RS AUCo-, B M=
5.65 £, WEMM T AYMRIE, AN G S
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