WD 03/ 043905 PCT/ GB02/ 05147 -1 Adsorbents and Uses Thereof Field of the
I nvention This invention relates to a nmethod and a package for packagi ng
nmedi cal deomes3esonpri sing a nedi cament. Mre particul arlpgr/GBo2oel4at es to
a package and packaging 5 nethod that utilizes an adsorbent material, such
as a nol ecul ar sieve, that adsorbs or absorbs a gaseous substance that
gradual |y accunul ates in the inner |oca] environnment of an inperneable
package, so as to prevent formation of “adducts due to chem cal reactions
bet ween the nedi canent in the nedical device and the trace gaseous

substance. 10 Background of AdserbeptsandMsesiThereafevi ces usual |y need to
be paclﬁgl ' . jally inperneable packages to prevent atnospheric
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wi th various nedicanments when packaged within a substantially I nperneable
cont ai retibstareerefore, there is a need in the art for an inprovenent in

sugit ang | a‘l(l i merabl e..medi cal device packages for preventing trace
su tamfim% th the medicament in the nedical device. 25
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provi de a new package for nedical _device conprising a nedicanent in which
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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 trace substance. For instance, a dry powder inhaler generally
includes a number of plastic components molded from an acetal homopolymer, and the
plastic components may contain 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

A primary object of the present invention is to provide a new package for medical
device comprising a medicament in which formation of adducts, such as medicament-
polymer adducts, will be reduced or eliminated.

This and other objects of the present invention are attained by providing a

30  package comprising (i) an outer substantially impermeable package; (ii) a medical
device comprising a medicament that has a tendency to form adducts in the

medicament; and (iii) an adsorbent material, preferably a molecular sieve. Both the



30 package conprising (i) an outer substantially inperneable package; (ii)
a nedical device conprising a nedicanent that has a tendency to form
adduct s iwotod@439nedi canment; and (iii) an adsorbent materi &CT/GBoefsrably a
nol ecul ar sieve. Both the WO 03/043905 PCT/ GB02/ 05147 -2 nedical device
conprising a nedi canent and the adsorbent material are sealed within the
package. It is believed that the nmechanism by which the adsorbent materi al
prevents adduct formation is by entrapping residual gaseous substances
rel eased bY ngOUS s conponents of the nedical device conprising
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mechani cal neans di ng, by use an adhesi ve.
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  Alin 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 comprising a medicament and a component that gradually

releases a gaseous substance; and



Det ai |l ed Description of the Preferred Enbodi nents (1) In a first

enbodi nent, the invention provides a pharmaceutical product conprising: 30
a) a nediwaloddelnse conprising a nmedi canent and a conponemCTiG¢mR/ogr4iadual |y
rel eases a gaseous substance; and WD 03/043905 PCT/ GB02/ 05147 -3 b) an
effective anount of an adsorbent material capable of adsorbing said

gaseous substance. (2) In another enbodinent, the invention provides a
pharmaceutical product according to enbodi ment (1), wherein the adsorbent
material is in the devi 3) . I n anot her enbodi nent, the
Tvent | on prO\ARIEdesGAMRHELEA A1 ARSQIBRL TG GPRPHE @lrdsurong saif (1)
further sealed package having an encl osed volunme wthin which
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i npernmeable to noisture. (5) In another enbodi nment, the invention provides
a phar neeeanding4p qmlmdmsnt cturthen gomprising asealed nackede having qrignelosga) ,
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wherein the device is a dr owder al er |(2'6( | n anot her enbodi nent, the
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one of enbodinents (1) to (7), wherein the conponent undesirably releases
the gas@dis’s bﬂ'ﬁstance

(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
according any one of embodiments (1) to (7), wherein the component undesirably
releases the gaseous substance.

25 (9) In another embodiment, the invention provides a pharmaceutical product
according to 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.



25 (9) In another enbodi nent, the invention provides a pharnaceuti cal
product according to any one of enbodinents (1) to (8), wherein the
conponentwoa4pbasti ¢ el enent of a dry powder inhal er deeraBo2(0iQy |n
anot her enbodi nent, the invention provides a pharnaceutical product
according to enbodinent (9), wherein the plastic elenent conprises

pol yacetal 30 material. WO 03/043905 PCJ/ (B02/05147 -4 (11) In another
enbodi ment, the invention provides a pharmaceutical product according to

any one of e inments (1) to (10 wherein the gasequs substance is
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device. (14) I'n another enbodi ment, the invention provides a pharnaceuti cal
pr oductformealdatydag to any one of enbodinents (1) to (12), wherein the

dsor bent ial i into..plasti.c sheeti d,i h
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(12), wherein the adsorbent nmaterial is incorporated in an adhesive (e.g.
a sel f -iRaA@Sratedgaioch pelymespgeixture g mandiastwed itpbBlagte compraenteidhei on

prqyid :pharmagceuti cal product according to any one of enbodi ments (1)
toq¥12)erﬁe\%o%rl g%?ﬁ%he adsorbent material is in a porous sachet. 20 (17) In

anot her embo(i4ygmeanothiee embaetimint) the awietition profidesrapharmaatutioad graduct
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mol ecul AEofPoRHRY iR SifeetigAYsad RNAE ParkagiA§ bf 1 8vigkum na, sili ca,
zeol ites, bauxites, and m xturés thereof.

(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 (16), 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 product

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.



(18) In another enbodi ment, the invention provides a pharmaceutical product
25 according to any one of enbodinents (1) to (17), wherein the adsorbent
mat eri al Wo 03043985 ( Angstronm) nol ecul ar sieves. (19) |n aneCha@Boewbadi ment,
the invention provides a pharmaceutical product according to any one of
enbodi ments (3) to (18), wherein the package is made of netal, glass, or
plastic, and is selected fromthe groun‘:hconsi sting of bottles, bags, drum
30 boxes, and irregularly shaped contalners. WD 03/ 043905 PCT/ GB02/ 05147

-5 (20) In a er enbodi nent, the invention vi de har maceut j cal
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provi des a r mac cal uct rding to any one o odi nment s
(3) to pzlaﬁt)q wherein the package is aflexible Iamnate corrpri Si ng t hree
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enbodi nents (3) wherei n the ‘package is hernetica 10 seal ed by
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ohay rmcatcsun les if pBO e GERESEF g pbB N E Y Encs (D) to (22),
wher ei n t he (2Rylircansthier embddirent; it Inveatias piavidetea pharradgutical proaueer
enbodi ment, the invention provides a pharmaceutical product, according to
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enbodi ment e I nventio armaceut 1 ca product n
any onecahpresbiodi ments (1) to (24) V\/ner ein the adduct is of t he for rrul a:
H O OCHZO (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;



F 0: 20 (26) In another enbodi nent, the invention provides a nethod for
preventing the formation of an adduct in a pharmaceutical product due to a
chem cal weastisns bet ween the nmedi canment and a gaseous s®PEIIGBIRASI47Wher ei n
the nethod conprises the steps of: 25 (i) positioning an effective anount
of the adsorbent material and the nedical device within a seal able
package; WO 03/043905 PCT/ GB02/ 05147 66 (ii) sealing the package so that

t he medi cal device and adsorbent are in an enclosed volune within the

package; and _adsorbing any | eakage of the gaseous substance from a
conmponent of{ii} he S%ﬂgé@eé)édéﬁgqg’H’F%\FB@I’“Q*@'W%@%E'%W%@ AgdD@n 5
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: \AEFB'QBG Eﬁ{r]‘ré Sorﬂg% rﬁ‘él%kb@@ Bﬁ ! !

enbodi ment 26, erern etral is housed in the device. (28)
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(29) In another enbodi ment, the invention provides a nethod according to

any ormnbcdlmm&&rwhtegembc) adeorbeB) makkkalds housed getileatbvice:kage i s
substanti al | i mpergeabl e to noi ure. n, anot h nbodi n t he
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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 to 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.

25 (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.



(33) In another enbodi nent, the invention provides a nethod according to
any one of enbodinents (26) to (32), wherein the conponent undesirably
rel eases wbhas/ogaseous substance. 25 (34) |n anot her enbodiPEErERO205E7

i nvention provides a nethod according to any one of enbodinments (26) to
(33), wherein the conponent is a plastic element of a dry powder inhaler
device. (35) In another enbodi nent, the7| nventi on provi des a net hod
according to any one of enbodi ment s (26') to (34), wherein the plastic

el enment conprj ses acet 30 material. W 03/043905 PCT/ GB02/05147 -7
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provi des a net accor o”’any  one nent s
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CrBodt e By B e ke T oV USS pEASe e B S oM cr s o
sel ect eghd 60EMbBAINISMYR26 PRS(TY, iserln thR! fiekBEntThakeal |salﬁédrk58FeﬁQd Gh aus.
charcoal, 20 activated alumna, silica, zeolites, bauxites, and m xtures
t her eofadheswe (e.g. a self-adhesive patch or tape)
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.

30 (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



(43) In another enbodi nent, the invention provides a nethod according to
any one of enbodinents (26) to (42), wherein the adsorbent material is 10
A (Angst rwm)os/omdbecul ar sieves. (44) I n another enbodi mentrcTidm2ionment i on
provi des a nethod according to any 25 one of enbodinents (26) to (43),
wherein the package is made of netal, glass, or plastic, and is selected
fromthe group consisting of bottles, bags, drum boxes, and irregularly
shaped contai ners. (45) In another enbodi nent, the invention provides a

met hod acco n t one .o nbodi nents (26) . to (44), wherein the
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enbodi nent's uct is of the formula: OH OO
HOCH2O O F (50) In another embodiment, the invention provides a method according to any

one of embodiments (26) to (49), wherein the adduct is of the formula:

(52) In another embodiment, the invention provides a pharmaceutical

composition comprising a compound of embodiment (51) and a pharmaceutically

acceptable carrier.



O 15 (51) In another enbodi nent, the invention provides a conmpound of the
formula: OH HOCH2O O O ~ (52) In another enbodi nent, the invention

provi des wophasdvazeut i cal conposition conprising a conpowad/GHo2esiaodi ment
(51) and a pharmaceutically acceptable carrier. W 03/043905

PCT/ GB02/ 05147 -9 (53) In another enbodi ment, the invention provides a
phar maceuti cal conposition according to enbodi nent (52) further conprising
trianci nol one acetonide. (54) In anotfA€r enbodi nent, the invention
provides a nethod of treating asthma conprising admnistering to a patient
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(55, Vactiva driSur s o Ebointd BPEABAdiedNedi cal device. (56) Another

enbodi nment invention I's a nmethod according to enbodi ment (55),
wher ei n t he @&3anbther esmbbdiment of thesinvention isrecimetleod vbpraventing then a

package, Apot her enmbodj ment of the inventiqgn is a dry powder inhal er
Packagaommataspnn SRGCt Saierd Y Yot paiibruie B MkiFamsilanrent
and havgageouscUmBRIMeBirelddgbd fiimdunklital 86M8S Said ntR6Q ednprgARetise(dy) an
overwap within which said dry powder inhaler is enclosed; said overwap

bei ng s%@d&@ﬂbﬁat-l y inmpermeable to the gaseous substance; and 20 an
adgprbent Mgl Wabthar WrhRS et b tHE HALSich & A ¥ S0 4 L5t dHib S entY €O

(55), wherein the adsorbent 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)



adsorb or absorb the gaseous substance. Another enbodi nent of the invention
Is a nmethod of preventing formation of an adduct in a nedicanent in a dry
powder i riWeloaw4d0nt ai ned in an i nperneabl e package due t®@ca/cHeniaal
reacti on between the nedi canent and a gaseous substances, 25 conprising the
steps of: (a) identifying an adsorbent material that is effective against
formation of the adduct; and (b) packagi ng the dry powder inhaler along
with said adsorbent material in the iﬁgerneable package. 30 Anot her

enbodi ment aof the. invention I@oa wherein step (a) is achieved by
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of the enuidsises dwe triedicapuentaopator note comparent ob tipp dgnpewadér inhaler Buynpowder
I nhal er, , and sai d adsorbent and (2) enclosing within the other of the
encl osﬁdéé) PeY- nedi canent, one or nore conponent of the dry powder inhaler

butsno adsoshsRbr eﬁqbeaﬁﬁéﬁtrofqmwémh i9 dr) Powde? M8 b§ck%g€r y powder

i nhal er package, conprising: (a) a dry powder inhaler contaifing a
medi cam@maptisipg: has a tendency to form one or nore adducts during storage
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and an @asor hené adaletsidiringanelageadithih ahéubstaitrlig ikbefragaBletbveaviapy t he
ability to reduce or prevent formation of the adducts. It is appreciated

that cert ai rb) capubRanIvIMPErmeahls everwiap.cHin whighysaig diy ipoyder intialen bed
in,the 0 epar at e enbodi nents, may al so be provided in conbination
15“|5n a{ggﬁ%ﬁ%déé‘rﬁ%d ment. Al so, various features of the invention which
are, for bree/n agtsordeet:nnlatmdallendld;mctwﬂhmﬂald)bvervwapgdrmi leandingl theeabilityrtay al so
be pI’OVI ged separ at % ' ﬁny sui t abl e subconbi nati on.
uce or prevent form tlon oft e adducts.
It is appreciated that certain features of the invention, which are, for clarity,
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 (DPI) 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 DP! with a
level 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 plus 30, and had the same retention time as the

product of the reaction between TAA and formaldehyde. Thus, it is believed that the
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formal dehyde. Thus, it is believed that the WO 03/ 043905 PCT/ GB02/ 05147
-11 new peak was the adduct between T f or mal dehyde, whi ch was
identified as the Cl1 hydhyRt by jvafive of TAA and was assi gned
Conmpound A with the follow ng @A 0 Ca: 5 Conpound A bel ongs
to the glucocorticoid clas 7 in which the class are known to
possess anti-inflamuatory 4 and are commonly utilized for the
treat ment of nunerous ingFar i seases, for exanple asthma. The
effects of conpounds in treating asthnma can be examined by any one of the
progedures known in 10 the art, for exanple those disclosed in I.
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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 |.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 the 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 gaseous
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.
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ket ot i fstreppsmpeifpsaipRibhamidds, tatfFRSCliveS pentamieiiid) AnaNsUransinidase irHibitdres
such as zanamivir (Relenza®) available from GlaxoSmithkline; and Ribavirin (Virazole®)
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, phenylpropanolamine, reproterol, rimiterol, terbutaline, isoetharine,
tulobuterol, orciprenaline, or (-)4-amino-3,5-dichloro-.alpha.-[[[6-[2-(2-
pyridinyl)ethoxy]hexyl]-amino]m ethyl]benzenemethanol, 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 AQP® (triamcinolone acetonide), AZMACORT AQ® (triamcinolone
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ame D%/r/n (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 syringes.
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, W1 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 In 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
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long 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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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,
Pharmaflex Ltd., part of Alcan inc. (Cramlington, Northumberland, 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 impermeable 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 material
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i n oremMuladiens, andnehigeess rate of the gaseous substance allowed by the
Pagkece O BEl kORI A B SIS
COFYDOH%EI preservatives which have a significant effect on the overall formulation. Thus
preferred formulations consist essentially of pharmaceutically active medicament and a
pharmaceutically acceptable 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% wi/w, e.g., about 0.1 to 1% w/w.
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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



adm nistration by inhalation. Wthin this category are included surfactants
such as oleic acid, sorbitan trioleate, sorbitan nono-ol eate, sorbitan
nonol aur awe,03padsydxyet hyl ene 5 (20) sorbitan nonol aur at e, pPaalgrRIpPstny| ene
(20) sorbitan nonool eate, natural lecithin, oleyl polyoxyethylene (2)

et her, stearyl polyoxyethylene (2) ether, lauryl polyoxyethylene (4)

et her, bl ock copol yners of oxyethylene1§nd oxypropyl ene, synthetic

| ecithin, diethylene glycol dioleate trahydrofurfuryl ol eate, ethyl

ol yeer e Tass ek amadiiyiie § i sesan. pase iy i< WHE GRENOL0: iﬁaﬂﬁfﬁne
gl ycol AfeqdRintleRorhAMEN L AiddlEameREEAA boBUATToE Al ﬁérg@e o et

gl yceryl nonolaurate, corn oil, cotton see sun seed ol
Pr ef er rlodalsamiraoeart ©f thepaaagehwhichohas beanireleased ﬁronbtheapblyaaeihleat e. The

t of f gct ant sabl n the ran 00 %050%
o PO e A UMEBE i D! SvlonPentit 400 sant Bvebata 19 8 ;o
15 ppt|mkém|a|hhge,fnepéémmgtdf%pg@%éjl ng to the invention may further
conprise one or nore stabilizers e stabilizer is selected fromthe

group consi stheterat ‘gasgeus substeneenas uaedhergin is/alcantio ercenpass aryl euci ne,

st agrreorh ERRE S iy e ik Meyick ditFls KarogBR offenging
aspar agwittetheciiediddnhéret,in #spaetice tatorth agrsd@dtieeg. i HEAUWRC Atesampleudfani ne,
| ysi ne, 20 hydroxylysine, N acetyl-L-cysteine, phenyl al ani ne,

trans- Zﬁqﬁ}‘oﬁ‘ g§§eq>_usp$l&$,tw@ce '@JPB’QPW@hyd%Qa%artyl L- phenyl al ani ne
metpyl ester Andidnadstfter® a@l¥e@hetdlf id me%gw@gncorﬁgéésoa%hbxtanbe%vmch

formul ati ons according to the invention ma rirse one or
ant i oxi lEnthe. abititg tacbndenskaort hmiﬂynblecekelseaft@lderfs@stﬁwsgsmn@sum et innitg of

t ocopher ol det er oxi ne sylate,, neth r ghen, ar,ahen a corbic
aci d. anBneLEE, AOAGNEY BisEh Fageliedt i AR oming o FhNprhas’s JomEars Ot The
term " agl@cddsrBems arcIngE atiivdted FRASYN, R Me0 BRaRife, harsBu U litdaatilics
formed by the reaction of the nedicament with the undesired | eakage of a

gaseousge|sml@§icalﬂﬁf§l¢\(&$rna§tl\(ﬁiﬁ@@|%’ﬁt baaxiteh @nalgdixtisres dearieob. Exanpl es of

PUILE " g MBI A TR ol RCRAIS Aoyt

adduct drermanydifferést ddyoneehts ahldethéte aite varigisittdde yaged ushaibstdiges, |t is
medi canent - f or mal dehyde reaction i s caused by direct contact between the

medi carRSliEVeF ARGt alvragroptenus substrRrsHeant Be &1 PiinEPBrNttRRASELWDPIETH3905
PCT/ GBOg{ddeh4dsorbent. Choosing a proper adsorbent for a given gaseous substance 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.Ireland 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)
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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.
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woul d readi I,ghbe able to determ ne the effective anount of the adsorbent.

15 Due to th Q/ﬁ?‘idé‘t"\}a%Fo'F%%d imtwhearwPshthecRasiarPUR aRdgonpeyast in t he
in\.ﬁ@nti%@u the adsorbent can also be situated in a variety of places within
the ph rrrgceutical product. For exanple, the adsorbent can be within a
cavity in the themdntadt goewp, dee(ty-gevend@? ¢ dainplesheedeusext leaehgonprising a

oo e o i . Rb B S0 e

conponemingfel GRE tHE\PoWRie? cianiblef. TRPpevdar ERamBEMORErd filleal With SEmMgRJTPr | se
an adsorbent polymer m xture (see figure 3). Al so, the adsorbent "can be

af f i xedTAb/la¢iese iande d hiersamples raie packagediwébialeminateldoll papkagsomiticisi ng
| DS2SRERE o USRI ST SRS O
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 to the problem of medicament-



25 Wi le there have been descri bed and poi nted out fundanental novel
features of the invention as applied to a preferred enbodi nent thereof, it
will be uwoesstdoezl t hat various om ssions and substituti @ee3/GBed/osaanges,
in the formand details of the packages, adsorbents, pharnmaceuti cal
products and nmethods illustrated, may be made by those skilled in the art
W t hout departing fromthe spirit of LQ _invention. For 30 exanple, it is
expressly intended that all conbination§ of those el enents and/or net hod

st eps whi.ch perform substanti al | he same function in substantjally the
Sanp. woRoBer SUANElRTTALOE Rkeired WheS edocal JHGRS FRMBLSNG Sanegivament are

i nvent i 94pkaWE4G3/4B VP dHculz ippdi Effective
Adsorbé%?zggg:ns{ %gﬁﬂg?ﬁégéhat'ég A g?ﬂgéﬁﬁﬁge%ggﬁSg%??é?ﬁéﬁﬂfgm%eternine
an ef f eaddoreenidvatdramte aggiashadduct fermationocaseiddry, gademusdorhaldehydéi ch i s

summari zed ip.figure 1. |t showed that the adduct . 0 A is, fornmed not
because o thUNGiELEETe gt YEHSHUYRRR A AHEOHED DialRiA’s AvaTabie Radinglt | ¢
conponesiectiveHésP agamst hivy Q%ﬁ?&@e@ﬁs sBstanee VHfied ebABIHERIbIES: sel eased
fromthe Flastlc conmponent S and accunul ated within the substanti al

i nFer ! asstopgdhat peemlagé osdinarycridibin thelart can easity adentdoe taba;/em@cribed f
Compoursusy V& U8t e B8 dntine BTt on, skl RHhattdish et o B n

non- conedatinglforrgatiom of Medidienetridatictsofop wpy dihertyges aurlicd| Hévicesnpl es were

used, each,c%EPrisin a dry-powder inhaler (DPl) sub assenbly device core,
assenbl @MaNNG othey diffetentipedicaments-el and the powder chanber. The powder

chapbers wer VeBHoM: o wer e
packaged w i ehloftis RobiritetBoine EitoRfhRRg desERien 206y MR FaelT
i nper neRiebentedcasoexarepleshinly beincqrBe nuddified irseanuussvays withipabk agepe alf ong
with a molecul arf .si eve as an adsqrbent and the rest fourteen (14) sanples
di d notWPk%%&aéﬁﬁﬁvﬁéa@@PHEHFmg?ﬁéﬁﬁgﬁb|es were stored at 40 C/ 75%H for
24 weeks. The blend fromthe power chanber was tested for the Conpound 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) sanples were used. In each sanple,



a powder chanber filled with 5.8 ng/g TAA/l actose bl end was contained in a
breat habl e Tyvek bag and then placed in a sealed |am nated foil package.
Al so pl acwo B49b® seal ed package was a pol yacetal upper mamayBsR/osfsi7t he DPI
sub assenbly device core. 25 Thus, the mandrel was in close proximty but
not in direct contact with the blend itself. O the sanples, thirteen(13)
i ncluded a nol ecular sieve within the sgal ed package and the renaining
fourteen(14) did not. The sanples were“Stored at 40 C/ 75%H for 24 weeks.
The bl e g Irgmthe powder chanber was tested for the Conpound A content

and th t 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 denonstrates
that inclusion of an adsorbent inside the inperneable package is a sinple
and ef f\Wetdlaien:sol uti on to the probl em of nedi canent WO 03/ 043905

PCT/ GB0R2/ 05147 -Zzﬁéﬁia/rrer Gadguct f.ormati on occurred when nedi cal devices
conpri si‘ng a‘\REarrBa aép%o uﬁ 8&@388’”% i nper neabl e packages.

Particul arl ya) BRhediehPdei¢e¥empaAsiAgeS medidarnfentaePa BEMpoRBhEhaRGFadi@Ay NSt
adduct formation caused by gaseous fornal dehyde. Although there are various

types OEleasesebgarequstsutistanceaaad| abl e and their 5 effectiveness agai nst

people of ot yeRyR A6t ArEos RaRhEReRMA cabhbleror 38R0 888, b

study tgasdeusrsubstaricee type and the anount of an adsorbent material that is
effective in reducing formation of nedi cament adducts for any other types
nmedi cal devices containing other different nmedi canents. 10 The invention

is.pot dimt ' i ol . as
exalpl &' oni'y PpatmabRukEP pRITEREcciBRE totfn P Aol i lcoroBhERERiEH i
pr ot ecthausedahithedebiget he appended cl ai ns. WO 03/ 043905 PCT/ GB02/ 05147
-23- CLAIMS W claim 1. A pharmaceutical product conprising: 5 a) a

medi cal device conprising a nmedi canent and a conponent that gradually
3. A pharmaceutical product according to claim 1, further comprising a sealed

package having an enclosed volume within which the device and the adsorbent material
15 are situated,;
wherein the sealed package is substantially impermeable to the gaseous substance;

and wherein the gaseous substance is other than HFA (hydrofluoroalkane) propellant.

4. A pharmaceutical product according to claim 1, wherein the sealed package is

20  substantially impermeable to moisture.

5. A pharmaceutical product according to any one of claims 1 to 4, wherein the

device is selected from the group consisting of a syringe and a dry powder inhaler.

25 6. A pharmaceutical product according to any one of claims 1 to 5, wherein the
device is a dry powder inhaler.

7. A pharmaceutical product according to any one of claims 1 to 6, wherein the
medicament is an anti-inflammatory medicament used in the treatment of a respiratory

30 disease.

8. A pharmaceutical product according any one of claims 1 to 7, wherein the

component undesirably releases the gaseous substance.



rel eases a gaseous substance; and b) an effective anbunt of an adsorbent

mat eri al capabl e of adsorbing said. gaseous substance. 10 2. A

phar macewo®ab439pduct according to claim1l, wherein the adI@Hvensi4materi al
is housed in the device. 3. A pharmaceutical product according to claiml,
further conprising a sealed package having an encl osed volunme w thin which
t he device and the adsorbent material i, s are situated; wherein the sealed
package is substantially inperneable 6% he gaseous substance; and wherein
t he gaseous substance is other than HFA (hydrofl uoroal kane) propellant. 4.
A pharmaceutical product according to claim1, wherein the seal ed package
is 20 gubst i i | st . I [ CA oduct
accordi %‘g to&§h€%%ée%¢%gpmk %C{:é)}dgﬁ @néeﬁg?rﬁépﬁéaﬂﬂ%\}{{??ﬁﬂegg‘he@ ed from
t he gr acgmpomsitis angastic element ofa dm powvder ynhatevddavigerhal er. 25 6. A

phar maceuti cal product according to any one of clains 1 to 5, wherein the
device is a dry powder inhaler. 7. A pharmaceutical product according to
any.ones®f CAaj : VRIS i i bimd tory
mod camS v BB mack R pRRIcELBoorting RECIFT D Bhetcly ¥ BRsti Rghaf™

phar naceamprisds polgdcetal mateadi ng any one of clains 1 to 7, wherein the
conponent undesirably rel eases the gaseous substance. WO 03/ 043905

PCT/ GB02/ 05147 -24 9. A pharmaceutical product according to any one of
claims {qto ,31ph\é{ﬁﬂ’é§étﬁliddﬂﬁrod3}é'f@@&9r@ing o é’ngpbﬁébf 6lafth§ TaBt1 0 wHeréintheowder

i nhal er device. 5 10. A pharnmaceutical product according to claim$9,

wher ei ngasesus|sabstance is gapablec ipteradtingpuitly theemedioamentitaform an agdduct.
phgénaceutical product according to any one of clains 1 to 10, wherein the
gaseous substance is capable of interacting with the nmedi canment to form an
adduct .12.10 Ahafmpbeuticat produstbcesrdihicto anconéohglaims arty onevigeialthens 1

to 11, wherein the ,
gaseous substance is formaldehyde.

13. A pharmaceutical product according to any one of claims 1 to 12, wherein the
15 adsorbent material is incorporated into a polymer mixture and manufactured into a

plastic component of the medical device.

14. A pharmaceutical product according to any one of claims 1 to 12, wherein the
adsorbent material is incorporated into plastic sheeting used in the packaging of the

20 device.

15. A pharmaceutical product according to any one of claims 1 to 12, wherein the

adsorbent material is incorporated in an adhesive (e.g. a self-adhesive patch or tape).

25 16. A pharmaceutical product according to any one of claims 1 to 12, wherein the

adsorbent material is in a porous sachet.

17. A pharmaceutical product according to any one of claims 1 to 16, wherein the
adsorbent material comprises material selected from the group consisting of molecular
30  sieves, activated clays, charcoal, activated alumina, silica, zeolites, bauxites, and

mixtures thereof.



gaseous substance is fornal dehyde. 13. A pharnmaceutical product according
to any one of clains 1 to 12, wherein the 15 adsorbent nmaterial is

i ncor por awed3sijomtsos a pol ymer m xture and nmanuf actured i nt o PET/GBRSEI4C
conponent of the nedical device. 14. A pharnmaceutical product according to
any one of clains 1 to 12, wherein the adsorbent material is incorporated
into plastic sheeting used in the pack gl ng of the 20 device. 15. A
pharmaceutical product according to an? one of cl ai m; 1 to 12, wherein the

adsor bent mat erl al is [ncorporated in an adhesive ( If adhesi ve
pat ch oT tap’eP arpgcqufica PHﬁﬁWﬁﬁE‘&I@l’@aﬁo %{Wo@'ﬂl%f’f ﬁ'@HB$d|tﬁd7t M"@ﬁ@'”dh% of

cl ai ns é‘fé?la?lsrﬂdJ&?@g@%ﬁBﬁ?%leH@éPéi‘e@é isina porous sachet. 17.

A phar naceutl carp roduct ac to any one of clains to 16, wherein
t he adsor bent material conprises materi aI sel ected from t he gr oup
activated

i t 30 1 ted cl
Pt pel919; A pRBI S e tcal Brasiish PESiramEnfe s a1e, PLEBIMS Ao 1. Whetandhasos
PCT GBOR4 548 7s mkfe dBmedh B8RS RO SUBLIAFS AR ChOGrd G, Boncianty of

clains 1 to 17, wherein the adsorbent naterial is ngstromn

mol ecul kotties, dags, dmgn baxpasanthiteaguiarhyl shanedueantaipets. di ng to any one of
clains 3 to 18, wherein the 5 package is nade of nmetal, glass, or plastic,
and is selected fromthe group consisting of bottles, bags, drum boxes,

and i rrzgul ax pyhafhasaticae piciueeascordfhg éﬁ]ﬁéﬂi@@ﬁélblrﬁ@t& tor1eduslersingpre di ng
to any one of clains 3 to 19, wherein the package is nade of plastic. 10

21. A ﬂ%ﬁkﬁﬁééﬁjm%‘)fﬂ?'éﬂ%t according to any one of clains 3 to 20,
whegpein the package is a flexible |amnate conprising three |ayers:
polyester / alumnum/ polyethyl ene, wherein the alum numlayer is between
t he pol3tkst ek paadnactytsahptatuet ategrding. toldny?@ne &f plaansBde 20i, edilergindect
accordi naqcktage gflex%le {amlna¥e compnsmgjfhrevmlayers poR/ester/aIumlnum/
polyethylene, wherein the aluminum layer is between the polyester and polyethylene
layers.
15
22. A pharmaceutical product according to any one of claims 3 to 21, wherein the
package is hermetically sealed by heat-sealing, gluing, welding, brazing, mechanical

closures or clamps, or compression.

20 23. A pharmaceutical product according to any one of claims 1 to 22, wherein the

medicament is triamcinolone acetonide.

24. A pharmaceutical product according to any one of claims 1 to 23, wherein the
adsorbent material is in an amount sufficient to prevent the formation of an adduct.

25



package is hernetically seal ed by heat-sealing, gluing, welding, brazing,
mechani cal closures or clanps, or conpression. 20 23. A pharmaceuti cal
product awomB@#ivgsto any one of clains 1 to 22, wherein treT/cRdiosanrent is
trianci nol one acetonide. 24. A pharmaceutical product according to any one
of claims 1 to 23, wherein the adsorbent material is in an anount
sufficient to prevent the formation of ,an adduct. 25 WO 03/043905

PCT/ GB02/ 05147 -26 25. A pharnaceutlcg product according to any one of

cl ai ms to 24, wherein the O Q OCH20 F 0; adduct is of the fornula:
26. A d’g PBP"BP@%PF@# HEPC{%éaF%Qrﬁ*ﬂ}Q toramt oag ohglales it 24 MhereindBet i cal
product 5 due to a chem cal reaction between the nedi canent and a gaseous
subst ances, wherein the pharnmaceutical produdH conprises: a) a nedica
device conprising a nedicanent and a conppnent that gradually releases a
gaseous substance; and b) an effective anoWip._of an adsorbent materi al
capabl e of adsorbing said 10H§&$eOus s+ Ince, wherein the nethod
conprises the steps of: (i) positioni {.f.cti ve anount of the
adsorbent material and the ned| ¥ thin a seal abl e package; (ii)
seal ing the package so that th devi ce and adsorbent are in an 15
encl osed volunme within the paekagé~and adsorbing any | eakage of the
gaseous substance fromthe conponent so as to prevent the formation of the

adduct . aqduct is of the formula:

26. A method for preventing the formation of an adduct in a pharmaceutical product
s due to a chemical reaction between the medicament and a gaseous substances,
wherein the pharmaceutical product comprises:
a) a medical device comprising a medicament and a component that gradually
releases a gaseous substance; and
b) an effective amount of an adsorbent material capable of adsorbing said
10  gaseous substance,
wherein the method comprises the steps of:
(i) positioning an effective amount of the adsorbent material and the medical
device within a sealable package;
(ii) sealing the package so that the medical device and adsorbent are in an
15 enclosed volume within the package; and
adsorbing any leakage of the gaseous substance from the component so as to

prevent the formation of the adduct.

27. A method according to claim 26, wherein the adsorbent material is housed in the

20 device.

28. A method according to any one of claims 26 to 27, wherein the sealed package
is substantially impermeable to the gaseous substance; and wherein the gaseous
substance is other than HFA (hydrofluoroalkane) propellant.

25



27. A nethod according to claim26, wherein the adsorbent material is
housed in the 20 device. 28. A nethod according to any one of clains 26 to
27, wher ewp oBloe39sal ed package is substantially inpernealpCe/GB2/0h7gaseous
substance; and wherein the gaseous substance is other than HFA

(hydrof | uoroal kane) propellant. 25 WO 03/043905 PCT/ GB02/ 05147 -27 29. A
nmet hod according to any one of clains %ﬁ_to 28, wherein the nedicanent is
an anti-inflanmatory nmedi canment used the treatnment of a respiratory

di sease,  30., A nethod according to any, one of clainms 26 to 29, wherein the
gaseous?d-5 S%Hﬁqgﬂgécpgrq‘"éﬁ Ef%@&éﬁ?@é’. Claims 264t vherebrtae maedisamgpt S of

clai ms £8i tfafiin I tqg%gr- i FeSa i dinto a

pol yrer ml xt Sre %Wﬁngr%}%ée{ﬁ?r&re i'ﬁ?@égegﬁggﬂgéat%r%%m%%?he medi cal
device. 10 32. A nethod according to any one of clainms 26 to 30, wherein

t he adsgr ben terial j.s {ncorporated.int lastic sheeting used in the
packagi% of'&‘mfgﬁag\ﬂcegfdm%gq any %?ﬁi&@@é@%ﬁ@%%ﬁv tEﬁ@agPOE?ai ns 26 to
30, s Whedifjskaridicis3daRa188AYdei S material is incorporated in an adhesive (e.g.
a sel f-adhesive patch or tape). 34. A nethod according to any one of clains

26 to 30, wherein the adsorbent material is in a porous sachet. 20 35. A

met hod corgi 0 |.aj , i he or hent
mat er i a?ﬁcon%ﬁ%gégﬁgpé?ﬁﬁtosé?ggﬁ%? F%@'ﬂ\g%I?gt%g%dclbmdﬁ{e%ﬁstf‘gﬁdgg%o%n nmol ecul ar
si eves, matetial isahedrporated, inh@peldler miture aineidnahufactided $itbiLplasdeol i t es,
bauxites, and m xtures thereof. 25 36. A nethod according to any one of
cl ai s SHNRYE of fhe madicaldevic®sor bent material is 10 A (Angstrom
nol.ecul ar sieves. 37. A nethod according to any one of clains 26 to 36,
wherein the nedicanent is triancinolone acetonide. 30

32. A method according to any one of claims 26 to 30, wherein the adsorbent

material is incorporated into plastic sheeting used in the packaging of the device.

33. A method according to any one of claims 26 to 30, wherein the adsorbent

15 material is incorporated in an adhesive (e.g. a self-adhesive patch or tape).

34. A method according to any one of claims 26 to 30, wherein the adsorbent

material is in a porous sachet.

20 35. A method according to any one of claims 26 to 34, 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.

25 36. A method according to any one of claims 26 to 35, wherein the adsorbent

material is 10 A (Angstrom) molecular sieves.

37. A method according to any one of claims 26 to 36, wherein the medicament is
triamcinolone acetonide.

30
38. A method according to any one of claims 26 to 37, wherein the adsorbent

material is in an amount sufficient to prevent the formation of an adduct.



38. A nethod according to any one of clains 26 to 37, wherein the adsorbent
material is in an anmount sufficient to prevent the formation of an adduct.
WO 03/ 0438053P0CP0B02/ 05147 -28 39. A met hod accordi ng t ®CargBoRE140f
clainms 26 to 38, wherein the adduct is of the OH O QGa: fornula: 5 OH
HOCH 0 20 F O/ 40. A conpound of the fornula: 10 41. A pharnmaceuti cal
conposition conprising a conpound of clg m40 and a pharmaceutically
acceptabl e carrier. 42. A pharnmaceutic&l” conposition according to claim4l
further conprising triantinolone acetonide. 15 43. A nethod of treating
asthma conprising admnistering to a patient in need of such treatnent, a

phar macgyt i cRlhyinshidfebidifg 8TBM bn8of 2IAMSEB B witdrainthd%Gdduct is of the

formula:

40. A compound of the formula:

10 41. A pharmaceutical composition comprising a compound of claim 40 and a

pharmaceutically acceptable carrier.

42. A pharmaceutical composition according to claim 41 further comprising
triamcinolone acetonide.

15
43. A method of treating asthma comprising administering to a patient in need of

such treatment, a pharmaceutically effective amount of a compound of claim 40.



