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Drug Release in vitro and Acute Toxicity in vive of Curcumin Solid Lipid Nanoparticles Dry Powder
Inhaler and Its Effects on Inflammatory Response in Asthmatic Model Mice

LI Nan, LI Xu, LIU Weiwei, LI Xijing, LIU Hongbin (Tianjin Institute of Pharmaceutical Science, Tianjin
300020, China)

ABSTRACT OBIJECTIVE: To study in vitro drug release and acute toxicity in vivo of Curcumin (Cur) solid lipid nanoparticles
(SLN) dry powder inhaler (DPI) and its effects of inflammatory response in asthmatic model mice. METHODS: Cur-SLN-DPI
was obtained with spray-drying method by micronizing the Cur-SLN suspension prepared by the microemulsion method and
thoroughly mixing with lactose (200 mesh) etc. The drug release in vitro was investigated by dynamic membrane dialysis.
Accumulative release rates (Q) of Cur raw material, Cur-SLN and Cur-SLN-DPI in 3 kinds of release mediums [phosphate buffer
solution (PBS, pH 7.4) containing 1.0% sodium dodecyl sulfate (SDS), PBS (pH 7.4) containing 0.2% tween 80, normal
saline-20% ethanol solution] were compared 5, 15, 30 min and 1, 1.5, 3, 6, 8, 12, 18, 24, 36, 48 h after releasing. Drug
release model was fitted. The effects of intravenous injection of maximal dose 2 000 mg/kg Cur-SLN-DPI via tail vein on KM mice
were investigated by acute toxicity test. KM mice were randomly divided into normal control group, model group, positive drug
group (budesonide 3 mg), Cur-SLN-DPI high-dose and low-dose groups (100, 50 mg/kg) , with 7 mice in each group. The
ovalbumin (OVA) was used as sensitizer to induce asthma model; the model mice were given relevant medicine with aerosol
administration 30 min before aerosol administration of OVA inducing asthma on Monday, Wednesday and Friday per week, for
consecutive 3 weeks. Within 24 h after last induction, total number of leukocyte, the number of lymphocyte, neutrophil and
eosinophil were counted in broncho alveolar lavage fluid (BALF) ; the pathological changes of bronchus and lung tissue were
observed. RESULTS: Compared with Cur raw material, Cur-SLN and Cur-SLN-DPI showed good sustained-release effect, and
Cur-SLN-DPI had more stable sustained release in 3 kinds of
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eosinophil were increased significantly (P<C0.01) ; bronchial mucosal epithelium was covered with pseudostratified ciliated

columnar cells, with severe infiltration of inflammatory cells, pulmonary congestion and moderate interstitial pneumonia. Compared

with model group, the number of above cells in BALF of mice were decreased significantly in administration group (P<<0.01);

tracheal lesions of mice were improved in Cur-SLN-DPI low-dose and high-dose groups; pulmonary congestion of them were
alleviated, and that of high-dose group was alleviated more significantly. CONCLUSIONS: Cur-SLN-DPI shows sustained-release

effect in vitro and has no obvious acute toxicity to mice. Cur-SLN-DPI can improve the inflammatory response of the airway and

the degree of pulmonary congestion in asthmatic model mice.

KEYWORDS Curcumin; Solid lipid nanoparticles; Dry powder inhaler; Release properties in vitro; Acute toxicity; Anti-

inflammation; Mice
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RSD=0.36% (n=5) ; & £ i 5 ' Cur %5 5 ) RSD=
1.26%(n=5).
2.24 RS Cur BELIE RSB RBEENT R M
SLN [ A ZN B i il 261, 43 B8 2015 4= Ji € o [ 24 i) (Y
8 ) HH R AR R ik RO 0931 58 — 32832017,
W 5E Cur JFURHZY | Cur-SLN YR & & Cur-SLN-DPI /19 {£&
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Fig 1 Release curve of 3 kinds of samples in different
release medium (n=3)
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#&1 Cur-SLN-DPIFERERFEM T B HBRAGERIUE
RS
Tab 1 Fitted drug release model of Cur-SLN-DPI in

different release medium

BB ReZipiR MAHR R
5 1.0%SDS i PBS TR I% 0=1494 4483807 09123
—Gi )i In(1-0)=-70.897 5-0.059 6t 0.991 8
Higuchi 0=10577 1/*-2.1154 0.9922
Weibull Inln[1/(1-0)]=0.042 1Inr+81.784 0 0.997 7
F020RIAEESOMPBS  FHINF 0=14223+5.6050 0.935 8
—Gi )it In(1-0)=-71.787 5-0.045 1t 0.996 2
Higuchi 0=9.912 9/*-3.986 5 0.9871
Weibull Inln[1/(1-0)]=0.042 4Int+73.079 7 0.997 5
HRHK-20% OB FRET 0=18389r+14201 7 0.894 4
—Gi )i In(1-0)=-85.878 7-0.075 0t 09751
Higuchi 0=13.15201"-0.932 1 0.993 3
Weibul Inin[1/(1-0)]=0.028 3Int+124.873 0 0.996 3
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231 el NBUERPEMESE 3 d, AR RS LAY
B 3 41, B IE X R (KS) 4 25 11 A B I 40 Kb T4
(KN)ZH 1 Cur-SLN-DPI 4, &40 13 H, 10 HAIEA SR
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232 #2) KSH/NRUREEIKE S A B K . KN4

/NECR FH SR B R 00 ik th i i R A 25 B 7E25 T KN
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Cur-SLN-DPI /)™ [l e B 2ot B 1y 2 v e Bk
FE BREE 6 61 7, PR A R EE 57 4 2 000 mg/kg, T LA
4 Cur-SLN-DPI it il 5 80 mg/mL AW , FE & ik i 5
25 mL/kg, FRIRZS 2N, 4058 14 d.
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2.3.4 R RHRKR HRIFREA A/ NRG 2T
ML 25 3.7.14 d R IF D SR T A 30 . 25
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DPIZH /)N FRUAR J R JEHE 1 32 3 B i FEAIR (P<<0.05) 5 25
24)5 14 d, Cur-SLN-DPI 41 /)N AR B R &2 1E %, 5 KN
IS RGH2E L(P>0.05) . 41/ B[R
[ Py A o AR AL A SR L3 2.
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Tab 2 Results of changes in body weight of mice in each group at different time points(x *s,n=10)

) SRR _ B3 d __ _ BT __ _ B 144 __
[k, g N (g R % (g R %
KS4 20.68610.527 2745740934 32.75613.828 33.020%1.325 59.26916.347 38.030£2.054 83.469£10.550
KN4 20.600£0.513 27960+ 1.514 35.666 £4.908 32.936%1.503 59.954£6.049 36.8361.922 78961 £9.802
Cur-SLN-DPI 20.779£0.503 2704211219 30.793+5.128 31.020£2228" 50.40219.805" 36.320£2.573 76.082+10.867

T 5 KS A, *P<<0.05

Note: vs. KS group, *P<<0.05
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10 2.
242 RS ZY BRIEE X AN BRUE B ST 0.5
mL pH 7.4 (] PBS #, HiAth 4 2H /N R F 184855 1.7 .14
KM ST 0.2 mL pH 7.4 1) PBS (1% OVA 20 ng L A&
FEARBERE 2 mg) BRI, A 21 KGR, B 1E 5 % B2 /N B
B A5 pH 7.4 1 PBS ZALAN , HAY S A/ R
2.5% OVA ¥ 1 55 bW A & B2 i & /F (1.5 mL/min, 30
min/IR, B8 1.3.5 4725, %2k 3 ) , 5K OVA Z AL Hif
30 min, #5241/ NS AL AR 2597 , BH 25 P14 i A Al
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7R 6 mL (5 JA 1.3 .5 452, #%4L 3 J#]) ; Cur-SLN-DPI
75 AR 41 A Cur-SLN-DPI 100,50 mg/kg (£:J8 1.
3BLNEN L3 ) A R SR I A R
2.4.3 IR MWHEDER (BALF) B4/ 2538 &
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W, SEHE T L 0.8 mL PBS HEA Tl v vk, A 3 UK,
43 3k BALF, 3 000 r/min 250> 10 min, WA I, T
JENN 1 mL PBS &, R4 A sh i 4 i 4 A A
oSt E. BN T Z g R BoR , 5 1EH X R
20 Heg AR 2H /N B BALLF A P 200 it B 55 bR ER 4
FH R A L R TR P R A Y A B S 3G (P<<0.01)
Ul BB B ST R . ST A A, B AR 2N R
BALF H 1 21 it B 50 Mg R ks 4 B %, v ok 4 A 4
Uk E 20 B B SR 2 (P<<0.01) , Hisp L Cur-SLN-DPI
RO i . 41/ BALF HR S RE AN T4
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E.J)f

2 BHENRARAERAFEE (HE, x100)
Fig2 Pathological charts of different organs of mice in 3 groups(HE, x100)

®3 HH/NRBALF FREMAMITELER (x 15, x10°
L)
Tab 3 The number of inflammatory cells in BALF of

mice in each group(x +s,x10° L")

ik O LT R=Y QR Vil QN o = e
ER TR T 45571852 2771+1588 01140038 16710618
ikl T 26371144557 169152910 0.771£0.160°° 86574946

i 6.97044.705%* 5.610+£3887°* 0.180£0.162**  1.180£0951**
CurSIN-DPIRAIEAL 10 982745200 7490+3.867** 0270£0.164** 2100+ 1405
Wi 9 13956%8.166°° 9.856£6.053°* 0.389£0.169** 37222041

TE XA HAR, * P<<0.01; SRR H AR, P<0.01
Note: vs. normal control group, “*P<<0.01; vs. model group,**P<<

0.01

Ja Ul R UV TR EE S 4 pm, A1 85D) 7 IS 287K HE L £,
WL/ RS AE M L AR b . 55 BoR
5 IE R X RAA oA, R /IN BRSSO R b e v A
KRLTBARGAML AR, 7 BRAR 5 il A S SUE R
B R 2 A B AR AN I o] D AR M % L 1 A8 7
B, ] R A T 4 bR B 40 i A ) 93 00 ™ 5 il g
I, R ) PR 48 . Cur-SLN-DPIE 7 2H /N il 32 K
A ASPERR T, ZERET A R PR A (AR EL 4R 32)
TR IR I, 8 BE TR il 8 o Cur-SLN-DPI 5 71 4

Cur-SLN-DPIEAI AL 10
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B AR AR P R RIS, B R P pH o 7.4 1Y
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B3 JRANRSEMHHRANFREE(HE,x100)
Fig 3 Pathological charts of trachea and lung tissue

of mice in each group (HE, x100)
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