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Field of the Invention This invention relates to a method angh@ypesdage for
packagi b gBsksspal devices conprising a nmedi canent. Morep@PBGBogishar |y, it
relates to a package and packaging s nmethod that utilizes an adsorbent
material, such as a nol ecul ar sieve, that adsorbs or absorbs a gaseous
substance that gradually accumul ates in the inner |ocal environment of an
i nper meabl e package, so as to prevent‘1'f ormati on of adducts due to chem cal
reacti ons between the nedi canent in the medical device and the trace
gaseous substance. 10 BadkiswrbeotsandHésesiWbatéain Medi cal devices usual ly

need Lo, Qe Q c%ed In a substantially inperneable packages to prevent
at msﬁﬂaﬁ—é—&&—m % - nngres_s. The use of such inperneable packages nay
cause accufHisahléntionf refRés & A nﬁétﬁ@f@ ands pask®fe W PicRaging raéditaididvise)

environnent to a level sufficient for themto interact wth the nedi canent

cont aterBarising Eemenicamant chliore peiticelarigué elatrseioa PRekagd and prekgdiag nay

resul . | [ e e.. For

| ot alnetfodthg? Hliits A7 SR eh arctRi, ARIFAS AFitteblr SRRt R BESEer ¢
conposissirds rDdsRbuErsulisBimcetRatadradoampatourealatenio thednngl laslienvironpement s
may contain trace fornal deyde forned as a bneakﬁo rg?uct dur,ing the
mol di HEbimpeiEreable pariage. P stogreyedtdermatien o é%\ig‘é Ueotorri1etiRge _

' el caratighls beRBditheRhaaichfehe IPRRANESicP a£ABa nd (G tiREBdiBonn adduct

Wi th various nedi canents en packaged wthin a substantially 1 nperneable
cont asutmtancdéherefore, there is a need in the art for an inprovenent in

subst gntj al | i pper abke nmedi cal devi ce packages for preventing trace
s‘ﬁbstﬁﬂ@k@@—%@@fﬁﬁ@éﬂ% with the medicanment in the nedical device. 25
Summary of MelRal A¥@Ebés QBUARCR tothd Packdd InSd sabseatialff inifamdadient

I nvention, there is provided a pharmaceutical product conpri sing:
packages to prevent atmospheric moisture ingress. The use of such impermeable

packages may cause accumulation of certain frace substances within the sealed local
environment to a level sufficient for them to interact with the medicament contained in
15 the medical device. Such interaction, for example, may result in an adduct between the
medicament and the frace substance. For instance, a dry powder inhaler generally
includes a number of plastic components molded from an acetal homopolymer, and the
plastic components may confain trace formaldeyde formed as a breakdown product
during the molding of acetal resins. It is believed that the trace formaldehye released
20 from the plastic components is capable of forming an adduct with various medicaments
when packaged within a substantially impermeable container.
Therefore, there is a need in the art for an improvement in substantially
impermeable medical device packages for preventing trace substances from interacting
with the medicament in the medical device. |

25 Summary of the Invention

According to a first aspect of the present invention, there is provided a
pharmaceutical product comprising:
a} a medical device comprising a medicament and a component that gradually
releases a gaseous substance, wherein said medicament is capable of interacting with
30 the gaseous substance to form an adduct; and

b) an effective amount of an adsorbent or absorbent material capable of




a) a nedical device conprising a nedi canent and a conponent that gradually
rel eases a gaseous substance, wherein said nedicanent is capgbhe206s
interacting with 30 the gaseous substance to form an adduct; and b) an
effective anount of an adsorbent or absorbent material capable of 16 My
2006 -1a adsorbing or absorbing saidqgaseous substance, and reducing or
preventing the formation of said adduct. According to a second aspect of
the p j War 1 i i ' ihg the

for mafr e 885 ARo <eRPhEsoduiBhaiie, And FELAING GBrRSRERSINED, 0T

r eact fasmabienwd enid adducbdi cament and a gaseous substances, wherein the

phar maceut i,cal product conpri ses: a nmedj.cal device conpri.si a

e canent ACGYITIER SeGTH Fpoih ob iR eSS veM e ontent PEMACYAadual | y

r el eapRIhéd ERPPOVUHIFGRRE IORSatioRNst dh addud il 8 PhayPassmitl pRiduridadseabent or
absorbent material capable of adsorbing or absorbing sald gaseous

subst ehewicabrrctien betweenthepmedisameni anda gassaustsubstasfcesawbieeria thsa |

wher ej i the steps of: (i) positioning an effective
armunbﬂ%w%éﬁgggﬁ?ggﬁgdﬁﬁis&%r bent material and the nedical device
wi thin a sgphaiddicslaiekit@econipriding aahédigain@at pasdtig ef forimpan Haduteshd al

devi ce and adsorbent are in an enclosed volunme wthin the package; and

(i ii)2a&esmopentihet sedipllyiralgages aigasraye substaRee;@Y¥tous subst ance from t he
conponent - J e ' : t. According
toathir dﬁg%'ggg%&g{e gE%?@sﬂ?dﬁ%ﬁ?ﬁogngoﬁé&tgﬂ?tghg$éc}a\pﬂag’qejgag conpound
of t hadsarbimgl ar:absockingisaiyl gasepuscubstarespand redudingeoppesenting thent i on,
there,is provided a,. armaceuti cal conposition conprising a compound as
def i nfé’cﬁmiaﬁo?ﬂ S?'aiwuggpect and a pharmaceutical ly acceptable carrier.

Accor di ng {Remif 'H-fg ﬁeﬁﬁ?@émﬁﬁséé"ﬁe@t@é&%ﬁ invention, there is provided a
use of he(i) positioning an effective amount of the adsorbent or absorbent material and the
medical device within a sealable package;
‘ (i} sealing the package so that the medical device and adsorbent are in an
~ enclosed volume within the package; and
(iii} adsorbing or absorbing any leakage of the gaseous substance from the
component so as to reduce or prevent the formation of the adduct.
According to a third aspect of the present invention, there is provided a

compound of the formula:

. According to a fourth aspect of the present invention, there is provided a
pharmaceutical composition comprising a compound as defined in the third aspect and
a pharmaceutically acceptable carrier.

According to a fifth aspect of the present invention, there is provided a use of the
- compound as defined in the third aspect in the manufacture of a medicament for
freating asthma.




conpound as defined in the third aspect in the manufacture of a nedi canent
for treating asthma. 16 May 2006 -1b An enbodi ment of the R 92806
i'nvention can provide a new package for nedical device conprising a

medi cament in which formation of adducts, such as nedi canent- pol yner
adducts, will be reduced or elimnatgg.. This and other enbodi nents of the
present invention can be attained by providing a package conprising (i) an
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2006 03/ 043905 PCT/ GB02/ 05147 -2 nedi cal device conprising a nedi canent
and tﬁéﬁmfsr(ﬁd@é'ﬂs' Mt B i UQ,e_QrPrtﬁ’"%lﬁﬁﬁegd within the package. The mechanism
by whi cht FRIGRPORRRbniERIERE A of e BRALAR InvBARN Lan beldBAinGIbY S bY
entrappi ng resi dual gaseous substances rel eased by various s conponents of
t he nptividihg depackage aopifrisingy(isamedier substantially ingtertrieable padlsagentiba wil |
not accumul ate. wi t hin.the package to, a, significant |evel d jnteract with
'he * FtRa Befiotdomitisiide i SR abinaniagasprddity dpin lBustdn i,

Howev fiediddthént; 8@ (ia)ah b85o®ent Afutdma herdisBbiySa Rflecdular SRVAIBARA ey t he
present invention and an adsorbent naterial "may achieve its effect on
adduct formation through other known or 10 unknown nechani sns. The vari ous
features of novelty which characterize the invention are pointed out wth
particularity in the clains annexed to and formng a part of this

di scl osure. For a better understanding of the invention, its operating
advant ages, and specific objects attained by its use, reference should be

made to the drawings and the followi ng 15 description in which there are
illustrated and described preferred enbodi nents of the invention.




Brief Description of the Drawings Figure 1 is a graph summarizing a study
that shows that the nolecular sieve is an effective adsorbgni,ag6ed1st
formati f medi canment - pol yner adduct Conpound 20 ' . I nol one
acet oni g@ 5"5‘%@& blends. Figure 2 is a view, partiall yp?t}j{@%&\%@b,ﬁqgf a

typi cal dry-power inhaler package according to the present invention.
Figure 3 depicts two of a nunber of possible |ocations for the absorbent in
a dry- power inhaler. For exanple, th2y could possibly be nolded as part of
one of the plastic 25 conponents, or could be provided in a container that
i s firedidabdebieeicongirizing @ snddicarachband tHe agsnbentahatyyrialveblbeGead by use
of an g%egi ve. Detailed Description of the Preferred Enbodi nents (1) In a
first WEHBJAER&H239%he i nvention provides a pharmaceutical product

conpri sing i | ; ' | SlAGH ' a conponent
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wher el idt@crAARIMRWitHTR S patkdde 1004 SRMIflcANt ReeASYd fifferacPwitBihé n anot her
enbodi nent, the invention provides a pharmaceutical product according to
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subst aderebentemdteniat mayradhievegits effost arLbed@ndermation thesugthatheHkAown or

(]hydrofl uor oal kﬁne? 5’propel lant. 10 (4) In another enbodi nent, the
"y e rtRRSIOVBL B\GCRRRSEISyhar neceut i cal product according to embodi nent (1),

wher ei n t enS Gaficth RARKBI D ndvemMPIhRAl b %eli?® #idRABhfon bR POKRIIO&G:

with particularity in the claims annexed to and forming a part of this disclosure. For a
better understanding of the invention, its operating advantéges, and specific objects
attained by its use, reference should be made to the drawings and the following

15 description in which there are illustrated and described preferred embodiments of the
invention.

Brief Description of the Drawings

Figure 1 is a graph summarizing a study that shows that the molecular sieve is
an effective adsorbent against formation of the medicament-polymer adduct Compound
20, Aln triamcinolone acetonide/lactose blends.
Figure 2 is a view, partially cut-away, of a typical dry-power inhaler package
according to the present invention.
Figure 3 depicts two of a number of possible locations for the absorbent in a dry-
power inhaler. For example, they could possibly be molded as part of one of the plastic
25 components, or could be provided in a container that is fixed to the inhaler, eg by
' mechanical means, or by welding, or by use of an adhesive.
Detailed Description of the Preferred Embodiments

(1) In a first embodiment, the invention provides a pharmaceutical product
comprising:
30 a) a medical device bomprising a medicament and a component that gradually
releases a gaseous substance; and




(5) I'n another enbodi nent, the invention provides a pharmaceutical product
according to any one of enbodinents (1) to (4), wherein theléjmég,ggogs'

sel ected \}'g;?)%ﬁslﬂﬁs 15 group consisting of a syringe, and ?C’H&ﬁ%ﬁé%‘fﬂer

i nhal er. I'n anot her enbodi nent, the invention provides a pharnaceuti cal
product according to any one of enbodinments (1) to (5), wherein the device
is a dry powder inhaler. (7) In another enbodinent, the invention provides
a pharmaceutical product 20 according3o any one of enbodinents (1) to

(6), wherein the nmedicanent is an anti- inflammatory nedi canment used in the

treat ment ofb)aarr effgutivetamnourticf @assdsofiigntimaterial derabterbpdisarbing ddie
I nventi on proviges a pharmaceutical product according any one of
enbodi rAREQUE BYOB@NES)  wherein the conponent undesirably rel eases the

gaseous SUbSDRFgnofRSr 6boling ROl EACbiERies d PRainiieibahaBig des 2

phar maceuti cal product according to any one (8),
wher ei raachediog ipembotinmenty 1) vwren thel adserierdimatedalis ronded in thieadlevicalevi ce.
(10) In anot emhodi nent ... t he jnvention proyvjides a pharmceutical product
acc%r di ng t égg[ﬂﬂéﬁ{ fn?’“@@ﬁ",m%ﬁe ‘Hv?rl’mt@"b&é’é'deé %P’é?fﬁ?ﬂceén@ﬁ%rﬂrgégd
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anot her enbodinent, the invention provideS a pharnaceutical product

accor divelme within Whishdhe sienisei anshihe qdsprbentmatprial@rersiuatadie gaseous
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subst ance i f or mal dehyde., (13),1n another enbodi nent, the invention
pr¥i des a zﬂa';“rﬁd@ﬂﬁfi%ﬁgo msiicthe Inveion Rigvides arhasmacsutieahpserviint s (1)

ot EOSREL R Vp W B Beolst p U LAkl A
to moisture.

(5) In another embodiment, the invention provides a pharmaceutical product
according to any one of embodiments (1) to (4), wherein the device is selected from the

15 group consisting of a syringe, and a dry powder inhaler.

(6) In another embodiment, the invention provides a pharmaceutical product
according to any one of embodiments (1} to (5), wherein the device is a dry powder
inhaler.

(7} In another embodiment, the invention provides a pharmaceutical product

20  according to any one of embodiments (1) to (6), wherein the medicament is an anti-
inflammatory medicament used in the treatment of a respiratory disease.

(8) In another embodiment, the invention provides a pharmaceutical product
acdording any one of embodiments (1) to (7), wherein the component undesirably
releases the gaseous substance.

25 (9) In ancther embodiment, the invention provides a pharmaceutical product
acé:ording fo any one of embodiments (1) to (8), wherein the component is a plastic
element of a dry powder inhaler device.

(10) In another embodiment, the invention provides a pharmaceutical product
according to embodiment (9), wherein the plastic element comprises polyacetal

30  material.




10 nmedi cal device. (14) In another enbodinent, the invention provides a
pharmaceutical product according to any one of enbodi nent Sldﬂﬂa bood 12) ,

wher ei n tyg o3f96Pent material is incorporated into plasdGeghaRidNg used
in the pa‘gkaglﬂng of the device. (15) In another enbodi nment, ?ﬁe I nvention

provides a pharmaceutical product 15 according to any one of enbodinents
(1) to (12), wherein the adsorbent material is incorporated in an adhesive
(e.g. a self-adhesive patch or tape). #t6) In another enbodinent, the

I nvention provides a pharmaceutical product according to any one of

enbodi nent s {((1) Int mc(tmer)emhbdirmm theeinaetﬁmrbmnvldeataephax’rnaceuhm!q:ro@@astous

d
phar maGOT8 \ PBYBBE of SEESINROIS ) DR M RAE S BB AnSS 19 16)

wher ei rbatpbbleaéﬁﬁféﬁﬁéﬁngrﬁﬂ?Eheahedfdﬁﬁ%riﬁ@%mhﬁra'dﬁhcﬁe' ect ed fromthe group
consi sting of nolecular sieves, activated clays, charcoal, activated

al umi na, si I(it@hin anather ersbodiment: the invention provides ammrmﬁceu(da]pmdudnot her

o any Bokerdind o a5l of Briofig R G B HHINGR e e GBS soRrB 181 5 5710
A (Angsomoaliehpdeecul ar sieves. (19) In another embodinent, the invention
provi des a 25} rimaceutical product according to any one of enbodi ments (3)

to (18), Hqr}?éh?faﬁnaa@m@tn@@émfﬁnﬂmrawdeg|aa;§sarrr@ceph%@ﬁar@ducand i s

7 oo el I nPoAY Br AT ERR (1] (008 hercPR st ini aBARE, 001,
( 20) | tnconponated imtd agiapmer mixterd ancbmanafagiumediidesa plastiacompentnteaf ther oduct

ordin one of enbodiments (3) to (19), wherein the package is
ma e of™ &B?ésch%: "(21) In another enbodi ment, the invention provides a

phar maceut i ¢pd) IRrepbHesr erﬁb@&ﬁ@rml A8 ihveriion ;ﬁaﬁd@é aPHpMaB I bRadd® (20) .
wherein the package Is a flexib
according to any one of embodlments (1) to (12), wherein the adsorbent material is
incorporated into plastic sheeting used in the packaging of the device.

(15) In another embodiment, the invention provides a pharmaceutical product

15 according to any one of embodiments (1) to (12), wherein the adsorbent material is
incorporated in an adhesive (e.g. a self-adhesive patch or tape).

(16) in another embodiment, the invention provides a pharmaceutical product
according to any one of embodiments (1) to (12), wherein the adsorbent material is in a
porous sachet.

20 (17) in another embodiment, the invention provides a pharmaceutical product
according to any one of embodiments (1) to (18), wherein the adsorbent material
comprises material selected from the group consisting of molecular sieves, activated
clays, charcoal, activated alumina, silica, zeolites, bauxites, and mixtures thereof.

(18) In another embodiment, the invention provides a pharmaceutical prbduct

25 according to any one of embodiments (1) to (17), wherein the adsorbent material is 10
A (Angstrom) molecular sieves.

(19) In another embodiment, the invention provides a pharmaceutical product
according to any one of embodiments (3) to (18), wherein the package is made of
metal, glass, or plastic, and is selected from the group consisting of bottles, bags, drum

30 boxes, and irregularly shaped containers. |




| am nate conprising three |ayers: polyester / alum num/ polyethyl ene,
wherein the alumnumlayer is between the polyester and polgyatfpydmne

layers. (i&zdsda08N0t her embodi ment, the invention provi degrg:iypaéfamceuti cal
product according to any one of errbodl ments (3) to (21), wherein the

package is hernetically to sealed by heat-sealing, gluing, welding,

brazi ng, mechani cal cl osures or clanps, or conpression. (23) In another
enmbodi ment, the invention provides a pParmaceutical product according to
any one of enbodinments (1) to (22), wherein the nedicament is

t ri anci nol of20)do @nottistemidiirhaa), the irarentior previtesia pharmacéwdicah prouuicbn

o' osoodpiitiotirane alerBafiments 6 GIU16L TherSiIng edakece isPpdr Ghi o
prevenpidshg formation of an adduct. (25) In another enbodinent, the

invention provides a pharmaceutical product according to any one of
enbodl ment s(41)In @pothes pmhadiment; théinveotion proédes aphermacentical prelucke) | n
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VA
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enbodi g@npredBionherein the adsorbent material is housed in the device.
(23) In another embodiment, the invention provides a pharmaceutical product
according to any one of embodiments (1) to (22), wherein the medicament is
triamcinolone acetonide.
15 (24) In another embodiment, the invention provides a pharmaceutical product
according to any one of embodiments (1) to (23), wherein the adsorbent material is in
an amount sufficient to prevent the formation of an adduct.
(25) In another embodiment, the invention provides a pharmaceutical product
according to any one of embodiments (1) to (24), wherein the adduct is of the formula:

20
(26} In another embodiment, the invention provides a method for preventing the
formation of an adduct in a pharmaceutical product due to a chemical reaction between
the medicament and a gaseous substances, wherein the method comprises the steps
of:
25 (i) positioning an effective amount of the adsorbent material and the medical

device within a sealable package;




t

(28) In another enbodinent, the invention provides a nethod according to
any one of enbodinents (26) to (27), wherein the seal ed pagkage206s

subst ant i hggper meabl e to t he gaseous substance; and hbR<ihe
gaseous 2ﬂ%2¥%ﬁ%§pis other 10 than HFA (hydrofluoroalkaﬁé 6?%@%%Fant.

(29) In another enbodinent, the invention provides a nethod according to
any one of enbodinents (26) to (28), wherein the seal ed package is
substantially inpermeable to noistured- (30) In another enbodinent, the

i nvention provides a nethod according to any 15 one of enbodi nents (26) to
(29), where(ii} thsealing the package sottkeat the onedibal depvinepand adsorbeéntnaredh am

syringe, and a dr owder inhal er. 1) In anot her enbodi ment, the
i%ven?i on p_roﬁ'ﬁ%‘ée% f rﬁ_ﬁd"’@l‘&@ﬁ‘?ﬁ@‘a@@; 819 one of embodinents (26) to
(30), wher epaséidisy B8kage 8f Mgés@eﬂersubgtﬁlcsrfmnﬁ %o poriie bf fife

enbodi nent, the. inverntion provides a nethod according to any 20 one of
enbodi ment sdevies so@s(t8 prevettidhe fermationmddhe adduct. i s an anti-infl ammatory

medi canment i e n .a respiratory di sease. 3) ln anot her
erSod ment , tamam ROt ebiahgent 48 bt srdlidt amRed Sargrdils” o

embodi gRitiodinh@6t) 26, avH{e?aih. theleisetben: htateame ReDsed MBS deVidey I el eases the
gaseous substance. 25 (34) |In another enbodi nent, the invention provides a

met hod accotédf) iy angthgr embaciment, the wention srqvidss a mqtbed aceprding 1 ame

: : _ . 4 i
ot neghs of SiboBirishis 126 €187, ilerBin{ iy cRFEACHABEs SILTBIHER: [ 30) ' One
of enbiothermeabld @othetgaseddy substaneenandwhpiais the gadenmrdubstaneei is e@ther

218! napeRrhioA RoNUSinalkasLRaPEBE ovi des a met hod according to any ohe |
of enbodi me@igy | dRdtheP embRdim¥C iR ivERflord BRARIES éHﬁ?ﬁ@@ﬁ@cérﬁin@qBaéﬂye of
|nteract|n? wbggk;gisnedlcanent to forman adduct. _
one ofem (26) to (28), wherein the sealed package is substantially
impermeable to moisture.

(30) In another embodiment, the invention provides a method according to any

15 - . one of embodiments (26) to (29), wherein the device is selected from the group
consisting of a syringe, and a dry powder inhaler.

(31) in another embodiment, the invention provides a method according fo any
one of embodiments (26) to (30), wherein the device is a dry powder inhaler.

(32) In another embodiment, the invention provides a method according to any

20  one of embodiments (26) to (31), wherein the medicament is an anti-inflammatory
medicament used in the treatment of a respiratory disease.

{33) In another embodiment, the invention provides a method according to any
one of embodiments (26) to {32), wherein the component undesirably releases the
gaseous substance.

%5 | (34} In another embodiment, the invention provides a method according to any
~ one of embodiments (26) to (33), wherein the component is a plastic element of a dry
powder inhaler device.

(35) In another embodiment, the invention provides a method according to any
one of embodiments (26) to (34), wherein the plastic element comprises polyacetal

30 material. |




(37) I'n another enbodinent, the invention provides a nethod according to
any s one of enbodinents (26) to (36), wherein the gaseousn§NQ§Qa@§e S

f or mal de ) In anot her enbodi nent, the invention met hod
accordlngyggygﬁgggne of enbodi nents (26) to (36), mherelgﬂ%ﬁdka sorbent
material is incorporated into a polynmer m xture and manufactured into a

pl astic conponent of the nedical device. (39) In another enbodinment, the
i nvention provides a nethod accordlng-?o any 10 one of enbodi nents (26) to
(37), wherein the adsorbent material is incorporated into plastic sheeting

used in the @ﬁ()lhaghotjneoferﬂbwlrdenﬂ tree inféOdion provides® methdd doomaing tohshy
to any one of enbodi rrents (26) to
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wher ei n t he(4fidragothes embmlmfenblthslnventiem ptadiies a reetbbti @ccerdigitavemt , t he
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15 . {41) In another embodiment, the invention provides a method according to any
one of embodiments (26) to (37), wherein the adsorbent material is in a porous sachet.

(42) In another embodiment, the invention provides a method according to any
one of embodiments (26) to (41), wherein the adsorbent material comprises material
selected from the group consisting of molecular sieves, activated clays, charcoal,

20 - activated alumina, silica, zeolites, bauxites, and mixtures thereof.

(43) In another embodiment, the invention provides a method according to any
one of embodiments (26} to (42), wherein the adsorbent material is 10 A (Angstrom)
molecular sieves.

(44) In another embodiment, the invention provides a method according to any

25 one of embodiments (26) to (43), wherein the package is made of metal, glass, or
plastic, and is selected from the group consisting of bottles, bags, drum boxes, and
irregularly shaped containers.

(45) In another embodiment, the invention provides a method according to any
one of embodiments (26) to (44), wherein the package is made of plastic.

0 (46) In another embodiment, the invention provides a method according to any
one of embodiments (26) to (45), wherein the package is a flexible laminate comprising




-8 three layers: polyester / alum num/ polyethylene, wherein the al um num
| ayer is between the pol yester and pol yet hyl ene | ayers. (Q@Mhng(m)t her
enbodi e [<nvention provides a nethod according to f

enbodi rreﬁ@s(}%@@?dsto (46), wherein the package is herneti (%}%B@;ebglﬁgd by
heat- 5 sealing, gluing, welding, brazing, mnmechanical closures or clanps,

or conpression. (48) In another enbodi nent, the invention provides a nethod
according to any one of enbodi nents (86) to (47), wherein the nedicanent-
is triancinolone acetonide. (49) In another enbodi nent, the invention
provi debree lapdrsopolgester dahgninomamolysieylehe ewhedinthy slufm®imigyer48) , wherein
the adsorbent material is in a mount 10 sufficient to prevent the

f or mat iAGAVeSN Hie pelyester a('@@PEYIeH"YiWEﬁ R¥ersenbodi nent, the invention provides

t hod ' f o ; ' h
Bdduct 1's:of P Yhhleretoo @Rt B TRAMISETIEVUES k hBtriod acoldifiy 8 Ang 1
provi d_@@eaof@mtpnﬂjmma‘ (260 éo (@)mhareim 8% packageds ermetitally sealdd by heat-

entoal FEAI: YR GrwSin BFRdRe i GA Siiie 8 PETHR r pTPRESEY 2006 WO
03/ 043905 PWS)%%&%%b@%iﬁ@&, t_hé_ir@\mﬂibﬁrprgm@%rfﬁamodté&oidw 52j)aﬁ?urt her

provi des a pharnaceuti cal onposi tion according to enbodi nent )
conpr i NaPfembadingslsol@8) & 4nwherein the medicamemds triameiarloae acetanide.

a pati ent | K ghomdrEBe Bienk dfE SRR rRdes BTR DR BRI o
of a conpwiethtaidimehts{26h i (483 1vhereibiheradddrbentanbtatialiaih avf arhbent nventi on
is a method of Ereventl ng the rmation of an adduct caused by a chem cal

f
redct i 8H ’S@_“\?\Eb rexeﬁémec ﬁ@ﬁ¥‘°'&ﬁg?ﬁ_ad85§teous substance rel eased froma
med! cal - de V16 in ShlotheFRMINGHIFRAP the iflentibR proided a rAdihBE SRBRIH 1ol 50)
a method accor

Anot her enbodi’ nent g} the 1rnvention is I'ng to enbodr ment
one of embodiments (26) to (49), wherein the adduct is of the formula:

15 (51) In another embodiment, the invention provides a compound of the formula:

(52) In another embodiment, the invention provides a pharméceutical
composition comprising a compound of embodiment (51) and a pharmaceutically
acceptable carrier. '




(55), wherein the adsorbent is housed in the nedical device. (56) Another
enbodi ment of the invention is a method according to embodigEahy 2¢68°) ,

wher ei n bent and device are in an encl osed volu '
W 3 Bglphis

package. enbodi nent of the invention is a dry po al er
package, 15 conprising: (a) a dry powder inhaler containing a nedi canent
and having a conponent that gradually rel eases a gaseous substance; (b) an
overwap w thin which said dry powder -8nhal er is enclosed; said overw ap
bei ng substantially inperneable to the gaseous substance; and 20 an

adsor bent mg5§3y Inalnotisrdrabedimant,the inairtion \R6vitles agsthriviceltcdthe ability to
adsorb or absorb the gaseous substance. Another epbodi nent of the invention

i s a MSOAMPSHONACSPENRY fyembogitneni{58) fuither gaarrisinantrigmeinpiengraaetonidea dry
powder i nhal | | 0 ' r-mm : t '

reaction bet(gli elﬁ%@é}nee%?%gbr@%tnhgﬁg'a gaégggg\ﬁég%gtrggf(@g,&é%aggﬁp@?ﬁ?b%g t he
st eps ebmprisjng aiministerimptosa patisolrih e droftsach dteatmant, ispledrireckutiealizgai nst

f ti f th d t: d kagi he d wd i nhal |
w s sraclin aBuRf oA ampRing oF BAIbOA ARl @dbor e package. 30 Another
enbodi nent A5y Aoth&V@Rbb@ndrt Gt thd F{e\@gpori ;se:g g(éw.oa of ?&fi}eﬁl’iﬁ& 1y

conducting an ‘experinent where the le duct formation™inside two
i mper miemationgfanoaddust cakserbhy actemieal roactiay baiweenp owslicamenteand a me

i nterval e (1) 1 006 /043905 .PCT/ 2/ 05147 -10 encl.osi ng
't i nOgneoty Syfhtirte RRASRUTO G mEdAARNES. S Mg oM HBRASEG % he
dry powderdsorthgiter, and sai d adsorbent and (2) enclosing within the other
of the enclosures the nedicanment, one or nore conponent of the dry powder

i "l er but (3f0 Angdrerehedimeniebireinvertiismetopd apeordingdatarabodignent dr y
powder (38N ghefeiR #fd4@orbent is housed in the medical device.

(56) Another embodiment of the invention is a method according to embodiment
(55), wherein the adsorbent and device are in an enclosed volume within a package.

_ Another embodiment of the invention is a dry powder inhaler package,
15 -~ comprising:

(a} a dry powder inhaler containing a medicament and having a component that
gradually releases a gaseous substance;

(b) an overwrap within which said dry powder inhaler is enclosed; said overwrap
being substantially impermeable to the gaseous substance; and

20 an adsorbent material, enclosed within said overwrap and having the ability to
adsorb or absorb the gaseous substance.

Another embodiment of the invention is a method of preventing formation of an
adduct in a medicament in a dry powder inhaler contained in an impermeable package
due to a chemical reaction between the medicament and a gaseous substances,

25 comprising the steps of:
| (a) identifying an adsorbent material that is effective against formation of the
adduct; and

(b) packaging the dry powder inhaler along with said adsorbent material in the
impermeable package.

30 Another embodiment of the invention is a wherein step (a) is achieved by
conducting an experiment where the level of adduct formation inside two impermeable
enclosures is monitored at one or more predetermined time intervals, while (1)




conprising: (a) a dry powder inhaler containing a nedicanent that has a
tendency to form one or nore adducts during storage withi megvaybgdgantially
| mper mea ap; (b) a substantially inperneable ov 1 Lhin

whi ch sailucriﬁ rgﬁgdgrv\der inhaler 10 is enclosed; and an adg%%logn%t erial,
encl osed within said overwap and having the ability to reduce or prevent
formation of the adducts. It is appreciated that certain features of the

i nvention, which are, for clarity, dedkribed in the context of separate
enbodi ments, may al so be provided in conbination 15 in a single

enbodi eeolosing within\orei of dise Baglosusss the rédichment ion@omhbehcanpondrits oty ty,
described in the cont erﬁﬁo_f a, si ngl e enhodi nent, may al so be Provi ded
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contai ning trianctinol one 0 acetoni de asrng leve
i npur i edsérbent.t he synthesis, delta 14-TAA, was observed. This was first

obderved toAMRIEG BoitaneRvEhe YD Saud Rt maslerprckaten a | ovel of

del ta &4mphibing?. 48 % w w) which failed the specification limt of 0.40 %
ww. After qobtaining this out-of-specification result, a series of
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readi ng of del E_a ‘154- TAA. Wien using the HPLC nethod, the delta 14-TAA |evel
r éffai nBF APC as expected for an inpurity fromthe synthesis. The new
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was found to be corresponding to a mass e sane
r et ent testuceiarpraeent fiermatiosoofdhe giddubts. r eact i on bet ween TAA and
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described in the context of separate embodiments, may also be provided in combination
15 in a single embodiment. Also, various features of the invention which are, for brevity,
described in the context of a single embodiment, may also be provided separately or in
any suitable subcombination.
. The Problem of Adduct Formation

During a feasibility study of a dry powder inhaler (DPY) containing triamcinolone

20 - acetonide (TAA), an increasing level of the impurity from the synthesis, delta 14-TAA,
was observed. This was first seen at the 6 week check point in samples stored at 40
°C/75%RH and was observed to the greatest extent in the 100 pg/actuation DPI with a
tevel of delta 14-TAA (0.48 % w/w) which failed the specification limit of 0.40 % w/w.
After obtaining this out-of-specification result, a series of investigation were performed.

25 Using an HPLC method, it is discovered that a new peak was present that eluted just
before delta 14-TAA. It was further determined that in the original stability study, this
new peak co-eluted with delta 14-TAA and thus gave rise to the out-of-specification
reading of delta 14-TAA. When using the HPLC method, the delta 14-TAA level
remained constant, as expected for an impurity from the synthesis. The new peak,

30 determined using liquid chromatography/mass spectrometry {LC/MS), was found to be
corresponding to a mass of TAA pius 30, and had the same retention time as the
product of the reaction between TAA and formaldehyde. Thus, it is believed that the




new peak was the adduct between TAA and f or mal dehyde, which was identified
as the Cl1 hydroxymethyl derivative of TAA and was assi gneg ¥gaypeosnd A

with the fQhleMbga9 structure: OH 5 Conpound A bel ongs t(i’CtI}EB{)Z/GS 47
gl ucocorti col oi4 class of nolecules, in which the class are known t0 possess

anti-inflamuatory activities and are conmmonly utilized for the treatnent

of nunerous inflammtory di seases, for exanple asthma. The effects of
conpounds in treating asthma can be exXdri ned by any one of the procedures
known in 10 the art, for exanple those disclosed in |I.L. Bernstein et al,
Chest agw (@b Wa8#e adduct Betwenh TARENd formbidetsdBy whichubss identiféf ad Be
(1972) ; q%@?. H.igegh,,ibid. %$9r615-649 (1982), which are incorporated
her ei n053 exEnelbyi derivalive ob Ay ad wasassioaesh Coreaewad Aduith the follawinged
her ei Ngir§cfiyd.€nded to enconpass any device that is capable of containing a
medi canent, wherein the device has a conponent that 15 gradually rel eases
a gaseous substance that may interact with the nedi canent to form an
adduct. The device may be a substantially i nperneabl e package so that any
gaseous substance rel eased froma conpongyyj of the device may accunulate in
the package and may react with the di dament to form an adduct. Al so, the
device nmay be adequately seal ed sucl<that the gaseous substance rel eased
froma conponent of 20 theodeybse hmy gecu ate in the device itself and
may react with the medi canent to i an.a@dduct. Therefore, the invention
is not limted to any specitic fedi cal devices or any specific
nmedi canents they contain, @ As there is a potential to form one or
nore adducts due to the _acgeups L on of one or nore residual gaseous
substances during storaﬁ% i n an 1 nperneabl e package. Exanpl es of such

deyi ces 25 include, medicanent | oaded syringes, inhalation devices

contai ning nmedi canents, for exanple, dry-powdered inhalers. 16 May 2006
WO 03/ 043906omppucadebelengy to the giheocastieoid piatisceimalecules, inowltich heclass s

I nt endgr% l&nooﬁpﬁao;g@%ﬁs %?M-inﬂammatory activities and are commonly utilized for the
treatment of numerous inflammatory diseases, for example asthma. The effects of

compounds in treating asthma can be examined by any one of the procedures known in
10 the art, for example those disclosed in I.L. Bernstein et al, Chest 81, 20 (1982); K.
Florey, Anal. Profiles Drug Subs. 1, 397-421 (1972); and D. H. Seih, ibid. 11, 615-649
(1982), which are incorporated herein by reference in their entirety.
The term “medical device” as used herein is intended to encompass any device
that is capable of containing a medicament, wherein the device has a component that
15 gradually releases a gaseous substance that may interact with the medicament to form
an adduct. The device may be a substantially impermeable package so that any
gaseous substance released from a component of the device may accumulate in the
package and may react with the medicament to form an adduct. Also, the device may
be adequately sealed such that the gaseous substance released from a component of
20 the devise may accumulate in thé device itself and may react with the medicament to
form an adduct. Therefore, the invention is not limited to any specific type of medical
devices or any specific medicaments they contain, as long as there is a potential to form
one or more adducts due to the accumulation of one or more residual gasecus
substances during storage in an impermeable package. Examples of such devices
25 include, medicament loaded syringes, inhalation devices containing medicaments, for
example, dry-powdered inhalers.




medi cament capabl e of being stored in a device and has a tendency to form
one or nore adducts during storage by reacting with a gasngqa}sm ance
that is | rel eased froma conponent of the devi i cament
"has a tg’%‘gﬁ@é‘%o formone 5 or nore adducts" neans thaiij%trrﬁ@%g{f‘garrent
will formone or nore adducts if no neasure, such as inclusion of an
adsorbent material within the package, is taken to prevent the adduct
formati on. For exanple, the nedi canenti2san be any material that has a
pharmaceutical effect as applied, including, but not limted to,
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manufactured by ICN Pharmaceuticals, Inc.; antihistamines, e.g. mnethapyfilene;

antitussives, e.g. noscapine; beta-adrenergics that include bronchodilators such as

20  salbutamol, salmeterol, ephedrine, adrenaline, fenoterol, forinoterol, isoprenaline,

| phenylephrine, phenylpropanoclamine, reproterol, rimiterol, terbutaline, isoetharine,

tulobuterol, orciprenaline, or (-)4-amino-3,5-dichloro-.alpha.-[[[6-]2-(2-
pyridinyl)ethoxylhexyll-amino]m ethyllbenzenemethanol, epinephrine (Primatene),
formoterol (Foradil}, isoproterenol (Isuprel), isoetharine (Bronkosol), metaproterenol

25 (Alupent, Metaprel), albuterol (Proventil, Ventolin), terbutaline (Bricanyl, Brethine),
bitolterol (Tornalate), pirbuterol (Maxair), salmeterol (Serevent), salmeterol + fluticasone
combination (Advair Diskus), and albuterol + atrovent combination {Combivent); sodium
channel blockers such as amiloride, anticholinergics e.g. ipratropium, atropine or
oxftropium; hormones, e.g. cortisone, hydrocordisone or prednisolone; and therapeutic

30 - proteins and peptides, e.g. insulin or glucagon; anti-inflammatory medicaments used in
connection with the treatment of respiratory diseases include steroids such as
NASACORT AQ® (triamcinolone acetonide), AZMACORT AQ® (triamcinolone



NASACORT AQ(r) (triantinol one acetonide), AZMACORT AQr) (triancinol one 16
May 2006 WO 03/043905 PCT/ GB02/ 05147 -13 acetonide) fluni Sl@WZOOG '
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(Aerobid), fluticasone (Flovent), salnmeterol + fluticasone conbination
(Advair Diskus), and triancinolone (Azmacort), and Medi ator-rel ease

i nhibitors such as Intal(r) s (cronol y1B3-sodi um), and nedocronil sodium
(Tilade); leukotrine (LT) inhibitors, vasoactive intestinal peptide (VIP),
tac hykiambtorédﬁ)aﬁomiiseﬁde, ﬂhtieagdrier,\budGMraQert'natm:;nolmadamétehlda ant agoni st s,
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15 The term " cong@nent I s meant to enconpass a conponent of medi cal
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from pol yacetal plastic that is known to contaln residual formal dehyde

f or med|nfasirf@avdliableofromn QN Cuessurf®olailablt fadm Dey I sisstatdriesy Bkbaht @ iy om a
nunber of commercial sources, for exanple Sigma-Aldrich, M I waukee, W

53201. G:keﬁcom.éelicem S}uatam@aValtemlmﬁem Abbef; Sur@xu@hngtemxrﬁantavﬁmawlﬂe

cont al l'E)hat | S stant ially inpernmeable to noisture and to a gaseous
subst a @Icg}ﬁ%{d' 5 PHEs-
15 The term “component” is meant to encompass a component of a medical devise

that undesirably releases a gasecus substance. In particular, a component comprising a
polyacetal material (polyoxymethylene). Polyoxymethylene (polyacetal plastics- Trade
Name: Delrin (DuPont), Ultraform (the Ultraform Co.), and Hostaform (Ticona)) are a
group of plastics produced by polymerizing formaldehyde. Polyoxymethylene is used in

20 toiletry and cosmetic articles as well as medical devices such as inhalers, and syrihges.
A number of DPI device components are manufactured from polyacetal plastic that is
known to contain residual formaldehyde formed during the molding process. Polyacetal
is readily available from a number of commercial sources, for example Sigma-Aldrich,
Milwaukee, Wi 53201.

25 ~ The term “package” as used herein is meant to encompass a container that is
substantially impermeable to moisture and to a gaseous substance released from a
component of the device. For example, the package may be made of metal, glass, or
plastic, and is selected from the group consisting of bottles, bags, drum boxes, and
irregularly shaped containers.

30 tn one embodiment, the package is a conventional flexible package and its
manufacturing is well within the knowledge of the people skilled in the art. In general,
the flexible package is constructed from flat reels of laminate which are folded or




conponent of the device. For exanple, the package may be nmade of netal,
glass, or plastic, and is selected fromthe group consi stilrggwg}f,gmu'es,

bags, dr wo bpasss and irregularly shaped containers. 30 piy@igpgybodi nent,
t he package is a conventional flexible package and its manufacturing is
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accordl n e desir shape of the container, which may be flat seals
offScrif gg¥ ﬁ%lgerf%teinﬁgwg@@ 1§ lggggql ground into a long fube and a seal 14 is formed
by heating (welding) the edges of the tube together. The cross seals 12 are formed by a
straight heater bar that clamps the laminate tube before and after the package contents.
It also cuts the continuous tube into individual packs. As a result, there is a long
continuous seal 14 down the middle of the pack and the cross seals 12 at both ends.
20 Other package types may include more or less seals according to the desired
shape of the container, which may be flat seals or crimped, and may include gussets.
The seals may be formed by heating (welding) or by the use of pressure sensitive
materials. In a further embodiment the flexible laminates may be formed using heat,
pressure and/or vacuum into blisters or pockets to contain the product and which are
25 then sealed by heating.
| Although a flexible package is preferred, other types of enclosures or containers
may be suitable, whether flexible or inflexible, provided that the enclosure chosen is
substantially impermeable to moisture ingress. In general, when the package or
enclosure is impermeable, or substantially impermeable, to moisture, it is also
30 impermeable, or substantially impermeable, to the gaseous substance that has potential
to interact with the medicament in the medical device.
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15 making the inner layer, for example, the ionomer under the tradename Surlyn.
| The barrier layer is situated between the inner and outer layers and provides
impermeability to the pack. Aluminum foil is commonly used for the barrier layer,
although any other metals capable of being rolled into thin sheets can also be
satisfactorily used. A typical thickness for the aluminum foil layer is about 8 or 9
20  microns. Alternatively, the barrier layer may be metalised films, made up of tin, iron,
zinc, magnesium or other metals coated by vacuum deposition or sputtering onto a
polymeric sheet.
The outer layer normally provides support, impact resistance, protection for the
barrier layer and general robustness to the pack. A commonly used material for the
25  outer layer is polyester, although other material, such as paper, may also be used.
Most flexible laminate materials for packaging are commercially available. For example,
Pharmafiex Ltd., part of Alcan inc. (Cramiington, Northumberiand, England) supplies a
laminate film having three layers: 12 micron polyester / 9 micron aluminum foil / 50
micron polyethylene (product catalog LMP-F BRI/72/H1).
30 The term “substantially impermeabile to the gaseous substance” as used herein,
~ means that the level of the gaseous substance in the enclosed volume of the package

or enclosure will elevate if no measure, such as inclusion of an adsorbent materiat
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15 - Preferred medicament formulations do not include additional components such
as preservatives which have a significant effect on the overall formulation. Thus
preferred formulations consist essentially of pharmaceutically active medicament and a
pharmaceutically acceptabie carrier (e.g., water and/or ethanol). However, if a
medicament is liquid without an excipient the formulation may consist essentially of the

20  medicament that has a sufficiently low viscosity that it can be aerosolized using a

dispenser of the present invention.

A preferred medicament formulation consists essentially of a medicament, or a
physiologically acceptable salt or solvate thereof, optionally in combination with one or
more other pharmacologically active agents.

25 Optionally, the formulations according to the invention may further comprise one
or more cosolvent. A polar cosolvent such as Co_g aliphatic alcohols and polyols, e.g.,

glycerol, ethanol, isopropanol and propylene glycol, preferably ethanol, may be included
in the medicament formulation in the desired amount, either as the only excipient or in
addition to other excipients, such as surfactants. Suitably, the medicament formulation
: _30 may contain 0.01 to 5% w/w based on the propellant of a polar cosolvent, e.g., ethanol,
~ preferably 0.1 to 5% wiw, e.g., about 0.1 to 1% wiw. |
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ol eat e iso r|:)(t)|gne3|lly, the formulations according to the invention may further comprise one
or more stabilizers. The stabilizer is selected from the group consisting of glycin,
glycine, alanine, valine, leucine, isoleucine, methionine, threonine, isovaline,
phenylalanine, tyrosine, serine, histidine, tryptophan, proline, hydroxyproline, arginine,
ornithine, asparagine, citrulline, aspartic acid, cysteine, glutamic acid, glutamine, lysine,
20 hydroxylysine, N-acetyl-L-cysteine, phenylalanine, trans-4-hydroxy-L-proline, tyrosine,
L-aspartyl-L-phenylalanine methylester and a mixture of any of the foregoing.
Optionally, the formulations according to the invention may further comprise one
or more antioxidants. The antioxidant may be selected from the group consisting of
tocopherol, deteroxime mesylate, methyl paraben, ethyl paraben and ascorbic acid and
25 mixtures thereof. A preferred antioxidant is tocopherol.
~ The term “adduct’ as used herein is meant to encompass a compound that is
formed by the reaction of the medicament with the undesired leakage of a gaseous
substance from a component of the medical device. Examples of adducts include a
medicament-polymer adduct and Compound A. There are at least two possible
30  mechanisms by which the medicament-formaldehyde adduct Compound A is formed.
- The first possibility is that the medicament-formaldehyde reaction is caused by direct

contact between the medicament {TAA) and the plastic components of the DPI device
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pdékage, whilBe PreseNhEwentien &e@dlmlﬁeﬂﬁq ay prgilizadsorbents. Although there
are many different adsorbents and there are various trace gaseous substances, it is

believed that any trace gaseous substance can be in principle entrapped by a properly-
chosen adsorbent. Choosing a proper adsorbent for a given gaseous sﬂbstance is well
within the ordinary skill of the artisans in the field. They can make an initial choice
20  based on their knowledge and experience (for example, weighing the factors such as
the molecular size of the gaseous substance and the pore size of an adsorbent as well
as electronic charges it carries) and then conduct tests to determine the actual
effectiveness, and the effective amount, of the chosen adsorbent against a given
~gaseous substance. They may need to repeat the process until a proper adsorbent is
25 found. One of the tests for finding an effective adsorbent against adduct formation is
described herein and can be adopted by people skilled in the art to determine the actual
effectiveness of any adsorbent, currently existing or to be developed in the future,
against formation of medicament-adducts caused by any gaseous substances.
For preventing adduct formation caused by gaseous formaldehyde in medical
30 devices comprising a medicament, Applicants have found that the most effective
adsorbent material is molecular sieve with a pore size of about 10 Angstroms. Inclusion
-of 1 to 10 grams of the molecular sieve for example that supplied by AtoFina (Solihull,
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adsorbent material used in the present invention. The adsorbent can also be in the
form of an adsorbent incorporated in an adhesive {e.g. a self-adhesive patch or tape), in
the same, or similar, manner as adhesive desiccants disclosed in US Patent No.

20 6103141, which is incorporated herein by reference in its entirety.

The adsorbent material of the invention can also be in the form of an adsorbent
in a porous sachet. Although it is not necessary to have a sachet to contain the
adsorbent within the package, it is usually preferred. The adsorbent sachets are
commercially available from many suppliers including Sud-Chemie (Middlewich,

25 England). The sachet, with a “tea-bag” like appearance, is generally manufactured from

- synthetic fibers, such as polyamide or polyester fibers or blends thereof. Commercially

available materials suitable for making adsorbent sachets include, for example, GDT-II
from San-ei Corporation (Osaka, Japan) and Tyvek from Perfecseal (Londonderry
N.lreland U.K.). However, a suitable sachet may be in other convenient shapes or

30  appearances and made from other permeable materials. Examples of adsorbents are
selected from the group consisting of molecular sieves, activated clays, activated
alumina, silica, zeolites, bauxites, and mixtures thereof. Preferably, 10 A (Angstrom)




WO 03/ 043905 PCT/ GB02/ 05147 -19 Engl and) under the trade nane Siliporite is

found sufficient per package to prevent formation of medi qgmrg 2@08 yner

adduct s iy pBglise! devices containing 5.8 ng/g TAA/ Il act {(ﬁi‘ﬁ Mor e
the

( ( ( . RSra7
detail ed technical information about nol ecul ar si eves an ir ot her

I ndustrial uses can be found in the Hajdu article: Mlecular Selves: Unique
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Dunne, TAPPI Polym, Lam nations Coat20-Conf. (1999), Vol. 2, p. 655-662.
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(Londqpg&itioh, the adsorbent can also be situated in a variety of places within the
pharmaceutical product. For example, the adsorbent can be within a cavity in the
medical device (i.e. housed in the device) e.g. the adsorbent can be situated inside the
cap or inside the body of a dry-powder inhaler (see figure 3). Also, the adsorbent can

20  be a component of the device e.g. the cap of a dry-powder inhaler can comprise an
adsorbent polymer mixture (see figure 3). Also, the adsorbent can be affixed to the
device in the form of an adhesive sticker/tape comprising the adsorbent. Furthermore,
the adsorbent can be separate from the device in an enclosed volume within which the
device is situated (see figure 2).

25 While there have been described and pointed out fundamental novel features of
the invention as applied to a preferred embodiment thereof, it will be understood that
various omissions and substitutions and changes, in the form and details of the
packages, adsorbents, pharmaceutical products and methods illustrated, may be made
by those skilled in the art without departing from the spirit of the invention. For

30  example, it is expressly intended that all combinations of those elements and/or method
steps which perform substantially the same function in substantially the same way to
achieve the same results are within the scope of the invention. |




N.Ireland U K ). However, a suitable sachet may be in other convenient
shapes or 30 appearances and made from ot her perneabl e nat efg Mhg200xanpl es
of adsor b$ols® selected fromthe group consisting of pgl o847 Si eves,
activated clays, activated alumna, silica, zeolites, bauxites, and

m xtures thereof. Preferably, 10 A (Angstrom 16 May 2006 WO 03/043905
PCT/ GB02/ 05147 -20 nol ecul ar sieves. Mol ecular sieve material is

comrercial ly available fromseveral tnufacturers. For exanple AtoFina:
(Solihull, England) market a nol ecul ar sieve under the trade nanme of

Si | i poiRroeess\fifeindiagaan EffettbehhdsobentrdgaimsttAdducaFouhation ecul ar si eves and

their other ,indystrial uses_can be und int | ecul ar Seives: Uni que
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uchng
S. R Dysrifatioh MHd restitlof WhicH-&urdhbA EP@ O showkd B p.
655- 662, V\/nlioch I s_reisncorpori%t ecrzlg herbe?%d y uer?g(r)ensye I n |tlatsth\eé%cfdr%§y. The
t er m " &depaundeA isfarmedoiothiecause obthet direct costast hetvesan the medicanhedt and

of roct T phiic B bBhefls, BU; BARADIHoME 2h b B ahribus AR EeRId Yetp Rty v
amount from tdgslabientompbhenie ReRICacuINulate aLthie thd seiRastial impbisealle 1t Ype

of adsorbent and gas, the noisture content of the pharnaceutical product,

and th@aﬁlﬁﬂ:ﬁﬁ?n‘éﬁor@mod@@ﬂﬁéﬁﬁ‘h‘&@d Hhatdhe mpleculaniipweis akeffedive n the art
woul d gagggpbbmfp, r@%ﬁ’tirﬁ#’tf&%ﬁh%%%éﬁgﬁfoﬁﬁﬁ%Ve amount of the adsorbent.
rirety orns In Ich't

15 Due to the v he "adsor bent can be present in the
i nvention, ¥The shdiyowds sondacted lirs twhbgraipsutiteecbritactayroap iaetynoptcgritactes wi t hin
the pharnmaceutical product. For exanple, the adsorbent can be within a
calli t yI" WP he nedical device (i.e. housed in the device) e.g. the

adsor bent  CRithR&ohitdctdreth, tAEhHEséVeR (275 Bafiblds\Wottuddie e'%@ﬁ§8ﬁﬁ)r%ing a
| Al d e a

dry-powder inhaler (see figure3). so, the adsorbent can
conponéptp@rderishagler(BR)suy. assembingdedee goth, aspemiviad with anbyrtheawppeonpri se

o SRR oLl et <P bR orHrmeh e MBS B B
t he ad¥AAlactose Bilarich dhensamplet weera paekaged witha laminatea Teil fati=e® Whishdevi ce
in an encl posed volune within which the )

15 . provides a substantial impermeable enclosure. Thirteen (13) of the samples were
packaged along with a molecular sieve as an adsorbent and the rest fourteen (14)
samples did not include any adsorbent. The samples were stored at 40 °C/75%RH for
24 weeks. The blend from the power chamber was tested for the Compound A content
and the adduct profile obtained initially and after storage for 1,2,3,4,6,8 and 24 weeks is

20  shown in figure 1.

In the non-contact group, twenty-seven (27) samples were used. In each sample,
a powder chamber filled with 5.8 mg/g TAA/lactose blend was contained in a breathable
Tyvek bag and then placed in a sealed laminated foil package. Also placed in the
sealed package was a polyacetal upper mandrel of the DPI sub assembly device core.

25 Thus, the mandrel was in close proximity but not in direct contact with the blend itself.
Of the samples, thirteen(13) included a molecular sieve within the sealed package and
the remaining fourteen{14) did not. The samples were stored at 40 °C/75%RH for 24
weeks. The blend from the powder chamber was tested for the Compound A content
and the adduct profile obtained initially and after storage for 1,2,3,4,6,8 and 24 weeks

30  are shown in figure 1.

The above study result demonstrates that inclusion of an adsorbent inside the
impermeable package is a simple and effective solution fo the problem of medicament-




device is situated (see figure 2). 25 Wile there have been descri bed and

pointed out fundamental novel features of the invention asjqapplpess to a

preferredy gent thereof, it will be understood that L“lﬂé m ssi ons
and SUbStI?H?I ons and changes in the formand details ofP ﬁﬁgglé‘kages
adsor bents, pharmaceutical products and nmethods illustrated, may be nade

by those ski lled in the art wthout degrtl ng fromthe spirit of the
invention. For 30 exanple, it is expr ly intended that all conbinations
of those el enents and/or nethod steps which perform substantially the same
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C/ 759%H for 24 weeks. The blend fromthe power chanber was tested for the
Compound A cont ent _




and the adduct profile obtained initially and after storage for 1,2,3,4,6,8
and 24 weeks is 20 shown in figure 1. In the non-contact gréomMay 2006
twenty-seven (27) sanples were used. In each sanple, a powder chanber
filled with 5.8 ng/g TAA/ | actose blend was contained in a breathable Tyvek
bag and then placed in a sealed | am natgd foil package. Al so placed in the
seal ed package was a pol yacetal upper ndrel of the DPI sub assenbly
device core. 25 Thus, the mandrel was in close proximty but not in direct
contact wigfhbe blend itself. O the sanples, thirteen(13) included a

nmol ecul ar Steve within the seal ed package and the renaining fourteen(14)
did not. The sanples were stored at 40 C/ 75%H for 24 weeks. The blend

fromthe ppwder, chanber Yva% t[g(?t d for. the Conpound A content and the
adduct profi | e AHBRRACEUlicRl P qic%’ﬁ‘"ﬁ'\“ﬂer storage for 1,2,3,4,6,8 and 24

weeks 30 are g)oxhedival HOWEES cdmpfisiig WRERictnveht dnls/dmEaB $hatat es t hat
I ncl usi on of an adsorbent inside the™ I nperneable package is a sinple and

ef f ect Pve gatlinly splenses agapeois substanosewheseirraid iedicamEnd & camabds 043905
PCT/ GB02/ %é?a%tigg %vitﬂ%% Fabe pg(f:tfgtérﬁfgriﬁtnfbﬂﬂ a‘?uca?&HL[)cﬁdanWe” medi cal devi ces

conprising a medrcanent Yare age I nper neabl’e” packages.
Particul arly, bplaceffective ameemt ef an efi§erbenter abstrbentanaterial eapablesofigai nst

adduct for ' caysed .b seous formal dehyde t hough t here e various
ypes. of *20SRiPRRfrHHRBthind s AR PuR SLBTAREE AT rédhle BB ro R3S g o
any gi venfgraption of Saishadek. vari es considerably, it is wunderstood that
peoplﬁqof ordinary skill in the art can easily adopt the above-descri bed

study'fo determ ne the type and the anmount of an adsorbent material that is

effectiveain T@Bﬁéﬁ%&d&ﬁ@tﬂrﬁ&&gm it {5 Blaird A0uRbfein He adiorRéhter tYypes
medi cal devices containing other ditferent nedicanments. 10 The I nvention

i s not |i@bsshemymeatedabisihodped it thediayios-bed above which are presented as
exanpl es only but can be nodified in various ways within the scope of

protection defined by the appended clains. 16 May 2006
3. The pharmaceutical product according to Claim 1, further comprising a

15 sealed package having an enclosed volume within which the device and the

adsorbent or absorbent material are situated;
~ wherein the sealed package is substantially impermeable to the gaseous
- substance; and wherein the gaseous substance is other than HFA

{hydrofiuoroalkane) propellant.

20 .
4. _ The pharmaceutical product according to claim 1, wherein the sealed
package is substantially impermeable to moisture.

5. The pharmaceutical product according to any one of claims 1 to 4, wherein
25 the device is selected from the group consisting of & syringe and a dry powder
inhaler.

6. The pharmaceutical product according to any one of claims 1 to 5, wherein
the device is a dry powder inhaler.
30 |
- T The pharmaceutical product according to any one of claims 1 to 6, whersin
the medicament is an anti-inflammatory medicament used in the treatment of a
respiratory disease. '




23 Cainms 1. A pharmaceutical product conprising: a) a nedical device
conprising a nmedi canment and a conponent that 5 gradually relEszed0@ gaseous
substance, wherein said nedicanent is capable of interacting with the
gaseous substance to form an adduct; and b) an effective anount of an

adsor bent or absorbent material capable of adsorbing or absorbing said
gaseous substance, and reducing or prevehting the formation of said
adduct. 10 2. The pharmaceutical product according to claiml1, wherein the
adsorbent or absorbent material is housed in the device. 3. The :
pharmaceutical product according to Claiml1, further conprising a 15

seal ed .package Ry Eﬁgnﬁébe%ﬁﬁél;tﬁeéu&@cemiﬂg tdhiay wié ohclines ey Powharsih t he

adsorbent or absorbent nateri are situated; wherein the seal ed package is

subst ant i atheycompaerant abfesitabiy tedeapesdhe 9aseRUs SHIRANCCANd wherei n the

gaseous substance is other than HFA (hydrofl uoroal kane) propellant. 20 4.
The pharnmaceuti cal product according to claim1l, wherein the seal ed

packages i sg9subsTa®phainhacdutipairpredintactording &t ameonsof dainphio fawbereirtal
product according to. an ne of cl ai to 4. wh in .25 the device is
sel ected f '@%@pgegﬁg? 9%@@%&?2;%?9”??&5'"&%@?535P§‘ powder inhaler.
6. The pharmaceutical product according to any one of clains 1 to 5,
wherein the device is a dry powder inhaler. 3?.7. The GPhﬁ]r%mslﬁégrtical
product act®r di Hap pharmaceytieal produdt; areording te clajin & whereip the Ria§fCanent is
an anti-i nélgm%&ig@b&m& Maftal n the treatment of a respiratory

di sease.
10

11.  The pharmaceutical product according to any one of claims 1 to 10, wherein
the gaseous substance is formaldehyde.

12.  The pharmaceutical product according to any of claims 1 to 11, wherein the
‘415  adsorbent or absorbent material is incorporated into a polymer mixture and
manufactured into a plastic component of the medical device.

13.  The pharmaceutical product according to any cne of claims 1 to 11, wherein
the adsorbent or absorbent material is incorporated into plastic sheeting used in
"~ 20 the packaging of the device.

14.  The pharmaceutical product according to any one of claims 1 to 11, wherein
~ the adsorbent or absorbent material is incorporated in an adhesive.

25 15. The pharmaceutical product according to any one of claims 1 to 11, wherein
the adsorbent or adsorbent material is in a porous sachet.

16. The pharmaceutical product according to any one of claims 1 to 15, wherein
the adsorbent or absorbent material is selected from the group consisting of a
30  molecular sieve, an activated clay, charcoal, activated alumina, silica, a zeolite, a

bauxite, and a mixture thereof, R




16 May 2006 24 8. The pharmaceutical product according to any one of clains
1 to 7, wherein the conponent undesirably rel eases the gaskaday2dst ance.
5 9. The pharmaceutical product according to any one of clains 1 to 8,
wherein the conponent is a plastic elenment of a dry powder inhal er device.
10. The pharmaceutical product according to claim9, wherein the plastic

el ement conprises pol yacetal material. 28 11. The pharnaceutical product
according to any one of clainms 1 to 10, wherein the gaseous substance is

f ormal dehyde. 12. The pharnmaceuti cal product accordin% to an%bof clains |
to 11, wherfgin The phafmacatichbproduct adesmdibg te ampoee iohClaisi hieothor at ed into

a polynmer m xtyre an nufactured intq a | -yedi cal
devi o 13 WheFEn heAdReTBER: & Absro dictaiely & (A (BREREMENpoRcularSiatR, °F
11, wherein the adsorbent or absorbent material is incorporated into

pl astic sheeting used In 20 the packagi ng of the deyice. . Lhe
phar maceut it8al Fhe ghatmagaidical prgduet apeprding t ANy, po¢ ﬁ’g clairps %9 ,ﬁméﬁ@*fh t he

adsor bept qr absor be tarj LBl At ik BaRibtarGHRItNE gr 15. The
phar mac ut;ﬂ'&ea a 88&%%"%’%@3(@%‘9b&ésaﬁgﬁ’g%éo@élég?ms | to 11, ?\Aﬂgpr ein the
adsor bent - @bnsiskmy sfenbottie) # bag) a daur iboa, ard sndregulardit shapsd catainer .

phar maceuti cal product according to any one of clains 1 to 15, wherein the
adsorbent or absorbent nmaterial is selected fromthe group consisting of a

30 nol ecul 3g, Si $i& phamAE A @finsdsiion advordinglto any bhealf ettims diori8, sili ca,
a zeolite, a lgauthe, and a mxture thereof. 16 May 2006 25 17. The

phar maceut whareipthapackagedsmaidePitRlasdiy one of Cains 1 to 16. wherein the
adsor bgnt or absorbent material is a 10 A (Angstrom nol ecul ar sieve. 18.

The phaf maceuti cal product according to any one of claing 3 , wherein
- P 20. The Appharmaceuticai produ%t accord?r/}g to any one C?fl c[alms.’:{ 8) 113

‘wherein the package is a flexible laminate that comprises a polyester layer, an
aluminum layer and a polyethylene layer, wherein the aluminum layer is between
the polyester and polyethylene layers.

15
21. The pharmaceutical product according to any one of claims 3 to 20, wherein
the package is hermetically sealed by heat—sealing._ gluing, welding, brazing,
mechanical closures or clamps, or compression.

20 22. The phamaceutical product according to any one of claims 1 to 21, wherein
the medicament is trimcinolone acetonide.

23. The pharmaceutical product according to any one of claims 1 to 22, wherein
the adsorbent or absorbent material is in an amount sufficient to prevent the

25 formation of an adduct.

| 24. The pharmaceutical product according to any one of claims 1 to 23, wherein
the adduct is of the formula:




5 the package is made of netal, glass, or plastic, and is selected fromthe
group consisting of a bottle, a bag, a drum box, and an i rreEgayaody shaped
container. 19. The pharnaceutical conposition according to any one of
claims 3 to 18, wherein the package is made of plastic. 10 20. The A

phar maceut i cal product according to any spe of claims 3 to 19, wherein the
package is a flexible | am nate that conprises a polyester |ayer, an

al umi num | ayer and a pol yet hyl ene | ayer, wherein the alum numlayer is
between the polyester and pol yethyl ene | ayers. 15 21. The pharnmaceuti cal
product according to any one of clainms 3 to 2QH wherein the package is
herneti.cal |y seal ed by heat-sealing, gluim el,di ng, brazing, nechanical
cl osures or clanps, or conpression. hﬁ\éngrnaceutical pr oduct
according to any one of clai mOCHE- >feinl the nedicanent is
trinci nol one acetonide. 23. The phgar ak@roduct according to any one
: 9 absorbent material is in an

of clainms 1 to 22, wherein th '
i mati on of an adduct. 24. The

anount sufficient to prevent t
pharmaceuti cal product accorg one of clains 1 to 23, wherein the

adduct is of the formula: 16 May 2006 26 OH ....,0 25. A nmethod for
preventing the formation of an adduct in a pharmaceutical product due to a

chem cal reactiop bet n the medi capent .and .a gasgous _subst ances,, wherein
Lhe phar macei | dh MR TRrPrevemiRg S formatipn ot ARGt B, PRAITaiRilicd ng o
medi cament gaBak it 4 Shdhiogl RBcdBNechNfieanediBRNBATANd S gbsas@dual | y

rel eases a gaseous substance; and b) an effective anount of an adsorbent or
absor bent rmlbgtar@;ascwbg@i@tr@fpharmaceut:cal product comprises:

5 a) a medical device comprising a medicament capable of forming an
adduct and a component that gradually releases a gaseous substance; and
b) an effective amount of an adsorbent or absorbent material capable of
adsorbing or absorbing said gaseous substance, and reducing or preventing the
. formation of said adduct,
10 wherein the method comprises the steps of:
(i) positioning an effective amount of the adsorbent or absorbent

material and the medical device within a sealable package;
(i)  sealing the package so that the medical device and adsorbent are in

an enclosed volume within the package; and
15 (iif)  adsorbing or absorbing any leakage of the gaseous substance from
the component so as to reduce or prevent the formation of the adduct.

26. The method according to claim 25, wherein the adsorbent or absorbent
material is housed in the device.
20
' 27. The method according to any one of claims 25 to 26, wherein the sealed
package is substantially impermeable to the gaseous substance; and wherein the
gaseous substance is other than HFA (hydrofluoroalkane) propellant.

25 28. The method according to any one of claims 25 to 27, wherein the
medicament is an anti-inflammatory medicament used in the treatment of a

respiratory disease.




adsor bing or absorbing said gaseous substance, and reducing or preventing
the formation of said adduct, 10 wherein the nethod conprlﬁﬁMﬂYﬂ@x%teps
of, (i) positioning an effective anount of the adsorbent or absorbent
material and the nedical device within a seal abl e package; (ii) sealing the
package so that the nedical .device and adsorbent are in an encl osed vol une
within the package; and 15 (iii) adsor@ﬁng or absorbing any | eakage of the
gaseous substance from the conponent so as to reduce or prevent the
formati on of the adduct. 26. The nethod according to claim25, wherein the
adsorbent or absorbent material is housed in the device. 20 27. The net hod

accordi.ng 3® anpheqdnsthel d&h@ﬂdﬁﬁt_,n%%ﬁ yorrdof YARRELRE 14 D8, wisdreRtheRRRKSGS S

substantially inpernmeable to aseous substance; and wherein the

gaseous suisbstance is oroaldehydeian HFA (hydr of | uor oal kane) propellant. 25 28.

The net hod according to any one of clains 25 to 27, wherein the nedicanment
Is an anti-inflammtory nedi canent used in the treatrrent of a respiratory
di seass. 13. I\/BW h20neéthad a2eordifigetoranyhune altadaint 25t 20,awlyereinghefadsbdient 25 to

28, wh b f dehvde. 30. hod
o e o b IRE GBtaL R A PRETed Tuo 2 RENRE! Woiine aritbipBUfecfég ©

absor bent jpfatesihdtic donpddt BPIHRL IRedicaf devicg20l ymer m xture and manuf act ured
into a plastic conmponent of the nedical -device. 31. The nmethod according to

any one of claims 25 to 29, wherein the adsorbent 10 or absorbent materi al

i s incorpaqat egpp méﬂa@& Qéédrﬁmg%%z%e%thﬁ 29R wmiﬁghé‘édsérbénﬁev' ce.

32. The net hod acco I ng t clains 25 to wherei n the
adsor b@nt or absqbgmrrnawahaamqrapratgd inte plastie §he%tm9nuwd indhe prekaging of

the device.

32. The method according to any one of claims 25 to 29, wherein the adsorbent -
or absorbant material is incorporated in an adhesive.
15
‘ 33. The method according to any one of claims 25 to 29, wherein the adsorbent
“or absorbent material is in a porous sachet.

34. The method according to any one of claims 25 to 33, wherein the adsorbent

20  or absorbent material is selected from the grnﬁp consisting of a molecular sieve,
an activated clay, charcoal, activated alumina, silica, a zeolite, a bauxite, and a
mixture thereof.

35. The method according to any one of claims 25 to 34, wherein the adsorbent
25 or absorbent material is a 10 A (Angstrom) molecular sieve.

36. The method according to any one of claims 25 to 35, wherein the
medicament is triamcinolone acetonide.

30 37. The method according to any one of claims 25 to 36, wherein the adsorbent
or absorbent material is in an amount sufficient to prevent formation of an adduct.

38.  The method according to any one of claims 25 to 37, wherein




15 33. The nethod according to any one of clains 25 to 29, wherein the
adsorbent or absorbent material is in a porous sachet. 34.l6Mey@eéthod
according to any one of clainms 25 to 33, wherein the adsorbent 20 or
absorbent material is selected fromthe group consisting of a nol ecul ar
sieve, an activated clay, charcoal, %ﬁiivated alumna, silica, a zeolite, a
bauxite, and a m xture thereof. 35. e nethod according to any .one of
clainms 25 to 34, wherein the adsorbent 25 or absorbent naterial is a 10 A
(Angstrao | ecul sieve, 36. The nethod according to any one of clains
25 to 3§5Lﬁﬁ@P§VﬁO?hﬁnbﬁgﬂpbanent i s triancinol one acetonide. 30 37. The
nmet hod according to any one of clains 25 to 36, wherein the adsorbent or
absorbent material is in an anount sufficierffHto prevent formation of an

adduct. 38. The nethod according to any age of,clains 25 to 37, wherein 16
”-\QL_,O 39. A conpound of the
A

May 2006 28 the adduct is of the, formlg: ,
formul a: 40. A pharnaceuti cal OSHTTIN ri sing a conpound of claim 39
. The pharnaceuti cal

and a pharmaceutically acceptabl g _ _
oF2C er~Conprising 10 trianti nol one

acetoni de. 42. Use of the com claim39 in the manufacture of a

40. A pharmaceutical composition comprising a compound of claim 32 and a
‘phammaceutically acceptable cartier.

41. The pharmaceutical composition according to claim 40 further comprising

10 triamcinoclone acetonide.

42.  Use of the compound of claim 39 in the manufacture of a medicament for

freating asthma.






