T ZURE 43 22 1 2R [S1AC R 0T 4 KR A TOK) X COPD A5 75 /)N
SRS 28 R 19 5 M) S AL i) A
2 g E 8,1 B % IAAE(KETEARFETER, K2 300020)

FESES RI43 XEkFRERS A XEHE  1001-0408(2023)14-1691-06
DOI  10.6039/j.issn.1001-0408.2023.14.06
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Effects and mechanism of Curcumin solid lipid nanoparticles loaded with flower-shaped lactose for
inhalation on pulmonary inflammation in COPD model mice

LI Nan, LI Xu, WANG Zi, YANG Ping, KONG Lingyu (Tianjin Institute of Pharmaceutical Science, Tianjin
300020, China)

ABSTRACT OBJECTIVE To investigate the effects and mechanism of curcumin (Cur) solid lipid nanoparticles (SLN) loaded
with flower-shaped lactose (Cur-SLN-FL) for lung inhalation on lung inflammation in chronic obstructive pulmonary disease
(COPD) model mice. METHODS Firstly, the irritation of Cur-SLN-FL to lung tissue was investigated, and the local safety of
inhalation materials was determined. Then, 10 mice were randomly selected and injected with normal saline through the trachea,
and the other 50 mice were all injected with porcine trypsin solution (concentration of 33.3 mg/mL, dosage of 1.0 mL/kg) to
induce the COPD model. After normal feeding for 28 days, the mice were divided into sham operation group, model group,
budesonide group (20 mg/kg), Cur-SLN-FL high-dose and low-dose groups (100, 50 mg/kg), with 10 mice in each group. The
corresponding drugs were given to each group, once a day, for 14 consecutive days. Twenty-four hours after the last
administration, the bronchoalveolar lavage fluid (BALF) of mice in each group was collected and the differential count of white
blood cells was determined. Hematoxylin-eosin (HE) staining was used to observe the histopathology of the trachea and lung tissue
in each group. Masson staining was used to detect collagen deposition in the lung tissue of mice in each group.
Immunohistochemical method was used to detect the positive expressions of nucleotide-binding oligomerization domains-like
receptor protein-3 (NLRP3), caspase-1 and interleukin-18 (IL-1B8) in lung tissue of mice. Western blot assay was used to detect
the protein expressions of NLRP3, caspase-1 and nuclear factor of kappa B(NF-«kB) in lung tissue. RESULTS Cur-SLN-FL had no
obvious pulmonary irritation. Compared with the sham operation group, the total number of white blood cells, neutrophils and
eosinophils in BALF of the model group increased significantly, while the number of lymphocytes decreased significantly (P<<

0.05) ; ciliated columnar epithelium proliferated, thickened

AEETR [ A AR BB H (No.81903565) ; Kl
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* S BB BB BRSO e 2 R the deposition of collagen fibers in lung tissue increased

and exfoliated in the trachea, mucus accumulated in the cavity

and interstitial inflammatory cells infiltrated in the lung tissue;

E-mail : llittsnows@126.com significantly, the positive expressions of NLRP3, caspase-1
#BISEE BIWFSE 5 . BESE 1A . ki 25 &2 45 . E-mail: and IL-1B in lung tissue increased significantly, and the
lingyu_kong@163.com expressions of NLRP3, caspase-1 and NF-kB protein in lung
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tissue all increased significantly (P<<0.05). After giving Cur-SLN-FL, the above indexes were all improved to certain extent.

CONCLUSIONS Cur-SLN-FL can improve the pulmonary inflammatory reaction in COPD model mice, and its mechanism may be

through regulating the NLRP3 signaling pathway, inhibiting the expressions of caspase-1, NF-kB and IL-1(, thus alleviating the

process of pulmonary fibrosis in COPD model mice.

KEYWORDS flower lactose; curcumin solid lipid nanoparticles; power inhalation; pulmonary irritation; chronic obstructive

pulmonary disease; NLRP3 inflammatory corpuscles
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g Z P55 T GE RAEY . T, Cur VRl 9 AE 1R
ST ORI AE A T S . ET Cur YEFHBLAR
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AEAS AN ] NLRP3 AAE /MA R Ik | X B WE45 403 S il
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AFF 5 Bl 1R FHA0AE P TR 4 T 2 1 i (1 000 U/kg) &
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BTN BRI R S AE i VR L 0 LT Be A 43 TR 4%
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1.2 FEHBSIAHA

Cur-SLN-FL (#t 5 20210312) 2 5256 % [ il ; RIPA
2 it SR AR & BCA B VR D 1R & 5 X AR
ARG g (54351 2 PO0138 . PO010 . PO015) ¥4I [
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RAERAF . s gEF KRB E2R2E 5 T sh i)
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2EHF 58 BT A8 B2 B 4 It ofE (HIE fE 5 IMPS-EAEP-Z-
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2 AHiE
2.1 Cur-SLN-FLHH&REHZE HAESHKEN
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2.2 Cur-SLN-FL HIBhEB R R 52
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232 SN
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e AR A A IR AR A /N RS
BT HRBUEREIK, B H 1R, #E8E14 d,
2.3.3  SCAEMVERIR Y AR o 2R

KIRE 2] 24 h e AbBE/N R, 3T T M s , 2 58 Ul
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B, A3 A A L PR 4T T B 4 | B R kT
Y, 75 20 45 S AN M Y B, R A AN S A A
M B 2 %o B
2.3.4  E N LIE S IER

A1/ RS SR A Il 8, T 4% 22 5 W
15, B K, A I 2, — PR R S U v o
P28 AL R R VR A S, Ul A (4 pm J5
), E 4T HE Y0 DLTAG 45 21/ BV BB LRI 2
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R i 28 1 bt A T M - S VR s Tk e 6 M PR VK L B &
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J&i 43 3 i A —#$t NLRP3 | caspase-1 ., NF-«B (Fi 5 . 1]
¥1741:200) , 4 °CHRZ 11 5 WERR AR 22 i VR 3 IR
A3 I R 1 Bt (R B Lk 1:200) , = RIFE 2
h; il A ECL &G 852 , 43 B 45 81 1 24 1 K (L,
VL B-actin NS H B F 4 AT HLAE .
24 HFitEFIE

K GraphPad Prism 5.0 {4 F11 SPSS21.0 # 4% 4k
WATE 0T . BRI Ll x +s TR, 40 iR
FHER DR 27 225007, 2HL 18] W5 4 L 488K FH Bonferroni 72: 46
5, K K M 0 =0.05,
3 H#HR
3.1 Cur-SLN-FLAZFZFHEHIRNLER

25 7 , Cur-SLN-FL f9 *F- ¥ k7 42 4 (4.95 + 0.57)
wm . %5 Bl Sy 2R A A (4.03 +0.40) wm, 7E 1~5 pm fiY
R AR [ NG @ YA U S = 2T W)
(4.43+0.08)%,
3.2 Cur-SLN-FL B Ffi &Rl 81 £ 5

W 1R, 238 300 BREE R BSR4 UK M
Hp 2 I R PR AT R i R R DL B S R R
PRAEYNMIIRN . 525 S R #2458 11 SLN-FL 4 K
R H L SR i, 7 I T T 40 L R R B 4 i 32
T i B 4 L (i) B 49 5, SR 200 B 32 v (A 7 U2 &4t
Sy A DL T 2 5 Cur-SLN-FL 20 K B4 45 Al
A LB I RAE RN . 5745 F SLN-FL 41 FL %, Cur-SLN-
FL 41 K BB W R MR AH L S bk 0 40 v iS4 sk 2 , il
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T BE LR /N A S AN IR (LR E 4 ) o
ZELRIH | Cur-SLN-FL £ E WA TG T itiiB et

B. 2 U IR ()

D. %5 4 SLN-FL 41 (")

A Cur-SLN-FL 41 (Jifig]1£1) F. Cur-SLN-FL 2l ('54%)
Bl FAXRSEMAMALFIEEHE $E,x200)
3.3 &R Cur-SLN-FL X COPD # &I/ R & E R
Jva:sb=Al|
3.3.1 BALF B H AN ST 1

518 F AR H A, BRI 4 /N B BALF A1 40 i B
B AR R B R R AN R R (i, Ak R 4
Ji S 2 R AIK (P<<0.05) , $7i8 5R FH AU P i 1 0 TR 2
F i T 52 1 11 COPD A58/ 1N B S AU AR R K R
SEAN IR AE . SRR L4, Cur-SLN-FL & K4l
A M 23 FE 41 /N BUBALF A P 4B s 55 b PRk 40 g
B B IR A M BN A FEARE H, HE Cur-SLN-FLAIR
T 2H T b 43 FE 2H /N B BALF H P 40 i 5k vkt
4 s %5 LA K Cur-SLN-FL A 71 i 2H /)N B BALF Hh g iR 1
P, 2 R A SRR L (P<0.05) ., SEAIY] L

JitiZH 4

B.HIRIZ]
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ABFARA
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C. Cur-SLN-FL & #lH21

#, Cur-SLN-FL 5 71 42 28 /I Sk B2 40 i 5 i 3 7 v

(P<<0.05), AR NFE1,

1 FHENRBALF FEARMSRITHHIER (x5,
n=6,x10"L)

ikl REI A58 iy GO Y Q4 5 i o
A 038340117 016740133 0167£0.103 005040055
AR LIS0£0459  0350£0187 001720041 046740327
TR 056740.121°  0250£0082 005040055  0267+0.121
Cur-SLN-FL gl 44 0.883£0.512 0417£0.194 01830256  0233£0.197
Cur-SUN-FLIERI 4] 04334012 02500105 0067£0.082 0.083+0.041°

a: S F AR R, P<0.05;b: S Hed, P<0.05,
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e 7 2N B DLET B AR b R i A 4 BT
PR L 2685 9 5 L 5 it 2 48 ) J 34 T DL 2 2 R 400 i
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8, x200)
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PH: 38 FIrB#A . caspase-1 BHM: 363k =2 0L fii 0
Vi) s 2 i e s R L s 2 R B HE , S (B AR B £ T
AR 2L DL FBCTE 19 BE PR 200 B 3K 5 AR 20 FT DL HICZE 1) L 38
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PRI WK, TL-18 BHPE SRR B M fE R I 1 %
iE A AL, DA AE R BT, AR A, SRR i,

caspase-1

a bl
Lol et | 4
T B g o
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p-a ]

A BFAM

C. Cur-SLN-FL &5 4

3.3.,5  Cur-SLN-FL X} COPD #& #Y /N §, ifi 41 21
NLRP3 caspase-1 1 NF-«xB & FH #1k [/ 5211

e 2 FE 5 R, SIRFARAL i, BRI /N U
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20 A A b 2 7 2H /)N BRI 2H 21 NLRP3 | caspase-1 . NF-
kB 1Y A K1 i 35 AR (P<<0.05) .
4 g

VR JR R 25 25 B3R 8L AR 250 1) JRa s SR A
BN W) ()2 PR B TR AR ARG AT K
BRI A A R 2 SR S, 205 4 PR AT IF 5E
ZE LI BEG T Cur-SLN-FL S — IR EE e /)N
FHT R H HAG B R BE ARy 55 7] o WA TR S 5 v
SRR BT R 1 55 b 25 22 & 19 Cur-SLN-FL LA%5 4k
PRSI 2 Mt , R R 7 Uk H 4 TR R
() 23 A0 BB 2 K BURCAE HH B2 J3E 20 UK i o e J3E B TR
PER AR . 52 SO B4 HL#82, Cur-SLN-FL 4 K
B UL BH J RRE I 5 5 A %S 11 SLN-FL L8R, T A
Cur-SLN-FL 1] FEAIS AR BRUACE SRAE 7K, WK AR
XoF il 0 ELAT CRAP VR R D il v B ) 35 T | % i i 5
RIEM L

COPD ‘¥ PSR SR 457 3 R (AR 25
JEZWE S5 I (I ) | 1 015 S50 R ] (ARSI By e A
It 38 5 i B i A, ASHIF 5 rp IR 2 SR FH A B 1
FitFis S A, AR COPD &9kl 26 A B/ B R 4
) 2R A 13 | A ) 3L B 1 o B R A0, A0 R RGBT
AT = A A 25 50 o, BRI U2 4 ] AL i) ol
G IE Y LI RN S, A2 K 8 L/ s i, o
Vi) i S T o mT D, K e e SR 2T 4 il PN <A DL 2F B AR
b R A R A I PN T LBV S B s AR A
Iy, T fERYZ A Cur-SLN-FL 7] g 3% COPD #5847\ il fii
AR EARAL o [RGB TS ) BALF H 4 i

1

E. 1 Hh 2= 4
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Fz2 HBHANRAHEL B NLRP3, caspase-1 NF-kB &
E%iﬂﬁ‘]?ﬁ%(iis,n:&

415 NRPL3 NF-«B caspase-1

BFEAA 0.060+0.043 022840238 0.040+0.033
i 0.735£0415° 0.763 £ 0.403° 031640201
T 0.031£0013° 0.1690.094° 0.033£0.023°
Cur-SLN-FL &4l 0.113£0.050° 0.146£0.029° 0.0800.048°
Cur-SUN-FL A4 034240353 039540256 02840087

a: 5IEFARAE, P<0.05;b: S H L, P<0.05,

NF-kB 65 kDa

caspase-1 48 kDa

|

NLRP3 | 110kDa

|

P-actin 43 kDa

BEFARG B A4l Cur-SLN-FL Cur-SLN-FL

ERlEA AR
5 &AE/NRIAL NLRP3, caspase-1 NF-kBEH
ik E

Ll ) B Bk o) ERE il A ELAT E B A2 W E . A
SZEGXF BALF #5477 , 25 R 7 , COPD AL/ R
BALF "R KB SR 4, T Al &8 A Cur-SLN-FL &7
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