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hasnorﬁa%:eEF DESCRI PT| ON, OF THE DRAWNGS FIG 1 shows the

AP S*RI¥FF act i on pattern for crystalline
nont el ukast aci d. DETAI LED DESCRI PTI ON OF THE

SUMMAREE PNE INVENTION

The present invention provides medicinal preparations comprising montelukast
acid and a second active agent in a combined preparation for administration by inhalation. Also
provided is a method for the treatment of asthma using such inhalable combinations.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows the X-ray powder diffraction pattern for crystalline montelukast
acid.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a medicinal preparation comprising montelukast
acid and a second active agent selected from a PDE-4 inhibitor and an inhaled corticosteroid as a
combined preparation for simultaneous, sequential or separate administration by inhalation.

In one aspect the medicinal preparation comprises montelukast acid and the PDE-
4 inhibitor N-cyclopropyl-1-[3-(1-oxido-3-pyridinylethynyl)phenyl]-1,4-dihydro[1,8]-
naphthyridin-4-one-3-carboxamide (hereinafter referred to as Compound X).



10

15

20

25

The present invention provides a nedicinal preparation
conprising nontel ukast acid and a second active agent
w@edoenswe from a PDE-4 inhibitor and an i nhal eRPCT/CA2008/001874
corticosteroid as a conbi ned preparation for
si mul t aneous, sequential or separate adm nistration by
i nhal ation. In one aspect the nedicinal preparation
conpri ses nont el ukastOaci@ and { he PDE- 4 inhibitor
N-cycl opropyl -1 - d/@xrldlnylethynyl)phenyl]
-1, 4-di hydro[l, yrNdi n- 4- one- 3- car boxam de
(hereinafter r Ler asHConpound X) . I'n anot her
aspect the nediCy eparation conprises nont el ukast
acid and an inhaled clrticosteroid. In one enbodi nent
- the inhaled corti cooi d is selected from nonet asone

furoate and cicl esg I n anot her aspect the
nmedi ci nal preparati sy pri ses nont el ukast acid, and

ted froma PDE-4 inhibitor
and an i nhal ed corticosteroid, vvherei n at |east 95

percent of said nontel ukast sai d second
active agent having a parti g |ze of 10 micron or
| ess. The medicinal preparathof of the pxgsent
i nventi on be di spensed. using.either, pressu .
et or a8 AR 1R SdENe @fp%?ﬂ%} @P%ﬁ@%@%ﬁﬁ&%&agld and an
inhaled E¥rtisdsterdide Ip basS@fibodifmeithe athafedrcbitRostprodd Isderctedfronhe
ast.acid and a second active agent

use of npnt [ u i
m"m"%“é‘ins%t‘fé’a efaflgrﬂc esﬂﬁé 4 inhibitor and an inhal ed

cor t i doshethei aspeat thdwaediaimal preparattorofonsprisestiniontetikast acid, and a
secondtpe{cﬁgeéée%% o ?cfté)d fr&grg lﬁbﬁ t4r gl[u‘oﬁgr anrﬁrhﬁzhéa& éo%cgs?é’rmhh\%herem at

respir at ory
least 95 pensentiod Iﬂalddm?ftt@lbk@t fgrd pnfbsaldi E®0ﬁd) acta/emecmdlavmera natfécle size of 10

microrf §r984MaRE n%fdl({ll%:ﬁ ghg%fa?ig)){ of ﬂ&gfggsgﬁlsln%ﬁtfgﬁ B dlﬁfeﬁsédn%mg either

s mul t aneous, m n| St rati on

pressugiggdapetered rﬁloﬁ%mhalﬁ%ﬁ(PMQ s) ¢ dag pevelerdnpleders D
t her apgiétgréht Mv@ﬁtfdﬁ%ftﬁﬁ‘ Iﬂdmé,'ébtfopﬂle RRE bﬁﬂn@ﬁt@ﬁikaﬁ%bﬁl and a

secondCzgfy § aeed “eéeﬁé’ ek io i PO AR AHIG] Sz in the
manufacture of a combined preparation for adrmmstratlon by inhalation for the treatment of
respiratory disorders.

The present invention additionally provides for a method for the treatment of
respiratory disorders which comprises the simultaneous, sequential or separate administration by
inhalation to a patient in need thereof a therapeutically effective amount of montelukast acid and
a therapeutically effective amount of a second active agent selected from a PDE-4 inhibitor and
an inhaled corticosteroid.

The present invention further provides for a dry powder inhaler containing the
medicinal preparation described above. The present invention further provides for a metered
dose inhaler containing the medicinal preparation described above.

As used herein, the term “montelukast acid” refers to crystalline montelukast acid
having X-ray powder diffraction pattern substantially as shown in FIG. 1. The term “PDE-4
inhibitors” refers to compounds which inhibit the actions of the phosphodiesterase-4 enzyme,
and includes, without limitation, cilomilast, roflumilast, and Compound X. Compound X, uses
of the compound and methods of making same are disclosed in WO 03/018579, published March
6, 2003 and WO2004/048377, published June 10, 2004. “Inhaled corticosteroids” include, but
are not limited to, dexamethasone, fluticasone propionate, beclomethasone, budesonide,
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an inhaled corticosteroid. The present invention
further provides for a dry powder inhaler containing

wo b@owsdeLi nal preparation descri bed above. ThRCPCas®B8001874
invention further provides for a netered dose inhaler
contai ni ng the nedicinal preparation described above.

As used herein, the term"nontel ukast acid" refers to =
flunisadidg smeinkiapmnerforpate, cickesenideiagd frzamaigoldng agetqnided 8y well as derivatives
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Cormoute S (a0 SEE0RE ettt Sk sheat i IR agun of fre presen
preparM{on0siDh8raie aiubbutdideldtoMboatil : 6). RQOFeparation where Compound X is
the sec\é)\g& flc%"\!eoﬂr 37% er bl I rqe%gll}‘/] Y n]tge I‘gﬁlgg Iuttg atng about 1:5. In

LA o] ar e
prepardé)na wﬁterfamometasmetﬁumaa%l@ml@ swwpi st egedb,dh¢ oot gereradly within

the ran? S gg efrldgﬂ%sﬁ'{ ﬂrgﬁagat o@%&@?@&@l& c%axts he secortd| actlve agent, the

esonl one acet oni
ratio IWWHY wjtkan e rengetpt gboutH: Inandeboninkidl ed

cort It Clahne e/ 8imedk ﬁfvaq%%cﬁ@inélﬂﬂﬂia@cgkoﬁfig Bédag)%giﬁ’t%f ?dﬁq?lﬁga Bressurized
one i
meteregn i W;\NE@ eas5y aélileé?reéa H mqﬂrﬁl%unogl R aciu3tiope The
fonnul&@@mfor IpM]DI@QaﬁJ be ﬂuthb f?ﬁVEﬁﬁﬁtlogh er iﬂﬁp@moﬂs af hﬁlogkfnated
e nd ac
hydroci o gobRhes A ThE 1R of bitps TR BoPe st i AR oe Hifgd
hydrofhbmﬂikahei(HFAs) aspkepar at hyalno fivoesaaricnsfldB@s) ax thesudehod
chloroﬁ&&%ﬂb t@&vﬁgﬁqag g{;@ﬁ%&ﬁcﬁﬂ%) iSbdlfl Eﬁa%lmli Xut}”l h&r&c&lar 1,1,1.2-

repara
tetraﬂmh@ﬁt@mdfﬁﬁa%ﬂbaﬁm} bat%e3.3.8 heh@ﬂgempmpaa@ (HE//é 23@)eart: used in

several aﬁrehﬁ% h%rke%ecﬂ;ﬂﬁ%@éehﬁcaw'l idfioh ?0 RRgef ?8%1%015 mhy include

arations ere esonl
other péléﬁwau%f@i W@ceﬁ H exCirpinty for arehaiaélog @ﬁ@mhmy ematl‘ﬂb pleicrpsid,

polyvifiydp@eolRon@bsihe lfte1 and about 1:1. In one enbodi ment

dapt ed for_ use th a
the bsH n%e!d 1315)‘?5’ ‘%Iﬂo?gail ﬂaxllestwao c%?np%nents Firstly, there is a canister
pr essur'FFEd y Y

component in which the drug particles are stored under pressure in a suspension or solution form.
Secondly, there is a receptacle component used to hold and actuate the canister. Typically, a
canister will contain multiple doses of the formulation, although it is possible to have single dose
canisters as well. The canister component typically includes a valve outlet from which the
contents of the canister can be discharged. Aerosol medication is dispensed from the pMDI by
applying a force on the canister component to push it into the receptacle component thereby
opening the valve outlet and causing the medication particles to be conveyed from the valve
outlet through the receptacle component and discharged from an outlet of the receptacle. Upon
discharge from the canister, the medication particles are "atomized", forming an aerosol. It is
intended that the patient coordinate the discharge of aerosolized medication with his or her
inhalation, so that the medication particles are entrained in the patient's aspiratory flow and
conveyed to the lungs. Typically, pMDISs use propellants to pressurize the contents of the canister
and to propel the medication particles out of the outlet of the receptacle component. In pMDIs,
the formulation is provided in a liquid or suspension form, and resides within the container along
with the propellant. The propellant can take a variety of forms. For example, the propellant can
comprise a compressed gas or liquefied gas.
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nmet ered dose inhal er which rel eases a netered dose of

nmedi ci ne upon each actuation. The fornul ation for
w@kObeswanh be in the formof solutions or suspeRCECAN®S/001874

i n hal ogenat ed hydrocarbon propellants. The type of

propel l ant being used in pMDIs is being shifted to

Eyg: gf |fh|a 51?(% e‘é‘gs?g %E-' F%&gélglhqal?eprlé@ag%qnaig adapted for use with a dry
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particle, sizenfihaadiagtmasteris mayropakiem @b (2D pm taragoyisiéddimphowever, for

effectBRVRII %‘fHle@t&Muﬁ@rak%ﬁﬁ@SﬁJ@?JeH?&ﬁH& h&f’ue a&g@tﬂ@bﬁttlbféﬁ‘ are 5 um or
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Smaﬂfaﬂ gg%&é%@@‘? e ;g%vg Zéb{»%aqeéené 3 penspRtEatiogof Ot a1 HPh-dypically
howe W easH @ht}ﬁsacﬁtfcgégé@’ts, is plesértt iR bdnceﬁ@ilt)t?ﬂl ME@WU ?5 1096, more
r.ess |ze o ave TWo
plca@é{ ﬁBB’f@ré E&él of 49 59 lﬁ%él\ﬂ;he 50%‘59?1’@?%?/ conponent in
whi ch tAsenothrdudpoparih Iaddheen ajr the atmreadgnedréﬁts m @xfmilabée powder
pote g SR8 s ALY 0B e SR Do brany
pharmpgeliogicelly m?ytpnataﬂlalw cambmail@t eﬁmwemls @\dlmlas acaeptablegbeinhalation.
Advat%gge%ﬁsl?f th]E %Sréfep Eﬁ]til:l%g bl%%nﬁalots&pdf%e O%,R‘iO?C Bﬂﬁﬁfhma Sudafs; the carrier

cani sters-as

particleg @wrh@rwnwmdc%ﬂ ang of FOr¢IgHesT @lcmlw rodiyale tPrefehlywiiecarrier

partcheB QrecUtti @8 & &&trb%rQQe%s%t @é’peéi@l'l‘y R8to. SEh@iAnents of the present
Aer o

di cation i rom he
mven‘é‘ﬁ}b}” }C!‘?d‘ %% B(PIE’SH%‘PP?‘? e e&t ﬁ‘tfgwérﬁﬁ NE%WB%}% Digkhaler, and
Turbohalef théﬂpamele szt ac t}& Retayles @aﬁi&testrﬂé@rxebge fopeRbsg 10hLicrons to about
t he nedl catlon

1000 %%lzré/lgﬁq \fé?/e tu} ﬁ?int ste st{pgg{)eélt% G}eel %zlrtl i aﬁ&)[ehzl'éugner paIanleS may range
from ateced adé¢rencomboniel0 raivdbidi $icbatajrecthér ombaiimentt,| the siaé of at least

90% %@elgﬁ‘t‘:ﬁ%@aﬁ ersqirs ?e%g' ?r{agq 066 gﬂ&%{ﬂ? a eise}a?oﬁy hésr\?etween 60

ation
microggss H100 mlcrqn§ Tlitﬁt iehdiwelytldrae sizp ef thasd @mermarcclﬁsrmv® good flow and

entralﬁﬁgnt@hﬁfé@@hg@cs(’fWﬁ&E g%@éﬂtztﬁg AR HhGH ch Ry 1'316F hyill %E‘nerally be up to
i nhal ation, so t medi cati qn par

95%, EQWF‘%IPH]@duH’ o 9% goxentagrously #8 49 BAtecing prerf@wﬂam 10 50% by weight

based on the total weight of the powder. The amount of any fine excipient material, if present,
may be up to 50% and advantageously up to 30%, especially up to 20%, by weight, based on the
total weight of the powder.

The present invention in one embodiment provides a composition for use in dry
powder inhaler, which comprises montelukast acid and Compound X, and lactose for inhalation
as a carrier, wherein said composition is adapted for simultaneous, sequential or separate
administration of the active agents. The weight ratio of lactose to montelukast acid is from about
1:1 to about 30:1, and to Compound X is from about 20:1 to about 30:1. In one instance the
weight ratio of lactose to montelukast acid is about 2:1 to about 25:1, and to Compound X is
about 20:1 to about 25:1.

The present invention in one embodiment provides a composition for use in dry
powder inhaler, which comprises montelukast acid and an inhaled corticosteroid, and lactose for
inhalation as a carrier, wherein said composition is adapted for simultaneous, sequential or
separate administration of the active agents. In such compositions the weight ratio of lactose to
montelukast acid is generally from about 1:1 to about 30:1. In a composition where the inhaled
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conveyed to the lungs. Typically, pMs use _
propellants to pressurize the contents of the canister
wa@eaonseept opel the medication particles out ofPCTI€A2008/001874
outlet of the receptacle conponent. In pMs, the
formulation is provided in a |liquid or suspension
form and resides within the container along with the
corticpstopéd samemetdivae fuopee] tharvieighi mattcakidadosedp ingtnyetasone furoate is from

aboutflgbrfsto aE&E £ aa[mln? ?&fl@@&d tk@Fatthq?{h‘ gp&dt51§4q to a out 60:1. In

npr esse as or n anot r enbodi

a COmPﬁéltlﬁ’é wh@rentgﬁ uﬁmbﬁapatqo@tﬁrmé isgddgronifier he weight mttorpfalactose to

ciclesdhile ROWRIRE 33070 &d &out @11 nhal ation conposi tion
swtabl for use in DPls typical|ly caonprises artlcle

of the lBePPYEes Hay algp gcmtalg e;?ﬁ’ft{ 5|04 &n gxcigient material, ?mh may
for emah@lent&ﬁaemhteﬁal dugh aceepdxbbe rﬁ@{tfoln@dl aboMe&s Baink isGitebiSTof @se as a

e, BT TRL AL, TRk X2 WO BROM 0 TR e
materchl staglbelofi i, saate dr eakfferdft rpaenzdrftonofhetdamemqahﬂtmES;’:l@be‘rE $oth are
presexﬂaﬁxelt &irﬁgle "'sl{zg o? tﬂgﬁ rexﬁ{ﬁgéng %{ate neraﬁfy 16)% tB)Iiééed égd}m and

oncen on o
preferg lmd©a$ 11@1 eﬁ@@@é\/?é)mméaéhm@fclrﬁmstames vfer exenils wiere any carrier

partlcR:% %ﬁ@/@l; ath n?e &&%@rﬁ%ﬁéﬂa&ﬁgﬁgnﬁpgfﬁ mg a1 ﬁ&hffbg}g%bl{'ﬁf ffiducing a

pi cal |
sensa%%’fhﬁdé? moaharyngeahagw Hisawrier partigled .and/@hthegﬁmewacmm yeterial can

constlltLﬁ@ (RAhIG4Sx mta{é@ial FoRb:akh e Qﬁ’é’\éjﬁﬂerﬂfaﬁﬁ&ésaﬁld)’or aH% EHE BSrticle

phar maceut i.ca ceptable carrier, which
eXClp‘@BWBB%%‘HnBWseéH#{"&ﬂgr macol ogi cal ly inert material or

c orrbl ndhe dornollativas dedcaibed memhnaysalﬁﬁﬁemtié Bh&oif 1|ﬁbre additives, in an
eI LA kB b 1L
preferablly oy atpant 0i5¢H @sabmaﬁ%eAdmmtpeSlﬁdy picludegfop exdimyle, rﬁ&@@flum
steara‘?e:'r rabRk Slearhnﬁ) Oa!n%i%&lu rPJtcea %1}: S @‘{ I g tlé/F ?{;tmcromzed leucine

par rtic ose,
or 1ecntlaet lésﬁeoreﬁerabésnmr@mdné it an mﬁoum dropr dwah. l%lkoeabbubh)%/by cleight,

preferbBli |ab@1ﬁ CPAYE %du@ B% pRR aﬂg\gﬁgﬁt Z'/F rb?'n%%mz%ﬂ' ‘fé?lcﬂil% Pllg?erably, at

aer

least 9? 9 g’FFgng%ID T@SW‘FTQP%‘&FW@P@S ﬁﬁwlﬁ&‘n@@nﬂﬁmﬁ legsdlan 159 microns,

preferaiblg 1638 $hahd 08 bl(ﬂldioné QRQ nfdse prRAably 'Ibs@ Blah 30 RFonk B8 frably, the mass
ticle. size of the carrier

medlaggoatn?eé?r Q ttﬁ%@u geg{ leucine is less than 10 microns.

If magnesium stearate or sodium stearyl fumarate is used as the additive, it is
preferably provided in an amount from about 0.05% to about 5%, preferably from about 0.15% to
about 2%, most preferably from about 0.25 to about 0.5%.

Where reference is made to particle size of particles of the powder, it is to be
understood, unless indicated to the contrary, that the particle size is the volume weighted particle
size. The particle size may be calculated by a laser diffraction method. Where the particle also
includes an indicator material on the surface of the particle, advantageously the particle size of
the coated particles is also within the preferred size ranges indicated for the uncoated particles.

The dry powder pharmaceutical compositions in accordance with this invention
may be prepared using standard methods. The pharmaceutically active agents, carrier particles,
and other excipients, if any, may be intimately mixed using any suitable blending apparatus, such
as a tumbling mixer. The particular components of the formulation can be admixed in any order.
Pre- mixing of particular components may be found to be advantageous in certain circumstances.
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from about 20 microns to about 120 microns. In certain
ot her enbodi nents, the size of at |east 90% by wei ght
w@boovlos2eearrier particles is | ess than 1000 ni PeDOs2@8/M01874
preferably lies between 60 m crons and 1000 microns.
The relatively |large size of these carrier particles
gi ves good flow and entrainnent characteristics. Were
The ppwdsemixturt hethenrpsadtto 6ill @asules bligiens} iesdresirspiot bther storage devices for

use 1n§5§ an@‘él&}’wﬁﬁd&p%&g’de?%g&grgr exanpl e, up to 90%

t ageousl and preferably up to 50% by
wei ght lbaééfdpquﬂer prehatestthe dowsi tg lbe admiristered dvntened iMthe form of a non-

pressu&fi@él' Qky }Slfwd%@ ¥nd, iod@cRUEbRbLME nﬂﬁﬁéf'r {h@ i)artfcfes ¥ %gﬂﬁvdlef@r\é inhaled
50%. and vant agequsl y Y9 espec
by thfmﬁltl@@t b%»% 45 capype it gc}%se deyicksan a¥iattibe p@wé¢r igeongpinedm infliidual
capsuté@viﬂ&l(ltjlple'fllﬂﬁt duse $1€{ile1dhﬁﬁ1ﬁﬂble<wpéuﬂbs‘w BliSERAsk H%thanél reservoir devices
se in

o RRTULSEESIRS ot B o R O e bSO
be "pdssive odwidesin whivhltiad patientssbraath &g I:isleé to disp@seihs psaider for dehvery to

for.si.nu u e
e IS AT LR YT R
dlSPGI\a@thgrppwdat iEzamples af tprssive odrpnpowdbiikbaler duyno@bs irklfdeahe Spinhaler,
Handlﬁgl@f”Ro%ah%letr CD@ oy ﬁ%‘gé mhﬁ&rm fas Erixa \Xg@(ﬁ" active

cet

about nelns

20
inhalefsinplyd %Nek@é PB]@@H@B’ Inb#leiiNakies (T harsbentics), disotva bingiteds Aspirair™
dev1ceﬁl M@iod8§a BPI (‘Mférdﬁbs@}) AR W] BPi (501?@})% sh%Q}d]b LRpARAY. however,

t
that thg cegwﬁggplgqp ?e glgescldvg éle\/iréglltlgf{] g,alnrr;t&?g(rgllg}lgqs‘ﬁrpéi: \gﬁl? el\mﬁrr g¥s1ve or active

inhale€ deyicdss es m)ntel ukast acid and an inhal ed
e for inhalation

car 11 oRBfEEREe S e TEsp B P B PO G BB gy the treatment of
respirgonydiscades whjchsempeistd thk s@ﬂiul&ﬁﬂﬁfsﬁieﬁuaﬂm e Sép’aﬁité &dmfstration by
1nhala{15'1? P %%t}/e t ﬁ’l %Q& e(r)éoﬁgnﬁc DG gg%i fea? ?éarta%lﬁlémgﬁ%y elhf'l@ﬁt] acid and
a therzmggmally eife@tweamm]mt gha &ecomh adive @g@n‘tselbcte«h fralnes BDEREInhibitor and
an inhhlefl %bﬁi@ﬁﬁéﬂoid: FIE Qo PR as i e&fl?s&%%le eagtllﬂg'la In another

ratio o actose to none uroa
emboﬁf@éﬁ% thezgeondiastingegent is:momefaspne Aroate o8 eistaspmide and fhe 1 resplratory
disordé@ikiasthing, | from about 124:1 to about 60:1. In

The preparation of the present invention may be used in the treatment of asthma,
COPD, pulmonary fibrosis, cough and other lung pathologies. The dosages for the individual
active agents are typically those when used as a single therapeutic agent; the combination of
active agents may be synergistic resulting in lower dose for one or both of the active agents or in
reduced frequency of administration. The oral dose of montelukast sodium for the treatment of
asthma ranges from 4 mg once daily for pediatric patients to 10 mg once daily for adult patients.
The dose of montelukast acid for treating asthma using the inhalation cbmposition of the present
invention may be the same or less than the oral dose and may range from about 100 pg to about
10 mg per day; in one embodiment the dose is from about 200 pg to about 5 mg per day; in
another embodiment the dose is from about 250 pg to about 2 mg per day; in another
embodiment, the dose is from about 600 pg to about 4 mg per day. The dosage for compound X
is disclosed in WO 03/018579 and WO2004/048377. The dosage for mometasone furoate may
be from about 220 mcg to about 880 mcg per day, and may be lower when used in combination
with montelukast acid; guidance for the dose range of mometasone furoate may be found in US
Patent 5,889,015. The dosage for ciclesonide may be from about 80 to about 160 mcg per day,
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ciclesonide, the weight ratio of |actose to
w@r@beswed de i s about 350:1 to about 100: 1. ThRCOAZI®B/001874
may al so contain fine particles of an excipient
material, which may for exanple be a material such as
one of those nment i oned above as being suitable for use
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can constitute the indicator material. For exanple,

the carrier particles and/or agLfl ne particle

exci pi ent may cENPYIBEE darMONJELURAST @GR at i ons

Prepaﬁ@%ﬁbf@@ﬁtﬂ@ﬁ%nﬁﬂkaﬁ'&&d' ncl ude one or nore
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10 microns.
Preparation of Dry Powder Inhalation (DPI) Formulations

Two formulations were prepared in the same manner by blending in a Turbula
tumbling mixer (Type T2F) for 15 minutes at 32 rpm inhalation grade lactose and montelukast
acid. Two blends containing 4% montelukast acid were manufactured, one at a scale of I g and
one at a scale of 10g. One blend containing 20% montelukast acid was manufactured at a scale of
10g. Capsules were filled with 25 mg of blend, equivalent to 1 mg of drug for the 4% w/w drug
loading and 5 mg for the 20% w/w drug loading. The formulations are described in Table 1.

Table 1: DPI formulations with 4% and 20% drug loadings

Ingredient Function Formulation

, 4% wiw 4% wiw 20% w/w
Lactose for inhalation Carrier | 96 96 80
Montelukast Acid API* 4 4 20
Batch size (g) - 1 10 10
Shot weight (mg) - |25 25 25
Capsule size - 2 ’ 2 2
Dose (mg) -
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I f magnesium stearate or sodiumstearyl fumarate is
used as the additive, it is preferably provided in an
w@pmans26t4 om about 0. 05% to about 5% pref er abPGT/CARIUB/001874
about 0.15%to about 2% nost preferably from about
0.25 to about 0.5% Where reference is nade to
particle size of particles of the powder, it is to be
under st*a&l= aghvepmrinachiutadlengredienthe contrary, that the
BlendAdikd:hi® Size is the volume weighted particle size,
icle size nay be cal cul ated by a | aser
di f f r adPidsteshilendunifepuecapsalep fem eark blend gverqrepangéd gnd rinsed

with rﬁ%thétr[&“ T»"rﬁ"%@[uﬁi@iﬁ?ﬁefs's@hm?t@d ltd}es Iﬁﬁfhﬁe@;ﬁ@{(ﬁ)fén ig@egﬁﬁ&l &hBifuged at
aav geous e parti.cle_sli (0]
3000 1pap 19 P daines freagSub ehprit ﬁ&SVg §d5 él?qc&rap%qte@eﬁeaﬁtgae@avelength of 346

nm. i ndi cat ed for the uncoated particles. The dry powder

phar maceu SItI ce, W [
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amour?tt&%'}uﬁe%%&'t gx{ltglu%} 'lgﬁ)a&(yihe H&élrr)lgg(}dasg Iﬂf&l(ﬁhﬁfo%xtggesults for the 4%
w/w blendts Men@mdcp@adentﬂﬁ ehegaichi sl pxcparcrhponent s of the

formul ati on can be adm xed in any order. Pre- m xing
of particul ar corrponents may be found to be
Table 2¢{ndyide sapsuiapssasrfon i ttHnces The powder

M X BKGR) 1T [ beag used Bta@cliC dizd | €apsHleS| MAsh 8F Rohtelukast Acid

regservoirs, | or othen storage|devices for use In

copj uncti on| WREh dry @owder i BMEIheE s, | resoxergdyin gapinds (mg)

i nhal er, thedas®)to be admi nistered |s stored in the

fofm ol a npnpressunt Zzed ary|powder anpd, _onm actuatton

of [the inhal er; the|particleslof the pBdder are

i nhal ed by the patie¢nt. DPlIs|ean be unopgdose devi ces

i nfwhi ch the powder |i s cont aimed T T ndivirduat

capsules. nultiple-unit doseln which Mtiple

capsules or| blisters are usedAhand resgggO|r deV|ces

i njWhi ch t hed powder |18 net er gd—at—dos tme—from=a

stprage container. Dry powdet B nhalers gén be
"p@ssive" devices in which th%_patlent4§6breath i's
useflit o di sparse thelpowder for—detivery—to—the+unrgs;
or ["active"| devices|in which|8 nechanj 3ot her than
breath actuation is used to

Dose Uniformity

Dose uniformity was determined using Apparatus B (Dosage Unit Sampling
Apparatus — DUSA) at a flow rate of not more than 100 L/min (test described in USP <601>).
The current USP recommends selecting a flow rate that creates a pressure drop of 4 kPa across
the inhaler. With the Spinhaler®, a 4 kPa pressure drop and a flow rate of 100 L/min could not be
achieved. Based on the recommendations of Byron, et al [Hindle and Byron, Int. J.
Pharmaceutics, 116 (1995):169-177], a flow rate of 100 L/min should be selected since the
Spinhaler® is a low resistance device.

During the DUSA studies, the first experiment performed with Spinhaler®
succeeded to achieve a 4 kPa pressure drop, and a flow rate at approximately 100 L/min with a
ratio P3/P2 < 0.5 (Table 3). For all subsequent experiments, a flow rate of only approximately 55
L/min could be achieved, however, with a ratio P3/P2 > 0.5. In order to ensure that subsequent
experiments performed have a flow rate less than 100 L/min, a flow meter was connected to the
intake port of the flow controller and the air flow rate was adjusted to approximately 100L/min.
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di sperse the powder. Exanples of "passive" dry powder
i nhal er devi ces include the Spinhal er, Handi hal er,
worodoaksdees , Di skhal er, Di skus, Turbuhal er, C ip&hahzng/001874
etc. Exanples of active inhalers include Nektar
Pul nonary | nhal er (Nektar Therapeutics), Vectura
Limted' s Aspirair(tm device, M crodose DPI
By adjuMing thBesdlow mtmasGleseibebRboycthegiimp was gietd prodece a sonic air flow
acrossh® D‘EFSA@%H a rgt‘?éf\@f’ B3/p2 K @&.a%ﬁgﬂﬁ)agl' ek aéli\%fr%cf, he pieces of the
present t ered with either

[ nt I nvention can be a'dAm ni st , ,
DUS Apimshiding the mowthpicse jadaniprarerg sippedewith pefveniediluiediospitaile volumes,

sonicatt&faarﬂrc%ﬁﬁﬁtﬁ%édnTS AbieRRinR HIQVAHG Mt 8f AL RAdinb@in thBenhaler, all pieces of
treatnment o re;gl ratory. .di sorders conp,i_l ses

) ) j ch
the inhglen yerg Hasrdavitly sel vk dnchiding, eé%tﬁ%?raqvﬂ S EAPSHE S { Rt
assayddyusinahBé BV-OIS EsecBoptadtor@éer.i N need thereof a
tical|l ctive anpunt ukas

t herap y ef f nont el cid .

b P Sh SR T S BRI B Ao oy R ko, wCtuation of the
devicea@ht deviegens tasel, e Ctled” fvnowastediDEhd DUSA bid the danide snas re-weighed

i.nhal ed. cortj .er.oid. | ' .
to obyif X G S ShREHELY hse 1 AN WEHRPAleTRnel B cprable i hey are
withint Hé%6 s 2510 obtkitheoretipahvalies (Mdkettddohe furoate or

ci I esqi 06, ANhENRIRSBE HFbRAYS b SARARHSinaRbIE.

The preparation e present 1nvention nmay be used
in the treatnment of asthma, COPD, pul nonary fibrosis,

Table 30D85 @fb Rkt eEsul i RG BRI ALTaAd IThe dosages for the

e
es were then

T v dual—act T Ve agent s ar e typrcalrty those whenm used
Carric3S Brugng| g t.hef FRsuti £pagent Forma cq {'nati‘\mpl@ft of Montelukast
arrief | . ﬁfww?n W Duyra-" | J L
Clig4@ agents hmy 'De synergi stjagohesul U1 ng| hRjd QR&¥ered (mg)
dosE%J;or phgpor | Ratdh of tiphe actlvghage‘lgla i
red d frequeng . adng nivst (P of 0$
mohivew)kast sodi Irhﬁl;lg ﬁ]eg')traa;t ment (%Efastﬁ?asqxr a%lgisler Total
TTOMm 4 my] ONce gally 107 _pedijairic patients to lung
oncg dail ySP8r addilt pafident ¢ /AThe dddd of | BdAr o] st | 0.70
Lactos@C| d for [hgatingzasthpg jusi ngg he inbal at|gns | 0.44 0.89
COIpUbI LT OIT 01 TT1e prescelll T HvelutT O Ty D UIe sadlle
for  or less t hHandiheS58dal déde andGmy rahde f0dfabodid] 0.95
inhalatddP MO tO| ROQUL | 552 |43 /D 258 065 [023 ]0.88
n 0 Spin | 71.9 3.3 /A 23.2 1.82 1.52 3.34
haler | 65.6 3.7 1/C 16.7 1.91 2.86 4.78

Table 3 shows that the shot weights for both 4% w/w blends were on target while
the shot weight for capsule C for the 20% w/w blend were outside 75% and 125% of the
theoretical values. During the collection of the drug from the DUSA and the DPI inhaler, it was
observed that a fraction of powder remained in the capsule for the 20% w/w blend. The low shot
weight and the powder remaining in the capsule may be explained by the fact that the 20% w/w
blend contained more drug than the 4% w/w blend. This may have led to poor flow properties of
the higher drug load formulation. This explanation can be supported by the morphological
observation for the 20% w/w blend in which the drug has tendency to agglomerate and to create
an interaction between the drug and the surface of the lactose, as discussed above. The average
shot weights measured for the 4% w/w blend for capsules A and B performed with Spinhaler®,
and capsules C and D performed with Handihaler® were 24.8 mg and 23.6 mg, respectively
compared to 20.0 mg for the 20% w/w blend for capsules A and C performed with Spinhaler®.

-9.
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600 ng to about 4 ng per day. The dosage for conpound
X is disclosed in WO 03/018579 and W02004/048377. The
dosage for nometasone furoate may be from about 220

meg to @H@Wera%g @mbBg op afug@h@usurmd tEYUBA fbrasapsuleshiemnd B, and C
e P GBS S R TS0, SR s i
show that/the I@mwouﬁt @80V B EBpellEA &odubaeppstle wag highes i ldrndihglpr” than
thatkﬁ@tefi FQRARAKES. 80 ﬂr}Q %(2% Q}\Hﬁé}}&@ 1B ghalkedf dﬂ@’rlcéﬁlj/@retmby p&ﬁentage

) mbj el ukast aci
37. 3r/&r1’§; @eaﬁ%é"&@go?%‘f’ that E}Psg’éVSﬂ ?Qféw‘ﬁﬁs” EP ‘ound in PCT

Publ i shed Application W2005025578. The conbi nation of
Aergéﬁfw_rﬁ[c%ﬁﬁtle $19é’|§mﬁb‘ﬁﬂoé'ay be admi ni st er ed once twce

ach adm nistration require

mor e t hdhe dAdernpscadEmartig (éﬁl)t(ﬁ@p%r@,tpﬁ%ﬂ \g.QS, fhdevwe used to

detc@itc GRS aeﬁfdl@lnﬁﬂs Sizt lebﬁuaﬁml" hé Bhcech prdvided mhvaketdedosments of

the {'rgcmg& ﬁ:ﬁg ﬁlfél%?ég) gp% c enatl ai’/ to rea%fltﬂﬁ a]%?eo n)n%@ﬂleq{n%:e Ifl“hls
valieds tehmsentsidy thoportien 101|E|q éeﬁeetpcl BRkp g?a&(?a FpF E8paghien was

0 efé‘ie%%@ﬂfe%lwt ftelahd ﬁ}%tt tiAd é’cclnrd&gl 0 R MM REEibad & DS <601>. Because
o b0 b BRSSP B EROPL

adJL@frIyalt af the nie fiynste butha sitakaof the Aoetdootrelovag pef@aned] as discussed

aone %ﬁ%h HﬂJaétho at@qufa)afe‘a vﬂthﬁshlc’gﬁé ?x@&% $ll6 Iﬁév@@%rn\ﬁ@& @d"prevent

U as | um
part#ﬁ#mfront brureig Offi e4p Etfs %ﬁidet\‘/bg’tuégr o the agr g amT‘%FZS geﬁé’f?%&% since
the REO € ia@OwisrTesnthan@OLL/min Allgtieens <|sfum fngratticriocltdisg the inhaler and

capﬁ;'lehwerfﬁlgm% 1§1osoliveﬁfj d%t%&ltoasuwy%l%rﬁﬁss Ednrldcagsﬁr ceBRffu%eg and assayed

usmgakxeeUVvoéIasrs@@ptmpmtomatp@ The @smrabLe)porWéN%ragatmf@d |b&§,1@rm vitro fine
part@S fridtioh ﬁﬁﬂﬁﬁé'ba'i'tlﬂﬂe Sadsk Dosd unkBhmity iRl dassbid inhpaGtion tests were

car rdeOCI:lI'[ tl c%gtrcﬁle\ﬁl?emperature (20-25°C) and humidity (50%RH).

The aerodynamic particle size distribution data for all three blends are shown in

Table 4.
Table 4: Cascade impaction results
Batch | Drug Target | Device | Blend ID/ | In vitro fine | Fine particle | Emitted
size load dose wt Capsule # | particle mass (Ing) Dose
(g (% wiw) | (mg) fraction (mg)
(Yo)
1 4 ! Handi I/E 30 0.17 0.55
haler I/F 30 0.11 0.37
10 4 ] Spin /G 22 0.03 0.13
haler I/H 37 0.08 0.22
. I/F 77 0.05 0.06
Spin
10 20 5 /G 28 0.53 1.91
haler
III/H 32 0.78 247
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filtered and dried under vacuumat 35C to afford 62 g

of a yellow solid. A second crop of 14 g was recovered
whgooensxwact i ng t he aqueous washes with tol uenePCT/CA2008/001874

800 nmL). The first crop was jet mlled to afford 53g

of material with predomnantly irregular crystals of

<5 microns, with some rectangles as large as 8 x 5

m cr onhe fieen fine partiale freeto® Suddovitir the Biandiblaier” and Spinhaler® was
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0.06 b BIECHABIEUAE d ABPOPTHGIGIASE OF LD bR D Tgi the 20%
wiw blend. Thehe@ile dimcassaakiet ofe di6l dls@”reesbb eiedgrearadt @ktehnig a 4% w/w

blend %00/ t & u&ﬁ@ﬁ@ﬁ?rﬁ%wg@&% r@e%cg hb gx@él ﬁos%ffor capsule

II/F mwmalbazn tndicatihg gt dfe pdwddgr fssomchew 406 ewpellett eﬁ@ecltwdmfmgn the

5 f
oSt B S M Mo e S,
third tfiek wad iattiatedlstowietify the/@ansblmﬁi@mame PbHei29gs WPy blend cHhadata
obtaingp %{?agﬁﬂé 1\ %1 co'nﬁ%@cg{hgpﬂ’x 'ﬁ#l‘ré‘ ggrt% ffre%l% yr the Z%Wﬁsdrug loading

ormty, m each nd were opene
is almancbanalrs Sat 44 LYW RIENENBIN erﬁ\&lwsmerfeﬁn%@,&%nhp Sanegler .
for 5 mnutes at roomtenperature, centrifuged at 3000
rmfor 15 m nut esI t hen assayed using a W-VIS
<Ak AOHAROIRROIGZY 5 wavel ength of 346 ran. The
bl end Semﬁm{gmwrdhaﬁmagsaﬁh@ (SEME obthengtisosefrevi thianthaiattose has a

poe- QL Ry e 2ER S s 53 TG 5k BT S dBBmerses. o
the blemdefiu%o ﬁﬁcﬂngd amntebultastmicihwith 96D kactbse, kmalh oméguddrly-shaped
partic%ra rlplﬁta(i p R naﬁltn &Q{t%ﬁyco[gg)%ﬂﬁd alltfl%rpa{'tﬁ?e sﬁz/8 M‘ﬁ W Jyoﬁpﬁﬁim were

observed. These SEM micrographs show that the drug is Wldely spread among the lactose

particles. For the blend of 20% micronized montelukast acid with 80% lactose, more drug
particles were observed in the blends. The drug appears to have a tendency to agglomerate, and a
fraction of the drug appears to accumulate on the surface of the lactose. This phenomenon is also
observed for the blend 4% w/w, but the degree of agglomeration is less evident due to the lower

drug loading.

In vivo Evaluation of Montelukast Acid DPI Formulation

The allergic sheep model was used to test the effect of inhaled montelukast acid
against early asthmatic response (EAR), late asthmatic response (LAR) and airway hyper-
reactivity (AHR) response to Ascaris challenge in allergic sheep. The compound was
administered directly into the lungs using the Spinhaler DPI that was attached directly to an
indwelling endotracheal tube. Capsules used in the Spinhaler contained a micronized blend of
20% drug/80% lactose, corresponding to approx. 5 mg of the active compound. The compound
was administered as a single dose 30 minutes before Ascaris challenge. To optimize delivery,
each Spinhaler actuation was synchronized with a series of aspiratory cycles.

Doses for inhalation were selected based on total [V doses administered in sheep
studies that had been conducted. Administration of 3 or 9 capsules should achieve a total inhaled
dose of approximately 0.1 mg/kg and 0.3 mg/kg, respectively. The purported dose delivered is
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Table 2 : Individual ca sule assa for blends I, Il and
I11. Dose Uniformty Dose uniformty was determ ned
wa@isingsdkppar at us B (Dosage Unit Sanpling ApparBETIEA2008/001874
DUSA) at a flowrate of not nore than 100 L/mn (test
described in USP <601>). The current USP reconmends
selecting a flowrate that creates a pressure drop of
an estimptpRasedrongn experimattalledsterviingd fibepaspcln fiabeéo efficiencylof 30%.
Plasnfﬁ'%ﬁu%fe%@l% e gl'é%réﬁ"ﬁ v@rlgll.lsot%é 1ﬁtSQf1r041g9 ot fudyoul d

e_ach |eve Based on the ECOHTTEF] tirons o

Byr on, lafialgxpetiingrfs énadl avepsy pasformed withy0. T predegelcmontelukast acid.
This doké pfoﬂﬂ@@) partlﬁgnﬂlblzlz)h ,of ehel L ANV ah @NSTRObuthdP tHe/ FA R, B4k Shd set of

5 xBTS By T P L mut s ATk o ol

three pleastooiithel rasportse Spis rahlabea"d( Resslicsngidedarte Quaehirey®indl gble 5.
kPa pressure drop, and a flow rate at approxi mtely
100 L/mn wth aratio P3/P2 < 0.5 (Table 3). For all
Tablesu id enfaknast éycpbin Amatis-challehpalComt®us Sheapl y

oxi gt el m n| coyl achleve
\?\ﬁg a rati oi‘éé?g}é" > 0| 5. Lifﬁhg‘%’aer to éﬁg hat
subsequent ebadabitivant s| peihibitiest haye dnhibitiorr at ¢ | ess
AvbRan goo L/mny7 flow meter s copnectedcto t he
Pnta e part of t7ﬁe flo cont7r%llal er and thz air fliow
g%was |adj usted to approxi mately | OOL/ nin. By
c@gﬂﬂg@tl ng the air flow rate as descri bed above, the

punp_wWas |abi e to produce a sormc a1 ftowacrossit he
Appiasp0ith a ratfo of A3/ P2 <4d.5. After ab8hot had

miggn3del ilvered, all pijleces of the DUSA including|the
n'Dl.it Spi eg¢e adapter werje rinsed with|solvent, dillted
CaPSWIES ) )le volunes  slonicated and centrifuged. To
determ ne the anount of drug retained in the inhaler,
all pieces of the jLph r re i i th sol vent
10 i ncludi ng the int e]#géﬂ@flz ?ﬁg@%@@ﬁ&%me sanpl es
were then assayed using the UV-VIS spectrophot oneter.
Comp&inai Xwiebdgiiptionas obt ai ned by nmeasuring the wei ght | oss
due to flree Je %%iﬂgcti se?nQplgsf oft (fj]oempoundXobserved using X-ray powder
diffraction (XRPD) and thermogravimetry (TGA) that the jet milled samples had similar
15 properties to the unmilled lots. The samples retained their crystalline form. By SEM, it was

observed that the jet milled drug was smaller in particle size compared to the unmilled drug,

while maintaining the needle-like morphology. Drug particle size ranged from ca. 2-25 pm in

length and ca. 2 pm in width with agglomerates up to 50 um in diameter. Only one of the jet

milled lots was used for the described studies below. A side by side comparison of the unmilled
20 drug and the jet milled drug is shown in Table 6.

Table 6: Particle size of unmilled and jet milled Compound X

Unmilled API Milled API
Optical microscopy Microtrac data” Aerosizer data
Mean (microns) 11 2.794 2.832
SD (microns) 12 0.639 2.246
95% (microns) 37 4.577 7.832

* . .
After sonication for 60 seconds
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acceptable if they are within 75%to 125% of the

t heoretical values (USP <601>). Dose uniformty

results for all blends are summari zed in Table 3.
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STl fictdsen betweep thegsdrug jand {he surface of the
'(ﬁéfﬁu‘l’&‘[gdlaﬁ’?osgl b(,Ub:sed hpve. AT;ne fgerage shc:t 3g\eli gh[s

T TtO \va C ||\, —r/U vwl vV u: e”u Ul CAdpoul To A altu D
perforrred wi th Spinhaler(r), and capsules C and D
per f orF@th S\EMhnidafgﬂéqﬂﬁJ i€k phereditatGramlactla2@sdhadymore surface

ect.i vely a or_th
porosit PAE e ST RRLEE MBI i P R T o ey fitfonized
drug, whigh iyeﬂéfmrndmeﬂoageumnﬂladtGMP ldsug neasured in the DUSA
for capsules A and B, and C and D for 4% w w bl end
were 38.5% and 54.5% of the nom nal dose,

F_MMEzpectivel y. The data al so show that the drug anount
t hat I
erl Weﬁedprte;?cﬁ% fge Qﬁﬂéﬂlaﬁnéﬁ@§ b'[EnQP\fg’ 1n\é"15x|i} shear tumbling

Handi ha at note for_Spinhal e

blender REubOZE MDY BF erier 1y minuissss 3 pray Thy Hendswepe aleé;é‘% API and were
manufR&H%8 1t 88&ie of 1 g in a 4 ml glass amber bottle (50% fill volume). Then, 25 mg of

blend, equivalent to 1 mg of drug, was weighed into each capsule (capsule size: 2LLC white

U

opaque). The formulations are described in Table 8.

Table 8: DPI formulations with 4% drug loading and different carriers

Formulation
. Functio A B C Drug only
I dient
feredien n (Yow/w) (Yow/w) (Yow/w) (Yow/w)

Milled lactose 96 - - -
Sieved lactose Carrier - 96 - -
Granulated lactose - - 96 -
Compound X API 4 4 4 100
Batch size (g) - 1 1 1 -
Shot weight (mg) - 25 25 25 5
Dose (mg) - I 1 1 5
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5 37.3% in the DUSA was close to that observed for 4%
w w bl end. Aerodynamic Particle Size Distribution The
w@\aaenswed cascade i nmpaction (ACH) (Apparatus 3pCTEs2008/001874
devi ce used to determ ne the aerodynam c size
di stribution. The inpaction provided in vitro
nmeasurenents of 10 the fraction of the aerosol that
Blendhthothy potenti al to reach the alveolar region of the

| ung. sséass%léi}% d&?@?rﬁ%et%rgagﬁ?yfﬁghn EadbW 1&ﬂchR}e1‘ef ened rinsed

partlc es ete actlon
with sopentané assayed sing 4 BW-Vist spe@tmhp@metqu "ﬁl@ %i&teéli aq"»ngfmf the DPI

stud1esf5&}§s ? ?ﬁ?ﬁ&* rgft%ﬁ(ﬂ ah@@afe@eﬂlﬁ soRRGBHEE I%Beﬁ'ed in batches of 1000

oOw resl st ance devi

|
ml. Sty ﬁmdr@dmml ifitpraefmethancd wes addqdrig | aw&wnélred@ Jpigers gf water. The
solutidassth&B8dveRid ein'ﬂ%ll@bvéd td w1 E@Jo@nﬂ%m‘pbﬁtdrélﬂ&k&t@ﬁ (obgound X a

flow contro
g Lo R S AR L5873 Bito0 m ane
the mdx&hBmRBY¥orEaidRiof Contpoupd e fopad to ted 25§ fm.om bounci ng

fft h |, at d th
ot agesBUBH aniamg bl TR ulfiopy S, B by & {58 hu@libed in Table .
It was fome@Dthhﬂ thie amowtl of pingresoeted Was lowpdacell blendndi additien, drug
recovetay 0 Qagau A a%ﬁ%a%r?soéolﬁl Reds ﬁ éllle@ $84 M iR 38 a%%d 10W recovery

0 Sul cated, centrif
may badue tsEmy blind smxfgrrmlneandmr\sbgegqé@@tdu@pg strphngsnd hﬁnéhng Capsules
with Siggc‘ BE 51%@' gp\?élre 'a%B B anegi%?%ﬁohgr{/@@le B¥hdRE dITTomduRd X Mahe

ine particle nass. se
Spinhajex W@hq'ﬁtttlyﬂ %ﬁ@f@ﬁ%féléﬂgaib}?p%ctl on tests were carried
out at controlled tenperature (20-250C) and humidity
(509%RH) . The aerodi/nam c particle size distribution
Babla 9f dlaidluai mn.se ecﬂseaw@raf?@nghams AnBrdie 4. 25The

||c lI T O | 1 I
T, TR RS [ IS TS
for the 4%N/ "B‘IE{ Fof®t he| 288 bI e
fine particle fraction of 45/ 3% was obt aj GAPSY h
Spi nhal er (f). I, addition, the mdan fi ne DarQ7%I e
2 0.90
1 0.87
4 1
B 2 0.77
1 0.26
¢ 4 ! 2 0.28

Dose uniformity studies

Dose uniformity was determined using Apparatus B (Dosage Unit Sampling
Apparatus — DUSA) at a flow rate of 100 L/min (test described in United States Pharmacopoeia
(USP) 27 Chapter <601>). The USP recommends selecting a flow rate that creates a pressure
drop of 4 kPa across the inhaler. With the Spinhaler, a 4 kPa pressure drop could not be achieved
even at the maximum flow rate of 100 L/min. Based on the recommendations of Byron, et al., a
flow rate of 100 L/min was selected since the Spinhaler is a low resistance device. See Michael
Hindle and Peter R. Byron, “Dose emissions from marketed dry powder inhalers”, International
Journal of Pharmaceutics 116 (1995) 169-177. The test was run for 2.4 seconds in order to pull 4
L of air. After a shot had been delivered, all pieces of the DUSA including the mouthpiece
adapter were rinsed with solvent. To determine the amount of drug retained in the inhaler, all

-14 -



10

15

20

25

mass for the 4% w w bl end perfornmed wi th Handi hal er
(r) and Spinhaler(r)was 0.14 0.04 ng and 0.06 0.04
worggonespecti vely. A fine particle nmass of 0. 4BCT/QAZ0081)01874
was obtained for the 20% w w bl end. The results
denonstrate that the drug disperses to the greatest
extent in a 4% w w blend perforned with the Handi Hal er
pieceq of)the mbalet weredgsdsthisobiedt intludingrihe ingatiod o thefcgpsule. The samples
were (hEP 4L d'dsh{rgﬁh&@i/ Y/?sféébglzwﬁhotd?ﬁét&at' ng that the powder

I'S so effectively fromthe capsul e.

The caphef weight w%alw DamesHEpk e wghirlessidye to Hﬁa@p@\auon of the

devicdVaSe @bﬁl@@ wag atded, KR’ Qaswadted M th Uwstfﬁ hndBe deQicE vk @€lweighed
e

aer.o er f or mance, of 20%
to obtgf ghiAel s dap e HBR o PRSP IARIOL Bt et Er R Biepelf they were
withir 7686 té hE5% iofi ehefthédrétidat valuaoiSPn<doar).t he 20% w' w dr ug

l/.\oc|ad:,\2 OB%PI%%%% ﬁ%—‘ ts 504%@1@%?%# el¥v fu}(; End V\"nenanze% in Table 10.

It wasChaeraied that foaminbationdB phd Cogsre Sodagetrfgr glog &»tergimt; however formulation
A wa%Qt %E B&%@Hﬂg lévé'lz'l}ﬂrppfolr tdgc?ep a%ﬁat S%‘EFWE@M @Jhﬁéhn%%y B{]ﬁtr buted to the poor

ose ha

flow prppestienpfithe @Id&ﬁgitla@a@ rﬁhe@wdragva sheth @@rg}@@na@sgr@rfer Btaeé C were 24.6
+ 0.1 F@%anf1D8 ¢ 630 Qfre bR tNcRf QhFEd BANLL BRASE fGcAd with
gan | act ose, %éeﬁ) [ rreg}{gul I%?y shaped pargl cles
attributed to nontel ukast acid conmpound with a
Pableil6! Dosd umfmmxtprahhsjformvamas (Abﬁe anudd These

SEM--ef-egraphs—showfhat—t-he—ertg—-s—w-del-y—spread
anong the || actose parfi OVES. | Fex, th§h19 f end AJnoutjopf Compound X
rfemdHptie) noheditkasy dedd w ph BOvsighktlose, Nepovered (mg)
drug partijcles were op§@wwid | n the (migknds. DUSA dr|Ughaler | Total
appears tq have a tendency tjo agglongriate, amdsa 050 | 0.74
fracty on of app ar s tgacc ate 01 he
surféalce of %m%llg& . '?‘hi S p..\,..u..ﬁ.lbn HS u(?q% 0.98 L19
served flor the blend 4% ww 3but 18 deore@z%f 0.67 0.90
aggl ratii | ess| eviident dug t @4the || oveR4drug 0.38 | 0.62
| oading. Iin S Y?fﬁag\(}%l uat 'on of 2Mont elqukastt Agsgl DRl 066 | 0.98
Fot mg alt O Granulated A 1 24.9 0.16 0.06 | 0.22
Lactose 2 24.2 0.15 0.09 0.24
1 0.7 1.01 3.27 | 4.28
D | - 100 '
e ony 2 0.6 0.91 3.36 | 4.27

For all formulations, dose weight was well below the target value of 1 mg. The
average amount of drug measured in the DUSA for formulations A, B and C was 23%, 28% and
16% of the nominal dose, respectively. For formulation C, the low mass of drug recovered in the
DUSA was probably due to the 23% total drug recovery as a result of blend uniformity issues.
To remove the effect of blend uniformity, the emitted dose of formulations A, B and C will be
compared in terms of the amount of drug measured in the DUSA divided by the total amount of
drug recovered in the system (DUSA + inhaler). Therefore, the average amount of drug measured
in the DUSA for formulations A, B and C was 25%, 36% and 68% of the total recovered dose,
respectively. With only drug and no carrier, approximately 23% of the 5 mg nominal dose was
recovered in the DUSA, which demonstrates the poor flowability of the drug in the Spinhaler.
Only formulations B and C improved the flow of drug particles out of the inhaler as seen by the
increased emitted doses. The emitted dose was considerably higher in formulation C. One

possible explanation is that granulated lactose (formulation C) possessed a much more porous
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The al l ergic sheep nodel was used to test the effect
of i nhal ed nontel ukast acid agai nst early asthmatic
w0 empossed (EAR), |ate asthmatic response (LAR)PG@EINGA2008/001874
ai rway hyper reactivity (AHR) response to Ascaris
chall enge in allergic sheep. The conpound was
adm nistered directly into the [ungs using the
surfacSgtianailled 1doRise (foanulatian A) ind hieveddactesst (fyrntudateom B) resulting in

sons UL, SR8 A5l S Rt g e s
cracks| a@étdamples cbhe étscmgﬂldmﬁgpqrbcla pipetestions fagnask with graaukatedéactose

allow&IOABRURELs 18 1B8 dERAIPAHE (1B ﬁﬂ%ﬁﬁ@éa@ﬂeﬁéaﬁngfe&% @rugs behind in
dose 30 m nut efc,gblff or e Asca chal I enge. To

the inhplgr; \Ihe gurfasss AL mpliadHastase Gemulaionr e SyRe Frciiie &gmulation B)

were Sﬁidolthea nfkidge s mofe (ﬁ$ﬁ3dlﬂt8fbﬂﬁﬁé deYLlob fterdP SR lafc%se In addition to the
I nha on tot | V _doses

tio sel e
surfact, Bt BF e loiase ectanios Revb e e GoRB g gontibuted
to the Rantmitetdrdaté osenled 3n GormPlatidpul es shoul d achi eve a
total inhaled dose of approximately 0.1 ng/kg and 0.3
ng/ kg, respectively. The purported dose delivered isan
Acrodpsaminpigickageaddigmbatiorexper i nent al | y det ermined fine

par tichfe I&B&&Eéno&s@%lg 1ﬁb%&&y@%i)a1%914’3) E;Jagﬁzl{@deqr!]cléglse%to determine

evel s were neasur
the aeneldénesmg dize distiibution. dhpémpamenpoyidedi wmfe mq@srrﬁmﬁmte df the fraction

of the Werb8ol hat hABIHE %o%tlgﬂetr&{cﬁ lfﬁ’éélv&ﬁér%%_lgﬂ LE t}QQ&?g ﬁ*h%dd‘éﬁfe%

partial inhibit]on not

represinied ko s RartiaR of d’fafttfi??é}e IYeRkRts 4-nkhe mwagt% Biap epmdw %QQ L/min
for 2. @s&oﬁm/akgsr@fngff@ﬂie%éﬂi@@ Hesefibéll inNES K2 <603, m&fch% QJtor plate was
coatedg\gllﬂé?l égnee gaasé Zﬁ,pgl{)pyggr{ulqu ?m%gveé\? S&Fgglprl‘éggm 0unc1ng o%fsﬁche plates
and reivpmihg tarthasir sheard. Platedsaad i7sveb ahlitesdostte et 1048 rate was greater
T R R A W
solvenKandgsspedasingdhd UVa¥is spact(opRPOmetard Thhesspivgblaporienmas quantified
by the Gl 3o ﬁrﬂ:aﬁargiﬁg frhEonTnld! il p%ﬁ[yi)é fissh3hse iuHif!)r%ity and cascade
impaction tests were carried out at controlled temperature (20-25°C) and humidity (35%RH).

The aerodynamic particle size distribution data for formulations A, B and C are
shown in Table 11. The mean fine particle fraction was 54%, 30% and 9% for formulations A, B
and C, respectively. In addition, the mean fine particle mass was 0.18 + 0.06 mg, 0.14 + 0.04 mg
and 0.02 = 0.01 mg for A, B and C, respectively. The results demonstrate that the drug disperses
to the greatest extent in formulation A and the least in formulation C. As mentioned previously,
the results can be explained by the greater interparticle interactions formed in formulation C due
to the higher surface porosity.

With only 5 mg of drug and no carrier the greatest respirable portion was achieved
with a fine particle fraction of 65% and a mean fine particle mass of 0.62 + 0.04 mg.
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properties to the unmlled |lots. The sanpl es retained

their crystalline form By SEM it was observed that
w0 b@ojosde24i | | ed drug was smaller in particle sSP@BCA2008/001874

conpared to the unm|led drug, while maintaining the

needl e-1i ke norphol ogy. Drug particle size ranged from

i i th

Tinteduceaptice gl r 0, G ofulBulols U MWL’ 0 (e
| BEdrniilhtiesl leB WBeug's edThmpet b | dr3fro fine | Fidi es | Emitted
bel ow. A sii ﬁ@r Rade COWBight GRE)| Partiéle UnMiphl@de dr UDose (mg)
and the jat m Il eg g 1 s shown |igpclidR! (9P matabhg) b:
Par lI bl S bl LT UI Uurmrr 11 U dllu j cl III 1 U DITP ZaN
Af t erA sonicatl on| f od 60| secdnds Car+i Cﬂf 0.22° 0.38
Characterilzation Three different gr adds of |1 adklgke | 0.26

2

were investtigated as carriers forl Conmdound|X, 0THe 0.56
carripers sStudi ed wege nilled | actose Fjor i nhalgatg oni .31
si eved | actose fpr inhal ation and grajul ated 1t 0se 5,
For—rhealater—FEach—earrer—wasrehergeter-zeg—ot -

geongtric ([di gneter ysing an jAero upr]{ )| ;,Z)Ap 0.19
mor phol ogyl usi ngl a_JSM5900LV_scanni ng_el e:tr@rﬁl 0.25

Mm.Cr osc e; to assgﬁa carrier flow begravior, Qo 's 0.95
i r%‘é‘% al so optained. The resurts gre sgmrqqmzed My 95

o lal by 2 A\ ok 1 P P !
IaUIC [ I(J.UIC r. IVIE(J.II partrvr T ILC arnu 1

properties of various carriers From SEM m crographs,

Investg ti ﬁlt@g%ﬁ{nﬁQQ b3 eGtgnul ated lactose had nore

|l ed or sieved | actose.
Need| eIn "llfkféteﬁmt fo bppreveblend spdamigenfipyestipation intosrhlerdide-

lumpifd M@p m%‘ b@rﬁe&\@ﬁte TWorﬂlffé‘t"eni& Fuhﬁn@ﬂbﬂhb@éjw%ohﬁﬁéed for this study:
atiaqn Al prepared [ n the sane

millinggp g g?orwﬂﬁ ﬁéweﬁlh gBIow de-THpias s 1‘%"8%‘#@4@“@1 fRdrlactose at

dlffere(nTBﬁﬂahl kizesl| Mp@an'EQfS 8) dn@rdrdbload NULBs/ wadnd3RD %W/ 3 _ﬁ{h@ processing
at a

% APl and were manufacture
condltgoeaaée%‘ﬁf’&edé rﬁl%%f 'mi glass anber bottle (50%fill
vol unme). Then, 25 ng of

Table 12: Formulations to investigate a blend de-lumping step

Ingredient D E F G
(Yow/w) (Y%ow/w) (Yow/w) (Yow/w)
)
Sieved lactose 96 96 96 90
Compound X 4 4 4 10
Batch size (g) 1 25 25 25
Shot weight (mg) 25 25 25 10
Dose (mg) | | 1 |
De-lumping method Milling Geometric Milling Milling
dilution
Final mixing time 2 6 1 1
(min)

\

Blends D (4% API), F (4% API) and G (10% API) were de-lumped using a
milling step at a scale of 1 g, 25 g and 25 g, respectively. First, sieved lactose and Compound X
were added to a 4 ml or 4 oz glass amber bottle (depending on the batch size) in order to achieve
approximately 50% fill volume. The blends were then mixed in a low shear tumbling blender
mixer for 15 minutes at 32 rpm. The blends were passed through a comill using a 0.016” flat
screen and square impeller at 29 rpm. The de-lumped blend was then blended in the mixer at 32
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bl end, equivalent to 1ng of drug, was weighed into
each capsul e (capsule size: 2LLC white opaque). The
w0 oroabszed ons are described in Table 8. Tabl e BCT/CBRI08/001874
formulations with 4% drug | oading and different
carriersBlend Uniformty To assess blend uniformty,
two capsul es fromeach blend were opened, rinsed with )
rpm fog g|dyesionaid tedgnipaigs.uEpnige 47Ufprmpiatiense 89 mgpdidilendeves weighed into

each ca_ﬁb%leslﬁlo‘{&’é?tto H@rﬁ‘éjvef OfglorarddRer sdpsdicePoRs 18968 ation, 10 mg of
hanol ,and water. The sol vent was

blend wawa*ggado In0 B CHBRIG! 1000 i . S x hundr ed
m | i | Féretugativn BYeh apo) w&@p‘reﬂ@edé@dslﬁ@a besthetfivadaesh step at a scale of

I[Liliters n was then vere
25 5. Thettiepiisan Ryl Ro e St pRe S wd G Y Eefited in a mortar
and pe@ibe‘rmn@lb%l&ax:ﬁ)lmeb Tt carernts bf/lae nastad e bmpeed inso ad oa. glass amber
h an
bottle %J\ﬁ Mn?‘ed%éﬁ%l% Sor E%ﬁg{;}% ?t ’%gr }no g'llllgr? %5 ]?&un Len %w%lght to 1 mg of
drug, w&7weighedBnnehchinafsoleni ty r esul ts for f or mul ati ons A, B

d C |
an B gss@éé’ﬂfﬂ{dulgﬁﬁé%lgzer e ﬁﬂes ﬁo §ch°m9?1fdy %'?1‘2 g@ﬁ’éd rinsed

t he anpunt of
with selyentdaf esored whing U&cb’tﬂespyctmph@@mre J'hp aeedyRmyig particle size was
also daomsheer ably higher then C. The vari abl e and Iow

recovey rmy be due to pqor blend uniformty and

segr egh#s Gl ntithise dpRERGISS Aterie AR HgTak&%\b%uIt@@s observed that

all bleﬂ‘dlst\heré uAHored; mgero Bhig ré&fveryal&OoR fBP R Rflatien b$ QhY&h may be due
behavi o ound in the

to scal{qge O&F gram O%blgléq yvia:g?)o(% qaélgwgng‘? llz”e%irllﬁ‘\g{: 1p; Ih&%arpaterlal loss

(24% cfapstilead ags &t foy tofmﬂlmg)altnbmlﬁnf\the BarhdiAe ibps®ed drug recovery. At
25 LS ) BRSO R

DUSA) at a flowrate of 100 L/mn (test descrlbed in
TAb1E €3t ﬁumnaﬁal%pgmamy%afdrﬂﬁ%u&?s mm & arrPEl>) .

The ISP _recomends g-a flow rate that creates
a pressure Mass of
. Drug Batch Addltm'nal Capsule | Compound X
Formulation load . processing .
o size (g) number in capsule
(Yow/w) steps
(mg)
1 0.87
B 4 1 -
2 0.77
v1s 1 0.49
D 4 1 Mill
e 2 0.53
Geometric 1 1.09
E 4 25 dilution 2 1.10
F 4 25 Milling L 1.08
2 1.08
G 10 25 Milling L 1.09
2 1.08

Dose uniformitv studies

Dose uniformity results are summarized in Table 14. It was observed that all
formulations were within 75 to 125% of the target shot weight. Average shot weights for the
4%w/w blends 104, 114 and 122 were 22.9 + 1.1 mg, 24.0 + 0.4 mg and 23.1 + 0.7 mg,
respectively. Shot weight was slightly lower for the 10% formulation at 85% of the target value.
This result may be due to the poorer flow properties of the higher drug load formulation. Other
studies on Compound X demonstrated that flow properties decreased as drug load increased.
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recomendati ons of Byron,
L/mn was sel ected since the Spinhaler is a | ow
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devi ce.

See M chael

WU Bk

was run

wao baowsesz4erum fl ow rate of 100 L/ min.

et al.,

Afosg%ﬂ;@g%%%@éﬁi#ﬁ for all

Wth the Spinhaler,

a flowrate of 100

Hi ndl e and Peter R
Byr on, Fédisferrentiatisiso desefwaghtrveasioatsidt e geqspiatierlimit of 75% to

s L oL DURLLORR

blendsofhe emittedisiohs was slightly digher i femudatiomdt. Qaeipewsibie explanation is that

S

€co

al | pieces of the inhaler were rinsed with sol vent

including the interior of the capsule

R.

The sanpl es

Tahle 141 Rpsequifoymity xeswigs Yondoxmulotigns PeEs F 99 &t onet er .

Based on PGB CA2008/001874

strong&eih{eYﬁd?ﬁHe ifbactirRGRSe RArmed Befdei el gxild‘&’arii&eduring trituration.
nout hpj ece adapt wer e C!;!I nsed v%iihgglo vent. To
The steppgar adhpron WeUidIGNt Mete drelp leatedng dthalen Withdhs FiEfter |

SOt wWel gt brarned py uTy (S ' —

e 9 .he lac ﬁu%%ol bnBatkht he gg\a)ﬁce. %%1[3? evi%%g@aﬂs&séompound
CEpraylaliod 0 Claad, O coe h PFACIEE Do?&ggg Al h& L0y ered (mg)
was re-wei h@dwﬁx\%a tain theSEBFi vier A8 hot DIESAhiInhaler | Total
Dose ,and shot i ght re| deemed acce@tabl e D24t hey0.38 0.62
were within 75%to|125% of the theoreiygal | vghoes (466 | 0.98
<OUL~). DOge UM TOrnrty TesuUrts T agr 1430 AUl atl S 1A,
and Mare sunmérized iln TabMillibg. H——Zéﬁés e sg?&ed t@? 0.43
formilations B an werel an target 23r! shiot i_ght0-27 0.46
however, farnulati pn A wasGapmetrichel A4.2 he| | 06r |l i 6 | 0.82
for acceptdbl e shot wei ght, diMtiomh |mayp3be att pizRutiedolse | 0.79

Ne pooT T1[OW Properties pr tne miten Iactogg8y M) 56 | 0.87
aver dge shat wéi ghts 2®asur dillingr Baad—<€ €246 :

a}@ nd.124._6 gn Y g, ncpnpti\;l?éxxpnrgg’h ?QSL 0.87
2.8 for |A bl e 10: Dosgpynifarm 8y resuPLd flor0.57 | 0.78
formul ati ons Al,BaB andé)sc For Vaftier 7 mug at i onsp260se 0.60 | 0.85
Wel ght was WelT Delow the target value ol I nmg. Ine

aver.age anount of_ drug neasured in the DUSA for

Acrodynanig paiticlsaze distabalion’ C was 23% 28% and 16% of the
nomi naherd@pimit paidieRtsizealava gdnefatddtytHé AhtiRerCeastd¥ iB¥etor is

presen{]eﬁsirsf T%{)le?g.uﬁ v&aeé‘ %%ge?\r/eec{j thlatnm%roc?ucing a blend de-lumping step, both milling and
geometric dilution, decreased the respirable portion. This result may be explained by the greater
drug/carrier interparticle interactions created as a result of milling and/or geometric dilution.
Drug dispersion was lower with geometric dilution compared to milling. As mentioned
previously, this result may be explained by the greater shear force exerted on the particles during
trituration, which caused the drug to adhere more to the carrier particles.
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as a result of blend uniformty issues. To renove the
we@bdoens260f bl end uniformty, the emtted dose BET/CA2008/001874

formulations A, B and Cwll be conpared in terns of

t he anmbunt of drug neasured in the DUSA divided by the

total anmount of drug recovered in the system (DUSA +

Tahiallécr(}‘ascﬁdermlianf@n ltehldtSaf@e rf@lgneulatrtmml) EfF @md@
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aou 1% LB 11T I Ul ULES) 7‘\,
TR | LT of| AL or AL hDEREa Hogs fine | Fine
respectivelly. Wth (OPHogessigg sigd nlpadar particle particle
approxi nat el y 23% ofstepfe 5 ddZhoni HAW/H, "@'%BQH(% mass (mg)
recovered inC# SA, whi ch denopstrates thé3poor 0.18
1quq%

flowabpility 1 drug-in tlhe1Spl nhal er| Onhy 0.10
d the fl dar

grgtgo&t chf;?quhkeJ rrpLO\:q &5 S-‘,r‘.%ﬂ\iv‘,'o ke ?%cmascdo 13

eni ttgd dodesSi®Mle lenmigfiigd dose was gonsideraBly | 009

hi gher in florlasiPstilon C. & possi bl e exbl anafion lis 0.08
t hat granul|atstgvddacit @eseméifierinul at{ on C) possegsed a 0.06
rruch re por19&§§eurfad;ﬁlt{q)har M | ﬁd I4act pSe 15 0.06

[»)

\lUl ||U| allb DT CVCU lcu..tuo., \IUT]I ALl LIL| L)}
resulfing ijn @%Yegi gerMillihgr gar1s cyl atje bpnds_zgue tlg 0.09

the entr aprerdfCtes the fine drug particlek wiBAin the 0.09
surface crdc di npl es. The stronger| i nt @ipartii cl @08
Sered

i nt er@cti ors V\Nﬁ]lﬁn?r muigat ed {@ct pse qbl owed 9
nore drugs |t daesedrlawn ouf of the| capsul z the QOS
|n Th

Mrr_Lor IQ II A fﬂml{' Hrllno halfn”“' lLf'I |or_
surfaces of mlled |actose (formulation A) and sieved

on 1I actose (formul ation B) were snoother making it nore
Conclysiglt "It for the drug to interact with |actose. In

addi t i nitvestigatios untb dweacprsoppartaresnaf offfdrhgintl 3¢ it ejfferent

gradest(ﬁ'r (fe% g II‘J/ %%ﬁ%&l\%\lﬁ %let?l%{l}t%l‘?e&ﬁﬂgt slleg{g’:d ﬁg\%}e’o Q?%g the most suitable

carrlerqu rthnnhwﬁucbnlcsas Gesnvlayeddadteseupdiced thesveadestidsug depesolization
compa}aﬁo%ﬁ% §ﬁd]s1@ﬁr31e§ég§sé mgﬁ%e&ﬁﬂ sé}ﬁéiﬁes?)«mmllkﬁ‘ factose;

devi ce used rmne the aerodynam c
howevgy, e pagy flogrprongites effhe f:q;'merpqeguteéé@ varipblg agho(c)welght Sieved lactose

was ch¥SSSHh&NRE ﬁﬁe Eirt&ié%zfsé 3k sflfo ﬁlﬂ@edﬂﬁét@&oa{ndtﬁéﬁ&r dhdBweight was

th I
achlevpi]ﬁlét %P?ﬂg ia&téﬂsgre I 3%21f0rn%tyails¥uee(s) wae;e énec hl%greg w1th aﬁl carriers. The

introduction of a blend de-lumping step improved blend uniformity, but decreased the respirable
portion.

A 4%w/w drug load formulation in sieved lactose with a milling step during blend
preparation was found to possess a combination of superior properties. The delivered shot
weight was 92% of target with an in-vitro fine particle fraction of 26% and an emitted dose of
34%.

EXAMPLE 3 - MONTELUKAST ACID AND COMPOUND X

The following formulations of montelukast acid and compound X may be

prepared in accordance with the methods described in the previous examples:
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represented by the portion of particles below plate 2.
The i npactor was operated at 100 L/mn for 2.4 seconds
wa@ewonsieny to the net hod described in USP 27 <BOWEA2008/001874
Each i npactor plate was coated with silicone grease
(316 Dow Corning) to prevent particles from bouncing
off the plates and returning to the air stream Plates
6 pnd 7 were onitted|since t ow rate was
gr phigeediehein 60 L/ mi pFufttio %JE@%?JAHC i cu..t

i ngludi ng the inhal et and capblvewaer g 4% i [ 20% whw
50 ]Y§é?65e%ﬁnﬂ§l§ﬁ‘é&?d g LU= VIS | g9 76
SPECtToOpnotoffetet— te—teSpht am e—potti-on—was

quaMomfelhé@Smmﬂhe |n WPlro flidhe partidle fractidmi2land
fi n@oﬁg{)ﬁddcke mass. Dage uni f@rmty and, cascade | 4

" s e ol 1 ]
I M ca&tt+e oot—at—egrtrerrea

t epPachsize €2)( 20- 250C) -and hyni dity (35%RH). The | 10

aer ti Ie si ze dijsfribution data for
fo 11&1%5 +—C -are ﬁ‘?uwﬁf‘—in Table—131- '.r25
me 6&118“11’@61’4&3[‘“ C racti on |Was 54% 3% and 9%f

or
fotﬁyéeaéd ps é‘ B j:C resplect ively.| {n additi %21

PN 010 fa¥al e
cmearr— e gar T < TS . LTO IBA"A AU Y I

004rTgand002 001rTgforA B and C,

Both %&ﬁﬁﬁﬁ&s‘t X&{i %n(tl EB& O a? o eﬂt?)tbe%(ﬁsth&aﬁ %1{‘36 grkfj}gloaosensitive.

ornu I on
A selectmn ofghe eapsnlefapd rqhﬂ m@km ogmpAgente fir ithim edmpingiiorofesinglation should

take 1ntt(h§‘ccf)§§t%61§tu?@£hch?grh% ?fﬁt@b‘tl@ﬁ dsR¥elf R&nd ?&;crﬁ{rlrﬁf ofa desw&argue

interparticle intetractions formed in ation
to the higher surface porosity. Wth only 5 ng of drug

angEKSAMBE}E ?E\nom@f LQJI@AS?%(%H)??NUI?@MEW%SUI\QI‘%W FURDATE
acnl e a fine particle rraction o o and a
P—@Bﬂﬁ%%ﬂqﬁ%e&&&ﬁﬂ@ﬂe Tass of 0 62 0.04 my. Tabl e 11:
- Px@&ﬂﬁﬂ?&epmaﬁt I\Mgnéﬁﬁﬂsteﬁreﬁ@ﬂ\d%iﬁb b Akdt @fé&"ec}%hr(ﬁlgﬁra(BO@ m
VESL | | | n an
s BRI b Rk BReR i aRelnterar R ok T - atts Sk pesule
- Farmutatian mrmazchtxd)at nmmetugom fapoarawacaarsietdaothe rﬁwnar and then was
ge‘ﬁ lg%&'ﬁﬁ@& ﬁﬁ ﬂJ1 dgﬁaié{éﬁgg’a %K@F?%ﬁ'a%}% t?eg Tfh?sr ternary Pblend was

g Yol1 (3]
ag@emblmf}@d h’gth/mgntchbke%tap@an & mplfcar agil elmdvntladle osmaiatng pre-blended

lactose and MgSt. The final blend was sieved through a 300 um aperture sieve before

_CU

J
C)D"’:S

4
e

transferring to an ambler glass vial for blending in a Turbula tumbling mixer (Type T2F) for
10 minutes at 32 rpm.
The formulation composition is shown in Table 16.A
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different batch sizes ( 1 g and 25 g) and drug | oads
(4% w and 109/ w). The processing conditions are

wo@uiokioseset i n Tabl e 12. Tabl e 12: Formul ati ons POT/CA2008/001874
i nvestigate a blend de-lunping step Blends D (4% API),
F (4% APlI) and G (10% API') were de-| unped using a
mlling step at a scale of 1 g, 25 g and 25 g,
reSpe%bl\éQ%YA FobahilatiSh @‘6%0&1@8& ose and Corrpound X
wer a'd'd'ed—l—o—a—ﬁ—rrl—o'r—ﬁ—oz—g't'ar

SO an T UUF[I [S]
(depenf ontthe batcﬂm\ysl ze) in order tkoraudaten
appr o F?f 50% fill The bl ends, W& ;e t hen

m XedFmeatow—strear—tumnt |11g bermder—mr=er 15

m nut ebacmseiergbﬁathl’he [Slagmgts wer e passed. 1t5nrou<Lh a
com | \iSkagR Rald6”Tlrgjocsesen ahd Sapss e 1 mel ler

at 29 TTE U= T UITPY DT iiu—was  UTIET D'IBITUBU L lj_le
Mg ngg

m xer Prkaph Acid a dLHAERII on of 1 to 24%iinutes. For
the AAMHB1ALA PRBSe 29 A of bl end was vei ghed into

each papsutre—Tmorder—to—achreve—ing—of—drug—pet

capsul Batclrsize (dJe 10% f ornul ation, 10 lof bl end was
wei gh %jt%e?gh‘?%g) capsul e. Fornulation |525( 4% APl ) was

prep UDI Ng—<a geonEt etrc—ditutton—step—at—ascate——of
25 g. {mu sig was sandwi ched between tio | ayers of
| act osg

arefully tiriturated in a nortar and
pest | u | ow shear [force. The contdgnts of the
nmor t M&@te sti@dint 9 Adl4 0z. glass gnber bottle and

mi xed JNIoﬁlefﬁs&?erFﬁ@ﬁte(s Mpjutes at 32 rgm4gthen, 25 ny

of bl gurvatrent—to—tg—ofuruy; S—Wer ghed—TTTto

each capsule. To assess blend uniformty, two capsul es
Blend Uki@g@ch bl end were opened, rinsed with soI vent and

assayed using a UV-Vis spectraqophotoneter.

aer odypasices bland pifamdtyy@e %@dé{f% §agaled rr%ﬁcwgay frppthe glass vial.

The drig8Serd Sxtfictel RASIS gARRD Pt H@ﬁ:n@é&uﬁs&éﬁﬁ@{ BEad Urﬁlfoﬁahy €r Example 1.
q bserved th bl ends .wer.e uni
owevs thasopten e o RE

6108 et GRE RETHE M SR bTh by High
Perfornvdnice mqimbeE)ndln@graphy (HPLC) employing a phenyl column with a controlled

temperature of 50°C, a mixture of water containing 0.2% trifluoroacetic acid (TFA) and
acetonitrile containing 0.2% TFA (53:47) as the mobile phase at a flow rate 2 ml/min and UV-
detection at 248nm.

The blend uniformity results are summarized in Table 16.B. The results show that
the blend was uniform with the amount of drug content within = 10% of the nominal doses.

Table 16.B. Blend Uniformity Results

Capsule # Amount Recovered (ug/Capsule)
Montelukast Acid Mometasone Furoate
ng % ng %o
1 940.4 914 386.8 93.9
2 907.0 93.0 371.6 93.5
3 953.9 93.9 389.5 95.8
Mean + RSD 933.8+2.6 92.8+14 382.6 +2.6 944 +1.4
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to scaling. One gramof blend was too small for the
comll, which resulted in high material |oss (24% of
wo b@olosmed was | ost due to mlling). |ncreasi neCT/A82008/001874

batch size inproved drug recovery. At a 25-g scal e,

both mlling and geonetric dilution inproved bl end
uniformty. Table 13: Individual capsule assay for

Dose Ywformitst i ons B, D, E, F and G Dose uniformty studies
Dose qﬁ‘ésfe%rg}"otr%nt? %9@‘) tvx%s ?Eﬁ?mﬁérﬁﬁg th @S_ﬁad?lllé:f)t&QMH by using

was observe ations

DUSA1hepraps Brveith the @@tnl@l@@ dWéIIC@ mthichag apalegous ﬁ%thamsgﬂk)%d in section
Dose tﬁﬁfoﬂnlﬂ@ férfﬁ%afﬁﬂlb ¢ nH§wé@e4; thé HI@Q’aéltzs%d\t‘@E&ﬂ}?z% tBe cohtdnt of the

respectively. Shot
drugs %kdeéﬁibe\%% th:ﬂ f?lg%@ ﬁg‘l PBV\%@? mftg‘rs ef‘ggplfO% formul ation at
85% ofDéseaintfofgiey rogaltskee suinarizaiivl Tableals. OTlbuesitls show that the

S T T VLR O ——

acid artdmbmﬁtammemlma&r téspectivelyr €hs ebtaimsd doseginiifoadity with the low resistance

Splnha{lé}@ 3 dzﬁg %ns?dekeidfa% %3‘3%@& hr?({]g‘c%m%@?? Yéﬁhfg gb/se {Oﬁmlty reported for

the manlmﬁﬁmadluwmh r@m fropr 6W%erty 10000t he DUSA was similar to
formulation B for all blends. The enmtted dose was
Table f(% bg_ft%%é [mlﬁgl%li fl&r ulft O(:B%Nal }n(aﬂ E[kagbt%mp ;R)féMbL fhometasone furoate);
expl anation 1s on
flow ratmaed dast d@uagoméqrecap@rlﬁrﬁeb Qb@td/\k ere @ﬁ@Z 8e/ogn.akieB. @ aeq-i @762.8 L/min,
T=3.8 ?r;é?rw'edﬁg Qldltytﬁﬁlhof‘ﬂ 2@& Ské gg@ery)adhem on woul d al |l ow

rugto eavet elnh w'th the carrler Table

+ o IAu

14: Dose uni fofrt St at —
and G Aerodynamg‘é Jfl cl mﬁ‘@“&ht ri bu{iﬁ ter"' Total
vnamc part$apsule; 4 gat iltey, o Recovered

CaPSAlﬁderlédWeéqbcwal Vb MONr g‘ﬂ&MedMQN,T aM@M; | MON, | MOM,
#  was |dHedymad phat | pgrodugigng d Mg end M- | uhpEng smEp, | Mg

bot i mhh khng andi@PERLY il G18iohYtiggny dﬁﬁf@ﬁF%‘%.éﬁ“e 983.22 | 408.74

I"'cS IIaUIC 1T Ol T ST esurt 1ay Al TTEU 1)

the |qr eat er HII% Al 63.87 | 4B &A a8 16 el Qnilel £6t1000Q79.15 | 407.23

createdsas a g 1197 061 I1bi B9 |agslher| SEOFRT 1496 | 937.91 | 394.15

citution:
473.48 | 189.44 | 12549 | 62.46 | 350.55 | 144.84 | 949.52 | 396.73

3 2332 | 465.70 { 17994 | 112.15 | 59.03 | 374.21 | 158.07 | 952.06 | 397.04

463.98 | 178.36 | 113.39 | 59.40 | 371.63 | 157.01 | 949.00 | 394.77

Mean 465.53 | 177.83 | 218.31 | 103.36 | 274.64 | 118.59 | 958.48 | 399.78

SD 4.9 104 | 1551 | 66.0 | 1343 | 505 | 18.3 6.5
*46.6 | 44.5 493 | 555
*$48.6 | 44.5 514 | 555

* DU based on nominal dose, %; ** DU based on total recovered, %

Aerodynamic Particle Size Distribution.

Aerodynamic size distribution was performed according to USP Chapter <601> by
using ACI Apparatus 3 with the Spinhaler® device analogous to that described in section
Aerodynamic Particle Size Distribution for Example 1. However, the HPLC was used to analyze
the content of the drugs as described in the Blend Uniformity in this example. The aerodynamic
particle size distribution results are shown in Table 16.D, 16.D.A and 16.D.B.

Table 16.D.A and 16.D.B show that the Spinhaler® gave a FPF of 29% with a
mean mass median aerodynamic diameter (MMAD) of 4.5 um for montelukast acid and a FPF of
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Drug dispersion was |lower with geonetric dilution
conpared to mlling. As nentioned previously, this
wo e@alos2eemy be expl ai ned by the greater shear POF/C82008/001874
exerted on the particles during trituration, which
caused the drug to adhere nore to the carrier
particles. Tabl e 15: Cascade inpaction results for
formulations D, E, F and G Concl usion An investigation
22% afid¥ DIMAD AeLasfr niwidtaonrangeatef THewhmnetdF DX with fthe low resistance

) ifferent grades qf |actose at 49 r [ :
Spinhaff Rl arcke P g a PR ebutb el @O s8R Bipiy soported for
the matkat pr@tucoivhicheartges Eomc2(¥h ¢@30%G anul at ed | act ose
produced t he weakest drug aerosolization conpared to
mlled and sieved | actose. Drug dispersion was the
Table ieBt- ACkReadidg ed | act ose; however, the_poor flow
properties of the carrier resulted in|vBevisotrdapisule
weilght. TSj.eved |l act osg was [chosgn singe the f|ne
panticle ‘Wass was simjlar tjo mlled | actose apnd better
shot wei|dhiw wag Ihofatiened wijt h sileved I%piose. g:feend Delivere
Capsuld] f OF M t%ah%ﬂ%‘?t red encqgunt erled wi P4 cartf®Ers.| g Shot
P € REpt rjoduct?an of “a |p2nd BBe- | |PAIPRY didchpr i nPischiax

# bl end unifloyn t\2406dt |decr eased it he resglgi rgbl 2o Weight,
portion. lﬁeﬁ%\//vgegrug | oad {f ormul at i or ﬁ’ ieugod’g mg
| agtose W thalmlling step durijng bl end preparation

was foundt o possess a conbinatilon of {superiof
propertiles. The delivered shot wei ght [was 92%

of
o9kt 180 Lol b bl R RO 4R 198" 22.00
ACID AND COMPOUND X The fol |l owi ng forrulations of
y mont elokast, gcild and compaunds § Madd PLEPA" Pdaso | 22.00

(AvA© £=) LI PACA [n & B I BN S B | o3 DT CVT UUS

exanpkes|: Bot h nont el ukiast aci d and Conpound X| are

K shc \évgio%o b&g})i it %2 sleggbtni ﬁ'éanq)/p}hct p@%i im%;szﬁ 19.50

cdpSH-e—anta—the—PacKage—Cconponents

for this conmbination fornmul ati on shoul d
Table 16.D.A - ACI Results for Montelukast Acid (MON)

Total
Ni
Capsule | " ON™ | MONin | MON | FPD, | FPF, | MMAD,
inhaler, o s GSD
# ACI, pg* | recovered, | ng Yo pm
g
3 ng
| 450 513 962 145.7 | 284 4.5 1.4
J 524 397 921 118.7 | 29.9 4.4 1.4
K 512 441 953 126.1 | 28.6 4.6 2.1
Mean 495 450 945 130.2 | 29.0 4.5 1.6

*: Including mouthpiece adapter
**: Aerodynamic cutoff diameter is based on a volumetric airflow rate of 28.3 L/min
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take into account noisture and |light protection, as

well as the addition of a desiccant. EXAMPLE 4
wWORINIBSIAST ACI D AND MOMETASONE FURCATE Pr epar@r/Camosno1874

DPI Forrmul ati on Pre-blend Preparation: Magnesium

stearate (MySt) was first sieved through a 300 nm

aperture sieve and then blended with | actose for

Table 160D3H 2ACPRebultsFoMMlohREashd Purpss (MOMJFor mul at i on
Preparati on: nonetasone furoate was transferred to the

nortar Tand then[was gent|y &I erided w thithe

pr e- bl eng,FaMl%ct ose and MyS ot h|a pestle. This
CapsaeY, end wasyepMiin bl evided wi| tFPDphFRFuKk MEVIALY |d
inthe nﬁnhdcr,andAﬁ;E)en Mth the emaini Ngopre- hlamdedGSD
| act ose an:ii1 MySt . AT i nAFCBFERY |wa s{ eved|through a
300 mmjape tgure si eve betorepgransferring tolan anbller
gl ass Vi al r blengj-ng in a r bul u i7ng nxer
(Type-T2F) 1%%, LO—HA r?gte‘ at402 r".|?3'?I|;TQ?i)7? Iurg?i or L4
conposi|ti or06 s showtB% n Tabl 3516. ABfE&d | BRilf or ntidy To 1.4
assess |bl engk uni|forigty, | theyhl end wag sagj ed 39 1.5
rantorty—ffem-the—gfrass—yiat—ThedrugsTwererextractied
aMidangdus 189 t hat dcri bed 4@ sedt#6A Bl2dd| 4.0 1.4
Uniformty for Exanple 1. However, the content of

TR Rl Ao hthplecdl addpiermonet asone furoate were anal yzed
5 *hyAl'éﬂog_ nfxﬁi%fc%m&ﬁeﬂet BUiated BN LURLAGH RN oHRLDS 28.3 L/min
e

npl oyfng a phenyl columm with a controll ed
tenperature of 500C m xture of water

NG GhPbPNTLRS
0. 2% t r iIENANPEEEMN BEL UKAPEA CHA AN SAGREP PN
PreparZ @St & PPN AruBtoh FA (53:47) as the nobile phase at a
fTowrate 2 mi/mn and UVdetection at1 2483m '{Ee bhecpd E 1
uni f orFhecprpdation waspraPaEdis MARAFT PRAIGERISLC fhit gescyfgd 1n Example
10 4, excd sinictasoRONrbdtaivat Repldvke ndthwadesonideandtivi éxeirfidres were adjusted
accordgﬁ)g Ellhe %fnafjfo%%ufa%&tl ((e:(r)]rtnpg\gittiohr{ i3 shc}v%/%no'fabtlg £7.A0M N al

Table 17.A — Formulation Composition

. Formulation

Ingredient Function N
Yo wiw

Lactose for inhalation | Carrier 95.11
Magnesium Stearate Force Control Agent | 0.25
Montelukast Acid API 4
Ciclesonide API 0.64
Batch size (g) - 1
Shot weight (mg) - 25
Capsule size - 2
Dose (mg)
- Montelukast Acid API 1
- Ciclesonide API 0.160

15 Blend Uniformity
The blend uniformity was assessed in a manner analogous to that described in the
Blend Uniformity section in Example 4, except the content of montelukast acid and ciclesonide
were analyzed by High Performance Liquid Chromatography (HPLC) employing a phenyl
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Table 16.B. Blend Uniformty ResultsDose Uniformty
Dose Uniformty (DU) was perfornmed according to USP
WE@pH£2624601> by usi ng DUSA Apparatus B w t h PEECA2008/001874
Spi nhal er(r) device which is anal ogous to that
described in section Dose Uniformty for Exanple 1.
However, the HPLC was used to anal yze the content of
colurrmrveitfda cgsrodisd desperathecd(i56°C, remBiten of Waict oor[thilnylgi ("2%hiifuoroacetic

i LT N 1 EN A5 AL L6 s -
detectipmaé 248nfse uni f or m of 49 3% and 55. 5% based on t he

n 0 m nahdeRRd {RiforRRL B KS ARt suthsliRBGh TRHEY ‘?%3 MPhe results show that
roate, respectively. The obtai ned dose uniformt

$ Y
the bl%dt‘ﬁast‘ﬁ’éfo%\h?’l?}é@? STRHBIO TS FRALGY prithingsy Péeoighgnominal doses.
COI’]SI dered acceptabl e and conparable to the dose

i for the marked product which
Sémﬁ'mr@%ﬁ“&?}n&@%ﬁu{%bl e 16. Cp- Dose Unifornmity

Results (MON = nontel ukast acid; MOM = nonet asone

at e [ ow fate d test duyrati forr capsules 1,
2 s 1)é‘re Gé oip{Repoves 24 %ﬁ%‘—%:@%s L/ i n,

T=3. 8 sec; amﬂm@iﬁﬁas'ﬁAlcidn n, Ti3eWnklec, respectively)
DU based on nom na| dgse, |[% ** qu based|on t ot al
rlecovered—% At odynarfit-c—Rartifelel- Si#bDil st ri but i on.
Aer odylnani c| s943e3 d| st%idut i da0Bas| péBf3or red accordi ng
o USR, Chap 3&8?0949% usi qg{6%CI A@Ba]’zft us 3 with the

Jpt Ahad Cr]\_'f devHt-ee—afal 6goHS to—that—degcri bed in

secti dn Aer od@&?ain c P& i ¢l d5%i6ze| D93tSri buti on for
E almé%il. Hﬁg@é §§1§ H’Llcgl S us&,)d%%o anal yze the
t he"'dru i i’

dontent of ugs ‘as dG‘SCI‘I ed e|Bl end

Uni fRSBty lin 324is| exhpl ¢. B¥e aer di¢nami c particle
size distribution results are shown in Table 16. D,
16. D. A and 16.D.B. Table 16.D. A and 16. D. B show t hat

Dose Unidorgptyhhal er (r) gave a FPF of 29%wi th a

Dose Uniformity was performed according to USP Chapter <601> by using

—

~—+

DUSA Apparatus B with the Spinhaler® device and in a manner analogous to that described in
section Dose Uniformity in Example 4, except the HPLC was used to analyze the content of the
drugs as described in the Blend Uniformity in this example.

Dose uniformity results are summarized in Table 17.C. The results show that the
Spinhaler® gave a dose uniformity of 47.8% and 61.7% based on the nominal dose for
montelukast acid and ciclesonide, respectively. The obtained dose uniformity with the low
resistance Spinhaler® device is considered acceptable and comparable to the dose uniformity
reported for the marked product which ranges from 60% to 100%.
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mean mass nedi an aerodynam c di aneter (MMAD) of 4.5 mm
for nontel ukast acid and a FPF of 22% and a MMAD 4.0 nmm
wo eonseset asone furoate. The obtai ned FPF wi t hPeTi€eAR®S/001874
resi stance Spinhal er(r) device are consi dered
accept abl e and conparable to the dose uniformty
reported for the marked product which ranges from 20%
Table 1 CID64e TaiidrenityoR &ukts (MADY =ResutehukastacidyHCet wlcdasonide); flow rate
Wobe : [yU 6hi ' oo O= in. T=
and el e O O B B P 540 S5 Qet ] i T4
sec.; angj Qfﬁ%%wrmneTaﬂ-Ozssqaremﬁlﬁqlab| e 16.D.B - ACl Results
for Mnetasone Furoate (MOM *: Includi ng nout hpi ece
adapter ** ' '

T PRI ¢ QL Tl AET g L R DESET 0N Py
vol unetri cTalAtdeI Q%LaL(apoLc%. 3 k/ min %E S . Recovered
MERS 611 g

NONTFEL LKA I D _Drlanay A ~f
AN Ol - i L

Capst kA LSHOR TG, T G rlon. | crc,
g

le# ana t#e t hat Melescy MBed i|M8Exanit®e 4 | Bcep g
A mneb@sone {0y @Al esyas | napliaged3wnt hyyi esynyde gands | 151.27
tne excrprients wWere accor al the T1
£ dr il ot O Sekpbss 1-0hh e 8 hod d TS 1353 | APRge | 151.32
B Uni foomty Fneob] epglosniBorsyi|t ¥5Was RFsEsses6.0N| 810.20 | 152.12
I i F i B
Ll or st o SBOTh b8t E2hpd 5560 el 0% 1,3 € B 908634 15046
C mont g3 skast450c43| aseloTi abeseni de.49er324a5%) yaead by7H4gh 161.99
gﬁ;LSfﬁP?ﬁ#ﬂﬁj b .Qiﬂ?&.ﬁ?%g;ﬁ& o S L3889 | 162.60

mi|¥leare of A4t Rr | serpsall n7mag4 0. 2944 r|i F03008r pASSBi € 92838 | 154.96
and |lacetonjtriJelc ailni g. 2% TFA (40: 60 t
éij%lgmppat 9%3521 n& aﬂ.dg?,!de.t e{c]?i n%ﬁ?:l 24 8Hm Théﬁg 2.7
bl end uni florgd 5y| resul ts are sunmmarfi Z8R i h dabl e 17. B.
The resul tis w t t he bl end was iJor th the

anmount of dﬂir '4’3'%0 nyf’g'&t wi-t-hi-n—10%lof tf{:e wn I

o

Ses.
* DU based on nominal dose, %; ** DU based on total recovered, %

Aerodynamic Particle Size Distribution.
Aerodynamic size distribution was performed according to USP Chapter <601> by
10 using ACI Apparatus 3 with the Spinhaler® device in a manner analogous to that described in
section Aerodynamic Particle Size Distribution in Example 4. The content of the drugs were
analyzed as described in the Blend Uniformity in this example. The aerodynamic particle size
distribution results are shown in Tables 17.D, 17.D.A, 17.D.B.
Tables 17.D.A and 17.D.B show that the Spinhaler® gave a FPF of 38% with a
15 mean mass median aerodynamic diameter (MMAD) of 3.9 um for montelukast acid and a FPF of
31% and a MMAD 3.7 pum for ciclesonide. The obtained FPF with the low resistance Spinhaler®
device are considered acceptable and comparable to the dose uniformity reported for the marked
product which ranges from 20% to 30%.
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Table 17.B. Blend Uniformty Results Dose Uniformty
Dose Uniformty was perfornmed according to USP Chapter
WEe®H5394 usi ng DUSA Apparatus B with the Spi nkel/€Atao$/001874

device and in a manner anal ogous to that described in
section Dose Uniformty in Exanple 4,

was used to anal yze the content of the drugs as
Table 1dd3 e Al ®atadingt he Bl end Uniformity in this exanple.

except the HPLC

Dose uniformty results are sunmari zed DevidablGapiuleC,
Thie Tesults, shoiw that [the $pinhdler(r) gave al dose
uni formty ¥ ay %@nd 61/7% bgsed on the nopi nal
dose for | mfloivel bkast z;ci d and cicl esonl de Delivere
Ca su‘reespectl el Yig T némo‘bf i ned [dose [uni f o P elorei 1 nAftse d Shot
PSWow Regi st &fite Spte@hal ephr) ®avi|qe/P3 | Clidiadel Bikchar |
# accept abl bydlwav ¢ gm 1b| e fo the dose|uniforn t%%’ Weight,
repor t ed| ‘ﬁfte{.h ed product |which r &ftes [ rfity 80% mg
to] 100% Ta 1. gedj)ose Uni|f ormjty Respul ts (MON =
mont el ukast Qacif: CICl= ciclesonide); [flowrate and
E tepL sgyy atisqm for 4‘@p‘5®,96§ A7 ® [apdsC a1r4637@6591$.3§62_ 22.36
LA, T+4.0 se (i I tmn o [T=4_1[Sec 59,
F ) pidsUria sa-Rat 4lepad | ol6s |« 045 hdei80dn An| ARAP¥H| 2166
G dose,ss% | **5oRU baged ot 7.0 dcovsr edis hohel ogynegn c21.91
Particie Srze DIstTIbution. —Aerodynam ¢ Size
tri S ng to USP Chapter
Table 126%‘13 %& ?uﬁtm@%ﬁ 2\% Jg@%@&@%ﬂ)h the Spinhaler(r)
—d@w—e@—'—n—a—ﬁann r—anal-ogous—t-o—that—descri-bed+n
section Aeroqmdynam c Parti|cl @otakze [Di strilbution in
a H ¢ . off t ugs re I S
%&% bedinhfiekhe %ﬁ@ﬁtd‘“uﬁi f@iﬂﬁy iﬁpﬁhi xa?%ﬁg‘.‘ﬁfrh@@
aeridbdynam c part [ AI(H gg’m iteoveredyut | pg redal ts pamE
shown ih Taf es (17. D, ID.A, . 17.D.B. Tables|17.D. A
antd—17+P-B—show that thc Sptiftater(+)—gave—aFPFof
38%with a
E 413 468 882 190.6 | 40.7 4.0 1.5
F 431 472 904 179.0 | 37.9 3.8 2.0
G 530 459 990 161.8 | 35.2 3.9 1.5
Mean 458 467 925 177.1 | 37.9 3.9 1.7

*: Including mouthpiece adapter
**: Aerodynamic cutoff diameter is based on a volumetric airflow rate of 28.3 L/min
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7. Use of nontel ukast acid and a second active agent
selected froma PDE-4 inhibitor and an inhal ed
w@orwiswes eroi d for the manufacture of nedi cane@t/CAN08/001874

the treatnment of respiratory disorder. 8. Use of Caim

7 wherein said second active agent is Conmpound X. 9.

Use of Claim?7 wherein said second active agent is
WHARSwELAdWHD firoate. 10. Use of O aim 7 wherein said

second active agent is ciclesonide. 11. A nethod for

the treatnment of .respiratory disorder cqnprising the ,

si mul t hneoud medicinalmrensration cg@@gﬁlagén%mhﬂfﬂsgﬁ%@m%swnd active

agent delddfddatdran PDE-2 iigldbit@Hndiaf inte®d dogiosRioid as a combined preparation

effecti ve .anpunt .of nt el ukast acid

. therapeuti cal l .

for siniylGh SRS et pESepRG et R R BRbT o cecond

active agent selected froma PDE-4 inhibitor and an

i nhal cori cos [ 2. h f m 11 .

wherei s s A PR ol 1 OnTEM B o Rk by is Gompound
X havimgttheodroflaCl ai m 11 wherein sai d second active agent is

nonet asone furoate. 14. QA m& hod @f Claim 11 wherein

said second active agent] i [ cl/éni de. 15. A nethod

of C aim 11 wher ej ' Spigatory disorder is

asthma. 16. A dry|po ilnhalkr which contains the

medi ci nal prepar at\ﬂ i\h aiml. 17. A netered dose
i nhal er which contai ns tthe nedicinal preparation of

d

Caiml.
N\
/ N +__O_
—

3. A preparation of Claim 1 wherein said second active agent is mometasone
furoate.

4, A preparation of Claim 1 adapted for use in a dry powder inhaler or a
metered dose inhaler.

5. A preparation of Claim 2 adapted for use in a dry powder inhaler or a
metered dose inhaler.

6. A preparation of Claim 3 adapted for use in a dry powder inhaler or a
metered dose inhaler.

7. Use of montelukast acid and a second active agent selected from a PDE-4

inhibitor and an inhaled corticosteroid for the manufacture of medicament for the treatment of
respiratory disorder.

8. Use of Claim 7 wherein said second active agent is Compound X.
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9.

10.

11.

PCT/CA2008/001874

Use of Claim 7 wherein said second active agent is mometasone furoate.

Use of Claim 7 wherein said second active agent is ciclesonide.

A method for the treatment of respiratory disorder comprising the

simultaneous, sequential or separate administration by inhalation to a patient in need thereof a

therapeutically effective amount of montelukast acid and a therapeutically effective amount of a

second active agent selected from a PDE-4 inhibitor and an inhaled corticosteroid.

12.

13.
furoate.

14.

15.

16.
1.

17.
1.

A method of Claim 11 wherein said second active agent is Compound X.

A method of Claim 11 wherein said second active agent is mometasone

A method of Claim 11 wherein said second active agent is ciclesonide.
A method of Claim 11 wherein said respiratory disorder is asthma.

A dry powder inhaler which contains the medicinal preparation of Claim

A metered dose inhaler which contains the medicinal preparation of Claim
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