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Preparation of dry powder inhalation based on phytosomes-chitosan
microspheres by spray-drying method and study on its characterization

LI Na, TANG Dan-dan, WANG Li-wen, XU Xiao-yu, ZHANG Ji-fen
College of Pharmaceutical Sciences, Southwest University, Chongqing 400716, China

Abstract: Objective To prepare a dry powder inhalation based on phytosomes-chitosan microspheres and to investigate the
possibility for pulmonary delivery. Methods Curcumin was selected to be model drug. The curcumin-phytosomes loaded chitosan
microspheres (Cur-PS-CMs) were prepared by spray-drying method. The technology was optimized using drug loading, angle of
repose, moisture uptake, theoretical aerodynamic diameter, and aerodynamic behavior in vitro as evaluation indexes. The optimized
Cur-PS-CMs were characterized by SEM, DSC, and X-ray diffraction. Results The drug loading of optimized Cur-PS-CMs was
(11.79 £ 0.82)%, and the theoretical acrodynamic diameter was (3.93 £ 0.53) um. The fine particle fraction and emitted dose were
(59.36 £ 5.17)% and (98.55 £ 0.60)%, respectively. The humidity uptake was less than 10% but the powder flowability was poor. SEM
showed that Cur-PS-CMs were spherical with smooth surface. DSC and X-ray diffraction verified that Cur was not released from PS in
CMs. Conclusion The PS-CMs prepared by spray-drying method may have a potential to be used as a dry powder inhalation for
pulmonary delivery.
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RIVRTT o AR, SR AP B RL i % (1 Ao
BARGW T WAL, g8
T REGBAME, SRR A AR )
PR A A o, AU F T 4h 25 &
gil¥10L (1) SETRHH S I R v e 4 e i 2
YIAEEL, HEA R (2) 5k
BT IE AT, BB IV R SR AT AT B, 2
AR, FRATEBRA, KA R R (3)
BATHMRNE, SRR ) S O s R R i K
M, RRRARIE R, 3 W 40 P P e

Ji v 2 T 0 1 70%~85% M g i, LA
B A b 2 BRI AR il 45 2 b AT AR AH 7%
VEUF . DS . B R A 2
MR 12181 2 L], DAALAR Sl A ikt —
FR2iats, BRIt 25 M SR K M55 3 R i 1o 56 IR
IREEI b R A P gt N B, S5 BRI . BE AR
WENR S G R0 e SRRk &5 5 R — A S B ik
WEE R AW BRI MER (PS-CMs), HI T HE T
YIRS LR 25, R 5 SEBEER  RFA n 25 0 1)
RN e, S R, A BENR S et
2y R e, T B I A K 2 IR, B
JrR, O A RAR R I .

ZE7E % (curcumin, Cur) s \NZERMEYZEIRT
MR A RS 2 —, THEIfE AS49 4i
M. R IE ST, OB
TSRS L Ol RA% Cur X Tl BVE T /R,
WA ZUR FLAT R A R IR . AR1fT, Cur 7K
TEERAR, BRI T B s Fgofe, AR AE90R)
FEAZ 1%, 3 525 25 I DR K 5 9 kR . T A2
TEBTE At . Rk, A DRI vR 7 i
S (PR 2B FNGE 2 R 5.

FFFCR W 55 1502 46 Cur-PS-CMs, XL T
SHHT Tk, S ER S S s RN T S
pm, PRSI TR Zk £ 59%[#) Cur-PS-CMs,
HXTAER PR 5T T 3R 16, WFTEs Rnl ol
HE—2DHR1T PS-CMs W N5 24 11 P I S 1 2 TR
WCHLIBE e BEAl, A BIE R NG 25 IR ) 25 24 %
GRS,

1 XES5HH

D101—S MG HiFras, VLIRS SIRTH R
PG PR 2 ] s TY92—1I DN 8 75 35k 40 s L,
TWHTE R A A BR 2 7 s BT—100 THfE S,
WY HTAER ) AR A F] s MR -AR 2

EL2046 BT R, R FAEA R A A
BS—IE {Hild k%3 7540, S mRIA L
Malvern Mastersizer2000 7Y ¥ 3¢ ki B 4%, 3%
Malvern A )5 ZS90 ZHKKLE f Zeta ALY, TR
AHE UV3100 %46, REFHEAMRAF: S3000
FIi e~ B8 (SEM), H A Hitachi; Veco
Multimode 5 T J1 B4 (AFMD, £[E Veco A #];
200PC KT, [ Netzsch; YC—O015A i sk
B =G HAFIE TN, AR RS 5 A TR
AF]; MSAL XD—3 B X B R ATH, b at 3 4rim
PSR TIT A w] s s digs (% (hIE
Zii) 2010 FERRPA SR X H IR, AHD; 2ol
AN, RIS TAHRAFE.

Cur (b5 120513, JiE%0>95%), MHifHsk
KAEWREA A KEHENE (PC, #t5 120819,
R E>90%), EiE AN A R SeRmE
(CS, it &BEEE 93.2%, FiEE 112 mPa-s), b1 FH 5%
A RA R 3 SR, Bre E ARk A
AR AR Hrat.

2 FEEHR
2.1 Cur BSUE

S SCERTEEMY, RIS BT 420 nm 4k
J5E Cur HE . KEFRE Cur 7.5 mg, FREEEESR
100 mL, f9JREIRE N 75 ug/mL [FfE /. K%
WZHL 1.00 0.5, 0.25. 0.1+ 0.05 mL &, FH A -
0.1 mol/L #& (1: 1) &% 10mL, SAFIE
WRPLH Cur X HE S, 420 nm AR EWROGE (4D
i, WERATRE . 85 507E 0.375~7.5 ug/mL 3
FE[ P4, Cur 7 420 nm 1) A {i5 Uik % 22T CR,
)7 FE 4=0.159 9 C+0.008 7, #=0.999 9.
2.2 Cur #BEEAY (Cur-PS) KD ERHH & &
4 R

ISR TR % Cur-PS K BT AT
FAE. ¥4 0.5 g Cury 1.0 g KEBENEHT 50 mL Tk
LEEY, 50 CARMEHRE (1000 r/min) 5 h 4]
HEAE] 2000 mL 47K, kiR (1000 r/min)
30 min, BifH. HEEEE Cur, M 50 mL /K AEE
VAR, SJETEAE] 2 000 mL 4lizkr,  4kEE 30
min, 3 Cur 7K EGH (XD

53 MIEL Cur-PS 7K 43 BB Cur 7K 73 B0 AT,
MT =B B, BRTEEH AFM MRS ¥
IR B R 5 B KRS e Zeta FELAZAC
SERLIEA Zeta A7 . 4 °C, 30 000 r/min 50> 2 h,
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Cur-PS /K70 HOK SR s 0L, SSiCE 7 d
Ja ANRTE I AR Cur K/ HOBUICE. 12 h B4 W

A 24

CERELE AT
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BT/ um

PRAAMTTI / pm

1 Cur-PS 580G® 2d, A; 3d, B) # Cur k5HGR 2d, C; 3d, D) B AFM BEEE
Fig. 1 AFM electron micrographs of Cur-PS dispersion (2 d, A; 3 d, B) and Cur dispersion (2 d, C; 3 d, D)

2.3 Cur-PS-CMs B9%&

FREL—5& R 7e 58 0E, 1 200 mL 1%/ E R 7K
VEIREAR, INAE] 2 000 mL Cur-PS /K7 i,
REHA], PEEEEAE N (2000 t/min) A 1 mL/min
(3 430 0 = SRR (TPP) WA, HhrE S,
7 EIEWOE WS TR, AW R dEOEE R
140 'C, WiZ K Sk 0.3 MPa, {3yl 3
mL/min, MMBIEN 20 Hz. T25MNE 1.

2 000 mL [F] SRR EN Cur Ko HORACE
Cur-PS /K7 HOR, HARFKAR F7, [FEG% Cur-
SERFEMER (Cur-CMs).

2.4 WHEKETITEM

2.4.1 #HZjE (DL WS R, KSR e e
(W), IR A %57 CFFEE-0.1 mol/L 2582 1 © 1)30 mL,
PRIGH A G 0.45 pm PSLIEIEE, Mks— e fis
5T 420 nm P2 4 H, V5 Cur JREIRE (),
TR DL: DL=p X30 X Wik &5 / W,
2.4.2 WRTE  HCE EIER, RS IR (W),

SRBURMIATEE K. AFM T Cur-PS £ K
BRIE, S33%5), 1 Cur Ko 0] WK R A4 ELA
Ji (B 1o Cur-PS [ RiA2 A (42.5148.05) nm
(n=3), P4 Zeta {7 Ky (-13.37£1.94) mV (n=
3), FHEEERN (90.27£2.04) % (n=3).
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%1 Cur-PS-CMs ITZ &4
Table 1 Technology of Cur-PS-CMs

&7 PC 5 CS CS 5 TPP TPP [ i
i Jo e Lt Jo e Lt I %
F1 1:1 1:1 3.0
F2 1:2 1:1 3.0
F3 1:3 1:1 3.0
F4 1:4 1:1 3.0
F5 1:5 1:1 3.0
F6 1:3 1:1 1.0
F7 1:3 2:1 1.0
F8 1:3 2:1 0.2
F9 1:3 2:1 3.0

JBCE T 25 °CAHXTRE A 75% AT NaCLE
P 7 d JEECH, RS RREMER R (W), % T
THEREE R s R = (W, — Wo) | Woe

243 Gahtk Rk R T LA 5 mm (1)
P 2F, AN 6 om (1) = B GRS L 35 M fE PR L
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TE R HEAAR o I B HEAR Y G RIJEIR I FL AR
(d), % FRHFMARIEA (@: tand=2 h/d".
244 PREEE (poy) HEEHIC—ETHE (W)
TUERE T EIKM 1 mL WRHES A, R
M5 em EEVE T, RS 500 Uk, SRR
7y PRI pap: pap=WIH,

2.4.5 RiAR R OGRS e SO 52 S ERK T
BIARUE (DO~ dogs dos M doo, 15 TSR
(span): span=(do.o—do.1)/dos""*c

2.4.6 RIS N AU
KEIIFRIAE (DD: De=(puy/po)*Dyr HH1 pp=1
g/crn3[16,18]o

2.4.7 RAMIIRPERT  feHE (R EZh ) 2010 SRR
TR S X H T FE - FUTBUI D L i
7 mL Jo/K SEEAE AR, 75 ey iB UM H don
N\ 30 mL Jo/K SRR RO . HUIRHE 1 kL (64

20 mg fHER, KEEFRE R, BEWAREEN, WA
EE NG HA e O SRR B 2K R %A
e, MFIRIGEZEE WML, HRREfn:, I
FAAAE, WA EATILIAS] 60 L/min, 10 s JFHUF
N BUHIRRE, ORI AR 254, HH
0.1 mol/L R (1@ 1) Wi ERE 2 hfl,
MHE Cur WE. FIFEE-0.1 mol/L & (1:1) 4>
BIBREIR NS B B BEGH . 1 WA
AT 2 oA (RFEFEN . MR )
(T, e B R T— e R s, &S
HERBZIE, M Cur iR, % FRTHEA R
Pyt (FF) MfIHEAE % (ED): FF=2 %01l
(K25 5/ B R R 255, ED=1— IR 431 24
/g Ry e,

AN B4 & R T % 22 WK 2,
PRAMIURREE IR WA 3. tHEK 2 3 o %n, SeRME S50

R2 FRIZHFHHEFHRIKAIMER (x£5,n=3)

Table 2 Characteristic of microspheres prepared with different technologies (x +s, n=3)

Yi DL/ % WA /% 0/ Puap ! (mgmL™") D,/ um span D,/ pm
F1 19.4340.39 420%1.13 23.63+3.74 0.30%0.02 14.33+1.28 1.86%0.05 7.84%£0.79
F2 13.10%0.15 6.19+0.45 35.2243.74 0.4440.03 8.88+1.21 1.9240.09 5.89%1.11
F3 10.35+0.45 9.1940.77 4341£1.40 0.53%0.02 5.65%0.66 1.8440.02 4.11%£0.67
F4 6.8310.05 19.33+1.54 43.03+3.91 0.5940.02 5.84%0.80 2.08%0.12 4.481+1.06
F5 5.25%0.15 20.91£1.78 42.27+£2.26 0.6240.01 6.3911.06 2.08+0.01 5.03£1.03
F6 11.43£0.75 10.48+0.97 42.61+2.94 0.4940.03 5.80%+1.02 2.0410.08 4.061+0.78
F7 11.7940.82 9.3240.88 46.85+£0.49 0.5040.02 5.51%£0.77 1.8610.13 3.8940.53
F8 11.85+1.74 9.49+0.64 48.09+3.41 0.50£0.01 6.19+0.75 247£0.11 4.3740.83
F9 11.36+£1.08 9.14£0.93 48.01+2.42 0.50£0.04 5.80£0.90 2.18+0.17 4.10%+1.12
Cur-CMs 14.79£0.45 10.16+1.08 48.724+0.99 0.51£0.04 5.19£0.40 1.75£0.03 3.71£0.57

3 FRIZEHH &HHMIKEEINTR (x£5,n=6)

Table 3 Deposition in vitro of microspheres prepared with different technologies (x+s ,n=206)

g 2 QoA 1 VoA 1 RIS S RO/ WRAESRIENCHS / NS REE / ﬁ’i&/ﬁﬁ s o,
mg mg mg mg mg mg 1%

F1 0.412740.0272 1.924 6£0.098 0 0.290 60.017 8 1.156 2£0.108 8 0.3390%0.026 4 0.059 0+0.000 5 9.87£0.55 98.76%0.72
F2 0.699 010.058 1 0.487 0£0.035 0 0.185 0£0.029 9 0.5322%0.010 0 0.6350%0.054 6 0.090 340.000 8 26.59+1.74 97.11£0.97
F3 1.1154%0.1209 0.4150%0.010 1 0.051 1£0.004 9 0.476 10.0572 0.468 810.068 2 0.035010.000 3 43.55+3.81 98.8710.34
F4 0.485120.003 1 0.1652£0.023 6 0.064 1£0.001 9 0.173 8%£0.014 1 0.3173%0.0435 0.014310.000 1 39.77£0.31 98.7610.24
F5 0.256 610.018 4 0.128 5£0.021 0 0.053 7£0.001 0 0.297 1£0.0193 0.1522%0.0173 0.004 810.000 1 28.73£2.06 99.55%0.19
F6 1.4927£0.1132 0.2720%0.007 5 0.034 8 £0.001 6 0.149 610.004 6 0.847 1£0.0445 0.116 8+0.001 0 51.24+3.48 95.57%0.76
F7 1.605 1£0.1457 0.1303£0.012 1 0.031 0£0.001 9 0.157 5£0.014 1 0.738 60.087 1 0.041 60.000 4 59.36=5.17 98.55%0.60
F8 1.306 2£0.120 7 0.295 0£0.010 5 0.020 5£0.006 0 0.128 30.0157 0.924 8+0.0747 0.151 5%0.001 7 46.21£3.73 95.52%1.16
F9 1.2923£0.116 7 0.340 2£0.014 7 0.049 7£0.021 5 0.153 620.047 1 0.808 3£0.091 6 0.119 7£0.000 8 46.76£4.15 96.551+0.68
Cur-CMs 1.434 740.130 0 0.304 1£0.005 5 0.023 10.001 2 0.138 4£0.030 7 0.7444£0.061 9 0.1332%0.000 3 51.65+4.19 96.26£0.22
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NIRRT LEISF Cur-PS-CMs [P RAE 1R KM 39
FERPENI M &, DL FRAG, W rEigss, mahtEa
PRI SN AV Y AN (BRI B Rt
)RS fa T SRR 3 01 B, B
(RSB 1A RN, RSN TR ZR R T
K. FeRBEE TPP [ LA TPP IR XS
Cur-PS-CMs [{5EMAHE /N o AN[F) T2 46 IO ek FE 2
RIS, LT MM D .

2.5 THEKHIEHIRAE

2.5.1 ZRFHiEAGE (DSC) 8T 4%t Cur.
AR R AW -2 R PEMER (PS-CMs). Cur J5k}
2 52 IR E G- 78 R BE BRI LR &
(Cur+PS-CMs). Cur-PS-CMs (F7) FlI Cur-CMs
HATIAR . TAESAME: THEVEE N 40~240 C; Tt
RS 10 C/ming SHYAZ RN, RN
B UREDHECH 99.99%). 4R WK 2. Cur £
171.6 “C A BRI #AUE, PS-CMs 71 90.9 CH
1 N3l Cur+PS-CMs i, FAERM 5 65 2
86.2 'C, Cur [WWHFHAIEFRL 4 167.9 C: Cur-CMs 4
WIAE 89.4 CHI 175.1 C s HIUERFT Cur WL
U, 58 Cur FIAFAEIRAS 5 IR 254 ] ; Cur-PS-CMs
TG Cur [T AAUE, THOKIK ST RS &2 79.9 °C, BEH,
7E Cur-PS-CMs H Cur {5 LABEIE & ST XAFALE
252 XWEATHH(XRDYHT AR« 2.5.17
TWle TAESLAE: Cufll/HEERELEE, BHEA 36V,

A

(.) 5'0 160 130 2(')0 2.50
T/ C
2 Cur-CMs (A). Cur+PS-CMs (B). PS-CMs (C).
Cur (D) #1 Cur-PS-CMs (E) #5#) DSC Eig
Fig.2 DSC of Cur-CMs (A), Cur + PS-CMs (B), PS-CMs
(C), curcumin (D), and Cur-PS-CMs (E)

BN 20mA, P9k 0.01°, FREEE A 2°/min,
SREEIITA A 1 s, FAREVEH R 5°~40°, KAF 5 ) XRD
P DL 3. 1 3 R, Cur 7F 8.9°. 14.3°, 17.3°
LA Z AR I 4 AT PS-CMs A1 Cur-
PS-CMs [f] XRD K3 o] & 1) Mg Cur b
PS-CMs W) EIR-EWIIETE N 2 B i & N, Cur
16 8.9°H1 17.3°MFFIEIEHE; Cur-CMs /R H
Cur ) ZAMRHIEATHE . AT 0L, £E Cur-CMs 11, Cur
PURGR T TE 04746 s 4E Cur-PS-CMs 1, Cur
TS#EEE, KNEGYhHE k. 415
DSC —#(.

20/(°)
3 Cur (A)s Cur-CMs (B)s Cur+PS-CMs (C). Cur-
PS-CMs (D) #1 PS-CMs (E) #&mA) XRD &%
Fig.3 XRD spectra of Cur (A), Cur-CMs (B), Cur + PS-
CMs (C), Cur-PS-CMs (D), and PS-CMs (E)

2,53 FHHH T B (SEM) Mg RH SEM
M%E Cur-PS-CMs (F7) Fl Cur-CMs [HTE#. 455R
A ., Cur-PS-CMs A /MBI, 2R IR 6H HIERE,
K/ANIA]; Cur-CMs BRIE 22, RIHZ R4, MEZ

(K 4),
3 Wit

AR FY I R S R GATEL 1
ANVED) FFAAZ VL 46 Cur-PS-CMs, Hopidz 73]
Sy (1.11£0.08) mm. (16.19+£4.91) um 1 (77.48+
19.37) um'®, BIRKF G 2507k . AW
R 55 L IR A9 (PS) gk T e kh
ok (CMs) 1, SRA&BI&H T TR,
W 2iidh ik A M I TR AT . T ERFTURI,



* 2480 « ¢EH

Chinese Traditional and Herbal Drugs 3% 45% 35 17 8 201459 A

4 Cur-PS-CMs (X500, a;

70 T 55 A R 10 o o T A 5 ) ek R 11 32 2 TR
o UTERBE-EEIE T 11, R, K
V5 T IR I 1D P A B, R AP R o DA £
TR0, PRSI T e L. e pl-
WEARA 11, WRIRE s 2 a4y R, (B
Fill WSS I 5 SRR &5 A /INRORE, A A3 A5 11 1
AR, RSARBURITIREAN, RIE M/ TRs)
PELF . BEAESCIRBE R D3N, BEIIR R AW R
TER (PS-CMs) PRy A PESE 08, AAFRAR IR/ ME Hi 5
WA, RIEAIER, WRIR TSGR 50 SRR -
WEfe A 3 0 1, Cur-PS-CMs EL A HBAE R 25
W PER R K S8 122 R

AR (P E 28 2010 SERER T 2 2%
I B A o A8 N ORHEAT T W10 ARSIt R TR
o WRER TR, FoRBES BRI L) 52
AP, 30 1 KA R B e T2 b
B, HH@RAS B SRR R A, AT
7 TPP [R5 A2 R A A M TR ) — AN E LR 2,
TPP ¥R sl %, #4 5 80a IR B
SRR ORI, TPP WREEN 3%I, W5
] Cur-PS-CMs ki 1%k, 3 h [T FRARFREL 2 K 75%:
WIER 0.2%0], YUREMNE, 12 h FIUTREAARR AT
T 80%, ULIAMETRTMY 2 Bl Cur-PS-CMs Fife 252
WSS o TAPRLEE S AT A4S 1 2 B Cur-PS-CMs FioR
R ZE S ]IAK . b s, PTREE il T 0.2% 1)
TPP B 43 Cur-PS-CMs ¥y AR 25l Jig W\ 45 B
i, S IR S — 2 KN IR A RED TR
FLARRARAR /N R W B AT, XAl Ses
WS B R S D IS — 3

TG Cur-CMs 1 Cur-PS-CMs FITE R AL, W
BAEIR R IR RS e B2
Cur-CMs A TR ZRES /N T Cur-PS-CMs. 73 Hr 4
JELIRL, T eSS MR I T A5 5% A3 FRLBE WL 5% B Cur-
PS-CMs HA RUFMERIE, RKMGH, M Cur-CMs
RINZHAG, BRIEZE. RGBS ML

X6 000, b) 7 Cur-CMs (X700, c;

X4000, d) fEkKEY SEM
Fig. 4 SEM figures of Cur-PS-CMs (x 500, a; x 6 000, b) and Cur-CMs (x 700, c; % 4 000, d)

BB R A R DR

AR IR FH 8 IR 2 A P ek 2 0B i H
1 1 525 W) 5 A e SN sk v 58 2 IR RE TR HE oK
DSC I XRD iE5Z, £ Cur-PS-CMs H' Cur ASLLJE
USSR AR, 3R Cur-PS KRR A, 1h1R
R TEARE, NEEDR R AL T R,
ASZIGANT Cur-PS-CMs 13l 4 AUASMTREAT T
W50, Cur-PS-CMs HIRE 2 FEALHI, A4 P Il T
FRRIRE, il 888 e 1k DPAN SR 58 IEAE AT, #53 C
e

PS-CMs S IIHe £ 1) CBEAT T 2 - IR 25
IR BRI o WFFCIERE R, B P A w254
. AR R R SR P 2 G,
HENKPE AW R A MRS . X e &b
R IFR R IR, SR ) 4 1 [l F
ANEE, BB A O KRG B B T Cur
(PR EE A M Fa 3, I = 26 1) 20 D) B o
K G RERREFAE . PS-CMs [ Ihky A 2
HA MR AR LI B S Ie R 45 G 10 a9
JIS S 2 9 (R M 1 2 A — T R 2 A

B30
[ T W, STE0E SRS ) BB 0 46 1 4 4
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