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ABSTRACT

A pharmaceutical formulation for use in the treatment of asthma by inhalation
therapy comprises a particulate medicament which is a bronchodilator or an
anti-inflammatory steroid and 1,1,1,2-tetrafluoroethane, 1,1,1,2,3,3,3-
heptafluoro-n-propane or a mixture thereof as propellant; the formulation
contains no significant amount of surfactant, is free of chlorofluorocarbons and
ts free of alcohols, with the proviso that the medicament is other than
salmeterol, saibutamol, fluticasone propionate, beclomethasone dipropionate or

a physiologically acceptable salt or solvate thereof.
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This invention relates to aerosol formulations of use for the administration of

medicaments by inhalation.

This Application is a Division of Canadian Patent Application Serial No. 2,381,329, filed

con Decanber 4, 1992.

The use of aerosols 1o administer medicaments has been known for several decades.

Such aerosols generally comprise the medicament, one or more chiorefiuorocarbon

propeliants and either a surfactant or a solvent, such as ethanol. The most commonly

used aerosol propellants for medicaments have been propellant 11 (CCLF) and/or
propellant 114 (CF,CICF.Cl} with propellant 12 (CCLF,). However these propeliants are
now believed to provoke the degradation of stratospheric ozone and there is thus a need

to provide aerosol formulations for medicaments which employ so called "ozone-friendly”

‘propeliants.

A class of propellants which are believed to have minimal ozone-depleting effects in
companison to conventional chicrofluorocarbons comprise fluorocarbons  and
hydrogen-containing chiorofluorccarbons, and a number of medicinal aerosol
formulations using such propellant systems are disclosed in, for example, EP 0372777,
W091/04011, WOO/11173, WOG1/11495 and WOOS1/14422. These applications are all
concemed with the preparation of pressurised aercsols for the administration  of .

medicaments and seek to overcome the problems associated with the use of the new class

‘of propellants, In mmcuéaﬁ‘ the prab?&ms 0? stabzmy assawaamd with the phamaceumcai

formulations 'prepared. The appixcaimm a§§ pmpose the. addmon of one or more of
adjuvams such as a lcohols, aikanes d@meihy ether surfaaﬁ:ams (mc udmg ﬂummaﬁed and )
non-fluorinated surfactanis, cas”boxy ic acids. paiymnoxylaim em) and even wmf@mxanaﬁ
chlorofluorocarbon pmpeiiams in smaiﬁ amounts intended to rinimise potemzai ozone
gamage. . . =
Thus, for example EP 0372777 mquams the use of 3 32~ieitraﬂuméethan@ in
wmbmatnon with beth & wsoivem havmg, gﬁ*@atea' poiarl’ay man E 2 A 2-temﬂuomethane'_ .
(e.g. an aicohei oF a -anm kme} md a smfa.ctam in order £O achsew a smb |

formul atnon of a medncamem p@wdes’ m pamcuiar it as mﬁed in ﬁie specaﬁcamm aﬁ page“
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3, line 7 that "1t has been found that the use of propellant 134a (1,1,1,2-tetrafluoroethane)
and drug as a binary mixture or in combination with a conventional surfactant such as
sorbitan trioleate does not provide formulations having suitable properties for use with
pressurised inhalers". Surfactants are generally recognised by those skilled 1n the art to be
essential components of aerosol formulations, required not only to reduce aggregation of
the medicament but also to lubricate the valve employed, thereby ensuring consistent
reproducibility of valve actuation and accuracy of dose dispensed. Whilst WO91/11173,
WO091/11495 and WQO91/14422 are concerned with formulations comprising an admixture
of drug and surfactant, W091/04011 discloses medicinal aerosol formulations in which
the particulate medicaments are pre-coated with surfactant prior to dispersal in 1,1,1,2-
tetrafluoroethane.

It has now surprisingly been found that, in contradistinction to these teachings,
it 1s in fact possible to obtain satisfactory dispersions of medicaments in fluorocarbon or
hydrogen-containing chlorofluorocarbon propellants such as 1,1,1,2-tetrafluoroethane
without recourse to the use of any surfactant or cosolvent in the composition, or the
necessity to pre-treat the medicament prior to dispersal in the propellant.

There 1s thus provided in one aspect of the invention a pharmaceutical aerosol
formulation which comprises particulate medicament and a fluorocarbon or hydrogen-
containing chlorofluorocarbon propellant, which formulation 1s substantially free of
surfactant and with the proviso that said medicament 1s other than salmeterol, salbutamol,
fluticasone propionate, beclomethasone dipropionate or a physiologically acceptable salt
or solvate thereof. By "substantially free of surfactant” 1s meant formulations which
contain no significant amounts of surfactant, for example less than 0.0001% by weight of
the medicament.

More especially, in accordance with a particular embodiment of the invention,
there 1s provided a pharmaceutical formulation for use in the treatment of asthma by
inhalation therapy comprising particulate medicament which 1s a bronchodilator or an anti-
inflammatory steroid and 1,1,1,2-tetrafluoroethane, 1,1,1,2,3,3,3-heptafluoro-n-propane or
a mixture thereof as propellant, which formulation contains no significant amount of

surfactant, 1s free of chlorofluorocarbons and is free of alcohols, with the proviso that said
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2a

medicament 1s other than salmeterol, salbutamol, fluticasone propionate, beclomethasone
dipropionate or a physiologically acceptable salt or solvate thereof.

In a further particular embodiment of the invention, there 1s provided a canister
suitable for delivering a pharmaceutical aerosol formulation which comprises a container
capable of withstanding the vapour pressure of the propellant used, which container i1s
closed with a metering valve, and contains a pharmaceutical aerosol formulation of the
invention and especially of the particular embodiment hereinbefore.

The particle size of the particulate (e.g. micronised) medicament should be such
as to permit inhalation of substantially all of the medicament into the lungs upon
administration of the aerosol formulation and will thus be less than 100 microns, desirably
less than 20 microns, and preferably in the range of 1-10 microns, e.g. 1-5 microns.

Medicaments which may be administered in aerosol formulations according to
the invention include any drug useful in inhalation therapy which may be presented 1n a
form which 1s substantially completely insoluble in the selected propellant. Appropriate
medicaments may thus be selected from, for example, analgesics, e.g. codeine,
dihydromorphine, ergotamine, fentanyl or morphine, anginal preparations, e.g. diltiazem;
antiallergics, e.g. cromoglycate, ketotifen or nedocromil; anti-infectives, e.g.
cephalosporins, penicillins, streptomycin, sulphonamides, tetracyclines and pentamidine;
antihistamines, e.g. methapyrilene; anti-inflammatories, e.g. flunisolide, budesonide,
tipredane or triamcinolone acetonide; antitussives, e€.g. noscpaine, bronchodilators, e.g.
ephedrine, adrenaline, fenoterol. formoterol, 1soprenaline, metaproterenol, phenylephrine,
phenylpropanolamine, pirbuterol, reproterol, rimiterol, terbutaline, 1soetharine, tulobeterol,
orciprenaline, or (-)-4-amino-3,5-dichloro-a-[[[6-[2-(2-pyridinyl) ethoxy] hexyl]amino]
methyl]benzenemethanol; diuretics, e.g. amiloride; anticholinergics, e.g. 1pratropium,
atropine oroxitropium; hormones, e.g. cortisone, hydrocortisone or prednisolone, '
xanthines, e.g. aminophylline, choline theophyllinate, lysine theophyllinate or
theophylline; and therapeutic proteins and peptides, €.g. insulin or glucagon. It will be
clear to a person skilled 1n the art that, where appropriate, the medicaments may be used 1n
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
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stability of the medicament and/or to minimise the solubility of the medicament in the

propellant.

Particularly preferred medicaments for administration using aerosol
formulations 1n accordance with the class of formulations described herein include anti-
allergics, bronchodilators and anti-inflammatory steroids of use in the treatment of
respiratory disorders such as asthma by inhalation therapy, for example cromoglycate (e.g.
the sodium salt), terbutaline (e.g. the sulphate salt), reproterol (e.g. the hydrochloride salt)
or (-)-4-amino-3,5,-dichloro-a-[[[6-[2-(2-pyridinyl)-ethoxy]hexyl]amino]|mthyl]benzene-
methanol.

It will be appreciated by those skilled in the art that the aerosol formulations
according to the invention may, if desired, contain a combination of two or more active
ingredients. Aerosol compositions containing two active ingredients (in a conventional

propellant system) are known, for example, for the treatment of respiratory disorders such
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as asthma. Accordingly the present invention further provides aerosol formulations n
accordance with the invention which contain two or more particulate medicaments.
Medicaments may be selecied from suitable combinations of the medicaments mentioned
hereinbefore. Thus, suitable combinations of bronchodilatory agents include ephedrine
and theophyliine, fenoterol and ipratropium. and isoetharine and phenylephrine aerosol
formulations.

Preferred aerosol formulations in accordance with the invention comprise {a) an
effective amount of a particulate bronchodilatory medicament (b) an effective amount of a
particulate antiinflammatory, preferably a sterotdal antunflammatory medicament and {c) a
fluorocarbon or hydrogen - containing chlorofluorocarbon propellant with the proviso
that said medicaments are other than salmeterol, salbuiamol, fluticasone propionate,
beclomethasone dipropionate or a physiologically acceptable salt or solvaie thereof.
Alternatively aerosol formulations may contain a bronchodilator such as isoprenaline in
combination with an antiallergic such as cromoglycate (e.g. the sodium salt).
Combinations of 1soprenaline and sodium cromoglycate are especial}y preferred.

The final aerosol formulation desirably contains 0.005-10% w/w, preferably
0.005-5% w/w, especially 0.01-1.0% w/w, of medicament relative to the total weight of
the formulation.

The propellants for use in the invention may be any fluorocarbon or
hydrogen-containing chlorofluorocarbon or mixtures thereof having a 'suﬁ'wiézm vapour
pressure to render them eﬁeaiva as propellants. Preferably the prépeliam will be a
non-solvent for the msdécamém,_.' Suitable propeliants include, for example,
C, 4hydr0gem-wmaémng ch’ﬁoroﬂuomcafbom such as CHQC!E . CC%F{EQHCER CF,CHCIF,
CHF,CCIF,, CHCIFCHF,, CF,CH,C! and ,CCEF?CH}; | C, Ahydrogcn—»conta’in%ng
fluorocarbons such as CHF,CHF, CF,CHF, CHF.CH, and CF,CHFCF,; and
perfluorocarbons such as CF,CF, and CF,CF,CF, N

Where mixtures of the fluorocarbons or hydwgen-v-wmaimng chlomﬂuofocarbons
are employed they may ‘be mixtures of the above iden&.iﬁeé compdunds: m' zt}ixtl;ia"es,
preferably binary -‘mixmms,_ w'ithf .mh_er' fluorocarbons  or hydmgen-;cdntainmg

chloroflucrocarbons for ;cixampie; CHCEEE; CrHLr, and CF}CHJ. - Preferabiy a single
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fluorocarbon or hydrogen-containing chiorofluorocarbon i3 empioyed as the propellant.
Particularly preferred as propellants are C,_hydrogen-containing fluorocarbons such as
1.1, 1,2-tetrafluoroethane (CF.CH,F) and 1,1,1,2,3,3,3-heptafluoro-n-propane
(CF,CHFCF,).

it is desirable that the formulations of the invention contain no components which
may provoke the degradation of stratospheric ozone. In particular it i1s desirable that the
formulations are substantially free of chlorofluorocarbons such as CCLF, CCLF, and
CE,CLL.

The propeliant may additionally contain a volatile adjuvant such as a saturated
hydrocarbon for example propane, n-butane, isobutane, pentane and isopentane or 3
dialkyl ether for example dimethyl ether. In general, up to 50% w/w of the propellant
may comprise a volatile hydrocarbon, for example 1 to 30% wiw. However,
tormulations which are substantially free of volatile adjuvants are preferred.

it is further desirable that the formuiations of the invention are substantially free of
liquid components of higher polanty than the propellant employed. Polanty may be
determined for example, by the method descnbed in European Patent Application
Publication No. 0327777. In particular formulations which are subsmmiaﬁy free of
alcohols such as ethanol are preferable. As used herein "substantially free” means less
than 1% w/w based upon the ﬁubmﬁarhan or hydrogen-containing chlorofluorocarbon, in
particular less than 0.5% for example 0.1% or less. '

A i;articuiariy preferred embodiment the invention provides a pharmaceutical aerosol

formulation consisting essentially of one more particulate medicament and one or more

fluorocarbon or hydrogen-containing chlorofluorocarbon propellant, with the proviso that

said medicament is other than salmeterol, salbutamol, fluticasone ‘propionate,

beclomethasone dipropionate or a physiologically acceptable salt or solvate thereof.
The formulations of the invention may be prepared by dispersal of the medicament in
the selected propellant in an appmmime contamner, e.g. with the aid of sonication. The

process is desirably carried out under anhydrous conditons to obviate any adverse effects

of moisture on suspension stabshity,
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The formulations according to the invention form weakly flocculated suspensions on
standing but, surprisingly, these suspensions have been found to be easily redispersed by
mild agitation to provide suspensions with excellent delivery characieristics suitable for
use in pressurised inhalers, even after prolonged storage. Minimising and preferably
avoiding the use of formulation excipients e.g. surfactants, cosolvents etc in the aerosol
formulations according to the invention is also advantageous since the formulations may
be substantiaily taste and odour free, less irnitant and less toxic than conventional
formulations.

The chemical and physical stability and the pharmaceutical acceptability of the
aerosol formulations according to the invention may be determined by techniques well '
knowrn to those skilled in the art. Thus, for example, the chemical stability of the
components hay be determined by HPLC assay, for example, after prolonged storage of
the product. Physical stability data may be gained from other conventional analytical
techniques such as, for example, by leak testing, by vaive delivery assay (average shot
weights per actuation), by dose reproducibility assay (active ingredient per actuation) and
spray distribution analysis. |

The particle size distribution of the aerosol formulations according to the invention is
particularly impressive and may be measured by conventional techniques, for example by
cascade impaction or by the “Twin Impinger” analytical process. As used herein reference
¢o the "Twin Impinger" assay means "Determination of the deposition of the emitted dose
in pressunsed mnhalations using apparatus A" as defined in B,ﬁtish Pharmacopaeia 1988,
pages A204-207, Appendix XVH C. Suc—h techniques enable the "respirable fraction" of
the aerosol formulations to be calculated. As used ha&:mﬁﬁ reference to .“”respmbie

fraction” means the amount of active ingredient, collected in the lower impingement

chamber per. actuation expressed as a perceniage of the total amount of active ingredient

delivered per actuation using th%!ef @win' impﬁngea’. method described above.  The
formulations accordihg to t,hainv‘em'i@n have been found to have a respirable fraction of
20% or more by weight of the :medicamem? pmfemﬁiy 25 1o ?0%3 for example 30 to
60%. ' o '
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Optionally, the medicament may be surface-modified prior to its dispersion in the
propellant by treatment with a substanhally non-polar liquid medium wihich i1s a
non-solvent for the medicament. There is thus provided in a further aspect of the
invention an aemsol.fomuiation comprising particulate, m‘rf&ce-modiﬁed medicament, as
defined herein, and a fluorocarbon or hydrogen-containing chlorofluorocarbon propellant,
which formulation is substantially free of surfactant. By »surface-modified medicament”
is meant particles of medicament which have been surface-modified by admixture with a
substantially non-polar non-solvent liquid, followed by removal of the hquid, with the
proviso that said medicament i1s other than salmeterol, salbutamol, fluticasone propionate,
beclomethasone dipropionate or a physiologically acceptable salt or solvate thereof. The
substantially non-polar non-solvent liquid medium is conveniently an aliphatic
hydrocarbon, e.g. a lower .alkane, which is sufficiently volatile to permit its ready
evapormioﬁ, e.g. at ambient temperature and pressure, after slurrying with the

medicament. The use of isopentane as liquid medium 1s particularly advantageous in this

respect.

The medicament is desirably slurried with' the liquid medium under anhydrous
conditions to obviate any adverse effects of motsiure on suspension stability. The éhmy
may advantageously be sonicated tc maximise the surface-modifying effect of the
treatment. The liquid may be removed by any convenient means for example by
evaporation or by filtration followed by evaporation, provided that following ..treatment‘
the medicament is substantially free of ﬁhé-iiquid, The f’m“mm‘éations of the invention will
be substantially free of the non-solveni non-polar kiquid. Surface-modified medicament
prepared by the above déscrib‘ed .pméess- éomprisés a further aspect of the present
invention. ' | | ?

The formulations according to the invention may be filled iInto canisters su-itable for
delivering pharmaceutical aerosol fe;mulations. Canisters generally comprise a container
capable of withsianding the ,vapéur pr’essuré of the propellant used such as a:plastic or
plastic-coated glass bottle or pfeférabﬁy a metal can, for‘axamp]e.an aluminium can which
may optionally be anodised, la’cq{zermcfoated 'aﬁ'dfor p!a'széc-‘cbated,' which 'cofnminer is

closed with a metering valve. The metering valves are designed to deliver a metered



AV T

10

I3

20

25

30

CA 02421976 2003-03-04

amount of the formulation per actuation and incorporate a gasket to prevent leakage of
propellant through the vaive. The gasket may comprise any suitable elastomeric material
such as for example low density polysthylene, chlorobutyl, black and white
butadiene-acrylonitrile rubbers, butyl rubber and neoprene.  Suitable valves are
commercially available from manufacturers well known in the aerosol industry, for
example, from Valois, France {e.g. DF10, DF30, DF60), Bespak plc, UK (e.g. BK300,
BK356) and 3M-Neotechnic Lid, UK (e.g. Spraymiser'™).

Conventional bulk manufacturing methods and machinery well known to those skilled
in the art of pharmaceuticai aerosol manufacture may be employed for the preparation of
large scale batches for the commercial production of filled canisters. Thus, for exampile,
in one bulk manufacturing method a metenng valve is crimped onto an aluminium can to
form an empty canister. The particulate medicament is added to a charge vessel and
liquified propellant is pressure filled through the charge vessel into a manufacturing
vessel. The drug suspension is mixed before recirculation to a filling machine and an
aliquot of the drug suspension is then fitled through the metering valve into the canister.
Typically, in batches prepared for pharmaceutical use, each filled canister is
check-weighed, coded with a batch number and packed into a tray for storage before
release testing. ‘

Each filled camster is conveniently fitted into a suitable channelling device prior to
use to form a metered dose inhaler for administration of the medicament into the lungs or
nasal cavity of a patient. Suitable channelling devices comprise for example a valve
actuator and a cyimdncai or cone-hke passage through whzch medxcament may be
deiwered from the filled canister via th@ meter ing valve to the nose or moum of a patient
e:2. a mouthpiece actuator. Metered dose mhalers are desagned to_deliver a fixed unit
dosage of medicament per ac.manon or puﬁ“ for examp?e in: the range of 10 to 5000
microgram medicament | pe*f puff.

Administration of medicament may be indicated for the treatment of mild, moderate

or severe acute or chronic symptoms or fm* pmphylacm treatm@m it will be apprecmted

that the precise dose adrnm:stex ed wnil depend on the age and candmon of the patient, the

‘particular particulate \medwamem use_z:% and the frequency of" administration and will
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ultimately be at the discretion of the attendant physician. When combinations of
medicaments are employed the dose of each component of the combination will in general
be that employed for each component when used alone. Typically, administration may be
one or more times, for example from 1 to 8 times per day, giving for exampie 1,2,3 or 4
puffs each time.

Thus, for example, each valve actuation may deliver Smg sodium cromoglycate, 250
microgram terbutaline sulphate or 500 microgram reproterol hydrochloride. Typically
each filled canister for use in a metered dose inhaler contains 100, 160 or 240 metered
doses or pufls of medicament,

The filled canisters and metered dose inhalers described herein comprise further
aspects of the present invention.

A sull further aspect of the present invention comprises a method of treating
respiratory disorders such as, for example, asthma, which comprises administration by
inhalation of an effective amount of a formulation as herein described.

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

Micronised sodium cromoglycate (1.2g) is weighed directly into an aluminium can and
I,1,1,2-tetrafluorethane (1o 18.2g) added from a vacuum flask. A metering valve is

crimped 1nto place and the sealed can sonicated for five minutes. The aerosol delivers

Smg sodium cromoglycate per actuation.

‘ Example 2

. Micronised terbutaline suiphaié (éOmg} is weighed directly into an aluminium can-and
1,1,1,2-tetrafluorethane (to 18.2g) adéed from a vacuum flask. A metering valve is
crimped into place and the seaiéd can sonicated for five minutes. The aea‘o'sQl delivers

250 microgram terbutaline sulphate per actuation.
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Example 3
Micronised reproterol hydrochloride (120mg) is weighed directly into an aluminium

can and 1.1,1,2-tetrafluorethane {to 18.2g) added from a vacuum flask. A metering valve

is crimped into place and the sealed can sonicated for five minutes. The aeroso! delivers

3 500 microgram reproterol hydrochloride per actuation.

Example 4
Micronised terbutaline sulphate (60mg) is weighed directly intc an aluminium can and
1,1,1,2,3,3,3-heptafluoro-n-propane {to 21.4g) added from a vacuum flask. A metering

10 valve is crimped into place and the sealed can sonicated for five minutes. The aerosol

delivers 250 microgram terbutaline sulphate per actuation.
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A pharmaceutical formulation for use in the treatment of asthma by
inhalation therapy comprising particulate medicament which Is a
bronchodilator or an anti-inflammatory steroid and 1,1,1,2-
tetrafluoroethane, 1,1,1,2,3,3,3-heptafluoro-n-propane or a mixiure
thereof as propellant, which formulation contains no significant amount of
surfactant, is free of chlorofluorocarbons and is free of alcohols, with the
proviso that said medicament is other than salmeterol, salbutamol,
fluticasone propionate, beclomethasone dipropionate or a physiologically
acceptable salt or solvate thereof .

A formulation according to claim 1 which consists e ssentially of one or
more particulate medicament which is a bronchodilator or an anti-
inflammatory steroid and 1,1,1,2-tetrafluoroethane, 1,1,1,2,3,3,3-
heptafluoro-n-propane or a mixture thereof as propellant, which
formulation is substantially free of surfactant.

A formulation according to claim 1 or claim 2 wherein the propellantis
1,1,1,2-tetrafluoroethane or 1,1,1,2,3,3,3-heptafluoroethane.

A formulation according to claim 3 wherein the propellant is 1,1,1,2-
tetrafluoroethane.

A formulation according to any one of claims 1 to 4 wherein the
particulate medicament has a particle size of less than 100 microns.

A formulation according toc any one of claims 1 to 5 wherein the
medicament is present in an amount of 0.005 to 5% w/w based on the
total weight of the formulation.

A formulation accoerding to claim 6 wherein the medicament is present in
an amount of 0.01 to 1% w/w based on the total weight of the formulation.

A formulation according to any one of claims 1 to 7 which contains two or
more particulate medicaments.

A formulation according to claim 8 which comprises a particulate
bronchodilatory medicament and a particulate anti-inflammatory steroid
medicament.

A formulation according to any one of claims 1 to 8 which contains
budesonide as a medicament.
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11.

12.

13.
14.

19.
16.

17.

18.

12

A formulation according to any one of claims 1 to 10 which contains
formoterol or a physiologically acceptable salt thereof as a medicament.

A canister suitable for delivering a pharmaceutical aerosol formulation
which comprises a container capable of withstanding the vapour pressure
of the propellant used, which container is closed with a metering valve,
and contains a pharmaceutical aerosol formuiation as claimed In any one

of claims 1 to 11.

A canister according to claim 12 wherein the container is a metal can.
A canister according to claim 13 wherein the metal can Is aluminium.

A canister according to claim 13 or claim 14 wherein the metal can is
plastics-coated, lacquer coated or anodised.

A metered dose inhaler which comprises a canister as claimed in any one
of claims 12 to 15 fitted into a suitable channelling device.

Use of a formulation according to any one of claims 1 to 11 in the
manufacture of a medicament for the treatment of asthma by inhalation
therapy.

A process for preparing a formulation according to any one of claims 1 to
11 which comprises dispersing the medicament in the propellant.
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