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oL
W E BH HEEARR T8 (PEG) 54669 787 $LHE (FL) 2 8,2 55 % (Cur) B 4R 8 T 244 & 42 (SLN) BN (4 47 “PEG-
Cur-FL"), ik RAEA Y K-AKE B 4Lk 45 4 PEG-Cur-FL, 3 £ O #H £ fo B 25 F HRF WA TAF N FHEL RIS
TARE R AR SN M AT R AE . ¥ R4 Cur-SLN-FL( & 2 PEG 1545 ) 2042 PEG-Cur-FL 48, #4855 X, #8/ K3 E Kk
2 5,8 BNAR R 2 My 454 5 mg/kg (VA Curit) , 531 T 4255 0.25.0.5.1.2.4.6.8.12.24 .48 .72 h it SRR B o 5F 5 85 L A% |
M I e B2 ) 2 R S e B AR R S B Cur 09 R B RJE , AT S e LR - Ae il B oL, 855 PEG-Cur-FL ¢4 L3t £ A
B F 5 A H(86.2+1.8)%F(4.2+0.2)% , A% BEA 3R 5 5 B 4 (0.24 +£0.01) g/em’F2(0.30 £ 0.01) glem’, 430 /) F 442 A
(2.7440.64) pm, AR I A R AL AR (=B it AR F) % (45.07+2.79)%, 5 Cur R4} 25 b4k, Cur-SLN-FL #» PEG-Cur-FL /£
Aok G S T 3 AR SBAE R, . PEG-Cur-FL EA TR T 698 £ -F 4 B 25 4 42454 Weibull A, kA5 H 4R B
7 ,PEG-Cur-FL 48/ R 4525 )& 1 h 6 Al 4042 25 M . B 34K T B 2 Cur-SLN-FL 48, M 4~48 h & B 18] 5,64 Al 40 42 26 My AR B 39 B 3%
% T B # Cur-SLN-FL 41 (P<<0.05) ; PEG-Cur-FL 41 0.25~12 h & B} [a] % 64 o 32 26 43R 5 34 2 54K T F) 4 Cur-SLN-FL 48, AT | ‘K48
L 2h My R FART Bl Cur-SLN-FL 28 (P<<0.05) . £5if &3 #) % PEG-Cur-FL; BB A A BAF 69 TR M fe fe B A 4
BZAE MG TR & Cur £ AT LLLR 6 25 0 8 BOR L, B B AR ofn 3 25 4 R Ae AR $e 33 B 0G5 40 5 A R

KR ERE RO BRIS R SR BN s BN 2h IR IR 2R oy

Preparation, characterization and tissue distribution of polyethylene glycol-modified Curcumin solid lipid
nanoparticle inhalable micropowder

LI Nan, WANG Zi, HAO Di, KONG Lingyu, LI Xu(Tianjin Institute of Medical and Pharmaceutical Sciences,
Tianjin 300020, China)

ABSTRACT OBJECTIVE To prepare polyethylene glycol (PEG)-modified flower lactose (FL) loaded Curcumin (Cur) solid
lipid nanoparticle (SLN) inhalable micropowder (referred to as “PEG-Cur-FL” ). METHODS PEG-Cur-FL was prepared by the
solvent emulsification diffusion low-temperature solidification method, and its encapsulation efficiency, drug loading capacity,
powder properties, aerodynamic particle size, in vitro deposition properties, and in vitro release characteristics were characterized.
The mice were divided into Cur-SLN-FL (unmodified with PEG) group and PEG-Cur-FL group, with 55 mice in each group. Both
groups of mice were given a single inhalation of 5 mg/kg (calculated as Cur) of the corresponding drug micropowder through an air
tube. At 0.25, 0.5, 1, 2, 4, 6, 8, 12, 24, 48 and 72 hours after administration, eyeballs were removed to collect blood and
tracheal, lung, liver and kidney tissues were separated. The mass concentration of Cur in mouse plasma and various tissue samples
was measured, and the tissue distribution and retention of the drug were analyzed. RESULTS The encapsulation efficiency and
drug loading capacity of PEG-Cur-FL were (86.2+1.8)% and (4.2+0.2)%, respectively; the bulk density and tap density were
(0.2440.01) g/em® and (0.30+0.01) g/cm’, respectively; the aerodynamic particle size was (2.74+0.64) wm; the in vitro
effective site deposition rate (secondary drug deposition rate) was (45.07 +2.79)%. Compared with Cur raw materials, Cur-SLN-
FL and PEG-Cur-FL had sustained release effects under both leakage and non-leakage conditions, and PEG-Cur-FL had a smoother
sustained release in artificial lung fluid, with release characteristics consistent with the Weibull model. The results of in vivo
distribution showed that the drug concentration in the lung tissue of PEG-Cur-FL group was significantly lower than that of Cur-
SLN-FL group during the same period after 1 hour of administration, while the drug concentration in the lung tissue at 4 to 48
hours was significantly higher than that of Cur-SLN-FL group

ABRSTHE FR A SRR H (No.81903565) ; Kt AHE during the same period (P<<0.05) ; the plasma drug
1135 B (No.21JCYBJIC01630, No.23JCYBJIC00410) ; K HETHT T4 4= fik
FEZE b2 P P R 25 & RHITIH (No.2023102)

* E—EE RIBFTO, WL, BTy IR 25 R S8 . E-mail:
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4 BIEEE BIBFGT 0L B . BFSE 50 25 B2 . B-mail: the drug concentrations in liver and kidney tissues were also

concentrations of the PEG-Cur-FL group at all time points
from 0.25 to 12 hours were significantly lower than those of
the Cur-SLN-FL group during the same period (P<<0.05), and

187391856@qq.com lower than those of the Cur-SLN-FL group during the same
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period (P<<0.05). CONCLUSIONS PEG-Cur-FL is prepared successfully; the inhalable micropowder has good inhalability and

release performance; after administration through the trachea, the effective concentration of Cur in lung tissue can be increased,

while reducing its plasma drug concentration and drug distribution concentration in non-target organs.

KEYWORDS curcumin; polyethylene glycol; solid lipid nanoparticles; inhalable micropowder; inhalation administration; in

vitro release; tissue distribution

& M BH 2 % Jili 2% 9% (chronic obstructive pulmonary
disease, COPD) J&— it S5 Jo1 M Jili ¥ 5 , LA F (B5)
It 96 585 T SR 5 I I EE R RN AU 32 R Ry 32
IE™ 2 R T AR R K A R
RFTE™, 2% & (curcumin, Cur) & IESE7E COPD YA
7 B AR Y 2R R R RE VS S il < IE AE 1
SRPTAE L BRE ) I R - T AT 4E
M S GE IR Z FALER" 7 SR, BT Cur MEE TOK
HAEW I BEARAIG , 6145 HAE COPD S5 Ik R 16 o7 40
BN AZ IR

N T LA T GG 2, Be RN 29 03% 2R
ST, AT RS 235 4%, FLyr 0t 2 HOR A
S, AR A 6 4 1 AR P FLBE (flower lactose,
FL) % 28, Cur [E {4 JIg 5 44 K K7 (solid lipid nanoparticles,
SLN) (W A f# (f87 Bk “Cur-SLN-FL”) , LB 3% Cur ¥
fife k22 AR R BTG RRE ) AN A B, JT 0020 B
HE T Ml A Cur-SLN-FL X} COPD #5757\ B i &8 48 Si
PYRCEEAE ST, SR, ASURAEIZH & 1L, 1% 3245 SLN A%
FRAE , 245 7E 10 PN 1 iy B BT[] ARAT 30024 e B A B (5
XFER) . B (polyethylene glycol,PEG) g #E K £
Tofiish 245 22 GEAE 1A N B PRI ), JLAE G AR 1 R TR
B JZ SR AR ) S A e, B 2 Tl AR e P2 B &
YRRV DT 7 Lk 94 2K 4 A 0 28 8 R ) A B
M5 A% T PEG &4l Cur-SLN-FL (f#j #x “PEG-Cur-
FL”), Jfxf Hb A7 R AE R L3 A 5%, B 76K Cur 45
MET A 25 W A ISR oy AR LS B4 40

1w
L1 EEUHF

ABIFSE BT 3 B 4245 HELOS-OASIS o'tk
JEAL (F8[E SYMPATEC A R ) , LC-30A 71 v 8% WA (51
(high performance liquid chromatography, HPLC) 1% .
LCMS-8040 #4 = PU i A 57 1% ALK H & 48 ( H A Shi-
madzu /A 7 ) , Aerolizer” W A & B (3 A1) IV Novartis 2
H]) , BI-PW-FM B/ INgh -1 i ol 0 2458 & (TR Y1 {f
AR AR ), ZNCL-T BV GeRE T FEds (-
TR LU BRA ), FDU-2110 B R TR ML (H AR
EYELA /3 ) ) , Sigma-3k30 % 25 3 ¥ 7 55 0 HL (26
Sigma-Aldrich 2% 7)) , KZ- Il -F 4 25 3 {1 76 20 ZURF B A
(R FRAE/RAE YRR BRA A %
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1.2 FEH@RS5RF

Cur JFRFH24 (41L5 TZSW200317-1, 413 99.0% ) 1 |4
VU2 M A PR AT BN B 5 Cur X IR S R B R XS IR
(AR (FHEE-45501 R 110823-201004 , 110756-200110, i
BE 2K T 98%) ¥ B v B & 5 2 R 2 BF 5T B
PEGuo 3 BERE 0 A AR ( L1 B2 R A R A
Al FL (b5 20210312) AR SL G 2 FH il 5 1A 9% VD 1 188
(41t*5- Cat10050924) 1 [ Fii -+ Roche 23 7] ; I3 80 (415
20220316 ) W [ K TR 8 BR AL 27350 A R = 5 Bl
NEWR H il (L5 Cat172388) ) A 15 [H Gattefosse 23 ) ;
RS IR B 48 2 TG (595 127841 1)1 [ LRI R AL TR
HA AT W ZNE R asgal, Hansin 2 sl
oY S R RS K R aligoK o
1.3 KIEEIY

110 H SPF & 6~8 JEMAS IEr: E /N AR R 20~22 g,
W A A R A SE B sh YR R A BR A | s A =1
AJIEE J SCXK (5)2019-0008, A /NI IR TH
Bt B L S AR =, AR A R R
245 Bl 22 B 5T BT sh W) SE 56 10 B B S b (RS
21JCYBJC01630)

2 AEEHR
2.1 PEG-Cur-FLH%|&

K I FLALY -G A6 72 1 48 PEG-Cur-FL.
e, RBUA IR VD 4 188 At R 80 (AR 1:2) , 1E
75 °C 540 r/min i J1 B T 43 8T 16 mL K H 7Bk
Ao FRECARE PR IR H IS A R IR 2R 4 £ T L PEGono
(Bt 10:20:3) , 7EAH [FIELEE FNE 3 T 430 T 4 mL G
KB VR G BT 5T BRI 40 mg Cur ok 2y, & T
2 mL Jo/K LB SE VRIS IR RS IR A VA
HLAH . #RJG, 76 78 °C .1 000 r/min fH 74 S+ T WA
MM G218 13 AKAH , TE R, R 22dii $ 4 h, LIBR 2 &
M O LI B T 0~4 °C¥ /K PRI L 2 h, BNFS
TR (0 PEG B M 1 Cur-SLN IR B W, T4 °C e . &
J&i R AR L i A9 7 R IR TR RN L
Ji5 FLIRAT, i, RIF% PEG-Cur-FL,

2.2 PEG-Cur-FL BR1E
2.2.1 AEERGEZGRIE

SR FH M UE B0 I 2 PEG-Cur-FL )£ 35 5 2%
2y, B 10 mg PEG-Cur-FL & T 10 mLAZ @A =,
TR BERE L TR R R 20 B 4], A R L5 min
Jii » LA 3 000 r/min 5.0 5 min, B {5 K48 0.45 wm {4 FL
JE M g S, LA HPLC 3L "I 5E Cur B 04 18 AU 1T B AR
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i Cur B . kG % B IBURA ] T 2 7Y PEG-Cur-FL,
PL10 mLKE R G & THEIEE.0E L, F4°CT U
16 000 r/min Z5.0> 10 min, B F 1 DA B A% B, 42 0.45
wm FFLIE RS 38 ) | DA R]— HPLC Y 5 Cur f0 [fi
BORARE S PR Cur 9 &, # F 20T a5
WA E AER(%) = (me—muys)/msX100%, 325 &
(%)= (mys—mus)/mum X 100%, P, m R Cur YR
MR 2510, mus 9IS Cur BY i35, m s N PEG-Cur-FL
. SCEERE 3K, 45 Won , PEG-Cur-FL pyf 35
RN R (86.2 +1.8)%H1(4.2+£0.2) %,
2.2.2  PEG-Cur-FL FMAA 1 T PE A

MR SCHR 5 v %E PEG-Cur-FL 19 85 4 27 1 I
KGR E 1.0 g 9 PEG-Cur-FL (m.) , ZZ18 A T4 215
(25 mL) H A 2R B 24 1 1) BT o (me ), T2 B
T8 P PEG-Cur-FL By AR AR T (V) |, TH508 A i #s 2% B
A (g/em’) = (me—m)/ V] s B B R o A iR
SEZA 500 UK, BB PR A 45 BEARFUER ZE 2, ie S
i PEG-Cur-FL 3 AR (AR FL (V) , 7158 A A0 4R 52 2
[(PRECE L (g/em’) = (me—mi)/Va] o YRR 3K, 454
7R, PEG-Cur-FL #2355 B FR S22 B2 43 51 o0 (0.24 £
0.01)g/em’F1(0.30 £ 0.01)g/cm’,,
2.2.3 PEG-Cur-FL {23 S8 J1 2R A2 kil

R R IN R DR W 24 P s - il R O AR 2 R o7
ORI . AWFFE 43 BIFRHL 1.0 g 1Y FL Fil PEG-Cur-
FL, 33 200 H i , R 6 R BE A L3201 5 FL #1 PEG-
Cur-FL RLAR , I SCHR 7 58 23 R 8l Dy 2k
7. 459 5N, FL Ml PEG-Cur-FL 2314316 1 43 Bk 3
50% i} Ir X 7 O REAR I /INT 5 m, 28 R8N J1 ki A2 43 1)
(2,48 £0.44) wm F1(2.74 +0.64) .,
2.2.4  PEG-Cur-FL FARSNIURLE By

HRAE 2020 45 i r 51 24 31 ) (PR ) “ WAl 390 e i per
T2 B J1 R I 0, SR A R A Al A
7E IF 115 PEG-Cur-FL R I — 2 — 25
PUBLR, 255 WK, PEG-Cur-FL (R REEL G HS ,— 2% Al
TR VTR R o Bk (16.64+3.81)% | (31.84+
2.84)% 1 (45.07 +2.79) %,
2.2.5 PEG-Cur-FL RSN

(1) BRBEHICN DL - BT 25k UU AR 2 il | B 3=
J2 B AT A AT 20~50 mL, T IRAS 25120 2590 i i
TCIEAEHATORL 22 WA S5 5 el BV f = i R PR R o
PR, ASBIFFE LA Cur JFURBHZY SRy X R 43¢ BR 2020 4 RRCH
2 L) (POER ) I B e v 5 — 3k ()™, il
T A F0 A Y M 2% 28 R SEA Cur-SLN-FL 1 PEG-Cur-FL
o Cur RSN O . 35 AR R IR R AE 37 °C L #%
A 100 r/min, 5 H A5k 5 i B BRI . RS 2
Pk AH 24 F Cur 5.0 mg B Cur J5URF2Y | Cur-SLN-FL I
PEG-Cur-FL, 735 T34 1 000 mL F1 200 mL A3 fifi
W BRI, AT 340 . 430l 0.25.,0.5.0.75. 1.2 .4,

TEZED 2025455 36 4 19

6.8.12.,18.24 .36 .48 h i iz A B B 1 mL ([m] A
MR SRR B ) o SR KU AR A DL
12 000 t/min 50> 15 min, B 3E &, R F HPLC 3"
FE Cur 15 5, THEA IS ] S R 1 Cur RRRE G R
FUREHCR I 20 RER O 26 . BB (M, ) =¢, X
50+ ¢, |, BRUVBEHUR (%) =M, /M, X 100%, X, M,
K Cur &1, R BURERT ], ¢ AR IZBURE 8] T A 254

TR 21 BRI S SR (I 1A) S, Cur J5URFZG B
HCPGHE , HAT B A RBIG”, Cur R 2569 6 h R
TR K (97.13+1.82)% ;5 B, Cur-SLN-FL F1 PEG-
Cur-FL i 2FUBHCR 53510 (67.53 + 1.80) % H1(46.17 +
2.27)% , J& 7R TEBAD T A B, 5 JE PEG &1 (1) Cur-
SLN-FL #f [t , PEG-Cur-FL B A5 — & AU 28 B R 1L s (H =
F 48 h Iy BAVBCR AT 100%., ARTRHE 45178 T B
2 (E 1B) 2R, Cur JFUR 24 1) B0 5 A1 SRR
T BRAR, Cur JFURNZ 119 24 h BRI R Hy (54.20 +
1.18) % ; I A F i A AR B s /D B 451 T, TEie Je:
522 PEG &1, 712 Cur 19 2 FR A SLN foky 15 5 1
55 U R 45 T R AL B CRR P | B 4 Cur-SLN-FL Al
PEG-Cur-FL ] 48 h 2R B3 43 01 R (94.93 + 1.17) %
F1(93.63+1.31)%.

120 120

LB %
BRUBEHCR %

- Cur JiUR 24
= Cur-SLN-FL

- Cur JiURI2Y
- Cur-SLN-FL
- PEG-Cur-FL

0 0
0 20 40 0 20 40
fif[A] /b i) /h
A TSHEE A B. AR 44

B 1 CurE#%5 Cur-SLN-FL #1 PEG-Cur-FL {271
Bk

(2) 7E BB A 5 v 1 B 25 B R UL A 175 450« FH Orrigin
AN Cur J5 8 2Y . Cur-SLN-FL 1 PEG-Cur-FL {4 {£ 4
e A R AT F W 8 1% . — 9 8 J1 % | Higuchi,
Weibull fl Ritger-Peppas AU 5 . 454 W 7s , 7RIS 5%
5T, Cur J5i#+24 . Cur-SLN-FL #1 PEG-Cur-FL [ Bl it
TRIBIFFA Weibull #5289, 481G BE 5 =5 (R 4351 4 0.981 2
0.996 5.0.998 1) ; 5 Cur-SLN-FL # [t., PEG-Cur-FL f# 21
A REWS 5 , 22 B PEG B T B B S /K M4 b sl D 2%
IR R 2y B o3 5) . ARG AT, Cur ik
B R AT S — B )15 A (R™=0.967 8) , ik
JEE AR P BT BB 177 Cur-SLN-FL Al PEG-Cur-FL )
BT £ Weibull £ (R* 43514 0.998 4 #10.998 3) ,
AT S AR ZE 250, 3D 1 VR BEAS B X 25 R ik
HIsZ A G, [RIE, i3 45 3 AT %1, Cur-SLN-FL Al
PEG-Cur-FL £ I 8 FAE I il 2% 14 T S8 4 R4 i 1 405
&, R 2 R B 25T R RS E L 16 A B 4R B
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58,1 PEG Mgt — 282+ 740G B, nl UL PEG K1
B SRR FE R T 32 F BT e RE 1 (IR TR 08, s
FEFNAEIAE 2 PF T 3 Fh il S ZE Ml A o v 0 R 2 R 25
SR AR SR O YRR B O R R A
M 1),
2.3 PEG-Cur-FL7ZE/MNREHRABR S
2.3.1 Cur Byl %

(1) {038 24 . (0,35 4 H InertSustain Cis (3.0 mm X
100 mm, 3.0 pm) ; Y sfiAH A H EE-0.19% Y i il (AR L
75:25) s AR 4 35 °C 5 Fii i A 0.4 mL/min; #EFE K 10
wLo (2) B 45 SR P H S 55 125 U, DA 22 s o W il A
RUVEAT IE 25 49 5 NV H IR B2 2R 400 °C 5 i 71 45
T R 250 °C 5 2546 S 4 3.0 L/ming TSI A
15 L/min; &7V R 4.0 kV ;T8 2001 9 5 X
A3 590 K m/z 367.20—148.95 (Cur) | m/z 269.10—225.00
(K¥EER, WR) .
2.3.2 WM

(1) Cur Xf B8 S It 5 0 B bR VA T < B Cur X BE L 24
10 mg, A B FE , BT 10 mL k@285, DL iy
I RE R ZI P F2 50, RIS i e 0 1.019 2 mg/mL
B Cur Xt BRIV 2038, T 4 °C N BEGIRAE . I AT, FH
PR 56 ) S AEL 7 O S VA AR AR VS TR o (2) PRI I A < (X
KEF X IR 10 mg W FOE, & T 100 mL A% (A%
sffirh, DL R T R R 20, RIAS AR IY &0 5 4
IR PRI AT 1 mL, & T 100 mL Az (6 25 5
o DL WA TR R R 20 5, B4 BT vk Ol 1.08
peg/mL W PIFRIEI, T4 CROGIRAE 55 H .
2.3.3  HEWRE S AL EE T v

(D) A UMM 2R AR, L4 000 r/min 250 10
min; BCE T 180 WL, il A PIARTE i 20 pL 2 A UTHE
#I1 mL, i€ 5 min J5 , A 12 000 r/min Z5.0> 10 min; B I
T 900 WL 568 2 55 — B g, LRSI T sk
TN EA 200 WL &%, IR HE 3 minJ&, LA 12 000 r/min 5.0
10 min, B 3 RERENN E 0 ST AR . (2) SRR -
BUNRAE Bl B ALLUGE = TR I 2 f5
FHER K AT, FELL 4 000 r/min 250 10 min, K 25 1% B4
HAIEW 180 L, 4% N A TR AR A BE
2.3.4 JikerEsk

(D EBJRHEAELE o BIBUNRZS A2 /28 A ZU R
B VB AR (B AN R) 25 R /2S AL
LURE Sl +Cur X IR (10.192 we/mL) L4525 0.5 h 19 1li.5%/
252505 h AL ZURE 42 °2.3.37 3 F )y v AL B, P
“2.3.17T T AR E e SRS E (R TR IR, (0
P AT 3 Ao AR SO T A R v B i R R A R
RPN 1~3) o S5 , I 2 RN 45 AL 40 1 N TP Jo
AL RE

(2)EMXRGEE FR%EE . 2.3.2(1) " Cur X}
SRS I 25 T, FH FP B 0 B LT V4K B 43 1) R 509.6

2390 - China Pharmacy 2025 Vol. 36 No. 19

203.84. 10192 50.96., 10.192 . 5.096., 1.019 2. 0.509 6
0.010 192 pg/mL 1Y ZRFAREE I , 53 HIAE 25 W 2 1 L
WA il T CE AL S H AR 180 pL, inA L
B R TR IER I 20 wL, 4% 42.3.37 W | Jr ik Ab Bl 4%
“2.3.17T R SRR AT o LAZG W I TR E (X)) A A A
B Cur 5 P BR A 06 T8 B EUAE (V) R AR AR 14 T4 1 ]
9, 5 B BRI 0 10.192 ng/mL, 253K 1,
x1 MBMARALMEMEXRERLER

Hi WA S (pgmL) iFS3 4
1w Y=0.6329%+0.0673 0010 192~20384 09972
g =187 3%+0.0973 0010920~5.09 09986
il Y=1.135 4X+0.081 3 0.010192~5096 09988
gk Y=4.680 7X+0.007 1 0.010192~5.09 0.9993
B4 Y=3.892 1400207 0010 192~5.09 09985

(3) 4 % P A B s - 43 4% 2.3.4(2) "I N
TRBCH] Cur 72 5 T FRAFIG H L o TR 19 0l 2 R
BB AU AT R 6 4y, 4 2.3.37 T Uy
AP, FIE B P HERE 6 YK, 43 51 LA X A o O 22
(RSD) S o i ik 2 5 B0 i R P8 1 OB % 250G 2%
I AERGRE . HELEUERES do S5 EoR, MR A il
JF B AL ZURE S B UER R 83.899%~106.22%, H N L H
[i1) K5 85 B Y RSD ¥/ T 10%, 454 2020 4F fig ([ 25
ML) (DY) X6 A W it 2 B A BT R T

(4) g M 0« 43 948 2.3.4 (2) " T 77 32 i il
Cur fi% . Hp 5 R e 3 (R I3 RN S48 Il T B 4 400
fn, 242.3.37 T T A BR)E 43l T E IR T E 24 h,
—20 °CHil# 24 h R VRRl(—20 °CER %) 3K , 1%
“2.3.17IUN AR T . BB T 3 . AR
TN AR SRR LIRS TR RCE S B IR R 82.70%~
101.39% (RSD=<9.88%) , fa % 1 KL 4F , #F & 2020 4F flz
Crp [ 24 3 ) (DR ) %o A= R i i 1 AT B Rk

(5) BRI 330 < A 2 e UM o s O o W
(0.101 92.,10.192.50.96 wg/mL) i Cur bR #EZ K , A
25 LR FAE 2145 180 L, #%2.3.37 3 F ik b # )5
PR “2.3.17 T T S HERE A3 AT, 10 SR T AR (40 5 75 B
25 IR RN ZH 2045 180 WL (AN il Cur) , #%42.3.37 10 )7
TRALIE AE T W PO K )5 v B (LR R B[R] 1)
) Cur bRufEA W, LR AR T, 4 TP 3R I “2.3.37
T, 4% 42.3. 17 TR SRR 34T 10 SR TR AR (42) o DA
AR AW FEAE TSR IR . RV BEEAT 30y, 45
SR AR P T VR Cur 78 102K A B R
) R (83.25+3.65)% | (93.61+1.31)% ., (88.73 +
7.20)% ,FESAEHLIP 435 R (83.77 £5.52)% . (91.91 +
7.26)% . (87.91 +8.22)% , 7€ il 2L 21 v 43 1) 4 (83.67 +
7.69)% .(89.52+2.70)% . (80.77 £ 6.25)% , 1 T 2H 41
% 9 K (82.69+2.77)% . (86.50+3.12)% . (84.62 +
3.06)% , £ B L 41rh 43 51| R (81.67 £ 6.32)% . (87.93 +
2.56)% . (78.31 + 3.50) % , bR AE ML AN A il VB
ZH 201 2 B TE] i 2 i A (90.77 +3.66)% | (93.11 +
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4.39)% .
7.01)%.
(6) JL AN : B 6 3 A YEAN ) 19 25 11 1025, 43 51l
N TR (50,96 ,0.101 92 wg/mL) Y Cur X BE &,
W 20 WL, #%°2.3.37 0 F Jr ik Ab 3 S , B 2.3.17 IR
AFHERE AT, 52 Cur W TR (A) 5 430 i AR5 2
e (50.96.,0.101 92 pg/mL) A Cur Xf HR 514 20 wL,
$5242.3.37 T F i RS AR S BT, A2 Cur W 17T AR
(B) s TR FE RN < FEJRALN (%) =A/BX 100%, 2554
R, IR =91.22% , £F A 2020 4F i € H [ 2 i)
(YR ) XA Wy it ko3 AT 2SR
2.3.5  PEG-Cur-FL il A5 AE/INRUIAR N L1 853 A

B/ K Cur-SLN-FL 2 Fl1 PEG-Cur-FL 4, &34
55 H o Ay RERIK 12 hg, B/ R4 LN sh T
Hoy Jili 0 265 24 2 i 22 R AR 45 T Cur-SLN-FL Fil PEG-
Cur-FL 5 mg/kg (VA Cur i, 51 32225 SCHR[3 ] A0 il 38 o)
PESGERIFIRE ) . 9T 4255 0.25.0.5.1.2.4.6.8,
12,24 .48 72 h Bsf 475 /0 SUHR BRI (k4 B 18] 55 4340 5
SO TRFRE N, R G ST o 8 L8 b
L, LR 2.3.37 0 N AL, P 2,317 00
NEAFERE ST AR BT AR I 2 T AN [ B ] A5
I 2% FN 45 L ZURE i v Cur (9 5T VR B . >R FH SPSS 25.0
AR X B AT GE v o0 A, B DL x £ 5 R AL R] A
KIS AEA (k55 . K35 7K i a=0.05,
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e Kl 4 40 25 W e JBE 24 4 Cur-SLN-FL 2H 114 5.98 1%,
7 H B S O SR R T I 2 2 0 A ) S R R 1
459 PEG-Cur-FL 2 /)N, 0.25~ 12 h 4% i) f5 1) 1 2% 2%
Yy e FE 34 5 25 A% T [A)19) Cur-SLN-FL 41 (24 h JF 4 1 3%
25 Wk B 8 2 1 T IR ) Cur-SLN-FL 41) (P<<0.05) , H:
B K I 24 W 9k B 24 4 Cur-SLN-FL ZH 19 0.22 1% , 4> B 2

(88.20+4.46)% . (86.20+1.31)% . (89.34 +

T KV B SR BTG 5 [RIES Y A2 25 W vk P i ik 1K T
[f] ] Cur-SLN-FL 4 , #f 4 22 5 1 48 it 2% 2 L (P<
0.05) . B Il 3 H Cur W FE I BEAIK, PEG-Cur-FL 41 /)
BRI LB A AR 2 A 25 ) R o e R D R AIR, SR W
PEG &1 vl A M i 25 1 AESE S8 B 41, o S H il
- B R
3 itig

T AL 25 —FhAR R AR 5 253548, BA
BT 2N W % ZE S A R P R e R 3k G O
RNV AF LS, O A BRE R B IR AR 1 A BR 1 P %€
PRI B AR Ry P R e 5 1Y) o 0T O 8
TR WA TR Ay I — P [ AR I A TR, A R Y 25 )
TR P | R R it st 26 AR 3 R R A 1) B AR AP S
A, E COPD 45 M-I 22 e A I R YA Y7 S0, o s o 2
HAETT S N AR TR R AT ) S R 8 A T I A i )
FIRIAR SR T A% BR . WF9E 7R, COPD 1 2Ly #1
REAE /NS I A8 A, 9o 28 2 B R0l v DX sk K
HAE<2 mm WIS . BN R 2R ok
B2 0 il DY g SSCOU R ) SRR R 2R BRI, O i e T A
BLI 3 26 0% BRARRE 0T, M s R Bl b 4
il AE 1~3 wm"™, 323 Bl A ok e 2L SO AR S5 Bk it
FRUOBUEE L #4, BRE b T VR AN 30 it IX 3
ARHF 5T 3 X PEG-Cur-FL {23 8l Jy 2 kide R AMiL
FRUE Jo FORS A 2 M R A7 A % BX , BT ] PEG-Cur-FL
JE AB ARGk, HLA e AR AN G R S TR R 3 T
COPD WY/NSIB 252, Rt 2h 25 i 24030 1 2 i oE 4
BET IR

FH W0 22 Ge 59 1597 10 WA w1 590 75 76 il i 46 5
T E A 25 v K i BA B ) X R K LR A 25 ) )R
TRIT AL RS T 5 SR, 245 %0 26 Il %) oty 7 1 0 32 22
F AR B 432 1 (e ) ARG i R S 2 SR R 5
e, ARBFSE R PEG X} Cur-SLN-FL 317 2 1 &
M, 253 7R, PEG &M ] 18 1 28 25 SLN 19 il P 416 B s
[E) , 1 ik LA AR | DT A0 245 40 7 il 114 s B Hsf

®2 BHPMRBHAERNERMLE/ZERHR Cur WEEREILE (x£5,n=5, pg/mL)

i Cur-SIN-FLY] A PEG-CurFL A
4 RERS g4 [iEiE S J[E4 RUEES JEEN HFA4 G
0.25h 08460301 7062£1.106 077440291 00790027 0.264+0.144 001940007 91510498 082040257 005540032 0.018+0.011°
05h 6ISIE1016  0840£0416 301541055 072040475 0.963+0.302 0.139:+0.05% 122940337 186740209 0.341+0.061 0.020+0.009
Ih 107361688 0218+0.035 730610840 14580826 14860517 041140102 06315082 IMIELF 0879+0693 002040101
2h 5405167 01020057 983341396 312540855 1879+0624 0906+0.158  0289£0.147 6.653+2.074 146550547 03350019
4h 17945118 0037£009  105M£1258 237240775 238141021 176910381 010520050 223801731 174240158 043740.13¢
6h 1571451173 - 883341145 15480583 151260519 2890388 00333001 367601834 1984+0808 0.511+0.368
§h 13,635+ 1.194 - 16010657 0273011 07550353 34030562 - 024751109 16840161 0360+0.067
12h 97311749 - 519740929 066610124 0.203+0.109 392040330 - 6284012605 078140587 007240037
24h 062740272 - 126740516 0.080£0.013 0.133+0.022 322040491 - 8971785 03120171 0.084+0.017
48h 0.026+0.012 - 005640018 00260010 0.079:+0.039 16200492 - BRSELAG 01690071 0.053£0.035
7h - - - 0.016£0.009 0.017£0.004 0.097£0037 - 320310379 00TI£0019 002740021
a: G Cur-SLN-FLAH [F]HZUFEAS LU EL, P<<0.05; — : SEBRARKG 1

hEZ R 202545 36 555 19 China Pharmacy 2025 Vol. 36 No.19 - 2391 -



], EAh, PEG RISE ik it SLN I v /K P K 42 St i
R R AE 58 SLN Bl B g v | 1 — 4 5 R 254
IR RCR A DIA ™

AW FE /N R UE N 45 25 )5 25D AE il A 69 2

A F B 17 D0 HEAT WFSEIESE , PEG-Cur-FL 21 /) B¢ Jii

ZH 24 Wy e S RN B IS ) X v T R B M PEG 19 Cur-

SLN-FL 41, 1iij e 1l 2% 245 49 ¢ & A T Cur-SLN-FL 41 .

X — 22 5 5 fil A A2 2R B R BIL AR A2k 2 2R e R P B

TE PR IR OC ARl N B2 2% B B RR B, R B A

PEG [ SLN % KA B4 , 3 BUBURDRASHE K B bRid i

BRIEAMARER , (245 W 75 fili A £1% Joi e G [,

111138 A% Cur-SLN-FL 2L Il 3% 25 W) B2 T 5 . 1l PEG &1

A 2 TS EL A3, AR ™ AR 3 T 8 1 IR AT, 9/ e

2L XT SLN By R I [R] i , PEG (9 2 K Pk sy 17

TIURLAEREI P 0 23, 15 245 ) RETE il 2 21 A I R £

TE R T I 245 ) 9 T U DR 2 24 s 7 il 2 2 )

i BE T R T BE L AR . A ST SN 2 S0 A a5 Rk —

AUESE , PEG-Cur-FL n] A 25 AR 254 1] AL A8 B AL

g5 L AT i & T PEG-Cur-FL; i A

Toky BAT R T W APEREFVRE I BE s 2 U N4 24

JE AT i e Cur 7Rl 4 200 25 W0 A7 R0k TR] I ARG 1t

YR AARSE &8 B W25 A R B

(1] FRL, BT, 2RI, 45 . 2024 4F GOLD 1&PERHZEEfiti
PIRIZWT JRIT B SRIR 4x BRI W BT s A ).
T E2RHE,2024,27(13) 1 1533-1567.

[2] GUO X L, YANG S Q,ZHU H J, et al. Involvement of
M2 macrophages polarization in PM.s-induced COPD by
upregulating MMP12 via IL4/STAT6 pathway[J]. Ecotoxi-
col Environ Saf,2024,283:116793.

[31 2%, 20, 4, 55 IR 232 i R IEA SR B
KL A GOK3 X COPD A5 A4 /)~ Bl Jili &8 5 i 114 5 1) K 1L
03], A EZE 5 ,2023,34(14) :1691-1696.

(4] S, PRI K, Z/INi, 45 . 280 3000 18 1R RE ZE 1R il 5
REATBEEE FH BALTI[T). b B2y S im R 2%, 2022,
41(8):495-501.

[5] VEHEE, &M, fRaom, 55 L RS RAEERRHT
RAFAWEFEHERE[T]. H BB 2524, 2023, 32(10) : 1028-
1036.

[6] ABUDUREXITIM,XUEJ,LI X Z,et al. Curcumin/TGF-
31 siRNA loaded solid lipid nanoparticles alleviate cere-
bral injury after intracerebral hemorrhage by transnasal
brain targeting[J]. Colloids Surf B Biointerfaces, 2024,
237:113857.

[7] Z%h, 200, FElG, 45 . AR 2B SRR 3 22 B3R 1
TR B0 AL A GRS ) ] 4 S ARSI 0 8 T A T
3 [1]. HEZ5 53, 2023,34(2) : 150-155.

[8] CHERAGA N,SUN N C,HUANG X X, et al. Optimized
rapamycin-loaded PEGylated PLGA nanoparticles: prepa-
ration, characterization and pharmacokinetics study[J]. J

+ 2392 - China Pharmacy 2025 Vol. 36 No. 19

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[20]

(21]

Drug Deliv Sci Technol,2021,61:102144.
TR, TR, FE AT, 45 . I8 ES.O-HPLC 0 e &
R CE R BT AR A G 4], 2577, 2024, 28
(4):585-592.
LI N, LI X, CHENG P, et al. Preparation of curcumin
solid lipid nanoparticles loaded with flower-shaped lac-
tose for lung inhalation and preliminary evaluation of cy-
totoxicity in vitro[J]. Evid Based Complement Alternat
Med, 2021,2021:4828169.
2, REMS , 5 R AL TR R R T
3 WG B0 ) 2 S AR SR 25 PR REDFSE (D). T 25 55
2021,32(7):794-801.
BUDNIMATH S H, BHUVANESHWARI G, GANIGER
V M, et al. Physical, reconstitution and phenolic proper-
ties of instant drink mix prepared with Moringa oleifera
leaf, raw banana and whey protein concentrate[J]. Meas
Food,2023,11:100108.
[ K222 5 2 e N RN [ 245 4L . PO M. 2020
ARRR . AE ST b E B 25 B Y RAE, 2020: 202-206, 192-
199,466-472.
YUE X, LIANG J H,ZHOU Y, et al. Elucidating mixing
process effects on pulmonary delivery efficiency of dry
powder inhalers: a dual-dimensional macroscopic and mi-
croscopic perspective[J]. Int J Pharm,2025,677:125652.
COSTA M P,ABDU J O C, et al. Exploring the potential
of PLGA nanoparticles for enhancing pulmonary drug de-
livery[J]. Mol Pharmaceutics, 2025, 22(7) : 3542-3562.
ZHANG X, RAJARAMAN P K, LI F, et al. Assessment
of ventilation heterogeneity and particle deposition in asth-
matics using combined SPECT/CT imaging and computa-
tional modeling approaches[J]. Eur J Pharm Sci, 2025,
209:107093.
SHUKLA S K, SARODE A, KANABAR D D, et al. Bio-
inspired particle engineering for non-invasive inhaled
drug delivery to the lungs[J]. Mater Sci Eng C Mater Biol
Appl,2021,128:112324.
CONG Y J,CHEN W Y, WEI J X, et al. The pulmonary
pharmacokinetics and anti-inflammatory effects after intra-
tracheal and intravenous administration of Chuankezhi in-
jection[J]. Biomed Pharmacother,2022,156:113892.
DHEGE C T,KUMAR P, CHOONARA Y E. Pulmonary
drug delivery devices and nanosystems as potential treat-
ment strategies for acute respiratory distress syndrome
(ARDS)[J]. Int J Pharm, 2024, 657 : 124182.
ZHANG C Q,D’ ANGELO D, BUTTINI F, et al. Long-
acting inhaled medicines: present and future[J]. Adv Drug
Deliv Rev,2024,204:115146.
PAUL P K,NAKPHENG T, PALIWAL H, et al. Inhalable
solid lipid nanoparticles of levofloxacin for potential tu-
berculosis treatment[J]. Int J Pharm,2024,660: 124309.
(i H #1:2025-07-01 & [a1 H 4 : 2025-09-07)
(G 57 42%)

thEZ 2025 4E55 36 245 194



