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M OE R E&E— AR AR 5 ILIE SUHE (FL) 38 2 3% & (Cur) T BN (DPL) , A X7k 25 4 6 97 1% 1 P I T
JAPRME—F A BRI N 2 O Ko T ik R R B I R & FL A 3 Cur(Cur-FL) &8 K. A 2 S A M & 4 45
A, At S B F RIS AR ik Cur 3% 25 3% % Cur 5 FL 49 3% 25 Yo ) (m/m ) Fo R WA ), VA7 58 Cur-FL 2.4 R e & 18 . R A
Aot R B SN IE AR T BT E TR E AR F RS ARAR T F R &9 Cur-FL &0 K A9 FLAL M R 47 A AR 5 2
LA RFHEELZT AN F IR ;BERIMEA TR KT RIS T A . &R :Cur-FLASH RO REH &L E
1 Cur 3% 2538 % 5 mg/mL ,Cur 55 FL #9342 25 1b46) 1:4 R BHA) 1 he PR A Re9 8252 4 (23.37+0.43) % L3R 4 (91.64 +
0.44) % B % 4 (30.50 £0.72) % ., Cur-FL 4 2 367 ML ; Cur k4 3B M A2 FL A AL A, R 2 A 4L 4L, Cur-FL £
KagANE (021 +£0.02) g/lom® Fr 5k FEHE 4 (0.33+0.01) g/em’ ARk A 4 (24.07+0.31) °©F 34424 (3.96 £0.80) um ., = A3
N FHEA(3.3310.99) um AR E A (5.6310.24) % HE = F 4 (92.53 +0.87) % I A 3AZTARFE A (45.93 + 1.77) % s - 2
ATk 849 24 h 7 f8 F[(358.93 + 1.67) ug/mL] 4 Cur %9 3.28 4% .48 h B ARIK M4 % (90.21% ) 4 Cur 89 1.63 4%,/ Cur+FL 4
RS R Z Cur EA IR P 6975 M B Ae A . 4538 PR Cur-FL L4500 R A9 RN 2 Ak BT, R 2 R s
R K RERE A N RS A ACOF B )2 DPI e & K,
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Preparation and in vitro Release Property Study of Curcumin Dry Powder Inhalation Loaded by
Nanoporous Flower-shaped Lactose
LI Nan', LI Xu', CHENG Peng', KONG Lingyu', FENG Renrui', TAN Songwen’ (1.Tianjin Institute of
Pharmaceutical Science, Tianjin 300020, China; 2. Xiangya School of Pharmaceutical Sciences, Central South
University, Changsha 410013, China)

ABSTRACT OBJECTIVE: To preparea novel Curcumin (Cur) dry powder inhalation (DPI) loaded by nanoporous flower-shaped
lactose (FL), and to provide a safe and effective intrapulmonary drug delivery method for the therapy of chronic obstructive
pulmonary disease with insoluble drugs. METHODS: FL-loaded Cur (Cur-FL) compound powder was prepared by solution
adsorption method. Using drug-loading amount and adsorption rate as indicators, single-factor experiment was used to optimize Cur
concentration, Cur-FL ratio (m/m) and adsorption time so as to determine the optimal preparation technology for Cur-FL compound
powder. Fourier transform infrared spectroscopy, scanning electron microscope and differential scanning calorimetry were used to
characterize the physical and chemical properties of Cur-FL compound powder prepared with optimal technology. The water content
and aerodynamic properties were determined; in vitro drug release behavior was investigated by simulating the environment of
artificial lung fluid. RESULTS: The optimal preparation technology of Cur-FL compound powder was Cur concentration of 5
mg/mL, Cur-FL ratio of 1:4, adsorption time of 1 h. The drug-loading amount of compound powder was (23.37 +0.43)% , the
encapsulation rate was (91.64 +0.44)% , and the adsorption rate was (30.50 £ 0.72) % . Cur-FL particles were flower shaped; Cur
was physically adsorbed in the pores of FL without chemical changes. The bulk density of Cur-FL compound was (0.21 + 0.02)

g/cm’, tap density was (0.33 £ 0.01) g/cm®, angle of repose
was (24.07 +0.31) °, average particle size was (3.96 + 0.80)
um, aerodynamic particle size was (3.33 + 0.99) pm, water
content was (5.63 + 0.24)% , emptying rate was (92.53 +

A SEEIH  [FHR A SRRE L4 7B H (No.81903565) ; KH T
B ARl 3L 4 B2 D35 H (No.18JCQNIC13500) ; R TA: il e Rh4%
AAFEE W H (No.KJ20079)
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¢010190286@sina.com 0.87)% , and deposition rate of effective parts in vifro was
BB SIS B2 R S BFFE 771 : 25502 . E-mail: son- (4593 + 1.77)% . Its 24 h solubility in artificial lung
gwen.tan@csu.edu.cn fluid [(358.93 + 1.67) ng/mL] were 3.28 times of Cur, 48 h
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cumulative release ratesin in vitro (90.21% ) were 1.63 times of Cur, but Cur+FL physical mixture could not improve the solubility

and release of Cur in artificial lung fluid. CONCLUSIONS: Cur-FL compound powder has good in vitro release property, and its

powder properties, solubility, water content, fluidity and aerodynamic properties meet the requirements of DPI in Chinese

Pharmacopoeia.

KEYWORDS Curcumin; Flower-shaped lactose; Dry powder inhaler; Preparation; in vitro drug release

2 1 BH ZE V£ Jili %2 9% (Chronic obstructive pulmonary
disease , COPD ) J2&— it A4 252 I W e R A<t 2 IR by
FRIE RPEZRY . 6 2018 4F 1 SCHKHIE , 78 = COPD
BHEZI9990 77,40 % LA BRI A N 13.4%", Hfm it
AR T A o R I 4R . R4 COPD B
U RAE i RERA, S 1 AR i, N
Hz gk Y, HEL, It R COPD # F B XHAE IR YT 259
G2 B R PR 2GR SRS R 2 4 R
W ER 2N B O A 22 BRI T IR AR

2 & (Curcumin, LA R I FK “Cur”) & 22 8¢ J@ A
YW Curcuma longa LA &S 21 ) — P 22 By 28 76 14
Wy, Hoae o B R & HEXT COPD IRYFER™ ™,
9T & B, Cur 0] A R 8 COPD A 7Y /N B AT 48 AE Ml
SOEERY, B Cur YA HEERAR (<1% ) B XER T
IR (S R 0.6 wg/mL) | 1 HEAE Ao P A a1 21 45 v &)
B S , AEAR N 25 2 WA QI i 25 Mk BEARAIG , AR MEAE S AT
BBOL LA RRTT IR Y S N2 A 25 2 W]
F 25 1) E Bk BNE T AL, B IR T A Y 2 P vk
B BEAR R G B, R F 25 i i o PR, AR
BITAMIM G 25T, B THAS B 4525 & COPD 4%
WP RGP R TT 1 B IR AR

AR AT T — PP A TR AR (DPD) %k
TR ——% G4 K L 4544 19 4£ T2 FL W (Flower-shaped lac-
tose, AT fAIFR“FL” ) fURn (T A BHE 26 [ FDA E—Hit
HEH T DPL 1Y% 2 AR 270 ) . FLBOR b T o/ &
ghimads, AR AN, Y — B, WA BB i 2 L4
), FRIATRRAE B K FLARBY R AR AT 3K 2~4 pm , L R T
AT W2 )E | FL GO AT AR08 1 25 0 ) 7 R
FE 57 1R BB 1Y DPL 2R ELA HE 4T Y 25 4 ik T
e ST AR AR DL Cur R JEUREZY |
FL fCRE by 244 i) 8 — 7B #1179 FL %% 2% Cur (Cur-FL)
DPI, J TR A 2524, LISy COPD HyIR Y7 f fi—Fh
LA TR N 2 =

1 #
1.1 EEUEE

LC-20A B = 8508 A €238% (HPLC ) Y | Iraffinity-1S %!
LI HMETEAL . SPD-M20A R 48 S MG #5% Y04 H H 4 Shi-
madzu /A F) 3 AB135 BT 73 2 —HL - RF- LAL204 BT
I3 2 —H T B K31 B Fi 1 Mettler Toledo 24 A 5
Biichi-290 B 75 14 45 W H Fi - Biichi 23 7] ; S-3400N
HUAH B 7 A48 H A Hitachi 23 &) ; HELOS-OA-
SIS Bk B AU [ 7% =] Sympatec 28 7] 5 214 B 22 7R
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I B #7535 Netzsch 23 7 ; Sorvall Legend 17R
TG B0 ML B 35 [# Thermo Fisher Scientific 23 7 ;
KQ-250B T 75 I 1 Ve A5 1 I EL 1 vl A AR A BR A
H] 3 ZNCL-T BV RERE i FEA8 10 B LIRS TR
7y F) 5 PHS-3C 2 pH 11 B 10T 25 (AR R A TR A
F ; Aerolizer® W A 2% & 1 H 8 K F 7. Novartis Pharma-
ceutical 22 H] o
1.2 FEHRSEH

Cur J5UBLZY (it 5 TZSW200317-1, 4 BF 99.0% ) 4
VY 23 B BB A BR A Al Cur X R S (HE S
110823-201004 , 4l J&F 99.0% ) W F H [ £ 25 5 A & i
¥ 5% s FUBE (LS 2008004, 41 ) 99.0% ) Wy [ VT 7518 T° 24
VAT A B 5 R (L5 20180523) 1 [ K HE T A2 iR 71
e w5 R i R et HAxisin 38 o0 o pr i ol
S A H RIS KA A A Aok
2 AEEHER
2.1 Cur&=2pE

SR HPLC 505 Cur {975 5
2.1.1 st

3Rk Agilent Cis(150 mmx4.6 pm, 5 mm) ; i3
AR NG -5% VK CBRKEE I (55 : 45, VIV) 5 Kl 25 4 2%
AN Z AR 426 nm; JiEER 1.0 mL/min; A
A 35 °Cs HERERA 10 pL.
2.1.2 W&

(1) Cur X B S VA9 A5 2 AR Cur X B 50 mg,
F 10 mLEg @ EI P, I ICK B R 2 2, 13 Bk
W A 5 mg/mL Y Cur X B IE7 £ . B AR IE & W
0.5 mL, & T 50 mL A% it i, F JooK £ B BE 9t
25, BIAS 3 B VR B 9 50 pg/mL 1Y Cur % IR E WL (2)
Cur-FL {52 5 18 W R EC“2.57 T T fe i T 2041 46 19
Cur-FL & &8y R & (294 Cur 5 mg) , & T 100 mL ¢
@RI, N TJE K £l L, H R (350K 40 kHz, J) %
250 W) 4bHE 20 min {58 70 % M7, SR 5 DL JCOK L BEE
25,0857, 1 0.45 pm B AR UE I, RIS . (3) BHPEXT R
VS B2.27 100 FL sokid &, B F 10 mL &, 7]
PR SO £ iR AL B BIAS
2.1.3 ikt

e 2015 A R r 1 25 30 (DU ) 38 10 9101 24 ot
SRR E BT T TR B UESS T I A DB E R4 T O k2 2
g LRSS R BRI R Cur O 2
T, ik T E A, s B LA 1 LR S Cur
X BE SR VS W Cur BT ¥ BE (X, mg/mL ) Ay ek AR b | U6 T
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FUY) A AR AR il b v ph £k, AR bE EE 7Rl Y=
110 745X—53 235(=0.999 8) , Cur K Il 5 2 ¥ F£ il 2k
P38 Bl A 0.013~6.39 mg/mL; K 2% B i 36 v, Cur U4 T
T RSD 24 0.87% (n="6) s R 1 (24 h)iE& H, Cur 1§
TR RSD 4 0.93% (n=06) ; AR PERIE T, Cur 711
RSD Jy 1.43% (n="6) ; Bt Cur-FL R SiA e 9y, & T
ANTF) 10 mLAE B, 2 SRS %M A “2.1.2(1) "I
Cur ¥ FE A I 4853 0.05.,0.5 . 2.5 mL, BSR4 3y, F
ToK CFERESS , BIAIG | v JoT VR B R v, HOF
R [E1 2245 51 4 98.06 % . 98.67% .98.15% ,RSD 4%
IR 1.09% .0.61% 1.21% (n=3), J7i2F 8845 11y
FFA A SEZIRY,

300 * Cur
- 200 ]
E
100 4 L
: JL ‘
0 2.5 5.0 75 10.0
t, min
A. Cur X B8 S
300
A Cur
_ 200 \
<
=100 ‘
J \
0 T T 1
0 25 5.0 75 10.0
t,min
B. Cur-FL IR i
300
- 200
<
=100
0

0 2.‘5 5;,0 7‘45 l(;.O
t,min
C. AT R i T
Bl Cur-FLUEMN S KEEIEE
Fig1 HPLC chromatograms of Cur-FL

2.2 FLERIRH&

K FH A T 150 4 iy 43 0 26 1 T2 o 4% FL Bk
FREUK 100 g, 20 BIIMAZLYE 10 g FIBINIR 1 g, Vi o E1 7
5§ %% T4, T 2 e 4 30 min, 2R )5 DA 600 r/min 250
1 min, 2Bk RIS . WHUTIEAE 50 C IR T 2 &
EE , BIAS FL GOk, i , 48 H o
2.3 Cur-FLEAMRHF &

K P VB0 B2 145 Cur-FL &S 0K 1, B i
Cur JFURN 5V T JCK B il i — o ot Vi 3 1 7
W FF Cur S8RV G , INATE & FL ok, B 75 (3%
40 kHz, 2% 250 W) AbFE 30 min, 7E 37 C T A IEIES —
S IS )4 L B, 4R 5 LA 12 000 r/min 2520 15 min, 352
IR UOTERE T B
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2.4 SR SR ERNE

FEH PRI Cur JFBH 2538 5 (m ) , BT 10 mL A (5
b, e 2,37 T il £ 7k AT W SR ERAE SRS DA
12 000 r/min £§.0> 15 min., W FiE# 0.5 mL T 50 mL
PR, FHJCOK O RER R 220 257,34 0.45 pm
ML SR UEVR , SR “2.17 5 HPLC 340 % S Cur
8 Tt (mo) s BEUTVEFE T, FRE L SRDTIE T o (e ) o
Fe AT AR I A R gy i (%) =
(my—muw)/mux100% ;3250 (% )= (m g —muyy)/
moy™o AR AR AR 2 TS FL A R B R . IR R
(%) =2#2ji/(1— 82y )=x100%",

2.5 Cur-FLEA#HMERFZFIZNME

FL 2528 Cur (U3 2 R Y BEWR B AR, DRI 28 00
24 U B RAE D S48 AR, X Cur 4 25 Mk B . Cur
5 FL 4% 2 E ) (mim, T TR AR BB ) 3 3 4 PR 28 a0
TN E LR, DI i & 120,

2.5.1  Cur 2y 2

A3 AE 8 BRI ATGIK 2545 10 mL Flid B )
Cur J5URF2Y | il 28 5 o7 & v B 4391 04 0.25,0.5.,0.75., 1,
2.5.5.7.5.10 mg/mL [¥J Cur 24 , 43 93% Cur 5
FLELZGEL B 1 4 A FLAICRE 1R AT, IR F R A (%R
40 kHz, 228 250 W) AL P 30 min, ZR 5 7E 37 C T ER
AW he AR EE 3, WM TE RS, 25 L
12 000 r/min 2.0 15 min, &3 3 %k Fiw . B
0.5 mL, & T 25 mLig @it , HIOK CREESS IR,
SRJG SR FH“2.17 30T HPLC 350 2 7 Cur 1975 12, 9F
FE“2. AN A TR R A R, S5 DL 2A

HH T8 2A AT U, WU i Bsf, 28 24 1 R 6 232 4 B
Cur $ 24 B I BG I 55 5 24 Cur 254 B 5 mg/mL
BF, 2% 25 3 [(23.24 + 0.21) % | A1 W B 22 [(30.27 +
0.42) % 1349 35 3 e KAE, HL I B A9 £ 85 % 315 (93.89 +
L11) % ; W), 3025 B A B R IR IR . IR, AHF
50 Cur (AR 25 FE 0 2 4 5 mg/mL.

2.5.2  Cur 5 FL%24 LWl 2

PATGIK LR v 750 il 4% 6 03 o e e BE 2424 5 mg/mL
() Cur W, 43 514 Cur 5 FL 4% 25 Uil 1:10.1: 8,
1:6.1:5 14113 By i AR A FL Gk, Hoas b
BE[R“2.5.17 3 F o SRF“2.17 3 K HPLC 5 2 A e vh
Cur & &, 42,47 T Jr ik T4 2 2 A %
RIS 3, 453 LK 2B,

H1 1 2B AT O, M G b, 2824 et R B R Bl 75 FL
HCRE B 2] LA A 38 I T A8 5 24 Cur 5 FL GOk 4824 L
B Ry 14 wF, 25 5 [(23.35 + 0.64)% ] F1 W B
F[(30.46 +0.41) % 13435 B KA, HULE 94 B8 8
(92.21 +0.59) % ; L )5 , #2058 5 W R TF 46 R
KM , WP B 24 2E Cur 5 FL 4% 25 il i 124,
2.5.3 W BAFAS (i) (i o2

PAICIK 2T s S0 45 4 40y Jo sk BE 35924 5 mg/mL
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Fig 2 Effects of different concentration of Cur, Cur-
FL ratio and adsorption time on drug-loading

amount and adsorption rate

) Cur % W, 439 ¥% Cur 5 FL 4% 25 HL 9l 12 4 A FL 3%
B, W BRI 43 58 0.5, 1.1.5.2 h, Hige A B [H “2.5.17
R, SRA“2.17W K HPLC I 2 Wi P Cur 155 &
FeH 2. 47T R ik P AR R R IR E A 3
WA R 2C,

HE2C AT DL, B 1 h 5, 2k 2y 5 [(23.10 £
0.79) % |FIME 22 (30.04 + 0.29) % 1343k K, ELII 4
FRIK(91.68 +0.59) % ; ML, R 24 = AR B R 35 - U
TRE. PRI, AT IR 20 7 FLAURI B Cur [URE24 1)
e AERFEIA 1 h,

g5 b ik i Cur-FL 2 G MR il s T2k K%
FREL Cur J5UR 2 0.050 g, 3% T 10 mL JEK £ Fst b il B 5
SN 5 mg/mL Y Cur ¥ ; 1+ Cur S8 RIS INA

HIEZE D 2021 AR5 32 4545 7

FL f0RE 0.2 g, #8 75 (B 4 40 kHz, 2% 250 W) 4b 34 30
min, 37 CFABEM T 1 h, 285 LA 12 000 r/min 50> 15
min, 372 PG, UOEHE T WFEE , BIAR # {4 Cur-FL &2
BRI HE 247 WUR R INAR DL A T AR
3t Cur-FL B & My AR i #2180 (23.37 +0.43) % A8
A (91.64 +0.44) % W [ 2% K (30.50 + 0.72) % (n=
3)s
2.6 Cur-FL E &M ARHERIE
2.6.1 HMRIEA LR

D BERFIIRE S (FTii e e L 1 2425, T
[7] ) VA AR AR i b, KR B e [ T4 Al b
W% 4 Jo AE 4 L B A SR Cur-FL &2 A W R Ak
RIEA . 4558 57n, Cur-FL & 4 ¥ AR S BAETE S WL .
Cur-FL & &R R i $ i B DL KT 3.

-

g
.
~

53400 15.0kV 8.2mm x5.00k SE

B3 Cur-FLEAMREEHEEREE
Fig3 SEM image of Cur-FL compound powder

2.6.2  FAMLFEE K

K P8 F I 2T ARSI AU R R b 10 2% T Ak 2 25 0 F
FFREI . 43 BIBRBURE (i [Cur .FL #0KE . Cur-FL &5 ¥ K
1 Cur+FL ¥ BEA Y (1:4,m/m)145 2 mg, 43 51 5 4k
B 300 mg — A AFEER 5] ML RS , £E 4 000~400
em” ' PHGEF P TR AR BN SR, WL 4.

WE 4 B AABFSE 1S Cur BT AN EIERT & R 58
ZLANERE ZE F e s B9 Cur 204K, FEAE 1 506 cm 4k
A 1A AR s FL ORI AE 3 3621 036 em ™' A AT
FRAEVE ; Cur+FL W) PR & W) H A Cur A1 FL f0k7 A9 X
FRAEI  BIZE 3 366.1 5101 032 em ™' Ab&A 1 NMERE I
Wil 5 T Cur-FL &2 G 83 AR ] 2 BB FL Ok A9 R fiE
I, BIFE 3 364.1 032 em ™ "Ab A 1AM . BT FL
R LA TR AN HL e FR i R K, TR AE AR TR 1) 2%
Tt 25 W B/ () Cur, (BRI S B BB BT 8
U5 BT, FL 318 W B Cur % T J07K 2B, T FL
RN FICK B, b i 2845 ) Cur-FL &Z S # R
R W Cur EREHERR . 455 1 3 By L Be 4
T SEE D Cur 8% FL 0B 32 22 Wy BRI BT 2L TEHr
B NFRFLBR Z v, oAb~ 250 WA AR 1k
2.6.3  AELARME I

R FH 28 7R FE A A D R B P IR AR MR T,
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3364 — 7, )
i & ,.Cur-FL HAEMAE
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B4 Cur.FL.Cur-FLE&MAKXM Cur+FLYIERE
MR LT S T 4 AE

Fig 4 Infrared spectrums of Cur, FL, Cur-FL com-
pound powder and Cur+FL physical mixture

FFREL Cur J5iH 25  FLGRL . Cur+FL Y BIR A 9 (1: 4,
mim) F Cur-FL & G5 A 4520 3.0 mg, B T4 H S,
i BB AT -2 SR s B AT R RS
oo SR FH 22 44 B A it 25 A CRU O T
60 mL/min, 7+ I 2 % &y 10 °C/min, F+ i 5 F Ky 20~
350 C)HA T4 AR LI 5.

4 4
300
3
250
g 25 \E ] 200 &5
] § " E
15 FL il i [ 150 ~=
2 B ey I [ L Y
04 Cur+FL ¥ FER: !
1 Al 100
| 1
R [ - Cur-FL & kA ,g ! //I\v/ \\- .
s 7«‘9“,- ; -. washre \'\\‘Q o
V™ ek T M, -
—2- T T T T S =
0 5 10 15 20 25
1], min
5 Cur.FL.Cur-FL E §# % Cur+FLYER&
MR E T ERE

Fig 5 DSC diagram of Cur, FL, Cur-FL compound
powder and Cur+FL physical mixture

WKL 5 fif7R , Cur 76 87.35 . 183.35 “CAbELA FHEML I
I ; FL fCREAE 215.82.232.14 ,241.41 ,295.98 “CAb HAT
FEWE W 0% 5 Cur+FL 4 380R G- W REAT FL f0kr (8 4R ik W 1
U |t HAT Cur FOERAE R 04 5 17 Cur-FL & 43 4 1Y 45
AIE W2 g U PR AE 213.37.233.53.241.78 C At , & TG Cur
FRFAEIR S . LA 25 SR4RR , R 43 1) Cur £ 4% FL
TRORL R B L PR AL, T 20358 0 W B A FL ks 3%
T 11 Cur ELV T I0/K LB 3 e i 37 25
2.6.4  Cur-FL Z &R AR A2 % 42

(DFAERE . 4% CHR[18] ik T g o B el
T34 Cur-FL & & ¥ AR WFES J5 12 200 H i, 25 H
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B— 5 mL TR EE B RS AR Lo (m) 5 S8 5 B 2ot
J5 1 Cur-FL &2 A By R G218 in A B R 2 ko Ho it
(my) , IR A ARAETL (V) . DT AR
Cur-FL & & T W AN B AN = (mo—m)/ Vo S
FHEIW, 458 BR,Cur-FL B & T B % E N
(0.21+0.02) g/em’(n=3).

() PRI E . FSCHR[19) 5 e AT 58 o Bt
P T HAF Cur-FLE ARG & (A1 g) , ZEIMA
— 5 mL T A v (JeFRe s B, 10 my) Kt i
O AR iR 52 200 TR, 90 SR iR SC R R 1 5 A (e, 05
=) FFEBGEE R o # LT AG T
Cur-FL & A& T PRI IR E =mo/ Ve AR
B3, 45 RWR, Cur-FL 24 T W IR 52 % 5 N
(0.33+0.01) g/lem’(n=3),

(RIEAA o SR B IRk e . 3 H
Ui 2F R BT 181 TR /K& AR B2 1 em AR B
(CHDAb KA S A W TR S RE(R S b i e =, L3
Y% IR B A B A w4z i 21 s < 1 A7, D0 [
HENRGHR Y B4R (2R) ISR AL A (HIR) o B E A 3
Wo R BN, Cur-FL 24 T8 K 1k £ ok (24.07 +
0.31) °(n=3),
2.6.5 SEHPRIARFNZS R )RR I

el FH O R B SO 2 F B A T2 il 4% 9 Cur-FL
BAEMARWRAE S, R ELE 3K, 4558, HTP 58
249 (3.96 £ 0.80) pum, H AL JLARLAR S (5.52 £ 1.20)
umo AR5 DL AT K S ki (D)

DFDS\/%O e, DI P SUATRIR 5 p, AT CURE

W HBUE IR TTE L 1.26 155 p0 NS IR, N 1
glem’s ) M STEAE T BRIER =1, &A3CRA 1) . 18
HINHK DAE1~5 pum PR AT LABA AR,

TR A F L T AR Cur-FL & ARy AR
f D, A (3.33+£0.99) um(n=3), 454&“2.6.47“2.6.5" 1
TEER, il Cur-FL 52 A By AR AF G IoR A ZEK
2.6.6  WFRAENE

Fi SCHR 217 iR BN T . e N Tl
(5 mL) ¥ A J5T 14 HE T O 4% A3 dit Cur JFURZY (5
mg) .Cur-FL &2 & T8} (% Cur 5 mg) Al Cur+FL Y/ BR &
Yy (Cur MIFL A s e oAy 104, Hi % Cur 5 me) , %35
BT 37 CHIEIRZ AR N Y 24 h(5538 4 100 t/min) , 2%
JEBURE 1 mL, ) 12 000 r/min &5.0> 10 min, B I, &
0.45 pm JE B U85 AR W . SR H“2.17 3 F HPLC
TN B Cur A5 1t B DU A5 (g e v R A o i
S AR L B BT B A AR S R e
FHE 3,

S5 BN , AHES T Cur Ml Cur+FL ¥y BRIR A W [VA i
FE43 o (109.34 £ 1.52) (93.13 £ 1.75) ug/mL], Cur-FL
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525 ARAE N Tl A B 5 A 3 B =5 [ (358.93 + 1.67)
pg/mL]. Cur-FL & 5By ARTE N T b (9 %5 % FE 2 Cur
() 3.28 4% ; 1 Cur+FL P HR A AR A $2 55 Cur 9%
T, H AR B ST Cur, 7] WOKF Cur 5 FL fok 2l
S IR A B 7 H R L DPIAS REIA BI85 Cur A
) E o A AR FL GO nR VT 0K 2 BE Y
Cur W% [ 22 N FRFLER A 5 A HE F Cur A1 FL+Cur #) PRI
EW, Cur TE KA H AT A Cur-FL & A By A LB H B
R, B T Cur BRI, A S i 3% Cur
TEMR PN SRR
2.7 KHAE

Fi¢ 2015 A7 R A [ 24 i) (PO ER ) 8 D) <0832 7K 43
SETRT AR T E R KA, B Cur-FL & A
WA 2 g, VHIF T 240 5w 1w JE AR B b R AR
#at 10 mm) , B 2R (my) o FF)R LSS, 78 100~
105 CF T4 5 h, I 56 w5 45, B2 B TR, g 30
min, FRE H TR A F IR S ERAE, R e
FE (FELE 2 YOFRE IR 5 25 5 AN 5 me) Bl
myo MRARISR I o, TR S K K (%) =
(mi—m2)/mx100% ., RIGTEE 3R, 45 R B, Cur-FL
AR AR &K SN (5.63 £0.24)% (n=3) , #4#4 DPI
FaE MR RS #E1E9.09% )™,
2.8 Cur-FLESTHHZESHNEUERER
2.8.1 HEz= e

HR A 2010 A R € Hh ] 24 M) (350 B SR IL 300 F ik
WAER B 10 H7 25745 Cur-FL & 48 A& 1 4 -5 07 Jis Jie 4
(ELH2K Cur-FLE A AT T 4 5 B I 3 p BIAS)
PR LT (my) 5 SR 5 K I B8 B F Aerolizer® Wi A
BB N, LA(60 +5) L/min (MK 4 0, BRI 1.5 5,88
Je U R, B R (my) 5 FHZ ISR e e 2 9 £ 5%
BN, FIFRE R ST (my) o $2 LT AR
Jie B HE 25 L HESS R (% ) = (my— me)/(my — my) %
100%) . RIKERE 3R, 45HR BN, Cur-FLE S BN
HEZ2 % (92,53 +0.87) % , 259785 1 [ 245 3 ) B 1) i
GBI EE 90 %, FF A ¥y 55 7110 T HEZS SR M RE K
2.8.2  WRIME BB TR

HRAJE 2015 4F g € H =l 24 81 ) (DU ) 38 ) 0951 35 F 7
TR A B 1 OW R 5 4% ) W 5 Cur-FL & & R K 11
A 7 0 o Bt e 2 (ol 5 ik TR) <2.8.17 0
T UKL, BT Aerolizer®W A& B PN R , 38 o 653 B #5
SRR R 4, TR B A, LR R O (60 +5)
L/min #EF TR WE &, 10 s IS EUF W A 2%, 84 iR
Vi, L2 ORI . LU TR R S TRz I
W BT G I 5 e A 50 mL kR @bl R, ek 2
BT 2% o F“2. 117 TN A8 35 A5 5 5 Cur 75
AR PTUR R (CHAE R AR /N FAR 8 21 10% ) « TTRTDR
(% ) =55 2 43 An i P Cur A 245100 /FF S R 3 /P Cur BL 24
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Hx100% . IR 3, 455, 15 Cur-FL & 5 Hi K
HIARSNG B AT DT RN 264 (45.93 + 1.77) % , e H % 4k
PERERCT , £54 DPT Y ZER 2
2.9 Cur-FLE&MRMEIMELIFHEER

K % FREL Cur J5RH2 5 mg  Cur+FL 1 IR 54 25
mg (Cur JFURF24 F1 FL Ok 9 i & ke 1:4, 7% Cur 5 mg)
Fl Cur-FL EZ A K3 A 25 mg (£ Cur 5 mg) , %% 347, 735 &
T 100 mL HETEHH L 23T A ek e ol (8 AT g (5
0.5% % 11E47E 80)50 mL , KA HEIE U T4%344 80 r/min |
TELEE R 37 C YRR, F0.033.,0.083.,0.167.0.25.0.5,
0.75.1.1.5.2.3.5.7.9.12.18.24 .36.48 hHH 4> HIHLk
I mL([RIBF#ME L mL TR ) o B IGH R OR
F 12 000 r/min &> 10 min, W B F 3, 4500 . R
“2.17 30 HPLC 75005 AH R B[] 5 () %5 Cur 5%
B HEHRREWE (¢) , A& mHa) S ) ERR R
A RFBUBHCR : REREICE (M) =c x50+ X ¢, 15 BFUREL
(% ) =M/M,, 2. M, ly Cur ¥ &1, Cur.Cur-FL &
A AN Cur+FL PR A WA I8 b (4375 H il 2
L6,

100 4
LS "
e
80 4 " -u- Cur-FLE A K
25 o Cur -
< - A CurtFLYHIR AW
o 601 M
A!H_- "- 3 b4 *——¢ *
& g it :
40 A f
B 4
0 41— T T T T 1
0 10 20 30 40 50
I, h

6 Cur,Cur-FL £ 5 ¥R Cur+FL#ER ST
AN TRl H A H e 2k
Fig 6 Dissolution curves of Cur, Cur-FL compound
powder and Cur+FL physical mixture in artifi-
cial lung fluid

FEN TS, Cur, Cur+FL ¥ BYR 4 ¥ #1 Cur-FL
HBAEMARM L h BRBHCE 518 37.99% . 41.32% |
49.55% ; Cur-FL & & ¥ K 1 48 h 2 BURE il % ik %)
90.21% , #J 4y Cur 1 Cur+FL ¥ BIR & W11 1.63.1.78
. DRSS BN, FERI S &M T, Cur-FL & A M A 7E
U R i Rk RE o X, # Cur il 55 2
4 ) DPLH Tl A 25 2% , B3 T Cur 761 N IR0
WS A % 45 28, [RIBs PR A 6 ] DL, Cur 76 N Tl v
R 12 h B TR E , SL B %60k 55.45% 5 Tii
Cur-FL & A5 8y RAE 36 h B A K25 8, X H /R FL
FRCH 2 BFEFFL B P B Cur T ZRA2 5 i TR s b, A
B F Cur Ml Cur+FL &2 & ¥ K , Cur-FL & & ¥ K Y BE 24
BOR-E , HA — i R RRICR .
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3 it

COPD [H it 248 A= T A | MliLiz 22, A K ) 1 24
YITE B RN IS0 2SR 7 SR 25, 3
k45 i, COPD 3 1 95 A8 L il 22 Sy /NS B B %€, HL
COPD Wy E EH IR A F /NGB E W™, o] WL, /K
TP (SAD ) i 52 5 () A 2R (il < Ji ) &% COPD %
) & i AL, e S A2 R A I N, A T
/NGB BHZE X COPD (3R Y7 B B2 f B S B ™,
R v B ) 1 /NACEE 3 3% 45 24 1T RE 2 COPD ¥R Y7 1Y %
BB EINN, ZYREDUR /N ARIAR N T 3~
4 pm, MAEHARE O F B 28 K sh S 2= HAR NN 2
um®, PR A — A 25 24 5 rT S UURRAE R /N
AAE A B I TURUR | n] A sGE R NVS
TETE A SE T RE 3 G b 45 i) COPD 7 1WA
il 772 H A A 25 29I S . ISR FL
THOREXT Cur HEAT I [ , Cur-FL & A8y AR AE N Tl
H 24 h B EE R Cur 1 3.28 1% .48 h BFURSME R
kg Cur 1 1.63 15, A 83 =5 T Cur F¥ it A0 AR SMEE40L
Jili N B R 25 8 1, A5 SRS B Cur 76 il Y 5E 67 #8140 347
COPD #[RlHkAAN B RO 4 & o

il 78 Cur-FL &2 ARy K iyl i rp A 5 30l e
TG TP FERS T B0 E R B B 5 T R e b 1, FLR e ik
P AE 300 r/min P, AR 11 20 B34 & 10 52 e 2 R A850%
W RS2 B, 372 W B 2R A 590 P HE I 43 A ol
B 28 FL BORE A SR FL B L 286 B F FL f0kE 2 18 79 Cur, b
Ab , HF Cur X6 B, B7E 056 o R R v Rk O
EE(on

2R 2 IR SRR Al S, B e i B
TR A, 5% J5 2 4 DR B0k Hh 5 i o R i HE ok L 2
SRl NG s A T ASRIEGE SR N T AR A FL
55 R AR N W TE i DT R 5 It e EEL YR A flh 1 o
o LR RZ RN 2 20~50 mL, HJRE 2=
SEREHK(0.07~15 pm) , il E Al R TR (29 100 m*)™,
DRl 2 P A R 47 RE TGV i R 24590 , T i
AR S YRR A XA ROk . NFL 2a/pE &
SEERAS, 30 s R IR IR 45 R R FLAR B 7 Tk, X5
FIF Cur-FL &2 A8 K — ELITRR Z2 fili e Y3458 78 1) DX 34T
RERCUT M Vs i FL 42, NN FRSL B rh RS S Cure A
FEAR SN N Tl VR 253 B0 45 R S8 , AR Cur JBEUREZY
Cur-FL & & By K HA B AP R e, 3 5 a4 —
B, #27 Cur-FL &Sy AGE BT IR 45 24

L5 LTI A IR P RO B ) £ T — i A
B 4N K Z2 L FL 9087 25 2% Cur i DPL,  FL {0k A] 6t Cur
W BT L PR B FLBR N, 76 B 5 R 5 T Cur i A )
i, 38 T Cur AR E M , DA T34 I 25 90076 il P B TR
PE—2 %} Cur-FL &2 5 M A B AR T ik Kk oy
s (R I ez KB i ae A T8 585 R,
IRFRFRIFF A (P E 2 ) X DPTAEEK .
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