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N- ETHYL- N- PHENYL- 1, 2- DI HYDRO- 4- HYDROXY- 5- CHLORO- 1-

MVETHYL- 2-W&QOL/MNEA3B NE- 3- CARBOXAM DE, SALTS AND USES THERETRS201Thi3383
application clains priority of U S. Ptovisional Application No. 61/399, 297,
filed July 9, 2010, the contents of which are hereby incorporated by
reference. Throughout this application various publications, published

pat ent applications, and patents 10 are referenced. The discl osures of

t hese docunents in their entireties are hereby incorporated by reference
into this application in order to nore fully describe the state of the art
to which this invention pertains. Background of the Invention 15 Laqui ni nod
is a conpound which has been shown to be effective in the acute
experinmental autoi nunune encephal onyelitis (aEAE) nodel (U.S. Patent No.
6,077,851). Its chemcal nane is

N- et hyl - N- phenyl - 1, 2- di hydr o- 4- hydr oxy- 5- chl or o- 1- net hyl - 2- oxoqui nol i ne- 3-
car boxami de, andnnmm Mﬂ@&tygmﬂﬁbﬁb 4&&1)3613?-8-&}1&5&«21 The processes
of synthesis of [Mi - B HDE.GN FREOF salt are
disclosed in ®.S. Patent No 206 077 851. An add|t| onal process of

synt hesi s of | aqhisatrliresgn ¢1®nsc§n®oflc’fi$%ﬂromrpndUAﬁhca@aNem/39Nl97 fied B3, 869.

Phar maceuti cal compesbhehOs ShihQRFPdbBihddigordted Gttbrtintedd sodi um are di scl osed in
PCT International Application Publicati on No. V\D 2005/ 074899. 25 Laqui ni nod
ﬁggl E?GIHSSﬁgng\S/te!é“ ng& tnls ap8hcat1|on 0915::'1%19 z{uons r?ub%lshgi pfmtﬁt ap{)hc& 1'0:}(::5) aan r}:;:atlen?'_:?l :\/Il.l|t %II, pY\QI ch
Scl erosis ( ‘T"‘?’?ﬁf‘l Thed‘“l‘@‘t“’sﬁii these dpcorprys it eirgnirgies e At oWt RO M S qui mod
reduces devel opn‘erf\etfefeec? ingp s agmticafigRin ofdersiq resrcfully esarib thgpiatf pfdhe B whitleur ol ogy.
64:987-991; Sandbengaiifgedahei m M et al. (2005) "48-vveek open 30 safety
study with high-dose oral laquininod in patients”, Mitt Scler. 11:S154)

St udi es have al s&c@),gmf&g}g‘tmdo@qw ni mod can reduce devel opnent of active

I VIRl lesions,.i 2005) "Tr geatnent with

| aqui ni mod eau(r}ég m&é)plsra (%whgcfhaspegxshownmr efl ecélve %ﬁgac?t?]ex 3‘?‘"&&3& ng MS',

Neur ol ogy. 64: 96TGYPF o g SRR 952 00 1D ooy

| nt er nati onal Apphd cat iNoshyPhibknyici2tdihgsip-4Ngdrox WoEChRG110re 0 2 8 OBrigling pos e s

deut eri um enr i chetloxshde] aadits Shedfical [ReuGtly Mink¥OE 2481409V Brfe prodd&ds QA RHR28015 cauti ons

t hat "1 m et abol Jf@aqﬁz\Mld:iQm tﬂgpr@ﬁ'glml aaig snglmdéalf Ert.eﬁlﬁ:[aged Ry @quatt:ﬂ-t QIGs of known

met abol ites V\ged7 Fof S i nd s 'new net abolic
profile may ?Zﬁpdg t7J, ?{ngrag%g&l&ﬁgéggtogm S?IJE?}?&Q pbd ]Fl%“daosreg g’ n%?en S?em ctable a
r’

priori for any ug Cl ass Thus, WO 2010/ 028015 does not provide at | east
t he dosage for adm ni stratl on of the deuteriumenriched variants of

| aqui ni nod, and Rigeseuralt cahpsiGing Sempritrg la@inglod |sed@mparofdisdleged in VYOT

2012/ 006538PCT/ Umhhichi AgBaB:3 pdlichisanamy 2@boudye | nventi on The subj ect
invention praoyides a nethod of treating a human subj ect afflicted with an
aut oi mune di Seca)%gnmm 1'111?1]3 ng)ve? nt}lepl St %Enldn Lﬁ%&ral bloavalpblllt{ Hf'lslcl:lll %seCt 0.2 ng -

2.0 ng per day euteriume ructure:
been suggested as an oral forrnulatlon for the treatment of Multiple Sclerosis (MS). (Polman,

C. et al., (2005) “Treatment with laquinimod reduces development of active MRI lesions in
relapsing MS”, Neurology. 64:987-991; Sandberg-Wollheim M, et al. (2005) “48-week open
30  safety study with high-dose oral laquinimod in patients”, Mult Scler. 11:5154) Studies have

also shown that laquinimod can reduce development of active MRI lesions in relapsing MS.
(Polman, C. et al., (2005) “Treatment with laquinimod reduces development of active MRI
lesions in relapsing MS”, Neurology. 64:987-991).



R7 wherein each of RI-RIO is independently Hor D, and at | east
one of RI-Rio is D, or a pharrnaceutically acceptable salt thereof,

ef fecti vewDaotrvmwei3st he subj ect. The subject invention alPSo/Uyse@niod:sss a

met hod of inducing reduced formation &f optionally 10 deuterated

5-chl or o- 4- hydr oxy- 1- net hyl - 2- oxo- N- phenyl - 1, 2- di hydr oqui nol i ne- 3-
carboxam de in a human subject conprising adm nistering to the human

subj ect a therapeutically effective anmount of a deuteriumenriched conpound
havi ng the structure: 15wherein each of R1-R10 is independently H or D,
and at | east one of R1-R10 is D, or a pharmaceutically acceptable salt

t her eof wherein the reduced formation is relative to formation of

5- chl or o- 4- hydr oxyl - met hy1l- 2- oxo- N- phenyl - 1, 2- di hydr oqui nol i ne- 3- car boxam d
e upon adm ni stration of an equival ent nolar anount of

non- deut eri um enyiched | aqui ni nod. 20 The ' i nventjon further
provi des a nixtEﬁgqgfmngﬂ%ggfmia%mﬁgﬁgng§#$@§§égﬁﬂﬁ“?o Btifids, each
conmpound havi ng PFE st (raenimodygyvorr PPRIBERBBCTritS e Tnigastzg3 4

wherei n each of sRichiRl @ kg t4 diftien enebeiots lod knpyngreatditsanell eaadbeetsf nevhe at | east
two deut eri um enfietained amd GRP AN EkSbEIO frbfd nd§ infparBbiorear 16k fofi@yemich Rk- Ri 0, or
phar maceut i cakl YnodeaifRled bl o A tirse dai€ RO o 2013828519 RleEfof prdvidiEREI ON yet

further provides,a bharm : cemposition conprising, {he mxture
descri bed herein.® ag m%%%%%%gﬁ%ﬁca jm%%%e%?ﬁﬁﬁgmﬁgF% ?%@?@bf, and a

. or a I e,
pharnaceuticalthﬁ?&%%?%&ﬂﬁp%ﬁrrier. 10The subject invention yet further
provi des a pharmaceutical conposition conprising a mxture of: a)
deuteriumenriched | aquininmpd or a pharmaceutically acceptable salt
thereof; b) at |east one pharmaceutically acceptable carrier; and c) a
conpound having the structure: 15




present in an anmount which is |ess than 0.1% based on the conbi ned wei ght
of the conpound and deuteriumenriched | aquini nod. The subj ect

i nvent i orwgebi1faesidBer provi des a process for preparing PrhE/ysh@ammessssi cal
20conposition described herein, the pBocess conprises: a) obtaining a batch
of deuteriumenriched | aquininod or a pharnmaceutically acceptable salt
thereof; b) detertnining by apparatus the total amount of optionally
deuterated 5-chl oro-4-

hydr oxy- | - met hy1l- 2- oxo- N- phenyl - 1, 2- di hydr oqui nol i ne- 3- car boxam de present
WO 2012/ 006538PCT/ US2011/ 043383 5 in the batch of deuteriumenriched

| agqui ni mod or a pharmaceutically acceptable salt thereof; and c)
preparing the pharnaceutical conposition using the batch only if the batch
is determned to have | ess than 0.1% by wei ght of optionally deuterated
5-chl oro- 4- i

Shydr oxy- | - met hy I™82 %8 R B di hydr oqui nol i ne- 3- car boxani de. The
subj ect |nvent|dﬁeV@F‘Fﬂ?%%é?“%?bﬁ@ﬁ%§fﬁmﬁﬁé wes st WisHEE g a val i dat ed
bat ch of the pharraveediiceadompigrgrdghiteriagne hidgem subied|0.Frer-40mefpadaydi st ri buti on,
t he process conpfi&esin-ajiabicaiphindigvis deatuadie: of t he phar maceuti ca

conposi tion; 10b)determ ning by apparahps the total anobunt of optionally
deuterated 5-chl oro-4- Rs

hydr oxy- | - met hy1- 2- oxo- NShhéh |£n 2- dr oqui nol i ne- 3-carboxam de in a
sanpl e of the batch; an 8l i-daty Rpatch for distribution only if
the sanple of the batch contain |less than 0.1% by wei ght
of optionally deuterated 3P 0- ;%SHydroxy 1- net hyl - 2- oxo- N- phenyl -

1, 2-di hydr oqui nol i ne- 3- carbéﬁanlﬁe n@latlve to the conbined wei ght of

| aqui ni mod and 5- chl or o- 4- hydfoxy- 1-

met hyl - 2- oxo- N- phenyherer czb of Rirf rigeferemently e D3und o fepsereatiRHBIO s D.or - The subj ect
i nvention yet f wmwbdr@rcutpriowraigs: sa tdedicBcivemrenkdseRed conpound having the
20struct ure: wherein each of R1-R10 is independently Hor D, and

at |east one of ’B\J‘sug&pm\;dﬁlopalso ‘BFov&?@m&Q@Ef%Gc%E tteh&glftl)rxat@nc& @ﬂ&&ﬁigl e salt

t hereof, for yse, i n. an anmo in treating an

aut oi r nmune dlseasem?n a h% hmw4ﬁ%mg1q£mﬂ%@§§ﬁ§?%dgg% BEID 2011/043383 6
Brief Descripti off°Sf™4¢he *FgHr %‘E’eci:i"‘b‘\ﬂ‘i‘sé’g PIRMYTRE PHE BFet aet Bl asna

concent rati on- t ithrepepticalf pffeetive ampun(Of dA@rifrpenrighed cfmerd Hadmptie sivpsel vs. Conpound 2
followng oral admnistration to rats at 0.2 ng/kg. 5Figure 2 shows the
average plasnma concentration-tinme profrJe for |aquininod vs. Compound 2
foll owi ng oral adm ni straCt‘i oor:+ t% rajs _at 8,2 ng/ kg.

> N Ro

15 wherein each of R1-R10 is independently H or D, and at least one of R1-R10
is D, or a pharmaceutically acceptable salt thereof,
wherein the reduced formation is relative to formation of 5-chloro-4-hydroxy-
1-methyl-2-oxo-N-phenyl-1,2-dihydroquinoline-3-carboxamide upon administration
of an equivalent molar amount of non-deuterium-enriched laquinimod.
20
The subject invention further provides a mixture of at least two deuterium-enriched

compounds, each compound having the structure;



Figure 3 shows G oup Mean Score conparison in MOG i nduced EAE in mce
treated with two doses of |aquininmd and with Conpound 1, 2 and 3 in

vari ous dwees12/i6s38WO 2012/ 006538PCT/ US2011/ 043383 7 DetrairlusdoiDosisss pt i on
of the Invention The subject inventioh provides a nethod of treating a
human subject afflicted with an autoi mune di sease conpri sing adm ni stering
to the human subject 0.2 ng - 2.0 ng per day of a deuteriumenriched
conmpound having the structure: 5 wherein each of RI-R10 is

i ndependently H or D, and at |east one of RI-R10 is D, or a

pharmaceutical ly acceptable salt thereof, effective to treat the subject.

or a pharmaceutically acceptable salt thereof. In another enbodi nent of the
nmet hod, the deuteriumenriched conpound is WD 2012/ 006538PCT/ US2011/ 043383
8 or a pharmaceutically acceptable salt thereof. 5 In yet another

enbodi nrent of the method, the deuteri U enriched compound is or a

phar maceutical |y acceptable salt tEere f. In yet anot her enbodi nent of

t he met hod, the autoirnmgneosi sease’ Mg i pl e Sclerosis, 10Systenm c Lupus
Er yt hemat osus, | upus neplri i s y Rritis, Crohn's Disease or
Rheunmatoid arthritis. nAt s €1

odl ment of the nethod, the
aut oi mmune di sease i S N eoScl rost's. 15 I n yet anot her enbodi nent of
the nmethod, administration df thesdeuteri umenriched conpound is nore
effective in treating the aft'si mune® di sease than administration of an
equi val ent nol ar anountwheéin @Rt G B hilkdiaRR H EQKH ehcR B} ite RildADEo

deuterium-enriched compounds contains D at a different R1-R10,

or pharmaceutically acceptable salts thereof.

The subject invention yet further provides a pharmaceutical composition comprising the
mixture described herein, or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable carrier.

10  The subject invention yet further provides a pharmaceutical composition comprising a mixture
of:
a) deuterium-enriched laquinimod or a pharmaceutically acceptable salt thereof;
b) at least one pharmaceutically acceptable carrier; and
<) a compound having the structure:

c OHOQ
= N
H
r[a o

present in an amount which is less than 0.1% based on the combined weight of

15

the compound and deuterium-enriched laquinimod.

The subject invention yet further provides a process for preparing the pharmaceutical
20  composition described herein, the process comprises:
a) obtaining a batch of deuterium-enriched laquinimod or a pharmaceutically
acceptable salt thereof;
b) determining by apparatus the total amount of optionally deuterated 5-chloro-4-
hydroxy-1-methyl-2-oxo-N-phenyl-1,2-dihydroquinoline-3-carboxamide present



WO 2012/ 006538PCT/ US2011/ 043383 9 In yet another enbodi nent of the mnethod,
the I evel of optionally deuterated 5-chloro-4- hydroxy-1- neth

yl - 2- oxo-wWopherbs3g, 2- di hydroqu i nol ine-3-carbox am dePComusedtionsshe hunan
subj ect upon admi nistration of the de#éiteriumenriched conpound is reduced,
5 conpared to the | evel of 5-chloro-4-hydroxy-1-nethyl-2-oxo-N phenyl-1, 2-
di hydr oqui nol i ne- 3- car boxam de forned when an equi val ent nol ar anount of
nondeut eri um enriched | aquininod is adm nistered to the human subj ect. In
yet anot her enbodi nent of the nmethod, the | evel of optionally deuteratecl
5-chloro-4- 1

Ohydr oxy- 1 - net hyl - 2- oxo- N- pheny1l- 1, 2- di hydr oqui nol i ne- 3-car boxam de is
reduced by at |east 50% In yet anot her enbodi nent of the nmethod, the

| evel of optionally deuterated 5-chl oro-4-

hydr oxy- | - met hy1l- 2- oxp- N- phenyl - 1, 2- di hydr oqui nol i ne- 3- car boxam de i s
reduced by at 15l eastm&ﬁefgcpﬂfﬁéw%“ﬁ‘ﬁf“é% la%g“ﬁ’\"/’ g’f?%ﬁm&éﬁ‘l"t‘sc%lyﬁff‘eﬁ?}’gd%ts a met hod of
i nduci ng reduced forn#to#dof optionally

deut er at ed5- chl or 0- 4- brspating sy pifrpEgeitioyy komBesiiongusihg: fxhlely dolylif @e ghiclhydr oqui nol i ne- 3
- carboxam de in a huismiBub hREkss BATNKIbE Wéige A cbbnaly Sduetibd3ghiér@4-t he human
subj ect a 20t ber apeut jGa3lyl1¥nefih SGIN P&y BRI binds- ARWLGEL UM enri ched
conpound havi ng the structure: wherein each of RL-R10 is

i ndependently H or D, and at |east ogne of RI-R10 is D, or a

phar maceut i cal | yPa¥¥EhPUBreys S Fas agres 25 Rrurse N if¥e 4R dfed for mation
is relative to frnepeeetcr ppmprfition desdybegpersin £or diplyiftienxte process comprises:

| - met hy1- 2- oxo- N- pheny| ebthipigs athaudn yidle pginacaoital crepoBioc ar boxam de upon

adm nistratiqa of amp equicmdln@btappaihsde 0AMRRL of Ghionl) Beudk@tits@fibblit enr i ched

| aqui ni mod. - VO 2012/ 0085ARRGLNSRAALLA43 38 bl ARsSHRAT, ot OF the
nmet hod, the | evel of optiona elby hdag terated 5-chl oro-4-hydroxy- 1-

met hy1- 2- oxo- N- pheny1- 1525 dl yd? oqui nol i ne- 3- carboxam de is reduced by at

| east 50% conpar ed c)t o ‘faHjéth técv)étf:h fgfhsmblmon only if the sample of the batch is determined

5- chl or 0- 4- hydr oxy- 1- net tygaainesp sha (N4 brevpjelit- of optionally deuterated 5-chioro-4-

di hydr oqui nolisne- 3- car bigxaiyi1 dethyfi-0bxa@ichhénfr @A dibyidro@eiolinyadadsxbmid®d| ar anount of
non- 5flﬁUt er Iml;rr;l enri fheglatlv@-ﬂ)ujwntjomgd Lv§ghasmithniaxd%@slcﬁog,-4thp(lﬁ<ixbugant subjt ec t.

n anot her enbodi nent o ionally deuterate
5-chl or o- 4- hydr oxy1- net ?}%ofggg@%ﬁ#é@n%qﬁo}% Béig%%%qui nol i ne- 3- car boxam d
e is reduced by at | east 90% 10The subject invention further provides a
m xture of at | eReeubieshdrverdntyer e e aHeerpntppdtingsremd etre dsnmpound havi ng
the structured R¥ucwre:  wherein each of R1-R10 is independently Hor D, and
each of the at |east two deuteriumenriched conpounds contains D at a
different R -R10, R,

R R
ci OH o ° 8
AN N R
Ry

wherein each of R1-R10 is independently H or D, and at least one of R1-R10 is D, or

25  apharmaceutically acceptable salt thereof,
for use in an amount of 0.2 mg — 2 mg per day in treating an autoimmune disease in a human

subject.



150r pharnmaceutically acceptable salts thereof. In an enbodi nent of the
m xture, one of the at | east two deuteriumenriched conpounds has the
struct ur ewo 28a06§3Rar maceuti cal |y acceptabl e sal ts ther @off/usSkor1amssher
enbodi nent of the mi xture, one of the6at |east two deuteriumenriched
conpounds has the structure: WD 2012/ 006538PCT/ US2011/043383 11 or

phar maceutical ly acceptable salts thereof. In yet anot her enbodi nent of
the m xture, one of the at |east two deuteriumenriched 5conpounds has the
structure: or pharmaceutically acceptable salts thereof. The subj ect

invention yet further provides a pharmaceutical conposition conprising the
10m xture descri bed herein, or a pharmaceutically acceptable salt thereof,
and a pharnaceutically acceptable carrier. The subject invention yet
further provides a pharnmaceutical conposition conprising a m xture of:

15a) deuteri um enriched | aqui ni rod or a pharmaceutically acceptable salt

t hereof; b) at PEﬁ?F“Hﬂ@”%ﬂ%?ﬂﬁ%euticalIy acceptable carrier; and c) a
conpound havi ng Figtie ! seruee diprese plasny@nergption G0GBIEPETIHYSR (A 398383 12 present
in an anount whilgining v{ @ggoutd?dello@ngbibPaisedioon rats k@2 @gkehi ned wei ght of the
conpound and deuteriumenriched | aqui ni nod. In an enbodi ment of the

pharmaceutical GRIPOI: ki Rerade DG mE QIRRANDG irheSroRE RSER imbd Vs FmBIRUNT 5 | ess
than 3 ppm or l%iﬁo%p%&a%mﬁﬁﬂ%99§§g on t he conbi ned wei ght of the conpound
and deut eri um enr ChEd™I"a4UT AR “ A" 4Hot her embodi ment of t he

pharmaceutical conposition, the deuteriumenriched | aquininod has the
structure: 10 Figure 3 shows Group Mean Score comparison in MOG induced EAE in mice treated with

two doses of laquinimod and with Compound 1, 2 and 3 in various doses.
10



wherein each of RI-R10 is independently H or D, and at |east one of R1-R10
is Db or a pharmaceutically acceptable salt thereof. I n yet another
enbodi mrerwoab1zdees3phar maceut i cal conposition, in the de®Ceriseoman3sghed
151 aqui ni nod, each of R1-R5 is D and 2ach of R6-R10 is H, or a
pharmaceutically acceptable salt thereof. In yet anot her enbodi nent of
t he pharnaceutical conposition, in the deuteriumenriched |aquininod, each
of RI-RS is H and each of R6-R10 is D, or a pharmaceutically acceptable
20salt thereof. In yet another enbodi nent of the pharnmaceuti cal
conposition, in the deuteriumenriched |aquininod, each of RI-R10 is D, or
a pharmaceutically acceptable salt thereof. 25 In yet another enbodi nent of
t he pharnmaceuti cal conposition, the pharmaceutical conposition is in the
formof a tablet. WO 2012/006538PCT/US2011/043383 13 In yet another
enbodi nent of theﬁ&%grnaceu caltponp05|t|on when i ngested by a human
subj ect, the phar HETPEE ™ CORSEST ti on provides a reduced | evel of
optionally deutéﬁaﬁeﬁtﬂwméhPﬁhﬁsﬂm“H“YHF%%?ahTmmﬁﬁﬁhﬁmm?iWﬂkﬁ N-phenyl - 1
, 2-di hydr oqu i noltpimeunddigay doopising adhgnifigngredk human suhiect hime?.Osshyréot , rel ative to
the | evel of 5- cind ddi@iudenhapelirc@npyund thvifgate Byotmr2- 0X0- N- phenyl -1, 2- 5
di hydr oqui nol i ne- 3-car boxam de fornmed when an equival ent nol ar anmount of
nondeut eri um enriched | aqui ni mod i g,i ngesked by the human subject. The
subj ect invention yet fuﬂt & povi d process for preparing the
phar maceuti cal conpositj >t g el [
obt ai ning a batch of de
acceptabl e salt thereof; i Fﬂg by apparatus the total amount of
optionally deuterated 5- chlcﬂgkp-4Hz Rs
hydr oxy- | - net Ryl - 2- oxo- N- pheny1- 1, 2- di hydr oqui nol i ne- 3- car boxami de present
in the batch of deuﬂ@@¥wﬁ$éﬁ#ﬁéﬁ@ﬁmﬁﬁﬁﬂrhwﬁbﬂdﬁkﬁamﬁﬁath@e@hwlcaIIy
accept abl e salt abbédnenieol scceauitk sgihepef efi@tive Rgeat desubphar maceut i cal conposi ti on
using the batch only if the batch is deternmned to have |ess than 0.1% by
wei ght of Optl O%An'e&{boﬁlﬁéﬁto@ﬁx%e@xgd &e&é\n«ln% Qm4'1ed CE}ngL[ng)éy 1-nmeth
y1l-2- oxo- N-phenyl - 1, dlhydrqu|nQ;|ne 3- car boxam de. OThe subj ect
i nvention yet further provides % priocess for produckpg a I|dated bat ch of
t he pharnaceuti cal coupoeﬂtl@n ed hereHn éor utlon t he
process conprises: a oh a|- conposition;
b) determ ning by aat S 'HotDaI a Qp ien Iy deut erated
5-chl oro- 4- H
hydr oxy-1 - met hy1- 2- oxo- thhenw ,2 d|hydroqm|nolm “3-carboxanide in a
25sanpl e of tlhe batch; afidp Cc) va |dat|ng the®®atch for distwibution only if
the sanple of the batch is determmed to contain | ess than 0. 1% by wei ght
of optionally deuterated 5-chlo
hydr oxy-1 - met hy1- 2- oxp- Bhe yI
to the conbi ned wei

i hydr oqui nol i ne- 3- car boxam de rel ative
ahd optionally deuterated 5-

30chl or o- 4- hydr oxy- | phenyl - 1, 2- di hydr oqui nol i ne- 3-

car boxam de. The subject |n9e n yet further provides a
deuteriumenriched conpoump h vibng t he structure:

or a pharmaceutically acceptable salt thereof.

In another embodiment of the method, the deuterium-enriched compound is



14 wherein each of RI-RIO is independently Hor D, and at | east
one of RI-Rio is D, or 5a pharnmaceutically acceptable salt thereof, for use
in an anowoRorfo06s38 ng - 2 ng per day in treating an auroTspunm4Bssease in
a human subject. By any range disclos&d herein, it is neant that al
hundredth, tenth and integer unit anounts 10 wthin the range are
specifically disclosed as part of the invention. Thus, for exanple, 0.01 ng
to 50 ng neans that 0.02, 0.03 ... 0.09; 0.1, 0.2 ... 0.9; and 1, 2 ... 49
ng unit anounts are included as enbodi ments of this invention. Deuterium (D
or 2H) is a stable, non-radioactive isotope of hydrogen and has an atomc
15 wei ght of 2.0144. Hydrogen atomin a conpound naturally occurs as a

m xture of the isotopes 1H (hydrogen or protiun), D (2H or deuterium, and
T (3H or tritiunm). The natural abundance of deuteriumis 0.0156% Thus, a
compound with a level of deuteriumjat any site of hydrogen atomin the
conpound that has been enriched_.to be[greater than its natural abundance of
0.0156% is novel oveg i¢s ron-e ed counterpart. 20 As used herein, a
"deut eriumenriched" kopRou t the abundance of deuterium at any
rel evant site of th mpdung,_| re than the abundance of deuterium
natural |y occurring oSi t\e ﬁ an anount of the conpound. A relevant
site in a conpound as uskd absa i's a site which woul d be designated as "H'
in a chemcal structure '@presentation,Gf t he 25 conpound when not
deuteriumenriched. Naturally occutring as used above refers to the

enrich the abundanc s, in a "deuteriumenriched"
compound, the abund yn at any of its relevant WO

2012/ 006538PCT/ US20117 04388 ptes can range fromnore than 0.0156%to
100% Exanpl es of ways teuobtdi ® a deuteriumenriched conpound are
exchangi ng hydrogen with deuterium or synthesizing the conpound with

deut eri um enri ched &t&FFPHY Haterlrd 8 opt ai ni ng 100% deut eration at any
relevant site of a conpound in an anmount of mlligramor greater can be

di fficult. Ther af faqthei cinbddigierysfche matod o€l debibrmin-egioricoped®nt age of hydrogen may

still be present, even though a dewteriumatomis specifically showm in a
chem cal structure. Thus, when a.c jcal structure contains a "D', the
conpound represented he Bt ruc is deuteriumenriched at the site

represented by "D'. R e of a conpound refers to any quality
that a conpound exhi PHeaks or retention tines, as deterni ned by
1H nucl ear magnetic s ~-HMass spectroscopy, infrared, ultraviolet
or fluorescence spectropggtonety, gas chromatography, thin layer

chr omat ogr aphy, hi gh performance |iquid chromatography, elenental analysis,
Ames test, 15 di ssoPiitthariccustiypsrepitieyatdiertany ot her quality that can be
determ ned by an anal ytical nethod. Once the characteristics of a conpound
are known, the imdHhadaRd ieohdiganct e ras@thd Dimhee dexamNusiple Sadeen or test for
the presence 9f ¢f&ic gjgnompamin&usa PR R8s, lupus ABhridS Qo DRLR, ord
"pharnaceuticaJIﬂﬁﬁ&&gghgg e" carrier or excipient is one that is suitable
for 20use with humans and/or animals w thout undue adverse side effects
(such as toxicity, irritation, and allergic response) comensurate with a
reasonabl e beneflpye a\n?t@kempgmexé(_)f the method, the autoimmune disease is Multiple Sclerosis.

15 In yet another embodiment of the method, administration of the deuterium-enriched
compound is more effective in treating the autoimmune disease than administration of an

equivalent molar amount of non-deuterium-enriched laquinimod.



As used herein, "drug substance" refers to the active ingredient in a drug
product, which provides pharnmacol ogical activity or other direct effect in
t he di agrweizg12/me¥3e, mtigation, 25treatnent, or prevenPCoUsefllduBense, or
to affect the structure or any functi®n of the body of man or aninmals. As
used herein, "drug product” refers to the finished dosage form contai ni ng
the drug substance as well as at |east one pharnaceutically acceptable
carrier. 30 As used herein, an "isolated" compound is a conpound isol ated
fromthe crude reaction mxture following an affirmative act of isolation.
The act of isolation necessarily involves separating the conpound fromthe
ot her known conponents of the crude reaction m xture, with sonme inpurities,
unknown side products and residual anpbunts of the other known WO

2012/ 006538PCT/ US2011/ 043383 16 conponents of the crude reaction mxture
permtted to remain. Purification is an exanple of an affirmative act of

i sol ation. As used herein, a conposition that is "free" of a chem cal
entity means thdt Yt HetheE SRYHE™ Piok Stefnthaicrs of Jpiorally degered Sgboratrount  of t he
chem cal entity bwinxg hoataiee-N-plenyhladidéduifadihe 3owuporgpida n foafefl | mmaitei ve act

i ntended to el i mumatsejdih@oph@dsenRia @f he Reiuaadriced tinpyend B &da&d,cONposi ti on.
As used hereig, cl;,ﬁ;a@pl hd t Vet 8l NG 5 BfRLShydrRy-I-RSlyE- GORGMEGH.EH at specific
time intervals andyyalQuS. vl QENGR) of bl G (Rufl o deperature and
hum dity) to see P'dfqand“to v_\f)af,ext_,ent 16" atdr ug product degrades over its
desi gnat ed shel foFEriPodraingppd is S4rEterd R UeBREEP*dns and tinme of the tests
are such that they accelerate the conditions the drug product is expected
t o encount er ovei ydt tuethg Rebofliméni ffehe rhethnd, ex & bfeoptioghity eibred Srcepeid-r enent s of
stability testi NGudx@i-mbulyli-&H8Gheph 8- IBEEM IR EboRdnfte GOMafcteesy kn 21 C. F. R
211.166, the entj[gqcontent of which is hereby incorporated by reference.
15 As used herein, "about" in the context of a nunerical value or range
means 10% of the nunerical value or range recited or clainmed. Laquininod is
a smal | nol ecul & BAFIOHE cPrremen Pl Bvifcties dRé epptioadly fruetider<hon*  Laqui ni nod
It is an oral i rmdmphodul-axeN-rig-thdifyédemigdiprgrrsboatideds rdderdapreeit i c effect in
vari ous expensnaaftade. i nf | ammat or y/ aut oi mmune ani mal nodel s, such as

Experi nment al Aut oi mmune 25 Encephal onyelitis (EAE), an ani mal nodel for

Mil ti pl e Scler oss, (MBhyenddP XL %ﬂ%?%«%ﬂé.%@?%&&&%%}n drBgiGRd colitis for

I nfl anmat ory Bowe sease n- Ohese D a C
y deuterated " 5-chloro-4-hydroxy-1-methyl-2-oxo-N-phenyl-1,2-dihydroquinoline-3-
carboxamide in a human subject comprising administering to the human subject a

20  therapeutically effective amount of a deuterium-enriched compound having the structure:

Ry
R R

c OH o ° 8

AN N Ry

R1 Rs H

N O 10

| R Re

CHj 2 Ry

wherein each of R1-R10 is independently H or D, and at least one of R1-R10

is D, or a pharmaceutically acceptable salt thereof,
25 wherein the reduced formation is relative to formation of 5-chloro-4-hydroxy-
1-methyl-2-o0xo-N-phenyl-1,2-dihydroquinoline-3-carboxamide upon administration

of an equivalent molar amount of non-deuterium-enriched laquinimod.



(NOD) mce for Type | D abetes (I DDV, Experinental Autoi mmune Neuritis
(BAN) for Quillain-Barre Syndrone, System c Lupus Erythematosus (SLE),

| upus nepWoi20i206338pus arthritis, Crohn's Di sease and Rreunstaild4383 hritis.
The therapeutic activity of laquininod® in WD 2012/ 006538PCT/ US2011/ 043383
17 these nodels results froma variety of nechanistic effects, including
reduction of |eukocyte infiltration into target tissues by nodul ati on of
chenoki ne- nedi ated T-cell adhesion, nodul ati on of cytoki ne bal ance, down
regul ation of MHC class Il resulting in alteration of antigen presentation,
and effects on dendritic cells subpopul ations. 5 A pharmaceutically
acceptabl e salt of |[aquininod, as well as of the deuterated conpounds
herein, includes lithium sodium potassium nmagnesium calcium manganese,
copper, zinc, alumnumand iron. Salt formul ations of |aquininmd and the

process for preparing . the sane are described, e. in U S Patent

Appl i cation Publ €& ‘ﬁ‘e"f\ﬁ)f.thefﬁﬁ‘%/ ‘8".1'@"2’3(?[3”“%“%% dﬁﬁgﬁ%ﬁhfﬁrﬁ’@% K&t 6nal

Appl i cati on PublmetdtPon-rRaY- I dhInesriorhadgamifht cHicgr w &Ry i ncor por at ed
by reference i ntanptrlili Swoappt i datli oef. S-chlof-4dpiragemadni2oxqpheybi®ri se a singl e
conmpound or m Xtdif@Guidkne-C-QuripQNIAE Sordicl eWh@DEn cAivalAS agier bidink of @bn-be prepar ed
for oral dosage 4f Qfienicid Ghinda & AkBES 0 fARSHLSS. PI 1 ]S, powders, and
15granul es. Laqui ninod, as well as of the deuterated conpounds herein, can
be admi nistered in adm xture with suitable pharmaceutical diluents,

ext enders, exci pt&@iesembegiment githeimaPy. tedBt PRttt AP PElt Y herein as a
phar maceut i cal | y-maédeéprabiheyiddrdipydepynoline}-cahpryidedarpdaced byet 1909 t h respect to
the intended form of admnistration and as consistent with conventi onal
phar maceuti cab PhelGubjbE GSontioh MBihéi Yrdvidds S Piki@E F ALk dwé) a@efiiAiicdi t abl e for
oral adm ni strat]on g a4 Wngliing A Rll a@s of the deuterated conpounds
herein, can be admnistered alone but s generally mxed with a
pharnaceutical ly acceptable carrieg, a [d go-adninistered in the formof a
tabl et or capsule, |iposegneoHor oas an brerat ed powder. Exanpl es of
suitable solid 25 carrie j J sucrose, gelatin and agar.
Capsul e or tablets can @ ated and can be nade easy to swal |l ow
or chew, other solid fow iNCtaude\grantl es, and bul k powders. Tablets nmay
contain suitable binders, |ubricestys, *di sintegrating agents, coloring
agents, flavoring agents, f1%% i nduci ng agents, and nelting agents. For

i nstance, for oral adm whsih éagiof BIRID R infidi@deBIBGR, abiihch oftt@ btRadiwoa t abl et or

capsul e, the active  gtig GORPRRERs GRlhs B& Ber&OiNed W th an oral,

non-toxic, pharmaceyt]call Y QEcoRiaRl fued NErt carrier such as |actose,
gel atin, agar, star cﬁ), sucrose, glucose, nethyl cellulose, dicalcium

phosphate, calciumsulfate, mannitol, sorbitol, mcrocrystalline cellul ose
and the |ike. SupmgBtodmest ¢ dhemigture. gee of it ety dpterigpbinaghsd gomppiads i al  sugars such
as glucose or beteawnkmet ose, corn starch, natural and synthetic guns such as
acaci a, tragacanth, or sodium al gi natep povi done, WO

2012/ 006538PCT/ US2011/ 043383 pbhyl cel | ul ose, pol yet hyl ene

gl ycol, waxes, and the |i%ke Pt
sodi um ol eat e, sodi um sp€a mHeWzoat e, sodi um acetate, sodium
chloride, stearic acid, | . Wipfumarate, talc and the |ike.

Di sintegrators include, W tHRbut®listation, starch, nethyl cellul ose, agar,
bentoni te, xanthan gum 5CI‘Q§‘)§8.H‘I%| ose sodium sodium starch glycol ate and
the Iike. Specific exanples of the techni ques, pharnmaceutically acceptable
carriers and2@xci pi &8RP FEPYFe 8889 t o fornul ate oral dosage forns of
the present invention are described, e.g., in US. Patent Application

Publ i cati on No. R&6ht&bYRBdbf theMGhure| did @ hexAkedsOMadeutcApPdniiddiconppunds 0 Publ i cat i on
Nos. WO 2005/ 07489 sV 2007/ 047863, and WD 2007/ 146248. General techniques
and conpositions for nmaki ng dosage forns useful in the present invention




are described in the follow ng references: 7 Mdern Pharnmaceutics, Chapters
9 and 10 (Banker & Rhodes, Editors, 1979); Pharnmaceutical Dosage Forns:
Tabl et s (WDeberawedsset al ., 15 1981); Ansel, I|ntroducti omrCraSRaonsseuti cal
Dosage Fornms 2nd Edition (1976); Remimgton's Pharmaceutical Sciences, 17th
ed. (Mack Publishing Conpany, Easton, Pa., 1985); Advances in

Phar maceutical Sciences (David Ganderton, Trevor Jones, Eds., 1992);
Advances in Pharmaceutical Sciences Vol 7. (David Ganderton, Trevor Jones,
James McG nity, Eds., 1995); Aqueous Polyneric Coatings for Pharnmaceutical
Dosage Fornms (Drugs and the 20 Pharnaceutical Sciences, Series 36 (Janes
MG nity, Ed., 1989); Pharmaceutical Particulate Carriers: Therapeutic
Applications: Drugs and the Pharnaceutical Sciences, Vol 61 (Al ain Rolland,
Ed., 1993); Drug Delivery to the Gastrointestinal Tract (Ellis Horwod
Books in the Biological Sciences. Serlﬁs |n Phar maceuti cal Technol ogy; J.
G Hardy, S. S. Davis, dive G WIson Moder n Pharmaceuti cs Drugs
and the Pharnaceutical Seiergesgo Vol 5(G| | bert S. Banker, Christopher
T. Rhodes, Eds.). These W entireties are hereby

i ncorporated by referen @pplication. Metabolites from chem cal
conpounds, whet her inhe ' ceutical, are forned as part of the
nat ural bi ochem cal process lof demfldi ng and elininating the conpounds. The
rate 30 of degradation of a%bnpound is an.inportant determi nant of the
duration and i nt ensbdpfardeudch acdphbieihs mddoOf i | 1 Ng net abol ites of

phar maceuti cal conpounds, drug netabolism is an irrportant part of drug

di scovery, |eading to an understandin ndesi e side effects.

Met abol i zat i on gﬁ.é’%ﬁ’ﬁ’frrfm*r;rlc’gl et ?6‘1?'?(5’6%%%%%&% Ugﬁéi‘f% | g% 19 Laqui ni nod
has been showh tcﬁ‘m’ﬁ‘é‘d*‘é‘f‘sé}\ﬁf‘?c‘%t abol i zed by CYP3A4 (COyt ochr one P450 3A4) to
formseveral mnor netabolites and so of them may undergo further

nmet abol i sm by Phase 2 net%aqu corea% D See, e.g. Tuvesson et al.
"Cytochrome P450 3A4 is t responsi ble for the netabolism of

| aqui ni nod, a novel i o g \ 5 Met abol i sm and Di sposition,
Vol . 33, No. 6, pages 88§~ 2850 (Ees et hyl -1 aqui ni mod; 5-chl or o- 4- h
ydrox y-l-neth yl-2-oxo- N-ph|eny -g el hydr oqui nol i ne-3-carbox am de),

havi ng the foll owi ng chem caﬂHastrucPure is one of the oxidative

met abol i tes of | aqui, . A , clinical data has shown that
DELAQ | evel s in huna h ageytcaal%gcj Jgtta@%gérs{h{zfl%ﬂ constant ratio to the | aquininod
| evel s either in terms of Crax or AUC. Such a behavi or suggests that the
formation of theMpabighsyeton yet fithepgpvidessa phrrmacegalygompogipipn cappresinejthyi t ed" .

Descri bed beliow raixuee aelxspidedi heqirt Sor sth owrmagputichiiat acteheble delyt erealt el faor m of

| aqui ni nod | S NyhematdriciRSdcHla@hridc0 NMet abol i ¢ changes, especially those
changes nedi ated by cyt ochrorre P450 systems Deut er at i on of the CG-H bond to
be OXI dl Zed m':ly ﬁlh% 11 v.entxong@ Cr rv1dosa l(ljrlél uti ctog SOIIIOKICO TIS16, arn Dl I c

swi tching). The rre% chene’ oW 111 UStTates sf‘%wegr B3a4- nedi at ed
DELAQ formation i t h deut erated | aqw ninod: d OHO H3C O 20Laqui ni nod

15 a) deuterium-enriched laquinimod or a pharmaceutically acceptable salt thereof;

b) at least one pharmaceutically acceptable carrier; and

a compound having the structure:

e



k2 <k, HaC 0 al pha, al pha-deuteratedDELAQ Laqui ni nrod 25 WO

2012/ 006538PCT/ US2011/ 043383 20 Deuteration of the phenyl noiety may affect
posi ti on Wb 20te0ess8de- bond rel ative to CYP catal yti c ceRCEUSPIILOW3IBD

oxi dation of ii-carbon of the ethyl group. This may explain why deuterated
| aqui ni nod with various deuteration at ethyl and/or phenyl noieties results
in, for exanple, reduced formation of optionally deuterated DELAQ 5 DELAQ
as an Inmpurity DELAQ is also an undesirable synthetic by-product of

| aqui ni nod synthesis. Any activity of DELAQ has not been fully
characterized. It is also generally preferable to mnimze the anmobunt of an
inpurity in a drug substance and the final drug product. 10 DELAQ as an
impurity in the | aquininod sodiumdrug substance is tested by a HPLC net hod
and the specification for this inpurity is provided as not nore than 0.1%
The GWP drug substance batches of | i ni sodi um have been tested and
the level s of DELAQ i n PH&&E" BRt (‘:ﬁ}écgg%és\r}‘énnqgl%ebﬁwgocgéﬁﬁm?%egﬁeé&ﬁogss than 3 ppm
Sinilar paraneters are 'EREPErOrEEBETERAdEY M8t drug product containing
conpounds of this invention. Several analytical and bioanal ytical nethods
wer e devel oped fiuhin ed@biRdnidf M pHaditeuddal BfHbditiom) &k toyipot iktptes inel arkdimlt AQ
concentrations. | JJhgn 6 Yt &M BhQ3RRbMd of B colBilied Qelsh brQfe RbORA| | Y deuterated
DELAQ anal ysi s in var ptrices are based on LC-M5 and have sensitivity
at 20 the | ow pg p evel . This invention will be better understood
by reference to the Experinental Details which follow, but those skilled in
the art wl | reduhndthyr emprdiment plae ehaprprgiticat corgpositioe B feprgiresopdbedilygnced det ai | ed are

only illustratiwedefmutdre i nventi on as described nore fully in the clains
whi ch 25foll ow thereafter. WO 2012/ 006538PCT/ US2011/ 043383 21
Re Rs
Cl OH O
AN N Ro
R Rs
N0 1&,:{ Rig
| RS R

wherein each of R1-R10 is independently H or D, and at least one of R1-R10 is D,

or a pharmaceutically acceptable salt thereof.

In yet another embodiment of the pharmaceutical composition, in the deuterium-enriched
15 laquinimod, each of R1-R5 is D and each of R6-R10 is H, or a pharmaceutically acceptable

salt thereof.

In yet another embodiment of the pharmaceutical composition, in the deuterium-enriched
laquinimod, each of R1-R5 is H and each of R6-R10 is D, or a pharmaceutically acceptable
20  salt thereof.

In yet another embodiment of the pharmaceutical composition, in the deuterium-enriched

laquinimod, each of R1-R10 is D, or a pharmaceutically acceptable salt thereof.

25  In yet another embodiment of the pharmaceutical composition, the pharmaceutical composition

is in the form of a tablet.



Experimental Details: Exanple Preparation of Deuterated Lauuininod Step 1:
Synthesis of Deuterated N-Ethyl-aniline 5 N Ethyl-D5-aniline

N Et hyl - DBoaniZGoes38 LON- D5- Et hyl -ani | i ne N- D5- Et hyl - aRCITiuse01103383

2012/ 006538PCT/ US2011/ 043383 22 N- D11BEt hyl -anili ne N-D11- Et hyl -ani |l i ne
S5Aniline (0.01 nole) was dissolved in toluene (10 m ), cooled to OC under
nitrogen, and acetic anhydride (0.02 nole) was added in one portion. The
cooling bath was renoved and the m xture was stirred for 90 m nutes and

t hen evaporated on a rotary evaporator. The internedi ate acetanilide was
dried in vacuum and then dissolved in THF (20 m ) and cooled to OC under
nitrogen. Lithium alum nium hydride (0.025 nole) was added during 25 10

m nutes. The mi xture was refluxed for 2 hours and then cooled. Silica gel
(3 gr) was added followed by addition of 1M NaCOH solution (1.8 gr). The

m xture was stirred for 30 mnutes and then filtered through a pad of

sodi um sul phat e.™ ¥H&PF PRI & RETSHELhBEPOMWOP Wi BERY P FPRBr and t he

organi ¢ phase weaighieetorobtraedicd @mpriitiar proyteap jpduesd b plaoptiorallt donepied & the titl e
conpoun ds. 15 chloro-4-hydroxy-1-methyl-2-oxo-N-phenyl-1,2-dihydroquinoline-3-carboxamide formed in

the human subject, relative to the level of 5-chloro-4-hydroxy-1-methyl-2-oxo-N-phenyl-1,2-
5  dihydroquinoline-3-carboxamide formed when an equivalent molar amount of non-

deuterium-enriched laquinimod is ingested by the human subject.

The subject invention yet further provides a process for preparing the pharmaceutical
composition described herein, the process comprises:
10 a) obtaining a batch of deuterium-enriched laquinimod or a pharmaceutically
acceptable salt thereof;

b) determining by apparatus the total amount of optionally deuterated 5-chloro-4-
hydroxy-1-methyl-2-oxo-N-phenyl-1,2-dihydroquinoline-3-carboxamide  present
in the batch of deuterium-enriched laquinimod or a pharmaceutically acceptable salt

15 thereof; and

¢) preparing the pharmaceutical composition using the batch only if the batch is
determined to have less than 0.1% by weight of optionally deuterated 5-chloro-4-
hydroxy-1-methyl-2-oxo-N-phenyl-1,2-dihydroquinoline-3-carboxamide.

20  The subject invention yet further provides a process for producing a validated batch of the
pharmaceutical composition described herein for distribution, the process comprises:
a) obtaining a batch of the pharmaceutical composition;
b) determining by apparatus the total amount of optionally deuterated 5-chloro-4-
hydroxy-1-methyl-2-oxo-N-phenyl-1,2-dihydroquinoline-3-carboxamide in a
25 sample of the batch; and
©) validating the batch for distribution only if the sample of the batch is determined
to contain less than 0.1% by weight of optionally deuterated 5-chloro-4-
hydroxy-1-methyl-2-oxo-N-phenyl-1,2-dihydroquinoline-3-carboxamide
relative to the combined weight of laquinimod and optionally deuterated 5-
30 chloro-4-hydroxy-1-methyl-2-0xo-N-phenyl-1,2-dihydroquinoline-3-

carboxamide.

The subject invention yet further provides a deuterium-enriched compound having the

structure:



Step 2: Synthesis of Deuterated Laqui ni nod

N- et hvl - N- D5- phenvl- 1, 2- di hydr o- 4- hydr oxv- 5- chlor o- 1- net hyl - 2- oxouui nol i ne-
3- car boxwigi2de/qe&sspound 1) Conpound 1 PCT/US2011/043383

N- D5- et hyl - N- pheny1- 1, 2- di hydr o- 4- hydrHoxv- 5- chl or o- 1- net hyl - 2- oxoqui nol i ne-
3- carboxam de (Conpound 2) 10 Conpound 2

N- D5- et hyl - N- D5- phenvl1- 1, 2- di hydr o- 4- hydr oxy-5-chl or o-| - met hy1- 2- oxoqui nol
ne- 3- 15 car boxam de (Conpound 3) Compound 3 N-Ethyl-aniline (0.01
nol e) and MCQCA(1, 2- Di hydr o- 4- hydr oxy-5-chl oro- 1-nmethyl-2-oxo- 20

qgui nol i ne- 3-carboxylic acid) (2.03 gr, 0.008 nole) were stirred in

di chl oronethane (32 m) and triethylamne (4.2 mM) was added. The m xture
was cooled in an ice/water bath under nitrogen and thionyl chloride (1.33
gr) was added dropwi se during 30 mnutes. The mxture 24 was stirred at 0C
for additional 3 hours and then extracted wth cold aqueous 1M sul phuric
acid. The organi c phase was extracted with 1M NaOH sol ution and the aqueous
phase was concentrated a little on a rptary evaporator to renmpve traces of
organi c solvents. 5M HClea@Hadged t Me 1.5 and the resul ting suspension
stirred for 30 m nutes. e lpredipit roduct was filtered, washed with
wat er and dried in vacug aqui ni nod was t hen obtalned (86-93%
yield). Step 3. Preparatye eratied Laqui ni nod Sodi um salt 10

Deut erated | aqui ni nod preparjed 1 fg; &éh 2 was suspended in ethanol and
treated with 20% aqueous Na©Hs sol ut on. The precipitated sodiumsalt was
stirred for 3 hours, filtered and washed with ethanol. Drying in vacuum
provi ded deuterated | a Lu (92-94% entity and
purity were proven D L %ﬁﬁpdﬁggnhﬂn f@?ﬁg sog%%?gm%ﬁ?|€%15*% assay of

deut er at ed coﬁpd@ﬁﬂ@“f“@yEﬁﬁﬁﬁﬁﬁﬂm?ﬁotop|cPurlty (LC/ MS/ MB) Assay

for use in an amount of 0.2 mg ~ 2 mg per day in treating an autoimmune disease in a human

subject.

By any range disclosed herein, it is meant that all hundredth, tenth and integer unit amounts
10  within the range are specifically disclosed as part of the invention. Thus, for example, 0.01
mg to 50 mg means that 0.02, 0.03 ... 0.09; 0.1,0.2 ... 0.9; and 1, 2 ... 49 mg unit amounts are

included as embodiments of this invention.

Deuterium (D or 2H) is a stable, non-radioactive isotope of hydrogen and has an atomic

15  weight of 2.0144. Hydrogen atom in a compound naturally occurs as a mixture of the
isotopes 1H (hydrogen or protium), D (2H or deuterium), and T (3H or tritium). The natural
abundance of deuterium is 0.0156%. Thus, a compound with a level of deuterium at any site
of hydrogen atom in the compound that has been enriched to be greater than its natural
abundance of 0.0156%, is novel over its non-enriched counterpart.

20
As used herein, a “deuterium-enriched” compound means that the abundance of deuterium at
any relevant site of the compound is more than the abundance of deuterium naturally
occurring at that site in an amount of the compound. A relevant site in a compound as used
above is a site which would be designated as “H” in a chemical structure representation of the

25  compound when not deuterium-enriched. Naturally occurring as used above refers to the
abundance of deuterium which would be present at a relevant site in a compound if the
compound was prepared without any affirmative step to enrich the abundance of deuterium.

Thus, in a "deuterium-enriched” compound, the abundance of deuterium at any of its relevant



100. 0% 94. 0% 2 100. 0% 95. 4% 3 100. 0% 95. 6% WO 2012/ 006538PCT/ US2011/ 043383
25 Exanple 2: Analysis of DELAO DELAQ is fornmed as a netabolite in rodents
as wel |l awoizni2nwss8 body upon admi nistration of | aqui ni mOw/USSEOHZIR3

anal ytical and bioanal ytical nethods \Wwere devel oped for determ nation of
DELAQ concentrations, as a representative netabolite. The current 5

bi oanal yti cal nethods for DELAQ analysis in various nmatrices are based on
LC-M5 and have sensitivity at the |low pg/ nL plasnma | evel. The foll ow ng
conditions were used in the determ nation of DELAQ in human plasma. The
plasma is purified by on-line SPE after precipitation with LUDOX AS-40
colloidal silica 10 solution followed by the analysis with HPLC with MS/ M5
detection. Condition 1: Apparatus LC/ Ms/ M5 SCI FX, QTRAP4000 Shi madzu

Prom nence HPLC System Control | er: Shi madzu CBM 20A Punps: Punp A: Shi nadzu

/I&SE 0S g.g'é::)el’ - Sh iFs)'u n%%gng rcilgnl_ rga%:g uO.A_I%%ZtQ 'I%E)%.Félilmglesco:f wa?p tio %glzaléeulﬁr%;mgoAB

enriched compound are exchanging hydrogen with deuterium or synthesizing the compound

with deuterium-enriched starting materials.

5  Obtaining 100% deuteration at any relevant site of a compound in an amount of milligram or
greater can be difficult. Therefore, it is understood that some percentage of hydrogen may
still be present, even though a deuterium atom is specifically shown in a chemical structure.
Thus, when a chemical structure contains a “D”, the compound represented by the structure is
deuterium-enriched at the site represented by “D”.

10
A characteristic of a compound refers to any quality that a compound exhibits, e.g., peaks or
retention times, as determined by 1H nuclear magnetic spectroscopy, mass Spectroscopy,
infrared, ultraviolet or fluorescence spectrophotometry, gas chromatography, thin layer
chromatography, high performance liquid chromatography, elemental analysis, Ames test,
15  dissolution, stability and any other quality that can be determined by an analytical method.
Once the characteristics of a compound are known, the information can be used to, for

example, screen or test for the presence of the compound in a sample.

As used herein, a "pharmaceutically acceptable” carrier or excipient is one that is suitable for
20 use with humans and/or animals without undue adverse side effects (such as toxicity,

irritation, and allergic response) commensurate with a reasonable benefit/risk ratio.

As used herein, “drug substance” refers to the active ingredient in a drug product, which
provides pharmacological activity or other direct effect in the diagnosis, cure, mitigation,
25  treatment, or prevention of disease, or to affect the structure or any function of the body of

man or animals.

As used herein, “drug product” refers to the finished dosage form containing the drug
substance as well as at least one pharmaceutically acceptable carrier.

30
As used herein, an “isolated” compound is a compound isolated from the crude reaction
mixture following an affirmative act of isolation. The act of isolation necessarily involves
separating the compound from the other known components of the crude reaction mixture,

with some impurities, unknown side products and residual amounts of the other known



Col um Oven:

hi gher version Colum for analysis with Online filter Waters Symmetry

Shi madzu CTO 20AC Data Acquisition System Anal yst 1.4.2 or

Shield RRYB20/®pF38 2.1 X 100 nm Javelin 0.2 pm filter PCThiSeow/0iE38Et r on

Corp, No. 88200) or equival ent Col umief or SPE Phenonenex C18-E, 20pm
2x20mm Col um tenperature 30 C Aut osanpl er tenperature:
volunme 160 111. Run tine -

in MeOH

10

15

20

25

components of the crude reaction mixture permitted to remain. Purification is an example of

an affirmative act of isolation.

As used herein, a composition that is “free” of a chemical entity means that the composition
contains, if at all, an amount of the chemical entity which cannot be avoided following an

affirmative act intended to eliminate the presence of chemical entity in the composition.

As used herein, “stability testing” refers to tests conducted at specific time intervals and
various environmental conditions (e.g., temperature and humidity) to see if and to what extent
a drug product degrades over its designated shelf life time. The specific conditions and time
of the tests are such that they accelerate the conditions the drug product is expected to
encounter over its shelf life. For example, detailed requirements of stability testing for
finished pharmaceuticals are codified in 21 C.F.R §211.166, the entire content of which is

hereby incorporated by reference.

As used herein, “about” in the context of a numerical value or range means +10% of the

numerical value or range recited or claimed.

Laquinimod is a small molecule having the following chemical structure:

IOHO/@
N

Laquinimod

It is an oral immunomodulator which has demonstrated therapeutic effect in various
experimental inflammatory/autoimmune animal models, such as Experimental Autoimmune
Encephalomyelitis (EAE), an animal model for Multiple Sclerosis (MS), Dextran Sodium
Solphate (DSS) induced colitis for Inflammatory Bowel Disease, Non-Obese Diabetic
(NOD) mice for Type I Diabetes (IDDM), Experimental Autoimmune Neuritis (EAN) for
Guillain-Barre Syndrome, Systemic Lupus Erythematosus (SLE), lupus nephritis, lupus
arthritis, Crohn's Disease and Rheumatoid arthritis. The therapeutic activity of laquinimod in

15 C Injection

7 mn (including on-line SPE and anal ysis) Split
rati o None Mobile phase Solution A : 0.01% TFA in Water Solution B :
TFA in MeOH Rinse liquid 1 200 rri M PCA in water
Pretreatment A(Punp A) 0.01% TFA in Water

0.01%

Rinse liquid 2 Acetone
Pretreatment B(Punp B) 0.01% TFA



Condi tion 2. Apparatus LC/ M5/ M5 SClI EX, QTRAP4000 Shi madzu Prom nence HPLC
System Control |l er: Shimadzu CBM 20A 26 Punps: Punp A: Shi madzu LC- 20AD
Punp B: SNOmatzw6i3€- 20AD Punp C. Shi madzu LC 20AB Aut osa&epluseo118hi38ndzu
SLL- 20AC Col um Oven: Shi madzu CTO 20KC Dat a Acqui sition System Anal yst
1.4.2 or higher version Colum for analysis with Online filter Waters
Symmretry Shield RP18, 3.5pm 2.1 X 100 mm Javelin 0.2 pmfilter (Therno

El ectron Corp, No. 88200) or equival ent Columm for SPE Phenonmenex C18-E,
20pm 2x20mm Col umm tenperature 30 C Aut osanpl er tenperature: 15 C

these models results from a variety of mechanistic effects, including reduction of leukocyte
infiltration into target tissues by modulation of chemokine-mediated T-cell adhesion,
modulation of cytokine balance, down regulation of MHC class I resulting in alteration of

antigen presentation, and effects on dendritic cells subpopulations.

A pharmaceutically acceptable salt of laquinimod, as well as of the deuterated compounds
herein, includes lithium, sodium, potassium, magnesium, calcium, manganese, copper, zinc,
aluminum and iron. Salt formulations of laquinimod and the process for preparing the same
are described, e.g., in U.S. Patent Application Publication No. 2005/0192315 and PCT
10  International Application Publication No. WO 2005/074899, which are hereby incorporated

by reference into this application.

A dosage unit may comprise a single compound or mixtures of compounds thereof. A dosage
unit can be prepared for oral dosage forms, such as tablets, capsules, pills, powders, and

15  granules.

Laquinimod, as well as of the deuterated compounds herein, can be administered in
admixture with suitable pharmaceutical diluents, extenders, excipients, or carriers
(collectively referred to herein as a pharmaceutically acceptable carrier) suitably selected
20  with respect to the intended form of administration and as consistent with conventional
pharmaceutical practices. The unit is preferably in a form suitable for oral administration.
Laquinimod, as well as of the deuterated compounds herein, can be administered alone but is
generally mixed with a pharmaceutically acceptable carrier, and co-administered in the form
of a tablet or capsule, liposome, or as an agglomerated powder. Examples of suitable solid
25  carriers include lactose, sucrose, gelatin and agar. Capsule or tablets can be easily formulated
and can be made easy to swallow or chew; other solid forms include granules, and bulk
powders. Tablets may contain suitable binders, lubricants, disintegrating agents, coloring
agents, flavoring agents, flow-inducing agents, and melting agents. For instance, for oral
administration in the dosage unit form of a tablet or capsule, the active drug component can
30 be combined with an oral, non-toxic, pharmaceutically acceptable, inert carrier such as
lactose, gelatin, agar, starch, sucrose, glucose, methyl cellulose, dicalcium phosphate,
calcium sulfate, mannitol, sorbitol, microcrystalline cellulose and the like. Suitable binders
include starch, gelatin, natural sugars such as glucose or beta-lactose, corn starch, natural and

synthetic gums such as acacia, tragacanth, or sodium alginate, povidone,



I njection volunme 160 pL Run tinme - 7 mn (including on-line SPE and

anal ysis) Split ratio None Mbile phase Solution A : 0.01% TFA in Water

Sol uti on W20/ TFA in MeOH Rinse liquid 1 200 t nM PEATiUS2wa0¢338Ri nse
liquid 2 Acetone Pretreatnent A (Punpi8A) 0.01% TFA in Water Pretreatnent B
(Punp B) 0.01% TFA in MeOH 27 DELAQ in rat plasma was al so determ ned
under the follow ng condition. The plasma was purified by on-line SPE after
precipitation with LUDOX AS-40 colloidal silica solution followed by the
analysis with HPLC with MS/ M5 detection. Apparatus LC M5/ M5 SCLEX,
QTRAP4000 Shi madzu Prom nence HPLC System Control | er: Shi madzu CBM 20A
Punmps: Punp A Shi madzu LC- 20AD Punmp B: Shimadzu LC- 20AD Punp C.

Shi madzu LC- 20AB Aut osanpl er: Shi madzu SI L- 20AC

carboxymethylcellulose, polyethylene glycol, 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. Disintegrators
include, without limitation, starch, methyl cellulose, agar, bentonite, xanthan gum,

5  croscarmellose sodium, sedium starch glycolate and the like.

Specific examples of the techniques, pharmaceutically acceptable carriers and excipients that

may be used to formulate oral dosage forms of the present invention are described, e.g., in

U.S. Patent Application Publication No. 2005/0192315, PCT International Application
10  Publication Nos. WO 2005/074899, WO 2007/047863, and WO 2007/146248.

General techniques 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.,
15  1981); Ansel, Introduction to Pharmaceutical Dosage Forms 2nd Edition (1976); Remington’s
Pharmaceutical Sciences, 17th ed. (Mack Publishing Company, Easton, Pa., 1985); Advances
in Pharmaceutical Sciences (David Ganderton, Trevor Jones, Eds., 1992); Advances in
Pharmaceutical Sciences Vol 7. (David Ganderton, Trevor Jones, James McGinity, Eds.,
1995); Aqueous Polymeric Coatings for Pharmaceutical Dosage Forms (Drugs and the
20  Pharmaceutical Sciences, Series 36 (James McGinity, Ed., 1989); Pharmaceutical Particulate
Carriers: Therapeutic Applications: Drugs and the Pharmaceutical Sciences, Vol 61 (Alain
Rolland, Ed., 1993); Drug Delivery to the Gastrointestinal Tract (Ellis Horwood Books in the
Biological Sciences. Series in Pharmaceutical Technology; J. G. Hardy, S. S. Davis, Clive G.
Wilson, Eds.); Modern Pharmaceutics Drugs and the Pharmaceutical Sciences, Vol. 40
25  (Gilbert S. Banker, Christopher T. Rhodes, Eds.). These references in their entireties are

hereby incorporated by reference into this application.

Metabolites from chemical compounds, whether inherent or pharmaceutical, are formed as
part of the natural biochemical process of degrading and eliminating the compounds. The rate
30  of degradation of a compound is an important determinant of the duration and intensity of its
action. Profiling metabolites of pharmaceutical compounds, drug metabolism, is an important

part of drug discovery, leading to an understanding of any undesirable side effects.

Metabolization of Laquinimod



Col um Oven: Shimadzu CTO 20AC Data Acqui sition System Analyst 1.4.2 or

hi gher version Colum for analysis with Online filter Waters Symmetry
Shield RRYB20/®pF38 2.1 X 100 nm Javelin 0.2 pm filter PCThiSeow/0iE38Et r on
Corp, No. 88200) or equival ent Col uwn for SPE Phenonenex C18-E, 200m
2x20mm Col um tenperature 30C Autosanpl er tenperature: 15 C Injection
volume 80 pL Run time - 7 mn (including on-line SPE and anal ysis) Split
rati o None Mobile phase Solution A : 0.01% TFA in Water Solution B : 0.01%
TFA in MeOH Rinse liquid 1 200 inMPCA in water Rinse liquid 2 Acetone
Pretreatment A (Punp A) 0.01% TFA in Water Pretreatnent B (Punp B)

Laquinimod has been shown to be slowly metabolized by CYP3A4 (Cytochrome P450 3A4)
to form several minor metabolites and some of them may undergo further metabolism by
Phase 2 metabolic reactions. See, e.g. Tuvesson et al. “Cytochrome P450 3A4 is the major
enzyme responsible for the metabolism of laquinimod, a novel immunomodulator”, Drug
5  Metabolism and Disposition, Vol. 33, No. 6, pages 866-872. DELAQ (des-ethyl-laquinimod;
5-chloro-4-hydroxy-1-methyl-2-o0xo0-N-phenyl-1,2-dihydroquinoline-3-carboxamide), having

the following chemical structure, is one of the oxidative metabolites of laquinimod.

c ono/@
" "N

H
N o

10 In addition, clinical data has shown that DELAQ levels in human body are at certain constant
ratio to the laquinimod levels either in terms of Cmax or AUC. Such a behavior suggests that
the formation of the metabolite, DELAQ, is PK "formation rate limited".

Described below are experiments showing that the deuterated form of laquinimod is more

15 resistant to metabolic changes, especially those changes mediated by cytochrome P450
systems. Deuteration of the C-H bond to be oxidized may change the pathway of drug
metabolism (metabolic switching). The metabolic scheme below illustrates slower CYP3A4-
mediated DELAQ formation with deuterated laquinimod:

Ci OH O /@
X N K
H-lH
r{& 0 “CH,

20 Laquinimod DELAQ
cl oW O /@ I OH O @
X N k2 <k NN . l
0-lP He o
? O TCH, pia o
alpha, alpha-deuterated DELAQ
Laquinimod

25



0.01% TFA in MeOH WD 2012/ 006538PCT/ US2011/ 043383 28 Exanple 3:

Phar macoki netic and Partial Metabolic Evaluation The nain objectives of

t hi s exampbeoaoes3s Quantification of Conpound 1, Conpo@nad/UR201Tow3seznd 3
and Laquininod in rat plasma using LQOIMS/ M5 bi oanal ytical nethod. 5
Characterization of the phartnacokinetic profile of Conmpound 1, Conpound 2,
Compound 3 and Laqui ninod following oral (PO admnistration at a dose of
0.2 nmg/ kg. The neasurenent DELAQ concentrations in the collected plasma
sanpl es. The dose level selected in this exanple has been used in a
phar macol ogi cal study previously 10 conducted wi th | aquininod. Ceneral

Desi gn Rats cannul ated at the right comon jugul ar vein by pol yethyl ene
tubing were used. Inthe in-life part, three cannulated female rats were
treated with each of the four test articles at dose 15 of 0.2 ng/kg. Bl ood
was withdrawn fromthe rats at five different tine |nts for the
preparation of PIFUEHY.° PhHETHAENEY I IREOH RESAPLUMS Y ©Shbound 2,
Conpound 3, | aquitaiiieresaier pegs P PREIAC Wetten dicheeth errarl Thinmaylsake Y asnma sarrpl es,
usi ng appl i cabl @eulefsiedvishivBodveh oas deutiviiber ¢igl Bd/of @siyl mugptis empou fid S a.

N- et hyl - N- D5- phegidie, kdued ehrdMdd bQpibnaliysdieanyperaghl or o- | - net hyl - 2- oxoqui nol i ne-
3- carboxam dg sodiumsalt (Conpound 1) prepared in Exanple 1. Mol ecul ar

wei ght: 383.8 AQE Wi te pomder Storage: 2-8 C, protected fromlight
Purity: 100 @6pur£%§”mas&a§ urred. N
N- D5- et hyl - N- phdti{AQ i alsp aﬂ?“?fﬁ}ﬁ‘?‘%*y‘ﬁ‘etﬁﬁﬁ?‘@k%f?qw%fy&mﬁs“ ABLAYIN.%- oxoqui nol i ne-

3- carboxam de PEEAQM sAlbten (WBodpoyrred R)s 3bp epatle deferrbleBx mimpizethd: WO
2012/ 006538PCT/ lUnabilah Oupid 383 219 suMbhe edd hafinaMi giihct. 383. 8 Appear ance: Wite
powder Storagg:2-8 C, protected fromlight

DELAQ as an impurity in the laquinimod sodium drug substance is tested by a HPLC

method and the specification for this impurity is provided as not more than 0.1%. The GMP

drug substance batches of laquinimod sodium have been tested and the levels of DELAQ in

these batches have been found to be less than 3 ppm. Similar parameters are therefore

15  provided for drug product containing compounds of this invention.

Several analytical and bioanalytical methods were developed for determination of optionaily

deuterated DELAQ concentrations. The current bioanalytical methods for optionally

deuterated DELAQ analysis in various matrices are based on LC-MS and have sensitivity at
20  the low pg/mL plasma level.

This invention will be better understood by reference to the Experimental Details which
follow, but those skilled in the art will readily appreciate that the specific experiments
detailed are only illustrative of the invention as described more fully in the claims which

25  follow thereafter.



Purity: 100 % purity was assuned. 5 c.

N- D5- et hyl - N- D5- phenyl- 1, 2- di hydr o- 4- hydr oxy- 5- chl or o- 1- et hyl - 2- oxoqui nol i
ne3- car bowarh®osdi um salt (Conpound 3) prepared i n Exaoplus2dii/odssBecul ar
wei ght: 388. 8 10 Appearance: Wite powder Storage:2-8 C, protected from
light Purity: 100 % purity was assuned. d. Laquini nod sodi um salt

15Mbol ecul ar wei ght: 378.8 Appearance: White powder Storage: Controlled room
tenperature (15-25 C), protected fromlight Assay by HPLC. 100.8 % Purity:
100 % purity was assunmed. 20 Vehicle Water, high purity (Direct Q produced
at the laboratory) O her materials 25 Isoflurane for anesthesia
(FORANE(r), ABBOIT) EDTA (Ethyl enedi am netetraacetic acid disodiumsalt

di hydrate, Signa Al drich, Product No: E4884-100g) Heparin sodiumsalt, From
Porcine Intestinal Micosa, Sigma Aldrich, Product No: H9399- 25KU) 30 Test
system Ani mal specification Species: rat Strain: SD (Sprague Dawl ey CD
rats) WO 2012/ doesEssEIFA%2011/ 043383 30

Example 1: Preparation of Deuterated Laquinimod

Step 1: Synthesis of Deuterated N-Ethyl-aniline

N-Ethyl-D35-aniline

NHa /ﬁ\ /K NHJ\
+ & -
D D b D
D

D

NHj\ TN
+ LiAlH4 -t
D D D D
D D

N-Ethyl-DS-aniline

10  N-D5-Ethyl-aniline

D
NH, b NH D
O iy — D
o b o D

©/ . LADp —

N-D35-Ethyl-aniline



Heal th status: SPF Age ordered: 8 weeks Nunber of animals: 20 cannul ated
femal es Wi ght range ordered: 200-225 g 5Acclimatization: at |east 3 days
At initi avDanizfoeisBeat nent: Number of ani mal s: 12 cannulPatras2dieneiies

Appr oxi mate age: 9 weeks 10Justificati2zon of Selection of Test System The
SDrat is a suitable rodent species and strain for phannacokinetic studies
and is acceptable to regulatory authorities. In addition, the

phar macoki netic profile of laquinimd in Sprague Dawl ey rats is well
characterized. 15ldentification System Each animl was identified by

i ndelible marks on the body. The cages were marked wi th individual cards
specifying strain, aninmal codes, group code, date and tine of drug

adm nistration, test itemand study code. 20 Specific maintenance schedul e
Ani mal Housi ng Before and After Dose Administration The animals were
housed in an environnmentally controlled roomin group caging after the
arrival to the f%@i%giﬁfk?g.@%ats wer e acconmmodat ed i n individual polycarbonate
or pol ysul phonate cages, with saw chips as maptingjfor the floor. 25

Environnmental Copdifiogs Coftrdls were sep t i’n tenperature at 213C
and relative hum ¢ at 0 | i-ght / da

x

. ycl e of 12 hours light / 12
hours dark were pehptajned aut onetbcally. king Water Tap water
filtered through a 9.21.tmfilter was given ag |ibitum The water was
routinely anal yzed (once every three nonths) for total mcrobial count, and
for the absence of Pseudononas aerugi nosa, Escherichia coli, and
Costridiumsps. WO 2012/ OE 538PCT/ US2011/ 043383 3» EgLeslg Altrom n VRF1

6
aut ocl aved food forDro ent < 8 provided ad |i ppughout the study.
The di et was peri odi analhyzed. 5 Beddin L, SAW
wood- shavi ngs) aut og beddi hg W& Tsé&d. ;
0

ality of the bedding
material is certified by Phe manufacturer.

L \ cont ani nants were known to
be present in the diet, water or bedding at | e\t/hell s.l,vvhi ch mght interfere
with the study objectives. Experinental deSPydyaniliee

5 Aniline (0.01 mole) was dissolved in toluene (10 ml), cooled to 0°C under nitrogen, and
acetic anhydride (0.02 mole) was added in one portion. The cooling bath was removed and
the mixture was stirred for 90 minutes and then evaporated on a rotary evaporator. The
intermediate acetanilide was dried in vacuum and then dissolved in THF (20 ml) and cooled
to 0°C under nitrogen. Lithium aluminium hydride (0.025 mole) was added during 25

10 minutes. The mixture was refluxed for 2 hours and then cooled. Silica gel (3 gr) was added
followed by addition of 1M NaOH solution (1.8 gr). The mixture was stirred for 30 minutes
and then filtered through a pad of sodium sulphate. The filter cake was washed with diethyl
ether and the organic phase was concentrated on a rotary evaporator to give the title
compounds.

15



Acclimation 15 Each aninmal was inspected by qualified personnel, and
patency of the cannula was verified by the ability to withdraw a bl ood
sanpl e upe0 2arv/aeed38r ecei pt. Animal s judged to be i n gooaCinaskaih/owssse
acclimated for at least 3 days. Al &3inmals received a detail ed physical
exam nation by the responsible veterinarian on the |ast day of acclinmation
period. 20 Random zation After the acclinmation period, aninals judged to be
in good health and suitable for testing were assigned to the study based on
their body weight. At the random zation the body weights of the animals
were within 20 % of the overall nean. 25 Organization of the Animal Dosage
Level and Treatnent Regi nen Table 1. Allocation of the cannul ated ani nals
to the experinmental groups G oup code Dose volume [m/kg] Adm nistration
Test item[0.2 ng/kg*, PO Dose Form[0.04 ng/nil G oupsize./ Aninmal codes
Goup I1C5 Conmpound 1 ConBound 1 3/ . 1-3 Goup 2C 5 Conmpound 2 Conpound 2 3

| 4-6 Group 3C SeRGoHPNHY

10

15

20

seRgHABING 3 3/ 7-9

N-ethyl-N-D3-phenyl-1.2-dihydro-4-hydroxy-5-chloro-1-methyl-2-oxoquinoline-3-
carboxamide (Compound 1)

D D
H H
N
' o
NT o D D (o)
! !
()

Compound 1

carboxamide (Compound 2)

H & H /@
D
+ O/ D o o
N (o} 0
| ! i
D

Compound 2

carboxamide (Compound 3)

D D
J\é’
o on P NHY o = N D
+ [
D D}
T o o D r]x o] o
D 0"\

Compound 3

N-Ethyl-aniline (0.01 mole) and MCQCA(1,2-Dihydro-4-hydroxy-5-chloro-1-methyl-2-o0xo0-
quinoline-3-carboxylic acid) (2.03 gr, 0.008 mole) were stirred in dichloromethane (32 ml)
and triethylamine (4.2 ml) was added. The mixture was cooled in an ice/water bath under

nitrogen and thionyl chloride (1.33 gr) was added dropwise during 30 minutes. The mixture



32 G oup code Dose volune [m/kgl Adm nistration Test item 19.2 ngi kg*, POl
Dose form[0.04 ng/rut* | G oupsize/ Animl codes Goup 4C 5 Laqui ni nod
sodi um Lawoiznizmas3gsodi um 3 / 10-12 *Dose i s based on nomcuast@nasisds
| aquininod free acid form The test iXem nol ecul ar weight ratio is 1.0757
for Conpound 1 and Conpound 2. The test item nol ecular weight ratio is
1.0898 for Conmpound 3. The test item nolecular weight ratio 5 is 1.0616 for
Laqui ni nod sodium These correction factors were applied to adjust the
concentrations equival ent to non-deuterated | aquininod free acid. O al
adm ni stration was perforned by oral gavage at a dosage volune of 5 m/kg
using a blunt feeding stainless steel needl e (Popper & Sons, USA). Body
wei ghts were neasured 10 before dose adm ni stration and doses were
cal cul ated on the basis of individual body weight. Justification for
Sel ection of Dose and Route of Adm nistration. The dose | evel selected in
this study has é’Fgr“éf?ig?}ogg%ﬁddﬂ%“élaq‘lmﬁf"c’ihhﬁ‘hgfmﬁtﬁ‘ggfiémdlaé'ﬁ *s ﬂ%f;l'/mf)r evi ousl y
conducted with Ia%ﬁieﬁigﬁiﬁd‘?ase'l“ﬁﬁex‘i‘aﬁtﬁi’tvéménr‘Néfﬁ?ﬁ°ﬁ?°§?‘%§‘??‘iﬂ??“s\/ﬁ“1§‘1wabe oral since
it is the 15 i nterdedd 1lolbre: radfy daperen asposerce! orRpiepbmatSMas Wk For mul ati ons
and neasur enent .@fd @ghileyash BORaeMR sisphdiod Rirfed BP A @ituie® MThoOfrec@i@deil Ng Sol ut i ons
Appropriate asmoyuRk.Qfs i WeRk wit & W &Rl vithed paktedibpsiabdagd 1 n wat er
(vehicle) to achieye %f_w/eiegd§qui red concentration, which was in each case
equivalent to 0.04 ng of’nondeut er at ed | aqui nimod free acid. Dissolution
of the test itens were achi eved by gentle shaking, stirring, |ow speed
vortex or a soniStmt Beraatipof Ppyerpadiapuiimof ademialtwvas applied to adjust for
purity. 25 Storage and stability of formulations
10  Deuterated laquinimod prepared in Step 2 was suspended in ethanol and treated with 20%
aqueous NaOH solution. The precipitated sodium salt was stirred for 3 hours, filtered and
washed with ethanol. Drying in vacuum provided deuterated laquinimod sodium salt (92-94%

yield). Identity and purity were proven by NMR, MS and HPLC.

15 Isotopic purity and assay of deuterated compounds 1-3

Compound Isotopic Purity | Assay
(LC/MS/MS)

1 100.0% 94.0%

2 100.0% 95.4%
100.0% 95.6%




Al'l dosing solutions were stored at 2 - 8Cin tightly closed anber gl ass

cont ai ners,

(15-25C)..

protected fromlight.
t he ref riwenrataaes3and t hen
Dosi ng sol utions
based on stability data of
Achi eved Concentration for

Bef ore treat nen

| aqui ni nod dosi ng sol uti ons.
dosi ng sol utions

Prior to use fornul ati ons were taken from
allowed to reach anbi ent
were assum®d to be stable for 30at
simlar

I 00 NCTAISPEN AYIIBE

| east 48 h,
33
t | aqui ni nod

concentrations in dosing solutions were determ ned by validated FIPLC

met hods with UV detection in duplicate sanples taken from sol uti ons.
achieved 5 concentrations were within
observation Mrtality,
treat ment was docunented. 10 Bl ood sanpli ng,
wi thdrawn fromanimals at the follow ng time points:

cinical

10 % of the nom na
illness or

con
severe reac
pl asma preparatio
1, 2, 4,

si gn of

hours after dosing as detalled in the table bel ow. The actual

were recorded.

nts for

bl ood col |l ecti on Ani nal

The
centrations.
tion to

n Bl ood were
8 and 24
sanpling tine
codes | h

2h 4h 8h 24h 1- I@Uyésﬁyﬁ%%y@§“9@§ny@§s“YB“BW6EEHE6¥W@E@W8WWPPon1carnulated

of laquinimod. Several analytical and bioanalytical methods were developed for

rats

10

determination of DELAQ concentrations, as a representative metabolite. The current
bicanalytical methods for DELAQ analysis in various matrices are based on LC-MS and have

sensitivity at the low pg/mL plasma level.

The following conditions were used in the determination of DELAQ in human plasma. The

plasma is purified by on-line SPE after precipitation with LUDOX AS-40 colloidal silica
solution followed by the analysis with HPLC with MS/MS detection.

Condition 1:

Apparatus

LC/MS/MS SCIEX, QTRAP4000

Shimadzu Prominence HPLC

System Controller:  Shimadzu CBM-20A
Pumps: Pump A: Shimadzu LC-
20AD

Pump B: Shimadzu LC-20AD

Pump C: Shimadzu LC-20AB
Autosampler: Shimadzu SIL-20AC
Column Oven: Shimadzu CTO-20AC

Data Acquisition System

Analyst 1.4.2 or higher version

Column for analysis with
Online filter

Waters Symmetry Shield RP18, 3.5um, 2.1 X 100 mm,

Javelin 0.2 um filter (Thermo Electron Corp, No. 88200)
or equivalent

Column for SPE Phenomenex C18-E, 20um, 2x20mm

Column temperature 30°C

lAutosampler temperature: 15°C

Injection volume 160 uL.

Run time ~ 7 min (including on-line SPE and analysis)

Split ratio None

Mobile phase Solution A : 0.01% TFA in Water
Solution B : 0.01% TFA in MeOH

Rinse liquid 1 200 mM PCA in water

Rinse liquid 2 Acetone

Pretreatment A(Pump A) 0.01% TFA in Water

Pretreatment B(Pump B) 0.01% TFA in MeOH

Condition 2.

Apparatus LC/MS/MS SCIEX, QTRAP4000

Shimadzu Prominence HPL.C
System Controller:  Shimadzu CBM-20A
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plasma was

purified by on-line SPE after precipitation with LUDOX AS-40 colloidal silica solution
followed by the analysis with HPLC with MS/MS detection.

Apparatus

LC/MS/MS SCIEX, QTRAP4000

Shimadzu Prominence HPLC

System Controller:  Shimadzu CBM-20A

Pumps: Pump A: Shimadzu LC-20AD
Pump B: Shimadzu LC-20AD
Pump C: Shimadzu LC-20AB

Autosampler: Shimadzu SIL-20AC

Column Oven: Shimadzu CTO-20AC

Data Acquisition System

Analyst 1.4.2 or higher version

Column for analysis with

Waters Symmetry Shield RP18, 3.5um, 2.1 X 100 mm,

Online filter Javelin 0.2 pm filter (Thermo Electron Corp, No. 88200) or
equivalent

Column for SPE Phenomenex C18-E, 200m, 2x20mum

Column temperature 30°C

Autosampler temperature: | 15 °C

Injection volume 80 uL

Run time ~ 7 min (including on-line SPE and analysis)

Split ratio None

Mobile phase Solution A : 0.01% TFA in Water

Solution B : 0.01% TFA in MeOH

Rinse liquid 1

200 mM PCA in water

Pump B)

Rinse liquid 2 Acetone

Pretreatment A 0.01% TFA in Water
Pump A)

Pretreatment B 0.01% TFA in MeOH

adm ni stration
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12 838.8 2.0 10.9 11487.3 14684.6 Average 794.5 1.7 11.8 11720.3 15506.0
STDEV 38.WOQ0B/06838847. 3 PCT/US2011/043383
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Example 3: Pharmacokinetic and Partial Metabolic Evaluation
The main objectives of this example were:

¢ Quantification of Compound 1, Compound 2, Compound 3 and Laquinimod in rat plasma
using LC/MS/MS biocanalytical method.

¢ Characterization of the pharmacokinetic profile of Compound 1, Compound 2,
Compound 3 and Laquinimod following oral (PO) administration at a dose of 0.2 mg/kg.

e The measurement DELAQ concentrations in the collected plasma samples.

The dose level selected in this example has been used in a pharmacological study previously

conducted with laquinimod.

General Design

Rats cannulated at the right common jugular vein by polyethylene tubing were used. In the
in-life part, three cannulated female rats were treated with each of the four test articles at dose
of 0.2 mg/kg.

Blood was withdrawn from the rats at five different time points for the preparation of plasma.
The concentrations of Compound 1, Compound 2, Compound 3, laquinimod, and DELAQ
were determined in these plasma samples, using applicable LC/MS/MS methods.

Materials

Testing compounds
a. N-ethyl-N-DS5-phenyl-1,2-dihydro-4-hydroxy-5-chloro-1-methyl-2-oxoquinoline-3-

carboxamide sodium salt (Compound 1) prepared in Example 1:

Molecular weight: 383.8
Appearance: White powder

Storage: 2°-8 °C, protected from light
Purity: 100 % purity was assumed.

b. N-D35-ethyl-N-phenyl-1,2-dihydro-4-hydroxy-5-chloro-1-methyl-2-oxoquinoline-3-

carboxamide sodium salt (Compound 2) prepared in Example 1:



1416.6 Table 4.1ndividual and average PK paraneters for Conpound 1 in rats
followng oral admnistration at 0.2 ng/kg PK Parameter C (ng/nm) T (111)
T1/ 2 (hr)walda2zwss3gheng/ mL) AUC n( (heng/nL) Rat# 1 730PCTAISQ01124338310011. 7
13617.9 Rat# 2 611.9 2.0 9.5 8039.3 9p33.8

Molecular weight:  383.8

Appearance: White powder

Storage: 2°-8 °C, protected from light
Purity: 100 % purity was assurned.

c. N-D5-ethyl-N-D5-phenyl-1,2-dihydro-4-hydroxy-5-chloro-1-methyl-2-oxoquinoline-
3-carboxamide sodium salt (Compound 3) prepared in Example 1:

Molecular weight:  388.8

10  Appearance: White powder
Storage: 2°-8 °C, protected from light
Purity: 100 % purity was assumed.

d. Laquinimod sodium salt
15  Molecular weight: 378.8
Appearance: White powder
Storage: Controlled room temperature (15°-25 °C), protected from light
Assay by HPLC: 100.8 %
Purity: 100 % purity was assumed.
20
Vehicle
Water, high purity (Direct Q, produced at the laboratory)

Other materials
25  Isoflurane for anesthesia (FORANE®, ABBOTT)
EDTA (Ethylenediaminetetraacetic acid disodium salt dihydrate, Sigma Aldrich, Product No:
E4884-100g)
Heparin sodium salt, From Porcine Intestinal Mucosa, Sigma Aldrich, Product No: H9399-
25KU)
30
Test system
Animal specification
Species: rat

Strain: SD (Sprague Dawley CD rats)



Rat# 3 809.5 2.0 10.0 10061.6 12447.9 Rat# 13 944.9 1.0 13.4 13681.5
19333.9 Average 774.3 1.8 11.3 10448.5 13783.4 STDEV 139.8 0.5 1.8 2352.1
4042.2 3sotalmweBs| ndi vi dual and average PK paranet er s PLOMUSSoNoeasss 2 in
rats follow ng oral adm nistration at300.2 ng/ kg

Health status: SPF
Age ordered: 8 weeks
Number of animals: 20 cannulated females
Weight range ordered: 200-225 g
5  Acclimatization: at least 3 days
At initiation of treatment:
Number of animals: 12 cannulated females

Approximate age: 9 weeks

10  Justification of Selection of Test System

The SD rat is a suitable rodent species and strain for pharmacokinetic studies and is
acceptable to regulatory authorities. In addition, the pharmacokinetic profile of laquinimod in

Sprague Dawley rats is well characterized.

15  Identification System
Each animal was identified by indelible marks on the body. The cages were marked with

individual cards specifying strain, animal codes, group code, date and time of drug

administration, test item and study code.

20  Specific maintenance schedule

Animal Housing Before and After Dose Administration

The animals were housed in an environmentally controlled room in group caging after the
arrival to the facility. Rats were accommodated in individual polycarbonate or
polysulphonate cages, with saw chips as matting for the floor.

25
Environmental Conditions
Controls were set to maintain temperature at 214+3°C and relative humidity at 30-70 %. A

light/dark cycle of 12 hours light / 12 hours dark were maintained automatically.

30 Drinking Water
Tap water filtered through a 0.2um filter was given ad libitum. The water was routinely
analyzed (once every three months) for total microbial count, and for the absence of

Pseudomonas aeruginosa, Escherichia coli, and Clostridium sps.



PK Paranmeter Cm (n) Tm (hr) Tu2 (hr) AUCI.t (lieng/nL) AUC nf (hr*ng/nL)
Rat# 4 827.6 1.0 13.6 10422.1 14699.6 Rat# 5 551.4 2.0 13.4 8741.6 12439.0
Rat# 6 81W0202/M06B4. 6 11975. 3 PCT/US2011/043383
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Feeding
Altromin VRF1 autoclaved food for rodents was provided ad libitum throughout the study.
The diet was periodically analyzed.

Bedding
LIGNOCEL (SAWI, wood-shavings) autoclaved bedding was used. The quality of the
bedding material is certified by the manufacturer.

10  No contaminants were known to be present in the diet, water or bedding at levels which

might interfere with the study objectives.

Experimental design
Acclimation

15  Each animal was inspected by qualified personnel, and patency of the cannula was verified
by the ability to withdraw a blood sample upon animal receipt. Animals judged to be in good
health were acclimated for at least 3 days. All animals received a detailed physical

examination by the responsible veterinarian on the last day of acclimation period.

20  Randomization
After the acclimation period, animals judged to be in good health and suitable for testing
were assigned to the study based on their body weight. At the randomization the body

weights of the animals were within + 20 % of the overall mean.

25  Organization of the Animal Dosage Level and Treatment Regimen

Table 1. Allocation of the cannulated animals to the experimental groups

1

Compound 1 Compound 1 3/1-3

Compound 2 Compound 2 3/4-6

Compound 3 Compound 3 3/7-9
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Laquinimod
sodium
*Dose is based on non-deuterated laquinimod free acid form.

5 Laquinimod sodium 3/10-12

The test item molecular weight ratio is 1.0757 for Compound 1 and Compound 2. The test
item molecular weight ratio is 1.0898 for Compound 3. The test item molecular weight ratio
is 1.0616 for Laquinimod sodium. These correction factors were applied to adjust the

concentrations equivalent to non-deuterated laquinimod free acid.
Oral administration was performed by oral gavage at a dosage volume of 5 ml/kg using a
blunt feeding stainless steel needle (Popper & Sons, USA). Body weights were measured

before dose administration and doses were calculated on the basis of individual body weight.

Justification for Selection of Dose and Route of Administration

The dose level selected in this study has already been used in a pharmacological study
previously conducted with laquinimod. The route of administration will be oral since it is the

intended route of human exposure.

Preparation of Formulations and measurement of achieved concentration

Preparation of dosing Solutions

Appropriate amount of the test item was weighed and dissolved in water (vehicle) to achieve
the required concentration, which was in each case equivalent to 0.04 mg/mL of non-

deuterated laquinimod free acid.

Dissolution of the test items were achieved by gentle shaking, stirring, low speed vortex or a

sonicator. No correction factor was applied to adjust for purity.

Storage and stability of formulations

All dosing solutions were stored at 2 - 8°C in tightly closed amber glass containers, protected
from light. Prior to use formulations were taken from the refrigerator, and then allowed to
reach ambient room temperature (15-25°C). Dosing solutions were assumed to be stable for

at least 48 h, based on stability data of similar laquinimod dosing solutions.




Tin (hr) AUCI. (leng/nL) 11280.4 AUC',/ (hr*ng,/nmL) 15225.2 Rat# 7 728.
2.0 12.7 Rat# 8 833.2 1.0 12.0 5317.8 14845.1 Rat# 9 904.3 1.0 11.6
11156. 0 w64812006888# 17 907.5 PCT/US2011/043383
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Achieved Concentration for dosing solutions

Before treatment laquinimod concentrations in dosing solutions were determined by validated
HPLC methods with UV detection in duplicate samples taken from solutions. The achieved

5  concentrations were within + 10 % of the nominal concentrations.

Clinical observation

Mortality, sign of illness or severe reaction to treatment was documented.
10  Blood sampling, plasma preparation
Blood were withdrawn from animals at the following time points: 1, 2, 4, 8 and 24 hours after

dosing as detailed in the table below. The actual sampling time were recorded.

Table 2. Time points for blood collection

15

Blood collection from cannulated rats

Each animal was restrained firmly. After the removal of the seal the port of the cannula was
accessed with an appropriate blunted needle mounted on a syringe containing PBS. After
having withdrawn approximately 100 uL of blood, the syringe was changed to a clean
20  heparinized syringe. Approximately 250 nL of blood was collected for the preparation of
plasma. The first 100 pL fraction of blood was returned and 250 pL of PBS was given to the
animal through the catheter. The catheter was filled by heparinized glycerol (100 IU/ml)
solution prepared by mixing 10 ml stock heparin (200 IU/ml) with 10 ml of sterile glycerol
(d=1.26 g/mL). Blood specimens were mixed immediately and were placed on water ice.
25
Preparation of plasma
Centrifugation was carried out as soon as practicable and not more than 40 minutes from

collection.



1.0 11.5 12110.0 15790.7 Rat# 18 800.4 2.0 14.4 12471.5 18246. 2 Average
834.9 1.4 12.4 10467.1 15750.2 STDEV 75.0 0.5 1.2 2931.2 1462.1 10 As
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coul d be observed in the DELAQ concentrations neasured in the plasma 15 of
Compound 2 treated aninmals conpared to the plasma of those that were
treated with laquininod. In the former group the mean DELAQ concentrati ons
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formed from| ag marﬁimﬁaé &oipr- -labeled polypropylene tubes and the tubes were frozen at -70°C within 70
minutes of collection.

5 The frozen samples were transferred to Bioanalytical Laboratory for determination of

laquinirod concentration where they were stored at nominal -70°C until analysis.

Bioanalysis of plasma samples

The concentrations of test items (Compound 1, Compound 2, Compound 3 and Laquinimod)
10  and the concentration of DELAQ were determined in the plasma samples by using reliable

LC/MS/MS assay.

Pharmacokinetic data analysis
Pharmacokinetic parameters were calculated and the mean plasma levels versus time curves
15  were evaluated.

The following pharmacokinetic parameters were determined from the mean plasma
concentration-time data (mean of three animals at each time point) of Compound 1,

Compound 2, Compound 3 and Laquinimod.

20

Parameter Definition

AUCO-t) Area under the plasma concentration-time curve from time zero up to
time of last detectable concentration (1z)

AUC(0-0) Area under the plasma concentration-time curve from time zero up to
infinity

Cmax Maximum observed plasma concentration

tmax Time of maximum observed plasma concentration

t1/2 Apparent terminal elimination half-life
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Summary of the Results

As shown in Tables 3-6 below and in Figure 2, the average plasma concentration of

deuterium-enriched laquinimod is comparable to that of non-deuterium-enriched laquinimod.

The concentration-time profiles of the test items did not differ significantly. Maximal mean
concentrations were reached by 1 or 2 hours after the administration, and varied between 703
and 798 ng/mL. The mean concentrations decreased to 194 — 227 ng/mL by 24 hours post
dose. The AUC values for laquinimod, Compound 1, Compound 2 and Compound 3 were
15506.0, 13783.4, 12289.8 and 15750.2, respectively also indicating no significant difference

in exposure.

Table 3. Individual and average PK parameters for laquinimod in rats following oral
administration at 0.2 mg/kg
PK Cmax Tmax Tl/Z AUClas( AUCmf
Parameter (ng/mL) (hr) (hr) (br*ng/mL) | (hr*ng/mL)
Rati# 10 770.0 2.0 12.0 11013.8 14691.6
Rat# 11 774.8 1.0 124 12659.7 17141.8
Rat# 12 838.8 2.0 10.9 11487.3 14684.6
Average 794.5 1.7 11.8 117203 15506.0
STDEV 384 0.6 0.8 8473 1416.6
Table 4. Individual and average PK parameters for Compound 1 in rats following oral

administration at 0.2 mg/kg

PK Crnax Tmax Tin AUCpy AUCy¢
Parameter (ng/mL) (hr) (hr) (hr*ng/mL) | (hr*ng/mL)
Rat#1 730.7 2.0 12.1 10011.7 13617.9
Rat# 2 611.9 2.0 9.5 8039.3 9733.8
Rat# 3 809.5 2.0 10.0 10061.6 124479
Rat# 13 944.9 1.0 134 13681.5 19333.9

Average 774.3 1.8 113 10448.5 13783.4

STDEV 139.8 05 1.8 2352.1 4042.2




0 2165.9 Table 8.1ndividual and average PK paraneters for DELAQ forned
from Conpound 2 in rats followng oral admnistration at 0.2 ng/kg 5 PK
Par anet erwQ20PgonBs--) T (hr) AUC ast (hr*Pg/1111-) Rat #C4/152010/0238831106. 0

Rat# 5 82.5 24 1065.3 Rat# 6 77.3 24 3125.5 Rat# 15 79.9 24

Table 5. Individual and average PK parameters for Compound 2 in rats following oral
administration at 0.2 mg/kg
PK Crax Trinax Tin AUCq AUC¢
Parameter (ng/mL) (hr) (hr) (hr*ng/ml) | (hr*ng/mlL)
Rat# 4 827.6 1.0 13.6 10422.1 14699.6
Rat# 5 551.4 2.0 13.4 8741.6 12439.0
Rat# 6 816.2 2.0 14.6 11975.3 11975.3
Rat# 15 703.6 2.0 13.6 10045.4 100454
Average 724.7 1.8 13.8 10296.1 12289.8
STDEV 128.4 0.5 0.5 1331.0 1911.9
5
Table 6. Individual and average PK parameters for Compound 3 in rats following oral
administration at 0.2 mg/kg
PK Crax Tonax Tin AUCjs0 AUCy
Parameter (ng/mL) (hr) (hr) (hr*ng/mL) | (hr*ng/mL)
Rat# 7 728.9 2.0 12.7 11280.4 15225.2
Rat# § 833.2 1.0 12.0 5317.8 14845.1
Rat# 9 904.3 1.0 11.6 11156.0 14643.7
Rat# 17 907.5 1.0 115 12110.0 15790.7
Rat# 18 800.4 2.0 14.4 12471.5 18246.2
Average 834.9 1.4 124 10467.1 15750.2
STDEV 75.0 0.5 1.2 2931.2 1462.1
10
As shown in Tables 7 and 8 below and in Figure 1, the amounts of DELAQ formed following
oral administration of deuterium-enriched laquinimod is lower than the amount of DELAQ
formed following administration of non-deuterium-enriched laquinimod. In average about
ten-fold reduction could be observed in the DELAQ concentrations measured in the plasma
15 of Compound 2 treated animals compared to the plasma of those that were treated with
laquinimod. In the former group the mean DELAQ concentrations varied between 18.3 and
75.4 pg/mL, and in the group that received laquinimod it varied between 142 and 878 pg/mL.
In both groups the lowest DELAQ concentration was measured at 1 hour following the
administration and DELAQ concentrations increased until the last sample was taken at 24
20  hours post dose.

Table 7. Individual and average PK parameters for DELAQ formed from laquinimod in
rats following oral administration at 0.2 mg/kg
PK Parameter Crax Toax AUC 5t
(pg/mL) (hr) (hr*pg/mL)
Rat# 10 654 24 10369.0




1318. 8 Average 75,4 24 1153.9 STDEV 9.2 0 112.8 The testing results
show that deuteriumenriched | aqui ni nod reduces the formation of DELAQ
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conparison to | aquininod, using the MOG i nduced EAE in C57B1./6 m ce.

EAE is an accepted ani mal nodel for nultiple sclerosis, and induction with
MO in 10C57BU6 is a well established nodel. CGeneral Design Di sease was
induced in the mce by the injection of the encephalitogenic enulsion. 15
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(Day 30). Al the QLEEPS WTe tggated pratty, dartly—Megrials: 20
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manuf actured in Teva. Purified water (Direct-Q MIlipore). Pertussis
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PK Parameter Comax Trmax AUCst
(pg/mL) (hr) (hr*pg/ml)

Rat# 4 62.0 24 1106.0

Rat# 5 82.5 24 1065.3

Rat# 6 77.3 24 11255

Rat# 15 79.9 24 1318.8

Average 754 24 1153.9

STDEV 9.2 0 112.8

The testing results show that deuterium-enriched laquinimod reduces the formation of
DELAQ, while maintaining a similar plasma concentration-time profile to that of non-

10  deuterated laquinimod.



Saline: Mif- DEMO S. A, Code 05029, |ot #0101610. Mycobacterium tubercul osis
H37 RA (MI): Mif- Difco. WD 2012/006538PCT/US2011/043383 39 Speci es,

strai n amdooplosbs8 Heal t hy, nul |l i parous, non-pregnant PemaiSeo1rioessdf t he
C57BL16 strain obtained fromHarlan ASi nmal Breeding Center, Israel on

26. 01. 2010 were used in the study. The ani mals wei ghed 15-22 g, and were
approximately 7-8 weeks old on arrival. The body wei ghts of the aninals
were recorded on the day of delivery. Overtly healthy aninmals were assigned
to study groups arbitrarily before treatnment commenced. The mce were
individually identified by using ear tags. A color-coded card on each cage
gave information including cage nunber, group nunber and identification.

Ani mal s housi ng and care conditions were naintai ned. 10 EAE i nduction EAE
was induced by injecting the encephalitogenic rri xture (enul sion) consisting
of MOO (150.0 ri /rmuse and CEA enriched wit tubercul osis (1 ng/nL
CFA) A vol unme m gﬁtﬁéﬁj@pmﬁﬁ%a Tl e!ﬂ?l aut(%ﬁglal)l:ﬂ;y y I nto t he
flanks of the meg&,,hal tOXin was njected Intraperitoneally on
the day of induction and 48 hours | ater (total amount was 0.1 + 0.1.200

pg/ mouse in 052 1l 2 OSRYRudY Qs b Bskss the efficacy bP BreddeGifadd@di AlduaGRled to 6

Lreat ment  gr ouPS.uYER £h G § FURRKIPH isRndiDli0 18 e b EPeBKD) . and
Conmpounds 1, 2 ;,‘g - eac 10 ng/ kg. Preparation and adm ni stration of
encephal i t ogeni c ™ on G | portion: CFA (containing 1 ng/nil MI) Liquid
portion: 15.0 ng MOO was diluted in 10.0 m Normal Saline to yield 1.5
ng/ M 25 MOO st ik isal agtepignpnimdliyeoded fian |myltiph sclgmss. prd daludignoviteMifaln parts of oi l
and |iquid pantiomase(shwh)eskonshédmddesyr i nges connected to each other with a
Leur lock, transferred to insulin syringe and 0.2 m was injected to the
right flank of each., pRUsSe. Preparati on and adm ni stration of Pertussis
toxin 3055 !'IL Pertu55|s t oxi n % was added to 21.945 m saline to
yield 500 ng/m D“fﬁ"ewaf)‘é‘}“feﬁ%’g‘le?‘C?béf?f‘ﬂ”‘aﬂ‘é’f FEPPRITCEBT B Pt r aperi t oneal |y on
t he day of encephalitogen injection and 48 hours later (100.0

ng/ 0. 2ml/ nouse >CoRpomd? 0Q.a6 g Admeiga)quiniRpdop #r ad 25om/kapctheaehiderest r at i on of t he
test fornul ati onaminikda 26kl id) H6RBBEE10) LinPehikiiddB353). ADmderapnernt rati on of
2.5ng/ mL | aqui ni fRd MAS.LRY epared in purified water for dose level 25.0

ng/ kg. The test fornul'ation was stored at 2 to 8 Cuntil use in anber
colored bottles. The m ce of the 25ng/ kg | aqui ni nod group were adm ni stered
with the | aqui ni%ﬂ' at vol ume dose | evel of 20011.1/nouse by oral gavage,
once daily (&8 stroswnds 2 Pdhivere preppjed asBesohibed épfaaamie t-at i on of 1.0 ny/ ni

| aqui ni nod was pigeipasdechmifRuipdin Téd. ed wat er for conventional |aquininod or
Compounds 1, 2 aRghedwhPibirdaseulipgwel 10.0 ng/ kg. The test fornulations were
stored at 2 to 8 (. dRxARRAL c&g),ggoelgmg&mg es until use. 10 The mce were
adm nistered wt od egsgpnmmé lmg 167?gw ni nod at vol unme dose | evel of
200111/ nouse by oral” "'gava ['aqui ni nod 10 /kg group once daily.
Adni ni strati A o‘f"mt"%"s‘t%“?f’d 6‘i§’h€f§A\/\ﬁ%“a’ﬁ%’FfF(§?8rlré‘ﬂlq4’i‘F *simlar fashion. The
vehi cl e (doubl e Hiins:tMnf- PEMO HratCede P50dalst #Athqlti st ered to t he negative control
group (Goup # INtycébRcteBunSribef:-ulosis HITRU IMED: Mnf- Difco.



15 Morbidity and Mortality Al aninmals were exam ned once daily to detect

I f any are noribund. Mce were wei ghed once weekly. EAE clinical signs 20
The m ce wenelxbsssved daily fromthe 10t h day post- EAEPCHdIsealitoms3ahd EAE
clinical signs were scored. The score® were recorded on observation cards
according to the grades described in Table 4a bel ow. Table 4a: Eval uation
of the EAE clinical signs Score Signs Description O Nornmal behavior No
neurol ogi cal signs. 1 Linp tail Part or the whole tail is |linp and droopy.
2 righting reflex Animal has difficulties rolling onto his feet when laid
on its back 3 H nd | eg weakness wobbly wal k - when the nouse wal ks the hind
| egs are unsteady 4 H nd |l eg paralysis The nouse drags its hind legs but is
able to nove around using its fore legs 5 Full paralysis The nouse can't
nove around, it |ooks thinner and enaciated. 6 Mri bund/ Death

Species, strain and supplier

Healthy, nulliparous, non-pregnant female mice of the C57BL/6 strain obtained from Harlan

Animal Breeding Center, Israel on 26.01.2010 were used in the study. The animals weighed

15-22 g, and were approximately 7-8 weeks old on arzival. The body weights of the animals
5  were recorded on the day of delivery. Overtly healthy animals were assigned to study groups

arbitrarily before treatment commenced. The mice were individually identified by using ear

tags. A color-coded card on each cage gave information including cage number, group

number and identification. Animals housing and care conditions were maintained.

10 EAE induction
EAE was induced by injecting the encephalitogenic mixture (emulsion) consisting of MOG
(150.0 pg/mouse) and CFA enriched with M. tuberculosis (1 mg/mL CFA).

A volume of 0.2 ml of emulsion was injected subcutaneously into the flanks of the mice.
15
Pertussis toxin was injected intraperitoneally on the day of induction and 48 hours later {total

amount was 0.1 + 0.1=0.200 pg/mouse in 0.2 ml dosage volume).

The mice were allocated to 6 treatment groups: Vehicle, laquinimod (25 mg/kg and 10
20  mg/kg), and Compounds 1, 2 and 3, each 10 mg/kg.

Preparation and administration of encephalitogenic emulsion

Qil portion: CFA (containing 1 mg/ml MT)

Liguid portion: 15.0 mg MOG was diluted in 10.0 ml Normal Saline to yield 1.5 mg/ml
25  MOG stock solution. The emulsion was made from equal parts of oil and liquid portions (1:1)

in two syringes connected to each other with a Leur lock, transferred to insulin syringe and

0.2 ml was injected to the right flank of each mouse.

Preparation and administration of Pertussis toxin

30 55 pL Pertussis toxin (200 pg/ml) was added to 21.945 ml saline to yield 500 ng/ml. The
pertussis toxin was administered intraperitoneally on the day of encephalitogen injection and
438 hours later (100.0 ng/0.2ml/mouse X 2 = 200.0 ng/mouse).

Preparation and administration of the test formulations



25 WD 2012/ 006538PCT/ US2011/ 043383 41 Al mce with score 1 and above were
consi dered sick. Wen the first clinical sign appears all mce were given
f ood soakwo 20re/omed38r, whi ch was spread on different plaees/useotiioessseddi ng
of the cages. For cal cul ati on purpose®#®, the score of aninmals that were
sacrificed or died (6) was carried forward. 5 | NTERPRETATI ON OF RESULTS
Cal cul ation of the incidence of disease (Di sease ratio) The nunber of
sick animals in each group were sunmed. The incidence of disease was
10cal cul ated as | NCl DENCE of DI SEASE = No. of sick mce in treated group
No. of sick mce in control group The percent inhibition according to

i nci dence was cal culated as INH BI TI ON (% of | NCI DENCE = Nunber of sick
mce in treated group 1 Nunber of sick mce in control group j x 100 15
Cal cul ation of the nDrtaIity/nDribundity rate (nDrtaIity ratio) The nunber

of dead or noribund ani n _each rou rtallty of
di sease was cal éb‘tff”é‘ifng‘ﬂmggz%w}f@f 3’% Find VRS 8¢° ‘a“’” nor i bound
mce in control ke st fgguigyen "()‘é%ﬂ?"é‘rz “fﬁ)rcl“%&sﬁd‘ aﬁ’i"’b‘é""’i”‘t‘lb%‘lfseﬁ‘f ed group \

20The percent i miidelof thd 5mg/adaorinidpgunt wrermritigered tvifh dplaquisigbdcay bemed as
dose level of 200ul/mouse by oral gavage, once daily (as shown in Table 4b).

A concentration of 1.0 mg/ml laquinimod was prepared in purified water for conventional
laquinimod or Compounds 1, 2 and 3 for dose level 10.0 mg/kg. The test formulations were

stored at 2 to 8 °C in amber colored bottles until use.

10 The mice were administered with the conventional laquinimod at volume dose level of
200ul/mouse by oral gavage to the laquinimod 10 mg/kg group once daily. Administration of
test compounds was performed in a similar fashion. The vehicle (double distilled water) was

administered to the negative control group (Group # 1) in a similar manner.

15  Morbidity and Mortality
All animals were examined once daily to detect if any are moribund. Mice were weighed

once weekly.

EAE clinical signs

20  The mice were observed daily from the 10th day post-EAE induction and EAE clinical signs
were scored. The scores were recorded on observation cards according to the grades
described in Table 4a below.

Table 4a: Evaluation of the EAE clinical signs

Normal behavior

1 Limp tail Part or the whole tail is limp and droopy.

2 righting reflex Animal has difficulties rolling onto his feet
when laid on its back

3 Hind leg weakness wobbly walk - when the mouse walks the
hind legs are unsteady

4 Hind leg paralysis The mouse drags its hind legs but is able to
move around using its fore legs

5 Full paralysis The mouse can't move around, it looks
thinner and emaciated.

6 Moribund/Death

25



Nunber of dead or noribound mce in treated group INHI BITION (% of
MORTALITY - [1 Nunmber of dead or noribound mce in control group

Cal cul at iwo 20f2/0d683at i on of di sease The nean durati on of Pdirdmsasia/0¢33ps essed
in days was cal cul ated as 25Mean Duratlion 41 Duration of disease of each
nouse" No. of mice in the group Calculation of nean delay in onset of

di sease The nean onset of disease expressed in days was calculated as WO
2012/ 006538PCT/ US2011/ 043383 42 Z Onset of disease of each nouse\ Mean
Onset - No. of mice in th e group The nean delay in onset of disease
expressed in days was cal cul ated by subtracting the nean onset of disease
in control group fromtest group. Calculation of the nean maxi mal score and
percent inhibition The nean maxi mal score (MVS) of each group was

cal cul ated as MVB/ Maxi mal Score of each nouse\ = No.of mice in th e group,
The percent inhibition according to MVS was cal cul ated as INH BI TION (% of
MV = (I MVB of At”ﬁé“ét"@’d°°§*#6’t?ﬁ"°j”3"fﬁﬁ’“ﬁ eqsisk- e gy S e Bup nean score
and percent i nhi®ereesiveTred sepsdd[invase piich srasspread epcifeson places op fe keffingt est  gr oup
wer e sumred and of thecagen dorvildia@h pupeasn thelgerd of agietnie: YeleMalificsiasdigad) cul at ed as | V5
- E Daily scoraewnohriidsse. ) CObservation period (days) 15 The nean group
score (GWB) was calculated as ' I MS of ea ch nouse ) No. of mice in the

group INTERPRETATION OF RESULTS

Calculation of the incidence of disease (Disease ratio)
The number of sick animals in each group were summed. The incidence of disease was

10  calculated as

INCIDENCE of DISEASE = ( No.of sick miceintreated group )

No.of sick micein control group

The percent inhibition according to incidence was calculated as

INHIBITION (%)of INCIDENCE = (l— Number of sick mice in treated group ] %100

Number of sick mice in control group

15
Calculation of the mortality/moribundity rate (mortality ratio)
The number of dead or moribund animals in each group were summed. The mortality of

disease was calculated as

MORTALITY of DISEASE = ( No.of dead or moribound mice intreated group ]

No.of dead or moribound micein control group

20  The percent inhibition according to mortality was calculated as

INHIBITION (%) of MORTALITY = (1_ Number of dead or moribound mice in treated group J %

Number of dead or moribound mice in control group

Calculation of duration of disease

The mean duration of disease expressed in days was calculated as

Mean Duration 2{ X Duration of disease of each mouse)

25 No.of miceinthe group

Calculation of mean delay in onset of disease

The mean onset of disease expressed in days was calculated as



The percent inhibition was calculated as INHIBITION (% of GVWS = (1 GVS of
treated group jx100 20 A summary of the incidence, nortality, MB, GV5,

dur at i on WO 20ieoaizsease, onset of the disease and the aetCiraisty11o4338xnch
group is shown in Table 4b bel ow.  W322012/ 006538PCT/ US2011/ 043383 43 WO
2012/ 006538PCT/ US2011/ 043383 44 Incidence and nortality 14/15 mce were
sick due to EAE in the vehicle treated control group. In the group treated
wi th laquininmd (10 ng/kg), 9/15 mce were sick conpared to 13/15, 10/ 15,
and 8/ 15 in groups treated with conpounds 2, 3 and 1 respectively. 4/15
mce were sick in the positive 5control group treated wth 25 ng/ kg

| agui ni mod. No nortality was observed in any of the treatnent groups. There
was a delay in the appearance of clinical signs in all groups treated with
| aqui ni nod (10 ng/ kg) with onset between 15.3 and 22.1 days conpared to
control group (onset 10 11.9+45.5 days). The duration of EAE clinical signs
in these treatnent greops | EBYFAret/ v ¢he vehicle treated control group was
between 7.9 and 13.2 days ‘colfifdfe€d" €8 19. 1+5. 5 days in control group. Mean
Maxi mal Score ( NMBjcaaia iGneuhdifveanp&edin éayy @\B)ulaled byFlgachfyBe ard GVS of t he
vehi cl e treat ed onegatstattn Gaigod rogle@pppwer e 3. 21. 3 and 2. 21. 0,

respectively. The positive | aquininod (25 ng/kg) control group exhibited
59. 4% and 97. %Cia;gur;aiﬁ(pniob;wg"@ of ,EAE according to MBS (score 1.31.8) and GVS
(score 0.50. 1%, espect | veT"y. en the roups treated with Conpound 1, 2
and 3 were conpé‘?“é’éf”t“lf"‘i“%\éfﬁffWi”f‘?b‘ﬁ?a"}‘rﬁ?“‘?‘ﬁ‘é?ag‘f‘ﬁ“‘fifscant difference in activity
was observed. I—b\A/evquSLQ?e@ewmsof&che d that showed that groups treated
with Conpound 1, 2 and 8 wWe¥&“itirerwacti ve than the | aqui ni nod groups. As
shown in Fi gur e 18 peadit ilblvBonsieahify, 1o Newd aguidabsTod ( 10ng/ kg) group exhi bited
48. 4% activity conpared to 64. 3% 59, 7% and 66.5% activity in groups
treated with ConJ8UHRY @7 M85 2%ang LorespectPvel y. DI SCUSSI ONS The testing
results showlB hat deuteriumenriched |aquininod reduces the formation of

met abolites, "In particular optionally deuterated DELAQ while maintaining a
simlar plasma JOCHHECHtasEn GRStTate PEFETMPE 0 that of non-deuterated

| aq ui ni nod. The daily scores of each mouse in the test group were summed and the individual mean daily
score (IMS) was calculated as

IMS =( Z Daily score of mouse ]

Observation period (days)
15  The mean group score (GMS) was calculated as

GMS:[ ZIMS of each mouse J

No.of miceinth e group
The percent inhibition was calculated as

INHIBITION (%) of GMS = (1 . GMS of treated group J X100

GMS of control group

20 A summary of the incidence, mortality, MMS, GMS, duration of the disease, onset of the

disease and the activity of each group is shown in Table 4b below.



The testing results al so show that deuteriumenriched |aquininod are as
active as or better than laquininod in the inhibition of EAE clinical

si gns. Theonerulotssof the study permt devel opi ng dosi hgCparsanmeies3ss f or
deuteriumenriched |aquininod. 45 Bx@nple 5. In Vitro Eval uation of
Laqui ni nod and Conmpound 2 as Inducers of Cytochronme P450 Expression in

Cul tured Human Hepatocytes 51. Introduction The objective of this study was
to investigate the effects of treating primary cultures of fresh human
hepat ocytes with | aqui ni nod or Conpound 2 on the expression of CYP enzynes.
Cul tured hepat ocytes have proven to be a reliable test systemfor

eval uating the inductive 10 effects of NCEs. Hepatocytes can be isol ated

fromnon-transpl antable human |ivers (Bjonsson et al., (2003), The conduct
of invitro and in vivo dr ug-dr ug interaction studies: a Pharnmaceuti cal
Research and Manuf getufrers—pf—Aner+eca(PhRMA—perspecti ve. Drug Metab

Di spos 31:815-832;| Mudrawange £ar ki msor,w:( 2.’)93:) o~ eparation of hepatocytes,
in Current Protocol £3n fox Iogy\e?VcIfbﬁ“rE 2S(NEihes MD ed) unit 14.2, 13

p, John Wley and Sdéns,| %5 he.,| New Y& Néw k) and cultured in a
confl uent nonol ayeF— LJ" Hy-5e—et--ad (199 D-—FHoermal i on of extensive

canal i cul ar networks by rat| hgpal eyt e ul Lurgd, injcol |l agen-sandw ch
configuration. Am ] hysi®l | 26 %I Iﬁgs @g. 35 .| Cl764-Cl774). After two
to three days in culgure=these cel Fega| net hei¥ porphol ogical integrity,
and treatnment with Ernt otyplcal nducers resultls inlthe i nducti on of
appropriate CYP engzyBesg (Leluyse e al.Z PO (1996)| Cultured rat

hepat ocytes, in Phar}%aceuxti i%] Bj otechnd opy.g Yob,8 B, Model s for Assessing
Drug Absorption and &ktlabol | Bar chardt R |WiEspn G and Smith P eds) pp

121-159, Pl enum Pr s€ _INew York:| Rdhent Son| et 4l 2000), In vitro

i nhibition and iBducgi gn of | huymap hepati.g Cytoghrome PA50 enzynes by
nmodafinil. Drug E/E\tab Di 3@05 28: 64 6'1§ Madan |etg al ., (2003), Effects of
prototypi cal m ckosoful| 8nzyn& i hducers on| c§t qchy ofre 25 P450 expression in
cul tured hunman hépaiix&)-t-ec Drugl Metaly Dispos 31:421-431). For this reason,
it is acceptabl eoto gse cul fured human hepptocytes fo determnine the
potential of NCEs t 0Zcause Efrﬁjucl?il-on (FQ%YP‘*‘“nz fries| This study was
designed to al |l ol ang iinductd ¥e 3% oct| 3 Iof | € he |Gt | articles to be
classified 30 r%ati to tiwo nechanigtically distinpct and clinically

rel evant CYP inducers, |nanme|y.onepsazol e, (pn,AfR activator and CYP1A2

i nducer) and ri farrpérﬁ a PXR agopi 8t andi i pdgcer »f| CYP3A4) (Parkinson and
Qgi | vie, (2008),£Bj otranstof matipn”of |xéhopi dtilcs, | n Casarett & Doul |'s
Toxi col ogy, The Basi€¢ $%Ci ence of | Poi sons. [Seventh Efition, (Kl aassen CD ed)
pp 161-304, The Gaw(Hill nmpgnises,| lsncl , *NewsYor k). To this end, one
preparation V\D§012§0( 65’38PC§/ USZ@ll 043383=°4E af fultured hunan

hepat ocytes frongonesliver fas treated once dailly fpr three consecutive
days with DMSO (@ 1% v/iv, vghicle confirol)] one of five concentrations of

| aqui ni nod (0. 015 0.85| &1} L, or 10 p. M pr.Compound 2 (0.01, 0.05, 0.1,
or 10 AM. B5Aft trgatnment| #he| c&lls vere &nqubated in situ with marker
substrates for thel anal ysi s| of phenacetin P-deal kyl pti on (marker for
CYP1A2) and m'dagol am I - hygdr oXy[ atiom (maf Ker |[Tor CYP3A4/5) by LC MsS/ MVS.
Fol | ow ng the |n-aS| t@ ijncubpt ,on, the|same| hgpatqocytes fromthe sane

t r eat ment groupsEV\er harsvest 8d wmi tsh TREZZ}'L $o|i ol pate RNA, which was

anal yzed by gRT-#0R To|assess the effect of |aquinipod and Conmpound 2 on
CYP1A2 and CYPBAQ TO TTRNA T EVEl S Thestu degrgrm,] the test system and the
sel ecti on and cofclengr ation ro@g substfr $ @wged in this study were
based on recommefhdat EonssEn| t %% FDAZs | DE gf ’g' g ce Docunent on Drug

I nteraction Studges-Stydy” Design, Fata gi\%all v¥§ $,58nd I nplications for

Dosi ng and Labeﬁ"ng_anrl current EDA review artilclesl (Food and Drug

Adm ni stration, (2006), Draft Guidance for Industry: Drug Interaction

St udi es- St udy Design, Data Analysis, 15 and Inplications for Dosing and
Labeling, pp 55, U S. Departnment of Health and Human Servi ces, Rockville,
MD; Huang et al., (2008), New Era in Drug Interactions Evaluation: US Food
and Drug Adm ni stration Update on CYP Enzynes, Transporters, and the

Qui dance Process. J din Pharnacol 48: 662-670; Zhang et al., (2009),
Predicting Drug-Drug Interactions: An FDA Perspective. The AAPS Jour nal

11: 300- 306) and the PhRVA 20 perspective on enzyne induction (Chu et al.,
(2009), In vitro and in vivo induction of cytochrome P450: a survey of the
current practices and recomendati ons: a Pharnaceutical Research and

Manuf acturers of Anerica (PhRVRA) perspectice. Drug Metab Dispos 27029
(87pp) doi : 10 1124/drm| 109 0270) 2. Materials and nethods 2.1 Materials

p— = o




Enzynme Reagent use Nane Manufacturer CYP1A2 Substrate Phenacelit,
Sigma- Aldrich Substrate netabolite Acetam nophen Sigma-Aldrich

| nt er nal

st andar d woebmmonssphen- d4 Proprietary informati on CYP3ACH/USadigonzise
M dazol am Si gma- Al drich Substrate netdabolite r-Hydroxyrni dazol am

Cerilliant
i nformati on
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Incidence and mortality

14/15 mice were sick due to EAE in the vehicle treated control group. In the group treated
with laquinimod (10 mg/kg), 9/15 mice were sick compared to 13/15, 10/15, and 8/15 in
groups treated with compounds 2, 3 and 1 respectively. 4/15 mice were sick in the positive
control group treated with 25 mg/kg laquinimod. No mortality was observed in any of the

treatment groups.

There was a delay in the appearance of clinical signs in all groups treated with laquinimod
(10 mg/kg) with onset between 15.3 and 22.1 days compared to control group (onset
11.9435.5 days). The duration of EAE clinical signs in these treatment groups compared to the
vehicle treated control group was between 7.9 and 13.2 days compared to 19.145.5 days in

control group.

Mean Maximal Score (MMS) and Group Mean Score (GMS)

The MMS and GMS of the vehicle treated negative control group were 3.2+1.3 and 2.2x1.0,
respectively. The positive laquinimod (25 mg/kg) control group exhibited 59.4% and 97.7%
inhibition of EAE according to MMS (score 1.3x1.8) and GMS (score 0.5+0.1), respectively.

When the groups treated with Compound 1, 2 and 3 were compared to laquinimod, no
significant difference in activity was observed. However there was a trend that showed that

groups treated with Compound 1, 2 and 3 were more active than the laquinimod groups.

As shown in Figure 3, on GMS scale, the laquinimod (10mg/kg) group exhibited 48.4%
activity compared to 64.3%, 59.7% and 66.5% activity in groups treated with Compound 2, 3

and 1 respectively.

DISCUSSIONS
The testing results show that deuterium-enriched laquinimod reduces the formation of
metabolites, in particular optionally deuterated DELAQ, while maintaining a similar plasma

concentration-time profile to that of non-deuterated laquinimod.

The testing results also show that deuterium-enriched laquinimod are as active as or better
than laquinimod in the inhibition of EAE clinical signs. The results of the study permit

developing dosing parameters for deuterium-enriched laquinimod.

standard 1*4ydroxym dazotamri4 Proprietary



2.1.2 O her assays 2.1.3 O her reagents Nanme Manufacturer Acetonitrite

Fi sher Scientific Amonium acetate Sigma-Al drich Carbon di oxi de Hel ga Gas
Dexanet t asoree128i0g¥sa- Al dri ch DVSO Si gma- Al dri ch EDTA Si graTAiSdetiiohs3E: hanol
Fisher Scientific 48 2.2 Test systemS One preparation of freshly isolated
human hepat ocytes (hereafter, referred to as H971) 5supplied by XenoTech,
LLC at 16825 West 116th Street, Lenexa, KS 66219, was treated in this
study. 2.2.1 Treatnment of cultured human hepat ocytes Hepatocyte cul tures
were treated daily for three consecutive days and cultured according to 10

S|CP L(5021.01 (XenoTech, LLC) and previously described nethods (Robertson et
al ., (2000),

Example 5: In Vitro Evaluation of Laquinimod and Compound 2 as Inducers of

Cytochrome P450 Expression in Cultured Human Hepatocytes

5 1. Introduction
The objective of this study was to investigate the effects of treating primary cultures of fresh

human hepatocytes with laquinimod or Compound 2 on the expression of CYP enzymes.

Cultured hepatocytes have proven to be a reliable test system for evaluating the inductive
10 effects of NCEs. Hepatocytes can be isolated from non-transplantable human livers
(Bjornsson et al., (2003), The conduct of in vitro and in vivo drug-drug interaction studies: a
Pharmaceutical Research and Manufacturers of America (PhRMA) perspective. Drug Metab
Dispos 31:815-832; Mudra and Parkinson, (2001), Preparation of hepatocytes, in Current
Protocols in Toxicology, Volume 2 (Maines MD ed) unit 14.2, 13 p, John Wiley and Sons,
15 Inc., New York, New York) and cultured in a confluent monolayer (LeCluyse et al., (1994),
Formation of extensive canalicular networks by rat hepatocytes cultured in collagen-
sandwich configuration. Am J Physiol 266 (Cell Physiol. 35): C1764-C1774). After two to
three days in culture, these cells regain their morphological integrity, and treatment with
prototypical inducers results in the induction of appropriate CYP enzymes (LeCluyse et al.,
20  (1996), Cultured rat hepatocytes, in Pharmaceutical Biotechnology. Vol. 8, Models for
Assessing Drug Absorption and Metabolism. (Borchardt RT, Wilson G and Smith P eds) pp
121-159, Plenum Press, New York; Robertson et al., (2000), In vitro inhibition and induction
of human hepatic cytochrome P450 enzymes by modafinil. Drug Metab Dispos 28:664-671;
Madan et al., (2003), Effects of prototypical microsomal enzyme inducers on cytochrome
25  P450 expression in cultured human hepatocytes. Drug Metab Dispos 31:421-431). For this
reason, it is acceptable to use cultured human hepatocytes to determine the potential of NCEs

to cause induction of CYP enzymes.

This study was designed to allow any inductive effects of the test articles to be classified
30 relative to two mechanistically distinct and clinically relevant CYP inducers, namely
omeprazole (an AhR activator and CYP1A2 inducer) and rifampin (a2 PXR agonist and
inducer of CYP3A4) (Parkinson and Ogilvie, (2008), Biotransformation of xenobiotics, in
Casarett & Doull’s Toxicology, The Basic Science of Poisons. Seventh Edition, (Klaassen CD
ed) pp 161-304, The McGraw Hill Companies, Inc., New York). To this end, one preparation



In vitro inhibition and induction of human hepatic cytochrone P450 enzynes
by nodafinil. Drug Metab Di spos 28:664-671; Madan et al., (2003), Effects
of pr ot otwpi2eeoond38r osonal enzyme i nducers on cytochr omeCPABR01@01338%Si on i n
cul tured human hepatocytes. Drug Metats Di spos 31:421-431; Paris et al.,
(2009), In vitro inhibition and induction of human 15 |iver cytochrome P450
(CYP) enzynes by m | nacipran. Drug Metab Di spos 37:2045-2054). Cultures
were treated with suppl enented MCM (each well was treated with 0.2 inL)
containing 0.1% DMSO (vehicle, negative control), one of five
concentrations of laquininod (0.01, 0.05, 0.1, 1 or 10 p,M or Conpound 2
(0.01, 0.05, 0.1, 1 or 10iiM, mbefradil (10 W2 01 2/0 06 5 3

8PCT/ US2011/ 043383 49 gM or one of two known human CYP enzyne inducers,
nanel y, oneprazole (100 gM and rifarrpi n (10 gM, positive controls. 2.2.2
RNA isolation fromcul tured hung patoc tes ulrlflcatlont and
quantification “EUREHPERT RS T h B S SRS “FFeat nent ,

hepat ocyt es wer éast Y&ENSP (-1 PRV2lclecauetit °f§‘fetc‘é‘i‘e“‘t“1*f’és ‘if Hqug‘i"’t’ﬂo far ker substrate
i ncubati ons, andosel l oliydedmpwene OH.0p%eL atlos5 t 5C. For human hepat ocyte
preparation H971, nedia fromsix wells per treatnent group was aspirated,

and appr oxi ma4 elA}éerlréanegkheIBJsz,QL iniBeicB i AAORE rhaRer SBGRes W ke anal neof cell lysates
were m xed by rel[))emi.%? gdsf)l a%o (Imargef forg\%‘q ﬁ) anue‘m&‘avz%ém 1%%&%}%9:; InhrRe the cell

| ysates using tHhe Eurlfled usi ng
the RNeasy M ni KFYP(EDaY Wﬁ: F?”"‘H&gcf’&?r"bﬁ"hﬁc“‘fab"“‘é'ﬁ?’l éef%%y‘?ﬁ ™RNA qual ity

and concentrat i ¢ same reimeht grepyerdetvelsd wirk BRItek P H@‘%‘%‘o‘f"ﬁhﬁééﬂaﬁfﬂd 260 and 280 nm
on a Bi oTek Syney gy-pER tophsat e dfead equin(Bil o Sknpbund? mOYRIAL snd CYPPRa4) Wi t h KC4

Si gnat ure sof§ WaR&a (VeR! Sb Qidy Bsigh, RN s@tkm alBkn© £QKiod aﬂﬁ&)ﬂckﬁﬁﬁ&loﬁprobl: nc. ) accordi ng

to SCP L6162. 02 sub;lila@s uée%' tMssslmﬁy e bR kG Gal b m\m%ﬁ@b&h @.qdaswt with the RNA
6000 Nano Assay Ki

00 Bi oanal y
Technol ogi es, | rP(?C enéf(’:“coru (r}“ temmf’g:'mé"dgm‘f_yél ]g‘? Sls anefmglﬁc 2Fuancff)ed cDNA was
prepared from RUasRR; sphLapeiee ﬂgcm’éf‘é‘? rejpY 2rtiey [igod aﬁ‘b BRAFIHGYRal Ti ne PCR
syst em t her nocy c1oP @rafy Gaidpnca frr lodustABE 9B WQHR@&?*?S@%AP@F@ Syst em
t her nocycl i ngs pra@QmpiaindpP bbstgl aBiL oS e 556 .S apponai o geddpanG@kn:h 6160. 04. The
RT Master M X i %er@&msckv%@ddlphu IRIOOQLﬁefv@{am Iﬂ\é&tﬂ&ﬁ%ﬁmaﬁn vd0X Random

hexamers, RNase OI L £ O i oo ML b €.l Sf.transcriptase
(50 U/gL) and RNﬁoée freejQi Qﬂt&%ugk‘}?E%ﬂ$&%%ﬁ%\%ﬁfn?e\éwto each RNA

sanpl e to conpl et heie SApERA A 566%)?70tﬂ’§"g eéélCt(%) I'ate controls
(NTCs) were i ncliuidrséns dotfiRe BerestiysiTse AESr/otee INPE Pt thedi8MA RNasef r ee

wat er was added petpepteas enzpfe ihdo@iorREy 8 @l i1089), I hige mDMAviyrimiptisned sanpl es were
stored at -20 t chbehpihd PA30: 4 v REtheykSietit pRYfices| T reB¥ulRendaibns: 2 PBirmkesdcalar t i cl es

Laqui ni mod sodi Y@@ Snd MG RANEH o3GRS Bhideh) bQsplche i 0LRFBESS7eesCribed in in

U S. Patent No. 7, ound 2 was prepared according to the
pr ocedur es descr(%‘g&zf “%éf? F{,?&;Q Storage of test article:

Laqui ni nod



Locked storage at 2 to 8 C), protected fromlight and Conpound 2 Locked
storage at 2 to 8 C), protected fromlight and 50 Quantity received:

Mol ecul arwoase/006488i t y: Appearance: Sol vent used for di #E0IUSRI10/023383
Concentration of stock solutions: Con@entration of working solutions:

noi sture 53.09 ng 378.78 g/nmol (sodiumsalt) 356.80 g/nol (free acid) 100%
White powder Hi gh purity sterile water noisture 50.58 ng 383 g/ nol 95.4%
Pal e yell ow High purity sterile water -20 5 C A solution of |aquininod or
Compound 2 (10 mMin high purity sterile water) was prepared by dissol ving
t he appropriate anount of either |aquininmod or Conmpound 2 in high purity
sterile water. For |aquininod, the 10 rnM stock solution was diluted with
high purity sterile water to 2, 1 and 0.1 pM Furthernore, the 1 pM
solution was diluted with high purity sterile 5 water to 0.05 and 0.01 rnM
For Compound 2, the 10 mM stock solution was then diluted wth high purity
sterile water td™M*SAY* ™Y M Furthernore, the 1 prvl sol ution was
diluted with hi gdMstsfidyy sterile water to 0.05 and 0.01 mM The sol utions
of | aqui ni nod ard.1E@ompowtvily 48safsal | i nM concentrations) were divided into a

sufficient nunb E,,zyu,i adngMH&P tU{nLMG vsed—nchiyhgahy —+n—the study and were
protected from |[cghe wSidwenbher |Gle@@8War € Or |[Sigma-Aldrich
Substrate metabolite | Acetaminophen Sigma-Aldrich
Internal standard Acetaminophen-d Proprietary information
CYP3A4/5 Substrate Midazolam Sigma-Aldrich
Substrate metabolite | 1"-Hydroxymidazolam Cerilliant
Internal standard 1-Hydroxymidazolam-ds Proprietary information
5
2.1.2 Other assays
Assay Name Manufacturer
qRT-PCR RNase-free water Fisher Scientific
qRT-PCR High-capacity cDNA reverse Applied Biosystems
transcription kit with RNase-inhibitor
qRT-PCR TaqMan universal master mix Applhied Biosystems
qRT-PCR TaqMan gene expression assays Applied Biosystems
qRT-PCR TRlzol reagent Invitrogen
qRT-PCR Chioroform Fisher Scientific
gRT-PCR 2-Propanol Fisher Scientific
qRT-PCR Ethanol, 200 proof Sigma-Aldrich
qRT-PCR 1X tris-EDTA, pH 8.0 Ambion
qRT-PCR RNeasy mini kit Ciagen
qRT-PCR RNase-free DNase set Qiagen
qRT-PCR Proteinase K Qiagen
qRT-PCR RNA 6000 Nano LabChip kit Agilent Technologies
2.1.3 Other reagents
Name Manufacturer
Acetonilrile Fisher Scientific
Ammonium acetate Sigma-Aldrich
Carbon dioxide Helget Gas
Dexamethasone Sigma-Aldrich
DMSO Sigma-Aldrich
EDTA Sigma-Aldrich
10 Ethanoi Fisher Scientific




10 alum num foil and stored frozen (-20 5C) wth a two nonth expiration
date. Prior to treatnent each day, an aliquot of the |aquinind and
Conmpound WO ok6338! uti ons were conditioned to room t empeTAtiSaria/ 083383 gent | y
shaken or vortexed on a |low setting. 8tock solutions of |aquininod (0.01,
0.05, 0.1, 1 and 10 nM and Conpound 2 (0.01, 0.05, 0.1, 1 15 and 10 nM
were then diluted in cell culture nmedia (1:1000 dilution) and the resulting
wor ki ng dose sol ution was added to the hepatocyte cultures to give the
final concentrations of |aquininod (0.01, 0.05, 0.1, 1 and 10 pM and
Compound 2 (0.01, 0.05, 0.1, 1 and 10 pM within two hours of dilution
(approximately 15 mnutes to 65 mnutes). A qualitative visual WO
2012/ 006538PCT/ US2011/ 043383 51 exam nation of the stock and dosing
sol utions was conducted prior to application to the hepatocytes in order to
determne solubility in the test system Juyst drv\rinr to treatpent, on each
day of treat rrentF;"mfgaw ust—pror—t6 incubatf%’—tﬁe—ﬁﬁhkef- 5 substrates,
spent cul ture mggEUM (SpPent dosing Medi a) v ek [ eCt ecl fTom the vehicle,
| aqui ni nod and Qargoe iglymidrih X D pL was
coIIectedfrom\WWmhgdahree ‘wells, from-e t r eat ment
groups, and pool'@a;,,uur edch sdnpl e 1T0 a1 T)sher Stk [ bxi mately 450
L. These spent e ' iaRpkegnayare anal yzed $pr14rmc| dual | aquj ni nod,
Conpound 2 and t¥&™Ha_of byl atod sotabolit P A—210-—2-4-Ppsitive
controls and vel e 3‘53"“‘?‘8‘1“?’6%“?75’ chen )cai g@m@hfﬂmra used for
dosi ng hepat ocyt ChastopicO@ER hem ca _b:ﬂme*nun‘ner anhu cl ePurit ySWORN
nunber condi ti ons 230 o Net D) :
0891(2310tei np Mpﬁappllb"gm. Vk\clolJpl rcabte Lw,pmol eULU4U/9K“L5842 to 8
' ODFASO9%&i gma- shhrdrbica@mel fanpi NR3501119( 149¢=@n 5 ' CDMS0100%Si gna- Al dri ch
RoonHi gh purity {je 410 mm)m'uooo/g. ERSSAIy | chtenpel at ur ewat er
aStorage conditi mnhmucmbunpuuuu 15 Onegirsgmiice_and T fappin and were
di ssolved in @nsl_@bhmwaet the final concembdiaiion of DVBO in the culture
medi um was 0. 1% Sk purity water.
Accordi ng to SORFESH21—0+{XenoTFech—tHEE); gwa%g sotutionsjof vehicle and
positive controls were prepared fresh fromthe stock solution | ess than two
hours prior to treatnent on each treatnent day (approxinmately 15 mnutes to
65 minutes). 20 22Testsystem
One preparation of freshly isolated human hepatocytes (hereafter, referred to as H971)
5  supplied by XenoTech, LLC at 16825 West 116" Street, Lenexa, KS 66219, was treated in

this study.

2.2.1 Treatment of cultured human hepatocytes
Hepatocyte cultures were treated daily for three consecutive days and cultured according to
10  SOP L5021.01 (XenoTech, LLC) and previously described methods (Robertson et al., (2000),
In vitro inhibition and induction of human hepatic cytochrome P450 enzymes by modafinil.
Drug Metab Dispos 28:664-671; Madan et al., (2003), Effects of prototypical microsomal
enzyme inducers on cytochrome P450 expression in cultured human hepatocytes. Drug
Metab Dispos 31:421-431; Paris et al., (2009), In vitro inhibition and induction of human
15  liver cytochrome P450 (CYP) enzymes by milnacipran. Drug Metab Dispos 37:2045-2054).
Cultures were treated with supplemented MCM (each well was treated with 0.2 mL)
containing 0.1% DMSO (vehicle, negative control), one of five concentrations of laquinimod
(0.01, 0.03, 0.1, 1 or 10 uM) or Compound 2 (0.01, 0.05, 0.1, 1 or 10 pM), mibefradil (10



2.5 Assay conditions 2.5.1 In situ incubation of probe substrates with

cul tured human hepat ocytes | ncubations of hepatocytes with probe substrates
wer e conawotert/ioss3accor dance with SOP L5041. 02. Appr oxi maraisgo1244338sir s
after the last treatnment, spent nedi a¥was aspirated from 25 the wells, and
each well was rinsed two tines with pre-warned (37t 2 C) fresh culture
medi a. Media was aspirated fromthe wells and reactions were started by
addi tion of 200 ILL pre-warned nmedia containing the probe substrate to each
well. The culture multi-well plates were placed in a humdified culture
chanber (37 t 1 C at 95%relative humdity, 95/5%air/CO2), and incubations
were carried out for 30 mnutes (Table 1). At 30 mnutes, an aliquot WO
2012/ 006538PCT/ US2011/ 043383 52 (150 111..) of the incubation m xture was
removed and added to a well of a 96-well plate containing 300 KL of stop
reagent (acetonitrile) and internal standard (Table 2).  The m xtures were
mi xed t hor oughl y™MARE™ A1 TORET Ppesn Sk copyBF ndypers) Rt ompmapfy (R4t 2 - 8 C
Sanpl es wer e cenifampif (b pesitivexg@Ps-x g for 10 minutes at 2 - 8 C, and
supernatant fractions were anal yzed 5by LC/ M5/ MS. For each assay,

i ncubat i ons wer 28 &KX is@iortttn R huriah RepRRNEL Juliftifon hiddisadicaidn I N Tabl e 1.
Table 1: Summagy ( b RRRgYs mpgamltﬁe%ammmm REL Wil GE0F R beagbat P ENZY TR
activity Ennine st rate so vetnt bSt = gogcenté\%H]oq(cvé | EI M

i ncubat i onl ncubé e|r e’"f”“mér TCOnEent f By 3€Racet ti 1L00MeMaxi |
(a") 30 CYP3A445|hwgﬂrlaezaépa3ﬁmmv§‘tnﬁ‘a1}dved*t fi%sscyel\s PREYFBET S0P VORRIRES = 200 it 10
Tabl e 2: Sunmar y aofapmeimalip |32 tleTRizkterradded Ypgach] wel Thegreldirrte vert mgrddphy t andem nmass
spectronmetry Enzieed hiiihg add RNWARA lisyliddCah hSERPIyntceisnahe BIangaxd yM abolite
noni t or edl nt 5 NQwviskANH@LE philaQdSine MOUMRLAE ARCENGERE 0 acdoRRE lolRbP )

CYP1A2Acet ani n O(F)l]la anéél&m q l%'ggdggﬁaﬁ%g L(% exle Qé?e%ﬂ%&‘ byl}n%g%gglang) mzla{ gO

1. - Hvdriwynsdaz Croxy Larn- Ge: al es Ihe

type of cni zaborf™t7*&™™ #ht %’\/@5@53‘“‘3% P?af’b”ferr?adeff{@ffSeke{??ﬁl"te'ﬁs In%) ﬁt‘% (+ or -).
bVal ue Meal s t heSispser sopBridveEion Pt disy 6 BS’S*V@HH“"%H’G&M‘“’“‘“I@I P&%Banocr EaI ion ie
diuted 16-fol d abises. telddadis bf RNAdtegrawvaecaipeiton tvitighe RIVAIGER Bao Assay Kit

15 on an Agilent 2100 Bioanalyzer (Agilent Technologies, Inc.) according to SOP 1.6162.02.

Single-stranded cDNA was prepared from RNA with the RT Master Mix using the AB 7300
Real Time PCR system thermocycling program or AB 7900HT Fast Real Time PCR System

thermocycling program (Applied Biosystems) according to SOP 1.6160.04. The RT Master
Mix is comprised of 10X RT buffer, 25X deoxyNTPs, 10X Random hexamers, RNase

20  Inhibitor (20 U/uL), MultiScribe reverse transcriptase (50 U/uL) and RNase-free water. The
RT Master Mix was added to each RNA sample to complete the components of the reaction.
No template controls (NTCs) were included in the analysis. For the NTC reactions, RNase-
free water was added in place of the RNA sample. The cDNA prepared samples were stored
at —20 + 5°C prior to analysis by qRT-PCR.

25
2.3 Test articles
Laquinimod sodium was prepared according to the procedures described in in U.S. Patent No.
6,077,851 and Compound 2 was prepared according to the procedures described in Example
1.
30
Laquinimod Compound 2
Storage of test article: Locked storage at 210 8 °C),  Locked storage at 2 to 8 °0),

protected from light and protected from light and



Standards and quality control sanples were simlarly prepared with the
addition of authentic netabolite standards. 15 2.6 Anal ytical nethods 2.6.1
LC/ M5/ MS wethdwes3Bl anal yses were perfornmed with val i dacewsk@inERE

met hods. The procedures used for the 3nalysis of each netabolite foll owed
the applicable LG/ M5/ M5 anal ytical nmethod SOPs 20 and are sunmari zed in
Tabl e 2. The MS equi pnment was either an ABlI Sciex (Applied Biosystens/ MDS
SCl EX) APl 4000 or API 3000 instrunent w th Shinmadzu HPLC punps and

aut osanpl er systens. APl EnzynmeMetabolite nonitored instrunment HPLC col um
b CYP1A2Acet am nophen3000Waters Atl antis del a

CYP3A4/ 51" - Hydr oxym dazol arn4000(5-pm 100 min . 21 nm aModel of LC M5/ MS
system from Appl i ed Bi osystens/ MDS SClI EX bAI |l HPLC col ums were preceded by
a Phenonenex Luna C-8 guard colum (4.0 (rima 2.0 ran). 53 Authentic
netabolite standards were used, and deuterated metabolites were used as
internal standards in all assaJ®"™Zero-time i heubations served as bl anks.
Sanpl e anal ysi s, qukhidt:8@kat i on asgokheporti ng wesodssonduct ed according to SOP
L8013. 02, L8020.02 and L8011. 02 enoTech LLC% {espectlvely 5

Met abol i tes wer &°HUHAET fi ed byl M a$¥%hdard calibration curve
based on back cgl|gul ation of a,ygi ght ed (1/Xx)g¢s4khi near, | east-squares
regression. The regression fit was based on the peak ratio of the anal yte
to internal stangaseke:cal cul at ednfep@mr cal i br at Pagwellst andar d sanpl es, which
were prepared fromauthentic netabolite standards, Peak areas were

10i nt egr at ed wi tSPeRBEATT SxPuTo s Jist wiFIBETSC) EXERRYI % Fat a system versi on

1.4.2. 2.6.2 WM&&L@%%&? Q‘a%l' $Bbh Y8, 1Bl DR WASo.LaRI bR out according to
SOP L6160. 04 (Xamaﬂec LLC) ameh t he Applied Biosystens protocol. Each PCR
was performed i Mot bieaiti. Aommqsmn 1M1«mmsom5>0$9ep@¢ledﬂor each Gene
Expressi on assayouigstypi cal Prit) %@B%t ai (e o Peme¥ff ver sal  Mast er
M x (1X), Gene Expression Assa m!:lc f ehddfadii oamiorneverse pri nmers)
and RNase-free water. The Reactiicgwre iiiym0d% vpr efveemedimiyf1%deli ng t he Pri ner

Mx to cDNA. A %;%m&@ggnng@f sapgnlsgs (no | ess_fbhar 10% included NAGCs.
(NACs are RNA sanple hat are not reverse transcribed and are used to show

t hat nMRNA, not genom c. DNA, uorescent signal.)
Reactions were ahdl’{d & ™y °”f&pf)°|" g’ldﬁ‘%mhl%’tp'énrfsﬁ%?w%ﬂf L %R sequence
det ection syst erhy xBTS ERrPEPriaET OB £ty 'aqﬁ*ﬂ’é"dr"éf‘é‘l"?%z gaghtrYy of the
target cDNA conp&riledataniFortpatifimdd, tfl0 mMetogk oaitipnotas Glppdavit SPEiY staids det er mi ned
by the ALICt nethedo{ Appbi @d FBihesys hens suseh waidiluledtih higtiRity stie| at | ve
quantificatiog r%élstgf)@iﬁan&m nﬁb@(ﬂ@@mﬂoﬂdmwmss&dn&m& fRenaid@st sanpl e
relative to that 1{11@1 ?ﬁérlge%aterﬁgmji @1;? ththermogv@(g M;Enxoﬁ w%%ﬁiﬁ"etdhOd assumnes

that the effici ency o

t i ciency of the
endogenous cont r'8f HRB P {Ea T ER° ﬁgﬁgpgrfﬁ‘g‘ b SOIT“(’nsé)Eq a%lfmmo m@ Dat a

process in g Compound 2 (all mM concentrauons) were divided into a sufﬁcwnt number of aliquots to be

used individually in the study and were protected from light with amber glassware or

10  aluminum foil and stored frozen (20 + 5°C) with a two month expiration date.

Prior to treatment each day, an aliquot of the laquinimod and Compound 2 stock solutions
were conditioned to room temperature and gently shaken or vortexed on a low setting. Stock
solutions of laquinimod (0.01, 0.05, 0.1, 1 and 10 mM) and Compound 2 (0.01, 0.05, 0.1, 1
15 and 10 mM) were then diluted in cell culture media (1:1000 dilution) and the resulting
working dose solution was added to the hepatocyte cultures to give the final concentrations of
laquinimod (0.01, 0.05, 0.1, 1 and 10 pM) and Compound 2 (0.01, 0.05, 0.1, 1 and 10 uM)

within two hours of dilution (approximately 15 minutes to 65 minutes). A qualitative visual



Dat a were processed and graphed with the conputer program M crosoft Excel
2003 30 (Mcrosoft Inc.). Individual rates of reaction fromlike treatnent
groups wewe 2a12d0eiped, and for those groups with n > 3, gCansasid/odssss at i ons
were determ ned. Fold increases were determ ned by dividing the enzymatic
rate for each treatnent group by that of the vehicle control. Percent
positive control was calculated with the follow ng equation: 54 For
gRT-PCR, data were processed using the Sequence Detection System ( SDS)
Software version 1.4, for Relative Quantification (Applied Biosystens).
This software anal yzes 5 rel ative gene expression using the conparative C
met hod (AACt), which relates the PCR signal of the target transcript to the
PCR signal of the target in an untreated control. Both the treated sanple
and the untreated control signals are normalized to the endogenous control
(GAPDH), for which ex re55|on is not affected by treatnment and expression
i s constant thr SWgHHL° tﬁ@“?ﬁ@%ﬂ@“ﬁ@ﬁﬁ@‘F%g?ﬁﬁfd“Tﬁé’?ﬁ§iﬁ%§”%f this nethod
are expressed aderaodieditrdstingsiyaing @lubilingix b tess3e®n with respect to the target
transcri pt expression in the untreated control. Cal culations are as
follows: 1. ACt smt fabr 1§ k@€ by each distof f@REND GRMNGpEor ©QRtiadh ) 1R makef ] Ct = ACK

(treated sarrpls e)substrafakcrspex‘t QM %‘@Jﬂﬁld(s&rg st{ng Ln):dxa?‘ wer«!: &llgte&&ﬁnﬂ@vehlae expression =
2-ALIC 15 An al orlt r’ge/\nm renoved outliers

from anal ysis. THa™&%er ’é(’mfdgr“eaé"ée&té’ °Fpsv>@%mmfatel&9{$gl ar Cmﬁyed ¥Tetary to

Appl i ed Bi osyst efff o et PPy ea&?"é’“@ﬁ‘ﬂ%’i’"d’é‘?“@‘a‘ gf"H’sB‘I-f"PW?F f"é"'a%si‘“r‘i“’Ct val ues t hat
di ffer significantfingd vlpeenf epprovieiteiyt48ily Bipk srew mediagesiples weerpokhesdfircal |y are

wel I's that di d netdusgphinbdy/Copdufd2cideatid-ghylbdd makboad DELARDThe | evel of nRNA
expression raehative to the positive control was calculated as follows:

[ (fold change i L& 1] 100 fold change in positive control)
- 1] 3. Results rE as‘ﬁg%cg%j)ﬁ%nh 2fhe ect s of treatl ng human hepat ocytes

wi th | aqui ni mod 13?18 °&%%cﬁ18°r§eh‘6lﬁswff?ﬁe ?’id‘i?‘ﬁ%he‘?gc activity and i nRNA | evel s
are shown in Tabl esmad- 7. Sk esanmdhetfne nat@d, tda® datsaekn the figures
and tables are preggnted, gg [Nexasan red andasd JdEVNAl I Q) .Qf..data from
triplicate incubatians from onfhlimeplepafast onT%iBu w0 three
significant figuresmnTherawer agsueol eedsricr eames aremssurmmnineed in Tables 4
and 6. Fold increased s presertsslie i AS wd act | 88 ofsswemerol or as fol d
i NnCrease over cont r odegecaesoeatdvencont rol refers to the correspondi ng 30
vehi cl e-treated sanples. Fold increase was rounded to three significant
figures. Comari§Rpaot ab BEndifsd weltldslofdden lﬁz@sotslm hRIR AN WRE®AL, denducer

(percent positi Vﬁus%on&er&%ft&e A&ﬁ@&\ﬁ"& b/ adx?\§as rep%“mqn Zlghs Rd,gs rounded to
three significant tigu £ e ly(‘)g et fects of
treating cul tur eﬁ‘eﬁﬁﬁ’ﬁ‘ﬂm%ﬁ%ﬁg’f RS CWTfCPi LI 5(1 ?ﬂﬁ‘?gn&?)?f ons rf%‘f)ﬁ?f’a 2 or
prototypi cal i nd9E®E? ol werp prefaed fregh fFog i sietkgolpiamsiess (*‘@YP‘) hogh piPRE activity
Tr eat nent treatment on each treatment day (approximately 15 minutes to 65 minutes).

20

2.5 Assay conditions

2.5.1 In situ incubation of probe substrates with cultured human hepatocytes

Incubations of hepatocytes with probe substrates were conducted in accordance with SOP

1.5041.02. Approximately 24 hours after the last treatment, spent media was aspirated from
25  the wells, and each well was rinsed two times with pre-warmed (37 + 2 °C) fresh culture

media. Media was aspirated from the wells and reactions were started by addition of 200 pL.

pre-warmed media containing the probe substrate to each well. The culture multi-well plates

were placed in a humidified culture chamber (37 £ 1 °C at 95% relative humidity, 95/5%

2ir/CO,), and incubations were carried out for 30 minutes (Table 1). At 30 minutes, an aliquot



Di met hyl sul foxi de Concentration 0.1% (v/v) Enzyne activity (nmol/ron
protein/mn)’ Phenaceti n 0O-deal kyl ati on (CYP1A2) M dazol am

| P- hydr ox\yDabi2mei3€YP3A4/ 5)

2.99013 0. 1950. 011 Laqui niPeoas@010043388 25. 2 t

0.8 0.180 0.023 Laquininod 0.05 gM52.0t 4.5 0.161 0.013 Laquininod 0.1

gM65.1t 1.9 0.151 * 0.002 Laquininod 1. gM 131 t 12

10

15

20

(150 uL) of the incubation mixture was removed and added to a well of a 96-well plate
containing 300 uL of stop reagent (acetonitrile) and internal standard (Table 2). The mixtures
were mixed thoroughly and allowed to sit for at least 15 minutes at 2 — 8 °C. Samples were
centrifuged at 2000 x g for 10 minutes at 2 ~ 8 °C, and supernatant fractions were analyzed
by LC/MS/MS. For each assay, incubations were carried out under the conditions indicated in
Table 1.

Tabie 1: Summary of assay conditions to measure microsomal CYP enzyme activity

Substrate concentration Substrate soivent
(1)

Enzyme Substrate (viv, finad incubation  Incubation time (min)
concentration)
CYPIAZ Phenacetin 100 Methanol {0.4%) )
CYPIAYS Midazolam 0 Methanol (1%} o
ncubation volume = 200 4.

Table2:  Summary of metabolite analysis by liquid chromatography tandem mass spectrometry

Enzyme  Metabolite monitored  1OTiZation Anaiytical $OP internal standard Internat standard

concentration {ngimi) ®
CYP1A2 Acetaminophen ESI- L8120.06 Acetaminophend, 300
CYPIMA  1Hydroxymidazolam £8l+ 1817005 1'-Hydroxymidazolam-d, 1000

] indicates the type of ionization {i.e., electrospray ionizasion [ESH]) amt the polanty {+ or -).
B Yalue indicates the siock contentration of the internal siandard. This concentration is divied 157kt when added 1o the siopped incubation mixiure.

Standards and quality control samples were similarly prepared with the addition of authentic

metabolite standards.

2.6 Analytical methods

2.6.1 LC/MS/MS methods

All analyses were performed with validated LC/MS/MS methods. The procedures used for
the analysis of each metabolite followed the applicable LC/MS/MS analytical method SOPs
and are summarized in Table 2. The MS equipment was either an ABI Sciex (Applied
Biosystems/MDS SCIEX) API 4000 or API 3000 instrument with Shimadzu HPLC pumps

and autosampler systems.

Enzyme  Metabolite monitored . _ AP HPLC column®
instrument
CYP1A2 Acetaminophen 3000 Waters Atlantis dC18
CYP3A4/5  1"-Hydroxymidazolam 4000 (5-pm, 100 mm = 2.1 mm)

F1 Modet of LC/MSMS sysiem from Applied Blogystems/MDS SCIEX.
b Al HPLC columns were preceded by a Phenomenex Luna C-8 guard column (4.0 mm x 2.0 mm).
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Authentic metabolite standards were used, and deuterated metabolites were used as internal
standards in all assays. Zero-time incubations served as blanks. Sample analysis, integration
and reporting were conducted according to SOP 18013.02, 18020.02 and L8011.02
(XenoTech, LLC), respectively.

Metabolites were quantified by reference to a standard calibration curve based on back
calculation of a weighted (1/x), linear, least-squares regression. The regression fit was based
on the peak ratio of the analyte to internal standard calculated from calibration standard
samples, which were prepared from authentic metabolite standards. Peak areas were

10  integrated with Applied Biosystems/MDS SCIEX Analyst data system, version 1.4.2.

2.6.2 mRNA analysis
Quantitative RT-PCR was carried out according to SOP L6160.04 (XenoTech, LLC) and the
Applied Biosystems protocol. Each PCR was performed in triplicate. A Primer Mix was
15  prepared for each Gene Expression assay. A typical Primer Mix contained TagMan Universal
Master Mix (1X), Gene Expression Assay (1X, 900 nM forward and reverse primers) and
RNase-free water. The Reaction Mix was prepared by adding the Primer Mix to cDNA. A
percentage of samples (no less than 10%) included NACs. (NACs are RNA samples that are
not reverse transcribed and are used to show that mRNA, not genomic DNA, is the source of
20 PCR’s fluorescent signal.) Reactions were analyzed on an Applied Biosystems Real Time
PCR sequence detection system (AB 7300 or AB 7900HT). The relative quantity of the target
cDNA compared with that of the control cDNA (GAPDH) was determined by the AACt
method (Applied Biosystems User Bulletin #2). Relative quantification measures the change
in mRNA expression in a test sample relative to that in a control sample (e.g., DMSO). This
25 method assumes that the efficiency of the target amplification and the efficiency of the

endogenous control amplification are approximately equal.

2.7 Data processing

Data were processed and graphed with the computer program Microsoft Excel 2003
30  (Microsoft Inc.). Individual rates of reaction from like treatment groups were averaged, and

for those groups with n > 3, standard deviations were determined. Fold increases were

determined by dividing the enzymatic rate for each treatment group by that of the vehicle

control. Percent positive control was calculated with the following equation:
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Table 4: CYP activity fold increase: Shhe effects of treating cultured human
hepat ocytes with | aqui ni nod, Conpound 2 or prototypical inducers on in situ
cytochronme P450 (CYP) enzyne activity Fol d I ncrease M danol am

Phenacetin Treatnent Concentration

{activity of test article treated cells — activity of vehicle control) <100

Percent positi trol =
ve com {activity of positive control — activity of vehicle control)

For qRT-PCR, data were processed using the Sequence Detection System (SDS) Software
version 1.4, for Relative Quantification (Applied Biosystems). This software analyzes
5 relative gene expression using the comparative Ct method (AACt), which relates the PCR

signal of the target transcript to the PCR signal of the target in an untreated control. Both the
treated sample and the untreated control signals are normalized to the endogenous control
(GAPDH), for which expression is not affected by treatment and expression is constant
throughout the tissue being tested. The results of this method are expressed as a fold change

10  in expression with respect to the target transcript expression in the untreated control.
Calculations are as follows:
1. ACt = Ct (target) — Ct (endogenous control)
2. AACt = ACt (treated sample) — ACt (untreated control)
3. Fold change in expression = 2-AACt

15
An algorithm within the software automatically removed outliers from analysis. The criteria
for acceptance of data are proprietary to Applied Biosystems. Outliers are considered to be
wells with Ct values that differ significantly from associated replicate wells and typically are
wells that did not amplify sufficiently if at all.

20  The level of mRNA expression relative to the positive control was calculated as follows:

[{fold change in treated sample) — 1]
[(fold change in positive control) - 1]

Percent positive control = = 100

3. Results and discussion
The effects of treating human hepatocytes with laquinimod and Compound 2 on CYP enzyme
25  activity and mRNA levels are shown in Tables 3-7. Unless otherwise noted, the data in the
figures and tables are presented as the mean + standard deviation of data from triplicate
incubations from one human preparation, rounded to three significant figures. The average
fold-increases are summarized in Tables 4 and 6. Fold increase is presented either as fraction
of control or as fold increase over control, where the control refers to the corresponding
30  vehicle-treated samples. Fold increase was rounded to three significant figures. Comparison
of the test article to the prototypical inducer (percent positive control) is shown in Tables 5

and 7, and was rounded to three significant figures.
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Table 3: CYP activity: The effects of treating cultured human hepatocytes with
laquinimod, Compound 2 or prototypical inducers on in situ cytochrome P450 (CYP)
enzyme activity

Enzyme activity (pmol/mg protein/min)

Treatment Concentration Phenacetin Midazolam
O-dealkylation 1"-hydroxylation
(CYP1A2) (CYP3A4/5)
Dimethyl suifoxide 0.1% (viv)
2.99x0.13 0.195 £0.011
Laquinimod 0.01 uM 252x08 0.180 £0.023
Laquinimod 0.05 yM 54.0+45 0.161 £0.013
Laquinimod 0.1 uM 65.1 1.9 0.151 £0.002
Laquinimod 1 yM 131212 0.106 + 0.004
Laquinimod 10 uM 1837 0.0957 + 0.0067
Compound 2 0.01 pM 22127 0.179 £ 0.006
Compound 2 0.05 pM 316+26 0.151 £0.009
Compound 2 0.1 M 48224 0.140£0.010
Compound 2 1 pM 908115 0.109 £0.010
Compound 2 10 M 180+ 8 0.101 £0.003
Omeprazole 100 pM 84.9x54 NA
Mibefradil 10 pM 113221 NA
5 Rifampin 10 uM NA 0.941 £ 0.019
a Values are the mean + standard deviation of triplicate determinations of human hepatocyte preparation H971
rounded to three significant figures.
10

15
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Table 4: CYP activity fold increase: The effects of treating cultured human hepatocytes
with laquinimod, Compound 2 or prototypical inducers on in situ cytochrome P450

(CYP) enzyme activity
5
Fold Increase *
Phenacetin Midazolam
Treatment Concentration O-dealkylation (CYP1A2) 1'-hydroxylation
(CYP3A4/5)

Dimethy! sulfoxide 0.1% (viv) 1.00 1.00
Laquinimod 0.01 pM 843 092
Laquinimod 0.05 M 18.06 0.82
Laguinimod 0.1 yM 2175 0.78
Laguinimod i pM 43.79 0.54
Laquinimod 10 M 61.02 0.49
Compound 2 0.01 pM 7.39 0.91
Compound 2 0.05 pM 10.54 0.77
Compound 2 0.1 uM 16.12 0.72
Compound 2 1 pM 30.36 0.56
Compound 2 10 uM 60.21 0.51
Omeprazole 100 pM 28.38 NA
Mibefradil 10 pM 3.76 NA
Rifampin 10 pM NA 4.82

a Values are the results of human hepatocyte preparation H971 rounded to three significant figures.
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Table 5: CYP activity percent positive control: The effects of treating cultured human
hepatocytes with laquinimod, Compound 2 or prototypical inducers on in situ

cytochrome P450 (CYP) enzyme activity

Percent positive control

Phenacetin O-dealkylation Midazolam

Treatment Concentration (CYP1A2) 1'-hydroxylation
(CYP3A4/5)

Dimethy! sulfoxide 0.1% (viv) 0 0
Laquinimod 0.01 uM 27.1 -2.04
Laquinimod 0.05 uM 62.3 -4.63
Laquinimod 0.1 uM 75.8 -5.89
Laquinimod I uM 156 -12.0
Laquinimod 10 M 219 -13.4
Compound 2 0.01 uyM 233 -2.24
Compound 2 0.05 pM 349 -5.94
Compound 2 0.1 yM 552 -1.46
Compound 2 [ uM 107 -11.5
Compound 2 10 yM 216 -12.7
Omeprazole 100 uM. 100 ND
Mibefradil 10 uM 10.1 ND
Rifampin 10 pM ND 100
a Values are the results of human hepatocyte preparation H971 rounded to three significant figures.

ND Not determined.

For CYP1A2, the positive control is omeprazole and the vehicle control is DMSO.
For CYP3A4/5, the positive control is rifampin and the vehicle control is DMSO.

Per cent
Tr eat nent
(CYP3A4/5) Di et hyl

sul f oxi de
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Table 6: mRNA fold increase: The effects of treating cultured human hepatocytes with
laquinimod, Compound 2 or prototypical inducers on microsomal cytochrome P450
(CYP) mRNA levels as determined by gRT-PCR (post in situ incubations)

Fold increase *

Treatment Concentration CYP1A2 CYP3A4
Dimethyl sulfoxide 0.1% (viv) 1.00 1.00
Laquinimod 0.01 yM 4.22 0.621
Laquinimod 0.05 yM 7.90 0.347
Laquinimod 0.1 pM 9.50 0.427
Laquinimod I pM 16.8 0.286
Laquinimod 10 M 20.5 0.636
Compound 2 0.01 pM 2.84 0.437
Compound 2 0.05 uyM 498 0.428
Compound 2 0.1 yM 7.20 0.339
Compound 2 1 uM 13.1 0.252
Compound 2 10 yM 24.3 0.689
Omeprazole 100 pyM 8.58 NT
Mibefradil 10 pM 0.423 NT
Rifampin 10 yM NT 4.63
5 a Values are the results of human hepatocyte preparation H971 rounded to three significant figures.

NT Not tested by study design.
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Table 7: mRNA percent positive control: The effects of treating cultured human
hepatocytes with laquinimod, Compound 2 or prototypical inducers on microsomal
cytochrome P450 (CYP) mRNA levels as determined by gRT-PCR (post in situ
incubations)

Percent positive contre
Y

Treatment Concentration CYP1A2 CYP3A4
Dimethyl sulfoxide 0.1% (v/v) 0 0
Laguinimod 0.01 pM 425 -10.4
Laquinimod 0.05 uyM 91.1 -18.0
Laquinimod 0.1 pM 112 -15.8
Laquinimod 1uM 209 -19.7
Laquinimod 10 uM 257 -10.0
Compound 2 0.01 uyM 24.2 -15.5
Compound 2 0.03 pyM 525 -15.8
Compound 2 0.1 uM 81.7 -18.2
Compound 2 1uM 159 -20.6
Compound 2 10 pM 307 -8.57
Omeprazole 100 pM 100 ND
Mibefradil 10 pM -1.61 ND
Rifampin 10 pM ND 100
a Values are the results of human hepatocyte preparation H971 rounded to three significant figures.

ND Not determined
For CYP1A2, the positive control is omeprazole and the vehicle control is DMSO.
For CYP3A4, the positive control is rifampin and the vehicle control is DMSO.

3.1 Viability and morphology of cultured human hepatocytes

At the time of isolation the viability of the human hepatocyte preparation was 70.9%. During
and after the 72-hour adaptation period, the culture was observed daily by light microscopy
and judged to be morphologically normal with confluency adequate for treatment with test
and control articles. Within 24 hours after the final treatment, hepatocytes were photographed
to document their morphological integrity and any overt signs of toxicity of the test articles.
Representative photomicrographs are maintained at the Testing Facility. These
photomicrographs show that, in general, human hepatocytes treated with vehicle (DMSQO),
laquinimod and Compound 2 or known CYP inducers exhibited normal hepatocyte
morphology. Prior to and during treatment, human hepatocyte cultures formed confluent
monolayers with few intercellular spaces; they were cuboidal and contained intact cell
membranes and granular cytoplasm with one or two centrally located nuclei. Treatment of
human hepatocyte culture H971 with laquinimod, Compound 2 or laquinimod and mibefradil

resulted in no changes in cell morphology.



NDNot determ ned. For CYPI A2, the positive control is oneprazole and the
vehicle control is DVSO For CYP3A4/5, the positive control is rifanmpin and
t he vehi cwe20os38 i s DVMSO. 58 Table 6: nRNA fol d i ncpeaars201Tioes33ss f ect s
of treating cultured human hepatocyte® wi th | aquini nrod, Conpound 2 or
prototypical inducers on m crosomal cytochrome P450 (CYP) nRNA | evel s as
determ ned by gRT-PCR (post in situ incubations) Fol d i ncrease Treat nent
Concentration CYP1A2 CYP3A4 Di net hyl sul foxide 0.1% (v/v) 1.00 1.00
Laquininod 0.01 I.LM 4.22 0.621 Laqui nimod 0.05 uM 7.90 0. 347 Laqui ni nod
0.1 pM9.50

3.2 The effect of laquinimod and Compound 2 on human CYP1A2 activity and mRNA

levels

Determination of phenacetin O-dealkylase (CYP1A2) activity

5 In cultured human hepatocytes, phenacetin O-dealkylation is catalyzed by CYP1A2, which is
the major omeprazole-inducible CYP enzyme. The effects of treating cultured human
hepatocytes with laquinimod or Compound 2 on in situ phenacetin O-dealkylase (CYP1A2)
activity are shown in Table 3 and summarized in Table 4. Treatment of cultured human
hepatocytes once daily for three consecutive days with omeprazole caused, on average, a

10  28.4-fold increase in phenacetin O-dealkylase (CYP1A2) activity.

Treatment of hepatocyte culture H971 with laquinimod (up to 10 pM) caused a
concentration-dependent increase, up to 61.0-fold in CYP1A2 activity compared to the
vehicle control. At the concentrations tested (0.01 pM to 10 pM), laquinimod was 21.7% to

15  291% as effective as the positive control omeprazole, at inducing CYP1A2 activity. In
addition, treatment, once daily for three consecutive days with mibefradil alone resulted in a
3.76-fold increase in CYP1AZ activity.

Furthermore, treatment of hepatocyte culture H971 with Compound 2 (up to 10 pM) caused a
20  concentration-dependent increase up to 60.2-fold in CYPI1A2 activity compared to the
vehicle control. At the concentrations tested (0.01 pM to 10 uM), Compound 2 was 23.3% to

216% as effective as the positive control omeprazole, at inducing CYP1A2 activity.

Determination of CYP1A2 mRNA levels

25  The effects of treating cultured human hepatocytes with laquinimod and Compound 2 on
CYP1A2 mRNA expression are shown in Table 6. Treatment of cultured human hepatocytes
once daily for three consecutive days with omeprazole caused, on average, an 8.58-fold
increase in CYP1A2 mRNA levels.

30  Similar to CYP1A2 activity, treatment of hepatocyte culture H971 with laquinimod (up to 10
pM) caused a concentration-dependent increase up to 20.5-fold in CYP1A2 mRNA levels
compared to the vehicle control. At the concentrations tested (0.01 pM to 10 uM),
laquinimod was 42.5% to 257% as effective as the positive control omeprazole, at inducing

CYP1A2 mRNA levels. Contrary to CYP1A2 activity, treatment, once daily for three
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consecutive days with mibefradil alone caused a 57.7% decrease in CYP1A2 mRNA levels,

compared to vehicle control.

Furthermore, treatment of hepatocyte culture H971 with Compound 2 (up to 10 pM) caused a
5  concentration-dependent increase, up to 24.3-fold in CYP1A2 mRNA levels compared to the

vehicle control. At the concentrations tested (0.01 pM to 10 uM), Compound 2 was 24.2% to

307% as effective as the positive control omeprazole, at inducing CYP1A2 mRNA levels.

3.3 The effect of laguinimod and Compound 2 on human CYP3A4/S activity and
10 CYP3A4 mRNA levels

Determination of midazolam 1'-hydroxylase (CYP3A4/5) activity

In cultured human hepatocytes, midazolam 1'-hydroxylation is catalyzed by CYP3A4/5.

CYP3A4 is the major rifampin-inducible CYP enzyme. The effects of treating cultured
15  human hepatocytes with laquinimod and Compound 2 on in situ midazolam 1'-hydroxylase

(CYP3A4/5) activity are shown in Table 3 and summarized in Table 4. Treatment of cultured

human hepatocytes once daily for three consecutive days with rifampin caused an increase

(4.82-fold) in midazolam 1"-hydroxylase activity.

20  Treatment of hepatocyte culture H971 with either laquinimod (up to 10 pM) or Compound 2
(up to 10 uM) caused a concentration-dependent decrease in CYP3A4/5 activity by 50.9%
and 48.2%, respectively, compared to the vehicle control.

Determination of CYP3A4 mRNA levels

25  The effects of treating cultured human hepatocytes with laquinimod and Compound 2 on
CYP3A4 mRNA expression are shown in Table 6. Treatment of cultured human hepatocytes
once daily for three consecutive days with rifampin caused a 4.63-fold increase in CYP3A4
mRNA levels.

30  Similar to CYP3A4/5 activity, treatment of hepatocyte culture H971 with either laquinimod
(up to 10 pM) or Compound 2 (up to 10 pM) caused a concentration-dependent decrease by

36.4% and 31.1% compared to the vehicle control, respectively in CYP3A4 mRNA levels.

Determination of Compound 2 or laquinimod to DELAQ ratie
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The concentrations of Compound 2, laquinimod and DELAQ were measured in spent media
aliquots from media collected just prior to treatment, on each day of treatment, and just prior
to incubation of the marker substrates. The concentration of formed DELAQ was
approximately 2-fold higher in the laquinimod media compared to the Compound 2 media. At
5 the 10 pM treatment concentrations of either Compound 2 or laquinimod, the ratio of
Compound 2:DELAQ was on average, 40.9 while the ratio of laquinimod:DELAQ was on
average, 15.7. This represents an approximately 3-fold increase in the formation of DELAQ
from laquinimod compared to Compound 2 and is explained by the presence of deuterium on
the ethyl moiety which results in slower N-deethylation.
10
4. Conclusions
In conclusion, under conditions where prototypical inducers caused anticipated and
appropriate increases in CYP activity and mRNA levels, treatment with up to 10 uM
laquinimod or Compound 2 (deuterated analog of laquinimod) caused similar concentration-
15  dependent increases in CYP1A2 activity and mRNA levels and a concentration-dependent
decrease in CYP3A4/5 activity and CYP3A4 mRNA levels, but an approximate 3-fold
difference in the Compound 2:DELAQ to laquinimod:DELAQ ratio was observed.
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What is claimed is:
1. A method of treating a human subject afflicted with an autoimmune disease

comprising administering to the human subject 0.2 mg - 2.0 mg per day of a

deuterium-enriched compound having the structure:

Ry
R R
c OH o ° 8
R-| RS R
N" 0 10
| Rs Ra
CHj Rs ,

wherein each of R1-R10 is independently H or D, and at least one of R1-R10

is D, or a pharmaceutically acceptable salt thereof, effective to treat the subject.

2. The method of claim 1, wherein the deuterium-enriched compound is
H
D D H H
Cl OH O Ct OH O
AN N D ~ N H
N" 70O H N” 70 D
| HY, | DY
CHj , CHy ,or
D
D D
Cl OH O
> N D
I 07} b
CH, ,

or a pharmaceutically acceptable salt thereof.

3. The method of claim 2, wherein the deuterium-enriched compound is
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or a pharmaceutically acceptable salt thereof.
4, The method of claim 3, wherein the deuterinm-enriched compound is

D

D D
Cl OH O

N N D

H H

N™ 70 H

| H7Y,

CHg ,

or a pharmaceutically acceptable salt thereof.

5. The method of any one of claims 1-4, wherein the autoimmune disease is Multiple
Sclerosis, Systemic Lupus Erythematosus, lupus nephritis, lupus arthritis, Crohn's
Disease or Rheumatoid arthritis.

6. The method of claim 5, wherein the autoimmune disease is Multiple Sclerosis.

7. The method of any one of claims 1-6, wherein administration of the deuterium-

enriched compound is more effective in treating the autoimmune disease than

administration of an equivalent molar amount of non-deuterium-enriched laquinimod.
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phenacetin 0- deal kyhakhydRoxb N-phei-Bb-¥iy@GquRMin YR Aenide Whia6t vy e lafie maj or

omepr azol e-i nduci bl gCYP enzynme. The effects of treating cul tured human
hepat ocytes with | aqui ni nobd or Conpound 2 on in situ phenacetin

0- deal kyl ase (CYP1A2 activity are shown in Table 3 and summari zed in Table
4. Treatnent of Qul (RFEEIRLHER HEpaboEoagtioprdsutapst -plofdhydomy ee consecuti ve
days with oneprazol émehtiseeN-rbynyl-aidkvdigminolipe-31@RBamide fisgédeted tyeri@ase i n
phenacetin O-deal kyb@se (CYPLlA2) activity. Treatnent of hepatocyte culture
H971 with laquininmd (up to 10 gM caused a concentration-dependent

i ncr ease, up to @1 Q.nfetQJdel}ldQcngE&é%%) Fé ycr@)tlio){all)f('\:/l urtrepa?‘iggﬂo oq h;[' he vehicle

control. At the conq rations i§?%g | % NG qui ni nrod was
21.7%to 15 291% as &f ‘E’“’ LRy B ‘§?‘P‘T3\f bR P B%ﬁ?bla‘iol e, at

i nduci ng CYP1A2 actFWWP?g“Pﬁmgﬂﬁ??F%Wm”ﬁW%aPﬁ@ﬂ¥“m@ﬁ@€°H@Pﬁv for three
consecutive days w tdutenypyeiciedginpoughgynehesesult ed in a 3. 76-fold increase in
CYP | A2 activity. Furthernore, treatnment of hepatocyte culture H971 with
Conpound 2 (up to 10 gM caused a 20 cgncentrati on-dependent increase up to

60.2-fold in CYPLA2 activity conpaﬁgd 0 _ghe vehicle control. At the
concentrations tested (0501 QM Compound 2 was 23.3%to 216% as
D1

effective as the positi aLe at i1 nduci ng CYP1A2 activity.
Det erm nation of CYP1A2 M5z The effects of treating cultured
human hepat ocytes with | aquiti §?§ﬁ¢460npound 2 on CYP1A2 nRNA expression
are shown in Table 6. Treat ggnt gul tured human hepatocytes once daily
for three consecutive days wth oneprazol e ‘caused, on average, an 8.58-fold
i ncrease in CYPLA2 nRNAVEergiygetheof RIFJO0 siinddpendentlythcpr B ybiapipestqestof RIFR1Y .t r eat ment  of
hepat ocyt e cul ture BO7tapvrindgeulicltyuécepiabiost eeepf, t 0 10 AM) caused a

concentrati on- dependentwhbrﬂﬁdhﬁaﬁ@d tdihatloRis %Qtivgmff(ﬁhadonioﬂs &XB%ORERI\IA | evel s
conpared to the vehm!:t@l LKL @Lw1fﬁmgﬁrbh@m%mccm&m&'ugoqsaﬁ&uﬁﬁ&ts%g (0.01 gMto

10 gM, I aqui ni nod f f e . as e positive control
oneprazol e, at |ndu\é}?axhe&ulevgi‘ﬁ§ rﬁfﬁ\lﬁfnfe\f}uewfmme"ffo R4t 0 CYPLA2 activity,

treatnment, once daily for three



WO 2012/ 006538PCT/ US2011/ 043383 61 consecutive days with mbefraclil al one
caused a 57. 7% decrease in CYP1A2 nRNA | evels, conpared to vehicle control.
Fur t her nowe,20tvmei3sent of hepatocyte culture HO71 w th EGompasand/02338up to 10
gM caused a concentrati on-dependent Géncrease, up to 24.3-fold in CYP1lA2
MRNA | evel s conpared to the vehicle control. At the concentrations tested
(0.01 gMto 10 gM, Conpound 2 was 24.2%to 307% as effective as the
positive control oneprazole, at inducing CYPLA2 nRNA | evel s. 33 The
ef fect of | aquininmd and Conpound 2 on human CYP3A4/5 activity and 10
CYP3A4 i nRNA | evel s Determ nation of m dazolam|'-hydroxyl ase (CYP3A4/5)
activity In cultured human hepat ocytes, m dazolam|'-hydroxylation is

catal yzed by CYP3A4/5. CYP3A4 is the major rifanpin-inducible CYP enzyne.
The effects of treating cultured 15 human hepatocytes wth | aqui ni nrod and
Compound 2 on in,situ mdazolam 1 '-hydroxyl ase (CYP3A4/5) activity are
shown in Table 2} z'an(tﬁhes%ert%‘f'f'gcr%fi cllzaéng} g of PRERPERTS S BM T ur ed human
hepat ocyt es once daf¥p-figrethyiireaN-tiesd ddiirdrogunolinery sbpfanipe jsi fedteepi n caused an

i ncrease (4.82-fol dpy #reawiPifazaipash td the lebpy ofr oilyb-aeb@rogaitneitylRyzo-N20 Tr eat ment of
hepat ocyte cul ture bl mitylog@ihdikRerearboRdhite Nbrtad wheh Pant QuikQn:gMiaror Conpound 2
(up to 10 gM causegnd GARERMEAhIAR1GEREE L SnisBEEE RARSan ke LYP3AS/ 5
activity by 50.9% and 48. 2% respectively, conpared to the vehicle control.
Det erm nati on of CYP3A4 nRNA | evels 25 The effects of treating cultured
human hepat ocyt €& witH™ &l Hithta “5it koot meioplyoleebSAloraRNA expr essi on
are shown in Tabl e Bvdroprigusthyi@aro-Nofhenglel 2tdiydeoghinklisprirerbbramidet Hcipdueed once dai |y
for three consecuti vetigsper.with rifanpin caused a 4.63-fold increase in
CYP3A4 nRNA |l evels. 30Simlar to CYP3A4/5 activity, treatnment of hepatocyte
culture HO71 W tih eith&ke of AR L JuleR ound 2 (up to 10
FM caused a concengtrruql'ltrei‘on-ggéﬁ‘g&nﬁ%}tﬂ‘%%é%dg%%gmgi%cgg;mﬁ(%%?flg%i. 1% conpar ed
to the vehicle controfl, ‘respectively in CYP3A4 nRNA | evels. Determ nation
of Conpound 2 or laquininmod to DELAQ rgtio WO 2012/ 006538PCT/ US2011/ 043383
62 The concentrati ons of cCogpougd De fni nod and DELAQ were neasured in
spent nedia aliquots fro gdi allcol | R{ ust prior to treatnent, on each
day of treatnent, and j pryog i Fisn ubali on of the marker substrates.
The concentration of foreeth\PSADAsS Bpproxi mately 2-fold higher in the

| aqui ni nod nmedi a conpared td ther und 2 nedia. At 5 the 10 ttM

treat nent concentrations of Wt her npound 2 or | aquininod, the ratio of

Conmpound 2: DELAQ Was ONuma¥ehaGer1-’0is Qaepiich ulohS afa@lch & w0 1chB@yi Ni mod: DELAQ

was on average, 15. 1 . lhiSd8RLES8NL8S,: roximately 3-fold increase in
the formation of DELeuten freof‘:ne ‘g’?“nﬁ’r’%é@’g?a‘?r%g?%@l@ Compound 2 and is

| a
expl ai ned by the pr (ér@é%]mc?cew%afny?f(émbgﬁ“h‘me&fn the ethyl noiety which results in
sl ower N-deethylation. 10 4. Conclusions In conclusion, under conditions
wher e prototypi dal Teduger o daan e dvhat oneiopat edesinedo appduapiridat € | Nncreases in
CYP activity and r nRiNfvuldenehsSiucie:eat mnent with up to 10 p. M | aqui ni nod or
Compound 2 (deuterated anal og of | aquimi nod) caused simlar concentration-
15 dependent increases in CYP I A2 aggtiNity and nRNA | evels and a
concentrati on-dependent § [ A4/5 activity and CYP3A4 nmRNA
| evel s, but an approxi nmg ence in the Conmpound 2: DELAQ to
| aqui ni nod: DELAQ rati o

or pharmaceutically acceptable salts thereof.



WO 2012/ 006538PCT/ US2011/ 043383 63 What is clained is: A nethod of treating
a human subject afflicted with an autoi mmune di sease conpri sing
adm ni st ewOreg12ei3Re human subject 0.2 ng - 2.0 ng per @ay/usko1a/043383
deuteriumenriched conmpound having th€@ structure: R7 Rg Rg wher ein
each of R1-R10 is independently Hor D, and at |east one of R1-R10 is D, or
a pharmaceutically acceptable salt thereof, effective to treat the subject.
2. The method of claim1l, wherein the deuteriumenriched conpound is or a
pharmaceutically acceptable salt thereof. 3. The nmethod of claim2, wherein
the deuteriumenriched conmpound is WD 2012/ 006538PCT/ US2011/ 043383 64
or a pharmaceutically acceptable salt thereof. 4. The nethod of claim 3,
wherein the deuteriumenriched conpound is or a pharmaceutically
acceptable salt thereof. 5. The nethod of any one of clains 1-4, wherein
t he aut oi mmune dj sease is | tiple Sclerosis, System c Lupus Erythenmatosus,
| upus nephritis, uggesmlét?“ %fi Pt Wrﬁlﬁﬁ”es"%ﬂesaéﬁéb‘w&de‘ﬁﬁ‘é‘h‘%ﬁ?ﬂi d arthritis.
6. The nethod of cl &"HWP8% "ife{ ¥ t he aut oi mune disease is Miltiple
Sclerosis. 7. The nethod of any one of Hclainms 1-6, wherein adm nistration
of the deuteriumenrichec&cqﬂpouﬂﬁd Hs L&l effective in treating the

O

D

aut oi mune di sease than gdmji stjratio an equi val ent nol ar anount of
non- deut eri umenri ched N e 012/ 006538PCT/ US2011/ 043383 65
H
o]

N
D
CH, D

or pharmaceutically acceptable salts thereof.

17. The mixture of claim 14, wherein one of the at least two deuterium-enriched

compounds has the structure:

D
D
Cl OH O
AN N D
| D DD
CH,

or pharmaceutically acceptable salts thereof.

18. A pharmaceutical composition comprising the mixture of any one of claims 14-17, or

a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier.

19. A pharmaceutical composition comprising a mixture of:
a) deuterium-enriched laquinimod or a pharmaceutically acceptable salt thereof;
b) at least one pharmaceutically acceptable carrier; and
<) a compound having the structure:

cl oao/@
X N
H
lil o



8. The nmethod of any one of clains 1-7, wherein the |level of optionally
deuterated 5- ch loro-4-h ydrox y-I-nmethy |-2-0 xo- N-phen yl-1,2-d

i hydr oqu Woab12/a06538- car bo xam i de formed in the human s®eoTaS201OEI3S3

adm ni stration of the deuteriumenricied conpound is reduced, conpared to
the | evel of 5-chl oro-4-hydroxy-

1- met hyl- 2- oxoN- phenyl- 1, 2- di hydr oqui nol i ne- 3- car boxam de fornmed when an
equi val ent nol ar anount of non-deuteriumenriched |aquininod is

adm nistered to the human subject. 9. The method of claim8, wherein the

| evel of optionally deuterated

5-chl or 0- 4- hydr oxy1- net hyl- 2- oxo- N- phenyl - 1, 2- di hydr oqui nol i ne- 3- car boxam d
e is reduced by at |east 50% 10. The nmethod of claim9, wherein the |evel
of optionally deuterated 5-chloro-4- hydroxyl

- met hyl - 2- oxo- N- phenyl -1, 2-di hydr og

0 s _reduced by at
| east 90% 11. A met hod 5F " % UC|nc&$qﬁhce ”? ?Egﬁﬂ%gwﬁﬁ?fonally
deut er at ed the compound and deutefium-enriched laqulmmod

5-chl or o- 4- hydr oxy1l- net hyl- 2- oxo- N- phenyl - 1, 2- di hydr oqui nol i ne- 3- car boxam d
e in a human sub.ecthepRapteitsd DapoRichbiagl B hitgn hdohjomd RYRBM nSWbj ect a
therapeutical l'y eff gglu M6 mARB Hasedth mBeoklfildd Gfch Ui SRbbSNG D ERPOUND havi ng
the structure: b6l gla€ach of R1-R10 is independently Hor D, and at
| east one of RI-RL10°TS D, or a pharmaceutically acceptable salt thereof,
wherein the reduced formation is relative to formation of

5- chl or 0- 4- hydr dky| Th@haprpeputioal epgoppsifign s A0. whergin { dyrdind & @ieww Iniame- 3- car boxani d
e upon adm ni strat i amwugkss am 2empbesedoh @ndomiingd eightafie kinipousfand deuterium-

non- deut eri um enr i chadediagihal nod. WD 2012/ 006538PCT/ US2011/ 043383 66 12.
The nethod of claim 11, wherein the | evel of optionally deuterated

5-chl oro-4- hydroxys | .- droqu

i nol i ne- 3- carboxgnl epﬁgm?g§%?g S“mod?ygeggkx%ﬁﬁﬁ“%%%ﬁ%gé%mFb the | evel of
5-chl or o- 4- hydl‘ oxy- aquxmmodhasmestructure

1- met hy1- 2- oxo- Nphenyl - 1, 2- di hydr oqui nol i ne- 3- car boxam de forned when an
equi val ent nol ar anmoygt 6ﬁ ifam enri ched | aquininod is

adm nistered to the h ma The met hod of claim 12, wherein the
| evel of optionally ‘e'.teoN = C -4-

hydr oxy-1 - met hy1- 2- 6% J% delhydrqu|noI|ne 3-carboxam de is
reduced by at |east 90@6[14 A Bture of at |east two deuteriumenriched
conpounds, each conmpoundethavi ngPehe structure: wherein each of RI-R10
is independently H Qkereldeacitdnfli- ﬁl@ﬁkhd@éndet)tt}@loa@ arld@@eﬁsttonEMI-ﬁ@%tE?ri um enri ched

conpounds contai ns R,ahnaedidf LERE RL0, or pharmaceutically acceptable
salts thereof, 15. The nlxtd}% Sﬁﬂc”§%ﬁ1l4 wherein one of the at |east two

deut eri um enri ched conpounds has the structure: or pharmaceutical ly

accept abl e sal t $t h&¥ @ermaceuisgh copesition ofetB8 BCTrsB2p the My4B3TB Ty 16. The

m xture of cl ai m 14laquigimed edenof &5 ofD 4nh enctadl RE-BHSE Hi one pideudeeicdllym enr i ched
conpounds has the shcduadeddtatiereof.0Or phar maceutically acceptable salts thereof.
17. The m xture of claim 14, wherein one of the at |east two

deuteriumenri CQ@ d %Q%R%Hegtﬁ:al Q@h?posﬁ!?me ofs ctlagmu v u{:nerein in the deuterium-enriched
laquinimod, each of R1-R5 is H and each of R6-R10 is D, or a pharmaceutically

.’3‘

acceptable salt thereof,

25.  The pharmaceutical composition of claim 22, wherein in the deuterium-enriched

laquinimod, each of R1-R10 is D, or a pharmaceutically acceptable salt thereof.



or pharmaceutically acceptable salts thereof. 18. A pharnaceuti cal

conposition conprising the m xture of any one of clains 14-17, or a

phar macewoDcaldopessscept abl e salt thereof, and a phar maceariusadlip4m8zept abl e

carrier. 19. A pharmaceutical conposi®i on conprising a mxture of: a)

deuteriumenriched | aquininod or a pharmaceutically acceptable salt

thereof; b) at |east one pharnaceutically acceptable carrier; and c) a

conpound havi ng the structure: WO 2012/ 006538PCT/ US2011/ 043383 68 present

in an anount which is | ess than 0.1% based on the conbi ned wei ght of the

conpound and deuteriumenriched | aqui ninod. 20. The pharnaceuti cal

conposition of claim19, wherein the conpound is present in an anpunt | ess

than 3 ppm based on the conbi ned wei ght of the conmpound and

deuteriumenriched | aquininmod. 21. The pharnaceutical conposition of claim

20, wherein the go und i s present in an anmoun ess than 2 ppm based on

the conbined wei %h?ﬁgﬁpg%a&e“‘ﬁg%ﬁﬁ%"a°‘J§“Ha‘a°g‘8’h@$?ltﬂ?ré"é‘ﬁfr*‘i‘%‘ﬁ'ed | aqui ni nod. 22.

The pharnaceuti cal conposition of any one of clainms 19-21, wherein the

deut eri um enri ch¥®d |Tarphirhagquiive donipersiont i@y st pfiglgimesegs, wReh wisazeiedbyeach of Rl - Rl O

is independently H G@rhubyn saic, abvided Stiuc@N@elOdt oftlonafl @utrdied B,chi@6-4-a

phar mac eut | ca:c | y ac @ﬁﬁ&ﬂb&&ly@%&m@@%%Qﬁhédm%ﬁnou,lla.@amma{dm&,géaf hcal g .

conposition of clai ei,n. 1 n e riumenyi qui ni nod, eac

of 121-R5 is D and rezilaf“‘él %\ﬁ@%’-rﬁ%ﬁ Pae 8§¥%h%r°ﬁ§¥drr?§yé{é‘ﬁ% ll‘}' gé’ TI% accept abl e

salt thereof. 24. TRE"SHAPRERBUTICHFOEBIBLT TS SAmot® ¥l 292 wherein in

t he deuterium enri chlBgnebnguderiiwperricheddapinipdd isRpesREpy thehurangvpiicteach of R6- R10 i s

D, or a pharmaceutically acceptable salt thereof. 25. The pharnmaceuti cal

conmposi tion of cisai M podess MdpRpBigNheiphhrilaRRicdl SbRilich U E&M bichigeisaqui ni nod, each

of 121-R10 is D, or g, QSI;}I%I‘ maceutical ly acceptable salt thereof. WO

2012/ 006538PCT/ US201 43383 6 . The armaceuti cal conposjtion of any of

clains 18-25 in the” Sbr%ﬁnﬁfa ?m?é%?eé’ferf"mfg’gﬁg%b%oé r?é(?eﬂhfrf“?:rl%walb’onposi tion of

any one of clains 18- 28PHF¢F%hen i ngested by a hunan subject, provides a

reduced | evel of opth daretiling byl et ghe dathl Srourh piggpiénally. deuterated S-chloro-4-

hydr oxy- | - met hy 1- 2- ox oydixyphn@mytl2-oso, N2phehiyin 2 dih@ieprlinaiot-3-aeodmiga pkexam de f or med

in the human subj ect, ifuRlbadhbAtGickeh-chldRd la@Mifiba Pf prRndd Rl Qecpravltiglr oxy- 1

-met hy1- 2- oxo- Nphenylyl, 2- di hydr oqui nol i ne- 3- car boxam de formed when an

equi val ent nol ar ampunt of thnorrg-deuttgri um.enriched | aquininmod is ingested by

the human subject. 28PRBESEREE“FEF SYRELM Wi PhE<hikrhachit ifcal

conposi ti on of any on&®atnct PAiveisss $EL00P by EghAT prsipnpfly deuterated 5-chloro-4-
hydroxy-1-methyl-2-oxo-N-phenyl-1,2-dihydroquinoline-3-carboxamide.

29. A process for producing a validated batch of the pharmaceutical composition of any one
of claims 18-27 for distribution comprising:

a) obtaining a batch of the pharmaceutical composition;

b) determining by apparatus the total amount of optionally deuterated 5-chloro-4-
hydroxy- 1-methyl-2-oxo-N-phenyl-1,2-dihydroquinoline-3-carboxamide in a
sample of the batch; and

c) validating the batch for distribution only if the sample of the batch is determined
to contain less than 0.1% by weight of optionally deuterated 5-chloro-4-
hydroxy- 1-methyl-2-oxo-N-phenyl-1,2-dihydroquinoline-3-carboxamide
relative to the combined weight of laquinimod and optionally deuterated 5-
chloro-4-hydroxy-1-methyl-2-oxo0-N-phenyl-1,2-dihydroquinoline-3-

carboxamide.



a) obtaining a batch of deuteriumenriched |aquininmd or a pharmaceutically
acceptabl e salt thereof; b) determ ning by apparatus the total anpunt of
opti onal lwodewtess8ed 5-chl oro-4- hydroxy- 1 - neth y | PRTaIS001MM043383

phenyl -1, 2-d i hydr oqui nol i ne-3-carbdiwam de present in the batch of
deuteriumenriched | aquininod or a pharmaceutically acceptable salt
thereof; and C) preparing the pharmaceutical conposition using the batch
only if the batch is determ ned to have | ess than 0.1% by wei ght of
optionally deuterated 5-chl oro-4-

hydr oxy- | - met hyl- 2- oxo- N- phenyl - 1, 2- di hydr oqui nol i ne- 3- car boxam de. 29. A
process for producing a validated batch of the pharmaceutical conposition
of any one of clains 18-27 for distribution conprising: a) obtaining a

bat ch of the pharnmaceuti cal conposition; b) determ ning by apparatus the
total anount of &))ptlodnt ny gédtera hd 5-chl oro- 4-

hydr oxy- | - met hy12°2- SXE REBRERT LS T P&TBHE nol i ne- 3- carboxanide in a
sanpl e of the batch; and c) valldatlng the batch for distribution only if
t he sanple of the batch is deternined fo contain |ess than 0. 1% by wei ght
of optionally deuterated - c(m or.o- K Rg

hydroxy- | - met hy1- 2- oxo- N-phepyl -1, 2- d dr oqui nol i ne- 3-carboxam de rel ative
to the conbi ned wei ght awd optionally deuterated 5-

chl or o- 4- hydr oxy-1 -met h fésn Rlo- 1, 2- di hydr oqui nol i ne- 3-

car boxam de. WD 2012/ 00653 CT?H F!a/ 043383 70 30. A deuteriumenriched
conpound having the structur@, whePein each of 111-R10 is independently H
or Db and at |east one of RL-R10 is D, or a phar maceut i cally acceptable
salt thereof, for use in an anmount of 2 2 nmg per day in treating an

aut oi nunune dl sease wlh(ﬁemafach &fr%ﬁlqsxﬁbnie@tdfmly H orrlr)gand at least one of R1-R107is D, or

a pharmaceutically acceptable salt thereof,

for use in an amount of 0.2 mg ~ 2 mg per day in treating an autoimmune disease in a

human subject.



