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t he patient conS|s en cifica
10 propellant. @ suspension IS stored in a sealed container capable of

withstanding the pressure required to maintain the propellant as a liquid. The
suspension is dispersed by activation of a dose metering valve affixed to the
container.

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 valve 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 particles is directed into the

20 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*(MDI's). See
Peter Byron, Respiratory Drug Delivery, CRC Press, Boca Raton, FL (1990) for a

25 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
threatening. Therefore, it is essential that the prescribed dose of aerosol

30 medication delivered to the patient consistently meet the specifications claimed
by the manufacturer and comply with the requirements of the FDA and other
regulatory authorities. That is, every dose in the can must be the same within
close tolerances.
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SUMMARY OF THE INVENTION

15 A metered dose inhaler having part or all of its internal surfaces coated with one
or more fluorocarbon polymers, optionally in combination with one or more non-
fluorocarbon polymers, for dispensing an inhalation drug formulation comprising
fluticasone propionate, or a physiologically acceptable solvate thereof, and a
fluorocarbon propellant optionally in combination with one or more other

20 pharmacologically active agents or one or more excipients.

DETAILED DESCRIPTION OF THE INVENTION

The term "metered dose inhaler* or "MDI" means a unit comprising a can, a
25 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 device.
The terms "MDI can® means the container without the cap and valve. 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
30 MDI upon each activation. The channelling device may comprise, for example,
an actuating device for the valve and a cylindrical or cone-like passage through
which medicament may be delivered from the filled MDI can via the MDI vaive to
the nose or mouth of a patient, e.g. a mouthpiece actuator. The relation of the
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respiratory dgrugs apd 0 tlonalw q,gntai ning one or nore excipients, and a
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chem cali0agents having little or no pharnacol ogi cal activity (for the
U.S. Patent No. 4,335,121, incorporated herein by reference, teaches an

antiinflammatory steroid compound known by the chemical name [(6a, 11D, 16a,
17a)-6, 9-difluoro-1 1-hydroxy-16-methyl-3-oxo-17-(1-oxopropoxy) androsta-1, 4-
diene-17-carbothioic acid, S-fluoromethyl ester and the generic name *fluticasone

15 propionate®. Fluticasone propionate in aerosol form, has been accepted by the
medical community as useful in the treatment of asthma and is marketed under
the trademarks "Flovent * and "Flonase®. Fluticasone propionate may also be
used in the form of a physiologically acceptable solvate.

20 The term *drug formulation® means fluticasone propionate (or a physiologically
acceptable solvate thereof) optionally in combination with one or more other
pharmacologically active agents such as other antiinflammatory agents,
analgesic agents or other respiratory drugs-and optionally containing one or more
excipients, and a fluorocarbon propeliant. The term “excipients” as used herein

25 means chemical 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 desirably 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
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It will be appreciated by those skilled in the art that the drug formulation for use in
15 the invention may, if desired, contain fluticasone propionate (or a physiologically
acceptable solvate thereof) in combination with one or more other
pharmacologically active agents. Such medicaments may be selected from any
suitable drug useful in inhalation therapy. Appropriate medicaments may thus be
selected from, for example, analgesics, e.g. codeine, dihydromorphine,
20 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.
beclomethasone (e.g. the dipropionate), flunisolide, budesonide, tipredane or
25 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]hexyl]amino]methyl]benzenemethano!;
30 diuretics, e.g. amiloride; anticholinergics e.g. ipratropium, atropine or oxitropium;
hormones, e.g. cortisone, hydrocortisone or prednisolone; xanthines e.g.
aminophyliine, choline theophyllinate, Ilysine 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
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*Propellants” used herein mean pharmacologically inert liquids with boiling points
15 from about room temperature (25°C) to about -25°C which singly or in
combination exert a high vapor pressure at room temperature. Upon activation of
the MDI system, the high vapor pressure of the propellant in the MDI forces a
metered amount of drug formulation out through the metering valve then the
propellant very rapidly vaporizes dispersing the drug particies. The propellants
2 used in the present invention are low boiling fluorocarbons; in particular, 1,1,1,2-
tetrafiluoroethane also known as "propellant 134a" or "P 134a" and 1,1,1,2,3,3,3-
heptafiuoro-n-propane also known as “propellant 227" or *P 227",

Drug formulations for use in the invention may be free or substantially free of

25 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
preferred drug formulation consists essentially of fluticasone propionate, or a
physiologically acceptable salt thereof, optionally in combination with one or more

30 other pharmacologically active agents particularly salmeterol (e.g. in the form of
the xinafoate salt), and a fluorocarbon propellant. Preferred propellarts are
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.
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although other metals not affected by the drug formulation, such as’stainless
steel, an alloy of copper or tin plate, may be used. An MDI can may also be
fabricated from glass or plastic. Preferably, however, the MDI cans employed in

15 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
strassful coating and curing conditions, e.g. particularly high temperatures, which
may be required for certain fluorocarbon polymers. Strengthened MDI cans

20 which have a reduced tendency to malform under high temperatures include MDI
cans comprising side walls and a base of increased thickness and MDI cans
comprising a substantially ellipsoidal base (which increases the angle between
the side walls and the base of the can), rather than the hemispherical base of
standard MD! cans. MDI cans having an ellipsoidal base ofter the further

25 advantage of facilitating the coating process.

The drug metering valve consists of parts usually made of stainless steel, a
pharmacologically inert and propellant resistant polymer, such as acetal,
polyamide (e.g., Nylon®), polycarbonate, polyester, fluorocarbon polymer (e.g.,
30 Teflon®) or a combination of these materials. Additionally, seals and “O” rings of
various materials (e.g., nitrile rubbers, polyurethane, acetyl resin, fluorocarbon
polymers), or other elastomeric materials are employed in and around the valve.
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15
Particularly preferred coatings are pure PFA, FEP and blends of PTFE and

polyethersulphone (PES).

Fluorocarbon polymers are marketed under trademarks such as Teflon®, Tefzel®,
20  Halar® , Hostaflon® Polyfion® and Neoflon®. Grades of polymer include FEP

DuPont 856-200, PFA DuPont 857-200, PTFE-PES DuPont 3200-100, PTFE-

FEP-polyamideimide DuPont 856P23485, FEP powder DuPont 532, and PFA

Hoechst 6900n. The coating thickness is-in the range of about 1 um to about 1

mm. Suitably the coating thickness is in the range of about 1 um to about 100
25 um, e.g. 1 um to 25 ym. Coatings may be applied in one or more coats.

Preferably the fluorocarbon polymers for use in the invention are coated onto MDI
cans made of metal, especially MDI cans mads of aluminium or an alloy thereof.

30 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
than 20 microns, and, in particular, in the range of 1-10 microns, e.g., 1-5
microns.



"5 vinyl dienefluoride (PVDF), and chlorinated ethyl ene tetrafluoroethylene.
Fl uori nated pol yners which have a relatively high ratio of fluorine to
;'’carbon, such as” perfloorocarbon pot yners—e—g—PTFE, PFA—and FEP, are—
preferred. The fluorinated polynmer may be bl ended with non-fl uorinated
pol ymers such as 10 pol yam des, polyi m des, polyethersulfones,
pol yphenyl| ewe 9smi18i des and ami ne- fornal dehyde t hernosetti pgrmsssiossns These
added pol yners inprove adhesion of the polymer coating to the can walls.
Preferred polynmer blends are PTFE FEP/ pol yam dei m de,
PTFE/ pol yet her sul phone (PES) and FEP- benzoguanam ne. 15 Particularly
preferred coatings are pure PFA, FEP and bl ends of PTFE and
pol yet her sul phone (PES). Fl uorocarbon pol yners are narketed under
trademar ks such as Teflono, Tefzelo, 2®Halaro , Hostaflono Polyflono and
Neof | ono. Grades of polyner include FEP DuPont 856-200, PFA DuPont
857- 200, PTFE- PES DuPont 3200- 100, PTFE- FEP-pol yam dei m de DuPont
856P23485, FEP powder DuPont 532, and PFA Hoechst 6900n. The coating
t hi ckness i sThe finakdnugrfgenulatierb desireblyrcontaims@005-10%aweight tawbight Fatio; iat | ng
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f1 uor ocar bon’%%’} 9ﬁ€’r“'§ retative o the-total waight of the,fermplatieBat ed onto MDI cans

made of &retal, especially MO cans nade of alum niumor an alloy thereof.
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in 10~ and a fluorocarbon propeIYant optionally in combination with one or more other
pharmacologically active agents and one or more excipients.

A particular aspect of the present invention is an MDI having part or essentially all
of its internal metallic surfaces coated with PFA or FEP, or blended fluoropolymer

15 resin systems such as PTFE-PES with or without a primer coat of a
polyamideimide or polyethersulfone for dispensing a drug formulation as defined
hereinabove. Preferred drug formulations for use in this MDI consist essentially
of fluticasone propionate (or a physiologically acceptable solvate, thereof),
optionally in combination with one or more other pharmacologically active agents

20 particularly saimeterol (e.g. in the form of the xinafoate salt), and a fluorocarbon
propellant, particularly 1,1,1,2-tetratluoroethane, 1,1,1,2,3,3,3-
heptafluoropropane or mixtures thereof, and especially 1,1,1,2-tetrafluoroethane.
Preferably the MDI can is made of aluminium or an alloy thereof.

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

30 coil stock to high standards of uniformity and in a wide range of thicknesses.
Second, the precoated stock can be stamped or drawn at high speeds and
precision by essentially the same methods used to draw or stamp uncoated
stock.



" particular 0.005-5%weight to weight ratio, especially 0.01-1.0% wei ght to
weight ratio, of drug relative to the total weight of the formulation. 5 A
; Hurther aspect—of—tteTpresent TTventi on iS5 a netered dose 1 nhal er havi ng
part or all of its Internal netallic surfaces coated with one or nore

fl uorocarbon polyners, optionally in conbination with one or nore

non- f | uor oaes bemasiol ymers, for dispersing an | nhal ati on dPEHUEHOMati on
conprising fluticasone propionate 10 and a fl uorocarbon propell ant
optionally in conbination with one or nore other pharmacol ogically active
agents and one or nore excipients. A particular aspect of the present

i nvention is an MDI having part or essentially all of its internal
nmetallic surfaces coated with PFA or FEP, or blended fluoropolynmer 15
resin systems such as PTFE-PES with or W@thout a primer coat of a

pol yam dei m de or pol yet hersul fone for dispensing a drug fornul ation as
defined hereinabove. Preferred . drug fqrnul atjon el ' :
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polymer film may be blown inside the MDI cans to form bags. A variety of
fluorocarbon polymers such as ETFE, FEP, and PTFE are available as film stock.

15
The appropriate curing temperature is dependent on the fluorocarbon
polymer/polymer blend chosen for the coating and the coating method employed.
However, for coil coating and spray coating temperatures in excess of the melting
point of the polymer are typically required, for example, about 50°C above the
20 melting point, for up to about 20 minutes such as about 5 to 10 minutes e.g
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
plasma polymerization typically temperatures in the range of about 20°C to about
25 100°C may be employed.

The MDI's taught hersin may be prepared by methods of the art (e.g., see Byron,
above and U.S. patent 5,345,980) substituting conventional cans for those coated
with a fluorinated polymer/polymer blend. That is, fluticasone propionate and

30 other components of the formulation are filled into an aerosol can coated with a
fluorinated polymer/polymer blend. The can is fitted with a cap assembly wiich is
crimped in place. The suspension of the drug in the fluorocarbon propeliant in
liquid form may be introduced through the metering valve as taught in U.S.
5,345,980 incorporated herein by reference.



“ WD 96/ 32151 PCT/ US96/ 05006 9 Ot her techniques for obtaining coated cans is
by electrostatic dry powder coating or by spraying preforned MJ cans

: inside with formul atiomsof—the coating fiuorimated potymer/ pol ymer—btend
and then curing. The preforned MDI cans nmay also be dipped in the

fl uorocar bon pol yner/polymer blend coating 5 fornulation and cured, thus
becom ng cowoes3ersit he i nside and out. The fl uorocarbon p@ECIESSE/Es0bsy TET

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

manuf acture, prefornmed MDI cans are spray-coated wth the fluorinated

pol ymer/ pol ymer bl end. 10 The fl uorocarbon pol yner/pol yner bl end may al so
be formed in situ at the can walls using plasnma pol ynerization of the

fl uorocarbon nononers. Fluorocarbon pol¥er filmnmay be bl own inside the
MDI cans to form bags. A variety of fluorocarbon polyners such as ETFE,
FEP, and PTFE are available as filmstock. 15 The appropriate curing
tenperature is dependent on the fluorocarbon polyner/polyner blend chosen
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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
comprise further aspects of the present invention.

15
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
including any such modifications.
20
The following non-limitative Examples serve to illustrate the invention.
EXAMPLES
25
Example 1

Standard 12.5 ml MDI cans (Presspart Inc., Cary, NC) were spray-coated
(Livingstone Coatings, Charlotte, NC) with primer (DuPont 851-204) and cured to
30 the vendor's standard procedure, then further spray-coated with either FEP or
PFA (DuPont 856-200 and 857-200, respectively) and cured according to the
vendor's standard procedure. The thickness of the coating is approximately 10
um to 50 um. These cans are then purged of air (see PCT application number
WO094/22722 (PCT/EP94/00921)), the valves crimped in place, and a suspension



“with a fluorinated pol yner/polymer blend. That is, fluticasone propionate
and 30 ot her conponents of the fornmulation are filled into an aerosol can
;coated w th—a—ft+tuori nated—potymer/ pol yner bl end. The can 1S fitted with a
cap assenbly wiiich is crinped in place. The suspension of the drug in the

fluorocarbon propellant in liquid formmmay be introduced through the

met eri ng vaweeesast aught in U.S. 5,345,980 incorporated h&cIU$5¢R5006
reference. WO 96/ 32151 PCT/ US96/ 05006 10 The MDI's with fluorocarbon

pol ymer/ pol yner blend coated interiors taught herein nmay be used in

medi cal practice in a simlar manner as non-coated MDI's now in clinical
use. However the MDI's taught herein are particularly useful for containing
5 and di spensing inhaled drug forrulations with

hydr of | uor oal kanef | uor ocarbon propel | affls such as 134a with little, or
essentially no, excipient and which tend to deposit or cling to the

interior wall and arts_of the M | ase, Lok, A

advant ageous %&M’%@?%P%ﬁq‘gﬁﬁﬁmgbwﬂtﬁ eﬂ?{%ﬁeﬂ @'eﬁ’othre hth8nt
e.g., where tvhbepatlent may be allergic to an excipient or the drug reacts
with an 10 excipient. MD's containing the fornul ati ons descri bed

her ei nabove, MDI systens and the wuse of such MDI systens for the treatnent
of respiratory disorders e.g. asthna further aspects of the
present gnvention. 15 It will be apparent to those skilled in the art that
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the inventi O'&oatiﬁﬁ(@@&p%kin?a%ly 10 um to 50 um. These cans are then purged of air, the
10 valves crimped in place, and a suspension of about 40 mg fluticasone propionate
in about 12 gm P134A is filled through the vaive.

Example 3

15 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 1 pm
and approximately 20 um. These cans are then purged of air, the valves crimped
in place, and a suspension of about 41.0 mg, 21.0 mg, 8.8 mg or 4.4 mg

20 micronised fluticasone propionate in about 12 g P134a is filled through the valve.

Example 4

Standard 12.5 ml MDI cans (Presspart Inc., Cary NC) are spray-coated with
25 PTFE-FEP-polyamideimide blend (DuPont) and cured according to the vendor’s
standard procedure. The thickness of the coating is between approximately 1 ym
and approximately 20 pm. These cans are then purged of air the valves crimped
in place, and a suspension of about 41.0 mg, 21.0 mg, 8.8 mg or 4.4 mg
micronised fluticasone propionate in about 12 g P134a is filled through the valve.

Example 5

Standard 12.5 ml MDI cans (Presspart Inc., Cary NC) are spray-coated with FEP
powder (DuPont FEP 532) using an electrostatic gun. The thickness of the



" Exanple 1 Standard 12.5 m MDD cans (Presspart Inc., Cary, NC were
spray-coated (Livingstone Coatings, Charlotte, NC wth primer (DuPont

. 851-204) and cured to 30 the vendor-s st andard-—procedures—then further—
spray-coated with either FEP or PFA (DuPont 856-200 and 857- 200,
respectively) and cured according to the vendor's standard procedure. The
t hi ckness owot9s@218bating is approximately 10 mto 50 m Tiresmsssassocar €
then purged of air (see PCT application nunber W94/22722

(PCT/ EP94/ 00921)), the valves crinped in place, and a suspensi on WO

96/ 32151 PCT/ US96/ 05006 11 of about 20 ng fluticasone propionate in about
12 gmP134a is filled through the valve. Exanple 2 5 Standard 0.46 mm

t hi ck al um num sheet (United Al um num was spray-coated (DuPont,

Wl mngton, DE) with FEP (DuPont 856-2002 and cured. This sheet was then
deep-drawn i nto cans (Presspart I nc. Cary, NC). The thickness of the

t to 5 th d of
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vendor's st Fﬂ"@Wﬁess of the coating is between
approximately 1 pm and apprOX| mately 20 m These cans are then purged of

air, the valves crinped in place, an%mension of about 41.0 ny, 21.0
ng, 8.8 ng or 4.4 ng 20 m cronised fl e propionate in about 12 g

P134a is filled through the valve. Exanple 4 Standard 12.5 ml Ml cans
(Presspart |8tandafdr 9.46Cmmr ehigkr alumiodirid shebh is spray coated with FEP-

Benzoguanamine and cured. This sheet is then deep-drawn into cans. These

10 cans are then purged of air, the valves crimped in place, and a suspension of
about 41.0 mg, 21.0 mg, 8.8 mg, or 4.4 mg micronised fluticasone propionate in
about 12 g P134a is filled through the valve.

Example 7
15

Standard 12.5 m! MDI cans (Presspart Inc., Cary NC) are spray-coated with an
aqueous dispersion of PFA (Hoechst PFA-6300n) and cured. The thickness of
the coating is between approximately 1 pm and approximately 20 um. These
cans are then purged of air, the valves crimped in place, and a suspension of

20 about 41.0 mg, 21.0 mg, 8.8 mg, or 4.4 mg micronised fluticasone proplonate in
about 12 g P134a is filled through the valve.

Example 8

25 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 1 um
and approximately 20 pm. These cans are then purged of air, the valves crimped
in place, and a suspension of about 8.8 mg, 22 mg or 44 mg of micronised

30 fluticasone propionate with about 6.4 mg micronised salmetero! xinafoate in
about 12 g P134a is filled through the valve.



* 25 PTFE- FEP- pol yam dei mi de bl end (DuPont) and cured according to the
vendor's standard procedure. The thickness of the coating is between

; approxi matety—tprT—armd—approxihat ey 20—y These cans are them purged of
air the valves crinped in place, and a suspension of about 41.0 ny, 21.0
ng, 8.8 ng or 4.4 ng mcronised fluticasone propionate in about 12 g P134a
Is filled twooeahisi he val ve. 30 Exanple 5 Standard 12.5 niPOVBIS9¢/65086
(Presspart Inc., Cary NC) are spray-coated with FEP powder (DuPont FEP
532) using an electrostatic gun. The thickness of the WD 96/ 32151

PCT/ US96/ 05006 12 coating is between approximately 1 pm and approxi mately
20 m These cans are then purged of air, the valves crinped in place, and
a suspension of about 41.0 ng, 21.0 ng, 8.8 ng or 4.4 ng m cronised
fluticasone propionate in about 12 g PH34a was filled through the valve. 5
Exam 2l e 6 Standard 0.46 mm thick alum niumsheet is spray coated with FEP-
Benzoguanam ne and cured. This sheet is then deep-drawn into cans. These

10 cans are then purged of air, the vdﬁﬂﬂﬁﬂﬁﬁanped in place, and a
suspensi on of about 41.0 ng, 21.0 ny, 8.8 ng, or 4.4 ng m cronised
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4.4 ng mi cronn plate, | and eassuspepsiopi ohabeut §8 mg, 22 mg or 44 mg o mlcromsed
fluticasone propionate with about 6.4 mg micronised salmeterol xinafoate in

about 12 g P134a is filled through the valve.

10
Example 10

Standard 12.5 ml MD! cans (Presspart Inc., Cary NC) are spray-coated with FEP
powder (DuPont FEP 532) using an electrostatic gun. The thickness of the
15 coating is between approximately 1 um and approximately 20 um. These cans
are then purged of air, the valves crimped in place, and a suspension of about
8.8 mg, 22 mg or 44 mg of micronised fluticasone propionate with about 6.4 mg
micronised salmeterol xinafoate in about 12 g P134a is filled through the valve.

20 Example 11

Standard 0.46 mm thick aluminium sheet is spray coated with FEP-
Benzoguanamine and cured. This sheet is then deep-drawn into cans. These
cans are then purged of air, the vaives crimped in place, and a suspension of

25 about 8.8 mg, 22 mg or 44 mg of micronised fluticasone propionate with about
6.4 mg micronised salmeterol xinafoate in about 12 g P134a is filled through the
valve.

Example 12

Standard 12.5 ml MDI cans (Praesspart 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 1 ym and approximately 20 um. These
cans are then purged of air, the vaives crimped in place, and a suspension of



" about 12 g P134a is filled through the valve. Exam 25 Standard 12.5 m MDI
cans (Presspart Inc., Cary NC) are spray-coated with PTFE-PES bl end

: (DuPomt) as asingl e coat—and cured—accordimg—to the vendor's standard—
procedure. The thickness of the coating is between approximately 1 fun and
approximately 20 fun. These cans are then purged of air, the valves crinped
i n place, awdasmsspensi on of about 8.8 ngy, 22 ng or 44 ngPcTusvemsensi sed 30
fluticasone propionate with about 6.4 ng mcronised sal meterol xinafoate in
about 12 g P134a is filled through the valve. WD 96132151 PCT/ US96/ 05006

13 Exanple 9 Standard 12.5 ml MDD 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 5 standard procedure. The thickness of the
coating is between approximately 1 m and4approxi mately 20 m These cans are
then purged of air the valves crinped in place, and a suspension of about
8.8 ng, 22 or 44 of mcronised, f|luticasgne propionate wth about 6.4
mg mi croni se8PQW ﬂ'@t'ggopzﬂﬂé’lr @giqumgetiﬁugc ngpopienate With atubugh
the val ve. 16.4mgmicrdhiséd sakivatarol Rinafadte Moabout2 ¢ Priddaiafilled througitthey NC)
are spray-cogéﬁg_ with FEP powder (DuPont FEP 532) using an el ectrostatic
gun. The thickness of the 15 coating is between approximately 1 pm and
approximately 20 m These cans are then purged of air, the valves crinped
in places and a suspension of about Ex8mgite 122 ng or 44 ng of mcronised
fluti casone propionate with about 6.4 ng mcronised sal neterol xinafoate
in about 12 g P134a is filled through the valve. 20 Exama 11 Standard 0. 46
nm t hi ck al u%tanqms‘r%étml MOjpans (Ryessranilng. Kary 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 1 um

10 and approximately 20 um. These cans are then purged of air, the valves crimped
in place, and a suspension of about 5.5 mg, 13.8 mg or 27.5 mg micronised
fluticasone propionate with about 4 mg micronised sailmeterol xinafoate in about
8 g P134ais filled through the valve.

15 Example 14

Standard 12.5 m! MD! 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 1 um

20 and approximately 20 um. These cans are then purged of air the valves crimped
in place, and a suspension of about 5.5 mg, 13.8 mg or 27.5 mg micronised
fluticasone propionate with about 4 mg micronised salmeterol xinafoate in about
8 g P134a is filled through the valve.

25 Example 15

Standard 12.5 mil 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 1 um and approximately 20 pm. These cans
30 are then purged of air, the valves crimped in place, and a suspension of about
5.5 mg, 13.8 mg or 27.5 mg micronised fluticasone propionate with abou. 4 mg
micronised saimeterol xinafoate in about 8 g P134a is filled through the valve.



" Benzoguanam ne and cured. This sheet is then deep-drawn into cans. These
cans are then purged of air, the valves crinped in place, and a suspension

.~of—25-about—8—8ny, 22mg-or—4Z4—Tnyg of mcroni sed Ttuticasone propionate
with about 6.4 ng mcronised sal neterol xinafoate in about 12 g P134a is
filled through the valve. Exanple 12 30 Standard 12.5 ml MDD cans
(Presspart wiowssaistary NC) are spray-coated with an aqueol®CHVS6EMP on of
PFA (Hoechst PFA-6900n) and cured. The thickness of the coating is between
approximately 1 m and approximately 20 gm These cans are then purged of
air, the valves crinped in place, and a suspension of WD 96132151
PCT1US96/ 05006 14 about 8.8 ng, 22 ng or 44 ng of mcronised fluticasone
propi onate with about 6.4 ng mcronised sal neterol xinafoate in about 12 g
Pl 34a is filled through the valve. 5 ®anple 13 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
t hi ckness of the coating is between é%ﬁmgﬂﬂagtely 1 pm 10 and approxi mately
20 m These cans are then purged of air, the valves crinped in place, and
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Example 17
10
Standard 12.5 m! 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 1 ym and approximately 20 um. These
cans are then purged of air, the valves crimped in place, and a suspension of
15 about 5.5 mg, 13.8 mg or 27.5 mg micronised fluticasone propionate with about 4
mg micronised salmeterol xinafoate in about 8 g P134a is filled through the valve.

Examples 18-22

20 Examples 3 to 7 are repeated except that a suspension of about 13.3 mg
micronised fluticasone proprionate in about 21.4 g P227 is filled through the

valve.
Examples 23-27
25
Examples 3 to 7 are repeated except that 66 mg, or 6.6 mg micronised
fluticasone proprionate in about 182 mg ethanol and about 18.2 g P134a is filled
through the valve.
30 Examples 28-52

Examples 3 to 27 are repeated except that modified 12.5 ml MDI cans having a
substantially ellipsoidal base (Presspart Inc., Cary NC) were used.



“in place, and a suspension of about 5.5 ng, 13.8 ng or 27.5 ng m croni sed
fluti casone propionate with about 4 ng m croni sed sal neterol xinafoate in
. about 8 g PI3%7a is firttedthroughthe vatve- 25 Exanpl e—15- St andard—312-5
m MDI cans (Presspart Inc., Cary NC) are spray-coated with FEP powder
(DuPont FEP 532) using an el ectrostatic gun. The thickness of the coating
is between wppseusmately 1 pm and approxi mately 20 m Thes@ctasss/36bsar e
then purged of air, the valves crinped in place, and a suspensi on of about
5.5 ng, 13.8 ng or 27.5 ng micronised fluticasone propionate with about 4
mg mcronised salneterol xinafoate in about 8 g P1 34a is filled through
the valve. WD 96/ 32151 PCT/ US96/ 05006 15 Exanple 16 Standard 0.46 mmthick
al um nium sheet is spray coated with FEP- Benzoguanam ne and cured. This
sheet is then deep-drawn into cans. Thed6 5 cans are then purged of air,
the valves crinped in place, and a suspension of about 5.5 ng, 13.8 ng or
27.5 nmg mcranised. fluticaso ropiopate with about 4 ng mcronised

sal net er ol xﬁ’ﬁa?(?&!'@wﬁf%ﬁlﬁnﬁﬁ’?ﬁt¥i%ﬁaﬂ sI"T‘PPE‘HPWﬁ eRRpitionsds Jeunrgkto becy am
| DID 17 10 Scomstant] compared tdontmh MDIRr fillexhntd uncoatedCearys Whichaesghibit a

spr ay- coat edgihifi eﬁﬁiﬂﬁﬁ i ] FA.(Hoechst PFA-6900n) and
cured. The tﬁ%ﬁ'ﬁggguo t @%gﬁ%ﬁg%gqgguﬁge‘ﬁeéppr oximately 1 pm and
approximately 20 m These cans are then purged of air, the valves crinped
in place, and a suspension of 15 about 5.5 ng, 13.8 ng or 27.5 ngy

m croni sed fluticasone propionate with about 4 ng m cronised sal neterol
xinafoate in about 8 g P134a is filled through the valve. Exanples 18-22
20 Exanples 3 to 7 are repeated except that a suspension of about 13.3 ngy
m croni sed fluticasone proprionate in about 21.4 g P227 is filled through
t he



" val ve. Exanples 23-27 25 Exanples 3 to 7 are repeated except that 66 ny,
or 6.6 ng mcronised fluticasone proprionate in about 182 ng ethanol and

; about 18.2 g PI34a is filTed throughThé valve. 30 Exanples Z8-5Z2 Exanpl es
3 to 27 are repeated except that nodified 12.5 nl MDD cans having a
substantially ellipsoidal base (Presspart Inc., Cary NC) were used. WO
96/ 32151 PO MERIS105006 16 Dose delivery fromthe M s te@CEPSAWNILN
sinmul ated use conditions is found to be constant, conpared to control Ms
filled into uncoated cans which exhibit a significan Tg%;é B oS
del i vered through use. WO 96/32151 PCT/ US96/ 05006 THI giﬁﬁA@@qﬁN
REPLACED 17 W claim 1. A netered dose inhal er havi hg partEF6ACBDI of fts
i nternal surfaces coated 5 with one or nore fluorocarbon polyners,
optionally in conbination with one or #%re non-fluorocarbon polyners, for
di spensing an inhalation drug fornulation conprising fluticasone
propi onate or a physiologically acceptable solvate thereof and a
fl uorocarbon propellant, optionally in conbination with one or nore other
phar macol ogi We ¢lgimict i ve agents or one or nore excipients. 10 2. An inhaler
according to Claim1l containing said drug fornulation. 3. An inhaler
23?? ;glt gﬁt t ° .CI alf %‘ietghre%r&')sne i%ﬁ'a%rcliwralsjlﬁ'ngf Sér?‘é'r %‘I'o?r}tsf ilrjltretrﬂglrsu a%rg%réosa?esd a

5 with one or more fiuorocarbon polymers, optionally in combination with one or

more non-fluorocarbon polymers, for dispensing an inhalation drug formulation
comprising fluticasone propionate or a physiologically acceptable solvate thereof
and a fluorocarbon propellant, optionally in combination with one or more other
pharmacologically active agents or one or more excipients.

10
2. An inhaler according to Claim 1 containing said drug formulation.
3. An inhaler according to Claim 2, wherein said drug formulation further
comprises a surfactant.

15

4. An inhaler 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 further
20 comprises 0.01 to 5% w/w based upon propellant of a polar cosolvent, which
tormulation is substantially free of surfactant.

6. An inhaler according to any one of Claims 2 to 5, wherein said drug
formulation comprises fluticasone propionate or a physiologically acceptable
25 solvate thereof in combination with a bronchodilator or an antiallergic.

7. An inhaler according to Claim 6, wherein said drug formulation comprises
fluticasone propionate in combination with salmeterol xinafoate.

30 8. An inhaler according to Claim 2, wherein said drug formulation consists
essentially of fluticasone propionate or a physiologically acceptable solvate
thereof, optionally in combination with one or more other pharmacologically active
agents, and a fluorocarbon propellant.



15 4. An inhaler according to Caim2 or Caim3, wherein said drug
formulation further conprises a polar cosolvent. 5. An inhaler according
. to€&arm2—wherei n sard—drug fornutati on furthier 20 comprises 0.01°to 5%
w w based upon propellant of a polar cosolvent, which forrmulation is
substantially free of surfactant. 6. An inhaler according to any one of
Clains 2 towbgssfief ein said drug fornulation conprises fl| RCTR&XNS06

propi onate or a physiologically acceptable 25 solvate thereof in
conbination with a bronchodilator or an antiallergic. 7. An inhaler
according to Claim6, wherein said drug fornul ati on conprises fluticasone
propi onate in conbination with salneterol xinafoate. 30 8. An inhaler
according to Claim?2, wherein said drug fornul ation consists essentially
of fluticasone propionate or a physiolodgBcally acceptable solvate thereof,
optionally in conmbination with one or nore other pharmacol ogically active
agents, and a fluorocarbon propellant. WO 96132151}(};ng UsS96/ %006 18 9. An
i nhal er acco®di ngAndnbalgr acgordipgte ClaimnB Whe(RN £3 fogRuatien; cansists

essential |y @ksémtidliyces fioicasome prupicnate or pahptyysidlogically lacceptabis sbivate
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essentially of fluticasone propionate or a phy5|olog|cally accept abl e
sol vate st hergof iAm iﬁﬁﬂié'r"a%bbﬂfh ¢ Clsinl spwbedin ®aidduly fonmlutetionaddnsists

accept abl e sal t ein
said drug foﬁ?ﬁ?ﬁtﬁq ﬁ&ng%gﬁoih]B gég’éﬁ'ﬁ‘gl ?‘r aaﬁﬁﬁ'&k) g&g lgr?g °§P{Hb1€r?é’weﬁ| n
conbi nati on wheteosdn rmrebualatlan rmlﬂbe&aé!'netﬁlo Ah 8 Physielogieal by GP?@P‘?B ecsaltm 2,
wher ei n sai d yqgragf.f or mul ati on consists of fluticasone propionate or a
physi ol ogi cal | y acceptabl e solvate thereof and a 15 fluorocarbon
propel | ant.

11.  An inhaler according to Claim 10, wherein said drug formulation consists

essentially of fluticasone propionate in combination with saimeterol xinafoate.

12.  An inhaler according to Claim 2, wherein said drug formulation consists of
fluticasone propionate or a physiologically acceptable solvate thereof and a
15 fluorocarbon propeliant.

13.  An inhaler according to any one of Claims 2 to 12, wherein the
fluorocarbon propeliant is 1,1,1,2- tetrafluoroethane, or 1,1,1,2,3,3,3-heptafluoro-
n-propane or mixtures thereof.

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

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

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

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

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



" 13. An inhaler according to any one of Clains 2 to 12, wherein the
fluorocarbon propellant is 1,1,1,2- tetrafluoroethane, or

, 1,1, 1,2, 3,3, 3-heptaf | uoro- n-propane or m xt ures tnhereof 720 IZ. An inhal er
according to Caim13, wherein the fluorocarbon propellant is 1,1,1, 2-
tetrafl uoroethane. 15. An inhaler according to any one of Clains 1 to 14
conpri si ng WoeERIMade 25 of netal wherein part or all of PREUS608M0Aa]
nmetallic surfaces are coated. 16. An inhaler according to C aim 15 wherein
the netal is alumniumor an alloy thereof. 30 17. An inhaler according to
any one of Clainms | to 16 wherein said fluorocarbon polyner is a

perfl uorocarbon polyner. 18. An inhaler according to Caim17 wherein said
fl uorocarbon polyner is selected fromPTFE, PFA, FEP and m xtures thereof.
WD 96/ 32151 PCT/ US96/ 05006 19 19. An ithal er according to any one of
Clains 1 to 18, wherein said fluorocarbon polynmer is in conmbination wth a
non- f | uor ocar bon pol yner selected from polyamn dei m de and

pol yet her sul phone. 5 20. An inhaler according to any one of Clains 1 to 19
conpri si ng al9.sulAn dnbaler | gcosrdingsto drly baecof Llaims reter Bl wheesinnsaider

system COWDrﬂtﬁirBéhrBoH‘bb |§|ﬁ§€od\8ih%h&ﬁ w.tiaOa ﬁ&ﬁ%ew&rm 66I¥m%F§?léEte@ aim

lto 20f|t':)'({ed|n‘ é &ﬁ’ qg devi ce or al nasa

i nhal ati on 3?73? polygthessulphans. ¢ a rretered dose inhal er

system &ccording to Clal m 21 for the treatnent of respiratory disorders.
20. An inhaler according to any one of Claims 1 to 19 comprising a
substantially ellipsoidal base.

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

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



