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Development points of dry powder inhalations
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Abstract: Dry Powder Inhalations (DPIs) are a combination of drug substance and container closure system, which determine the
quality and performance of the products. It's the focus that the type of device, which is the connection point between the patient and
the preparation. The physicochemical properties of API and excipients, involved particle size distribution, shape, flow properties,
specific surface area, polymorphism and crystallinity, are the critical research content. In the detection of DPIs, we should not only
pay attention to the items of quality standards, but also the atomization performance of products from the perspective of patients.
The development of device, formulation and the quality control of DPIs were discussed in the review. Focusing on these aspects can
improve the progress of development and the quality of DPI products.

Key words: DPIs; device; aerosol performance; quality control

RN H 572 — R 2 i A 5 250 R S RE 8 24
il 326 36 2 it 0 , R4 JR) T B A B RO, B I ) E
U UNSE SN O il N A AN R L
7o W NT i A i B8 5 A1) a1 Mg AR 182 125 L 28 12k
it ) 4 B £ VR 9T U5 3 5 A G 1 AR SRR G )
BRI R B A TE B RO 8 E R
U o BT IR R AR K L LA =F 5 2R SO
JITCALE 42 S 25 25 (K S Bt R 3Z Bt

WRN 1) 710 £ Ak 7 2L P 5 O fag 8 (ELRE 77 il T
P HE P AR 24 K, JE R RN K 55 751 ROk o 2 2
XU 77 e e e K. K 2557 (DPIs)
W 250 R 23 CAPD AR 33608 2% B 20 A, 7 i

Wi HER: 2019-09-30
EEWB : EZHBHHE KL T(20172X09201002)

Jo B A0 AR WA R S 3 LA R 3 S [ 1 1 25
Ko TEN WK Z N ED R FEAR KL £ 32
FLAE R AR R AT I 5 S BT DAAE
HYIT R IR B G B R E AT R E 35
A2 AR 250 AT T R v, B 2 g
AR, LEBEREEI NN RN LG
FAS

AR SC IR B (R T i 750 Ak 7 BRI 7 A
EARE AL 3 A5 T A TR Z5 T A R G
FRAEIIE 1L b RN G S (3 1
1 WAKREMR

RN W 55 70 — R 2 AL 5 O R S 55 A DKL

BEEE: & 8 SRR, B 5 B BUM R R T 5K . E-mail: lijing@tjpc.com.cn



“assaa# Drug Evaluation Research 84255 128 2019412 8

+ 2315 -

(10 7= A= A B o1 R 24 K AR ON 2 SR R A T,
AR H B AH R 0 2450 R AN [ B R N ke T
Re = AN )RS I R EUT E R . IR A
(732877 30, 8 Z 70206 B AT 0 AN R D 2001
1.1 RBPEERG A

RHEE B RG, WARM ZHIRER 7 3K 3
FE ZREMZHEMEY. PRERAEEN
58 20 A o1 7)) P R, N T A 20 AR R, T
NEFER T 58 %A R0 R AE T B3 he
W5 A5 HE B2 RN, R4 B O 4 IR A
2 T HAR SRR R B IE AR R B AR H . SR
MRBELPRRZ , AL FE 14 NMREDIEA fE5E
AW . H I 1 3% ¥ Handihaler (Boehringer
Ingelheim 2 ] 7 fi )™ fil Breezhaler (Novartis 2 7]
PRI A E

ZHIEMEMNEETSH I MEA O EEH )
YEH N 18 I B2 0 24k #E 4T 25 i OF € & A
7 B2, %l 40 Clickhaler (Vectura 2y &) 7 i )™ Al
Turbuhaler (Astra Zeneca A i 7= iy )5l & 3 2 7Y
2 B . 250 B B ] LIS o e B ) 2k
it A7 A B8 5 1 CR 0 P 6 266 (9] v B8 TR D
eh, S RIS AR IR B EH AR E N, Diskhaler A1
Diskus (Glaxo Smith Kline 2 7] /= i )/ s 42 3 Fii 4%
B TilE s 2 EAEE A M 2 50 R 28 B R
PEpL I AR E I E
1.2 RIFSELHLE 55 2

¥ %5 75 25 EARE 3 SOl w] A 3 3 R AN
MWW NEEE, H iy b3 22 s RN e
B s BN B AR RAE T A T AR IR
5 BN, 4 58 28 28 IR U o 7 A 1 e R
i R AN 3 B, (H R X PR S B A A
S PE 7, 5 2 AR i FH 2 B
AR 7 B R H R R BN R R,
B T INSS R A, AN TE G R A e e R
B AR IR PE 2 B P I R ZE BRI, X R A AR
VERIBIR. BB RN = AR SEORL (B Rl A
SO 2 B ) P A e SRk 24 ok A A 53 BTk
VF 2 #1 A DPIs 3¢ B AT 1 Jie W5 B LRI, 2
Wt 25 I 2 B PN R 2 1 BRSO, AUNE 77 AR TR 85 0 ) JE
1R RBURL B TFREE IS ], WITAERE B N4 T2
(IR, BE 00 T A0, Bl Novolizer(MMeda AB A ]
PO R R 2R o

F= 3l RN e B AT DA A 3 R 4 Ak 5
B AR, R BB R RE IR D o AR 48 A%

WH Y G , BB KRS, LOA B E . E3)
OB EE R T )L E OB M RS R W R
Exubera(Pfizer 24 & 7= i ) A& 58 — Mk 22 = & 5 245 5
B3R (FD ADHEHE ) 22 B A 55 7725 &, FH T
DR PRI B TR R S R X M B TR E. )
A, I USSR )8R AN AL B 1 Re i
2 HIFI AR

KZHDPLF™= i (1) 4k 75 H AL 254 5ok 4H B8
B S BAIR AT, — B R =S8
BARTE 1~5 pm [ R0 A B8 HE N il 38 % 44 25 350
L JEE Q0 s /)N T 245 ) R 1R N 58 RNE B %) DPIs
7 b PR T 2 L 7)o b B AR R, G 3 o
FE T3 AT VB A VTR B 2 B 5 24 4 R
Z A HIVER 77 FrLAfEFF K DPIs 7= i Z 1 7850 T
il 225 ) RO LR PR A R e R EE RN
21 NESH

L 53 A7 J& DPIs FHofp R i B R 2 — &
SO T 25 M- AR 10 0 B AR 28 7 B I RET Y, AN
[FRLA () K0 AV A BT, J5RH245 15 3ok 2 Ta) 1R 2 B 7
ANIE] , B2 DPIs B Z5 AR . 76 B IR I it &
R, =R 8 )% E & (MMAD) JE 3 & 2,
MMAD 5 $i 42 <5 um [ 259 ki L) 2 (8] 47 78 2%
PR R, ERE T AWAE S TE N IURR I K F R
BU , 8 2 52 6 97 FOCR™, MMAD /2 38 i 2 B
P A 0 A B . A S o 2% D R )
JI5ERLAR 43 AT CAPSD) (1) [R] I 38 B 75 21 1A 75 #E fi
72 (GSD) [ #0415 , GSD 3R 7 S e RE FE 43 A7 1) %
BRI GSDFRRRAL M . GSDW 55k ERE
KRB, NEPIM BRI MMAD YN 2 pm, 1] GSD
MR RN 3.5 )5, Mt P9 25 P AR B A 60% Jik 2>
F30%", A LAEAT B A8 R0 AR 43 A1 1 A0 e R L
BEENEVRRE. B2, 580Kk A RS A
LU, G B4 o S AR OK M T4 T ARG R

SIEIR I ECS APLIRL AR A B R R, 0 H
B0 APT ) FR LRI A% (D) 25 BRAR Z5 Ak M D, X o
PN S PURTE S8 h 5 EA B R4E DLk
W, T DA 3@ Ik R A5 SR 4 1) 25 W TR A A IR AU
R T B,Z BB, — N AE E IR R Z A&
TE/INSTE H IR P B =Y, BT DL MMAD <2 pm )
AR BORLLE BE i e T R R AR Y. HET O &
AEEI MM E 5%, i LR SIS R AR S 25 )
WL Jifi 38 B UUAR AE Ik, BT -1 VP A8 AN [F) R A% kL
TEM PR B . — BB T R F MMAD
TE 1~5 pum FS 9 B B0RL A fig B0 F R GE™ , {1



+ 2316 -

“assaai Drug Evaluation Research 4255 1287 2019412 8

S b S IR ORI 1Y) e £ R A% Y R EX e T BT A
(125 F% 25 ) AE il B0 5. B H AT Rk il
SZARBIAL B AR A 56 A A
22 TR

B 1 ORLEE R /N, BHU0RL T AR A 5% 1 DPTs 1) 77 A 8
PR RS E TR AL AN Z5 AL MR RED . BRI TE S 2k R AR
7 BRI M BB AR 22— A8 AN [R] 1) 1) & 732
AJ LAAS BIAS [RURURL T AR B0 2540 , L 22 06 T 2R A0k i) 45
fm 7 VA AT BLPE AR BT A [FRORE IR R o
TR A8 b 23 5 i JUkL (1) P 26 70 B AR B A
ANHE I TR FR RSURE L A e 2 PR 12 5 (EL 2 A A I 45
SRR, 1X P B R ) 2 S5 AT R BT A ELAE
LT B AR A B AN R

R A R B 1 R AR AT DL R N T AT I
WL AE 25 A T R 2 5 BT %5 FE (1 g/em® (1)
BRAR T 1% T B — B, IO ERAR (1) ELAR B O H AR kL
T2 3B J1 2R AE, vl LU R T A SRR

dp=d, |
X Oo

Hrhrd, & MMAD,d, 2 JUIfT BA% , p o kL %
£, po 7 B AL % B Gl FR KRB B2, y /e AR IR
ML B2 3] B RORE T RO 2% R 3h ) 2
12 B AT B s, DR RSURE R IR 2 5 i A< P 1
FLOUAR AT o 5340, JBURL TR 25 23 38 1 pE - 2 [A] (¥ B
B R [ AR g

FE il 71T A A% o A] DA A% EE (ER , BIVRITRE
K 5 90 0 EOAED SR VE A UKL 25 ER Bk v U
POBA LI o ] Bt AR A4 ) ER B, L ah it
B 33 2 A ) 2 ) R s

RIURE T 35 A2 My 55 0T 9 b B A BRI N 45, 78
SRR AR Hhn] DLE i S 56 1 v SR A R AR TS
LN AL € A e e T | AL T Elis
PEVE N, T A4y 45 R AT DATTOIN it A K A TR A il
K B, SR R AR ] S B R AT A AR
o BN, SEIATIRNE , SR NERE A S A AR AR
KA BG5S HAE ATy ) AR R BN R
2.3 Rzhtk

£ DPIs /7 il 1, B0 K (1) 20 B0 S AN AR A K
MRS W85 WA 2 A B 1 Ktk R1E
USONE PSS € SR C it

Carr RE(CD £ H T RAEM AR BN 1) 1 A=
LHRARSY . CLE O H TR 30F BUW HE & it &8
RIEBE 7 b2k . CITLWRYE Rt :Cl=(1-
D,/D), H:H1 D, j& H TR AR E T, D2 4k S5

FEE o R A ) A R R R L S ) 2 SRR K,
KA ZE . 2 CLKT 25% B\ Ak K s vk
FEZEM, 2 CHIKT 15% AR I sh i R 171 . CI
A AR A 2 56 H 25 3L CUSPOYRILE 1 7 1%,
S TR H2CIRZ—FARIHEAR, KA TEER
PR TEAT . Rl CT R 45 5L T R A i 4 O v
(R Bff BE T A 22 7 o
2.4 LEFRMER

1 T 25V BohL ) RLAR AR /DN 5 5 B0V i UKL (1)
bR TH AR AR T K. /NRLAR 2590 T8 25 5 WK 4y B
A A, S8 DPLs 77 i R e YRR . BT
DA LG 2R [ FHA2 DPIs &b J7 5 K (1 B B 3R TE T K
AA 7= R B2 ) AR L 3 T AR AT ] g AR R
9075 B8, 75 D0 22 50 e 4 TR 45 2R

25 WD 0K 1) 2 THT SCEE AN E 265 23 B2 LE 2R T A
A FIURE 0 24 4 UKL 1) 3R T T 25 5 ) 25 ) - 38 44 ]
I B o, BT R 25 AR RE . B A
I 2 T 25 10 B AR JORL 23 PR AR 2590 5 3k R 1
(IR B 7, 380 S5 Ak 1 R o A I8 Bk 1 n L BE R
IR ) 3% T G W B nT A6 A BR vb T ik BE 1Y) FPF
Jnee, T IR R R 2 T b g R AL kb, AE N ik
T2 APL 25 55 MFLBE b7y 55 ok . (H 2 A SCEk Rk
T8 T BRI S35 AP P R RE (R T S0
i, Y9435 T APMEHIFPF. ] i ) J5 DR A2 716 B0k )
I FERERERE , BRSSPk
25 ZRBRERE

PR, B 13 A A 2 SBIE. 1E
29I R B T B, T 24 e B R e EE ) —
AR, SRR 250 R, o T i s — 5ok,
155 2 LU 7 1 8 2 — 0, RO AN 6] R 2 1AL S 4
HANFE R =R, T8O F M, (4
et EAEEEAF AR .

TEN 55 7 A =i R v, &5 RS I 25 P ok 48 5
e B T I 4 B 2 T B s R U2 7 AR o e Y
Y. LMY E MY A B TSRS, 5
AR, TE K 1808 o A2 ok T R e A e 4k ()
WEE 4 D, B4 S T ORL (4 R T R AT
WA B 5 S RE 2 R AEE KR
3 BREMR

TEAYITE RIS R, % BEVE AT 70 3 0k 77 & AN
AR 770 5, DURA £R 25 40 7 ot Jog & 1) — B
(o [ 25 3 ) <0 111> 25 151 PR A e T 33 2% 57 &= 1
— V£ (DDUD AT APSD P A Wl X 77 2% A il 152 2% A
PRSI I )R 52 AR i



“assaa# Drug Evaluation Research 84255 128 2019412 8

- 2317 -

IR B ) — M P [ 2 ) VR R T I
SE WU (R I 7 v A L A R AT 4 52 bR, E 10 4
i 3% 7 & & D 9 A B AE P B E 1) 5%~
125%, H 4 #81E 7 ¥IME 1 65%~135%. Far il o 72
rh R A R R ARSI R R AT AR, A T DL R
e E N A 4 kPa [ 25 N HE. BRI LAAL,
M 2 AT 2 0% R B TR) , DA 76 I Xt o T e i
BEE M SARAFUEE] 4 L, KA B DL A e -

T=(4x60)/0,.

O, NETFRET R EHE . ALK H
P e of 1) 771 368 326 7] 8 R AT 2 %%, o 7] 7 il 1) A R o
IR B 2 e BRI — e Ta A .

APSD : i 4% 43 i #& DPIs 7 i 3 55 22 1) 245 W)
fIE 2 — , AN B3 2k H 2 10U FIR R 1) APSD
€ | DPIs [ 1% g o € [ 24 ) 2 130 A5 FH 20 16 4 o
75 (CD PG W NIl 77 ) APSD . 2 k48 o 2% e ik
— R B B BT 25 W ORL AT R B 0
B 25 5, DL AR S B TR (1) 24 b
Jor & o (b 25 VSRR T LR R s LA AL
2 i T A (TD 22 75 7% 25 4 1 5 28 (ACD R
— RGP LR NGD . BMEGHREA B O e
(0 V5 T R DA (] 2 B 1k ELAR , BT AN R L
R B AN R P T 2% 1Y APSD 2

W N 55 71 5 S R A WU A R R N 5
R RE &, BT B8 R IR I e ) FTIR N T8 2 %5 AN Al
), R e 75 R ek 2 R 3 i B AR A0 Y00 400 i 2 N BT
i B [ 3% 5 L (28 ~100 L/min) LA/ 3 32 77 &
By —VE R Rk TR . W R BN R A RE F AL
25, 5 B e T ML R IT N SR SR SE IR S R
an VERERC I 145 B o
4 5B

R R N i 700 G 5 R by 5 551 R IR AT AR Ak A
A B B, 31 B AT L I B AT A — SR 55 70
I — B VR . 32 R PR AR T RN AR — A
IR HIR], L5 T R B R BB E AL T AN
AR 3T R ER BT e 5 ) M B R

WHEAEWANLEE BH TR % 5 T RIEE K,
E %% B 1)K 5 i0 A0 i) 3 Tk A — E R R
THERAR ) % (CFD) 2 — P s 24 1) T2, T H T
O N 26 B T DA R R N SR N 2 ) 4
PEREMI RS o HL T MR DR A 2 BT R
— AN, AT DB R R A 2 R DU R 1 R e ) AR
FWN I FE LI DA VE AL R 20
DA S 2 Ja T it D e i) el o R dh Eah B3 E 1)

W FEAT AT HE2 O AR B R

A 8] 750 5 T B RN 1 7 R R A 4K B 2t
F1 38 8 B P9 Aol A 7= iR iz m B . AR
HE 0% A 7 RN 11 751656 P 0 D 24 (B R S A SR R 24
A1 BE A9 kL B2 70 A & B 4 T T 38 75 4R 4R
I e A T NG B = N 6 AN i
Iy APSD 3 32 77 B 25— D U5 D A A BE A
P HE V& o A W PR NLF 5 T, 8 = %8 58 5 1) 15
YIS AR 2 B85 A8 o i i 250 B i 254, 5 3L
BB BA HIIE RT3

DA b3 2 R 3 S B80T 8 RN 1 7 4 A
Zetg . AERK, BEME NI K 75 2 ER A 2
FOMOREE R R BN LA SR 2 R AL X
e RS AR A RS B PR e

SE

[1] Berger W. Aerosol devices and asthma therapy [J]. Cur
Drug Deliv, 2009, 6(1): 38-49.

[2] Villax P, McDerment I G, Bunce M. Simple inhaler [P].
US 8109267 B2, 2012.

[3] Malcolmson R J, Embleton J K. Dry powder
formulations for pulmonary delivery [J]. Pharm Sci
Technol Today, 1998, 1(9): 394-398.

[4] Richardson P C, Boss A H. Technosphere((R)) Insulin
technology [J]. Diab Technol Therap, 2007, 9: 65-72.

[5] Thibert R, Parry-Billings M, Shott M. Clickhaler® dry
powder inhaler: focused in vitro proof of principle
evaluation of a new chemical entity for asthma [J]. Int J
Pharm, 2002, 239(1/2): 149-156.

[6] Tarsin WY, Pearson S B, Assi K H, et al. Emitted dose
estimates from Seretide® Diskus® and Symbicort”
Turbuhaler® following inhalation by severe asthmatics
[J]. Int J Pharm, 2006, 316(1/2): 131-117.

[7] Son Y-J, McConville J T. Advancements in dry powder
delivery to the lung [J]. Drug Dev Ind Pharm, 2008, 34
(9): 948-959.

[8] Al-Showair R A M, Tarsin W Y, Assi K H, et al. Can all
patients with COPD use the correct inhalation flow with
all inhalers and does training help? [J]. Resp Med, 2007,
101(11): 2395-2401.

[9] Cegla U H. Pressure and inspiratory flow characteristics
of dry powder inhalers [J]. Resp Med, 2004, 98 (Suppl
1): 22-28.

[10] Donovan M J, Kim S H, Raman V, et al. Dry powder
inhaler device influence on carrier particle performance
[J]. J Pharm Sci, 2012, 101(3): 1097-107.

[11] Kohler D. The Novolizer®: Overcoming inherent
problems of dry powder inhalers [J]. Res Med, 2004, 98
(Suppl 1): 17-21.



+ 2318 -

“assaai Drug Evaluation Research 4255 1287 2019412 8

[12]

[13]

[14]

[15]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

Harper N J, Gray S, De Groot J, et al. The design and
performance of the Exubera® pulmonary insulin delivery
system [J]. Diab Technol Therap, 2007, 9: 16-27.
Carvalho T C, Peters J I, Williams III RO. Influence of
particle size on regional lung deposition: What evidence
is there? [J]. Int J Pharm, 2011, 406(1/2): 1-10.

Chew N Y K, Chan H K. The role of particle properties in
pharmaceutical powder inhalation formulations [J]. J Aer
Med, 2002, 15: 325-330.

Stein S W, Myrdal P B. A theoretical and experimental
analysis of formulation and device parameters affecting
solution MDI size distribution [J]. J Pharma Sci, 2004, 93
(8): 2158-2175.

Gonda I. Study of the effects of polydispersity of aerosols
on regional deposition in the respiratory tract [J]. J Pharm
Pharmacol, 1981, 33(S1): 52.

Mitchell J, Newman S, Chan H K. In vitro and in vivo
aspects of cascade impactor tests and inhaler performance:
areview [J]. AAPS Pharm Sci Tech, 2007, 8(4): E110.
Newman S P, Chan H K. In vitro/in vivo comparison in
pulmonary drug delivery [J]. J Aer Med Pulmonary Drug
Deliv, 2008, 21(1): 77-84.

Louey M D, van Oort M, Hickey A J. Aerosol dispersion
of respirable particles in narrow size distributions
produced by jet-milling and spray-drying techniques [J].
Pharm Res, 2004, 21(7): 1200-1206.

Clay M M, Pavia D, Clarke S W. Effect of aerosol particle
size on bronchodilatation with nebulised terbutaline in
asthmatic subjects [J]. Thorax, 1986,41(5): 364-368.
Labiris N, Dolovich M. Pulmonary drug delivery. Part I:
Physiological factors affecting therapeutic effectiveness
of aerosolized medications [J]. Br J Clinic Pharmacol,
2003, 56(6): 588-599.

Mitchell J P, Nagel M W. Cascade impactors for the size
characterization of aerosols from medical inhalers: Their
uses and limitations [J]. J Aer Med, 2003, 16(4): 341-377.
Elversson J, Millqvist-Fureby A, Alderborn G, et al.
Droplet and particle size relationship and shell thickness
of inhalable lactose particles during spray drying [J]. J
Pharm Sci, 2003, 92(4): 900-910.

de Boer A, Hagedoorn P, Kussendrager K, et al.
the for  the

performance of adhesive mixtures in an air classifier

Investigating relevant  parameters
during inhalation [M]. Drug Delivery to the Lungs XIII.
London: The Aerosol Society. 2002.

D, Colombo P, et al

Characterization of a surface modified dry powder

Young P M, Cocconi

inhalation carrier prepared by "particle smoothing" [J]. J
Pharm Pharmacol, 2002, 54: 1339-1344.

Zeng X M, Martin G P, Marriott C, et al. The use of
lactose recrystallized from carbopol gels as a carrier for
sulphate [J]. Eur J Pharm

aerosolised salbutamol

[27]

[32]

[33]

[34]

[35]

[36]

[40]
[41]

Biopharm, 2001, 51(1): 55-62.

de Boer A H, Hagedoorn P, Gjaltema D, et al. Air classifier
technology (ACT) in dry powder inhalation: Part 1.
Introduction of a novel force distribution concept (FDC)
explaining the performance of a basic air classifier on
adhesive mixtures [J]. IntJ Pharm, 2003, 260(2): 187-200.
Kaialy W, Alhalaweh A, Velaga S P, et al. Effect of
carrier particle shape on dry powder inhaler performance
[J]. Int J Pharm, 2011, 421(1): 12-23.

Berkovitch-Yellin Z. Toward an ab initio derivation of
crystal morphology [J]. ] Am Chem Soc, 1985, 107(26):
8239-8253.

Di Martino P, Censi R, Malaj L, et al. Influence of
solvent and crystallization method on the crystal habit of
metronidazole [J]. Cryst Res Technol, 2007, 42(8):
800-806.

Begat P, Morton D A, Staniforth J N, et al. The cohesive-
adhesive balances in dry powder inhaler formulations I:
Direct quantification by atomic force microscopy [J].
Pharm Res, 2004, 21(9): 1591-1597.

Carr R L. Evaluating flow properties of solids [J]. Chem
Engin, 1965, 72(2): 163-168.

Van Campen L, Amidon G, Zografi G. Moisture sorption
kinetics for water soluble substances I: Theoretical
considerations of heat transport control [J]. J Pharm Sci,
1983, 72(12): 1381-1388.

Ganderton D. The generation of respirable clouds from
coarse powder aggregates [J]. J Biopharm Sci, 1992, 3(1/
2):101-105.

Chew N Y, Chan H. Use of solid corrugated particles to
enhance powder aerosol performance [J].
2001, 18(11): 1570-1577.

Kawashima Y, Serigano T, Hino T, et al. Effect of surface

Pharm Res,

morphology of carrier lactose on dry powder inhalation
property of pranlukast hydrate [J]. Int J Pharm, 1998, 172
(1): 179-188.

Vanderbist F, Baudier P, Maes P. Dry Power Inhaler
Excipient, Process for its Preparation and Pharmaceutical
Compositions Containing it [P]. WO/1998/050015, 2006.
Henck J O, Griesser U J, Burger A. Polymorphism of
drug substances: an economic challenge [J]. Pharm Indus,
1997, 59(2):165-169.

Chambers F, Ludzik A. In
performance of a new budesonide/ formoterol pressurized
metered-dose inhaler [J]. J Aer Med Pul Drug Deliv,
2009, 22(2): 113-120.

rp [ 24 5t [S). DU . 2015.

Taki M, Marriott C, Zeng X M, et al. Aerodynamic

vitro drug delivery

deposition of combination dry powder inhaler

formulations in vitro: a comparison of three impactors
[J]. Int J Pharm, 2010, 388(1/2): 40-51.



