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Research progress of pulmonary inhalations
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Abstract: In recent years, the incidence of respiratory diseases has become higher and higher due to the influence of the

environment. Pulmonary inhalations are ideal drugs for treating respiratory diseases for having advantages of fast-acting, high

bioavailability and few side effects.Pulmonary inhalations include metered dose inhaler, dry powder inhalation, soft mist inhalation,

etc. This review summarizes the research situation of pulmonary inhalations from the classification, device application and in vitro

and in vivo evaluation of pulmonary inhalations.

Key words: pulmonary inhalations; device application; in vitro and in vivo evaluation

it 8 P N A 700 3 o A R 1 45 24 e DK 2 B
P 3 B i &, T3k G S I RN . A, R
AT TR AR K I e 2 R 346 g e e e I 20>, R I e 5 PR
NI R A AR g5 25D ST R AR SEA A
& H AT A B2 6 I7 9 Wi I3 Casthma) A8 14 i
FH 9% (chronic obstructive pulmoary disesse, COPD)
S5 INTE B G B BRI AN . N BRIV T
i T <55 7 ) B /NS AR R 100 pg, SRR VD T i I
F IR /NN 2 mg, BRER VD T IR IS0 % 50 7
BN T R A TR R T BOEAF, A AR )
NERERYY T L BE 55 75 o It 35 IR N ) 7] PR 7 28 B
TR 2 WA il 0 B0 A RLUTAR B oy At 2 22 MR R
AHEL 2R, L AR RUTE 45 0 56 B VR RE L Ak U7 B AL P
Joi R IR RE A WEIRGE O3 O ERTE AR 3R
ECRE-SCE AR A E ) . KRR —

Wi HER: 2019-09-10

W UUARAE B S0E ,2~5 um P4k — Ut fE AL
FARIE, DT 2 pm BRI T, B8E i i
He W e B DTS B 2 P A i
G TR &, e £ A & AR N A FAN 7 X il 5
WS N 1) 3510 BRI 0 B e A SR MR 8 IR N i) 551 1)
Gy BB N AN AN PEAT 3 AN 77T X it RN
FIBIE FEREOLEAT 2538 , 4 J5 SRR 70 e it SR B
1 FEBOR N I FI A 4 2

i NG PR L QNG | I B i N
7] (dry powder inhaler, DPI) . ¥ % 7| (soft mist
inhaler, SMD . %5 A4} A i 7 (nebulizer) &5 , X % 7
R B N R % 7T (pressurized metered dose
inhalers, p-MDD /& H Rif B 78 #4 5, 7 SO0 8 5
NAZEFN TR BNTR 3K S ) AN 1) 77 55 &
RN A7) IR R S FE IR AT T

F—EE : RFIRA1990—) , L, WL AT A, BT 9877 R N R 7E . E-mail : 18222797213@163.com
BEMEE: B 0, 2o, WY LRRIT, BF 77 W I L. E-mail: hanying@tjpe.com.cn



+ 2306 -

“assaai Drug Evaluation Research 4255 1287 2019412 8

1.1 EEWASEF

ST TR Rk 24 B2 W R B N R S S
(1 4 555 590 3 ) B T LA R IR ) R G I T 2
w5 P B B P 70 0 K 9 2 5 25 IR A
H R FI5 . B BN E AR A
WAERNSER, BT RIE TS EE48, B
(I v (3 e NG 11| L S B 5 SR 14
%, FH I 1) B K 1) i 30 46 24 41 771

SE TN S AL T B A A R B AE
S5 7 A R 250 b AR T RE S T BCE R I 2R L i T
S 2 Re e YE RIS —PE . Ferguson MR T 3
TREF AR & BN E R R —
Mo BN il & 7 B S 8 R R A
e &, 3 50% (1) 3, U H 2 2 AR L3 ) 2% B 1
FH 16 B 8 1 AR 2200 I kR ) 2 RN RE
71 (ba-pMDIs) 3 &2 75 A% G i F 355 457 i 2% I 22 ik
ARG, B0 26 B AT DL SR AR S R
AHEAE R, A K Hh B3 T 2 B A R . B A
FH 4t B 2 sy P 2 s, T A s RN S
Z I F R WERTES . AN, BB N T RS
R, KK AT B TR A T 2% R A5 ) R AR
[ (8 A
1.2 FHIRAF

T IR N 51 A2 8 [ R 0k A8 R} 24 47 Bk B
H5EGEMEMIRS G, DR TE e R &
R RARENTHBRANEE, HEERZLYG
/L NE Yk S el RN N1 S & 8 NG i i o
IR, 25 b 757 T2 AR SMPANBF AL R AT . T
B RN TS T LA O 750 5 R B R RN, T B/
WS BRI SR L T RS2 B SR T IR

TR BN T T LA A W B 24 3 2% A A
b, g 5 AR R I B G X5 T R S5, AT AR N
A REF W N 1 751 5 S B 25 90 1 JR SR B A R T
WA 2w R m A AR E .. k2
TR T AP I R N T O T IR R 5
L TUIR T AR P R KA 22 LR FE AR R
B BEA IS RN 1 3R R AL R S 2 40 R R R
2% 5y ik &, AT RE 2 0] il 0 aek A e . A TR g TR
Fo RN ARG & T BRI E
T 2w et — e iR S E L.
1.3 REF

HRERZE— R F R0 MG 2/ &
(10 37 B N 7)o R 55 R0 ) B 4 Al o R e 1 4R
ZiREE A TIOE AR VR G S I, X A

ST S 9 P A R R R AR SR O . R E A
PR R EORIR T35 B E P AR ML RS, A
s B ARG ), AN T R BN, A
BRI AN o« BF R B AT T 5 1 g 25 e A
I 1)K, TR SRR A, dihr 7 2 oK 2570 &
NI FET . Respimat® #5571 & H AT IE 7 S AE
2Nt A1 COPD [ e A W\ 2%

Hochrainer 25" (1) 5F 57 38 BH % 55 7] 1) i 55 14 %
ANF) p-MDI H] 5 £i% . Voshaara 255 7 5 G IR 84 1
WEFMSERLAT 73T Hd, COPD &
F SMIFIHW A EA S png 86 10 pg, p-MDI [ HIE A
HON36 ng. MRAEE R B E M — R R
FUFEV ) IEAE s & (FVO B B & T T
W N F o Tamura 55 1R AFF 58 3 BH 158 6 1R 4 51 55 77
TE 0.5~5 pm 23 7= A AN SUEAE , 4P N )5
FEPURIBALA R T 25 f . B AT IR B3
Z5 7R Y B 258/, T 2 oMz R 29 BT Ok
W\ S 0 (ORI B Ao SR, R 55 711 ) ) A AR
N 15 L, BRIl TG VA AR 24 0 A 1% R0 284 g T 1 )8
o X TR, H il FDA BA BRI 2 %15
A SR U], BT 222 Y i B N A 7 RS 7 R DG F
SFIEM
1.4 ZLIRNAHI

REFN K F R RS R BRIk s 2R RN, 5
W NIETT T LR 3 A8 250 1R T B R T R AL
R T ) /N 5 LA 52 B8 3 DR AT 9 ) S )
e Sish U PN SN & il PN € S ReT
Ao B AR A A T A Y iR B R L R AR
R 75 R . g S AR R 7 U R 25 AR 7 A B A
JIMER, 2R K, AR e =. Hld
MR ERESNARA, ZR A EGH AR
AR, ] SEILAE T B SR MG 240 B A
MF R UBAFE RS T e ERAS
5 FIN TR RN S 4
1.5 Hfts

I 358 R N A1) 71 22 FH T il 3 0 R YR T o e Ab,
Jiti BT DA D9 — AN T8 , 33 1k 1) 24 4l i S E SR T
HANEIME RS, ARG HREHEHARE.
MannKind 2 & i & W N B iR 8 3 Afrezza 1£
2006 FEHIT G, T 2014 4 FoH BT, 54 SR
FIT R 2, Afrezza E R BRI,

2 FRERIR N HIFIAY 2 & R A

AN F B B N IR % B A RSk 2 B

W\ S0 g T i 1 — AN SRR, R R I N5



“assaa# Drug Evaluation Research 84255 128 2019412 8

- 2307 -

(RI7 2, IR T 25 AR B L AR A . R, B
N 2 B P B OR i L R E A2 E R R e
S7 R B E R 2= A TR R B A S 2 s
i 15 AL R RE AL A B N R R R T
A T7 17 . FDA B b7 (0 T IR 9 & = /b 2 0
% (Airduo“Digihaler™) 2% B P B A& & 4% , vl DAAa il
A5 FH Y RS0 0k, 2 17T AT DA IE B AR X RN 28 A
185 OL, A BT 40 W 28 25 ) 3¢ B A A L idE T 4R =
BHE M. HAEIFDA T BT BN 671 2 B A
SH/UE -3 B

&1 FDALHHIRERE
Table 1 Approval devices of FDA

7 FEAY

REA Autohaler”, Redihaler”
K1 55 71 k™ Spinhaler®, Rotahaler®, Aerolizer®,
HandiHaler®, Cyclohaler®
#FM  Diskhaler”, Diskus”
W R Turbuhaler”, Twisthaler” , ethaler”,
Novolizer”, Easyhaler”, Flexhaler®
W 9R ) Respiclick”
HFW AR Digihaler”
e il Respimat”®

3 BlEBAR ISR R P SMTEAN

il S MR N ) 751 e T e 245 2 B R 24 B Y R
TRVE e T AR AR T SN B IR E o E
ON I 750 FR) 2 40 38 3ok R AOR T 8 TR P RE D U
GiRl e B A S AR E NP IR A R B 23K A
R 2. MAL, T 27 1 A R
BE TR B 21 6 B B A D 338 38 fili 368 14 24 ) B
WL N T AR B i ER N 1l 70 i S 4 24 1
ZIREARE e ARGV AR . Ik, WA
77 R A S5 SO VA 7 £ B A A SRR 5 1 05 3K
3.1 FHEBER NI BRI

FDA Aji i 7% 8 B i 3 B 45 HY L N F ]
I & SM VT AN 75 15 Bh PBE #5842, PBE 45 84 v
N TR RSN PEAR i AT < 30 R B Y — 1 VAR
B ERAR AT W E LA . KR Eh ek
A2 2 PR IR N 1l 51 1 B 1) EE B AR A, 20 A 5 iR 1
T BOCHTHE B2 R BRI LTy
VR 3 PR R S IR R AR IR, R
T2 b AN B8 B IS0 24 40 A Jifs 368 1) SEE BRI RR I O o I
B, WP R 48 L R T RE SR RN 2 AR 3 fif
F8 BT IR T I I 2R X R KT 99%,

AR5 B AR ME 58 AU B AE I D Rg AN RETE 2 R
ML 25 E S IE I UTRME L. Koullapis ™ F] F &
A FRY s 50 A5 Y A ALK 1 5 T T LA B ) 5
T 00U 4L - 7E Ml AS [7) 358 47 (19 YUY . Huh 2652087
3D AE IR DL — i 1 LU AN AR 4 o, Tl
I 50 6T 47 P 2 ) S
3.2 FHERIR NI B9 TN

JIFs S50 B N1 1) EH T 8 247 30 AN 1) AR R A2 I R A
FEASREAR R SE B 12 A &, AR VA 7 U R k.
It S50 W N, i) ) PR A R VP A 7 3R A% G5 24 30 i O
TIESN AW TR A0 M 25 3 25 BN VR B AL
-5t R AT VT A N P Ml RN S S PR R N PR
o BB A — e AR T DL s Wit R A 24
J& » IR o3 AT R AR S DL . B PEAN A Y
J2 it 38 IR N 1) 550 2 B0 2 DA TR R A2 B — T
T e il IR N 1 70 ik AE 11 IR 45 50 A7 IR AR A
B iE 2 W R AT BTE R 40 i 251 ORI 5 RT DL
LA IS W R 3 4 Rt 245 P (R W L RE T o y- S 4
FVE A O MR ER ) 5 25 3 FAE T 32 )
B, B FH y-55 S 1346 AT 1 € 29 AE I B DiAR . %
J7VEE I R (R B E i, HR 2
T TR AR E U R S, FE IR IR B — e
JH BR =7
4 £5E

Jits 38 W N i R4 SR T W W R G T T
LGP, T 45 25 S0 A0 B RE IR M, AT RE 2 8 s
AECERAR . LR SGE 25050 AL RIS [ IS 820
ol FH 252 VR 9T o R Al il IR N ) 51 R 97 2L
PN R B SL RS2, 25 W00 Ak T7 T2 TR
EEIFM IS — AT ZHE NI R, T EAL
TREAUL 1 52 R B FH B VP A A58 B ) g S Wt AT AR R
T 50 W N ) 1) PR T 052 B o x5 B A S )
AR R, 5 485 3 S R e A 26 B I T 7 o AR SR IR N Hil] 771
W FC R TR T7 1) o 3R 55 FIAE 9 — Fho LR N i1l
SR ¥ e N NG B PR (RS R R R S T VA
A, SR — , BT AR = . 2 S
L F 05 R 25 770 3 it b 245 40 PR IE R e AR SR RN i
FIRIE 5T ) B R

SE

[1] Cazzola M, Matera M G. Bronchodilators: current and
future [J]. Clin Chest Med, 2014, 35(1): 191-201.

21 75 5. 25505 M. de et AR A RRAL, 2016.

[3] Yawn B P, Colice G L, Hodder R C. Practical aspects of

inhaler use in the management of chronic obstructive



+ 2308 -

“assaai Drug Evaluation Research 4255 1287 2019412 8

(3]

(6]

(9]

(10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

pulmonary disease in the primary care setting [J]. Int J
COPD, 2012, 7: 495-502.

Ferguson, G T, Hickey A J, Dwivedi S. Co-suspension
delivery technology in pressurized metered-doseinhalers
for multi-drug dosing in the treatment of respiratory
diseases [J]. Resp Med, 2018, 134: 16-23.

Lavorini F, Fontana G A, Usmani O S. New inhaler
devices — the good, the bad and the ugly [J].
Respiration, 2014, 88(1): 3-15.

Newman S. Improving inhaler technique, adherence to
therapy and the precision of dosing: major challenges for
pulmonary drug delivery [J]. Expert Opin Drug Deliv,
2014, 11: 365-378.

J A, ) 7, ARAEA, 55 L vFERAR SN )  F TAE
IR SROBE T W N R T 0k 2 L A BEAULIRALE ], th 2,
2017, 48(6): 1117-1125.

KA, XNWEF, BRALE, 55 . 1 28 7 B A7 R TG O 1t T
i S5 55 30 0 ) e K H e AE B A [0, b B2
2018, 49(24): 5803-5811.

T, M M, 50, . BA S A DI 55157
FIRIEFT [J]. R ERBr 25448, 2013, 22(23): 2822-2826.
Nicholas B, Carrigy R Y, Harrison M, et al. Anti-
D29 Delivery with a
vibrating mesh nebulizer, jet nebulizer, and soft mist
inhaler [J]. Pharm Res, 2017, 34(10): 2084-2096.
Hochrainer D, Holz H, Kreher C, et al. Comparison of

Tuberculosis  Bacteriophage

the aerosol velocity and spray duration of Respimats Soft
MistTM inhaler and pressurized metered dose inhalers
[J]. Aerosol Med, 2005, 18: 273-82.

Voshaara T, Lapidusb R, Maleki-Yazdi R, et al. A
randomized study of tiotropium Respimat® Soft MistTM
Inhaler vs. ipratropium pMDI in COPD [J]. Resp Med,
2018, 102(10): 32-41.

Tamura G, Ichinose M. Comparison of performance of
two inhalers for tiotropium, called Handihaler and
Respimat SMI [J]. Kokyu, 2012, 31: 1065-1069.

Lavorini F, Fontana G A, Usmani O S. New inhaler
devices - the good, the bad and the ugly [J]. Respiration,
2014, 88(1): 3-15.

Darba J, Ramirez G, Sicras A, et al. The importance of
inhaler devices: the choice of inhaler device may lead to
suboptimal adherence in COPD patients [J]. Int J COPD,
2015, 10: 2335-2345.

AR W NTLR S 2B Afrezza [J]. HEBT 25
PR 2% &, 2016, 35(2): 81-85.

Molimard M, Raherison C, Lignot S, et al. Chronic

[18]

[19]

[21]

(23]

[24]

(23]

[26]

[27]

obstructive pulmonary disease exacerbation and inhaler
device handling: real-life assessment of 2935 patients [J].
Eur Resp J, 2017,49(2). DOI: 10.1183/13993003.01794-
2016.

Rogliani P, Calzetta L, Coppola A, et al. Optimizing drug
delivery in COPD: The role of inhaler devices [J]. Resp
Med, 2017, 124: 6-14.

FDA. FDA Approved Drug Products [EB/OL]. (2017-04-
14)[2019-10-22]. https://www.accessdata. fda. gov/scripts/
cder/daf/index.cfm.

FDA. Draft Guidance on Budesonide [EB/OL]. (2012-09-
01) [2019-10-22].
drugsatfda_docs/psg/Budesonide_Inhalation_Sus_

20929 RC_09-12.pdf.

Jetzer M W, Morrical B D, Schneider M, et al. Probing

the particulate microstructure of the aecrodynamic particle

https://www. accessdata. fda. gov/

size distribution of dry powder inhaler combination
products [J]. Int J Pharm, 2017, 538(1/2): 30-39.

Newman S. Respiratory drug delivery: essential theory
and practice [M]. Richmond:
International Publishing, 2009.

Davis Healthcare
Koullapis P G, Hofemeier P, Sznitman J, et al. An
efficient computational fluid-particle dynamics method to
predict deposition in a simplified approximation of the
deep lung [J]. Eur J Pharm Sci, 2018, 113: 132-144.

Huh D, Leslie D C, Matthews B D. A human disease
model of drug toxicity-induced pulmonary edema in a
lung-on-a-chip microdevice [J]. Sci Transl Med, 2012, 4
(159): 147-159.

Suzuki E Y, Amaro M I, de Almeida G S, et al.
Development of a new formulation of roflumilast for
pulmonary drug delivery to treat inflammatory lung
conditions [J]. Int J Pharm, 2018, 550(1/2): 89-99.

E, Evans N, chappell M,

Pharmacology approach for prediction of pulmonary and

Boger et al. Systems
systemic pharmacokinetics and receptor occupancy of
inhaled drugs [J]. CPT Pharmacometrics Syst Pharmacol,
2016, 5(4): 201-210.

Bennett W D, Xie M, Zeman K, et al. Heterogeneity of
particle deposition by pixel analysis of 2D gamma
scintigraphy images [J]. J Aeros Med Pulm Drug Deliv,
2015, 28(3): 211-218.

De Backer W, Devolder A, Poli G, et al. Lung deposition
of BDP/formoterol HFA pMDI in healthy volunteers,
asthmatic, and COPD patients[J]. J Aerosol Med Pulm
Drug Deliv, 2010, 23(3): 137-148.



