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15 A metering valve may be designed to consistently release a fixed,
predetermined mass of the drug formulation upon each activation. As the
suspension is forced from the container through the dose metering vaive by the
high vapor pressure of the propellant, the propellant rapidly vaporizes leaving a
fast moving cloud of very fine particles of the drug formulation. This cloud of

20 particles is directed into the nose or mouth of the patient by a channelling
device such as a cylinder or open ended cone. Concurrently with the activation
of the aerosol dose metering valve, the patient inhales the drug particles into
the lungs or nasal cavity. Systems of dispensing drugs in this way are known as
“metered dose inhalers® (MDl's). See Peter Byron, Respiratory Drug Delivery,

25 CRC Press, Boca Raton, FL (1990) for a general background on this form of
therapy.

Patients often rely on medication delivered by MDI's for rapid treatment of
respiratory disorders which are debilitating and in some cases, even life
30 threatening. Therefore, it is essential that the prescribed dose of aerosol
medication delivered to the patient consistently meet the specifications claimed
by the manufacturer and comply with the requirements of the FDA and other
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10
We have found that coating the interior can surfaces of MDI's with a
fluorocarbon polymer significantly reduces or essentially eliminates the problem
of drug adhesion or deposition on the can walls and thus ensures consistent
delivery of medication in aerosol form from the MDI.

15

SUMMARY OF THE INVENTION

A metered dose inhaler having part or all of its internal metallic surfaces coated
with one or more fluorocarbon polymers, optionally in combination with one or
20 more non-fluorocarbon polymers, for dispensing an inhalation drug formulation
comprising beclomethasone dipropionate or a physiologically acceptable
solvate thereof, and a fiuorocarbon propeliant, optionally in combination with
one or more other pharmacologically active agents or one or more excipients.

25 DETAILED DESCRIPTION OF THE INVENTION

The term "meterad dose inhaler" or *"MDI* means a unit comprising a can, a
crimped cap covering the mouth of the can, and a drug metering valve situated
in the cap , while the term "MDI system* also includes a suitable channelling
0 device. The terms "MDI can®" means the container without the cap and vaive.
The term "drug metering valve® or *MDI valve® refers to a valve and its
associated mechanisms which delivers a predetermined amount of drug
formulation from an MDI upon each activation. The channelling device may



associ at ed nmechani sns whi ch delivers a predeterm ned anount of drug
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|prop|onate in aerosol form has been accepted by the medical community as
useful in the treatment of asthma and is marketed under the trademarks
“Beclovent®, “Becotide”, and “Beconase”.

15 The term “drug formulation® means beclomethasone dipropionate (or a
physiologically acceptable solvate thereof) optionally in combination with one or
more other pharmacologically active agents such as other antiinflammatory
agents, anaigesic agents or other respiratory drugs and optionally containing
one or more excipients. The term “excipients” as used herein mean chemical

20 agents having little or no pharmacological activity (for the quantities used) but
which enhance the drug formulation or the performance of the MDI system. For
example, excipients include but are not limited to surfactants, preservatives,
flavorings, antioxidants, antiaggregating agents, and cosolvents, e.g., ethanol
and diethyl ether.

Suitable surfactants are generally known in the art, for example, those
surfactants disclosed in European Patent Application No. 0327777. The amount
of surfactant employed is desirable in the range of 0.0001% to 50% weight to
weight ratio relative to the drug, in particular, 0.05 to 5% weight to weight ratio. A

30 particularly useful- surfactant is 1,2-di[7-(F-hexyl) hexanoyl]-glycero-3-phospho-
N,N,N-trimethylethanolamine also know as 3, 5, 9-trioxa-4-phosphadocosan-1-
aminium, 17, 17, 18,18,19, 19, 20, 20, 21, 21, 22, 22, 22-tridecafluoro-7-[(8, 8, 9,
9,10, 10, 11, 11, 12, 12, 13, 13, 13-tridecafluoro-1-oxotridecyl)oxy]-4-hydroxy-N,
N, N-trimethyl-10-oxo-, inner salt,.4-oxide.
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pirbuterol, rseuri)traBFae r(l)l 'useful in inhalation therapy. Appropriate medicaments may thus be
selected from, for example, analgesics, e.g. codeine, dihydromorphine,
15 ergotamine, fentanyl or morphine; anginal preparations, e.g. diltiazem;
antiallergics, e.g. cromoglycate, ketotifen or nedocromil; antiinfectives e.g.
cephalosporins, penicillins, streptomycin, sulphonamides, tetracyclines and
pentamidine; antihistamines, e.g. methapyrilene; anti-inflammatories, e.g.
fluticasone (e.g. the propionate), flunisolide, budesonide, tipredane or
20 triamcinolone acetonide; antitussives, e.g. noscapine; bronchodilators, e.g.
salbutamol, saimeterol, ephedrine, adrenaline, fenoterol, formoterol, isoprenaline,
metaproterenol, phenylephrine, phenylpropanolamine, pirbuterol, reproterol,
rimiterol, terbutaline, isoetharine, tulobuterol, orciprenaline, or (-)-4-amino-3,5-
dichloro-  a -[[[6-[2-(2-pyridinyl)ethoxy]hexyllamino]methyljbenzenemethanol;
25 diuretics, e.g. amiloride; anticholinergics e.g. ipratropium, atropine or oxitropium;
hormones, e.g. cortisone, hydrocortisone or prednisolone; xanthines e.g.
aminophyliine, choline theophyllinate, lysine theophyllinate or theophylline; and
therapeutic proteins and peptides, e.g. insulin or glucagon. It will be clear to a
person skilled in the art that, where appropriate, the medicaments may be used in
30 the form of salts (e.g. as alkali metal or amine salts or as acid addition salts) or as
esters (e.g. lower alkyl esters) or as solvates (e.g. hydrates) to optimise the
activity and/or stability of the medicament and/or to minimise the solubility of the
medicament in the propellant.
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propellant very rapidly vaporizes dispersing the drug particles. The propellants

used in the present invention are low boiling fluorocarbons; in particular, 1,1,1,2-
tetrafluoroethane also known as “propellant 134a" or “P134a" and 1,1,1,2,3,3,3-
heptafluoropropane also know as “propellant 227" or “P 227°.

15
Drug formulations for use in the invention may be free or substantiaily free of
formulation excipients e.g. surfactants and cosolvents etc. Such drug
formulations are advantageous since they may be substantially taste and odour
free, less irritant and less toxic than excipient-containing formulations. Thus, a

20 preterred drug formulation consists essentially of beciomethasone dipropionate
(or a physiologically acceptable solvate thereof), optionally in combination with
one or more other pharmacologically active agents particularly salbutamol (or a
physiologically acceptable sait thereof), and a fluorocarbon propellant. Preferred
propellants are 1,1,1,2-tetrafluoroethane, 1,1,1,2,3,3,3-heptafluoro-n-propane or

25 mixtures thereof, and especially 1,1,1,2-tetrafluoroethane.

Most often the MDI can and cap are made of aluminum or an alloy of aluminum,
although other metals not atfected by the drug formulation, such as stainless
steel, an alloy of copper, or tin plate, may be used. An MDI can may also be
30 fabricated from glass or plastic. Preferably, however, the MDI cans employed in
the present invention are made of aluminium or an alloy thereof.
Advantageously, strengthened aluminium or aluminum alloy MDI cans may be
employed. Such strengthened MDI cans are capable of withstanding particularly
straessful coating and curing conditions, e.g. particularly high temperatures, which
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Fluorocarbon polymers for use in the invention include fluorocarbon polymers
which are made of multiples of one or more of the following monomeric units:
tetrafluoroethylene (PTFE), fluorinated ethylene propylene (FEP),
perfluoroalkoxyatkane (PFA), ethylene tetrafluoroethylene (ETFE),
20 vinyldienefluoride (PVDF), and chlorinated ethylene tetrafluoroethylene.
Fluorinated polymers which have a relatively high ratio of fluorine to carbon, such
as perfluorocarbon polymers e.g. PTFE, PFA, and FEP, are preferred.

The fluorinated polymer may be blended with non-fluorinated polymers such as

25 polyamides, polyimides, polyethersulfones, polyphenylene sulfides and amine-
formaldehyde thermosetting resins. These added polymers improve adhesion of
the polymer coating to the can walls. Preferred polymer blends are
PTFE/FEP/polyamideimide, PTFE/polyethersulphone (PES) and FEP-
benzoguanamine.

Particularly preferred coatings are pure PFA, FEP and blends of PTFE and
polyethersulphone (PES).
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10 cans made of metal, especially MDI cans made of aluminium or an alloy thereof.

The particle size of the particular (e.g., micronised) drug should be such as to

permit inhalation of substantially all the drug into the lungs upon administration

of the aerosol formulation and will thus be less than 100 microns, desirably less
15 than microns, and, in particular, in the range of 1-10 microns, e.g., 1-5 microns.

The final aerosol formulation desirably contains 0.005-10% weight to weight
ratio, in particular 0.005-5% weight to weight ratio, especially 0.01-1.0% weight
to weight ratio, of drug relative to the total weight of the formulation.

A further aspect of the present invention is a metered dose inhaler having part or
all of its internal metallic surfaces coated with one or more fluorocarbon
polymers, optionally in combination with one or more fluorocarbon polymers, for
dispersing an inhalation drug formulation comprising beclomethasone

25 dipropionate and a fluorocarbon propeliant optionally in combination with one or
more other pharmacologically active agents and one or more excipients.

A particular formulation for use in the metered dose inhaler of the present
invention comprises:
30 (a) beclomethasone dipropionate monohydrate, the particle size of
substantially all the monohydrate being less than 20 microns;
(b) atleast 0.015% by weight of the formulation of water in addition to
the water of crystallization associated with said monohydrate; and
(c) a fluorocarbon propellant.



100m e.g. Imto 25m Coatings nmay be applied in one or nore coats.
Preferably the fluorocarbon polyners for use in the invention are coated
onto MDI 10 cans nmade of metal, especially MD ¢€ans made of al um nium or an
alloy thereof. The particle size of the particular (e.g., mcronised) drug
shoul d be such as to permt inhalation of substantiall into
the 1 ungs WOMBZURi nistration of the aerosol fornulatignq%ﬁgkﬁﬁ‘l&%gus be
1 ess than 100 microns, desirably less 15 than m crons, and, in particul ar,
in the range of 1-10 microns, e.g., 1-5 mcrons. The final aerosol
formul ati on desirably contains 0.005-10% weight to weight ratio, in
particul ar 0.005-5% wei ght to weight ratio, especially 0.01-1. 0% weight to
wei ght ratio, of drug relative to the tot wei ght of the fornmulation. 20 A
further aspect of the present invention is a netered dose inhal er having
part or all of its internal netallic surfaces coated with one or nore
fluorocarbon polyners, optionally in conbination with one or nore
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propellant of a polar cosolvent such as e¥hano. referably the tiuorocarbon

propellant is 1,1,1,2-tetrafluoroethane, 1,1,1,2,3,3,3-heptafluoro-n-propane or

mixtures thereof, and especially 1,1,1,2-tetrafluoroethane.

15 Further drug formulations for use in the invention are free or substantially free of
surfactants. Thus, a further formulation comprises or consists essentially of
beclomethasone dipropionate or a physiologically acceptable solvate thereof,
optionally in combination with one or more other phamacologically active
agents, a fluorocarbon propellant and 0.01 to 0.05% w/w based on the propeliant

20 of a polar cosolvent such as ethanol, which formulation is free of surfactant.
Preferably the propellant is 1,1,1,2-tetraflucroethane or 1,1,1,2,3,3,3-
heptafiuoro-n-propane, aithough mixtures thereof may also be used.

A particular aspect of the present invention is an MDI having part or essentially

25 all of its internal surfaces e.g. metallic surfaces coated with PFA or FEP, or
blended fluoropolymer resin systems such as PTFE-PES with or without a
proper coat of polyamideimide or polyethersulfone for dispersing a drug
formulation as defined hereinabove. Preferably the MDI can is made of
aluminum or an alloy thereof.

The MDI can may be coated by the means known in the art of metal coating. For
example, a metal, such as aluminum or stainiess steel, may be precoated as coil
stock and cured before being stamped or drawn into the can shape. This method
is well is suited to high volume production for two reasons. First, the art of



5 least 0.02/a, for exanple 0.025% by wei ght or nore of added water.
Preferred formnulations according to the invention contain at |east 0.026%
for exanpre  0.026 t0 0.08% by weight of water; in additi er of
crystallization associated with the becl onet hasone dipropionate

nmonohydr at e. tionally, a cosolvent such as ethanol may Included in

t he fgrrml‘gf)l %2%"1 the desired 10 anount. Suitably, the fc}’r‘ﬁmsgf’?w may
-contain 0.05 to 3.0% w w based on the propellant of a polar cosol vent such
as ethanol. Preferably the fluorocarbon propellant is

1,1,1,2-tetrafl uoroethane, 1,1,1, 2,3, 3, 3-heptafluoro-n-propane or m xtures
thereof, and especially 1, 1, 1,2-tetrafluoroethane. 15 Further drug

formul ations for use in the invention are %ree or substantially free of
surfactants. Thus, a further fornul ati on cOnprises or consists essentially
of ~ becl omet hasone di propi onate or a physiol ogically acceptable solvate

thereof,  opt bﬁf\ﬁ'{ oil ﬂo&?%ﬂh&ﬂ&éﬁbd&& %@?&é?&l rﬁ?ﬁtﬂaeﬁﬁ’&% can custom coat
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surfaces e.g. netallic surfaces coated with PFA or FEP, or bl ended
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MDI cans then drained out leaving the insides with the polymer coat.
Conveniently, for ease of manufacture, preformed MDI cans are spray-coated

15 with the fluorinated polymer/polymer blend.

The fluorocarbon polymer/polymer blend may also be formed in situ at the can
walls using plasma polymerization of the fluorocarbon monomers. Fluorocarbon
polymer fiim may be blown inside the MDI cans to form bags. A variety of
20 fluorocarbon polymers such as ETFE, FEP, and PTFE are available as film stock.

The appropriate curing temperature is dependent on the fluorocarbon
polymer/polymer blend chosen for the coating and the coating method employed.
Howaver, for coil coating and spray coating temperatures in excess of the melting

25 point of the polymer are typically required, for example, about 50° C above the
melting point for up to about 20 minutes such as about 5 to 10 minutes eg about
8 minutes or as required. For the above named preferred and particularly
preferred fluorocarbon polymer/polymer blends curing temperatures in the range
of about 300°C to about 400°C, e.g. about 350°C to 380°C are suitable. For

30 plasma polymerization typically temperatures in the range of about 20°C to about
100°C may be employed.

The fluorocarbon polymer may also be formed in situ at the can walls using
plasma polymaerization of the fluorocarbon monomers. Fluorocarbon polymer film



9 coating coil stock is well devel oped and several nmanufacturers can custom
coat netal coil stock to high standards of uniformty and in a w de range
of thicknesses. Second, The precoated stock can be stanped or drawn at
hi gh speeds and precision by essentially the sane nethods used to draw or
stanp 5 uncoated stock. OQther techniques for obtaining c % 1S by
el ect rost WSS powder coating or by spraying prefor rregé}l\/lglg%cans I nsi de
with formul ations of the coating fluorinated pol yner/polynmer blend and
then curing. The preformed MDI cans 10 nay al so be dipped in the

fl uorocar bon pol yner/ pol ymer bl end coating fornulation and cured, thus
becom ng coated on the inside and out. The fluorocarbon pol yner/ pol ynmer

bl end fornul ati on nay al so be poured insiﬂg the MDD cans then drained out
| eaving the insides with the polyner coat.” Conveniently, for ease of

manuf acture, preformed MDI cans are spray-coated 15 with the fluorinated
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FEP, and PTFE!ﬁé @%@hhgﬂ ffer8ih RB% Bbg*é’&d?ed by WPetRB8s 6Ptheairt(ecy!] sea@Byron,
tenperature i 3’?) ndent on e ocar hon' pol d chosen
for the &oati Agovsand Hes-&?é?‘i‘t@%gﬁ Hﬁ%ﬁ&?nxﬁ%\%?/%a%?idcoati ng
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poi nt for up u m nutes such as about 5 to Nt es. out 8
ni nutes or as fluednated golymar. The camis ef?ivr@aaﬁPBPéP?@waﬂh‘gﬁ!%?’."ﬁﬁ?‘gﬁ y
preferred f Lug{@@@gh@@u%ﬂnﬁ&f 4fthb ydrag irtnheg,k;ora?%béo’fg:m%ﬂ?égﬂ liquid fCPTﬂ Llhe
range of. abou i 38Cs a46,9801 t abl e.
For 30 p{%sm"m%ﬁbggﬁﬂﬁ?%?@ael’ﬁ?gg'ggrpeﬁ’gtureggiﬂnt he range of about
20C to about incuemied hreinhy fergnce.

The MDI's with fluorocarbon coated interiors taught herein may be used in
medical practice in a similar manner as non-coated MDI's now in clinical use.

15 However the MDI's taught herein are particularly useful for containing and
dispensing inhaled drug formulations with hydrofiuoroalkane fluorocarbon
propellants such as 134a with little, or essentially no, excipient and which tend to
deposit or cling to the interior walls and parts of the MDI system. In certain case
it is advantageous to dispense an inhalation drug with essentially no excipient,

20 8.g., where the patient may be allergic to an excipient or the drug reacts with an
excipient.

MDI's containing the formulations described hereinabove, MDI systems and the
use of such MDI systems for the treatment of respiratory disorders e.g. asthma
25 comprise further aspects of the present invention.

It will be apparent to those skilled in the art that modifications to the invention
described herein can readily be made without departing from the spirit of the
invention. Protection is sought for all the subject matter described herein

0 including any such modifications.

The following non-limitative Examples serve to illustrate the invention.



The fl uorocarbon polyner may also be fornmed in situ at the can walls using
pl asma pol ynerization of the fluorocarbon nononers. Fluorocarbon pol yner
fil mWD 96/ 32345 PCT/US96/ 05009 —10 1Ry be btowr i nside the Mbr—Tanmsto
formbags. A variety of fluorocarbon polynmers such as ETFE, FEP, and PTFE

are available as filmstock. The MD's taught herein may d
met hods ofWOR#3R4% (e.g., see Byron, 5 above and U.S. pa?’gﬁﬁ] E&gﬁ@ 980)

substituting conventional cans for those coated with a fluorinated

pol ymer. That is, beclonmethasone di propi onate and other conponents of the
fornmulation are filled into an aerosol can coated with a fluorinated
polynmer. The can is fitted with a cap assenbly which is crinped in place.
The suspension of the drug in the fl uoroc]a{/bon propellant in liquid form 10
may be introduced through the nmetering valve as taught in U S. 5,345,980

I ncorporated herein by reference. The MDI's with fluorocarbon coated
interiors taught herein may be used | EXAMPLES! practice in a simlar
manner as non-coated MDI's now in clinical use. 15 However the MD's
taught herein are particularly useful for containing and di spensing inhal ed
drug fornul ati ons wi th hydrofl uoroal k ocarbon propellants such as
134a with little, or essentially no, excipient and which tend to deposit
or cling to the interior walls and parts of the M system In certain case
it is advant geous to di spense an inhal ati on dr ug It] ssentially Pé}??

exci pi end tangard iR ank MD) gang {Pregspasing | ALY, cNEY were-serayreaated,
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for aII he su ec tter describ
94/22722 (PCT/EP94/00921)) the valves crimped in place, and a suspension
of about 24 mg beclomethasone dipropionate in about 18 gm P134a is filled

through the valve.

15 Example 2

Standard 0.46 mm thick aluminum sheet (United Aluminum) was spray-coated
(DuPont, Wilmington, DE) with FEP (DuPont 856-200) and cured. This sheet
was then deep-drawn into cans (Presspart Inc., Cary, NC). The thickness of the

20 coating is approximately 10um to 50um. These cans are then purged of air, the
valves crimped in place, and a suspension of about 60 mg beclomethasone
dipropionate in about 18 gm P134A is filled through the valve.

Example 3

Standard 12.5 m! MDI cans (Presspart Inc., Cary NC) are spray-coated with
PTFE-PES blend (DuPont) as a single coat and cured according to the vendor's
standard procedure. The thickness of the coating is between approximately 1um
and approximately 20um. These cans are then purged of air, the valves crimped

30 in place, and a suspension of about 68mg micronised beclomethasone
dipropionate monohydrate in about 6.1mg water and about 18.2g P134a is filled
through the vaive.



30 including any such nodifications. The follow ng non-limtative Exanples
serve to illustrate the invention. WO 96/ 32345 PCTI US96/ 05009 11 EXAMPLES
Exanple 1 5 Standard 12.5 niC NMDI cans (Presspart Tnc., Cary, NC) were
spray-coated (Livingstone Coatings, Charlotte, NC wth primer (DuPont
851-204) and cured to the vendor's standard procedure, t r

spray- coat W@%FPAS ei t her FEP or PFA (DuPont 856-200 and gﬁ’"&%&&s

s espectively) and cured according to the vendor's standard procedure. The
t hi ckness of the coating is approximately 10 10limto 50m These cans are
then purged of air (see PCT application nunber W94/22722 :

(PCT/ EP94/ 00921) ), the valves crinped in place, and a suspension of about
24 ny becl onet hasone di propionate in abou{ 18 gm P134a is filled through
the valve. 15 Exanple 2 Standard 0.46 nm %i ck al umi num sheet (United

Al um num) was spray-coated (DuPont, WI mngton, DE) with FEP (DuPont
856-200) and cured. This sheet was t%nmdrawn i nto cans (Presspart
Inc., Cary, NC). The thickness of the coating is approximately 10mto
50m These cans are then purged of air, the valves crinped in place, and a
suspensi on ofsigdeard $2.5/m) MBElcanst (Passspart tiqr Garp NGk afen sprayscoated guitiP134A

is filled thf fa iR BlefAd ﬁén?faﬁaft%réh adcérdiFg the @A
(Pressomst R i Mo o Voetap bt F%°'S>Thzs

a single coatStadWG
t hi ckness of anbdeappoatimately QOhm WWhaseaaps @(e there purgad ofaitthepyalves erimeey

20m These W piats, tQ@@ g"'sh Eeﬂéloﬁ' of aBP@t %@h’?e%uﬁfddw béionfetAhasse and

a suspension oni sed
P dipropionate monohydrate in about 6 1mg water and about 18.2g P134a is filled
through the valve.

10

Example 5

15 Standard 12.5ml! MDI cans (Presspart Inc., Cary NC) are spray-coated with FEP
powder (DuPont FEP 532) using an electrostatic gun. The thickness of the
coating is between approximately 1um and approximately 20pm. These cans are
then purged of air, the valves crimped in place, and a suspension of about 68mg
micronised beclomethasone dipropionate monohydrate in about 6.1mg water and

20 about 18.2g P134a is filled through the valve.

Example 6

Standard 0.46mm thick aluminium sheet is spray coated with FEP-

25 Benzoguanamine and cured. This sheet is then deep-drawn into cans. These
cans are then purged of air, the valves crimped in place, and a suspension of
about 68mg micronised beclomethasone dipropionate monohydrate in about
6.1mg water and about 18.2g P134a is filied through the valve.

0 Example 7

Standard 12.5 ml MDI cans (Presspart Iinc., Cary NC) are spray-coated with an
aqueous dispersion of PFA (Hoechst PFA-6900n) and cured. The thickness of
the coating is between approximately 1um and approximately 20um. These cans



di propi onat e nonohydrate in about 6.1 ng water and about 18.2g P134a is
filled through the valve. WO 96/ 32345 PCTI US96/ 05009 12 Exanple 4
Standard 12.5mL MDI cans (Presspart Tnc., Cary NC) are spray-coated wWth
PTFE- FEP- pol yam dei m de bl end (DuPont) and cured according to the vendor's
5 standard _procedure. The thickness of the coating is bet I mat el y
1m and app 6¥¥ﬁﬁ¥ély 20m These cans are then purged of aﬁ%ﬁﬁﬁga@gﬁges-
crinmped 1In place, and a suspension of about 68ng m croni sed becl onet hasone
di propi onate nonohydrate in about 6.1 ng water and about 18.2g Pl34a is
filled through the valve. 10 Exanple 5 15 Standard 12. 5ml MDI cans
(Presspart Inc., Cary NC) are spray-coated with FEP powder (DuPont FEP
532) using an electrostatic gun. The thickness of the coating is between
approximately 1m and approxi mtely 20m Th&se cans are then purged of air,
the valves crinped in place, and a suspension of about 68ng m cronised

becl onet haso ' ' i { Girt ) ut
18, 29 P134a | Sonph BRIGRPLCARNG Velled! timpbd i pthcg: & & Asbedticn °*§§?E‘k’

al um ni um she88m@dnighnise &%p&wmﬁ%@p@e%@%mﬂyﬁm 5% &4 marni <
sheet is thenwalieepndaboot 18129 R1dda.is Tilexbthrougimthearadvel hen purged of air, the
val ves crinped in place, and a suspension of about 68ng m croni sed

becl onet hasone di propi onate m)nohydratg i n ﬁbout 6.1 ng wat er and about

18.2g P1®a is filled through the val v& anple 7 Standard 12.5 m MDI
cans (Presspart Inc., Cary NC) are spray-coated with an aqueous dispersion

of PFA (Hoechgfanghay §3%0M! ABY ansePreddhart HEKBAR® NUB) are spray-coated with
PTFE-PES blend (DuPont) as a single coat and cured according to the vendor's
standard procedure. The thickness of the coating is between approximately 1um
10 and approximately 20um. These cans are then purged of air, the valves crimped
in place, and about 68mg micronised beclomethasone dipropionate monohydrate
in about 182mg ethanol and about 18.2g P134a is filled through the valve.

Example 9
15

Standard 12.5ml MDI cans (Presspart Inc., Cary NC) are spray-coated with
PTFE-FEP-polyamideimide blend (DuPont) and cured according to the vendor’s
standard procedure. The thickness of the coating is between approximately 1pum
and approximately 20um. These cans are then purged of air the valves crimped

20 in place, and about 68mg micronised beclomethasone dipropionate monohydrate
in about 182mg ethanol and about 18.2g P134a is filled through the valve.

Example 10

25 Standard 12.5m| MDI cans (Presspart Inc., Cary NC) are spray-coated with FEP
powder (DuPont FEP 532) using an electrostatic gun. The thickness of the
coating is between approximately 1jum and approximately 20um. These cans are
then purged of air, the valves crimped in place, and about 68mg micronised
beclomethasone dipropionate monohydrate in about 182mg ethanol and about

30 18.2g P134a is filled through the vaive.



the coating is between approxi mately fpm and approxi mately 20m These cans
WO 96/ 32345 PCT1US96/ 05009 13 are then purged of air, the valves crinped

in place, and a suspension of about 68ng m croni Sed becl onet hasone
di propi onate nonohydrate in about 6.1 ng water and about 18.2g Pl34a is

filled through the valve. 5 Exanple 8 Standard 12.5 ml M) esspart -
I nc., CaryWe@384% spray-coated with PTFE-PES bl end (m%ﬁf’?%@gggsi ngl e

-coat and cured according to the vendor's standard procedure. The thickness
of the coating is between approximately 1m 10 and approxi mately 20m These
cans are then purged of air, the valves crinped in place, and about 68ny
m croni sed becl onet hasone di propi onat e nonohydrate 1in about 182ngy et hanol

and about 18.2g P134a is filled through tpg val ve. Exanple 9 15 Standard
12.5mL. MDI cans (Presspart Inc., Cary NC) '“are spray-coated with
PTFE- FEP- pol yam dei m de bl end (DuPont) and cured according to the vendor's

standard procedure. The thickness of %E@?ﬂng I s between approximately 1
m and approxi mately 20m These cans are en purged of air the val ves

crinped 20 in place, and about 68ng mi croni sed becl onet hasone di propi onate
nonohydr ate gianaari'to. 483 Ghibrnalumimduabsheel Sis2gpraB4coateds iwithedFERr ough

the val ve. anmple 10 r . | r&%? rAVRPRES cams - These Y
NC) are spr a?%‘gggﬁﬁn%mﬁ %&ggg%gd\?\dﬁs%ﬁg/ﬁtt@EP Ei‘ usi ng a
el ect rosBat i cagsnareTthen puegesket aif thevalvesaerimped JnIaGRcf gp%?’%ﬁim%l y
1m and appr oxhieFsriiéed BEsTomElefsonealisropionaté eoomopydmtel iroébaitr 182mg ethanpds
crinped in place, an 8Ny, 1 ' | omet hasone di propi onat e
nonohydr at e i%quﬁg%{%@n' n'(l)lge1 gﬁgng"t?)g%tv 18.2g P134a is filled
t hrough the val ve. WD 96/ 32345 PCT/ US96/ 05009
Example 12
10 ,
Standard 12.5 ml MDI cans (Presspart Inc., Cary NC) are spray-coated with an
aqueous dispersion of PFA (Hoechst PFA-6900n) and cured. The thickness of
the coating is between approximately ium and approximately 20um. These cans
are then purged of air, the valves crimped in place, and about 68mg micronised
15 beclomethasone dipropionate monohydrate in about 182mg ethanol and about
18.2g P134a is filled through the valve.

Example 13

20 Standard 12.5 ml MDI cans (Presspart Inc., Cary NC) are spray-coated with
PTFE-PES blend (DuPont) as a single coat and cured according to the vendor’s
standard procedure. The thickness of the coating is between approximately 1um
and approximately 20pm. These cans are then purged of air, the valves crimped
in place, and about 13.6mg micronised beclomethasone dipropionate in about

25 107mg ethanol and about 21.4g P227 is filled through the valve.

Example 14

Standard 12.5m! MDI cans (Presspart Inc., Cary NC) are spray-coated with

30 PTFE-FEP-polyamideimide blend (DuPont) and cured according to the vendor's
standard procedure. The thickness of the coating is between approximately 1um
and approximately 20um. These cans are then purged of air the valves crimped
in place, and about 13.6mg micronised beclomethasone dipropionate in about
107mg ethanol and about 21.4g P227 is filled through the valve.



14 Exanmpl e 11 Standard 0.46mm thick al um nium sheet is spray coated with
FEP- Benzoguanam ne and cured. This sheet is then deep-drawn into cans.
Thése 5 cans are then purged of—air, the vatves crinped Tm ptacte, and
about 68ng m croni sed becl onet hasone di propi onat e nonohydrate i n about
182ng et hanol and about 18.2g P134a is filled through th anpl e
12 10 St %8842 5 M MDI cans (Presspart Inc., Cary NC?méﬁggéﬁwég-coated
-with an aqueous dispersion of PFA (Hoechst PFA-6900n) and cured. The

thi ckness of the coating is between approximately 1 Eun and approxi mately
20m These cans are then purged of air, the valves crinped in place, and
about 68ng m croni sed 15 becl onet hasone di propi onate nonohydrate in about
182nmg et hanol and about 18.2g P134a is filled through the valve. Exanple
13 20 Standard 12.5 nl MDD cans (Pressparﬂslnc., Cary NC) are spray-coated
wi th PTFE-PES blend (DuPont) as a single coat and cured according to the
vendor's standard procedure. The thickness of the coating is between
approximately 1m and approximately 20m These cans are then purged of air,
the valves crinped in place, and abolRXaMRIBAB ni croni sed becl onet hasone

di propionate in about 25 107ng et hanol and about 21.4g P227 is filled

Cary Ry - ar o i Gaya JER faph s I8 Astan i TCaM NI 308 spifyBited Wit KEP |
and cur e acoowdendDubont &ER $33) 'using eareiasiospialic aum: e Thentbickapsk (Rf dbeof
the coating icoatiey ictsstwapn appioxithalely 1)m andcappppxicaiety 20j1n. Zleseldansareans

are then pur f al he | v cr'mﬂ? o a 2

m croni sed bgrgéj%ﬁgf%é:{sgﬁ%"‘d%gr‘(’)ag?%sna({re |énh g'bglﬁp L ﬁ@?ﬁgggﬁ ?1%%0 9 éﬁﬁgggaﬂt

21.4g P227 i berlomathasenedipropinpatednabout 107mg ethanol and about 21.4g P227 is
filled through the valve.

10
Example 16

Standard 0.46mm thick aluminium sheet is spray coated with FEP-
Benzoguanamine and cured. This sheet is then deep-drawn into cans. These

15 cans are then purged of air, the valves crimped in place, and about 13.6mg
micronised becliomethasone dipropionate in about 107mg ethanol and about
21.4g P227 is filled through the valve.

Example 17

Standard 12.5 ml MDI cans (Presspart inc., Cary NC) are spray-coated with an
aqueous dispersion of PFA (Hoechst PFA-6900n) and cured. The thickness of
the coating is between approximately 1um and approximately 20um. These cans
are then purged of air, the valves crimped in place, and about 13.6mg micronised

25 beclomethasone dipropionate in about 107mg ethanol and about 21.4g P227 is
filled through the valve.

Examples 18-22

0 Examples 3 to 7 are repeated except that about 24mg salbutamol as the free
base or equivalent weight of salt e.g. suiphate with about 12mg beclomethasone
dipropionate monohydrate in about 364mg ethanol and about 18.2g P134a is
filled through the valve.



WO 96/ 32345 PCTI US96/ 05009 15 Exanple Standard 12.5nl MDI cans (Presspart
Inc., Cary NC) are spray-coated with FEP 5 powder (DuPont FEP 532) using
an electrostatic gun. The thickness of the coating is between approxi nmately
1m and approxi mately 20m These cans are then purged of air, the valves
crinped in place, and about 13.6ng micronised beclonetha ' pi onat e
i n about 1W?ﬁg’3§‘t‘ﬁanol and about 21.4g P227 is filled th?%gjﬁ%‘ﬁg@val ve.
10 Exam | e1l6 Standard 0.46mm t hick al um nium sheet is spray coated with
FEP- Benzoguanam ne and cured. This sheet is then deep-drawn into cans.
These 15 cans are then purged of air, the valves crinped in place, and
about 13.6ng m croni sed becl onet hasone di propi onate in about 107ng et hanol
and about 21.4g P227 is filled through tﬁs val ve. Exanple 17 20 Standard
12.5 mM MDD cans (Presspart Inc., Cary NC)®are spray-coated with an
aqueous di spersion of PFA (Hoechst PFA-6900n) and cured. The thickness of
the coating is between approxinateI??#ﬁﬁﬁggéagg?roxinately 20m These cans
are then purged of air, the val ves nped 1 n place, and about 13.6ny

m croni sed 25 becl omet hasone di propionate in about 107ng et hanol and about
21. 49 P227 i Exaple€d tolpDuahrépeatedbxsept Ehatmmoeitied 828mBNIDEcanphaying ao 7

G val ent eﬁaeémap e G104 besf ek Ppatl it CadNEREe R, ot hasone

di propi o®at e nonohydrate in about 364ng et hanol and about 18.2g Pl34a is
filled throughosheldryerom the MDIs tested under simulated use conditions is found to

be constant, compared to control MDis filled into uncoated cans which exhibit a
significant decrease in dose delivered through use.



WO 96/ 32345 PCT/ US96/ 05009 16 Exanpl es 23-42 Exanples 3 to 22 are repeated
except that nodified 12.5nm MDD cans having a substantially ellipsoidal
base (Presspart Tnc., Cary NC) are used. 5 Dose delivery fromthe NVDis
tested under sinulated use conditions is found to be constant, conpared to
control MDs filled into uncoated cans which exhibit a significant :
decrease | WOP8SE el i vered through use. WO 96/ 32345 PCTI UBF/HRE6YM TH S
-SHEET HAS BEEN REPLACED 17 We claim 1. A netered dose lnhal er having part
or all of its internal surfaces coated w th one or noreHiS SHEEACEAAD BEEN
polymers, optionally in conbination with one or 5 norje nonﬂfgpymgpar bon
polymers, for dispensing an inhalation drug formul ati or—eerpr+sthg

becl onet hasone di propi onate or a physi ol ogically acceptabl e sol vate

t hereof, and a fluorocarbon propellant, g?. onally in conbination with one
or nore other pharmacol ogically active agents or one or nore excipients.
10 2. An inhaWw claimtording to Caim 1 containing said drug formul ation. 3.
An inhal er according to Caim2 wherein said drug formul ation further
conprises a surfactant. 15 4. An inhaler according to daim2 or Claim3

wherein said qrug A aididredt do¥e Ieré!érh?dwﬁé’B’ﬂﬂ'o"rea‘ll éf I?Q'uﬁérrf'a‘i’%%&@@é coétedA”
claim2 wherein onpr ) ses .01

hal di
Lo 5 5w w babER Gl P IR RIMSeN BRBMerfs SRlionaIdn SPmBnAIeRME o
20 fornulbat i omare nonHiuocrocarhbh polymersoforsdispensinghan ithaldtion dhug tarmatationdi ng

to Caim4 orcéhpthisihg betldm&thBsdi diBrisondte o a\pHysioidyically acceptable solvate
thereot, and a fluorocarbon propellant, optionally in combination with one or
more other pharmacologically active agents or one or more excipients.

10 2.  Aninhaler according to Claim 1 containing said drug formulation.

3. Aninhaler according to Claim 2 wherein said drug formulation further
comprises a surfactant.

15 4.  Aninhaler according to Claim 2 or Claim 3 wherein said drug formulation
further comprises a polar cosolvent.

5. An inhaler according to claim 2 wherein said drug formulation comprises
0.01 to 5 % w/w based on the weight of propellant of a polar cosolvent, which
20 formulation is substantially free of surfactant.

6. An inhaler according to Claim 4 or Claim 5, wherein the polar cosolvent is
ethanol.

25 7.  An inhaler according to any one of Claims 2 to 6, wherein said drug
formulation comprises beclomethasone dipropionate or a physiologically
acceptable solvate thereof in combination with salmeterol or salbutamol or a
physiologically acceptable salt thereof.

30 8.  Aninhaler according to Claim 2, wherein said drug formulation comprises
(a) beclomethasone dipropionate monohydrate, the particle size of
substantially all the monohydrate being less than 20 microns;
(b) at least 0.15% by weight of the formulation of water in addition to the
water of crystallisation associated with the monohydrate; and



ethanol. 25 7. An inhaler according to any one of Clains 2 to 6, wherein
said drug fornulation conprises becl onet hasone di propionate or a

physi ol ogi cally acceptabte sofvate thereof in conbination with sal neterol
or sal butanol or a physiologically acceptable salt thereof. 30 B. An

I nhal er according to Claim2, wherein said drug fornmul ati 0 Ises (a)
becl onmet hA¥@MB28Spr opi onat e nonohydrate, the particle si Zgggﬁsﬂ}ﬁgoo? '
-substantially all the nobnohydrate being | ess than 20 microns; (b) at |east
0. 15% by weight of the formulation of water in addition to the water of
crystallisation associated with the nonohydrate; and WD 96132345

PCTI US96/ 05009 18 (c) a fluorocarbon propellant. 9. An inhal er according
to Claim8, wherein the formulation furthgr conprises 0.05 to 3% w w based
on the propellant of a polar cosolvent. 5'80. An inhal er accor di ng to Caim
9, wherein the polar cosolvent is ethanol. 11. An inhaler according to

Cl aim 2, whereinp, sai | consists essentially of

becl onet hasone @ prgﬁftf)y;ﬁg(%ersgé %ﬁ@@?ol ogically acceptable 10 solvate

t hereof, optionally in conmbination with one or nore other pharnmacol ogically
active agents, a Ahushgieradoonding tSldimng, winateid. tbé formnWatiorviunthebaemprises t he

propel I ant of r | rul 2 d bReptibstantially free
of surfact antQ'aiggé%’. w&ﬁﬁ?%%%?@}h%@g@?ﬁ%ﬂ%ﬂéﬁfbghe60? Claims 2 to 11,
wherein ®he fluorocarbon propellant is 1,1,1, 2-tetrafl uoroethane or

1,1, 1, 2, 3, 3, 3tdiepAafihhecaccording ke Caimrg, whereinalse pbiar eofolvérit.is dthanohal er
according to Claim 12, wherein the fluorocarbon propellant is 20

1,1,1,2-tetrafl uoroet hane. 14. An inhal er accordi n% to any ope of clainms 1
to 13 conprislhg Andahalgsascording to Claim 2, wherein said drug formulation consists

essentially of beclomethasone dipropionate or a physiologically acceptable

10 solvate thereof, optionally in combination with one or more other
phamacologically active agents, a fluorocarbon propellant and 0.01 to 5 % w/w
based on the propellant of a polar cosolvent, which formulation is substantially
free of surfactant.

15 12. An inhaler according to any one of Claims 2 to 11, wherein the
fiuorocarbon propellant is 1,1,1,2-tetrafluorosthane or 1,1,1,2,3,3,3-heptafluoro-
n-propane or mixtures thereof.

13. An inhaler according to Claim 12, wherein the fluorocarbon propellant is
20 1,1,1,2-tetrafluoroethane.

14. An inhaler according to any one of claims 1 to 13 comprising a can made
of metal wherein part or all of the internal metallic surfaces are coated.

25 15. An inhaler according to Claim 14 wherein the metal is aluminium or an
alloy thereof.

16. An inhaler according to any one of Claims 1 to 15, wherein said
fluorocarbon polymer is a perfluorocarbon polymer.

17. An inhaler according to Claim 16 wherein said fluorocarbon polymer is
selected from PTFE, PFA, FEP and mixtures thereof.



of nmetal wherein part or all of the internal netallic surfaces are coated.
25 15. An inhaler according to Claim14 wherein the netal is alum nium or
an allToy thereof. 16. An inhalér accordi ng to any one of Craims—1to 15,
wherein said fluorocarbon polymer is a perfluorocarbon polynmer. 30 17. An
i nhal er ac g’rdi#g to Claim16 wherein said fluorocarbon polyner is

sel ected fYOMPIPEE PFA, FEP and mixtures thereof. WO 96/ IEFALS96/05009

-PCT/ US96/ 05009 19 18. An inhaler according to any one of Clains 1 to 17,
wherein said fluorocarbon polynmer is in conbination with a

non-f | uor ocar bon pol ynmer selected from polyam deim de and ,

pol yet her sul phone. 5 19. An inhaler according to any one of Clains 1 to 18
conprising a substantially ellipsoidal base. 20. A netered dose inhaler
system conprising a nmetered dose inhaler 18ccor di ng to any one of Claiml
to 19 fitted into suitable channelling device for 10 oral or nasal

i nhal ati on of yghe ; \iRR- enpe el el..
system accord??f tﬁg{ aa{l?nF %#gédrlﬂghtgzﬁgyé@?e&t é(l)émltrseé'p?or g‘?(sjrvhgszﬁr%aé?s.
15 lucrocarbon polymer is in combination with a non-fluorocarbon polymer selected

from polyamideimide and polyethersulphone.

5 19.  An inhaler according to any one of Claims 1 to 18 comprising a
substantially ellipsoidal base.

20. A metered dose inhaler system comprising a metered dose inhaler
according to any one of Claim 1 to 19 fitted into suitable channelling device for
10 oral or nasal inhalation of the drug formulation.

21. Use of a metered dose inhaler system according to Claim 20 for the
treatment of respiratory disorders.

15



