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Inhaler Devices

Aerosol Drug Delivery Devices




Inhaler Timeline
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Fig. 1 Historical development of inhaler devices [6-16]. CFC chlorofluorocarbon, DPI dry powder inhaler, HFA
hydrofluoroalkane, pMDI pressurized metered dose inhaler



Ozone Hole
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MASA began measuring Earth’s stratospheric ozone layer by satellite in 1979. By the time the Montreal
Protocol went into effect in 1989, ozone concentrations {in Dobson units) had declined significantly over the
Antarctic, enlarging the ozone hole. Ozone levels have since stabilized, but recovery is still decades away,
acceording to MASA.

Courtesy Jesse Allen (2018), using Sucmi NPP OMPS data provided courtesy of Colin Seftor (S5AI) and Aura OMI data provided
courtesy of the Aura OMI science team. Suomi MPP is the result of a parinership between NASA, NOAA and the Department of
Defense.
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What would have happened to the ozone laver if
chlorofluorocarbons (CEFCs) had not been regulated?
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Metered Dose Inhaler (MDI)
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Metered Dose Inhaler (MDI)

Drug particles uniformly distributed in the propellani
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Consequences of not-shaking and shake-fire delays on the emitted dose of some
commercial solution and suspension pressurized metered dose inhalers
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Suspension

Creaming when drug particles are less dense than the propellant

Sedimentation when drug particles are denser than the propeliant



Volume of MDIs

Global MDI use
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*Medical and Chemical Technical Options Committee 2018 Assessment Report



Contribution to Global Warming

According to MCTOC* 2018, based on HFC manufacturing industry
estimates, approximately 800 million or more HFC MDIs (with
average fill weight 13-14.5 g/MDI) are currently manufactured

annually worldwide, using approximately 11,500 tonnes HFCs in 2018.

HFC-134a makes up the major proportion, with HFC-227ea accounting

for about 8 percent. This corresponds to direct emissions with a climate
impact of approximately 18,000 ktCO2-eq.

*Medical and Chemical Technical Options Committee 2018 Assessment Report



MDI propellant gases

.. Formula B.Pt SG. | ODP* | *GWP
No (*C) (glcc,
20°C)

CFCl, 237 149 4660
CFC 12  CFCl 298 133 1 10800
HFA 134a CF,-CFH,  -262 123 0 1300
HFA 227ea CF,-CFH-CF, -165 141 0 3350
HFA 152a CF,H-CH,  -247 091 0 138

HFO 1234ez CHF=CHCF3  -19 1.19 0 7



Properties of CFC/HFC Propellants

TasLe VI
The Commercial Properties of Major Chloraflusrocarbons and Alternative Compornds

Worldwide
Fresent or Potential Limt
Baoiling Podnt Significamt Commercial Applications Price { Dec-1981}
CFC Comm. Mig.

Mumbect Farmula F o Toxieology Flammability Prooesd Ageose] Refrig./A-«. Blowing AG. §Lb. S.'H.!-
11 CCLF FE Lovw MNone Excellent Excellernt*  Excellent Excellent .64 1.41
12 G Fa =22 -3 Low Mone Excellent Excellent™ Excellen: Ewcellent  0.74 1.63
13 CCIF, -115 -B2 Laonw Mone Good Mone Groad Mone 11.0= 24 50
14 CF, -198-128 Low None Fair Mone Fair Mone 18,62 41 06
21 CHCLF 4H 9 Toxic MNone Fair MNone - Good — —
2 CHCIF; 41 -4 Poss.v.wk.mutagen MNone Excellent Grood Excellent — 1.14 2.51
23 CHFy -116 -B3 Low MNone Fair MNone Fair = 13,46 20,68«
3 CH:CIF 6 9 Toxic Yes MNone Fair Mone Mone = -
32 CHsF, 61 -52 Low Yes None MNone None None = —

113 CC1LF.CCIF; 118 48 Lovw MNone Excellent Good® Crood Croed 0.79 1.74
114 CCIF; CCIF, 39 4 Low None Excellent Excellent® Excellent  Excellent 102 225
115 CICIF: CF, -38 -39 Low MNone Good Crowod ™ Cond Grood 2.55= 5.602-
116 CF;.CFs -164 -109 Low Mone Fair Mone Fair Mone 4. 90 10 =
123 CHC:-CFs B 28 Low MNone Ml MNome Mone Fair —_ —_
124 CHCIF.CFs 1z -11 Low Miore Mone MNome Fair Slight — —
125 CHF:/CFs =35 -48 Assumed low MNone Mone None Fair MNone — —
132b CHyCLOCIF, 116 47 Very incomplete Mone None Mone MNone Poor —
133a  CHa.CIl-CFs 43 7 Embryotwoxic Mone  Mone (USA) MNone (LISA) MNone Fair _ -
134a  CH.F.CFs -6 -27  Very incomplete None Mone Naome None Fair = —=
14l CH,-CCILF 90 32 Weak mutagen Slight Developmmental Mone MNone Grood — =
147 CH..COIF; 14 -0 Very weak mutagen  Slight Good Crood Fair Grood 1.7 386
143a  CHs.CHF. 3% 48 Incomplene Moderate Mone None Fair MNone — -
132a CHs.CHF: -13 -23 Lo Moderate  Excellent Very Good Crood Good 1.53 342
3110 CyFuwe ® -2 Luow MNore  Discontinued Fair Crood INoame o —

C-518 CyFa L 1 Low More Fair Fair —_ MNome 1100 24 0
— {CHF:)0 2 -2 Very incomplete MNone  Discontinwed Fair — — 1206 26,00
—_— {CFa) 57 5 Very Incomplete MNone  DHscontinwed Fair —_ — —_ -
-_ {CHy O -13 -25 Low Yex Very Good Excellent Poor MNone 0.57 1.2%

H-1301 CErFs =72 -58 Low MNone Very Good — Specialized Specialized Mone 3.50 72

H-1211 CErCIF: 28 -2 Laver Mone Very Good Specialized Specialized MNone 2.0 4.4k

(LP Gases) CaHe, etc. e Law Yes! Excellent Excellent Mone Mone 022 0.48

*Bamned i the U3 _A. for acrosols and panily banned or reduced in other coancries. ©FC-11 and 12 banned in Morway and Sweden.
Prices are for bulk (Fob. ) usless noted by e’ = small oylinders (B0 pounsd asverage net] or '’ = ton ofmders, e represents an estirmated price.

Somne dara may be slgghaly mislesdieg duc 1o breviey and those imterseed should pirsae the avadable litcratare for more precise imformstion.

The Aerosol Handbook M Johnson



PFAS - Pulmosphere Technology
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PFAS - Pulmosphere Technology
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Figure 2. PulmoSphere™ particles are manufactured using an emulsion based spray—drying process. {(A) Submicron

Ther. Deliv. (2014) 5(3), 277-295



PFAS - Pulmosphere Technology

Table 2. Influence of the volume fraction of oil phase of particle properties for a 50% w/w formulation of

gentamicin sulfate.

$ogos TEM SEM VMD Surface area st Porosity
(pm) (m?/g) (g/cm?) (%)

0 3.0 2.0 1.24 1.9

01 3.4 25.7 0.35 72.3

0.3 5.8 72.4 0.17 86.6

0.5 73 569 0.05 96.0

Particle cross-sections were imaged with TEM, while particle morphologies were imaged with SEM. The VMD was obtained via laser diffraction.

$ene Volume fraction of perfiuorooctyl bromide; p_ - Tapped density, SEM: Scanning electron microscopy; TEM: Transmission electron microscopy; VMD: Volume

weight mean diameter.

Adapted with permission from [3] € Virginia Commonwealth University (2000).

Ther. Deliv. (2014) 5(3), 277-295



PFAS - Pulmosphere Technology

APl PSph format Delivery system Status Studies Ref.
Tobramycin solution DP1 (T-328) Approved Marketed drug product for treating [11,38=44]
PulmoSphera™ chronic Pseudomonas aeruginosa

infections in CF patients. Five
completed clinical studies
encompassing more than 500 subjects
Ciprofloxacin Suspension DP ({T-326) Phase Il Completed clinical development [46=50]
PulmoSphere through Phasa lib in CF and non-CF
bronchiectasis. Five completed studies
encompassing more than 400 subjects

Glycopyrrolateformoteral,  Carrier phADI Phase Il Completed clinical developmenit [31.52]
alycopyrrolate, formoterol  PulmaoSphere through Phase llb: ten studies
encompassing more than 1000 subjects
{COPD)
Amphotericin B Suspension DP(T-326) End of Completed three Phase | studies in 57 [MNekran
PulmoSphere Phase Il  healthy volunteers. Completed end of THERAFEUTICS,
Phase Il meetings with Health Usirvseines Daral

Authaorities for prophylaxis against
invasive pulmonary aspergillosis

indication.
Glycopyrrolate/ Formoteral/  Carrier phaDI Phase| A Phase | study was inftiated with the [7&]
Budesonide PulmoSphere triple combination for COPD

Indacaterol Suspension DPl {Conceptl, Proof of Completed three studies with more [MovarTis
PulmoSphere Simoon) concept  than 100 subjects PHARMACEUTICALS
CORPORATION,
UsirvsLisHen [ata)
Budesonide Suspension DF1 {Eclipse®) Proof of  Pharmacoscintigraphy study exploring [10]

PulmoSphere concept  flow rate dependence of budesonide

PulmoSphere relative to Pulmicort®
Turbuhaler® in ten healthy volunteers

Leuprolide Solution DPi (Turbospin®)  Proof of  Pharmacokinetics study in 12 healthy [Ivpare
PulmoSphere concept  volunteers THERArEUTIC
SviTEMS,

UsirvsLisHen [ata)

Albutercl Solution phDI Proof of  y scintigraphy study comparing [22]
PulmoSphere concept  albuterol PulmaoSphere formulation to
entolin® Evohaler® in nine healthy
wolunteers

AF: Active pharmaceutical ingredient; CF; Cystic fibrasis; COPD: Chronic obstructive pulmonary disease; DY Dry-powder imhaler; pAMOI: Pressunized metered-dosa
inhaler; Fiph: Phosphosenine phosphatass.

Ther. Deliv. (2014) 5(3), 277-295



PFAS - Pulmosphere Technology

“Large doses of PFOB (up to 30 ml/kg body weight) have been instilled
into the lungs in support of partial liquid ventilation. Based on pulmonary
safety studies in non-human primates, the calculated permitted daily
exposure according to residual solvent guidelines set by the International
Conference on Harmonization of Technical Requirements of
Pharmaceuticals for Human Use (ICH Q3C) is about 1 g/day [Alliance
Pharmaceutical Corporation,Unpublished Datal].

This is orders of magnitude in excess of the anticipated PFOB levels
delivered in PulmoSphere powders, where residual concentrations
of less than 0.5% w/w are typically measured in spray—dried
powders.”

Ther. Deliv. (2014) 5(3), 277-295



Effects of perfluorocarbon emulsions on human fibroblasts and
effects of emulsion storage temperature on particle size distribution

L alérie Centis, Charles |. Daoillon, Patrick 1 ermette

3.2 Absrtract

The purpose of this study was to characterize emulsion preparations made of perfluorooctyl
bromide (PFOB) and egg volk phospholipid (EYP) and their cytotoxicity. Dynamic light
scattering and transnmussion clectron microscopy revealed that freshly prepared emulsions
stored at different temperatures for a 24-hour period have a unimodal particle size distribution
with an average particle size of ca. 200 nm. The emulsion displayed a broader partcle size
distribution following 14-day storage. Primary human fibroblasts exposure to PFOB/EYP
emulsions permanently inhibited cell proliferation and decreased mitochondrial activity.
Scanning electron microscopy pictures reveal the presence of spherical particles on the

fibroblasts following exposure to the emulsions after thorough rinsing with culture media.

Keywords: Perfluorocarbon emulsions, PFOB, oxygen carriers, cytotoxicity, fibroblasts, cell

morphology, cytocompatibility.

Valerie Centis Thesis 2009



Alternative Technologies

Co-solvent systems
Alternative propellant

Softmist spray
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