RASAG LI NE FORMULATI ONS OF | MPROVED CONTENT UNI FORM TY 5 Thr oughout this
application various publications, published patent applications, and
publ i shed patents are referenced. The disclosures of these publications in
their entireties are hereby incorporated by reference into this
application in order to nore fully ddscribe the state of the art to 10
which this invention pertains. Field of the Invention The present invention
concerns fornul ations of the enantiomer R(+)-N-propargyl-I-am noi ndan
(referred to 15 hereinafter as R(+) PAl or rasagiline) which is a

sel ective irrevcRASARIGINENFRRMELATIONSHAF FEMBRAVED CONBERR ANFEORMETAN ne

oxi dase used, for exanple, for the treatnent of Parkinson's disease. The

enzyne nongam e oxid r m
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Number 5, 532, 4@$eGFséPB%%%?quFF4NﬁnﬁrBB%}kﬁheq PAYEREF ndER, TFIX HCEFar at i on,
and various [rnar rm@embsﬁﬁéd yoﬂCf)l&FHeahilﬂ)lSLa:latSOﬁdﬂeiﬂof:heihlézﬁﬁ.rﬁttaées 25
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ot her condit whish BRidWidventéebnppevicdasl-y i dentified as a problemfor
R(+) PAI, a drug substance may be -conposed of particles which are an

Field of the Invention
The preseht invention concerns formulations of the
enantiomer R({+)—N-propargyl-l-aminoindan {(referred to
15 hereinafter as R(+) PAI or rasagililine) which 1s a selective
irreversible inhibitor of the B—form of the enzyme monoamine
oxidase used, for example, for the treatment of Parkinson’s
disease. The enzyme moncamine oxidase is referred to herein
as MAO and the B-form thersof as MAO-B.
20
Background of the Invention
- United States Patent Number 5,532,415 discloses R(+)-N-
propargyl-l-aminoindan, its preparation, and various
pharmaceutically acceptable salts thereof. United States
25 Patent Number 6,126,968 discloses - pharmaceutical
compositions comprising R(+)JPAI. R(+)PAI and salts thereof
have been shown to be selective inhibitors of MAO-B, useful
in treating Parkinson's disease and wvarious other
conditions.
30

While not previously identified as a problem for R{+)PAIL, a

- drug substance may be composed of particles which are an
impediment, e.g. due to size and shape, to a homogeneous

35 distribution of the drug substance in & tablet blend. If
such a drug substance, without further processing, were used

in tablet manufacture, the tablets so produced would lack




i npedi nent, e.g. due to size and shape, to a honogeneous 35 distribution of
the drug substance in a tablet blend. If such a drug substance, w thout
further processing, were used in tablet nmanufacture, the tablets so
produced would lack - 2 content uniformty and not possess acceptabl e drug
content (e.g., U S Patent No. 5,622,720). Poor content uniformty has
been shown to cause a marked decrease i_n, bioavailability. Poor content
uniformty can also cause 5 toxicity, % t he amount of drug substance is
too high. Duechatdéde iciaased awnar eaeslsmfesm cavaptabid i dyucandrsahet y,

conpendi al author|t| %sug &5 the gn%£§ at%%ogpcogggﬁgaggﬂg§h§t§USP)
t

have |nplenent8d a’ nul age conten formty test, which includes
1) assayi ng t&astatsa’s t §PCOWRsurt® th’é‘f‘ustehe F‘el a]f“i“s"}??dst aRBgreRtfevi aEi on
(RSD) of acti yecaediltnitlity. | ezt hamtente qual fdrmiBy0%andahec vakuesi s

outsi de 85511520, and, Z)Ifa%éya&gmw@@tar@rsﬁbgegﬁ@é sid @ooCRSgH € that the

RSD f or al? thirty tablets s less than or 15 equal to 7.8% no nore than
one value is outside 85-115% and no value is outside 75-125% of stated
content. 20 2Be 3fb 3We3 inGmemdy afardnesinveht iwiravaijekbkidahcendi th t he
invention it Bas.PeencsHpHdiinGutnok-obngk t Baéh caet alhe pafitteal estaitze
dIStrlbUtlonSP ggg%é%poela {USP) have implemented a multi-stage content
10 uniformity test, which includes 1) assaying ten tablets to
ensure that the relative standard deviation (RSD) of active
content is less than or egqual to 6.0% and no value is
i outside 85-115%; and 2) assaying twenty more tablets to
ensure that the RSD for all thirty tablets is less than or
15 equal to 7.8%, no more than one value is outside 85-115% and -

no value is outside 75-125% of stated coritent.
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beneficial effect on the content uniformty of solid 5 pharnmaceuti cal
conpositions of R(+)PAI. MIling, as well as other nethods, can be used to
alter the particle size distribution (hereinafter "PSD') of R(+)PAl in
order to provide greater uniformty of content of the drug product. 10 The
obj ect of the present invention is to provide content wuniformty of drug
products conprising R(+)PAl,. conprising smlling R(+) particles to reduce
particle size. The subject invention provides a mxture of particles of a
15 phar naceut sgatdzy accepeabdwensdbh of R(+)- N propargyl -1 - am noi ndan,

wherei n nore &QaQ a9 f@éHqéiyat%Q%%! Q%QQH£1&W 1U0$é§m%égn surprisingly
R(+) N- pr opar gyl - “F-3mnoi n

articles hav& A48 %goosf I%% tQan 250
m crons. 20 TReWhbjtEEF i ATETRiTonPAFSH 15 oFitd8s HProcess preparing  a
conposi ti on whiesdticdnrpr i séfecedusi nghehecpakeritcl émsif?@mdiy &’f id
phar mfeutscabh%{nﬁ&%%ﬁl t ahh ecsbds i@ offk +<)f I\kpmmr guiiirngafmamomﬂianaso a
particle size o ess n 250 m.cron 3 5 |pt|on
of the Draw ngk ﬁgﬂlﬁgg g%l’epicéfls %ﬁ Tes %ttegf p%rrn%l E)FEH e (?rgg%n | 1ing.
The ni cr ogr apBiswsigntépar eatee@laaﬁﬁmf AP0 | °§uspdé“r)|§f‘*6n Inder49keh®at 80X
magni fi cati onﬁrévﬁeglgrrgazeﬂamﬁo&mlﬂty)mlcomsyt at®e tpar tired gsccafucér mi | i ng.

The m crograph was prepared as a paraffin oil suspension and
10 The object of the present invention is to provide content
uniformity of drug products comprising R(+)PAIL, comprising
milling R(+) particles to reduce particle size.

The subject invention provides a mixture of particles of a
15 pharmaceutically acceptable salt of R{+)-N-propargyl-1-
saminoindan, wherein more than 90% of the total amount by
volume of R(+)-N-propargyl-l-aminoindan salt particlies have

a size of less than 250 microns.

20 The subject invention also provides a process for preparing
a composition which comprises reducing the particle size of
a pharmaceutically acceptable salt of R (+)-N-propargyl-1-

aminoindan to a particle size of less than 250 microns.
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taken at 80X magnification. 10 15 20 25 30 35 - 5 - Detailed
Description of the Invention The subject invention provides a m xture of
particles of a pharmaceutically acceptable salt of R(+)-Npropargyl-I-
anmi noi ndan, wherein nore than 90% of the total amount by 5 vol ume of

R(+)-N-propargyl -l1-amno indan salt particles have a size of less than 250
mcrons. In a further enbodi nent, nore_than 90% of the total anount by
vol une of the R(+)-N propargyl-I " aninoi ndan salt 10 particles have a size

of less than Bﬁ:ﬁéﬂ‘ﬁwsaﬂsptidh @z whe herawdmigedi ment, nore than 90% of the
total amount ol,ung, P‘R}‘:téhﬁ ﬁ(p‘fa)x N_BY, OPas Gyrhi aBk Neépstan real tn

particles have &y ze o] ess mcrons. . 5 Inla fure'tngtal%nen%;?di nment ,
nmore than 90%¢ RifEcgseRR %Mfﬁpaﬁ?ﬂ\?ﬁl GnRBapF i 011 susp

R(+) - N- pr opar gykei -aamignRri makan fdabtioparti cl es have a size of |less than 220
m crons. In a further enbodi nent, nore than 90% of the total anmount by

vol ume of the R(+)- N-propar yI-I- noi ndan sal_t rtlc & size of
| ess than 210F oS, 95 f@r”hgﬁ:‘n} %aﬁgnparﬁ%‘gg?han Og}’q\ﬁlgﬁe t ot al

anount The micrograph was prepared as a paraff:.n oil suspension and
faken at 80X magnification,
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25 by volunme of the R(+)-N propargyl-I-am noindan salt particles have a
size of less than 200 mcrons. In a further enbodinent, at |east 90% of the
total amount by volune of the R(+)-N propargyl-I-am noindan salt particles
30 have a size of greater than 6 mcrons. In a further enbodinent, the
pharmaceutically acceptable salt is tartrate, esylate, nesylate, or
sulfate salt. 35 In a further enbodi nent 5 the pharnaceutically acceptable -
6 - salt is nesylate salt. The subject invention also provides a solid
conposi tion oetpilsd e samiphbemtofofth®( Evetdeopar gyl - | - ani noi ndan salt 5
particles a”dmﬂ cCaLkS &t ln‘%eﬁtiélﬁt herovaabedi rmiﬁtuxtehe;fsghteh@.@gpasl &i on
conprises a therapeutical eff ect am)uilﬂ of thl? EJ[:&%%J Jea&tl cles
and a phar mac ®GEFEAFTYF éét aﬁ?‘ée% Per 5310 1% a ‘thhe odi nent, the
m xture of paratnunbmdeand whereivamorer thonsPfurd &hgr difiedt EMOPAT 2B yr t her

embodi nment 5 t he16Q0PESI ﬁt-@n—l\iﬂﬁrbﬁaﬁcﬁ}ﬂ—d -gasagtndakb shatnpatti dldsuhther

enbodi nent, the conmpo, |t| an, |2{}]005n§| ‘9’8 age form 20 In a further

embodi ment , t Re S6Fal SHosE§e Tt m1s "5 t In a further enbodi nent,
the relative standard devi ati on (RSD) of R( +) N- propar gyl -1 -am noi ndan sal t
cont ent anong 1nt he rsethér dasagarbat nemes: [wes t99ano4%he total amount

by wvolume of the R (+) -N-propargyl-l-aminoindan salt

10 particles have a size of less than 240 microns.

In a further embodiment, more than 9%90% of the total amount
by volume of the R(+) -N-propargyl-l-aminocindan salt
particles have a size of less than 230 microns.

15
Tn a further embodiment, more than 90% of the total amount

by  volume of the R (+) -N-propargyl-l-aminoindan salt
particles have a size of less than 220 microns.

20 In a further embodiment, more than 90% of the total amount
by volume of the R (+) -N-propargyl-l-aminoindan salt

particles have a size of less than 210 microns.

In a further embodiment, more than 90% of the total amount
25 by volume of the _R(+)—N—propargylul-aminoindan salt
particles have a size of less than 200 microns.

In a further embodiment, at least 90% of the total amount by
volume of the R(+)-N-propargyl-l-aminoindan salt particles

30 have a size of greater than 6 microns.

In a further embodiment, the pharmaceutically acceptakle
salt is tartrate, esylate, mesylate, or sulfate salt.

35 In a further embodiment, the pharmaceutically acceptable




25 In a further enbodinent, the relative standard deviation (RSD) of

R(+)-N-propargyl -1 -am no indan salt content is less than 3% 30 In a
further enbodiment, the relative standard deviation (RSD) of

R(+) - N-propargyl -1 -am noi ndan salt content is less than 2% In a further
enbodi nent, the content uniformty is between 35 95% and 105% -~- The

subj ect invention also provides a nethodgof- treating a subject afflicted
wi th Parkinson's di sease conprising admnistering to the subject any of

t he above conpagitt iensesylmtEheakubj ect invention al so provi des a process
for preparing a conposition which conprises reducing the particle size of
a pharmaceutically acceptaple salt of R(+ -N-.%ropar gﬁéii& agi nc())s,i,:.L q%% to a
particle size 0f | ¥8aFranDEFHRr MSC FFIRUESt (it t RAF enbo s fient "t he
particle size dogplréssng ham 200untri @f ohs:) MrpacpardHer —aRborindsst Salie
reduci ng skep [LOWRPELESSandl eapFddiuti on of the particles of the
pharmaceutically acceptable salt of R(+)-N-propargyl-I-amnoindan. In a
further enbodi ment, the process, further conprises adm xing the particles
of R(+)- N propa@r ¢yITUrtasy nerpRFeRitt htheosal tdr ISt 51 Por PP greatufat e. I n
a further enbadicreptutidha bl efteatiivkoanbiyt off tthe mixture of particles

and a pharmaceutically acceptable carrier.

10
In a further embodiment, the mixture of particles and the
carrier constitute a granulate.
In a further embodiment, the compositicn is in solid dosage
15 form.

In a further embodiment, the composition is in oral dosage

form.
20 In a further embodiment, the oral dosage form is a tablet.

In a further embodiment, the relative standard deviaticen
(RSD} of R{+)—N—pfopargyl—l—amincindan salt content among
the solid dosage forms ig less than 4%.

25
in a further embodiment, the relative standard deviation
(RSD) of R(+)-N-propargyl-l-aminoindan salt content is less

than 3%.

30 In a further embodiment, the relative standard deviation
(RSD) of R(+)-N-propargyl-l-aminoindan salt content is less
than 2%.

In a further embodiment, the content uniformity is between
35 95% and 105%.




granul ate i s between 90% and 110% and the rel ative standard deviation
(RSD) of the blend uniformty is less than 2% 25 In a further enbodi nent,
the blend uniformty is between 95% and 105% and the rel ative standard
deviation of the blend wuniformty is less than 2% 30 In a further

enbodi ment, the process further conprises conpressing the granulate
conprising particles of a pharnmaceuticahly acceptable salt of
R(+)-N-propargyl -1- am noindan having a particle size of |ess than 250
mcrons into a solid dosage form 35 - 8 1In a further enbodi nent, the
solid dosage f@EeMgi;B84dct abhRintiohNadsd UstdhiadesMBOGEAREE , of herdutaegss for

preparing a solid co jfi.on co i ses: Subj i a .Of
particles of asu&)ﬁﬁg? marrgg% 3|“Cct<'§1elrclil y wécéep?%ﬁfgnsg%l tSS ofﬁé%'é?sgl\l- cglﬁg.ﬁ@ﬁg

propar gyl - | - amdpéhhdegring onfihRIPIACt Bradf kg de FreRnettivhsstep a),
with a carpier to 10 forma granulate; c) determning the blend uniformty

of the granul ; 1). I / e, l e P from
the granul at g’%gnisvg??c?hlegv%ﬁléﬁnggu%%o?;ﬁ?%&%%, ? f%ge]}&ftgg r‘fgﬁu Jgetgﬁ_jeatljélgtai sfies
a predet er mi néd CEFPPEiPn HigR COPHLEFarB PR diFoSPEFbRLe size of

a pharmaceutically acceptable salt of R(+)-N-propargyl-1-
aminoindan to a particle size of less than 250 microns.

10
In a further embodiment, the particle size is less than 200

microns.

In a further embodiment, the reducing step comprises
15 comminution of the particles of the pharmaceutically

acceptable salt of R{+}-N-propargyl-l-aminoindan.

In a further embodiment, the process Zfurther comprises
admixing the particles of R{+)-N-propargyl-l-aminocindan with

20 & carrier to form a granulate.

In a further embodiment, the Dblend uniformity of the
granulate is between 90% and 110% and the relative standard
deviation (RSD) of the blend uniformity is less than 2%.

25
In a further embodiment, the blend uniformity ils between 95%
and 105% and the relative atandard deviation of the blend

uniformity is less than 2%.

3¢ In a further embodiment, the process further comprises
cempressing the granulate comprising particles of a
pharmaceutically acceptable salt of R(+)-N-propargyl-1-
aminoindan having a particle size of less than 250 microns
into a solid dosage form.

35




In a further enbodi nent, the predetermned criteria are a blend uniformty
of between 90% and 110% and a relative 20 standard deviation of |ess than
2% In a further enbodinment, the predetermned criteria are a blend
uniformty of between 95% and 105% and a rel ative standard deviation of

|l ess than 2% 25 In a further enbodinent, the formng step c) conprises
preparation of a solid dosage form In_a, further enbodinment, the formng
step c) conprises 30 preparation of an oral dosage form In a further

embodi ment, thHe pral-dosagde,keneht S thd aBheh. doddycarbunt e, egbhogk ment, the
process further conprises 35 determning the content uniformty of the
solid dosage form - 9 1In a further enbodi nent, the process further
conprises a btep Dirtgwal efppagratte SOk prdosagefInraneRarang az ceptiabl e
conposi tion okppdsfittBe &ampreRbsuni formty satisfies a predeterm ned
criterion.. 5 In a further enbodi nent, the predetermned criterion is a
content um formty of between 95% and 105% In a further enbodi nent, the
predet erm ned cri Br$8NECEIBI10 Rel athafehst arfar d RREFAL&LPEN oPfcontdent
uniformty of |ess pHamaédStidanlaf urzheepeshicdi mestlt t hetpr edétefNd ned

criteri onoi s a rel %goﬁgrﬁ&@nﬁqﬁn@gﬁhgﬁiw fmeRRt &9, uniformty of less
15 than 3% b) admixing the product of step a) with a carrier to
10 form a granulate;
) determining the blend unifermity of the granulate;
and :
d) forming the granulate into the composition from the
granulate only i1f the blend uniformity of the
15 granulate satisfies a predetermined criteria, so as

to prepare the composition.

In a further embodiment, the predetermined criteria are a
blend uniformity of Dbetween 90% and 110% and a relative
20 standard deviation of less than 2%.

In a further embodiment, the predetermined criteria are a
blend uniformity of between 95% and 105% and a relative
standard deviation of less than 2%,

25
In a further embodiment, the forming step c} comprises

preparation of a solid dosage form.

In a further embodiment, the forming step c¢) comprises

30 preparation of an oral dosage form.
In a further embodiment, the oral dosage form is a tablet.

In a further embodiment, the process further comprises
35 determining the content uniformity of the solid dosage form.




In a further enbodi nent, the predetermined criterionis a relative
standard deviation of content uniformty of less than 2% 20 In a further
enbodi ment, the process further after step c¢c) conprises a step of reducing
the size of particles of the pharnaceutically acceptable salt of
R(+)-N-propargyl -1- am noi ndan of any batch which does not satisfy the 25
predeterm ned criteria. In a further enbedinent, step b) conprises reducing
the size of particles of the pharnaceutically acceptable salt of

R(+) - N- pr opar gyl -d - fmrrisdm denhodim80t | nthe f probess efbodiare ntompichees educi ng
step conpri sesel! LisnguatiheyPay tivd e519k thephakppgedti sl hycancentabl e
salt of R(+)- N-groga{]%gl -1~ am noi {_Edan. %% T{ue sul%l ect, inve tlgn al so

provi des a solSCBPBRAFHECeOf €alt™ T8° CORPBRT ¢ iBHTCoRPEY siSRgra-1es 2

t her apeut i cal lpypedétertinas grbteriasf- a pharmaceutically acceptable salt of
R(+)-N-propargyl -1- am noi ndan prepared by any of the processes above. 5

The subject inventign.also i a t eatj ng.. ] ect '
afflicted wit ﬁnPéar klfuﬁ:stg?r?rs eﬁ%gééjarg%scdonpri g’%%gg:%%%dst%ﬁﬁg 0 ?%easubj ect
t he phar mnaceuCPeaPIE dipdSIttieh ohfefress ubjedrd Alehtion in an anount
effective to treat Parkinson's disease in the subject. 10 The subject

pharmaceut i caly,CQMASlhe@NSmlBYi i S 64 38et Ormined criterion is a
10 relative standard deviation of content uniformity of less
than 4%.

In a further embodiment, the predetermined criterion is a
relative standard deviation of content uniformity of 1less
15 than 3%.

In a further embodiment, the predetermined criterion is a
relative standard deviation of content uniformity of less
than 2%.
20

In a further embodiment, the process further after step c)
comprlses a step of reducing the size of particles of the
pharmaceutically acceptable salt of R(+)-N-propargyl-1-
aminoindan of any batch which does not satisfy the

25 predetermined criteria.

In a further embodiment, step b) comprises reducing the size
of particles of the pharmaceutically acceptable  salt of
R(+)-N-propargyl-l-amincindan.

30
In a further embodiment, the reducing step comprises milling
the particles of the pharmaceutically acceptable salt of
R(+)-N-propargyl-l-aminoindan.

35 The subject invention also provides a solid pharmaceutical




treat Parkinson's disease, or alternatively, they nmay be wused as an

adj unct to the conventional L-DOPA treatnents. 15 Methods of treatnent of
Par ki nson' s di sease whi ch conbi ne the use of the subject pharnaceuti cal
conpositions with F other drugs, such as dopam ne agonists, bronocryptine,
pergolide, lisuride, as well as catechol am ne oxi dase nethyl transferase
inhibitors are also within the scope of Qﬁe 20 subject invention. Such
conposi ti ons may conprise the conpound of R(+)PAl or pharnaceutically

acceptabl e aClchﬁ&F,iid:Jlen c§ iﬁsﬁﬁ@eheﬁﬁeraﬁéﬂﬁﬁbﬁﬂly itz cphas nasRki eal Iy
accept abl e carrl i 4% % éfe 1% efp&gﬁs ge £§ étu

i nvention, pRar 5“@? %%ﬁ? dc CEPTALFE%alts” i fcl u at é?éQHbt “limted
to, the rresyl arencinfdadapseripmriat enytaf thhst Eroc‘?ﬁlﬁﬁsoﬁpéﬁ?de esyl at e,

p-tol unesul fonate, benzoate, acetate, phosphate and sulfate salts.

particles gt Bhd) Egbictt %@Léeﬁgﬁsﬁ 5f§boergr%@lhgshgrﬁe&@é oflchzRlnpaLticle”

or active ~ingredien stance. The conpositions may
prepared as néHPE%ﬁ%nt%ﬁﬁ%&cﬁéd aHﬁF%lsF%ﬁﬁﬁPﬁﬁPaFIy lﬁ%ﬁ%ﬁnaﬁ?ﬂHF&SIP%ctally
or 35 transdedmbbigterSuigt abl ehé osulsiefcor tbe abhacdmasiustical | compositionncl ude

tabl ets, COHDBQSQEQ %ﬁbﬁ@@%egng%ﬂﬂf%n QEﬁgﬁﬁsamoﬁﬁgﬂggﬁéctQ@édtert§9££

gel atin capsul es |n yal %ﬁ s and suspensions; fo

par ent er al adﬁ?ﬁ¥%ﬁ?¥&lo ??ﬁ?ellﬁv ?I%ﬁ?é °5vi des anpoul es or V|als t hat

i ncl ude ah05 agueous or non-agueous soluplon_or enul sion; for rectal

adm ni strat i onnhg haie) catepps avd died 1 SHP PASitoRl L @Sniriay be used alone to
treat Parkinson’s disease, or alternatively, they may be
used as an adjunct to the conventional L-DOPA treatments.

15 Methods of treatment of Parkinson’s disease which combine
the use of the subject pharmaceutical compositions with
other drugs, such as dopamine agonists, bromocryptine,
pergelide, lisuride, as well as catecholamine oxidase methyl

~transferase inhibitors are also within the scope of the

20 subject invention.

Such compositicns may comprise The compound of R(+)PAI or
pharmaceutically acceptable acid addition salts thereof,
together with pharmaceuﬁically acceptable carriers and/or

25 excipients, In the practice of this invention,
pharmaceutically acceptable salts include, but are not
limited to, the mesylate, maleate, fumarate, tartrate,
hydrobromide, esylate, p-tolunesulfonate, benzoate,
acetate, phosphate and sulfate salts. Particles of R(+)PAIL

30 salts are referred to herein as “R({+)PAT particle” or active
ingredient or the drug substance.

The compositions may be prepared as medicaments to be
administered orally, parenterally, rectally cr
35 transdermally. Suitable forms for oral administration




hydrophilic or hydrophobic vehicles; and for topical application as
ointnments and transdernmal delivery there are provided suitable delivery
systens as known in the art. 10 Specific exanpl es of pharmaceuti cal
acceptable carriers and excipients that my be used to fornul ate oral

dosage forns of the present invention are described, e.g., in US. Pat.
No. 6,126,968 to Peskin et al., issued_ ._3, 2000. 15 Techni ques and
conpositions for maki ng dosage forns useful in the present invention are

dezcri be?-i nktihﬁ:ﬂlﬂld g’tt\éﬂilgatsl’,Ef @6ﬁ§§@§s'a5d7 Medeepathar rpilqalét,i Ceraddtapters 9
and 10 Banke o] it , .1979): eut.i,.cal_ Dosa For ns:

Tabl et's (Liebé%ﬁgﬁﬁgf §$y?§%5§%?? ﬂ%%%inf%ggkgggﬂuctﬁ&ﬁ?ngpﬁg%ﬁgﬁﬁutical
Dosage Forms ZYFURdi BR6n SUEPI76}°0Rent 1yt AT P PRl ndceipi sayatdeneddes, 17th

ed. (Mack Puhildvehitagn CopmpanylesEasipmylda. 0r198531s Adi@cesntude an

Phar maceut izcal, S¢igaces. (Ravigd. Ganderd 90 Inever .Eds,.. ;$g ;
Advances in Pﬁgghgceutical Sggghces Vol 7} 25 %DaV| bﬁde%?%n, rééor

Jones, Janes NEERIEYTAERR | RIS . BAGueAFOVRIFPFnesHEPESREIHGS f orith
Phar maceut i calhyBosajélic For mewdDeopgsband tdiel Rearmaeedt | fat  Soiperneds,
Series 36 (Jange1Me&Dbd Yas BAnimd989)and hatABasHhd Cale 1IRIELL CULALEL 4 re
Carriers: Thera eutiLg / |Iﬁ%tlg932 £1u s.and th 30 Pha ceytica
Sci ences, Vol T8 (lg'fgl A %oaﬁ SndS LY f8@§ffn3[ff|§(p§e% \?&% t oMi'tre
Gastrointé8tinal Tract (Ellis Horwood Books in the Biological Sciences.
Series in PhacmecesitcatanplebechnotOgecedriGal HaddhhtableScabad S, aGhi ve G
Wison, Eds.) . MdemEhanimoeil 68 RLUgs. 8N LNA LaLu8eesti el rorms
‘ of the present invention are described, e.g., in U.S., Pat.
No. 6,126,968 to Peskin et al., dissued ©Oct. 3, 2000.
15 Technigues and compositions for making dosage forms useful
in the present invention are described-in the following
references: 7 Modern Pharmaceutics, Chapters 9 and 10
(Banker & Rhodes, Editors, 1979); Pharmaceutical Dosage
Forms: Tablets {Lieberman et al., 1981 ; Ansel,
20 Introduction to Pharmaceutical Dosage Forms 2nd Edition
(1876} ; Remington's Pharmaceutical Sciences, 17th ed. (Mack
Publishing Company, Baston, Pa., 1285); Adwvances in
Pharmaceutical Sciences (David Ganderton, Trevor Jones,
Eds., 198%2}); Advances in Pharmaceutical Sciences Vol 7.
25 (David Ganderton, Trevor Jones, James McGinity, BEds.,
1995); Aqueous Polymeric Coatings for Pharmaceutical Dosage
Forms (Drugs and the Pharmaceutical 8ciences, Series 36
{James McGinity, Ed., 1989); Pharmaceutical Particulate
Carriers: Therapeutic Applications: Drugs and the
306 Pharmaceutical Sciences, Vol €1 (Alain Rolland, Ed., 1993);
brug Delivery to the Gastrcointestinal Tract (Ellis Horwood
Books in the Bioleogical Sciences. Series in Pharmaceutical
Technology; J. G. Hardy, 8. S. Davis, Clive G. Wilson,
Eds.); Mocdem Pharmaceutics Drugs and the Pharmaceutical
35 Sciences, Vol 40 ({Gilbert 8. Banker, Christopher T.




35 Sciences, Vol 40 (G lbert S. Banker, Christopher T.. - 12 - Rhodes,
Eds.). Tablets nmay contain suitable binders, lubricants, disintegrating
agents, coloring agents, flavoring agents, 5 flowinducing agents, and
melting agents. For instance, for oral admnistration in the dosage unit
formof a tablet or capsule, the active drug conponent can be conbi ned
with an oral, non-toxic, pharmaceutical by acceptable, inert carrier such
as |actose, gelatin, agar, starch, sucrose, glucose, 10 nethyl cellul ose,

di cal ci um phosgphai=e, gagcjunlsulfate, mannitol, sorbitol, mcrocrystalline

cel lulose and the like. Suitable binders include starch, gelatin, natural
sugars such as gl ucose or beta-lactose, corn starch, natural and synthetic
guns such as ks t r@ghcamdtadh 155%HdRIM al BiRERES, poviBsheants,

car boxynet hyl celdintegeatippl yeédyd encolgdnioal ,adsaxes, raadorhey | adents,
Lubri cants gusegh .. 3,1858y dé;l;;%&u f%HBmél”&n‘éd%géQgé U”ﬂ'cﬁl g&ts%anéé’d'f}b@

stearate, sodi um_benzgate acetate, sodiy | ori siearic acid,
sodi um st earylorfat}rrﬁtdﬁﬂﬁlsfﬁ?ibl%d'nt &l PR%agezdlrﬂ%lfﬁtf@gPﬁt Br 5aPIRY (e,
wi t hout |imtatdremlest ahehacpistehydrugcebinpbose; @gabe embioned evibbarrhan

gum croscar Wedﬂaqsenoﬁo%m sedi-mAtst e &h 19! M@@éﬁ%@oﬁ@d ltn@@tl t&&-1dR( +) PA

is intended to _be fo n, or al SO|Id dos ecifically
tablet form f%ﬁ%’ g%ﬁ%ﬁﬁgh ﬁ%ﬁ?tlconﬁ% TS vessu 5ﬁﬁ?é2él £ Yo a

measur ed V6l umeetérwlt h@elldﬂrl@@epr o#iralcium g?lé@ﬂ}lhé’ftéd PRI ol £ade  t wo
punches withimarmaidbe, caydapitclhe hableir@sauneset he:Sivesandashapge

like. BSuitable binders include starch, gelatin, natural
sugars such as glucose or beta-~lactose, corn starch,
natural and synthetic gums such as acacia, tragacanth, or
15 sodium alginate, povidone, carboxymethylceilulose,
polyethylene glyceol, waxes, and the like. Lubricants used
in these dosage forms include sodium oleate, sodium
stearate, sodium benzoate, sodium acetate, sodium chloride,
stearic acid, sodium stearyl fumarate, talc and the like.
20 Disintegraters include, without limitaticn, starch, methyl
cellulose, agar, bentonite, xanthan gum, croscarmellose

scdium, sodium starch glycolate and the like.

R(+)PAY 1s intended to be formulated as an oral solid dosage

25 form, specifically tablet form. Tabklet formation most

commonly inveolves compression of a measured volume of the

! drug product, in granulated powder form, by two punches

within a die cavity. The tablet assumes the size and shape

of the punches and die cavity. (Rudnic et al. Chpt. 45,

30 Remington‘s Pharmaceutical Sciences, 20th Edition,
Lippincott Williams & Wilkins, Baltimore, Md. {(2000))

A major concern that arcse during the formulation process
for R{+)PAI was the difficulty of maintaining uniformity of
35 content of the drug product. The unit dose amounit of R{+)PAI




of the punches and die cavity. (Rudnic et al. Chpt. 45, 30 Rem ngton's

Phar maceutical Sciences, 20th Edition, Lippincott WIllians & WIKkins,
Baltimore, Md. (2000)) A major concern that arose during the fornul ation
process for R(+)PAl was the difficulty of nmaintaining uniformty of 35
content of the drug product. The unit dose amount of R(+)PAl - 13 is quite
low relative to the total weight of the jgblet; a typical fornulation, for
exanple, conprised of 1 ng of R(+)PAl in a tablet with total weight of
over 200 ny. As guiith, lawso@ldtifdeucbuaheototal twrd gatount té R{pA)SPAl adue to
o f1owabi I 11y (9f; 820" uatkl:on: PLOD! 8PP Qulf1L eSUbhobibdh | 8E09 RET GoNt

deviation from ause such concer arge an

i rregul ar shﬁﬂé)g?IR&ﬂ)PAlaBé?FlEFE% R rEshetts ofr Sregalkl0 rg- As
crystal |l i zati emchAl eheughl dElgemudistande itdenempaht yofreRstrad biypewebght ,

vol une al sg plfawﬁasmimcaﬁt %@tgréeiﬁondwrbegeﬁ@ecct@lal ebshor nBt i on precess.
As such, large_and ed particles can easily decrease

cont ent unlfgerc?§t aﬁ%%&P% g? Fﬁérefore was decreased and nmade 15
nore uniformin order to ensure unlfornlty of tablet content. Reduction of

particle sizeanstRehi exesk Vick COMN Ndncedn €6 8heMBERGNI £33 PFAGRISOf
reduci ng the §?ﬁ§ of Ear%angﬁlmhgggklé%%% ncl,udes Anly.,9ne %ro%ﬁre 9£

cutting, chipp crushi ng,

m°croni zi ng,
triturati of. OFdFRatHiFRtiokhe ﬁﬁ%bo@%hnnﬁrﬁ%tl%@ﬁ?@ﬂ?eﬁorJdbcrﬁﬁﬁﬁaﬁéy
particle sizemghrauradnmynukight] s vbbuneacrease pdagsolaut i iporthst r abee of

during the tablet formation process. As such, large and

) irregularly-shaped particles can easily decrease content
uniformity. Particle size, therefore, was decreased and made
15 more wuniform in order to ensure uniformity of tablet

content.

Reduction of particle size is achieved via comminution, or a
mechanical process of reducing the size of particles which
20  inecludes any one or more of cutting, chipping, crushing,
grinding, milling, micronizing, and trituratien. Ordinarily,
the most common motivation for decreasing particle size via
comminution is to increase dissolution. The rate of
dissolution of small particles is usually faster than that
25 of large particles because a greater surface area of the
drug substance is in contact with the liquid medium. This
effect has kteen highlighted by the superior dissolution rate
observed after micronization of sparingly soluble drugs.
(Abdou et al. Chpt. 35, Remington’s, infra,) Therefore, when
30 formulating a drug with a low dissolution rate, it is
desirable to decrease particle size in order to increase
dissolution and thus facilitate rapid gastrointestinal or

oral absorption.

35 R{+}PAL mesylate, however, is readily soluble in water




di ssolution of small particles is usually faster than that 25 of 1arge
particles because a greater surface area of the drug substance is in
contact with the liquid nmedium This effect has been highlighted by the
superior dissolution rate observed after mcronization of sparingly

sol ubl e drugs. (Abdou et al. Chpt. 35, Remi ngton's, infra.) Therefore, when
Iff 30 formulating a drug with a |ow dijgsalution rate, it is desirable to
decrease particle size in order to increase dissolution and thus
facilitate rapasbgadimeeebyestiiinaly/ar a@r A5 absorichortasls B(sspPatisesyl at e,

hovever, is rg Q?AJ%:S%EQJF] JdL Wahele ik (BPREQXI mBte xs@%oan@ L, 250).

Such fast di ssol utian avior mnimzes concerns re

gast r oi nt est i RAFOTPLESEr PEF oM AT bAREMALY aBPTFEy IdERE8I T FALEREF Ry
solubility i$smoit @ notivatingg fhattorfdrocosnimmtign ol BI+REE).PAI. 5 In
such casess where drug substances al ready possess high solubility, particle

[ ducti b d bl d del et o ' face
ar ea by conm Mt PR CSRPCT nfb RS coHRgr SO T FarBeoar i RESRLL] B The

on rat
di scussed i n 40lupigitpat partiNole 63iE26 1968¢t I )N bs Husvépabbt e2nd
degradation. &Fdig @ueséam E&ﬁré&ﬁﬁuﬂ@d@f@@e W be deorP@inye bR hefn

transfornmati on, Sgg d%ggghgyﬂ at anéaofr q:%%l t ctl&grm%gutl 99115@%& a}fr{ ect the

efficacy and <4 vant a
comi nutitdh i'%- $IIlF§*ttP8FedN%y tfhew@r 68, R(FIPAL is susceptible to

degradation. Drug substances may also undergo unwanted
polymorphic transformation during comminution. As a result,
comminution may affect the efficacy and safety of a drug
substance. I
15
The disadvantage of comminution is illustrated by the drug
Nitrofurantoin, an antibacterial drug used in the treatment
of uncomplicated Iower urinary-tract i1nfections. Its
absorption rate is dependent on crystal size, The
20 macrocrystalline form of Nitrofurantoin has slowerx
dissolution and absorption rates, produces lower serum
concentrations and takes longer to achieve peak
concentration in urine than the microcrystalline form
(Martindale). However, an 18-year study has shown that the
25 microcrystalline form produces negative side effects
{(“adverse events”) such as nausea and gastro-intestinal
problems. Such negative side effects did not manifest in
subjects who took a macrocrystalline form dosage. (Brumfitt,
W. and J.M.T. Hamilton~Miller, J. Antimicrobial Chemotherapy
30 42:363-371 (1998))

In spite of the fact that comminution is unnecessary to

increase the solubility of readily-soluble R{+)PAI, it was

unexpectedly found that reduction of particle. size, wvia
35 comminution, improved content uniformity of the tablet,




Ni trofurantoin, an antibacterial drug used in the treatnent of
unconplicated |l ower urinary-tract infections. Its absorption rate is
dependent on crystal size. The 20 nmacrocrystalline formof N trofurantoin
has sl ower dissolution and absorption rates, produces |ower serum
concentrations and takes |onger to achieve peak concentration in urine
than the mcrocrystalline form (Martindagte) . However, an 18-year study
has shown that the 25 microcrystalline form produces negative side effects
("adverse events") such as nausea and gastro-intestinal problenms. Such
negative si ?FAEf inf%%i@d d'@ﬂobogﬁﬂhﬁ@ﬁn iAs Su@%@%ﬁmeﬁhob&@@&( &n tlhle
macrocrystal l'ine fo sa e an er, J.
Ant i i cr obi al C&Eﬁéﬁﬁ% %f%‘ @tfﬂv%’w@gﬁ %lén 5 ﬁ?{ﬁ E%{]#chflact t hat
comi nut i on |§l@ﬁn@@és§a$3jﬂtfb ramicdicdassiehe 38l Btti ey @?Wégdm}n%l ubl e
R(+) PAl, it wasitunexhest edbyndoyndntihasi saductbareraf (@acthséde.etsiaze, via

35 comm nut op, | pegVeLL oRlent ,Uni LAKTHLY0l e Hhabkebn focedned et hod

for conminutionrrs ar act erlstlcs

material, suclkcad nFtit@blgartq cél”etersftzl“ée afeP desi Rda) Pt t 121 878F%eFCas wel |
as nelting poiprbyide brditfblreheg syt rantaessef ame doestrueelucdbnt ent (O Conner
et al. Chpt. 37, Remington's, infra.). M IIing has been determ ned to be

swtableto alter the PSD of R%l PAI noq% rowde 'f gof
content ofYt h&ag¥ ug r y&dﬁ&? tq 3‘6%&%/3 Eal t% OIETHE gggi Ite to
det er mi ne PSDeakphyt Hevelopment stage, the analysis of PSD was performed
through microscopic and sieve analysis. Laser diffraction
was chosen as the final analytical method for measuring the
PSD. Because the large particles were of major concern, the
15 important characteristics of the PSD were the d{(0.9), which
is the size, in microns, below which 90% of the particles by
voiume are found, and the d(0.1), which is the size, in
microns, belew which 10% of the particles by wvolume are

found.

20
“Blend uniformity,” as used herein, refers to the
homogeneity of granulate including R(+)PAI particles before
tablet formulation, and can represent either one sample or
the average of more than one sample.

25

“Content unifermity,” as used herein, refers to the
homogeneity of the R{+)PAI content among dosage forms, &.g.

tablets, after formulation.

30 “Particle,” as used herein, refers to an aggregated physical
unit of the R({+)PAI compound, i.e., a piece or grain of the
R{+) PAI. For example, Figures 1 and 2 provide photographic

representations of wvarious R(+} PAI particles.

35 “Relative standard deviation” or “R3D,” as used herein,




early devel opnent stage, the analysis of PSD was performed through

m croscopi ¢ and sieve analysis. Laser diffraction was chosen as the final
anal ytical method for measuring the PSD. Because the large particles were
of maj or concern, the 15 inportant characteristics of the PSD were the
d(0.9), which is the size, in mcrons, below which 90% of the particles by
vol une are found, and the d(0.1), which,is the size, in mcrons, below

whi ch 10% of the particles by volunme are” found. 20 "Blend uniformty," as
useg_hfreig, e%gggft ?azggangﬁﬁﬁggn@ktMogfpgg@ﬁnﬁ &bﬁhinehgf&émynﬁ(bfPAl |
particles before tablet fornulatiaqn, and. resen [ sanpl e
or the aver &g&"8f Wofe™Thzh %%e@%éﬁgfepniggg%%ﬁfeﬁf'u%f%drgg%§9ﬂﬁg3 used
herein, ref eremchoitdiericderdpgeheideyigtes hEr g HFPAPTEENt ent anpng dosage
forns, e.g. tablets, after fornulation. 30 "Particle," as used herein,
refers to_an aggregated physical unit of the R(+)PAl conpound, i.e., a

pi ece or arain of the R(+) PAl. For exanple, Figures 1 and 2 provide

phot ographic representations of various R(+) PAl particles. 35 "Relative
standard deviation"” or "RSD," as used herein, - 16 refers to a neasurenent
of how preci se each neasurenent of blend uniformty or content uniformty
is, i.e., how nmuch each individual unit deviates fromthe group. 5
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10 15 20 25 30 35 Experinmental Details - 17 - Exanple 1 R(+)PAI

nmesyl ate sanples before mlling contain large, irregular, plate-shaped
particles of various sizes (See Figure 1) . PSDs of four different batches
were neasured 5 before mlling and after mlling. The PSDs were neasured
using Mal vern Laser Diffraction, using the Mastersizer S nodel. Laser
diffraction relies on the fact that diffraction angle of light is
inversely proportional to particle size. Properties of particles are
measured and imtaeigleetlted as 10 neasurenents of a sphere (a sphere being the

only shape thaf . Gap bﬁeﬁi%’ ggmgyesongeeawwnﬂmgr)c jﬂlﬂddi%}:%‘ | aser
diffraction ca culates a partic I ze dji stribution base aroun ol une
terms, thus el }THS%tPRg tegPRARFINPAF TS het daRreiRPRatiESof (S5 ticl e

si ze. The MastBiguwzer B noB2bs 16fndasur esffartnic| estasdngwarsi ngaguteethni que

and a single pange s,ﬁ_tltlllﬂg ahbe Makdesiinithe &ﬁ@l @sb@pt«@f‘@”ﬁeéé’&f&ﬂes of
two measur enent.s. ur erTEI’Bd.lf S aken Ier QUt es

recircul ation Wt t vseﬁé‘e %6t atc %061’1411%& %besl ?%?lersf‘ﬁgrdﬁ ution
medi um was a 1M%ds8l.ubpdnr oiifdirectyon rlifeser dihrafactodiaimdddFfra¢tnion

n-hexane. The fopeents atigd @F inversely proportional to particle size.
Properties of particles are measured and interpreted as
10 nmeasurements of a sphere (a sphere being the only shape that
can be described by one unigque number). In addition, laser
diffraction calculates a particle size distribution based
around volume terms, thus eliminating particle count Ffrom
the determination of particle size. The Masterizer S model
15 measures particles using a single technigue and a single

range setting.

The values in the table =represent averages of £wo
measurements. Fach measurement was taken after 2 minutes of
20 recirculation with the speed control at the 14 hour
position. The dilution medium was a 1% solution of dioctyl
sulfosuccinate sodium salt in n-hexane. The concentration of
drug substance used in the measurements was between 0.05%
and 0.35% by volume, The results were confirmed with
25 microscopic cbservation. For optical microscopy, an-emulsion
or suspension, diluted or undiluted, was mounted cn a slide
or ruled cell., The microscope eyepiece was fitted with a
micrometer by which the size of the particles may be
estimated. The results of the experiment are shown in Table
30 1.

D{0.1) is the particle size, in microns, below which 10% by
volume distributicn of the population is found, and d(0.9)
is the particle size, in microns, below which 90% by volume

35 distribution of the population is found.




drug substance used in the neasurenents was between 0.05% and 0. 35% by
vol unme. The results were confirmed with 25 m croscopi ¢ observation. For
optical mcroscopy, an emrulsion or suspension, diluted or undiluted, was
nounted on a slide or ruled cell. The m croscope eyepiece was fitted with
a mcroneter by which the size of the particles may be estimted. The
results of the experinent are shown in_Taple 30 1. D(0.1) is the particle
size, in mcrons, below which 10% by volunme distribution of the popul ation
is found, and d(0.9) is the particle size, in mcrons, bel ow which 90% by
vol unme 35 di %Bi_?ultmn of the population is found. gd - 18 - Table 1 Batch
ing/ after D197/197 D297/297 D222/223 D211/212 nilling

nunber befor
d(0.1) befor eB24chPuperoRetorg %L 9231 g_g; m | | | n 443 386 573 598
d(0.1) after|fit ﬂ 14 1125673 D{'%% (93) f rzogrr% 2357483 |18BL 132189
Results: 5 F H'('@ I:I\)d.llpl 5] *béfo?e’ evi-dent—that—m+Hd "'g -of—thd '“'-Ug-
milling . 21 20 18 104
d{0.9) before
milling 443 386 573 598
d(0.1) after -
miliing 14 11 10 i6
d(0.9) after
miliing 168 160 156 189
Results:

5 From Example 1 it is evident that milling of the drug
substance alters the PSD and smaller particles are thereby

cbhtained.

Example 2

10 Formulations were prepared according to the following
process, using several batches of R{(+)PAI with controlled
PSD determined by the method used in Example 1:

Rasagiline Mesylate 1.56 mg
Pregelatinized Starch 20.0 mg
Talc i 4.0 mg
Mannitol 159.724 mg
Starch 20,0 mg
Colloidal Anhydrous Silica 1.2 mg
Stearic Acid 4.0 mg

15 All excipients except for the lubricants were mixed with
R(+)PAI mesylate, and water was added during mixing. When
the granulate was homogencus, it was dried in a fluid bed
drier. The dried granulate was then milled in an oscillating
granulator. A lubricated blend was then prepared using a

20  tumbler blender. The mixture was then pressed into tablets
weighing 210.0 g.

Average blend wuniformity and content uniformity of the




substance alters the PSD and smaller particles are thereby obtained.

Exanple 2 10 Formul ati ons were prepared according to the foll ow ng
process, using several batches of R(+)PAl with controlled PSD determ ned

by the nethod used in Exanple 1: Rasagiline Mesylate 1.56 ng
Pregel atinized Starch 20.0 ng Talc 4.0 ng Mannitol 159.24 ng Starch 20.0

my Colloidal Anhydrous Silica 1.2 ng _Stgaric Acid 4.0 ng 15 All
exci pients except for the lubricants were mxed with R(+)PAl nesylate, and
wat er was addethbdetbngent xdage civilrenat. Wirergganbllarh@ wasf hamgenPussadnt was

dried in a fluygJheds gﬁéeéran g +dried gg dﬂﬁ t%ﬂ%ﬂ nlélég%ﬁf%sanzo

oscillating ranul at or . AF Eaﬁl cated bl en prep usin
tumbl er bl ende > THEPHEREY UPRety pf Eirfﬁ olocwﬁﬂ eltaé’erm@ifgfﬁaﬁ@ 210.0

g. Average bl ésdconiforhet {izmld hﬂ_cﬁmtdeﬁ_belﬁnré otabltetiofy, t hperfdnirgabhet s
were det er gi nepichA\é%rsage tel %@suﬂbf @5@1 E¥o@ft e@ﬁhac@ﬁ&&h Bl dd18n8" gpu' ate

was determ ne by takin ent m . ddl e and
| over | ayer 019: eacﬁmp% %c C? (irgﬁ‘gafrllﬂgl %Fﬁ’ e’ﬁ%"(’% £5r @cgéﬁge’ﬂ?ﬁ'cﬁlem
perform ng ani® FPEC &a38Rle t'® rdesdebeled ampwit off aattveeingupddnent in
the sanples, ahd sdapddidgeihetat®uiid Ghlael vy ezt 41061 BBV iation were

then determined according to the following formulae:

10 [Z(x — 2]”2

n-1

RSD - 1005
X

In the above formulae, s is the standard deviation; RSD is

the relative standard deviation; =xi, X;, ¥3 .. x, are
15  individual amounts of the tested samples expressed as

percentages of the labeled amount of drug substance in each

sample; X(bar) is the mean of the values obtained from the

samples tested, expressed as a percentage of the lakeled

amount of drug substance in each sample; and n is the number
20 of units tested.

Content uniformity of the tablets was determined using 10
random tablets, by performing an HPLC assay to measure the
) amount of active ingredient in each tablet, and comparing
25 the amount of active ingredient in each tablet to the
labeled amount of active ingredient. The standard deviation

and relative standard deviation were determined as above.

d{0.1) and d{0.9) were determined as in example 1. The
3C results are shown in Table 2.

Table 2




in each sanple to the | abel ed anount of active ingredient. The standard
deviation and rel ative standard devi ation were then determ ned accordi ng
to the following forrmulae: (x' 2 1/2 10 s= n-1 RSD _ 1003 X 1In the
above formulae, s is the standard deviation; RSD is the relative standard
deviation; x1, x2, x3 ... X, are 15 individual amounts of the tested
sanpl es expressed as percentages of th abel ed anobunt of drug substance
in each sanple; X(bar) is the nean of t e val ues obt ai ned fron1the

sanpl es test eErEFIEESS8dsaS pEeT —thg It ug
subst ance i n| sackh saipke; anda* %ﬁné 2P 2o gggtnlts ng?ed Cont ent
uni formty of bthe Rmbluets was det ned u g 10 domta ts by
perform ng apB#EREICgbay to ne suﬁgqlhe aﬁ%gnt(ﬁ %%?lvflingkgdient n
each tabl et, ?h@:HOMHPFFﬁHSDR hel&nbu of2 At ilve Wnbr edli ent2-iin_each
tablet to thedl Pyel i - dnc 120

and rel ative g
d(0.9) were
2. Table 2

. st ahdhry devinhtion
3 @%R?F‘éﬁfl oh 98z A1 Jet 89 1 fe@ |28 .ah0vE] 9&WOLY and

gt agatetas—nexanpte | The 30 results—afeshownr—in—Tabl e

u@ﬁfoxl}?rllﬂg/Subst antes19p zﬁfg $01¥13@Q ssBaychs Nuwbes /1.2
RSD (percent)

Results:
Content uniformity of the batches tested ranged from 98.¢€%
to 100.6%. RSD (relative standard deviation, expressed as a
5 percentage of the mean}) was lower than 2.0% for all of the
batches of tablets, indicating that the uniformity of
tablets was high despite the small amount of active
ingredient in each tablet. As such, these results would pass
the acceptance c¢riteria set by the first stage of the USP
10 content uniformity test.




Drug Product 021 022 023 063 Batch Number d(0.1) (mcrons) 12.5 12.9 12.1
12.1 d(0.9) (mcrons) 190.3 111.9 121.0 121.0 Blend uniformty/ 98.2/1.7
99.8/0.8 98.7/1.1 98.1/0.7 RSD(percentp Content wuniformty/ 99.3/1.6
99.0/1.4 98.6/1.3 100.6/1.2 RSD(percent) Results: Content uniformty of
the batches tested ranged from98.6% to 100.6% RSD (relative standard
devi ation, expressed as a 5 percentage_of, the nean) was |ower than 2.0% for
all of the batches of tablets, indicating that the uniformty of tablets

was hi gh despmhettihe cimkdedanount of active ingredient in each tablet. As
such, these results would pass the acceptance criteria set by the first
stage of the USP 10 content uniformty test. - 21 - Wat is Cained: 1. A
m xture of pafticl®s SEX5UBRar PhceRITALLSS acfeptabl #hsapaceftically

R(+) - N- propar gyl - | acssptabndan, samher et n e ~Nharo20%yaf 1 el deahakn anount

by vol ume of (+)wrbéﬂmp%9wtAa@r@oa%@déHe saliaiPanbhil 65, NAMeng o#! ze of

| ess than 250 mcro 2. The mxture, of cJaim1l, whereirn nore than 90% of
the total anount b +)V(B\TI BHEPBTIN e RN Ropar gy | -Hartéﬁ%%l AGIR sl t
particles have a siize off Less thwan2220microns.

2. The mixture o¢f claim 1, wherein more than 90% of the
total amount by volume of the R(+)-N-propargyl-1-
aminoindan salt particles have a size of less than 220

microns.

3. The mixture of c¢laim 2, wherein more than 90% of the
total amount by volume of the R(+)-N-propargyl-1-
aminoindan salt particles have a size of less than 200

microns.

4, The mixture of any of claims 1I-3, at least 90% of the
total amount by volume of the R(+)-N-propargyl-1-
aminoindan salt particles have a size of greater than

% microns.

5. The mixture of any of claims 1-4, wherein the
pharmaceutically acceptable salt is tartrate, esylate,
mesylate, or sulfate salt.

6. The mixture of claim 5 wherein the pharmaceutically

acceptable salt is mesylate salt.

7. A sclid composition comprising an amount of the
mixture of particles of any of claims 1-6 and a

carrier.




mcrons. 3. The mxture of claim2, wherein nore than 90% of the total
anount by volune of the R(+)-Npropargyl-1- am noindan salt particles have
a size of less than 200 mnmicrons. 4. The m xture of any of clains 1-3, at

| east 90% of the total anmount by volunme of the R(+)-N-propargyl-I-

am noi ndan salt particles have a size of greater than 6 mcrons. 5. The

m xture of any of clainms 1-4, wherein t_hg pharmaceutically acceptable salt
is tartrate, esylate, nesylate, or sulfate salt. 6. The m xture of claim5

wher ei _nt_the phar maggat i sad 4y &f@%f@iﬁﬁ&@ sca_ét dl%iﬂi}?sw,at Eo%ﬁfis:%n]; A S]9' id
conposition conprising _an, ano o] ,_mxture o icles of any o
laims 16 and a  BAFFRERcICbly o Serpabiny| #9RERboST | BIF of e aFR PE
conprising a therapetitdlesl bpded frarimpecaritiitlyokceertalle geerdér. particl es
and a pharnaceutically acceptable carrier. 9. The solid conposition of any
of claim7 or 8, rein. the mxture of rticl nd.the garrjer .
constitute a 9granu eatée{ll O.Coﬁuﬁgs(i:glrr%nos?% :%%X 8% g’?%?%_ ,Olrng’a g%'ﬁe&ndosage '
form - 11. The conPusitixdwrss ofl apaTr1oles must fihedseagéet opprsuitutehe
conposition of clajmarklatwherein the oral dosage formis a tablet.

10. The composition of claim 9, in a solid dosage form.
11. The composition of claim 10, in oral dosage form.

¥ : 12. The composition of claim 11, wherein the oral dosage

form is a tablet.

13. The composition of any one of claims 10-12, wherein
the relative standard deviation (RSD} of R(+}-N-
propargyl-l-aminoindan salt content among the solid
dosage forms is less than 4%.

14. The composition of claim 13, wherein the relative
standard deviation (RSD) of R{+)-N-propargyl-1-
aminoindan salt content is less than 3%.

15. The composition of claim 14, wherein the relative
standard deviation (RSD) of R(+)-N-propargyl~1-
amincindan salt content is less than 2%.

16. The composition of any of claims 10-15, wherein the
content uniformity 1is between 95% and 105%.




13. The conposition of any one of clainms 10-12, wherein the relative
standard deviation (RSD) of R(+)-N propargyl-I|-am noindan salt content
anong the solid dosage forns is less than 4% 14. The conposition of claim
13, wherein the relative standard deviation ( p p gy (RSD of R+)-N ro
ar 1-1 am noi ndan salt content is |less than 3% 15. The conposition of
claim 14, wherein the relative standard,deviation (RSD) of
R(+)-N-propargyl-1- am noindan salt contént is less than 2% 16. The
conmposi ti on ofy anys OdrddedisMEokOpkapa ey &l NedripR s1€08h eRhismi EMPHikYsi S

bet ween 95% and 105% :2L131 ! fleAe(Pr Gess fo:[z%reontar ing_a conmpo i,tci whi ch
conprises reduci ngec%']ﬁe articl %176 °6f 3 pharmhaceut ipcgﬁrl§ SHEE abl e
salt of R(+)-N- prasacgirPle afthd PRJEATY O-®ropareyEt eafiipeinfanets &han 250

mcrons. 1$. The p=0868%e0fifd afmikks wher e kber@aticle size is less
than 200 mcrons. ~9. The process of claim'1l or t$-, wherein the reducing
step conprises comm nution of the particles of the pharnaceutically '
accept abl e sal®- of!'R( PFOREP ophr Y3 im ManiBeraiantheoranticlsr 5d€ssidf any
of clainms 1-1-14, Yagst hean cifpmisrngs. adm xi ng the particles of
R(+)-N-propargyl-1- amnoindan with a carrier to forma granulate. 2% The

process of C|6¥jﬂ %%é ?@%%252 %@ecggggd\%n%Epﬁgttyﬁherein the reducing
step comprises comminution of the particles of the
pharmaceutically acceptable salt of R(+)-N-propargyl-
l-amineoindan.

20. The process of any of claims 11-\§, further comprising
admixing the particles of R{+)-N-propargyl-1-
aminoindan with a carrier to form a granulate.

2. The process of claim 20; wherein the blend uniformity
of the granulate 1s between 90% and 110% and the
relative standard deviation (RSD) of  the Dblend
uniformity is less than 2%.

22 . The process of claim 2\ wherein the blend uniformity
ls between 95% and 105% and the relative standard
deviation of the blend uniformity is- less than 2%.

23.. The process of any one of claims 20-22, further
comprising compressing the granulate comprising the
particles of a pharmaceutically acceptable salt of
R{+)-N-propargyl-l-aminoindan having a particle size
of less than 250 microns into a solid dosage form.

24. The process of claim 23, wherein the solid dosage form
is a tablet.




of the granulate is between 90% and 110% and the relative standard
deviation (RSD) of the blend wuniformty is |less than 2% 22- The process
of claim2% wherein the blend uniformty is between 95% and 105% and t he
rel ative standard deviation of the blend uniformty is less than 2% 23:
The process of any one of clains 20-1i, further conprising conpressing the

granul ate conprising the particles of_ har maceutically acceptable salt

of R(+)-N-propargyl-I-am noindan having a particle size of |less than 250
mcrons into ggsolid dnsaessforgdr 1t preddi@dy 0cess 116 ai BRFsMierei n the
solid dosage form_is a tablet. - 24 25- A process for preparing a solid
conposition conprfEFigS*4Y° subjecting a batch of particles of a
pharmaceutically acceptable salt of R(+)-N propargyl-I-am noindan to

comm nution; b) adm Xi Ry ddrgeptodyct 0f B&Eph a) oW t hpar-tGeker of 0 form a
granul ate; c) determ ning.th | end i.form f. th ranul . _and d)
formng the conposition \%hg%%taﬁgsglr%aﬁq yat_ gcgnl%%&lﬁ %ﬁ%gpl %%da%(ﬁri)f gr mty of-
the granul ate satisfies RFjprEdetetmHediedne efq £omgénysieny prepare the
conposition. 2b. The pbocessxehgcltad p2Euarhereisnebhe) pregetLerdariedr

to form a granulate;

c) determining the Dblend wuniformity of the
granulate; and ‘

d) forming the composition from the granulate only
if the blend uniformity of the granulate
satisfies a predetermined criteria, so as to

prepare the composition.

26. The process of claim 25, wherein the predetermined
criteria is a blend uniformity of between 90% and 110%
and a relative standard deviation of less than 2%.

27. The process of claim 25, wherein *he predetermined
criteria is a blend uniformity of between 95% and 105%
and a relative standard deviation of less than 2%.

28. The process of any of claims 25-2], wherein the
forming step ¢} comprises preparation of a solid

dosage form.

29. The process of claim 28., wherein the forming step c)
comprises preparation of an oral dosage form.

3. The process of claim ZQ, wherein the oral dosage form
is a tablet.

2\ . The process of any of claims 28-30, further comprising
determining the content uniformity of the solid dosage




criteriais a blend uniformty of between 90% and 110% and a relative
standard deviation of less than 2% 2|. The process of claim25, wherein
the predetermned criteriais a blend uniformty of between 95% and 105%
and a relative standard deviation of |ess than 2% 2$. The process of any
of clainms 25 -21, wherein the formng step c) conprises preparation of a
solid dosage form 29. The process of _claim 28., wherein the formng step
c) conprises preparation of an oral dosage form 3p. The process of claim
29, wherein the orabrlosage form is a tablet. 3% The process of any of
clains 2%-30, further conprising deternmning the content uniformty of the
solid dosage - 25 - form 32. The process of claim31, further conprising a
step of qual 3tyi nBhe Heragsisisd cdosagdn f Y m BertderaceBpraping & dihsesiofi on
only if the contenguamifyangi tynssakbsid eslodagpr efteker 8t neth Catt&itian1=33. The

process of claim3 el g er.m i La,l . ent
uniformty of bet mé%mﬁy%g‘%ggﬂdgb%gofd%te .C%Egg%r%{:leftsog&%?yc?aa?lm % \%ner ein
the predet erni ned Pegdatermaned FitEFati ve standard devi ation of content

uniformty of less than 4% 35. The process of claim 32, wherein the

predet erm nedaz CrifRl i 8rhSedk I 6F aldiemsBandagch Ay a%ﬂ@”p?éd&@éltuﬁ@ed
criteria is a content uniformity of betwsen 95% and
105%. '

4. The process of claim 32, wherein the predetermined
criteria is a relative standard deviation of content

uniformity of less than 4%.

35. The process of claim 32, wherein the predetermined
criteria is a relative standard deviation of content

uniformity of less than 3%.

36. The process of claim 32, wherein the predetermined
criteria is a relative standard deviation of content

uniformity of less than 2%. -

37. The process of any of claims 25-3b, further after step
c) comprising a step of reducing the size of particles
of the pharmaceutically acceptable galt of R(+)-N-
propargyl-l-aminoindan of any batch which does not
satisfy the predetermined criteria.

38. The process of any of claims 25-3b, wherein step b)
comprises reducing the size of particles of the
pharmaceutically acceptable salt of R(+)-N-propargyl-

l1-aminoindan.

39. The process of any of claims 31 or 38, wherein the




uniformty of less than 3% 36. The process of claim 32, wherein the
predetermned criteriais a relative standard devi ation of content
uniformty of less than 2% 3~. The process of any of clains 1536, further
after step c¢) conprising a step of reducing the size of particles of the
pharmaceutically acceptable salt of R(+)-N propargyl-I-am noi ndan of any
batch which does not satisfy the predetg mned criteria. 36. The process
of any of clains 25"36, wherein step b) conprises reducing the size of
particles of the RhrIBRgGEWkalcbipatseptailia galiheofptrlde poopangyl -
1- am noi ndan. 39-. .The pr ai 31 -or, - _$¥gg i-nithe 3 -
26 reduci ng steplggﬁﬁ?lgggfﬁivggﬁ%Q%ﬁgng%tfc %s%ngV%g Np arﬁggg&tically
accept abl e salt ofl REPORRHRBPar gyl - | -anmi noi ndan. A solid pharmaceuti cal
conposition conprising a therapeutically effective anmount of a
pharmaceuticglly accentable salin Qe REEdr N-g8 3iaxtml - afaisndan &

an

repared by the process one of clains 11-39. ,
prep y ptherapéutica 1y effectfve amountt of a pharmaceutically

acceptable salt of R (+)-N-propargyl-l-aminoindan
prepared by the process of any one of claims 11-29.




