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Abstract: Objective To prepare D-a-tocopheryl polyethylene glycol 1000 succinate (TPGS) surface-modified naringin
nanostructured lipid carriers (TPGS-Nar-NLCs) and investigate their pharmacokinetic characteristics and therapeutic efficacy in rats
with acute lung injury. Methods The formulation of TPGS-Nar-NLCs was optimized using single-factor experiments combined with

Box-Behnken response surface methodology, based on encapsulation efficiency, drug loading, and particle size as evaluation
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parameters. Transmission electron microscopy (TEM) was used to observe the microstructure, while X-ray powder diffraction (XRPD)
and differential scanning calorimetry (DSC) were employed to analyze the physical state of Nar within the carrier. Drug release
behavior was evaluated in vitro using dialysis bag method. Free Nar was used as a control to compare the pharmacokinetics of TPGS-
Nar-NLCs and calculate relative oral bioavailability. An acute lung injury rat model was established, and animals were divided into
control group, model group, dexamethasone group (positive control, 5 mg-kg™), free Nar group (100 mg-kg™), and low- and high-dose
TPGS-Nar-NLCs groups (50, 100 mg-kg™). Pulmonary index and wet/dry weight ratio of lung tissues were measured. Serum levels of
inflammatory cytokines TNF-a, IL-6, and IL-1f were determined by ELISA. Lung tissue histopathological changes were assessed via
hematoxylin-eosin (HE) staining, and pulmonary fibrosis was evaluated using Masson’s trichrome staining. Results The optimal
formulation parameters for TPGS-Nar-NLCs were: TPGS concentration of 2.05%, lipid-to-drug ratio of 15.20 : 1.00, and solid-to-
liquid lipid ratio of 5.90 : 1.00. The optimized TPGS-Nar-NLCs exhibited an average encapsulation efficiency of (81.90 + 0.84)%,
drug loading of (5.03 £ 0.07)%, particle size of (174.28 + 4.29) nm, and zeta potential of (—28.16 = 1.04) mV. In vitro release studies
showed that TPGS-Nar-NLCs significantly increased the cumulative release of Nar from 28.87% to 82.90% over 12 h. Pharmacokinetic
analysis revealed that compared with free Nar, TPGS-Nar-NLCs significantly delayed the time to peak concentration (¢max, P < 0.05),
prolonged the half-life (¢12, P < 0.05), and markedly increased the maximum plasma concentration (Cmax, P < 0.01), resulting in a
relative oral bioavailability enhancement of 5.42 fold. Pharmacodynamic results indicated that at the same dose (100 mg-kg™), the
pulmonary index, wet/dry weight ratio, and serum levels of TNF-a, IL-6, and IL-1f were significantly lower in the TPGS-Nar-NLCs
group than in the free Nar group (P < 0.01). TPGS-Nar-NLCs effectively alleviated lung tissue damage, suppressed inflammatory
responses, and inhibited pulmonary fibrosis progression, demonstrating superior overall therapeutic effects compared to free Nar.
Conclusion TPGS-Nar-NLCs significantly enhance the oral absorption and bioavailability of Nar, thereby improving its therapeutic
efficacy against acute lung injury, providing experimental support for the development of Nar-based targeted pulmonary formulations
and targeted therapy for acute lung injury.
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SEA4% CALD e MUARSZ % 28 B AL EL
I3 R 25 TS | R AP I s B A, I PR 2 B2 R B
JUREMUAE PRI R g ity 18] B 184 )5 S R I8 P M
W, R RS W R SRR E B SR AL,
BARTIEREL = B BRI IR 22 % - AL 2= 25T il
ALL, {HE 77 7EAN B S5 H () 1) R, ATk v 2
RCEE 1 245 R AR R A L 4 B I R AL

f Rz 2 (Nar) S A EAZETE R Ssr, AT 3R
H 2= & B R B M Citrus grandis (L.)
Osbeck!U, MR, 7. H, MR, BEAEKIEZ,
SRR SIIR TR AR ZG BB U SEH e Bt
K YU DU 2 HABEEE . DA HLHIE
FUR I, Nar ]38 S0 ML RN 52 R 15 T
g 1 (SGKD) {55k, FIERNT#RE. &7+
PUEAAEE W KPS R, RIERZER ALL R E
A2l KR PR EEULEET 5.0 gkg B, 7R
HH#2aER . {8 Nar KB ZE, KA
JEAN 43.83 pgmL '™, HREVEMmTS, HOCBRMHZ
YR AN s RIS ZA 0 RS A7 76 235 8 DS R
R, o WARN P-HEE ER A, B2k
AR FH FEAY 4%100), 3fE DATE 73 A 34 A 245588 (R I
AR 7 I I R 0 Nar B iR ¥Ry, PARRTH O AR

W . H T AR S A0 R B AKRIB
REVRHRD, GoRiE 4% Nar BI% 74k RR0E,
FIREIFRIEE Nar AEP9RIH E R E 1.97,
4.12. 438, 3.07 &5, BH—EREECEAYRY, H
P — @ T2 8], A5 2k i o e PEA
B RSO R R S AR R Ak T G EL BT AR AR
AR R AR KL,

YK L5 MR BT AR (NLCs ) A& LA A 2 P A
Al SEAREAR . A ERMIE L AR R R 1)
AR BA 25 RS, Hil& L2, 5T b
KA. SRR BARERAREER T, RYa
R SRZINE RN AR S B i iE s i
W, T SR A AR P 25280500, I X 9K 24 413,
R Rz —. FUEFIPE N NLCs BIAZ Ok
RN &R RS, EdERg ). Y
Wt YE AR S NLCs Rl , KXt NLCs
fofaE e, R A e R A OKRE B S5 AR
K. B ILALEE-80 V& VLU 188 SNELMY B #
FULF, (HE AR 2% R B . s
AR, g S FLAGRE IR, LK T
Rk — M. D-o-4E4EFK E KL ZEE 1000 3§
HIRRHE (TPGS) A3 £ il 2 it i B B/ (FDA)



FE49EESH 2026 FE8 B

{;35;%4-14 ER Drug Evaluation Research

Vol. 49 No. 8 August 2026 © 2765

PHOZ RS FREVEMER, ORGP A L
PRI, TER P B AR RS s R T AR A
i, AR IR AR R, TR
] P-FE AR BB PR 213, ST Nar 5 4% P-FE R A
AR PEN,  BL TPGS 1R NFAL B A 52
o ORI, Tk, AU TPGS K
&1 Nar 44K 258 ig i %44 (TPGS-Nar-NLCs),
FH B R S50 BX & Box-Behnken ¢ 11- M W 1] v
(BBD-RSMD fRALTIFIALTT T2, I RGN 2N
KB B U IRAE A 230 5 R-IES ALL AR R IT L
R, BAEFFR —aR A SR Nar H IR Y67,
N AL B ARG ST S B8 I F 251 4%
1 #RIS{EE
1.1 FENE

BSA124S B R (F€ 2 R RHAA A TR
~F]D); EcoStir LIRS (AE R e A 5258
IS A7) XLW BUBRIRVKAE (L RHE
RERMERA D 1200 B S R0RAH GBIgAL (3£ [E
Agilent A7]); EV400 BUJielt 28 kA (AbaAa 4
RSB AR A IR AT UA03 BB (ALt 4E4R
HARERAT); RCY-1400T e A (HRHE
JAE A IR A D LGI-10N BB A4 TF-HL (LR
BB K RA R A ] ); BeNano 90 ZUH FE 4347
B (PHRERHMUER AR ATED; 2100F A% 5 B
(TEM, HAHEFHNSH); D8 B X Fb KAiT
WX (XRPD, &[4 & w45 2w ); HS-DSC-101
R ERARERC CRBMREREHA R AF)D;
BH-2 5% 2 8% ( H A% Olympus 2 %] ); M200pro
TR RY (Bt Tecan A F] ).
1.2 #H

Nar JFoBI25 (JIb'5 221108, Jii &%k 98.0%,
WAEF B TARAFD; Nar X5 (5 Y-030-
181216, JiEsr4 98.6%, MARE S BAMEHA
FRAFD; #ivs S A & (S ML042350, &
34899.5%, FIFEEEEYIRE AIRA R HAEAE
TR HEE (IS F1821057, gk T ik ks
FRAFD; T/KEE GItS 20200921, [EZHEHL
RAERA T D; TPGS (5 20230518) FHAKE -
21 (HE) #+t i (#t'5 G1076-500ML). Masson %%
W (S G1006-20ML), BN 4ERT /R 2 4B TRE
PRAT; 2R H S (k5 20230810, Bk
LAY R AEARA RAFD: FLBE (5 20240220).
HEE (L5 20240312), M FHEEVREA R

ANHEl; fEZRE (LPS, #t'5 241023, LilgE@4Y)
BHAR AT, HFEKFY (b5 230915, Eighk
HEARHAERARD; Ag4Eir= (IL) -6, IL-1
R LA ¥ (TGF) -a (5 ELK1158.
ELK1272.ELK 1396, BHEAMEH AR 37D .
1.3

SFP 2 SD K, MEREHeE, 1WH W5 I
IR AR AR, VFAlHIES SCXK (1) 2020-
0001, fARE (2204200 g. Yl e 4id
B N A B 2 e AH DGR E ,  SEE B WAL E A 2
2023-SQLL-EC-20230915-1007-0000076..
2 FAEEHR
2.1 TPGS-Nar-NLCs &

& %€ Nar #2582 M 50 mg; AR 7 B i [
25 16 o SR I TR vl T S S I I S SR R H I
BT EEEH, A 20 mL T/KZE, 75 CKIEG
W I PR FE 2R R e A0S, HIFANIAE. BT
& TPGS ¥ T 50 mL 4ifb/K, [R5 75 CRIG %KAM
TNHES IR ARG, AR NKAH . 4ERE AR IR S R
SE 75 C, BANAHSZREME KM, 75 CKMH
FRELWEIPEHE | hy PSSR E 25K 0.5 h, Fifd
TREORE L E-10 CUKFKIREE 15 min P
AN, 2045 pm FALIEMENE, FMIngifK e
A% 50mL, HI73 TPGS-Nar-NLCs 18 & -
2.2 Nar B=NEHFENEL
221 @ik KA Diamonsil Cis (150 mm X
4.6mm, 5pm) EIEFE HiE 30 C; FFEATR 10 uL;
Tl 294 nm; JAHAHFEE-/K (60 : 40) FEFESE
Jiit; ARARIRE 1.0 mL-mL™",
2.2.2 TPGS-Nar-NLCs i 5 % W 1 2 B
TPGS-Nar-NLCs B & 1 mL £ 100 mL &+,
IO\ HEE 50 mL #8745 min LLAEA TPGS-Nar-NLCs
g5, ff Nar ifss. HEDER GRS, W 2.5mL &
10 mL &, MAHFEE-/K (60 :40) EZHRE.
223 LEMHHEE 5% TPGS-Nar-NLCs &b 77, 4
S B AR IR IR VT S S 22 R H R A0 TPGS il &
FIVERE S, 3% “2.2.27 TUR & B RS SR 5
B3 & 2N 1.0 pg-mL ! Nar % B Sya A< 2.2.2”
TN TPGS-Nar-NLCs iy, 43 mladae il
Eo SRIE 1, Nar toifigL @t s,
224 RMEWREHEE B Nar XTHEE R, HHE
e 1) 5 I A 200 pg-mL ! R IR B RRR, e
FHHEE-7K (60 & 40) MR R it 23K 43 714 10,00



. 2766 F49EESH 202658 A %¥r34ak £ Drug Evaluation Research  Vol. 49 No.8  August 2026
| Nar 1034 5 = (M— Mo)/M
A 2B = (M— Mo)/M
I TPGS-Nar-NLCs JE& & T VU HiE R L
— c A, RIS, TR 7 A e h
% K% PDI. H{ TPGS-Nar-NLCs JREE Zeta HEAL

ol ‘5‘ ‘mw 15H zol 25‘ .30
#/min
1 TPGS-Nar-NLCs #& (A). Nar 3885 (B) FAH
H&iA® (C) B HPLC
Fig.1 HPLC spectrum of TPGS-Nar-NLCs (A), Nar

reference substance (B) and negative sample solution (C)

5.00. 2.50. 1.00. 0.50. 0.05 pg-mL™" FX} &
W, FEAEIE . Nar SRR (XD, WETH
BORPALFR (Y, METTHE Y=20.1537X—0.071 4,
r=0.9999, ZJEHl 0.05~10.00 pg-mL ',
225 FEEEFEE BUREIRES AN 0.05. 2.50,
10.00 pg-mL~" (1] Nar %F 8GR, 2 mE SRR
5E 6 IR, THE Nar WA RSD 43114 0.64%-0.53%-
0.46%, EIAUASKE 5 L RUT
22.6 EEMEZ HL 1 ) TPGS-Nar-NLCs &
WPATHI % R 6 b A, FREREI e . T
Nar % &8 RSD N 1.17%, KHITEREE MR,
227 FasEtE#E Bl TPGS-Nar-NLCs it i %
W, T 0. 2. 4. 8. 12, 24h ) BIHEREIE . Nar &
# RSD 7 0.93% (n=6), RIFHR LA 240 N
faE i RIT.
228 INFERIFEFE L K% & TPGS-Nar-
NLCs 22 0.5mL &+ 100 mL &)E+, 3L 9 17,
GG . R 3 41, % Nar F & 50%-+ 100%
A 150%73 AN Nar XJH& fh, 4% “2.2.27 TR 7792
ol PR AT, W8 Nar B & &, RIS Nar
IMNEFHAM. B @R ERECR S 5 A
101.77%- 98.94%. 100.16%, RSD 4354 1.03%-
0.58%- 0.79%, FHIT7IAMER R -
2.3 TPGS-Nar-NLCs 8%, s, fE. %
SRS E (PDD) K Zeta BAIAYNIE

¥5 % B TPGS-Nar-NLCs VB2 (£ 0.45 um il
FLUEMEEJEIE) | mL RS (B ARN 77 &
10000), LA 8500 r-min~! B> 20 min, I 5E JEE 4
WS Nar & (Mo). R4S Nar 28 4&= (M),
THHEAR R, HYE TPGS-Nar-NLCs 4b 77 28R
Himle. FAEARRR H MBS, TPGS o HE (M),
MR &,

L R, AP SRR AR Rl — KP4 b, AR
R T, TR A ENE Zeta AT
2.4 BREZEMK TPGS-Nar-NLCs &5 LTE
241 RIGEMEAIFRE G [E 050 A R R
H VR R ARSI o < SR H M BR SR 9 TPGS-Nar-
NLCs HIJE R #4A . [H 2 Nar #2588 50 mg, 524
b 15.0 ¢ 1.0, ERAEFLL 6 ¢ 1, FmEYERHE &2
BN 2.0%0) 5 A T B RERMIEEF X TPGS-
Nar-NLCs L33 | # 2 mFRAR I 5EMm, 455 LK
1. fFFHZ ILZLEE 80 A& Vb1 188 il & Nar 44K
SE R G S AR I L R A 2 R 9KT TPGS-Nar-
NLCs, H¥if2t kT TPGS-Nar-NLCs. il & 3d ) »
Rl ALfE 80 AIVAIE VO 188 #4511 Nar gk &y
JIE JoT A TR AR L I ZUIRVTUE , 17 TPGS-Nar-NLCs
TR AR E MEAENT R, AT RS TPGS 4514 E &
KIS AR BE A, SR 7 AE X S K 23 R A
BELO4, A Z4BHIE T TPGS-Nar-NLCs k%224
Yiittle, JEITR TR RMARENE, BUHE TPGS
PSR IR S
F1 FTEBEMEFIFHEERE (X £5,n=3)
Table 1 Investigation of surfactants type (x £s, n=3)

RIMEMER  BOHE% BAE% $i iz /mm
FiILALEE 80 71.99+1.53 4454005 173.07+6.48
BV 188 73.561+0.78  4.6410.06 205.05+7.77
TPGS 79.52+0.71 5.01£0.06 162.25+6.71

2.4.2 TPGS FiE/#E%¢  [EH5E Nar %25 50 mg,
WAL A 6 0 1, JRZGLEN 15.0 0 1.0 BT
#4¢ TPGS i/ $% TPGS-Nar-NLCs flEf %,

WE. RRMEm, 450K 2. BE%E TPGS Ji
A, AR E R NINE T REE
#, nIRERIEE TPGS i &7 B0 T4 et 26 %
)5, (H TPGS i &7 80 K TPGS 5 A TPGS-
Nar-NLCs 3 [H it 7% 3 N KA B e 03, AT XS
Nar P24 B AER, S50 Nar #E A /KAHH. & TPGS
JR BN, TPGS-Nar-NLCs Kif% 55638 /N 5 1
K%, FIRgZ TPGS it &4 Hod /M ey 7 4k
MER, HokREK: 1H TPGS Ji & $ud K8 s
TPGS-Nar-NLCs %[, FEK K. 7 W TPGS



FE49EESH 2026 FE8 B

{;35"%4-14 ER Drug Evaluation Research

Vol. 49 No. 8 August 2026 © 2767 -

R2 TPGS RENHER (X *s5,n=3)
Table 2 Investigation of quality fraction of TPGS

F4 EEBERIEHER (X £s5,n=3)
Table4 Investigation of solid to liquid lipid ratio (X s, n=3)

(¥ £s, n=3) ERIRREE  @ER%  BE%  Kifem
TPGS Jii N . 401 65651113 4074007 193.13+7.68
) 2 E/0 i1
B, | CHE% B Hifg/m STl 72414098 4374006 178234227
100 69494065 4484010 245414980 6-1 80~84Ji0~82 4-99Ji0~“ 176-O4f4~83
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x5 BEAZRKE LEFHTRER

Table 5 Factor level, test design and results

5 X X X Y1/% Y2/% Y3/% OD &
1 2.5(1) 15.0 1 1.0 (0) 5:1(-1) 74.18 4.58 199.85 0.441
2 2.5 17.5 2 1.0 (1) 6:1(0) 76.37 4.11 194.26 0.313
3 1.5 (-1) 150: 1.0 5:1 73.49 4.56 239.14 0
4 2.0 (0) 175:1.0 5:1 76.91 4.13 203.53 0.314
5 2.0 150: 1.0 6:1 81.55 5.05 178.99 0.873
6 25 15.0:1.0 7:1(1) 71.62 4.42 216.99 0.234
7 2.0 150:1.0 6:1 80.29 4.96 170.28 0.852
8 2.0 15.0: 1.0 6:1 82.09 5.07 173.64 0.918
9 1.5 15.0: 1.0 701 73.43 4.49 234.15 0.196

10 2.0 150: 1.0 6:1 80.82 4.99 180.16 0.832
11 2.0 175:1.0 7:1 76.17 4.07 195.48 0.268
12 25 12.5 1 1.0 (-1) 6:1 70.14 5.19 200.27 0
13 1.5 125:1.0 6:1 71.36 5.24 233.03 0.204
14 2.0 125:1.0 5:1 72.01 5.31 233.46 0.234
15 1.5 175:1.0 6:1 74.49 3.99 236.43 0
16 2.0 15.0: 1.0 6:1 81.73 5.03 177.74 0.878
17 2.0 125:1.0 7:1 72.45 5.32 231.79 0.274
=6 RESH

Table 6 Analysis variance

S o =1 v F{HE  PfH

TiH SEA HHIEE 55 FiH P

R 175 9 0.19 6372 <<0.000 1
X 04 1 0.04 1413 00071
X2 415X1073 1 415X103 135 02826
X5 3.14X10° 1 3.14X10°5 001 09222
XX 007 1 0.07 2186 00023
X 004 1 0.04 1321 0.0084

XX 1.85X107° 1 1.85%1073 0.30 04628

X2 0.67 1 0.67 21798  <0.0001
X2 0.50 1 0.50 16213  <0.0001
X3 027 1 027 8935  <<0.000 1
s 0.02 7 3.06X1073
KA 0.02 3 578X10° 565 00639
HFHEZE  4.09X107 4 1.02X1073

psuitl 1.78 16

0.92] 0.92]
. 0.68¢ 0.691
ﬁ 0.43: 2461
So.19. i 2023
0 '40::::25:?:‘ 0
175 1.0 - . 7 1A -
150:1.0° 50 23 6:1
X 125:10715 17 X5 s

:::':;4,:‘." 5
AL
9%,

o,

940%:
o2%
5205%
.'«’0,‘.0

17.5: 1.0

) - 1501 1.0
X 51510 X

2.0 x,/%

B2 X1 X2v Xs%t OD BN Rz E E
Fig. 2 Response surface plots of X1, X2, X3 for OD value

Nar-NLCs &b 77 & %2, AT, s s BN OD &
K. AL OD & AXME N HA%, #53%] TPGS-Nar-NLCs
B AEARTT T2 TPGS R HUN 2.05%, NEZitHN
15.20 : 1.00, [EW 5 LAy 5.90 : 1.00, T OD 1
5 0.922,

254 W7 TZEAE 4% 42537 B RETE
AT H#I4% 3 it TPGS-Nar-NLCs, ll5E TPGS-Nar-
NLCs 3., 848 RifF, FFRIE “2.5.17 i
T OD {HIFH 743 152l OD 18, S5 W#% 7.
PATR OD {A (0.922) 1E8Z2151, S2fr OD {EI
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=7 WEXRER (X £s,n=3)

Table 7 Results of confirmatory experiments (X £s, n=3)

ik BEF%  WEGE%  Kifdhm - ODE
S 81.74+077 499£006 170.58+3.64  0.899
24t 8201£0.56 503+£009 17623+5.17  0.892
5341t 81.894093 5054004 175814299  0.897

RZERIN—2.49% —3.25%F1-2.71%, ZaGHE /N
T 4%, 3 #t TPGS-Nar-NLCs -5 #2253 &
Fif2 5y 5N (81.904+0.84) %. (5.03+£0.07) %-
(174.284+4.29) nm. “F#J PDI ) 0.099+0.011, F
) Zeta AN (—28.1611.04) mV, 255 WK 3,
2.6 TEM % TPGS-Nar-NLCs 7M57

#4 TPGS-Nar-NLCs JRERH M, HikE, 2%
SRR, BT 30 CESTEMT, RiFEs
30 min JEEUH, {ERES BHENEE TPGS-Nar-NLCs
oS, 455 0K 4, TPGS-Nar-NLCs FE3ZRUERE o
2.7 XRPD ©#f

2% TPGS-Nar-NLCs 477, 43 HIH Nar. HLif
JEER H R TPGS S8 i HLiRS), [BMIIRAEY.

1 10 100 1000

10000
Fi4%/mm
-100 0 100 200

Zeta HLAL/mV

3 TPGS-Nar-NLCs RI{270 Zeta FB{I[E|
Fig. 3 Particle size and Zeta potential of TPGS-Nar-NLCs

4 TPGS-Nar-NLCs #J TEM [ (X12500)
Fig. 4 TEM image of TPGS-Nar-NLCs (x12 500)

3 EL TPGS-Nar-NLCs JB&#, 15 000 rmin~" &L
20 min, HURZEVE, —50 CHi% 3 d J5 B EZ %
TR, SR E AR AR B Nar, SO REER H s
TPGS. YIFEIEAYIA TPGS-Nar-NLCs [E {45 & ,
W E XRPD MGGEE N 4" -min!, fE (20) ~ 3~
45°, RGHEA Cu-Ko 58, Z5RILE 5. Nar 7E 7.3°,
8.4°. 12.4°HIILAFAE & B U, B IR 1R H veh R AN
TPGS 7E 19.0° 23.4° BT H A X 2 9 IR0 AiT S 0
TEVER G0 XRPD B3R th ] W42 3 Nar, Fpd
NRBRH B A1 TPGS & H &%, {H7E TPGS-Nar-
NLCs ¥R XRPD H N n] W% 21| 505 i 18 H- vl i A
TPGS K5 BUATETI%, Nar &80 W 5%, U8 TPGS-
Nar-NLCs & —FiA [ TRV 14 51, [F]I
ERA Nar fi 2 R A5 4k
2.8 DSC ##f

B “2.77 BUR &FES, BMNERY, HECES
7 i 2 B, 34T DSC 204, MR BEVE L 30~
330 C, FHEEFEAN 10 C-min 13, ZEHRILE 6.

TPGS-Nar-NLCs
YR A

TPGS
SRR R H e
y oy A An Nar
0 10 20 30 40 50

26/°

B 5 XRPD £}
Fig. 5 Results of XRPD

TPGS-Nar-NLCs

YEREY

ARG AR TR T i
Nar

0 50 100 150 200 250 300 350
7/°C
E 6 DSC4R
Fig. 6 Results of DSC
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Nar 7E 248.9 ‘CHIINIBLNE S0,  BAF i R H i g
FI TPGS 73 HI7E 85.6 ‘CHI91.4 CHIPUA SIE, £
YIEIRAYIN DSC B rh T 53] 224.0 “CHEL
J%5 RV, HEDZ Nar & sSUGS2 T ATEC. £ TPGS-Nar-
NLCs (1] DSC B b AR B Ba 45 s 0, 15 B
TPGS-Nar-NLCs J& — AR T YRR A VM),
[F) Bf tHIE B Nar (4040 R A2 B0 .

2.9 TPGS-Nar-NLCs ‘F T H%&

HY TPGS-Nar-NLCs B &3 50mL, JIA 1g 3L
PEAL 1 g HEERE, BRRBGIBMHEE, HEZEIHK
i, —50 CHlk 3d fEEESH T, 3dJEHL
H BI#3 TPGS-Nar-NLCs T8 (B 7-A). BUET
BmAgifb KRR, BIPE 15s AR (K 7-
B), WOLEMRSEr MR TR/RIR (K 7-C,
YA TPGS-Nar-NLCs Tk 5% 5 1R BB A PR FF
gk @ pEns1el, il TPGS-Nar-NLCs ##T-#)
BRGIREBRCF Y AE R, ki, Zeta A3 5N
(80.1940.64) %. (180.11%£4.19) nm. (—26.80+
0.91) mV.

7 TPGS-Nar-NLCs 5F# (A). @k ERFRER
B) RETIERIAR (C)
Fig. 7 TPGS-Nar-NLCs freeze-dried powder (A),
suspension sample redissolved by purified water (B) and its

tyndall phenomenon (C)

2.10 TPGS-Nar-NLCs {&5MNEZ51T RS

HY Nar.“2.7.1751 F 9 #IE A 90 il TPGS-Nar-
NLCs #HT#iEsEE TE R GRS TR
& 10000), Nar MEHHN 15mg, 22BN pH 2.0
R (PBS) 5mL, EHARER, HiE
WL, &H. BN NpH20PBS 1L, fH
37 °C, ¥ 75 r'min!, 435F 0. 0.25. 0.50.
0.75. 1.00. 1.50. 2.00 h HUFf SmL, HUFE 537 B
B pH 2.0 PBS 5 mL. #/& 1 RHUFE G B 251 )i
% 1L pH 6.8 PBS, A2 AR, 43 51F 34

4. 6. 8. 12h HUFE SmL, FH[EP4M7E 5SmLpH 6.8
PBS. FEAHZE 0.45 pum FLIERESERL, BrEAiEHE
WKL, I E SEUEVR T Nar &8, 2] & REN KRZY
M2k, 4559 0P 8. Nar 12h 2FBHER 28.87%,
Al AEAZ Nar HRZEDFIH BRI EE R 22—
VIERAY)H Nar 12 h REVRHCRIE S 2 38.26%,
RS B H MBS A TPGS (I8 1E A % .
TPGS-Nar-NLCs 7E 12 h i BRBHCRHE— 245
% 82.90%, nIReSHIEHANE . ARV LR
RO &5 J5 A O

100 -

—®Nar
IR AEY)
80 1 —+~TPGS-Nar-NLCs
§
w60 4
=
&40 A
B
20
0 ;
0 2 4 6 8 10 12

8 {RIMNERLEZ (X E£5,n=06)

Fig. 8 In vitro release profile (X s, n=6)
2.11 TPGS-Nar-NLCs 55153
2111 @EFAE [ “2.2.07 BUR Tk
2112 52 RBUMJTR B 18 @R SD K bR (Ot
HEHe R, %9 2D, SLIRATRRREEa . B R RBENL
9 3 #H: Nar 4. WEIRAYI . TPGS-Nar-NLCs
o B 2RI LA 0.5%FR I L LT 4E 48 (CMC-
Na) 7KV BCH; ig 45255, KA 0.5mL 0.5% CMC-
Na ¥R EE BEr, PREA 250N KR B I,
Fr A H 45 257 48— 9 100 mg kg™ (LA Nar 1)
Nar JFURMA 20 R LN 8] f%0E N45 245 0.5 1.04 1.5,
2.0, 2.5, 3.0, 4.0, 6.0~ 8.0. 10.0h; ¥FIRAWU
5 TPGS-Nar-NLCs 4HA5ME % 12 h SR SR
PERRE: R RSB, TR RHRE S #
kM REEMIE, # 0.25 mL 4558 R Tk B
B0, RimiER A fE, SERILL 3000 rminT! B0
2min, 70 EJZ MR IR 4 B AR
2113 MZEAEAIALEE B 100 pL i 3RAE S 100 L
WS RA (AR, BTEWEE 1000 ng'mL™)
A 1mL FEEREOES, R 3 min, BT
EEEOHLT 8 000 rmin! B0 10 min, HUH b
FEANAE, ¥ TEU0ERNEF R 1 K. &I
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AHLAH, 40 CHFRHZESWKT, A 100 uL FEEE
7%, 8000 r-min~! B0 10 min, B 35 BGERER I .
2114 LMEXRRFLE B H{#EE SD KR, 7K
b2 R J o Co I LI, 32 3 000 romin! 250
2min, FIEREIAZE A . 2 A R S5
IR N 2000.00+ 1.000.00+ 500.00-250.00+ 100.00-
33.33 ng-mL"" ) Nar Ifil 356} B8 i 3, #%2.11.3”
T i) 2 M2 o BRIV (B i R, AR 2
A R AN Nar VIR, THE 2 FHIAEL (V), I
PL Nar BiEWRENBAAGE (XD, 13RI Y=
0.002 4 X+0.071 6, r=0.998 3, ZttiEH 33.33~
2 000.00 ng'mL",

2115 LEMEHER WEAMmMEK, % “2.11.37 #
PR 26 23 2R ORI A0, 5 B =
WEEN 33.33 ng'mL~"' ) Nar Il % FE &R (&
AR AR AY) ig 4525 12 h IURFE 3
W CEBEERD, otk “2.2.17 Rk &R
Mg . Ik L 9, 3B R AT Nar €415 i
LR

[
, “Ww%ﬂ
| I
| |
| |
f’ [

Mo g Na A
I L
7} L\,Wr‘ e - - - o - _C
| A B T T T T
0 5 10 15 20 25 30

9 MEHMAR (ERR A, MEMBRER EA
5, B). =AM (C) # HPLC
Fig. 9 HPLC chromatograms of plasma sample solution
(including internal standard, A), plasma reference solution

(including internal standard, B) and blank plasma (C)

2.11.6 FEEEHEE B Nar JARIRE N 33.33.

500.00. 2 000.00 ng-mL~" M3 XFHE ShAW, [H 1 d
W3 BESEINE 6 I, 1145 Nar Jit & RSD 4
AN 6.03% 4.48%- 3.60% (n=6); ELNE 6d,
BRI 1 %, TS Nar JTEKE RSD 4514
4.30%. 6.79%-. 2.80% (n=6), FTWLEHN. H
[F)AS 25 B R

2117 EEMWFE B Nar JiEKE N 500 ng-mL!
IS RE Y GRS A, “FATHI % 6 00 BT FE i

VT, IS R R AN Nar W AR, ARYE W Al
515 Nar 5% RSD N 7.19% (n=6), FWI7ik
HEMHRIT.

2.11.8 FREPEHEE I Nar JfiEIKE Y 500 ng-mL™!
RS (R, fE=iRFI-60 CFRE
AR 6 U, H4% “2.11.37 J5idifil 44 R FE S d i, I
5, RIS FIA Nar HAE 575 Nar J &R JE
RSD A 7.20% (n=6); Wi ME T-60 CiK
R, T 0. 1. 30 5. 7. 9d HUH, % “2.11.3”7
il B AL AR, ARYE S A Nar EUE V5
3 Nar i ik Z RSD A 7.61% (n=6); HX Nar Jii
RN 500 ng-mL™ B FE TR CEBiEL
FD TR 0. 3. 64 9. 12, 24 h BEFEIE,
MR PR 25 F F Nar FAR 715043 Nar it &9 5 RSD
N 5.46% (n=6). 1] WLJFHEFE S TE IR 3 P72k
PR B R rfe e .

2.11.9  HREUEISCR RIS AN 5 HY 33.33,

500.00. 2 000.00 ng-mL~" [ Nar fLHFE S Gt
WA, % “2.11.37 TUALIE, JE Nar F1H8
WRET AR (4); L9 2 H LK 100 L, 4%
“2.11.37 b B CA DB F) D, 5% i\ Nar
AR L R o B AR, A Nar T 89K O 33,33,
500.00. 2 000.00 ng-mL~" CHfii# 2 F) 57 B 4 FE 1)
91000 ng-mL™), HEFENE Nar FHRG L U
L (B), THHE Nar e A 2 IR (4/B).
i . SRR Nar KOs 2 ) 2 B a4y
AN 102.17%- 96.04%- 103.26%- 95.44%. B 33.33.
500.00. 2 000.00 ng-mL™" [] Nar X F& S i
R R EIREI N 1000 ng'mL™"), 5% Nar Al
W RETAR (O, THHREERRRL (B/IO). & H\
R IR . Nar i 5 A1 3% 5208 2 i o
94.39%. 103.06%- 102.77%-. 104.60%. Ft, i%J5
1% Nar UG A SE B RS2 a5 AR D,

I A T Nar [0 112594 B 52

2.11.10  Z53hE5 R fiTH DAS 2.0 #FiH 5 Nar.
YIRS TPGS-Nar-NLC FEZ5555H8, 45
RS, Z4-Hr WL 10, 5 Nar MLk, #HEER
A2 TPGS-Nar-NLCs ZH 152 1L H 2 5 ik G i [
(tmax) BELESG (P<0.05). kW (1p) BELEK
(P<<0.05. 0.01) HFFHiE; HA TPGS-Nar-NLCs 4
tn WEEEKE (4.83+1.08) h. ¥HIREWHIA
VR (Crnax)~ AEXTEPIFIFH FE 537008 Nar 211
1.72. 2.12 1%; TPGS-Nar-NLCs 4. Crax~ 240 i1 28
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x8 FEAHMFSY (X Ls,n=06)
Table 8 Main pharmacokinetic parameters (X Ls, n=6)
ZH LA Nar WEREY TPGS-Nar-NLCs

fmax h 1.47£0.26 2.19+0.38" 2274057

tin h 3.0410.68 4.12+0.89" 4.83+1.08"

Crnax pg-mL™! 420.71£60.04 723.20+85.91* 1 669.12+293.44*#
AUCo~ h-pug-mL™! 1 406.99+140.73 2978.69+294.45* 7 622.78 +905.36"
AUCo- h-pg-mL™! 1562.81+151.04 3 184.75+312.60" 7 995.83 +982.93"#

5 Nar LEEE: *P<0.05 *P<0.01; S5¥RLRAMALE: #P<0.01.

*P<0.05 **P<0.01 vs Nar group; *P < 0.01 vs physical mixture group.

2000 - ——Nar
= PIERAY
1600 = TPGS-Nar-NLCs
E
& 12004
£
i
iif 800+
TN
=]
400
0

t/h
10 M#ZRE-FHEfLZ% (X *s, n=6)

Fig. 10 Drug concentration-time curves ( X s, n=06)
IR (AUC) g4 AUCooMRZE T (P<0.01), #H
XAV BT 2 Nar 1 5.42 . FdSE KUY
PR G 1 R 0] 208 Nar A& NIRIBOE AR, [R]ESE TPGS-
Nar-NLCs Ab77 %t B RIFSE . 5YBIR-EYIH
AHEE, TPGS-Nar-NLCs 41 Cinax~ AUCo-» AUC) 38
BEE (P<0.01), B TPGS-Nar-NLCs X} Nar {4
WIS R T e e T T SR S5 4

10 -

(il

e ¥y (g ke™)

it I J52 R R T R

2.12 ALIRIPIER#AR

2121 LGB EZ) 36 A SD KR (HERES
B, %18 F) 4 x84 . AU (0.9% AN
ﬂﬁ) HZEKFN (BHMEZY, 0.9%FALENAERD 1741,
Nar (100 mg-kg™) PIZHF1 TPGS-Nar-NLCs 1. =77l
& (50, 100mg kgD H. BHETHRR S 00ig 45
251k, HETI7d. FRXTIRASN, HSLKH 3K
i, /\é%éﬂﬁuu ip S5mg-kg ' LPS &, FK 11Kk,
B 3d, MEKR ALLERID, T3 7R, 8
BE N R SRS AT s TR IR ERCR A 4 1l
3 500 rrmin~! > 5 min ﬁ%‘ﬂ”ﬁ%ﬂ% PN
eI BZH LY, RIS /AT HE 5
Masson e, B35 N MMl 2 BRI A A7
2.12.2 JiffEfeso e BUH eI LN, AR R
KMo A G AR ISR &, TR AT+
o s il B IR AR E R E DY, BT 60 C
HATEAAEE TS 4 d EEEFRE, KETHR
&, HEMATASE R R TR, SR L

i A i 5 = i A o AR R

31| 111

LY B+ ) ~1
1 1 1

ST WA H#E Nar CopE T g S0 100
A Tpos Nar- NLLs/(mg-kg") ES TPGS-Nar-NLCs/(mg-kg ™)
x4 *P<0.01; SHERALLE: “P<0.05 #P<0.01; 5 Nar . 2P<0.05 2P<0.01.

*P < 0.01 vs control group; *P < 0.05 *P <0.01 vs model group; 2P <0.05 2P <0.01 vs Nar group.

11 FHEEEH (A) FFHALEE

BRE/FTHRE B) £R (X £5,n=6)

Fig. 11 Results of pulmonary coefficient (A) and wet/dry weight ratio of lung (B) (X L5, n=6)
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50T RRZHAR B, BT A K BRI HE 25 I
EHHESWEZE TS (P<0.01), #7~ LPS %5
K BRI ™ B K, ALI B R R oh . AR
THIBYH, Nar 4fHE S R+ 5 & B
TP (P<<0.05), IFSZ Nar BEWS 2R ALIL 5] &% (Al
K M AS R, B TPGS-Nar-NLCs 45 24 7 &3 hn,
KBSt Uk i 55 i I T o = LA R B AP
WK, fERBREHEAEMXME. 5 Nar 44
L, TPGS-Nar-NLCs IG7) & 2Lt 454 it 1ot
B LA 2 2 PR (P<<0.05); TPGS-Nar-NLCs =77
BEH EREREWREE TE (P<0.01), UL
TPGS 148K g 5 B A 38 3% 7T 5 $2 T+ Nar $1

*9

ALI 2534,

2.12.3 ELISA Ef MK TNF-a. IL-6. IL-1B 7K
Vo GERILE 9, xR b, BRI KRR 3
o TNF-a. IL-6. IL-18 /KPR B E W& (P<
0.01). SHERAMEL, Nar 41K R I+ TNF-a.
IL-6+ IL-1B ZK-FI8 2 35 1 T & (P<<0.01), Ui
Nar Aecf¥ ALL KEHERAE. BE%E TPGS-Nar-
NLCs # &80, TNF-a. IL-6 fl IL-1p 7K F FEA%
B Em s, EIHEMCE. 5 Nar HAHL,
TPGS-Nar-NLCs {7 &4 TNF-a F1 IL-1p 7KF- &
FIEEAK (P<<0.01), TPGS-Nar-NLCs =784
TNF-a. IL-6 IL-1p 7K~ & 2 14 FEAIK (P<<0.01).

ZHEARMEH IL-6. TNF-a. IL-1p KENELLER (X L5, n=6)

Table 9 TNF-q, IL-6, and IL-1 level in serum of each group of rats (X Xs, n=6)

2H 5 7l /(mg-kg ™) TNF-a/(pg-mL™") IL-6/(pg-mL™") IL-1p/(pg-mL71)
xif 43.43+5.10 56.60+5.27 11.57+1.81
LAY 152.47+7.97* 130.95+10.11" 39.70+6.37*
HhZEK A 68.15+6.51% 78.58 +8.07* 17.554+2.85%
Nar 100 100.05 +4.63% 105.67 +5.66% 29.48+5.81%
TPGS-Nar-NLCs 50 90.82 +4.35%4 98.33 +5.88" 25.08 4 1.64%4
100 77.03 = 8.07#4A0 82.2012 9044 20.18 2 494

XA ~P<0.01; SHBALE: #P<0.01; 55 Nar A 4P<0.05 2P<0.01.
**P <0.01 vs control group; #P < 0.01 vs model group; *P < 0.05 AP <0.01 vs Nar group.

2124 BHAKRREHBTI SR RA HE ¢
OIS MR RSO, SR E 12, @il
Masson Qe PPt il 2R SR IR 5 AT AE (LR L, 4

R 13,

o R BRI L NG5 ) ST R I, TP 2 e

7 9‘

by

P05 SR I O o AR ALK BRI ZH Z0RT LK

RAEANIRE, 1) Jo T2 K it ) B 5

Masson H tf a] WL R B i 0 11 J5 £ 419 A A4 T 4

ME 2, $RIR LPS 753 fa KRS R 4 05 5 21

UEAL IR AL ™ o i FE R 4L A UM A 1R X
: &ALy

N

Fig. 12

50 mg-kg ! TPGS-Nar-NLCs

100 mg-kg ' TPGS-Nar-NLCs

12 KRMALFRIBERSELLE (HE, X200)

Comparison of pathological morphology of pulmonary tissue (HE, x200)
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50 mg-kg™! TPGS-Nar-NLC

100 mg-kg ™! TPGS-Nar-NLCs

S

13 KERAPARAHELELEL (Masson, X200)
Fig. 13 Comparison of pulmonary tissue fibrosis in rats (Masson, x200)

A, MieE RO S . Nar A — e e
SRS BT, BRI ) S K M, {ELZH 2R 58 P4
PRI 5 I SR A A A AR Y, B Nar Xt
ALI )T FiAE A IR - B TPGS-Nar-NLCs %5 24575 &
Fhemr, KRBTSR A MR L 18] K i R e S 41 44k
FEEEIZD MR, 2932 EFIEMN; H TPGS-
Nar-NLCs i 7] 5% it 5795 R 453497 1 o538 4 AR T
Nar 4, HJFEEAEEN TPGS 1&HH4N K g 5 % 4 ]
T ESETF Nar TR, 2 i sa bk i 28
LA A2 5
3 it

Nar A& RIFMZAHE ), (AESRITZE
ARSI A=A Er S JRORHR AR5
Wit o AP A AR N Nar SREUR AL 74860, 1
R R B AR, HHMEE S5O0 F IR 1 B S5 i
JEHR IR RESZEL T Nar (ISR, 2 fEE L
fif i 7 Nar RIRKIESZBR) A RE, 4 Nar [FEUARLL
NHBEE 1. BER. R SRA S
KRBT = S ERE AL O fadr, gk
BRI G A et R R, Kb, adR
AT 2 B AR LR IRCR, B e
REg I DU S 29 RE, PRAIRZIIAS RS, [R]
TRERE 252050 B2 R BB UL B L3 (1 254 £
WE, FMRABEABIRFARAE. BRI
B ORLAR IR S 2GS AR T R S
WAEMIRIREE, 3 & ILFE R EPKHIFIN SR & S

Wil RAKETTI K SR AT BRI O S
Hie200, H Fi 2 FHE 5T AR 44 K i1 7R Ak 5 A Ak i A
H, 2R —EE IR, KX 3 B0 S50
ITaEmA, FEORRALE—E Tk A7k
B, SAE SRR H A, Ed ey
H—E R AR HRAL T, wA&H %A RHR S
HE, SRS /MRAER TPGS-Nar-NLCs, 23
NEZUPS i —ci=tan: ok Ekyn A Y Yy pusur
T4 SR

Zeta A7 2 VP 4R K il 7] 7 B5ORS R 1 1) L
fabr, BEINNYOKIRRIR Zeta BALZXHE KT
30 mV I, & REZI R 8 E M. AT
#1 % f) TPGS-Nar-NLCs Zeta HL {7 26 5B B % T
30 mV, HEMIREE TPGS 4> T4E%i K . 23 a7 pH
R, BT A K B AR 3R T J5 0T JURER [T HB A 2 A2
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