STABLE ORAL PHARMACEUTI CAL COVPCSI TI ON CONTAI NI NG
THYRO D HORMONE RECEPTOR AGONI STS Thi s invention
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The compound 1A having the following structure:

Br
0]
1,1
HO Br N/“\/U\OH
H
H

Compound 1A

is described in WO 01/60784 (IUPAC name 3-[[3,5-Dibromo-4-{4-hydroxy-3-(1-
methylethyl)-phenoxy]-phenyl]-amino]-3-oxopropanoic acid). Compound 1A and a series
of related compounds are described as agonists of thyroid hormone receptors, in particular
the TR receptor. Such compounds should be useful in the treatment or prevention of a
disease associated with metabolic dysfunction or which is dependent upon the expression

of a triiodothyronine (T3)-regulated gene. Such diseases include, for example, obesity,
-1-



di sease associated with netabolic dysfunction or which

i s dependent upon the expression of a triiodothyronine
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exanpl e, obesity, hyperchol esterol em a,
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A, the present inventors unexpectedly found that an
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npound. A reaction product containing a nitro (-
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formation following oral admnistration. It is known
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I'on of tyrosine, or
the fornatlon of base deam nation products from DNA
bases, which occur under acidic conditions in the

It is kiprves@ng éroof Ohdrteve eenl., ThemnRes. dokiood. 998, 11, 1574), that certain

NN T TR RN -
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reductant species (Takahana et al Arch. Oral Bio
presenggofnitdte, Ty gitrativh oé bydrosynhsayipesticasidang psotriowin the presence

of mtrﬁtllé f'l{l&a ﬁ?dorﬁgern p%?m&&’e ﬁrlﬁgﬁa%t s’ahbé) WEXES hasvma%h Igfr‘(;wr? H)Clr'e capable of
inhibition by a reductant species (Takahama et al. Arch. Oral Biol. 2003, 48, 679). These
disclosures do not allow the skilled person to predict, however, whether such nitration
reactions may occur in other compounds, such as the structurally distinct thyroid hormone
receptor agonists exemplified by compound 1A. In addition, they give no indication that
such reactions may be of iﬁ vivo significance, and no suggestion as to predicting the

potential properties (e.g. genotoxicity) of such nitrated reaction products.

The prior art does not disclose or suggest that thyroid hormone receptor-binding
compounds such as compound 1A above can be converted to potentially toxic reaction
products on oral administration, nor how such a conversion may occur, nor how such a

problem may be addressed.



reactions may occur in other compounds, such as the
structurally distinct thyroid hornone receptor

waooniisge exenpl i fied by conpound | A I n addi t PGIEP10hE§02688
give no indication that such reactions may be of in
vivo significance, and no suggestion as to predicting

. .the potential_. properties (e.qg. genotoxicity) of such .
1 is threfora b goleEbt RO RLeDr dtrendon SinsOpRe Bhatmapenfisaleogibsitions in
whichdhS e ?rd?ﬂerﬁ BoaRAtioh BALerfalythQioid ROYiBAR eceptor-binding

receptor-bi ndi ng conpounds such as conpound | A above
compayads fdlopomy enat abininistrpbomistattahuayed oxi ¢ reacti on

products on oral adm nistration, nor how such a

conversion may occur, nor how such a problem may be

ddr es L her r. ' f "
ccorfiReLE T et PP BESHRIFrelaf BloS s EohbdicBl ERE Hmpositon
suitabWYo£brat fbnialk@dGomcomlpeismgf nitration of certain
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first aspect of e present invention provides a

pﬂbrna%ég?P@ﬁw‘gE%BB@Ption sui tabl e for oral

adm ni stration, conprising: (i) a conpound of Fornula

| : Formula | wherein: Zis Hor an alternative group

capabl e of being substituted Ry NO2 via a nitritebased

nitration regction; Ri ks sellect ed_from hydr ogen,

t byl 2

hal ogen, triflhuQrene C Rbf 1 to 6 carbons
or cycl oal kyl of 0 7 ca
sul phur (-S-), darbenyl (-4

Z

X is oxygen (-0-),
et hyYene (-CH2-), or
-NH; R,0 Ap)}/ \e\Re

Formula I
wherein:

Z is H or an alternative group capable of being substituted by NO, via a nitrite-

based nitration reaction;

R, is selected from hydrogen, halogen, trifluoromethyl, or alkyl of 1 to 6 carbons or

cycloalkyl of 3 to 7 carbons;
X is oxygen (-O-), sulphur (-S-), carbonyl (-CO-), methylene (-CH,-), or -NH-;

R, and R are the same or different and are hydrogen, halogen, alkyl of 1 to 4
carbons or cycloalkyl of 3 to 6 carbons, at least one of R; and R3 being other than

hydrogen;

R4 is hydrogen or lower alkyl;
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R2 and R3 are the sanme or different and are hydrogen,

hal ogen, alkyl of 1 to 4 carbons or cycloal kyl of 3 to
wo2@anboees, at | east one of R2 and R3 bei ng ot PET/EP1vaTi002688

hydrogen; R4 is hydrogen or |ower alkyl;A is oxygen

(-O), nethylene (-CH2-), -CONR5-, -NR5-, or -NR5CO;

RS is Hor wer al kyl ; IS boxylic aci -CO2H) ,
o 1 e ge OB Rlent (1o RS R oo NGk
-(CH2)n, where nis O 1, 2, 3, 4 or 5 and wherein one
or nore of the CH2 groups may optionally be
SRDsd Hiowiweerwiilyt hal ogen, or Y is -C=C-, which may be
cis or trans; and R7 is hydrogen, or an al kanoyl or
aroyl group, or other group capabl e of bioconversion
to generate the free phenol structure (wherein R/ =
HRs 15 GRedaxylin goid HC Dy eiansEstas thergafepragirodiyg thereot;
pharmaceutically acceptable salt or ester thereof;
(ii) at least one pharnmaceutically-acceptable
e’i’CispJ(@H%);,, whéte [ isi 0, B, 8NYESH & af@HeREh obOIPAHE ST e CH,
For nul a are particularly useful as thyroid hornone
groups swepipdionalliohe sebstityted piththabegeas or WeisyCsCGewhichpaaynkiscis or
w enhanced activity at the TRb (rather than TRa)
eptor. The conposition of this first aspect of the
invention is based on the surprising finding of the
inventors, as a result of the investigations nentioned
aBevis, hydregent hee an talkanoghot i anylp powipe torobtheh grappepabie of
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trans‘séhg
P8

including all stereoisomers thereof, or a pharmaceutically acceptable salt or ester thereof;
(ii)  at least one pharmaceutically-acceptable excipient; and
(iii)  an enteric coating.

Compounds of Formula I are particularly useful as thyroid hormone receptor agonists. In
particular, many such compounds show enhanced activity at the TR (rather than TRa)

receptor.

The composition of this first aspect of the invention is based on the surprising finding of
the inventors, as a result of the investigations mentioned above, that the nitro reaction
product of the compound 1A is formed upon oral administration via a nitrite-based
nitration reaction. The nitrite-based nitration reaction requires a moderately low pH
(around 2) in order to proceed. By providing the composition with an enteric coating (i.e.
one which remains intact in the acidic stomach, and only dissolves on passage of the
composition into the small intestine, where the pH is closer to neutral), the nitfation

reaction is significantly inhibited. The presence of the enteric coating prevents exposure of
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nitration reaction. The nitrite-based nitration
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other wdegimbledch@acteristicsMin iehaweadtioh essiuct) ttereiivbuldts eficourse, have
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been ngdRgeniye OAERPRT {UPTEETE AFHFEAIPR hot ent i al
genotoxicity. Wthout know edge of potential toxicity
(or other undesirable characteristics) in such a

The appBastiliQbfiOstdsdnt idveatich 8ot Bmited toxthel stabilisdtme fesponal
incentive to attenpt to prevent its formation. The
1A. Rathsr,icemppsitiens iprceqidanse saththisi fistaaspeeh At the ipentipn shquidjall
cxperke bk A ARG GOEPRU o At oo i
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abi lisation b

* may 0§ M A SRR Pha T B Ra GO kel grafiles

or equgg}?i#g% gﬁ?@ztids PRarnddeBkinkliés2tTHRMiteS redBtionGRIMRNEK dkh
compounds may be potentially genotoxic. In certain cases, additional reactions in acidic
media (e.g. liberation of aniline, which is itself potentially genotoxic), may also be
prevented. In addition, ﬁitration reactions in the non-prime (i.e. right-hand, as represented
above) ring can also occur at low pH by means of electrophilic aromatic substitution. The
enteric coating will also inhibit or prevent the formation of these nitro reaction products.
In any case, the ability to control and/or prevent such chemical modifications of

compounds of Formula I will generally be a useful tool for the formulator.

Compositions according to the first aspect of the invention allow for the compounds of
Formula I only to be released from the composition once it has passed from the stomach
into the intestine, at which point the enteric coating begins to dissolve and/or become
permeable. Since the pH in the intestine is not low enough, however, for the nitrite-based
nitration to occur to any significant extent, the nitration of the compounds of Formula I

upon oral administration is significantly attenuated.
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may lead to alterations in the conpound's
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linked to a carbonyl group. The fefm "aroyl™ as
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nl ess_ ot
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cate erm

hydrobzﬁb&m Qro&b@ﬁlepaﬂﬁallg&rﬂaﬂufataf (c@ﬂt@inh@’l &f DupublebdrEdpsydnet h
strai ght and branched, chain h%grocarbons contalnln% 1
hydrOP%sbqrzgr@a%&ﬂgtamm&w T apd) a tefehph3 topf e%rb?%psﬁfqablu 3406

b &sarf(g?ﬂ (i in ik R 1es R cIb OB, k@f@a £l &ic be
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cyclohexyl, cycloheptyl, cyclopentenyl and cyclohexenyl. The term "halogen" or "halo" as
used herein alone or as part of another group refers to chlorine, bromine, fluorine, and

iodine as well as CF3, with chlorine or bromine being preferred.

The alternative group capable of being substituted by NO; via a nitrite-based nitration
reaction may for example be selected from halo (e.g. iodo, chloro, bromo or fluoro, with

the former preferred) and pseudohalogens (e.g. SCN, OCN, NCS, NCO and N3).

The enteric coating is preferably formed using any commercially-available polymer
produced for such a purpose. As examples of such polymers, those based on acrylates,
methacrylates or copolymers thereof (such as the range of enteric coating polymers
marketed under the name Eudragit® by Degussa/Roehm), polyvinyl acetate phthalate,
cellulose acetate phthalate, hydroxypropylmethylcellulose acetate succinate,
hydroxypropylmethylcellulose phthalate, hydroxymethylcellulose acetate succinate and

carboxymethylethylcellulose may be mentioned. In a particular embodiment, the enteric
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i sopropyl, butyl, t-butyl, or isobutyl, pentyl, hexyl,

i sohexyl, heptyl, 4, 4-dinethylpentyl, octyl,
wQ2@7412e6 net hyl pentyl, nonyl, decyl, undecyl , PCT/EP2007/002688
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subs Via a nitrite-b ration
(e.g mmabkﬂoﬁwmawlﬂommﬁxammle be selected fromhalo (e.g
i odo, chloro, bronmo or fluoro, with the forner
preferred) and pseudohalogens (e.g. SCN, OCN NCS, NCO

The. ent %
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that pSHioR of tHelboRGREitioAToRM4RIIY tBE cOhpSURlL fFRMITRMTSand: the 8feric

based on acryl ates,
coating (iii). Enteric coatings are typically composed of acidic polymers and hence, by
their very nature, have the potential to lead to deleterious changes in certain active
ingredients. An interposed inert coating (made from, for example, a cellulose derivative,
such as hydroxypropyl cellulose or hydroxypropylmethyl cellulose) tends to inhibit such
interactions. The inert coat should, of course, be soluble (or otherwise dispersible) in the

intestinal media in order to allow the compound of Formula I to be released.

The term ‘enteric coating’ as used herein is intended to include coatings applied to a
composition/dosage form (e.g. a tablet) once the dosage form is otherwise essentially
complete and those applied at intermediate stages of dosage form manufacture. Thus,
compositions are included in which the compound of Formula I is formulated with
excipients into granules which are then enteric coated prior to further processing, such as
compression into tablets or filling into capsules, for example gelatin capsules. Equally, an
approach such as that described in WO 00/22909, whilst less preferred, may be suitable for
preparing compositions according to the first aspect of the invention for certain

compounds of Formula I. In this approach, complexes between pharmacologically-active
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their very nature, have the potential to lead to
del eterious changes in certain active ingredients. An
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or a plygmaenutisplly 1esePaRiA é@lﬁpfs@tf‘auﬂé%%q sible) in the
intestinal nedia in order to allow the conmpound of
Formula | to be released. The term'enteric coating'

As wo%m bsEicRes R By the skiNEEPelgsh, R hifehdiiRagRAldeSdHeaRBbVERould
to a conposition/dosage form(e.g. a tablet) once the

lead tcelthsageod’uohm ofa witthgrovipsat tesslomerment pysitompf the éeflahand benzene

t hose I nt er nedi at esy:0f, dos
ring 2k FRRAEG e PAUS SSLOMBBer L B0 IREOFh A GaRBsH T ip mos
cases tH3QuS ALY B ?fwdﬁm B/Haalterhdtive @ slps 2RI fiHeing substituted by

excipientsinto granules whi ch are then enteric coated
meang0fi aontrtt@rbawdtmteaﬂoprrwégg ierrplsosepatenpated g @8 dpdererpy ey tho to

n t

the phg%(as e(firoxyf EBH%I Jlrﬂgmgﬁﬁtgbsg?’ggg%&ij %1?130{0 b%;%hafg@e ggézdroﬁ élgelt
slowet tham&%lzeéi@&t otMhydregen. ess preferred, may be suitable

for preparing conpositions according to the first

aspect of the invention for certain conpounds of

For mul b -
Whena%{gwmggé 85% %/Isléé’?'?r gtlai(ﬁ e%ffg,ﬂf 231( g%ar Igltévﬁcgreféffr)}hereof is
preferfBtd WREODES SRR Foirfulad idisreéedt th thOgrtn SFiptakmadtaticaly

carboxylic acids) are prepared by co-precipitation
accepfablsrpal oiugh salts hay iaeludetwirantthe copppundhag at least gne basic centre,

a01d a ?‘gﬁ ﬁagg S vg \yﬁg :st%ﬂrg%nér&a%ﬁc acid9 Xs\ﬁgﬁ‘ Qs gﬁnerﬁﬁglds f&g exana_f:

sulfurrc e&[d phédpkbric adid oﬁa)h‘ﬁdmhﬂfc&rclda wlﬁmmog oemniaf caftaxglit acids,
i's 1sqpropyl,. iodo ition_or

d
such a5/alIGRAEE UG PO Ofip BEATBp HaRTs Y e RSO o

d | ,
w451 PSR ORI ALl opppuegse.

unsatwateddidaghox ylimacdy, tﬁmqmarpp@fcecrahednaimgoﬁun@m%mam fipgic,

phthal?czor teﬁa%hthahc acid, such as hydroxycarboxylic acids, for example ascorbic,

glycolic, lactic, malic, tartaric or citric acid, such as amino acids, (for example aspartic or
glutamic acid or lysine or arginine), or benzoic acid, or with organic sulfonic acids, such as
(C1-C4) alkyl or arylsulfonic acids which are unsubstituted or substituted, for example by

halogen, for example methanesulfonic acid or p-toluenesulfonic acid.

Corresponding acid addition salts can also be formed having, if desired, an additionally

present basic centre.

When the compound of Formula I has at least one acid group (for example COOH), it can
also form salts with bases. Suitable salts with bases are, for example, metal salts, such as
alkali metal or alkaline earth metal salts, for example sodium, potassium or magnesium
salts, or salts with ammonia or an organic amine, such as morpholine, thiomorpholine,

piperidine, pyrrolidine, a mono, di or tri-lower alkylamine, for example ethyl, tertbutyl,
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Br or O are especially preferred. In conpounds of

Formula I, R4 is preferably Hor nethyl, with H
weanriiok@rly preferred. In certain conmpounds PET/EP2007/002688

Formula I, Yis -(CH2)n- and nis 1 or 2.

Alternatively or in addition A may be -NRSCO-, wth

e S iy R By BT, S PR gy
lower %ﬂ% daﬁﬁné SfoxCéH’Afpleol'i“xofi‘o G ot ﬁfeﬁ%‘ﬁglaﬂﬂnes agl(;rresééﬁcﬁﬁg {ternal salts
prodr u

g formo The conpound (i
may fethepmbrecbedioboell. nent s of the present invention, have a
formul a selected fromthe followi ng: D TPAor a
pharmaceutically acceptable salt or ester thereof As

ld b d d
preferfitatls PEY PORESHER S RYmbIE L& Mt Gl BEE B wlllB instydse
monohytrélbHidel RPyirefensulfdté, mietBares fotatel PRospRME bfBittate. Preferred
position of the left-hand benzene ring as represented

salts off ther qempapedscofdiormuladvdych mclude an gcid greupeinchade sodium, potassium

and m R e g B R PRl BRRB kAR KL o' “hei ng

substltuted by nmeans of a nitrite-based nitration
reaction are al so contenplated, e.g. an iodo group
The campdvnds G) tiag of heured bérsadvased,if dgsired pfor Ehamplaheditates snadyzheaised
thlﬁ%to be a facile reaction, albeit slower than

'nthepﬁ@gggﬁﬁﬁ frent of hydrogen. Wen a conpound of

Formula | is present in the formof an ester, an al kyl
ester thereof is preferred. Wien a conpound of Fornul a

In cerfain @éntydéraents of the fing akpgcnobdihe @%hﬁdiﬂmlmdnhpbaitioyl also includes
acc such salts y includ when t he

ptabl e salt

an anttoefrfﬁah ehch sabaimepitre Bt padhe vnesReste! fiading o5 M by eptPrs,
as a re3@lt bfthe %ﬁst(llé@n‘bﬂs ﬁlteﬁt%}ﬁd'aBQVGQ 8t thedfird ?eact%H:ﬁ}oaéct of the

m neral acids, for exanple
compound 1A is formed upon oral administration via a nitrite-based reaction which is free
radical-mediated. It has also been determined by the inventors that the non-biaryl ether
compound GC-1, also described above, becomes nitrated readily under physiologically
relevant conditions. The incorporation of the antioxidant into the composition of the first
aspect of the invention inhibits the formation of the free radicals and/or scavenges free

radicals which are formed, with the consequence that any nitration reaction which occurs

in spite of the enteric coating is attenuated.

The antioxidant is preferably water soluble. Such antioxidants include ascorbic acid,
fumaric acid, malic acid, propionic acid, or a salt of any of the said acids,
monothioglycerol, potassium metabisulphite, sodium bisulphite, sodium sulphite and
sodium metabisulphite. A preferred antioxidant is ascorbic acid or its sodium salt, which

has been found to have particularly significant inhibitory effects on the nitration reaction.

Alternatively, the antioxidant may be water insoluble. Such an antioxidant may be
selected from a-tocopherol, ascorbyl palmitate, butylated hydroxyanisole, butylated
hydroxytoluene, ethyl oleate and propyl gallate.
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sul furic acid, phosphoric acid or a hydrohalic acid,
Wi th strong organic carboxylic acids, such as
Wwa@RkManeead boxylic acids of 1 to 4 carbon at onsPGHERI907/002688
are unsubstituted or substituted, for exanple, by
hal ogen, for exanple acetic acid, such as saturated or

iR S B & R RO s o BT 25t 1 1
be substarihy h@ﬂnb@erﬁ:@hﬂz nfiked) Bfis MPS ensdre BOXNIPof aR§ cBftact of the
for exagﬁle ascorbic, glycolic, lactic, malic,

comppuard @) wh oitritsi (apd/or sitiods acidicind/as ammitrogerc iadd oxygenrcontaining

exanple.a rtic o | utam.c acid or,.lysine o
free OEHTRP G RS hsl i hte kel 56,65 1 e SEHREY el pngact and
thus ad0d @betteritendde aflnitAtioRtdaftiorOWhieh WagWcb@ni ¢ aci ds
whi ch are unsubstituted or substituted, for exanple by
hal ogen, for exanple methanesul fonic acid or
pééoluen sul fonjc acid. Corresponding acid addjtion
In accogdange Wit aeeQndAsPecs LAY MREsFNtHgYentiondbeterigprovided a
It : ' t . . onpound
B R R O i b el
COOH), it can also formsalts with bases. Suitable
salts wth bases are, for exanple, netal salts, such
adhal kal sompouad ofrFarmudd 1 we acphrarmacratiodllys a¢ceptableosalt or ester
|.e..sqdi . potassi um or magnesium salts, or salts
thmeﬁ?%ﬂﬁgﬁﬂ%ﬁggg%% an organi c am ne, such as norpholine
t hi onor phol i ne, piperidine, pyrrolidine, a nono, di or
tri-lower alkylam ne, for exanple ethyl,
t én) butayleadioet hptigxidhint;samdr opyl , triethyl, tributyl or
di met hyl propyl am ne, or a nono, di or trihydroxy | ower
al kyl am ne, for exanple nono, di or triethanol am ne.

. ' i l,. SAl f h b
£ koot B PR pRAFLER ey bl s bl "of “ror mut 2

whi ch include a basic group include nonohydrochl ori de,
hydr ogensul fate, net hanesul fonate, phosphate or
In prefirtedaimodPnafteof the second aspect of the invention, the composition is a solid

composition. The preferred features of Formula I as described in relation to the first aspect
of the invention also apply in connection with the second aspect (and those other aspects

described below, as appropriate).

~ The composition of the second aspect of the invention preferably also includes an enteric
coating. The enteric coating may be as described above in relation to the first aspect of the

invention.

The present invention furthermore provides, in a third aspect, a method of stabilising a
pharmaceutical composition suitable for oral administration, the pharmaceutical

composition comprising:

1) a compound of Formula I or a pharmaceutically acceptable salt or ester

thereof as described above; and
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salts of the conpounds of Formula |I which include an
acid group include sodium potassium and magnesi um
waaivgi@ene pharmaceutically accept abl e or gani CPEREP287/002688
The conpounds (i) may of course be solvated if
desired, for exanple hydrates may be used in the
pr.esent i nvention. In certain enbodi.nents of the first
aé‘gectatdFan pRe PHNTRATS L ﬁfyt-z;ﬁgep} 6%71P1Bh al so i ncl udes
an antioxi dant. Such enbodi nents are based on the
unexpected finding of the inventors, as a result of
the méth&d ¢y SsingdRblidhg tHE BdhPRREbnARRLY 8n ehtbBdd cddiggni tro
reaction product of the conpound IAis forrreé upon
oral adm nistration via a nitrite-based reaction which
is free radical-nediated. It has al so been determ ned
In a fugther rpestnthe isnton prgvidepdn ﬁ@hamagﬁwcabsmposmﬂp@@u#&e for oral
C
admm%g{lon n?/zgpo %{o@%ﬁry/@?e evanatelcajc Oﬁﬁﬂ"na?rh%%eghg% a%@éytéﬁfe salt or
ester théreof theﬁhecbzrbo@é thé eseeoflan@atetiarbating a dnlmtlomiﬂﬁmsjr bothran
of the first s ct _of é’ge i nvention i hj bits g
enteriq GHAHAE ABsH A #ntioHeant (08 eyl emPRPTEVRIFGR © eﬁ%%e sai¢ gmpound.
radi cals which are formed, with the consequence that
any nitration reaction which occurs in spite of the
The pR&® ivenG&PalsdProv fled b cBMPadi®sh acEbRlid ol tRX ini8#ion, $or use in
preferably water soluble. Such antioxidants i ncl ude
therapyiscor bi ¢ acid, fumaric acid, malic acid, propionic
acid, or a salt of any of the said acids,
nmonot hi ogl ycerol , potassi um et abi sul phite, sodium
The p&kéﬂ ﬁr%h&&n als® OWHe§ HeRRE bEa B0 AAGH BRI RO T mk}eﬁtﬁm in
A preferred antioxidant is ascorblc acid or i1ts sodium
the prepatation\aff amdhamebe’ém pfayenting, ;mhikitisg patredtioglaalijegse associated
.. Signific |nh|b|t effecsonthe nitrati.on
with rigychbipm (b ot 8 vk denzaodn 1 436 e By BTigggtayronine

(T3)-régufedddiidne. ThEalteaR nddil hedeicdralfroiybdaty, hypercholesterolemia,
dyslipidaemia, atherosclerosis, cardiac arrhythmias, depression, osteoporosis,

hypothyroidism, goitre, thyroid cancer as well as glaucoma and congestive heart failure.

Similarly, the present invention also provides a method of preventing, inhibiting or treating
a disease associated with metabolism dysfunction, or which is dependent on the expression
of a triiodothyronine (T3)-regulated gene, the method involving the administration of a
composition according to the invention to a subject in need of such prevention, inhibition or

treatment.

In the use and method described immediately above, the medicament or composition may be
administered at a dosing interval of from 30 minutes to one month. More preferably, the
dosing interval is from one to seven days, even more preferably one to three days. The
typical adult human dose range for compounds (i) would be around 1jig to around 2000 pg
per day. For many compounds (i), the daily dose would be less than 300 pg. Preferably, the
dose of compound (i) is from around 1 pg to around 200 pg per day, more preferably around

1 to around 100 pg per day. For example, the compounds (i) may be administered in one
212 -



sel ected from a-tocopherol, ascorbyl palmtate,
but yl at ed hydroxyani sol e, butyl ated hydr oxyt ol uene,
we@emyliigkeat e and propyl gallate. Al though not PCT/EP2007/002688
essential, it may be preferable for the compound (i)
and the antioxidant (ii) to be substantially
nggeneously m xed. s to ensure that, upon

ho d. This help .
dose, R dosghihyee deses o v aa35s @ﬁa&m- )Préherablin e qrpqung ghegrapound (i)
: I ”_ | -
pr fl LU B P I L RORL Rty 11 00 b mor
preferdbly 105 ADY, 255r B0 8. | Fdt@k¥mple, e aiduht 6 céipbind ) $r unit dose
such contact and thus able to better attenuate any
may bgiftomal § tnl G0 fas ek amplatranh 268/ 8@ dynieally from @8 de §@rit®e wi t h
a second aspect of the present invention, there is
provi ded a pharnaceutical conposition suitable for

. | : : .
he oy S A RO il G RN o comprs
a furtles pkarntabelo giohlly asivd @sgredibedekebied €on( hypolipidabraasigentse

...antioxidant; and (iii) at |east, ogne i
antidighelie ARty enidaprepsants, bﬁ?%{fﬁ@va% rf&%mrs, appetiss Bipprgseapts and/or
anti-o6R9ALEROt s of the second aspect of the invention, the
conposition is a solid conposition. The preferred
features of Fornula | as described in relation to the
first aspect of the invention also apply in connection

The fugthenpharmacdlegimllyappiae ingredients ivod &o bavsaddidiyp et ppergistic effects
with tfgfé&ﬁsﬁo%ﬁs BEEPW 1o %glflzﬁ{eﬁ HRALLED R efflR tﬁ&é‘&os i tion of

econd aspect e invention preferably also
i ncludes an enteric coating. The enteric coating my
be as described above in relation to the first aspect
In comayfositions ndesntibasiabo¥é eorfriaingran antioidantothe amothterfraptiexidant

may chglryoalvle%j 2 %/leryI wid& re{nréle.r gre?’glggl%lta’t le%str[f(g(;bq dmr(r)lfol gft a%%lo;(ildasulltnage a
present, for example 0.0005 mmol, more preferably at least 0.01 mmol. The amount of
antioxidant may for example be from 0.0001 to 15 mmol, for example 0.0005 to 10 mmol,

typically 0.01 to 4 mmol per dose of composition.

As will be described in more detail below, the average human swallows around 0.1 mmol of
salivary nitrite per hour. The presence of the above quantities of antioxidant in the
composition should provide a useful stabilising effect for the compound (i), even if the

composition of the invention is resident in the stomach for a relatively protracted period.

In yet another aspect, the present invention provides a combination medicament suitable

for oral administration, comprising:

(1) a first pharmaceutical composition comprising a compound of Formula I or

a pharmaceutically acceptable salt or ester thereof, as described above; and

2) a second pharmaceutical composition comprising at least one antioxidant,
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phar maceutical conposition suitable for ora

adm ni stration, the pharmaceutical conposition
w@owpnieeang: (i) a conpound of Forrmula | or a PCT/EP2007/002688

pharmaceutically acceptable salt or ester thereof as

descri bed above; and(ii) at |east one

phar utically-acceptabl e exci pient;, the netho
Wher%mfgﬁi i fins et sapony HeEmessHo Pgm_e?ﬁlwrismaﬁn@m Eﬁaﬁt@ne
phamﬁl@é\hicQ@y—aéd@gébfe_‘thcﬁﬁént,aa%B‘-Wﬂe_reiﬁ he ﬂir@tveﬁxlﬁtsé ? rdH%lrQ}af\‘l&%ﬁtical

I'n a pharmaceutical” conposition suitable
compaesitonsimgdyr zt ddomnistentdasimuiigneaus pryequendialdy oFsepanatedy.l or a

pharmaceutically acceptable salt or ester thereof as

defi ned above, the use of an enteric coating or an

nti oxi dant. or ho an enteric.cqoating and a :
e oblrRo bR tR et e Bh o Bt e e i
order €fr tB@itabil&HBAWAthe CHAfHoRNE EF Bl be ¢TRRHI] B8 adliSad &t eNoIe nerely
a conposition according to the invention, for use in

be preseqe ey therfoamey eosrastintorppatact with agid anhp squrereaf nifte.y Beovided
‘ . o . . i :

e BENBASL SRR ARy Fnbld AVEDSL 0 S

proximity tirae dietenig ogerdhpseaw eerethsio peddd3dfvesi denoeinathe ktiosiach, the
dysf unctign, . or ich is dependent on the expression .

compejind(X3hpy abiokyt g%ﬁw?edqg@) Qflr%&’&ﬂIsé'tl%a%jé‘ﬁ&heﬂﬁtéatkﬁ_nsré%%‘@n-

The cffpos _rﬁ?&ecﬁth%gt the %@t%@ﬁlﬁbﬁﬁ@n, W@ﬁ@%lfﬁlﬁr sflions.
dysl i pi daem a, atherosclerosis, cardiac” arrhythm as,

depression, osteoporosis, hypothyroidism goitre,
thyroid cancer as well| as gl aucoma and congestive
The inysatien Wil naw be desicppedin porerdetaildysssnel axamplandy agd wih
[ t . ting, inhibiting or
refereFé@éttﬁﬁgppgn@s%g‘glen%fg’s&@?@? ed with nmetabolism
dysfunction, or which is dependent on the expression
of a triiodothyronine (T3)-regul ated gene, the nethod
Figur¢ hwhichi shgws heemgsrfistantardthRIeC trhces of the compound 1A in the

presence of various concentrations of its 5’-nitro reaction product; and

Figure 2 illustrates a process for manufacturing enteric coated tablets containing

compound 1A.

As mentioned above, during development of compound 1A, it was determined that the
formation of the 5’-nitro reaction product was taking place through an abiotic (i.e. non-
enzymatic) route. The toxicological properties of the nitro reaction product were
determined to be altered to a relevant extent as compared to the parent compound. It was
therefore important to determine how the nitration reaction was occurring and to devise

approaches to control or prevent this in vivo.
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conposition according to the invention to a subject in
need of such prevention, inhibition or treatnent. In
wo bm7ase2and net hod descri bed i nmedi at el y abovECT/EP®07/002688
medi cament or conposition nmay be adm nistered at a
dosing interval of from30 mnutes to one nonth. Mre
preferably, the dosing interval is fromone to seven
d , ~even nore preferably one t hr ee ys. The
Exampp . GRRGNI  RlHEeP g GO CPmBRb IS (1) woul d
be around 1ng to around 2000 ng per day. For many
1.1 Intodnetisyls (i), the daily dose would be | ess than 300
ng. Preferably, the dose of compound (i) is from
around 1 ng to around 200 ng per day, nore preferably
During dexghepment of a2dugdanmde iegmplation afconmuund )l Axp lpesviqusky
c ound i) .ma e adm nj stered i.n onedose,, 1wo
nde GRORIRIAR ki fB e S5 ST bRRELS ooy SRR AR py0 1.2
% of pabént asmpRindOITHEORMANRE was IdeR®fied/ddi A nifO 9RalOF, hereinafter referred
conposition is from1l to 200 ng, nore preferably 1 to
to as regytyoRgrodyst Bpreferably 1, 5, 10, 20, 25 or 50 ny. For
exanpl e, the anount of conpound (i) per unit dose may

A el BILIONE 8 Gy AL BN S B g

therefore iddnéifitd.ri$¢nce thsquoatnye asqpaot pwklutthveasitestahfor genotawic activity

. SO .CO ise a further phar ogi gal |y active _
in an eGSR A Py o B GERBARE DA Bl tadies
anti di abetic agents, antidepressants, bone resorption
This ektipleisti@hfarizeBe ki oG bRt eSis AL rRludted ath r8atition QR&RIct ¥B and
agents. The further pharmacol ogically active
relates tg@ fiadinghtosclingged exneshrgy b0 thirdmpunib/sactioprmsedyicst i c
effects with the conpounds (i) so as to enhance the
nmet abolic effects thereof. In conpositions as
1.2 Genstowi¢ibed above contai ning an anti oxi dant, the anount
of antioxidant may vary over a very w de range.

LZJIR%EE&{&%thQEsleaSt 0. 0001 mmol of anti oxi dant are

1.2.1.1 Exploratory Ames assay

Reaction product 1B was tested in duplicate cultures in the presence and absence of S-9
metabolic activation. The positive-control articles were tested in duplicate cultures and
prepared in DMSO, with the exception of sodium azide, which was dissolved in water. The

negative (vehicle) controls were tested in replicates of five cultures.

Reaction product 1B exhibited cytotoxicity to each of the S. typhimurium and E. coli
strains tested. Cytotoxicity ranging from minimal to marked was apparent based on
reductions in mean revertant number and/or reductions in the bacterial-background lawn
density. When compared to the negative controls, the histidine” revertant values were
elevated in the reaction product 1B-treated cultures of strain TA100 in the presence and
absence of S-9 activation, respectively. As expected, significant increases in the histidine"
and tryptophan” revertant numbers were observed in the cultures treated with the positive-

control compounds.

In conclusion, reaction product 1B showed a positive response in this study.
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present, for exanple 0.0005 nmol, nore preferably at
| east 0.01 mmol . The anount of antioxi dant may for
weanple2de from 0. 0001 to 15 mmol, for exanpl BCOERDOE002688
to 10 nmol, typically 0.01 to 4 nmmol per dose of
conposition As w |l be described in nore detai
| ow, the average human fmalloms arqund 0.1 mol of
121 %éme@ Reversa-Mutationpgrdnip Salmenclla grd Estheachip colhe above
quantities of antioxidant in the conposition should
Reactipngyodnst bB e rurluaedisl 4 misrabjakmpiagenieis studietocdstayminedts
ven.if th QSi ti of the |.nvent
potenéael ? d1e uce frarl]m{:sgnﬁ 9f grr@ éxﬁurfsugaltut}oe a%ltlat/le sin 6{rrg S 8§ %‘al@onella

typhir@@idr® thistlding/ednd Bk drehi@EdIEGtyptdphen Pr esent i nvention
provi des a conbi nati on nedi canent suitable for ora

adm ni stration, conprisin a first pharmaceutica

Reactiogpsesiiict { 81was seaRd; withhgach s g‘é’ﬁ*ﬁ@ drigpestindipgIRsay andgubsequently
ina fugﬂﬂ{lgﬂglg %sh%%éa&uﬁﬁ%@%?qllfw%aé\}a {edel%tﬁ r\mﬁl%ﬁ%ﬁfhou@§ -9

escri apbove,; a secon har maceut i ca
metabohiopabiatiomupdo mfmmsxmglnatodcemsatlonmef 3000 and 1000 ug/plate in the

t.l OXi wherein each of .the first, and se
range SRS 0EY EERSB S P PO A G (S SESeBygg in each of
the baBRALMRGRKIESA]. | M1RCHRRIRELAI Ss6hdd GIRL9 a@VitivhGh Bbih thie
first and second pharnaceutical conpositions my be

rangeduding antddnlk chugdtion|assayedhe mgan gebessof hllsn@m@rrevertants were
Th di t
ctovaBF BRI opg- SRR EkL SO aT SRR ot 15 P2 v

of testePstrdihTAIv@bi | i sati on of the conpound (i) to be

effected t he anti oxi dant should nmerely be present
he forner cones intg contact with_ac

en and
The resﬁ%eroévctdﬁ fdpeed ipcradse p APHCHANE HbSERD 63 Pg abgies (s control
value ¥ FQEYRRLE? PHEQ[canent are given in such tenpora

proximty that there is overlap between their periods
of residence in the stomach, the conpound (i) should

121 e@&,g;ha;)}; r{},ggﬁg rfAnfe USRS Qs stabilisation against the

tratio reac 1 on.
In summary, the aromatic nitro impurity/reaction product of compound 1A, reaction

product 1B, was tested in an exploratory Ames assay and found to induce a concentration
dependent increase in revertants above the control value. The increase was 2.5-3-fold
above the controls, i.e. it qualified as a positive response. This result was confirmed in a

full Ames assay.

1.2.1.4 Cytogenetic study in primary human lymphocytes

An in vitro cytogenetics study was performed to investigate the potential of reaction
product 1B to induce chromosome aberrations in cultured human lymphocytes. Based on
range-finding cytotoxicity results, concentrations of 5 to 30 ug/ml were selected for
evaluation in the 24-hr exposure without metabolic enzyme activation and concentrations
of 2.5 to 20 pg/ml for the 5-hr exposure with Aroclor 1254-induced rat liver (S9 fraction)

metabolic activation.

In the 5-hr exposure to reaction product 1B in the presence of S-9 metabolic activation, a

statistically significant increase in the frequency of chromosome aberrations occurred. At
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The conpositions, or at |least the first conposition,

are preferably solid conpositions. The invention w ||
wmowrheneescri bed in nore detail by way of examQi/EPmn?/g02688

and with reference to the appended draw ngs, of which:

Figure 1 which shows a series of standard HPLC traces

.of the co IA the presence of various 0
the highsstDRe TR Vot bdhe ReaRnES O e At ens i 05 %
compdre@H £5 %, fdrthSehll & orftra bRE BR TedRFioMRIMHE ?tﬁ%dﬁ'i:'lﬁ‘&x was

enteric coated tablets containing conpound I A
approxmratdlphkde.above, during devel opnent of conpound IA, it
was determned that the formation of the 5 -nitro

In the rgﬁﬂ%teixﬁ(gsﬁ r 53%%%101& ?fc’odtgﬁkg? gxl.lﬁllg aﬁs(e%?% hrﬁO%g n&e {11)0?10 actlva%on a

staustﬁmpgghﬂﬁemqﬁcrme nntHer 3heﬂgztdf@ﬁromdedﬁh@tabwmms occurred. At
deternmined to be altere rel evant extent as

the highsgiraneentraonhevapatedn 0 gemplothedieqnenayed cheaaseme aberrations

i mportant to determ ne how the nitration reacti on was

occurring and to devi se approaches to control or

7.5 %RompeRt té D5 ifor thé vehiteaomiral with a fsdactionxdnchd witofic dex of
reacti on product of Conpound IA 1.1 Introduction

approxinately 48 &vel opment of a 25 mg capsul e formul ation of
conpound | A, a previously undetected inpurity was

As ex I e okl@ivé SMRFA inRALbE e indul&d étﬁ?@ﬁ'&bﬂ)y s1§1§iﬁ9ﬁﬂ iddr&4¥es in

8 fo 1.2 %of parent conpound. This inpurity was

the frqqdetrmepqufelamaserrnnﬁaphaseaH&Iuaghe vadidily wé fltipassayes derdonstrated.
as reaction product IB. A theoretical potential for

In contcnﬁl I":e\éétYO%[{ ﬁﬁedrgg %Sgasl cfl s&% ?LC tgHW'l_ée}l%ﬁﬁxﬁ?ﬁ }JH%HIO{J%FS when

tested me &ethpﬁn@ueénn\aasnst eséranhehdud lgan&hmxlbﬁalzgﬁnide\l/inésyfor in

vitro cytogenetic studies.

was

1.2.1.5 Oral micronucleus study in mice

Reaction product 1B was evaluated in the mouse bone-marrow micronucleus assay to
determine its in vivo genotoxic potential. Groups of mice were given three consecutive
daily oral doses of 1000, 1500, or 2000 mg/kg of reaction product 1B (i.e. up to the
maximum dose level required by international regulatory guidelines in ICH and OECD).
Femur bone-marrow samples were collected from all animals approximately 24 hr
following the last dose for evaluation of micronucleated polychromatic erythrocytes (MN-

PCE).

No animals died during the study and no drug-related clinical signs were observed. No
bone-marrow toxicity was observed as measured by meaningful decreases in
polychromatic erythrocytes (PCE). The frequencies of MN-PCE were statistically
increased at 1000 and 1500 mg/kg.

In conclusion, non dose-dependant positive responses were found in mice.

-17 -



in an International Conference on Harnonisation (ICH)
standard battery of studies. This exanple sunmarizes
WO b@7genes oxi city studi es conducted wi th reactPGIEP2007/002688
product 1B and relates the findings to clinica
exposures to this inpurity/reaction product. 1.2
Genq 0 .1 Reaction _product 1B 1.2.1.1

[] [}
D (Y < s

1 A

i on product |IB was tested

i.n dup Ilcate c Itures ‘P% presence and absence of
Following aqfpinigifipe OhEipg Mff}lélﬁses £09BeYd \/étq:@ﬁmrwolunteers

reactw%rﬂ'rb&lc‘?ngl%{l%%ﬁe%%d' ifl tpﬁagﬁl ' %ﬂﬁﬁar 2 o?{ dﬂi‘/ﬂlch sub ects

repare exce ti um azi
recelvwhdally dwaes afi cosplovad lArfot/\MOEWeekIheamE)gqimdL&t (Bebuldlbte)

control s re tested in replicates of five cultures.
detectedin ey Rl S\S‘gﬁ’ﬂﬁct | B exhibited cytotoxicity to each of
the S. typhimuriumand E. coli strains tested.

In conEMbiBh OR116Iing doRMGI0TGompIRdT i RImdrR, R pkRAtXBSmutagenic
apparent based on reductions in nean revertant  nunber

nitro reaetidw pradediuld? rend be detedted beplasma. alhib iscthe casgguien efvslnsmg is

ared negati v ntr.o
carreq I e ML GRPR B0 e LA Sy 8o, FRl R ipgloos are
typicall 2 861i-t63e-dupesdint inl tBeit heRdgedic@ifebtd a8 hodcedhé fiefentdbf&en
n the presence and absence of S 9 act | vat i on,

low leilf@g phthereastign prgughdibareed clinicgeleyangat In sdditions gampppnds of
Fomuﬁ%?wbﬁlﬁé&ﬁb&l@ be @Oﬁ SveY Qtlﬁﬁgge?lg o?ﬁﬁ'Lta?lEtheﬁ'éérmgﬁt%vmfo% of

served i n th ures
the nitpoehttiongrodictobeinpfopmed tisof paranwaintinysirtance if @atehtmirgenotoxlc
onse in._th

roduct 1B showed .a itive res
effeor e 13t oo TR OTRE B SRR BOPGTS Seaye foided.

Sal nonel | a and Escherichia coli Reaction product 1B

was eval uated i a mcrobial nutagenicity study to
1.4 s!ggg@mgﬂgigglus{]on g y y

The impurity/reaction product of compound 1A, reaction product 1B, was found to induce
chromosomal aberrations in human peripheral lymphocytes in vitro and non dose-

dependant micronuclei in a mouse micronucleus study in vivo.

Furthermore, the reaction product 1B could be detected in human plasma following short-
term dosing of compound 1A. Accordingly, it is clear that the prevention of formation of
the nitro reaction product should be of significant benefit, both because potential

genotoxins can exert genotoxic effects at very low concentrations and because compounds

of Formula I, such as compound 1A, will generally be given chronically.
Example 2 - Nitrate and Nitrite - Sources and nitration mechanisms

2.1 Introduction

A possible source of nitration is the non-classical nitrite pathway. This pathway was first
reported by Uemura et al (1978, J. Chem. Soc. Perkin Trans. 1, 9, 1076). The nitrite

pathway can proceed at moderately low pH (around 2) and is tolerant of water, in contrast
-18 -



potential to induce franeshift or base-pair
substitution nutations in strains of Sal nonella
W@ ypiinazeé um (hi stidine ) and Escherichi a col i PCT/EP2007/002688
(tryptophan ) . Reaction product IB was tested with
each strain in a range-finding assay and subsequently

ina full ati.on assay.,Reactjon product. 1B was .
o the p{fq RANEY. e AAY H6PENGURS B ATaS T qegadical species
capabRGT&REih® With W dioRylh&l HER¥ LT EANEL BShAGINA0 Y BRAKe3IN AP

and 1000 ng/prate, in the range-finding and ful
(1992 tGlemo Noa Feekia Tramss peld, 1§F)y. Cytotoxicity was

observed in each of the bacterial strains tested. In

the presence and absence of S-9 activation, in both

e.r -fi ndin f.ul [

The pict SRRAEH (PSR TRA ol pup ik Bls RS BY e R ARy for
nitratih §orailg-atiinistérRe oMbl &ff Fornulh 0 irdthe Gtodach And GAEstineNn

product IB-treated cultures of tester strain TA OO

The reaction product |B-induced increase of revertants

in strain T .above the control value indicates.a
The aysgig A Tk TLGES 0 s QUGS RIS Anapd Y HiGES has
been eNiBatell § 81 BarthBri GRS FobB Q4819888 drfes T80, Natrate and Nitrite).
I mpurity/reaction product of conmpound I'A, reaction
product IB, was tested in an exploratory Anes assay
As far3BendPeAdud s%ufc@% BEFitrdte GRNGABLME], {08 KAEWE Bk Ritratd S HRARSed
in revertants above the control 'value. The increase
from thesit@tesin3alil oy thb evtéort dfeoralontrate reduciase(Benjantjo 420G0) edn.

S itjve response. This result confirmed in. a
zootedi i, B1E ThiS SexpltS B Dechonnyyon gl e TE0QGIE B sty
The a\tyﬂ@muwammﬁw@ groffd 001 &1 LGy HQIBULT TIRS r3hd thes

pertormed to investigate the potential of reaction

ingestion of around 2.4mmol (110 mg) of nitrite per day. This amounts to about

1.6mg/kg/day nitrite (for an average adult weighing 70kg).

2.2. In vivo nitration study

In experiments conducted in vivo in rats, it was found that, on administration of compound
1A together with a nitrate.and nitrite solution (54mg and 4mg, respectively, per rat),

around 6% of the administered dose of compound 1A was nitrated.

2.3. Antioxidants

As set out above, it was hypothesised that the mechanism of nitration of compound 1A
(and hence other hydroxylated benzene-containing compounds, such as those of Formula
I) was via nitrite and hence free radical-mediated. Accordingly, it was considered that the

nitration reaction could be inhibited by free radical scavengers/antioxidants.

In general, any antioxidant can be used in accordance with the present invention. ‘True’

antioxidants are those which block radical-mediated chain reactions by reacting with the
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product 1B to induce chronosone aberrations in

cul tured human | ynphocytes. Based on range-finding
w@ydootoeeci ty results, concentrations of 5 to BOI/REBINT/002688

were selected for evaluation in the 24-hr exposure

wi t hout netabolic enzyne activation and concentrations

of 2. o 20 ng/m. for the hr.. e sure with Ar
fre radsafy. By d0iperagnals GBFTSS (s BOIBLMFCITER AbPHeipIe of Sich a
true axﬂﬁ;x'ld‘aﬁ% {s®tyldted B?(ﬁ'og}/tmueﬁé( . €0ther H@RpldsYT s@éhoﬂié&ﬁs

In the presence oI|c activation,
mcludsttlaet phmmcaantgoxgiagm fuchan femh@ ace@sretm,n:atehbnf m@ﬁn@lwy of

cpigalfRSrBaE oG g A D EIOH PEROBHET: DVt Sishasie e
naturaﬂ?ﬁfcﬁ%h rbs% VRS oAdd Sor &R RE-ti1R ahtioxidaktdr REMRing agents

vehicle control and the reduction in the mtotic index
are Spoges lmmgwlpwat edox Hotengial|thary the compennddheyoarg beinggmployed to

protec, s Py RS b el 4By 8 SR AR in e o piEPL AEBlgif i
way id &¥€orbicRUE NBYadaitiot ) EcptantapFRtsABETahflbXi0fE sPReRikst dThedt agents
t he hg%hest concentrations eval uated, 40 ng/m, the

enhaneg hgeéRety obrntisrridsnissndunada be inglhdedincompesitiproaiihf ed
) trol with a reduction in
pnmmh%“%néggéﬁg&?ﬁ %ﬁyo 1%%%9%§¥nately 48 % As expected,
the positive controls in each trial induced
statistically significant increases in the frequencies

Antlomﬂamianagaisb bsegrapmis@s;ordmg tthh@mlahtydqhm;ac@flsm%; Water
solublﬁ FB@%&"?% n%tcrg iC a01d (or1 sosr(]) {ulflrlsls (ftﬁ ﬁu:"r]lggg ta<|:1 malic acid,

o0geénic
monoﬂh)/dgl)m&ﬂ,tcfﬁﬂas‘éﬁﬁﬂmbﬁbisﬁﬂ)htté (Kbgs Ky pRopidRediid at i ons
recommended by i nternational idelines for in vitro

(CH;CHbHOGeHtsodiust bidilpkite (NaHSO3) and sodlum sulphite (NapSO3). Water

insoluble antioxidants include alpha tocopherol, ascorbyl palmitate. butylated

hydroxyanisole (BHA), butylated hydroxytoluene (BHT), ethyl oleate and propyl gallate.

2.4. The nitration reaction and its inhibition

It is known that L-tyrosine can be converted to a nitro reaction product in which the NO,
group is substituted ortho to the ring hydroxyl group. The experimental procedure for
determining the extent of nitration of L-tyrosine was used for determining the nitration of
compound 1A and the inhibition thereof by selected antioxidants. The experimental
procedure for L-tyrosine is known (1998, Chem. Res. Toxicol., 11, 1578). In brief,
solutions of compound 1A (50uM) were exposed to solutions of NaNOj; (2500uM) and/or
NaNQO, (various concentrations) at various pH values, at 37°C and in the presence or
absence of phosphate buffer. The nitration reaction leads to the formation of the 5’-nitro
reaction product of compound 1A. This reaction product can be detected and quantified
using HPLC, the reaction product having a reduced retention time (under the conditions
used) compared to the parent compound. Antioxidant inhibitors were then added to

NaNOQ,- and 1 A-containing test solutions and the nitration tests repeated.
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1.2.1.5 Oral mcronucleus study in mce Reaction
product |B was evaluated in the nouse bone-nmarrow
wOor@ronzet eus assay to determine its in vivo gROIDERP200T/002688
potential. Goups of mce were given three consecutive
daily oral doses of 1000, 1500, or 2000 ng/ kg of
up to the paxi num dose | evel

Figurg ﬁ%‘fﬁ“ifseegseg%ogﬁ%}d%% ‘%kkéi@%‘&ﬁ%ﬁ%? ot bﬁi(a%Mlhgst%P Rresenge
of s0rf o SEpiPheachibRBlod0r th TRAAIGN: SACHY BPLASIARGIS WAFES

followli@stondtims:f or eval uati on of m cronucl eated
pol ychromatic erythrocytes (MNPCE). No ani nals died
during the study and no drug-related clinical signs
HPLCN%BEdRR@?rved' No bone-marrow toxicity was observed as
neasured by neani ngful decreases in polychromatic
Instrumenytt Waray AdisancPCE)S LThe frequenci es of M\-PCE were
S tisticall% increaged at 1000 and_1500 ng/

_ kg. In
Guard {HunpsValers Strydewsd Gobumy aymmsi tieve Hospbhd 881Mher e
i %hﬁﬁ?'- i ByRpsure to Reaction
COhm%??%gg?@VB Fo ﬁ%@fg%ﬁgéﬁ?%fstration of single ora
ColundoEasparitucodpdlnd | A to human vol unteers, reaction
Ini t.§erIlllct.lsBlcould be detected in plasma. Simlarly, in
WeCURN VY EPCi% whi ch subj ects received daily doses of
Autos&ApRATaHpdraf@no@o weeks, reaction product |IB could
be detected in several subjects. In conclusion,
Flow Refe1 @dimdgnidosi ng of compound | A in humans, the
: tiRll t [ ' Hela o]4 | B coul d
MobilBRhEE & 1Y il SRfShfuntid e [BFELL SRREARIE) © G051 ng
i s carrBedcetohitidiéer a relatively short period (e.g 14
days, as above). Potential genotoxins are typically
non- dose-dependent in their nutagenic effects and
Gradidygnce the presence of even

Time (min) | % A % B Flow Rate (ml/min) | Curve
0.00 . 90 10 0.2 linear
1.00 0 100 0.2 linear
2.00 0 100 0.2 linear
2.10 90 10 0.2 linear
4.00 90 10 0.2 linear

Mass Spectrometry Conditions:

Instrument: Micromass Quattro micro API

Mode: ESI -

Experiment: MRM (multiple reaction monitoring)

MRM transitions for compound 1A: m/z 486.0 > 399.9 (tg=3.47 min)
MRM transitions for reaction product 1B: m/z 531.0 > 444.8 (tg=3.91 min)

Limit of Quantification (LOQ):
LOQ for compound 1A in MRM is 10nM in 50%acetonitrile:50% water.

LOQ for reaction product 1B in MRM is 1nM in 50%acetonitrile:50% water.
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|l ow I evel s of the reaction product IB are of clinica
rel evance. |In addition, conmpounds of Fornula I would
wo ypiraaizkey be gi ven over a |long period of ti neP@mnEP2007/002688
hence the prevention of the nitro reaction products
being forned is of paranount inportance if potentia
genotoxic effects resulting fromaccunul ati on of the
reacti on products are to be avoided. 1.4 Summary and
Concl usion The inpurity/reaction product of conpound
I A, reaction product IB, was found to induce
It can €1RA2{YBE S¥ERIthA RS feadticdRodutt RayBRdR&Id rBfegticH time under the
I'ymphocytes in vitro and non dosedependant m cronucl ei
condiigns asedy wdth the paremuromneynd 1 Acbjuting aj axpwnd Bjrmivatasvpé the
t.the reQC%#onﬂfrodq%% hBtcouId be detected in human
reactiof) REOHUCT EINNE A AQURS & FHPWES, dosi ng of compound I A,
Accordingly, it is clear that the prevention of
formation of the nitro reaction product should be of
On inqibgtioif B Wvithenebud conbaitiutiboes afiNaNOp twdion MaANQenh¢ @xiltzof
can exert genotoxic effects at very | ow concentrations
Tdﬂedﬁﬂ“ﬁ@é@ﬁ@%-conpounds of Formula I, such as conpound
A, will generally be given chronically. Exanple 2 -
Nitrate and Nitrite - Sources and nitration nmechani sns
Table2: NitridnQtUethpandA ADAIEE PleSentOsiRitOindlér Hithte@Rd nsddérhe
. hon-cl assical nitrite pathway. This pathway was first
varioys copditions obpHi oy 3 et al (1978, J. Chem Soc. Perkin

xRNy O ARGy TR kg e paTey Cn DTRGCET Rraion

(1M) i n |Gy r ast tiquNape ni tjagksr pat hway.pAhe nitri t@rpat hway
ledds to thd productilon of free rddical speciles

50 Faﬁable of rleacting v th hxdrogx}e%@ﬂcb | ,%t,n\ 0

o e S R T T O e

50 6.4 D4 0

50 7.2 24 0

50 2500 100 2 (HCI) 4 8.4

50 2500 100 2 (phosphate) W4 9.63

50 2500 100 6.4 4 0.017

50 2500 100 7.2 4 0

50 2500 2 (HC1) 4 0

50 2500 2 (phosphate) ¥ 0

50 2500 6.4 4 0

50 - 2500 7.2 4 0

50 100 2 (HCI) 4 08.6

50 100 2 (phosphate) 4 4.27

50 100 ' 6.4 4 0.013

50 100 7.2 4 0
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The present inventors considered that this pathway was
likely to be the main pathway for nitration of

w@e@hiy2a6im ni st ered conpounds of Formula | i nPCTEP2007/002688
stomach and intestine. The average daily intake of
nitrate and nitrite from sources other than food

ddi t.i ves has been estinate T, ridge Food
Severdl g Py B eduiiesg tha PRI bk Ry Firkt s cIRETY o *as
demorfSid RE R WiriGOMb15eS End¥r approptite candtiGRTRAENRY, is shffickent to
known that nitrate is produced fromthe nitrate in

cause sighificantmyjtratipn ofdhe enmpsiundd 4l A thoamdyrtheinegatiye control (rows 1

o 0. AU RekE PO A o R bl o

ation o

presengalbof - phbghatRITRE thal aowAl1$ Wal konsigaifieatdnBiBRich ofthe nitrite-
saliva per hour. This results in the ingestion of

based ggagtion tize wasHsn qocurTiog g myrch greater etepiin Rbhy HCigplution than
ot SR S 1 AL P TSR] L S oAy

measugatidenitradoh sf conmstuat éd. i Fourthyditrate appéass tol ihhibitshd mitrite-based
.that, on_adm nistration of copmpound |A fogether with

reactiqf) Oy gniBeARt RYtERt ﬁréorgcsmqn&r?r%%@?rgﬂagw&mt&h%e gures tn bold’

Bme)respectively, per rat), around 6% of the adm nistered
dose of conpound | A was nitrated. 2.3. Antioxidants As

set out above, it was hypot hesi sed that the mechani sm
of nitration of conpound I A (and hence ot her

Theselgptirthws sonfian that benigateomteastinnmpsesahvith dydroxylatedbenzene-
. S f r ' FET C ee

o 8BSl i M AP (4 nBOBOE A2,

adminidtered biatlgy is onediaalhy nitrite eathet than hitrhteb The datayalsorobearly

radi cal . scavenger s/ anf.i oxi.dants, .In general, an
demoraﬁtr@redﬁ? R ABEROLA diibitonvioagieal i edtrap tebaobr JLent
enterié SV doibositibhI8T the present invention reduce or prevent access of acidic
media to the pharmacologically active ingredients contained therein. Accordingly, such a
formulation approach is capable of significantly reducing the nitration reaction which

would otherwise occur.

On addition of selected antioxidant inhibiting agents to compound 1A in the presence of
nitrite, the results of Table 2 were achieved. The amount of antioxidant used was

generally around 10-20 times the amount of compound 1A.
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anti oxi dants are those which bl ock radical - nedi at ed
chain reactions by reacting with thefree radicals (by
wa@lawatiage a single electron to the radical

exanpl e of such a true anti oxi dant
hydr oxyt ol uene (BHT).
i ncl ude the phenol i ¢ anti oxi dants,

Table ![rﬂillt)l[l tn liltrrl

antnoxeiaohmmwor ggner e natural |l y-occurring,

is but

SpeRCEEBF2007002688

yl at ed

O her exanpl es of such species
such as ferulic

. . : L Cechi
L o) EChRASL e RPL AR 85
e.g. flavon0|d-

or rMs-stil bene-type anti oxi dants. Reduci ng agent s are
spegies havifg—a Hower—redox potentiat—tian—the
MOANG e .bein nployggto prote k{/ [

LA 1@: rrayzg@?)lgilmf‘{'ggﬁggﬁ deco dH An exar;jr%e(@'%} {{ration(%)

50 agerltooactl nglin this way is asdpgtly aci &4 98.6
addilition, cefftain agents are '3anti oxi dant qynpr ists'

50 Thegld0agent s [enhance the ef f ect®4of ant| c%i dant 9.0and
ey so—be—nectuded—n bUII}JUDI -ons—of ye—pregent

PO i nvétpi on; am exanple is sodi urﬁ édet at e. i tiox é?{nt S

50 can|@phso be grouped according tlogtheir sglqaubiTi
chafnacteristiics. Water solublelantioxidants inc ude

50 asc@Obi c aci BHdr its sodium sgd tHCl)f umarddc aci ,02
nml A~ A A ot hi ol = ACCl 11~ vt Ay
o I \J acT U, UIIUL III ugr ybCI UI y UL ASOoST Ul el auvl

50 sul piidte (Kd&ldSGJQK Corl’mt%)pl oni @ G5y (Cl—l:;‘bl—QCOZOPQP,
sodiT i bUTp ) e phirteRr{iNa2

>0 SC3 1)% Wat el dlﬁ‘ﬁ%}a&kélre%;ntl oxild g)(rl]{?ésp%fur? I4ude al Owgd

50 tocgpoerol, gSwidihybcopsdten t at e.j.butyl ated 0.00
h\/rlr n\(\/g_m_g_g_l__e_(_BHA)_,___b_u_t_yl_af ed h\/rlr oxyt ol uene RI—IT\

50 th)lloool eat e [JdIpaYPIRalgal | at 4722 4. The4 ni trapPi%n’
reatyponm and id onm Tt oW t{rat

b0 L-tyrosi ne can dguerhgic}#vﬁet}ted to 2aﬁinl ro reacti ono'77

50 prodiwet in WBadiuh bisulfite group zephsqihatebtmt ed optiho to
theiri ng h\/dr o \U—aroub The experin procedure

50 for @8t er mi nigRymBIEIEnt of M HED i on c% L-t yPddi ne

50 VRS 5T T OT [SRkER BIME T M AL 0.16

50 100 Sodium bisulfite 6.4 (NaAc) P 0

50 100 Sodium bisulfite 6.4(phosphate)?2 0

50 100 Sodium bisulfite 2 (HCI) 2 0.11

50 100 Sodium bisulfite 2 (phosphate) @4 0.17

50 100 Sodium bisulfite 6.4 (NaAc) ¢ 0

50 100 Sodium bisulfite 6.4(phosphate)4 0

50 100 Catechin D (HCI) 4 0.01

50 100 Catechin 2(phosphate) @ 0.01

50 100 Catechin 6.4(NaAc) 4 0

50 100 Catechin 6.4(phosphate)4 0

50 100 Catechin 2 (HCI) D4 0.02

50 100 Catechin 2(phosphate) [24 0

50 100 Catechin 6.4(NaAc) P4 0

50 100 Catechin 6.4(phosphate)24 0
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conmpound I A and the inhibition thereof by selected
anti oxi dants. The experinental procedure for
wao2eynoeede i s known (1998, Chem Res. Toxi col PCIEP2007/002688
1578). In brief, solutions of conmpound IA (50mM\V) were
exposed to solutions O NaNG3 (2500mM) and/or NaNCG2
[iQus_concentrations) at vari ous pH val ues, at 37C
The daé% af Table Rallowea apmberont signifisrabooselusions thbe &rapi dids clear

that, uﬂ%?s tﬂh hitfe 19 Qmﬁﬁi@ﬁtﬁoo A@gﬁﬁﬁcﬁlﬁ nitPfio g%rfﬁﬁa[dloﬂ{bogfld § RQakes

tro reaction produc oun
place, eeamtvhcmthp nodteconcantratien d;e'haeasedl up il eighbtivhed. i Mdreusi ng

HPLC,. the r actl duct havi gareduced retention
importap{l i{ 1§ Ngrdrt gtnundes ponditionsot@ i sanegnifaiophich are

found Raresmo &oam%tgtal @&%&mndmﬁe {eBUoRidoBhS td"f?sr $itrb P&Rtion

A-containing test solutions and
produCtththe pretscrmem BH’lé@t/atxemegﬂahle)obrﬁsgubaie (wathossdubde)deads és an

st an PLC onmat ogr an f. A 0 in.th
essenti3y SRRl fining (b TR ThsRe Qb T Mewe i Biig bype)
was by HPLC-MS/ M5, with the followi ng conditions: HPLC
Conditions Instrunent: Waters Alliance 2795 LC Guard

Overaﬂ;ahet'ﬁfd)re ¥ @dts re@@ftéd Herelhadl €hrigdllustiate thytaieite W@)&nd not
Omm Columm: Waters Synmetr

nitratesNDIRIS06 HkALY Ei Y the e e ibagon absetyenip Budpyiated benzene-
oY ik 0 SO IR 0, e
mediafep iHitrhatidn \pradeedscat b freacadial mechanism and only takes place to a relevant
extent in acidified media. The incorporation of an antioxidant into a composition
containing the hydroxylated benzene-containing compound inhibits this nitration reaction
to a significant extent. In addition or alternatively, the protection of the composition by
means of an entertc coating will prevent acidified nitrite from coming into contact with the

hydroxylated benzene-containing compound and thus provides a potent strategy for

stabilising the compound against nitration.
Example 3 - An enteric coated formulation of Compound 1A

3.1 Particle size measurements of Compound 1A before and after milling.

As the unmilled compound 1A contained a large proportion of particles larger than
approximately 100 um, which will affect the content uniformity of a tablet, the compound
1A was milled. A Retsch MM 2000 was used for milling 2 x 2 g compound 1A. A

spherical particle of 100 pm diameter with a density of 1.5 g/cm’ has a mass of approx. 1

ne.

The particle size distribution was measured with a Malvern MasterSizer 2000, i.e. laser

diffraction technique. The powder sample is dispersed in Tween 20 and water.
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Ni tration of conpound
nitrate and under
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First,

it is cIearIy

eexe

ntgrlc film-

coatecﬁﬂagl%t bf o reRbths, 30l a‘ﬁﬂ 300 p‘ghﬁ’ CG@[WQ‘X (Hreif¥eies P poy
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4) ,

no nitration

tablet r Eb@bc&mplste@bg@medn whthe rmdmnal epr@chldt siprovaded iarlable 3.1,

absent Second, the

below

Table 3.1: Composition of 1A enteric coated tablets

Ingredient Quantity, Quantity, Standard
mg/unit mg/unit

1A 0.050 0.300

Mannitol 54.6 54.6 Ph.Eur.

Cellulose, microcrystalline 83.65 83.4 Ph.Eur.

Hypromellose 0.3 0.3 Ph.Eur.

Magnesium stearate 14 1.4 Ph.Eur.

Water, purified* 15 15 Ph.Eur.

Methacrylic acid-ethyl acrylate copolymer (1:1) 25.0 (7.5*%) 25.0 (7.5%%) Ph.Eur.

dispersion 30 %

Talc 3.75 3.75 Ph.Eur.

Triethyl citrate 0.75 0.75 Ph.Eur.

Water, purified* 50.5 50.5 Ph.Eur.

* Evaporates during the manufacturing process

** Quantity of dry copolymer within parenthesis

The target weight of the core tablets was 140 mg and the target weight of the film was 12

mg.
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presence of the phosphate buffer may actually lead to
a significant inhibition of the nitritebased reaction,
W@ b@7meRed i on occurring to a nuch greater extePCT/EP20pH002688
2 HO solution than in pH 2 buffer. Third, nitrate at
pH 2 (HCO or buffer) is not capable of |leading to
asurable nitration of conpound IA Fourth, nitrate

Batch &6@‘3?”5 to inhibit the nitrite-based reaction to a
significant extent (nore than one order of magnitude;
see figures in bold type). These data thus confirm

BatchtfBthulh (Re Mabledt2)30r $EALAALN afP SO0 NEehbldt kéTerd )6 600V pERt(840 g)
benzenecont aj ni ng conpounds, such as those of Fornula

of corp tgbdetg duringitgblghprofugtionand 3 780 res(798 &} ekcase tablejs dyring coating.
medi ated by nitrite rather than nitrate. The data al so

Table%lzearI :ﬁag:ﬁ Blra ﬁfAtenérllcmg& @bfefs of an acidic

envi ronrrent or e nitration reaction. The enter]

Ingredieptit ed conpositions of the Agrounteet | nvameynypery eduuétae‘i‘ard
prevent access of acidic rre,qd'c@ t o the| patch,

phar macol ogi cal ly active | re ts ai ned
therein. Accordingly, such % P"ﬁ{‘}r §E‘}'¥6B‘§%§hch
capabl e of si gn| ficantl y rneduci ng the pitration

S

1A Teactionm wWich woul o ot en§i;g ocTur. | (Bhgaddi tiorm of
se|l ected antioxidant inhihiti ng agents to an;_muni LA

Mannitoh t he presence of nitrite 2the resul f¥78f Table pPhEur

Celluldé@hﬁ:r@@'ﬁhlﬁﬁéed. The anount [agbi.ant i oxi dasw.4used was| Ph.Eur.

nnnnn u romund 10290 + ¢ 4 P hao an it aof PR A |
Hypro IOICI al | al \OAVERAV ] LU yavj L | L IIC armougt Ul L;UII}JUU 'PhEur
qﬁZ fabl e 2 Inhibition of |nitration of conpound | A

Magne&lmstpmeesence of nitrite by8feans of an$4oxi dant Ph.Eur.

Water, pm‘ﬂegxm Or—agents. The data(@f Tabli e Z pdg OWS a Nundef gur.,
si nnl ficant conclusiond to b i

be draw
Methaceyfia pid iy BT RESIHT P Do 1| SeR T T o] [RG Brov) | PREwr
dlspersioﬂso peaednt cant ni t ratl on ofl the compound | A takes

Talo ptace;—even—when—thenitri e concentt a§3i.7uu S Ph.Eur.
increased up to eight tines WMore

Triethyl citrate 4.7 4.7 Ph.Eur.

Water, purified ** 320 320 Ph.Eur.

* Includes 6% overage due to losses during the production of the core tablets

** Evaporates during the manufacturing process

*** Quantity of dry copolymer within parenthesis

The amount of coating suspension (the last four rows of the table) includes an overage of 11 % due to losses during the

coating process.

3.3 Manufacture

A flow diagram of the manufacturing process of 1A Enteric-coated Tablets is given in
Figure 2. Core tablets with 50 pg and 300 pg 1A were made. The core tablets are a
mixture of a “base granulate” (containing 1A), mannitol, hypromellose and magnesium
stearate. The “base granulate” is made by suspending milled 1A in an aqueous solution of
hypromellose and spraying the dispersion on MCC. Six percent overage of 1A is used due
to losses. After evaporating the water, the dried product is sieved. The powder mixture is
compressed to circular, convex tablets of suitable crushing strength and disintegration

time. Tablet weight is 140 mg and diameter 7 mm.
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inmportantly, it is seen that, under conditions of pH

and nitrite concentration which are found to lead to
w@eooalinngd total conversion of the test conpouPdI/EP2001/602688

nitro reaction product, the presence of BHT (water

i nsol ubl e) or ascorbate (water soluble) leads to an

nt.i al telnhlbltlon th .
The ot ot B S0 R At Plstesit@ler Tt Mgmenss gB rausepe
methabM@c atid-eth 1 QELAQE Eop dlﬁﬁerdﬁNfgrsﬁ&pm&%lthgoqmsylﬁw is¥dded
i I'lustrate that nitrite ( and not nitrate (NGB) is
as a ghidpat {q the polysmsn dispersion: el triathy] ¢itratgifumciions as plbsfwiagad i n
hydr oxyl at ed benzenecont ai ni ng conpounds, such as
those of Formula I (e.g. compound IA). This
i ' y le ree radical
The e B BB B e et ent 1 n
aC| d| fied media. The incorporation of an antioxidant
TableBat o aFmtnpusftxcmnemt&)nt ai ni ng t he hydr oxyI at ed

Ingredféﬁt”lc”c L,UIIL dal 11 Ilg L,UII}JUUIIU I I””FH?IC&IBI] l III S III l 1 all UlT
reaction to a significant extent In addition or

Mannitg)] t er nat i vel y, the protection oFillehe conposition by

MicrocHB@l cBllulodd) enteric coati ng W Iriipy @wRhior A1 &éididpsie

ot t i te f rom r\nm ng i nto-—cont or:f wi—t-h _t hn h\lrlr r\V\Il at nrl

HyproqellpSs o ne- cont ai ni ng conpound and Bindtls pr provi des a potent

Magnesidns agamgy f or stabili si ng t he coipoismd agal nst

Water, Lmug&;;u o, Exanpte3—=An—ent Isb,lvénpdl ed—fornutation—
(‘nrmmmd LA 3 1 Particle si /9 neasurenent s of

Methacc&ﬁtfeﬂﬁwl tepylareepphancael) disrersion | Eptprifgoating PYer unmi | | ed
30 per @@TPOUNd | A contained a large proportion of particles

H L1 ~ff ot
Tale + He content uniformty of a taml!efi. t he conpound | A

Triethybgisatami | | ed. A Ret sch MM 2000 wq&lagisiedt for mlling 2 x

* EvapofateddibihS TRGHR G cAirbhg pbees PNET T CAl parti cie of 100 Tm
dianeter with a density of 1.5 g/cnB has a mass of

3.4 Anglcs)fms of el}terlc coated composition

A suitable approach for assessing the content and impurities etc. of the enteric coated
tablets is as follows. Compound 1A is extracted from the tablets by stirring in sample
solvent. After centrifugation, to remove insoluble particles, the amount of 1A, Individual -
Related Substances and Total Related Substances in the supernatant may be determined
using the instrument conditions described in Table 3.4. The amount of 1A and its related

substances are determined by means of reversed phase chromatography and UV detection.

.28 -



ng - The particle size distribution was nmeasured with
a Malvern MasterSizer 2000, i.e. laser diffraction

W 2wnnigee. The powder sanple is dispersed i n AUEEP2020002688
and water.Unm | |l ed Conpound | A: Measurenents reveal ed
medi an di aneters, d(0.5), of 101 and 103 mm The 90 %
quartiles, d(0.9), were 158 and 159 mm MI | ed

able 0 R SoefH Ghar Tl Bl By B3 R 7

distribution. 3.2 Tablet fornmula The nedicinal product

Methmnrdemms“admmoes circular (dianeter 7mm, convex,

Insmm%v ertc—f n%f&%@ﬁ Lo S oo IMSd‘(}‘l‘élwﬁh')WZ{é#é‘zh%? %v)& &0 q;ho

of conpagund ner el na
conpl et e cqriptgieni ghCofivipmeat wﬁ*c?imeﬁymwm @ﬂé@’tﬁ@'@ct?rs

Colurrfﬂr ovi ded I 1 wadd ﬁtlaét-lsliCl@@i(Qerﬁﬁm}B 5. 17 Conposition

lA—enteric coated et c *l:\lnnnr ates duri ng the

M°b‘1ﬁ*§ﬁﬁanctur| r?d”p/‘fja@é%rgacﬁt’“@fé?maﬁ/ of dry copol yner

Mobile\pHatsiBn  par € m’(OlSe’STrﬁlua'xhﬁettca’rcgleﬁ Awengilé of the core

at c orr%ul a (see Table 3.2)

Sampl% SU?\;eTt S VS M‘o’ﬁ iﬂ_{ﬂ oblllI ha!
Injectipyyolugg ng/té@%ﬁ%ﬂc%%@tshﬂ)/ltld%qoe% Ipagblsss to 6000 pes

cOlunﬁlme,gamor GQ@FE@ tabl ets during tabl et production and

nnc ['OQ a—of-coretablets duri nm coati nm Table

Flowrétez Batch ﬁ&r’ﬁﬂ?’“& of | A enteric coat ed t abl ets *

Detectionavetbegh 6%26¥en age due to | osses during the

Run sREOductTon o e coretabtets

Gradient program Time (min) % A % B
0 80 20
1 80 20
51 10 90
52 80 20
60 80 20
Typical retention times | Compound Retention time (min) Relative retention time
(under stated HPLC (RRT)
conditions 1A 26.4 1.00
. reaction product 1B 34.0 1.29

A dissolution test may be performed as follows. The dissolution test is divided into two
steps: the first step tests the resistance of the enteric coating and the second step tests the
dissolution rate. The coating resistance is tested in 0.1 M hydrochloric acid for 3 h. The
dissolution is tested in 50 mM Sodium phosphate buffer pH 6.8 during 1 h. Withdrawn

samples are centrifuged to remove insoluble particles prior to analysis.

The amount of 1A released from the composition may be determined by means of reversed

phase chromatography and UV detection according to Table 3.5.
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** Evaporates during the manufacturingprocess ***
Quantity of dry copolyner w thin parenthesis The

wW@pwan102od coati ng suspension (the | astfour roRST/BP200TI602688

tabl e) includes an overage of 11 %ue to | osses during
the coating process. 3.3 Manufacture A flow di agram of
the nmanufacturing process of 1A Enteric-coated Tablets

i.s._giv Fi re tablets with 5 and 300
Tabletsid . HELC matid mamedirs ndpiitons i dissphuch Eocht 14
tablets Pase granul ate" (containing |A), manni toI :

hypronel | ose and magnesi um stearate. The "base
granulate" is nmade by suspending mlled 1A in an

Methodiparameters anstsalutiens of hypr omel | ose and spraying the

DissolutlbrSHRE ST ON [OMoldoDissonktest PET cent over age of TA1s used

rhln tol osdges Aft ar avua the—dried

=TT

Do aree, o oY BYEA PTG LOTtie) R B ST GBiPdssed o

Dissolugibrt tthlsetings ot rateabl et s of sui tab H)O&rZUﬁhl ng strength

and di si nt g At L QLN Te Tabtet—wel g T $ - 40y —and
di ameter 7 m%ﬂ‘ﬁ] Core tablets are coated to obtain

gastric redidttaachasketthesisbbofiprpr i s| Hht bgtieous

net hacryT | C aCI CTGI nyl acryl at e C0p0| ymsr dl SperSI On
/l:nrlr nru 1 TAa n

irsgb o i AU S G RU R ST e AL G ne
pl asti ci zer|. eqﬂ'mnﬂmmqqmmn@f wr@dmhrycpﬁmmh@Ué’xctctepprent s is

ColumdT OVI UET 1T wca&smﬂﬁs&acqumlmwﬁ 373 FunctTom of

excipients Fvaporates during

Mobilephasih act ur | rPgoar"/b‘Efé@grosetszﬁav%ses of enteric coated

Mobile@RdIPBSI t 1 ON otbssummbib&et&pmdma&uﬁlmﬂe assessing the

Dlssolu(f"lc’)‘nﬂmeec‘lﬁﬁn af /{cx T g tres—ete—ef—the @ﬁvﬁkd" coated
Buffer stage 50 mM Sodium phosphate buffer pH
6.8
Injection volume Acid stage 100 pL
Buffer stage 100 pL (50 pg 1A tablets), 15 pL (300
ug 1A tablets)
Column temperature 25°C
Flow rate 0.3 mL/min
Detection wavelength 250 nm
Run time 60 min
Gradient program Time (min) % A % B
0 65 35
19 30 70
20 65 35
26 65 35
Typical retention times Compound Retention time (min)
1A 13.2

It was found that the release of compound 1A was undetectable following the dissolution

test in 0.1M HCl. When the dissolution test was repeated in pH 6.8 media, however,

dissolution of the tablets and release of the compound 1A was virtually complete for each

tablet tested.
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tablets is as follows. Conmpound IAis extracted from
the tablets by stirring in sanple solvent. After
w@enrnifegati on, to renove insol uble particl esPCT/ER2007/002688

amount of | A, Individual Rel ated Substances and Tot al

Rel at ed Substances in the supernatant may be
Acco b BEn 855 1. SFARETISIoOn R SEPPYEOROY WeRggyent he active
e P R i TRADE, B an SR e 2ORS R
mediypairathe stienscland ok ptaventsorfsignificAnt phddecstha pdodssbdmof on

test may be perfornmed as. fqllows. Th i ssol ution test
potenfi& g pat o At suh s IR Rietibp oot 5t he

resi stance of the enteric coating and the second step
Examip?Sd:SNithRiod sT2dditidial c6mpBundd & Fopafuldgl esi stance is

tested in 0.1 Mhydrochloric acid for 3 h. The

di ssolution is tested in 50 mM Sodi um phosphat e buffer
mess BB S o B A 6P PRI R0 B0 O L6 e
their [edisdksitioh tb Aitfatibsased from the conposition may be

determ ned by means of reversed phase chromat ography

and UV detection according to Table 3.5. Table 3.5:

HPLC net hod paraneters and sol utions for dissolution

test of A tablets It |was found that the rel ease of
[0“98 A wasoundete 6 owi ngot he di ssol ution
139 i LaMiHOI when di utlonlt est was
" repedted i pH 6.8 nelia, héwever,[ dissofution of the
tabl ets and rel ease of the conpourfd | A was virtually
conplete for each tablet tested. Accordingly, when used
in vivo, |[such enteric coated conpositions wll prevent
: Ve, i ngredi ents bei ng exposed, follow ng ora
wo—dnd ni 2 ignﬁgk@ an acidic nitrite-containing medi um
in thé stoméch Jand thus prevent or significantly
reduce the production of potentially genotoxic
reacti on products of such active ingredients.

It was found that in all cases exposure to solutions of various concentrations of nitrate and

nitrite as in Example 2.4 above resulted in nitration.

Example 5: Clinical testing

Clinically relevant dosages of compound IA were given to human subjects in the form of a
solution in a single dose. Nitrated reaction product was detected in a significant number of

the subjects. When the compound was administered in the form of enteric coated tablets, a

dramatic reduction in nitrated product was observed.
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Exanple 4 : Nitration of additional conpounds of
Formula |I. Tests were carried out on the follow ng
wa@eadwrnieeal conpounds of Fornula | to determ neCT/RRI007/002688
predi sposition to nitration: It was found that in all
cases exposure to solutions of various concentrations
of nitrate and nitrite as in Exanple 2.4 above
resulted in nitration. @Lm 5: Cinical testing
Cinically rel evant dosa-ge?-m§i compound | A were given
to human subjects in the formof a solutionin a
single dose. Nitrated reaction product was detected in
1. aAghgnhideaticdl compltiorofuitable fetudnakbainsinistthion, cbraprising:
conmpound was administered in the formof enteric
coated tablets, a dramatic reduction in nitrated
p@ duct was @ﬁs?fved. AIMS 1. A pharnaceuti cal
c ?rpost?fBHO i dioMUadr oral admini strati on,
conprising: (i) a compound of Formula I : Fornula I
wherein: Zis Hor an alternative group capabl e of
bei ng substituted by NO2 via By nitritebased nitration
reaction; Rigis select egﬁfro hydr 9en, hal ogen,
trifiuoromstﬁﬂ/ ¢ Yo gcarbons or
cycl oal kyl of 3|t car bomp is oxygen (-0O),
sul phur (-S-), banyl (A et byYepe (-CH2-), or
-NH; R2 angd ar¥ theRsane or diAferenfeand are
hydr ogen, haT ogen,zal kyl of 1 to 4

Formula ]
wherein:

Z is H or an alternative group capable of being substituted by NO; via a nitrite-

based nitration reaction;

R, is selected from hydrogen, halogen, trifluoromethyl, or alkyl of 1 to 6 carbons or

cycloalkyl of 3 to 7 carbons;
X is oxygen (-O-), sulphur (-S-), carbonyl (-CO-), methylene (-CH,-), or -NH-;

R; and Rj3 are the same or different and are hydrogen, halogen, alkyl of 1 to 4
carbons or cycloalkyl of 3 to 6 carbons, at least one of R, and Rj; being other than

hydrogen;
R4 is hydrogen or lower alkyl;

A is oxygen (-O-), methylene (-CH;-), -CONR;-, -NRs-, or -NRsCO-;
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carbons or cycloalkyl of 3 to 6 carbons, at |east one
of R2 and R3 being other than hydrogen; R4 is hydrogen
w@eoozovees al kyl ; A is oxygen (-0-), nethyl ene PEIZER20)7/002688
-CONR5-, -NR5-, or -NR5CO-;R5 is Hor |ower alkyl; R6
is carboxylic acid (-CO2H), or an ester thereof, or a
odr here Yis -(CH2)n, where nis 0, 1, 2, 3,
}g%&h @(ﬂél n one or nore of the CH groups nay
optlonally be substituted with halogen, or Y is -C=C,
whi ch may be cis or trans; and R7 is hydrogen, or an
aRkanayoxglic atidy-CE@H)UR, an@step theedof,Praypodrap tHaren fof
bi oconversion to generate the free phenol structure
(wherein R7 = H); or a phar maceuti cal ly acceptable

b b o g %;rﬁe% eép@ i & ngéc?rma &h{ﬂrelna%e p% moye ghthe CH,

group@ﬂia?fdpﬁoﬁélgl b SubsBtutd %Qﬁfﬁﬁﬁigteh 0& V.GEOrAENGyHith Ga8i BB dis or
efein X I's oxygen or - A con‘p05|t| on

trans, and:ordl ng to claim1 or cI a|m2 vvhereln Ais -NH,
-0, -CH2- or -CONR5-. 4. A conposition according to
any precedi ng cI aimwherein R is H iodo or

I g y I
RS R, SRR ASECERMIL o AR o
biocorﬁ»rer@drkty)l generate the free phenol structure (wherein R; = H);
or a pharmaceutically acceptable salt or ester thereof;

(i1) at least one pharmaceutically-acceptable excipient; and

(ii1)  an enteric coating.

2. A composition according to claim 1 wherein X is oxygen or -CHj-.

3. A composition according to claim 1 or claim 2 wherein A is -NH-, -O-, -CH,- or
-CONRs-.

4, A composition according to any preceding claim wherein R is H, iodo or
isopropyl.

5. A composition according to any preceding claim wherein R, and Rj3 are each

independently halogen or alkyl.

6. A composition according to claim 5 wherein R, and R; are each independently ClI,

Br, I or methyl.
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6. A conposition according to claim5 wherein R2 and R
are each independently d, Br, | or nethyl.7. A
w@eopasizeé on according to any precedi ng cl ai m MIEERI0N7/602688
is Hor nmethyl. 8. A conposition according to any
preceding claimwherein Yis -(CH2)n- and nis 1 or 2.

Y R e

according to any preceding claimwherein Zis H 11. A
conposi tion according to claim1 in which conpound (i)

8. 19 cehmeitied abérding®d A6y precalipheltimotsiieirclié YCH,),- and nis 1
acceptable salt or ester thereof. 12. A conposition

or2. according to claim1l in which conmpound (i) isor a
pharmaceutically acceptable salt or ester thereof. 13.
A conposi tion according to claim1l in which conmpound

9. (ia) cdnﬁao@ftmﬂ a@&ﬁ‘ﬁ ng@ uﬁy Fiabddin Q5P hARR 2 INRICESIER; is H.

t her eof osition according to any prece ng

cIa|n1mhere|n an inert coating is provided between
that portion of the conposition containing the

10.  céngsornedition pecaadiag i, anyprcesding daim wheren 2 i9H. 15. A
conposition according to any preceding claimwherein
the enteric coating conprises an acrylate pol yner, a

11. M o¥ﬁ‘1toﬁ a@&lrbﬁ o Blair M iR WhYdhaoi &J&ﬁ ?Y [sY%eRERA from
copol onposi tion accor 0 any
precedlng cIa|n1be|ng in the formof an enteric coated
tabl et and containing the follow ng ingredients:
Manhi t ol , M rocrystalline

HO /U\/U\ HO O O O/\H/OH

ﬁ@ O, 5@@@ A
Eep e NN epoRet

TRIAC DITPA
or a pharmaceutically acceptable salt or ester thereof.

12. A composition according to claim 11 in which compound (i) is

Br

O 0

HO Br N/U\/U\OH
H
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cel l ul ose, Hypronell ose, nagnesium stearate, Water,

Met hacrylic acid-ethyl acrylate copolynmer (1:1), Talc
w@ea7/Tri2ed hyl citrate. 17. A conposition accorBCTgP1007/002688

any preceding claim wherein 5%or |ess of the

conmpound of Formula | is released in at |east one

hour, rele s neasured in a USP apparatus |1
°faPhaﬂﬂwﬁgﬁ@facg?l}@ﬁ%\f“’étﬂrﬁ?fﬁreée % uid or 0.1N HO at 37C

with a stirring rate of 50 revolutions per mnute. 18.
A conposition according to any preceding claim also
13. AGBMbasiNbm gecdfliRglid QXinflNin. vidch Loipstdgi)tis on accor di ng
to claim 18 wherein the antioxidant is selected from
ascorbic acid, fumaric acid, malic acid, propionic
acid, or a salt of any of the said acids,
nnnoth|OonceroI pot assi um net abi sul phite, sodi um
s sodlun1sulph|te sodi um et abi sul phite,
( asgorbyl palmtate, butylated
ya |sQ e butyl at ed hydroxytol uene, ethyl ol eate
and propyl galloate. 20. A conposition according to
either claim 18 or claim 19 wherein the conmpound (i)
and the anti oxi dant are substantially honbgeneously
m xed. 21. A pharmaceutical conposition suitable for
or a phgrmpceatipally aceendehlepalt eroassr therend: (i) a conpound of
Formula | : Formula | wherein: Zis Hor an
alternative group capabl e of being substituted by NO2
Vha, t Lt n
14 ookl SRR 1o A3} piRPdiR St el anSRURopy s
provided bétveemnibatspagtion of the composition containing the compound (i), and the

enteric coating (iii).

15. A composition according to any preceding claim wherein the enteric coating

comprises an acrylate polymer, a methacryate polymer or an acrylate-methacrylate

copolymer.

16. A composition according to any preceding claim being in the form of an enteric
coated tablet and containing the following ingredients: Mannitol, Microcrystalline
cellulose, Hypromellose, magnesium stearate, Water, Methacrylic acid-ethyl acrylate

copolymer (1:1), Talc and Triethyl citrate.

17. A composition according to any preceding claim, wherein 5% or less of the
compound of Formula I is released in at least one hour, when release is measured in a USP
apparatus II in 500ml of simulated gastric fluid or 0.1N HCI at 37°C with a stirring rate of

50 revolutions per minute.

18. A composition according to any preceding claim, also containing an antioxidant.
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cycloal kyl of 3 to 7 carbons; X is oxygen (-0O),
sul phur (-S-), carbonyl (-CO), nethylene (-CH2-), or
wo Nid7/1R22@nd R are the sane or different and aP@I/EP2007/002688
hydr ogen, hal ogen, alkyl of 1 to 4 carbons or
cycloalkyl of 3to 6 carbons at | east one of R and R3

a%kﬁ‘%“ Ill‘(é] %%g‘gag?r & t"ﬁ%f?eéﬂ [ %%'e_&( ?ant 1 [:‘)ted from

ascorb]é\lﬁéd; fubarrcNRRCEhalicRRid, %ré‘b@ﬁw'a@l\ﬂe br @'slﬂy of aftP of the said acids,
car boxylic acid, or an ester thereof, or a pr odr ug

monothiiegl yasfol, potagumq @yisulptiter eod1umsb1$)11pmte sodigm s,mlphlte5sod1um
metabésblfphvwéglaletog HaFo12", g%?bﬁ galml{1 E %1'1%%1%%8 UR drggya,msol C_bdltylated

P EUné gen,
hydroX#ftbRnél@shybeleateandprépydpsllatand R7 is hydrogen, or an
al kanoyl or aroyl group, or other group capable of
bi oconversion to generate the free phenol structure
(wherein R7 = or uticall ccept.abl e
20. s& ?OWSgW@PCQH%éeﬁlth f ‘%maf 3 priaim o8 vherih Gi6 mpound ©
and th@RHtéAilAnt a?etsulb%ﬁtﬁalf#p nRJpRhaRCKUhixe@l | y-acceptable
excl pi ent . osi ton accordlng toclaim21, in
whi ch the conmpound (i) is as specified in any one of
claims 2 to 13. 23. A conposition according to either
21.  cAaphermaceutieal epmpegition smtrgg}v frsorgl adsninistratiom caMPrsAg24.
A conposition according to any one of claims 2 1 to 23
wherein the antioxidant is

(1) a compound of Formula I:

R2
Ry /X R4
Y
R7O Rs R
VA
Formula I
wherein:

Z is H or an alternative group capable of being substituted by NO, via a nitrite-

based nitration reaction;

R, is selected from hydrogen, halogen, trifluoromethyl, or alkyl of 1 to 6 carbons or

cycloalkyl of 3 to 7 carbons;

X is oxygen (-O-), sulphur (-S-), carbonyl (-CO-), methylene (-CH,-), or -NH-;
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substanti ally honogenously m xed with the conpound

(i). 25. A conposition according to any one of clains
wQ@2m7tm2261 wherei n the anti oxi dant i s sel ect edPdT/BP2007/002688

ascorbic acid, fumaric acid, malic acid, propionic

acid, or a salt of any of the said aci ds,

nothl r ol ot |um d
agirest 165 St MR C g R abflcefp oD of 1 to 4
carbon?s BP%?&B&II‘(Q' of 35606 R¥tboRa! Al Ieﬁiteonebé'it RL ain@dR bemg other than
hydr oxyani sol e, butyl ated hydroxyt ol uene, % ol eate

hydrogerd propyl gallate. 26. A conposition accordlng to any
of clains 18 to 25, wherein the antioxidant is present
in an anount of from 0.0001 to 15 mml per dose. 27. A

c It g to any of claims 1 to 26 al so
cgg%ﬁig%#gﬂg§%ﬁ§%%ggglogicalIy active ingredient

sel ected from hypoli pi daem ¢ agents, antidi abetic
agents, antidepressants, bone resorption inhibitors,
appis bk ygeng tPy)s msthalens (LY o rCANRis- alRs| ory-NRy€Id-5s.  28.
A nmet hod of stabilising a pharmaceutical conposition
suitable for oral adm nistration, the pharmaceutica

QN ¢l rising: (i) a compound of Fornula | as
d@gﬁﬁigr.‘wgﬁ ne of clainms 1 to 13 or a

pharnaceutlcally acceptable salt or ester thereof; and
(ii) at least one pharnaceutically-acceptable

e Rg iiptaeixylit hed namtdncdtet drgpeaf sorragprpdroy ittdirend; t he
conposition wth an enteric coating. 29. In a

phar maceuti cal conposition suitable for ora

dgfn Iéé E)ﬁ’t‘lg Vegﬁ{%t {“C s 37 ms 1 glepem 088 THhRed ofShe CH,
groupP My @todall € BE kibstituted with halogen, or Y is -C=C-, which may be cis or

trans; and

R; is hydrogen, or an alkanoyl or aroyl group, or other group capable of

bioconversion to generate the free phenol structure (wherein R; = H);
or a pharmaceutically acceptable salt or ester thereof;

(i1) at least one antioxidant; and

(iii)  at least one pharmaceutically-acceptable excipiént.

22. A composition according to claim 21, in which the compound (i) is as specified in

any one of claims 2 to 13.

23. A composition according to either claim 21 or claim 22 which is a solid

composition.
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acceptable salt or ester thereof, the use of an

enteric coating for reduction or prevention of
wamedoraiizen of said conpound. 30. I n a phar maceurdTEP2007/002688

conposition suitable for oral adm nistration

contai ning a conpound of Forrmula | as defined in any

one of clains 1.10 13 or a pharnaceuti ac ept
2. icompoSisdn drodibRdgrandiane UBiTE 2 ourk vhgeRe appridant i
substaﬁﬁg%dn%e%usw fveatdanthelcon {pbﬁtﬁi ¢pn of said co n‘p ound.
. A conposi tion according to any of claims 1 to 27,

for use in therapy. 32. Use of a conposition accordlng

to any of clainms 1 to 27 in the preparation of a
25.  ndiogmesition pegordingveany Ape of elin 21 g2 whereimthiepgtiaxidant is

selecte%q %gco?bc'§ %glldaﬁ?x?anx@ ac P% %‘il@ %8 ér’gg%\(lﬁ{ e}éﬁf tolr Qalt OF any of the

e end

said dcidsl Qﬂ@ﬁ(hhlbgrylcél@l (Eat)assﬁﬁguh&t&ﬁkugﬁnﬁte, 5331um°\ b‘ﬁiﬂ[blﬁd: oJodium
g;eventlng, inhibiting or treating a dise
sulphifgs s coPRIEd MetebisHekiAG ol Pé?ﬁqﬂy%rphncﬁscefbyl orPARtels; | putylated

e [ ni ne
hydro%??ggégl& fépag 0%(?961&%1% &H¥l : %r{/d rgﬁﬂ gé?z}/latg
adm ni stration of a conposition according to any of
claims 1 to 26 to a subject in need of such
26. pAewmqsﬁwn aashiding iteanproft elaiatsnthto 234 wharatothe aatioxadant is
f.aor. .qr al ni stration,
pﬂmm%Bh%}?g? °?Fﬁ¥ﬂp5@PH8055WEPH%%§L%.ca| conposi ti on
conprising a conmpound of Forrmula | as defined in any
one of clains 1 to 13 or a pharnaceutically acceptable
27.  sAl tcomipogiiber a¢doediegf to azmj/ (af) chirsgcbndo ph@r alsc evdrp@ding a
nI|ox1dan

co QSI i on, conp i ng one
Brailve 2o puirptens st da BidaPise abity pntidiabetic
agents‘} ATRRPFkdBRS b@&“&%rﬁﬁo@ﬁnﬂllﬁﬁﬂ, aPpé&tite suppressants and/or anti-obesity

agents.

28. A method of stabilising a pharmaceutical composition suitable for oral

administration, the pharmaceutical composition comprising:

6] a compound of Formula I as defined in any one of claims 1 to 13 or a

pharmaceutically acceptable salt or ester thereof; and
(i1) at least one pharmaceutically-acceptable excipient;
the method comprising providing the composition with an enteric coating.

29. In a pharmaceutical composition suitable for oral administration containing a
compound of Formula I as defined in any one of claims 1 to 13 or a pharmaceutically
acceptable salt or ester thereof, the use of an enteric coating for reduction or prevention of

nitration of said compound.
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phar maceuti cal | y-accept abl e exci pi ent, and wherein the
first and second pharnmaceutical conpositions may be

waesrnieeer ed si nul taneously, sequentially or PCT/EP2007/002688
separately.

30. In a pharmaceutical composition suitable for oral administration containing a
compound of Formula I as defined in any one of claims 1 to 13 or a pharmaceutically
acceptable salt or ester thereof, the use of an antioxidant for reduction or prevention of

nitration of said compound.

31. A composition according to any of claims 1 to 27, for use in therapy.

32.  Use of a composition according to any of claims 1 to 27 in the preparation of a
medicament for preventing, inhibiting or treating a disease associated with metabolism
dysfunction, or which is dependent on the expression of a triiodothyronine (T3)-regulated

gene.

33. A method of preventing, inhibiting or treating a disease associated with metabolism
dysfunction, or which is dependent on the expression of a triiodothyronine (T3)-regulated
gene, the method involving the administration of a composition according to any of claims 1

to 26 to a subject in need of such prevention, inhibition or treatment.

34. A combination medicament suitable for oral administration, comprising;:

(N a first pharmaceutical composition comprising a compound of Formula I as
defined in any one of claims 1 to 13 or a pharmaceutically acceptable salt or ester thereof;

and

(2) a second pharmaceutical composition comprising at least one antioxidant,

wherein each of the first and second pharmaceutical compositions contains at least one
pharmaceutically-acceptable excipient, and wherein the first and second pharmaceutical

compositions may be administered simultaneously, sequentially or separately.
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