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DILIA RODRIGUEZ D° ALEMAN, en mi condicién de apoderada de la sociedad
solicitante, por el presente escrito doy respuesta a su auto notificado por estado de 26
de enero de 2006 y vence 24 de abril de 2006 y me permito presentar las siguientes
aclaraciones:

Como respuesta a las objeciones realizadas en la accion oficial, que objeta la claridad
de invencién y cuestiona la patentabilidad del objeto reivindicado por no ser
considerado una invencién y por resultar carente de novedad y nivel inentivo, el
solicitante presenta nuevo capitulo reivindicatorio, que reemplaza el original que obra
. en la solicitud, y fue redactado para remediar las observaciones efectuadas por ese
Despacho.
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El nuevo capitulo reivindicatorio se ajusta a las disposiciones del articulo 34, toda vez
que las modificaciones efectuadas solo precisan y clarifican el objeto de la invencion.

Asi las cosas, en el nuevo capitulo reivindicatorio limita la invencién a las nuevas
composiciones derivadas de acido (-) 3-trihalometilfenoxi 4-halofeil) acéticos que
comprende especificamente (-) 2-acetamidoetil 4-clorofenil-(3-trifluorometilfenoxi)
acetato, un agente anti-diabetes; y un vehiculo farmacéuticamente aéeptab!e.

Claridad

En orden de ajustar el titulo a la modificacién realizada en las reivindicacion el
solicitante ha decidido eliminar la parte que hace referencia al método, siendo el nuevo
“titulo “COMPOSICIONES DERIVADAS DE ACIDO (-} 3-TRIHALOMETILFENOXI 4-

HALDFENILL £ENTO
HALOFEIL) ACETICO j\’iRA EL TRATAMIETNO DE LA RESISTENCIA A LA

INSULINA, DIABETES TIPO 2 E HIPERLIPIDEMIA‘A;) ‘—-
> J0D e
Las nuevas reivindicaciones se fundamentan en el dltimo parrafo del resumen de la

invencion (pagina 9) y en las paginas 38 y 39 cubiertas bajo el subtitulo “Terapia de
combinacion con agentes activos adicionales”, donde especificamente se hace

mencién a las combinaciones desarrolladas por el solicitante para la modulacién de la
diabetes.

Como ese despacho puede apreciar se han eliminado todos los términos que ustedes
habian considerados que no eran claros y en la actualidad las composiciones
farmacéuticas se encuentran perfectamente delimitadas.

ES UNA INVENCION
_ ‘-

i 1

En relacién con el cuestionamiento que ese despacho realiz a las reivindicaciones 1 a
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42 y 48 por considerar que su objeto era un método de tratamiento terapéutico y como
tal no es materia patentable a la luz del articulo 20, informamos que el solicitante ha
eliminado las reivindicaciones dirigida al metodo, delimitando el alcance de la invencién

a las composiciones farmacéuticas.
Evaluacion de la Novedad y el Nivel inventivo.

En primer Jugar el solicitante adjunta el articulo, Miners et al., J. Clin. Pharmacol. 45:
525-538 (1998) (ANEXAMOS COPIA), como se puede notar en el titulo de dicho
articulo el citocromo P450 2C9 es una enzima mayor involucrada en el metabolismo de
muchos medicamentos.

Ese despacho puede constatar en la figura 1 de la solicitud, una ventaja lograda con la
composicién que ahora se reivindica, donde la presencia del esteroisomero {-) mejora
el % de control de fa actividad de CYP2C9. Consistente con dicha figura, el ICsy para la
inhibicién del citocromo P450 2C9 varia con el isémero 6ptico {ver también ejemplo 7
de la descripcion). Para el esteroisomero (+), el ICso fue de 0.22 micromolar. Para el

racemato (mezcla del esteroisémero (+) y el esteroisomero (-)) el ICs_fue de 0.45

micromolar y para el esteroisomero (-), el ICs fue 3.6 micromolar (aproximag?amente 16__

veces.mas_grande_que el del_esteroisémero_(+) y 8 veces mési_;rggy;g[ '‘que el del
racemato). Teniendo en cuenta estos resultados, es posible afirmar que la diferencia
de 16 veces en la habilidad de los isdmeros para inhibir el citocromo P450 2C9 es un
resuitado sorprendente que de ninguna manera habia sido anticipado en el estado de
la técnica.

En las paginas 4 a 7 de la descripcion se discuten los problemas de la interaccién
medicamento-medicamento entre halofenatos racémicos y agentes metabolizados por
del citocromo P450 2C9. Como se establecié en la pagina 7, la presente invencion
supera todas las necesidades que alli se exporie.n, suministrando una alternativa donde
el perfil del efecto adverso ha sido minorizado. Asi las cosas, la figura 1 de la
descripcion muestra un efecto inhibitorio sustancialmente reducido de tal composicion
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sobre el metabolismo de tolbutamina por del citocromo P450 2C9.

Ademas, en las paginas 30 a 32 se exponen los beneficios de administrar tales
composiciones con el fin de reducir los efectos laterales para cada una de las
condiciones a tratar. Particularmente, como se menciona en la pagina 32 el
esteroisdmero (-) tienqn/importante beneficios sobre el esteroisémero (+) con respecto
a importantes efectos colaterales gastrointestinales (ejempio, Ulceras y sangrado
intestinal).

Con respecto a las reivindicaciones sustitutas, el esteroisébmero (-) es un inhibidor de
citocromo P450 2C9 mucho més suave que el esteroisdmero (+ o el racemato). Por
consiguiente, el primer agente de la composicion es particularmente apropiado para
combinaciones farmacéuticas en la medida en que serd menos probable que dicho
primer agente altere el metabolismo del segundo agente de la combinacion
farmacéutica o adn de otros agentes administrados separadamente.

Retomando ahora el estado del arte citado por ese despacho, la patente US3.517.050
(D1 en adelante) y FR1476525 se refieren a métodos de tratamiento de la
hiperlipidemia. Estas referencias no divulgan ni sugieren composiciones farmacéuticas
que comprenden agentes anti-diabéticos, ni tampoco evidencia las diferencias notorias
que existen con relacion a la inhibicidon del citocromo P450 2C9, entre los dos isémeros
del compuesto que en ellas se revela. Por tanto, estas dds referencias no permiten
establecer que la combinacion farmacéutica que ahora se reivindica no sea novedosa o

no sea inventiva.

Sea esta la oportunidad para manifestar que ain cuando en un estudio preliminar el
reporte internacional de busqueda cité algunas referencias como informacién que
anticipaba o negaba el nivel inventivo de la totalidad de las reivindicaciones, el reporte
de examen preliminar y la opinién escrita realizados considerando cada una de las
citadas referencias, concluyeron que la materia reivindicada era novedosa y envolvia
actividad inventiva.
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Con respecto a la novedad, el citado estado de la técnica no revela el empleo para el
tratamiento de diabetes de esteteroisomeros (-) de féormula | que estan sustancialmente
libres de sus correspondientes esteroisomeros (+). Consecuente con lo expuesto,
dichas anterioridades no divulgan la existencia de composiciones farmacéuticas donde
el componente fuera esteteroisdmeros (-) de férmula | libres de sus correspondientes
esteroisbmeros (+). Es mas, la opinion escrita establece en el numeral 4.2,

"El objeto de las reivindicaciones 1-32 parece ser nuevo. El estado de la técnica no
divulga el uso del esteroisémero (-) de los compuestos férmula | o Il especificamente (-)
2-acetamidoetil 4-clorofenil-(3-trifluorometilfenoxi) acetato, para el tratamiento de la
diabetes o la regulacion de la resistencia a insulina.

Siendo de esta manera, la opinion escrita describe precisamente una caracteristica

distintiva entre el estado del arte citado y las reivindicaciones enmendadas, toda vez
que si el estado del arte no consideraba el uso especificamente de (-) 2-acetamidoetil
4-clorofenil-(3-trifluorometilfenoxi) acetato para el tratamiento de la diabetes o la
regulacion de la resistencia a insulina, tampoco ensefiaba una composicién
farmacéutica que comprendiera e);clusivamente el estercisémero (-) 2-acetamidoetil 4-
clorofenil-(3-trifluorometilfenoxi) acetato y menos aun predecia, la combinacién de
dicho esteroisbmero con compuestos anti-diabéticos.

Con relacién al nivel inventivo, el citado estado del arte no revela ni sugiere el uso de
esteroisbmeros (-) que estén sustancialmente libres de sus correspondientes
esteroisbmeros (+) para el tratamiento de diabetes tipo 2. Teniendo presente este
hecho, ninguna de las referencias citadas revela ni sugiere la elaboracién de una
composicidon de esteroisbmeros (-) que estén sustancialmente libres de sus
correspondientes esteroisomeros (+) para el tratamiento de diabetes tipo 2 o la
resistencia a insulina. Es mas, ninguna de las referencias citadas pone en evidencia
alguna ventaja del esteroisémero (-) sobre el esteroisémero (+).
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Las sorprendentes, inesperadas e importantes ventajas logradas al incluir en una
composicion famaceéutica esteroisomeros (-) sustancialmente libre de sus
correspondiente esteroisémero (+) con respecto a la reduccion de la inhibicion del
citocromo P4502C9 soportan la novedad y el nivel inventivo de las composiciones que
comprenden dichos esteroisdbmeros (-) con una segundo compuesto
farmacéuticamente activo, y mas adn, cuando, particularmente, el segundo compuesto
es un agente util en el tratamiento de la diabetes.

Dado que en el estado de la técnica no existia la revelacién de la combinacion (-) 2-
acetamidoetil 4-c|orofeniI-(3-triﬂuororpptilfenoxi) acetato con agentes anti-diabéticos, y
teniendo en cuenta que no hablan ninguna ensefianza que llevara a suponer que justo,
la inclusion de esteroisbmeros '(-) sin su correspondiente (+) reduciria los efectos
negativos qué se presentaban cuando %e mezclaba el racemato con otros
medicamentos, incluso eliminando el efectos laterales indeseables, es posible afirmar
que la composicion reivindicada en la presente solicitud tiene altura inventiva.

Por lo tanto, se solicita respetuosamente a la Oficina de Patentes Colombiana retirar
todas las objeciones.

Agradezco continuar con el presente tramite.

Sefior Jefe

w{ . ~

‘DILIA RODRIGUEZ D"ALEMAN

MRO/SR /
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Cytochrome P4502C9: an enzyme of malor Imporlance In.
human drug metabolism

)olmo. Miners & Donald . Birkett :
anmqu@nhlﬂnw Rindes Medical Centre and Rindert Univertity Sceso! of Miedicine, WM&AMZ Astrtralia

Accumulating evidence indicates that CYP2C? ranks amongst the most important

. drug metabolizing enzymes in humans. Substrates for CYP2C9 include fucxetine,
losartan, phenytoin, tolbutamide, tomsemide, S-warfarin, and numerous NSAID:,
CYP2C9 activity in vive is inducible by rifampicin. Evidence mggests that CYF2C9
substrates may also be induced varisbly by carbamatepine, ethanol and phenobarbi-
tone. Apart from the mutual competitive inhibition which may occur between
- alternate substrates, numerous other drugs have been shown to inhibit CYP2CY
activity in vivo and/or in vitw. Clinically significant inhibition may occur with
coadministration of amiodaronc, fluconaole, phenylbutazone, sulphinpyrazone,
sulphaphenazole and certain other lulphomm'dea. Polymorphisms in the coding
region of the CYP2C¥ gene produce vatiants at amino acid residuey 144 (Argl44Cys)
and 359 (lle359Len) of the CYP2C? protein. Individuals homoxygous for Leu359
have markedly diminithed .metsbolic capacities for most CYP2C9 subutrates,
although the frequency of this allele is relatively low. Consistent with the modulation
of enzyme activity by genetic and other factors, wide interindividual varishility
occun in the climination snd/or dosage requirements of prototypic CYP2C9
substrates. Individualisation of dose is ewential for thate CYP2C9 substrates with a
narrow therapeutic index.

Keywonls: CYP2C9, ‘cytochrome PASD, drug intemctions, drug m:hbohm. plnr-

manngeneua

Introduction

Cytochrame P450 (CYP) compuises 3 wpecfmily of
bacmoproteim which function as the terminal oxidase of the
mixed fimction oxidase systern. At Jeast 481 CYP genes and
22 psendogenes are known to exist .acios all spedies [1).

These CYP genes are clanified inwo fmilies (designated by

an Arabic numeral) and subfamiljes (designated by a letter)
weonding to the amino acid ideatity of the encoded proteins.
Of the thirty-five known buman CYP genes, cumently
clanified in fimilia 1,2,3,4,5,7,8,11,17,19,21,24,27 and S1

[1], cnly the cighteen forms comprising families 1~3 appear .
m ubueentially

contribute to’ the menbolism of drugs and
mn—d:ugmbmuu[z-ﬂ The remainder are of importance’

_ in the motebolism and/or biosynthesis of endogenous

eompounds'sach as bile aclds, biogenic smines, dcosanoids,
farty acids, phytoalexing, retinoids and steroids [1].
Xenchiotdc metaboliing CYP bsoforms typically exhibic
chamcteristic, but occasiondlly ovedapping, patterns of
substrate specificities and jinhibitor profiles [2, 3]
Accordingly, the pheaotype of an individual with respect to
soform content at any given tme may infBuence the
metabolic cdearances of drugs eliminated by CYP catalysed
biotransformation; Numerous factors are known to affect
CYP hwoform activity and, being the products of discrete
genes, regulation of expression diffens from one isoform w

" Comeprundence: Profamor J. O, Miars, Departact of Clinal Prarmarelegn

Finders Madical Cantre, Bodford Park, SA 5042, Ausealhy,

another. BEnvironmentl, genetic and physiclogical influences
not uncommenly lead o wide interindividual varizhility in
the phaxmacokinetics and hence response of drugs metab-
‘olised predominanty by CYP [2-5]. Thus, characterisation
of the substraze specificities of individual CYP isoformu and
sn undentanding of their regulation iy ‘eucatial for the
prediction of likely altemtions in drug membolic clearsnce
in defined population groups [6, 7].
lnmymthmhnbmmnwedmpmof
the importance of CYP2CY in diug metabolism, Here we
describe features of CYPZCY of importance to the clinical

pharmacology of drugs metsbolised by thin enxyme.

Structure of CYPIC?

CYP2C9 is one of four known memben of the buman
CYP2C subfunily, slthough genomic analysis suggests the
possible exstence of three sdditional CYP2C enzymes [B).
Other known members of the human CYP2C subfamily
include CYP2CS8, CYP2CI8 and CYP2C19. (While
CYP2C10 was originally also considered a discrete isoform,
this enzyme is now thought to be a veriant: of CYP2C9 [1,
9]) Cytochromes P450 2C8, 2C9, 2C18 snd 2C19 share
>82% amino acid identicy [9]. Despite the high level of
sequence similasity, the human CYF2C Ioformw exhibit
relatively littlo averlep of substrate specificivy [2, 9]. -
CYP2C9 protein has been purified from human biver [10,
11] and & number of varant CYP2C9 cDNAs have been
isolated [8, 9, 12-17). The deduced amino acid sequences of

525
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the CYP2C9 varans differ st only o Sew residues the
Aignificance of the existence of alldic variants on CYP2C9
activity is discused under ‘Pharmacogenetics’. The CYP2CY
¢DNAs encode proteins of 490 amine acids which all have 2
calculated ‘molecular mass of 556 KDa. Six substrate
recogpition sites (SRSs) have been idéatified for CYP2C9 and
other CYP2 gene Gmily protelns based on sequence aligpment
with CYP101 (a bacterial enzyme for which X-may cymallo-
graphic dan are gvailable) and analysis of mutstions which alter
substrate specificity [18). These SRSy, which show more non-
substitntions than other regions of the protein,
pan pesidues 96117, 198205, 233-240, 286304, 359369
and 470477 of the CYP2C9 protein. From studies with
chimeric proteins and site~directed mutagenesis it is apparent
that the ‘ability of CYPZCS and closely related isoforms to
metabolise 2 particubir substrate or group of compounds may
be defined by a few critical retidnes or even s ringle amino
acid within an SRS. For sample, the e359Leu substinuion
in SRS5 of CYP2C9 markedly decreases the hydroxylation of
tofbutamide and phenytoin [15) but nor that of diclofenac
[19}. Sitilarly, the Phel14Leu substitntion (in SRS1) decreates
CYP2C9-lke warfutin hydroxylation and inhibition by sulph-
aphenazole without sffecting diclofenac Iypdroxylation [20].
Using amino acid sequence alignment data and the crystal
seructure of the bacterial enzyme CYP101, a preliminary
three dimerdional model of CYP2CY has been constructed
[21). Although potential substrate recognition sites distal ‘o
the porphyrin were identified, the regolution of the
homology modd was comsidered o be low and of Linde
value in the prediction of substrate binding, Pharmacophore
models of the CYP2C9 active site based on the structures
of known substrates and inhibitors (up to 1995) have ako
been developed using molecolar modelling approaches
[22-24]. Mast, but not ull, known drug substrates for
CYPZC!mwukaudlmthpKavﬂuumﬁemge
38-8.1 apd an electrostatic interaction - arhing from an
electionegative group oa the' substrate and an dectropasitive
group on the enzyme appean to be of major impartance'in
determining the sffinity of these compounds. Whether
binding occurs viz the charged rubstrate or due to hydrogen
bonding with the protonated form is yet to be established
ugequivocally. An ‘sctive site model predicted from three-
dimensional quantitative structure-activity relationsbips for
a seris of coumarin and non-coumarlr inhibiton of
CYP2CY commprised the | helix, a phenyl (hydrophobic)
- binding site that centres the oxidation site of the substrate
over the active cxygen species, the porphyrin, and at least
one cationic binding site [24]. Interestingly, dibenzofs,b]-
snthracene and benro[ajpyrene have been identified recenty
a3 CYP2CY substrares [25, 26). Unliko most drag substrates
" for CYP2CY, these neutml, highly hydrophobic compounds
do hot posséss’ an scdiic fimctional group (or indeed any

finctional group) and this s consistent with the notion that

different SRS« (and their individual smino acids) within any
CYP isoform varishly contribute -to the recognition and
binding of discrete clases of substrates,

Drug substrates for CYP2C9
In recent years'a variety of approaches have been developed
for the identification of the human CYP isoforny involved

457 %

in the hepatic metabolism of sny given dmg in vitw (6, 7).
These include: (i) investigation of correlations between the
nbuofmbu&mofﬁedmgandmnmnm
isoform contents or prototypic seform-specific activities in
apmel'ofhununhvummonm.(u)wmpnmnofﬂu
kinetics of metabolitm of the drug by human live
microsomes ind cDNA~expremed or purified isoforms; {idl)
competitive inhibition of the mewmbolism of isoform specific
substrates by the drug, uting both humsn liver microsomes
and expremed isoforms, and; (iv) characteriation of the
effects of known lioform specific xencbiotic or antibody
inhibitors on the meabolism of the drug by human Bver
microsomes. Although all spproaches have been usefidl in
linking substrates to CYP2C9, there is litde doubt dhat
application of the inhibitor sulphaphenascle ha provided
the most useful single tool in defining CYP2CY-drug

e

bstrate specificity, It hag been demonstrted that sulph- |

aphemasole it both a specific and potent (apparent
Km0.1-0.2 pm) inhibitor of human liver miqosomal
CYP2C9 [27--31). Purthermore, coadministration of sulph-
aphepazole and tolbutamide (2 prototypic CYPZCY substrate,
see below) results in almost cotal abolition of the metabolic
deaance component tolbutsmide elimination in o
[32-34). Thuw, the extent of miphdphenaenle inhibition of

a CYP catlysed reaction provides a mesmure of the

contribution of CYP2CY to that metabalic pathway.
Structires of selected known CYP2C9 drug substratey
and sites of oxidation ere shown in Figure 1. Akhough these

‘compounds appear structusally divense, many shate 2 number

of features. As noted earlier, most, but not ofl, CYP2C9
substrstes are wezk acids with the anionic site being 7 A
from the carbon oxidised [22, 23). Evidence supporting the
involvement of CYP2CY in the metabolism of prototypic
substrates aod other drugs is summarised below, Since several
of the drugs (notably phenytoin, S~warfarin and tolbutamide)
metabolised by CYP2C9 have narrow thempentic indices,
the.activity of this enzyme becomes an imporeant determi-
nant of both the clearance and resporse -(thempeutic and
taxic) of such drugs in en individual,

Tolbutamide

In bumans tolbutamide is metsbolised slmost exclsively
slong 2 sngle pathway. Methylhydroxyltion to form
hydroxytolbutamide is the initial and rate-limiting step;
subsequent axidation of hydroxytolbutamide by slcohol and

llduhydedehydmgmuupmdncumbmmlbuhmde[ﬁ.
36). Ovenll, chis. pathway eccounts for up to 85% of

mlbumd:dmnnemhum [32, 35). Bvidence that

CYP2CY is enentislly solely respomsible for solbutamide
hydroxylstion is overwhelming and volbutamide s aceepted

vﬂddyalpmtyplcmhmuﬁ:r&emmlofhplﬂc
CYP2C9 scrivity, both i wiw and s wivo [30].

Human hepatic twolbutanids hytllvxyhnnndnmvh
almost sbolished by sulphaphenasnle [27, 28]
and the tolbutamide hydroxylase activity of human Hver

microsomes is iohibited competitively by other CYPICY -

substeates, with closcly manching apparent K] and K, values
[37, 34]. cDNA-expressed CYP2C9 catalyses the hydroxyl-
ation of tolbuamide wod, importantly, apparent K, values
for the recombinant enxryme fll within the range observed

© 1998 Blackowall Sclance Lud &) Cie Miamuncel, 48, 529038~
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mﬂ:hummlmrmund the profile of sulphaphena-
role inhibition is similar for both enxyme sources (Figure 2)

(15, 29]. Although recombinsat CYP2CB and CYP2C18-

additionally krydroxylate tolbutamide, affinities are consider-
sbly lower than those obsexved for CYP2C9 [15, 39, 40).
There is slio strong evidence supporting the Involvement
of CYP2C9 in tolbutamide hydroxylation /n  ww.
Pretreatment of subjects with suphaphenseole decresses the
plasma dearance of tolbusamide by 80% [32-34). Given the

© 1918 Rigrlowell Scianca Ltd Br § G Phamocd), 45, 525534

capacity of CYP2C9 to metsbolise tolbutzmide and the
structurally similar corgpound torasemide (see latet), it in
possble - that this coryme may also contribute to the
dlimination of other chemically-related finst- and second-
geoeration oml hypoglycaemic agents.

Phenytoin '

The majoc pathorey of pheaytoin messbolin s  -hydemci-
ation o form 5-{4 p-hydroxyphenyl)-5-phenylbydantein

527
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Figure 2 Sulphaphenaxole inhibition of phenytoin and
talbuemide hydroxylation in human biver microsomes (HLM)
and COS cclls raufected with a CYPZCH (wild rype) cDNAL
O-—10 phenaytoin, HLM; l—MN phenytoin, CYP2C9;
&——A wihutamide, CYP2C; A—aA tobutamide, HUM. The
concentrations of phenytoin apd tolbutamide were 150 e and
1000 pp, respectively. Dats from references 15 and 30.

(HPPH), which accounts for 2s80% of phenytoin elimin-
ation [41]. Like tolbutamnide, phenytoin. plama clearance is
Inown to be diminithed markedly by smlphaphenarole
coadministration [42], indicating likely involvement of
CYF2C9 in HPPH formation. Bviderice chat CYP2C9 is
indeed responsible for the convemion of phenytoin to
HPPH wa provided by investigations in vitro and in wive,
Human liver microtomal HPPH formation‘ was almosc
sholished by sulphaphenagole (Figure2) and inhibited
competitively by tobutamide, and Michaelis constants for
HPPH formation by human liver microsomes and recombi-
nmot CYPZCY were timilay it -value [15, 37). Moreover,
rts of HPPH formation correlaced highly with rates
of tohutamide methylhydroxylation and S-warfuin 7-
hydroxylation (see below) in microsomes from panels of
buman Evers [37, 43], and plasma unbound clearances of
phenytoin and tolbutamide were coregulated in 18 healthy
subjects [44]. As is the case with colbutamide, these data
mﬁmedutcwzcncumyuuw-lmungmphmywm
metsbolic clesrance. .

S-Warfarin
Approximately 80 to 85% of the more potent (S)-enantiomer
of warfasin is eliminated by CYP canalysed biotransformation
0 6- and 7-hydroxy (8)-warfarin, which form In vilw in
about 2 1:3 mtic {45). Tha, the ectivity of the isoform
rexponsibie for the formation of these metabolites regulates
the steady-state plarmae concentration of (S)-warfirin and
therefore becomes a critical factor in anticoagulant response
lthmuwpuddntmmhﬁeuﬂynﬁnms-
. und 7-hydroxylation of (S)-wadarin at thempeutically rel-
evant substrate concentrations [43, 45, 47]. In particular,
sulphaphemazole and tolbutamide are selective inhibitbes of
these pathways in human liver microsomes and recombinant
" CYP2CY (but not other isoformu) displays the ume
sterecselectivity, regloselnctivity and kinetic charactesistics
suocisted with human bepatic (S)-warfarn 6 and
7-tydroxylation [46, 47]. Drug-drug intersctions involving
- dltered menbolism of (S)-watfurin, phenytoin and tolbuta-

.l
%

mide show broad similarities (see later), consistent with the
mvdmmofawmnnhoﬁmmtheneubnhc
clearance of all three drygs.

Non-steroidal anti-inflammatory drggs (NSAIDs)

‘There b increasing ovidence that CYP2C9 is important in
the oxidative metabolism of acetic acid, propionic acid,
fenemate and oxicam NSAIDs. Sulphaphenagole and/or
tolbutamide inhibition along with kinetic studies utillsing
recambinant CYP2C9 indicate that this isoform b probably
solely respowsible for the human hepatic 4 —bydroxylation
of R- and S-ftuchiprofén and ir the major contributor to
the 2- and 3-hydroxylations of R~ and S-ibuprofen [22, 48,
49), the dominant metabolic pathways fir each of thee
drugs. Similar approaches have demonstrated that CYP2C9
is involved in the O-demethylation of S-naproxen and
hydroxylation of the thiophent ring of suprofen [22, 50,
51), but these pathways of secondary importance o acyl
glucwronide foroation [52]. CYPIAZ was slio found to
contdbute o $-naproxen O-demethylation [50, 51), almost
to thé same extent 23 CYP2CY. This contriss to the
apparent lack of involvement of CYP1A2 in the human
liver microsomal 2- and 3-hydroxylations of ibuprofen snd
4' —hydroxyltion of flusbiprofen. Is wvitw studies have
similxly linked CYP2C9 w the 4 -hydroxylstdom of
aceclofenac and  diclofenac, the 5° —hydroxylations of
and the 3-hydroxylation of mefenamic acid {53-57), the
major metabolic pathways for each of these drups.

Torasemide

Torasemide is a loop diuretic structurally related o tolbuea-
mide (Figure 1). Like tolbutamide, tolyl hydraxylation and
subsequent oxidation to form a carboxylic acid is the myjor
climination pathway of tomemide és ¢in and in. st {38,
58]. A combination of in Win procedures, including
sulphaphenazole inhibition, was, employed to demonstte
thet CYP2C? was almost solely responsible for human ver -
microjomal torasemide tolyl medrylhydroxylation and hence
activity of this engyme would be expected to be rate-
Kimiting in tortemide elimination [38]. Given the higher
turnover of torasemide compared with tolbutemide and
(S)-wrarfaxin, tomsemide tepresents a wseful substrate probe
for the asesunent of CYP2CY activity in vitw. Kinetic and
inhibitor studiés with buman liver microsomes and cDNA
expressed lLioforms also showed that the major membolic
puthway (vizx S-hydroxylation) of another diuretic (and
uricosuric agent), tienilic acld, was catalysed predominanty
by CYP2C9 [22, 59]. Furthermore, CYP2C? conver
tienilic itld to" & Feactive ipecies which slkylites CYPICS
itself and this i the basis of the autoinmmune bepatith
observed in same patients adminirtered this drag [59, 601
Recent studies have mapped the autosntibody binding sives
to amino scids 314322, 345356 and 439455 of CYP2C9
{61], which ate distince to the retidues involved in mbstrate
recognidon snd binding (seo previows section).

Other drug substrates of CYP2C9 identified using in wre
epproaches incdude wmimiptyline, fiuoxetine, sertrodat,
losartan, A9-terahydrocanmabinel (A9-THC) and 2-(4-t-
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butylcydlohexyl)-3-bydroxy-1,4-naphthoquinone  (code-
mmed 58C80). Applicstion of human liver microsomal
kinetic and inhibitor approaches snd the we of heterolog-
‘owaly expreited CYP isoforms dernonstrated that, at then-
peutically relevant plwma concentrations, CYP2CY,
CYP2D6 nd an unidentified enzyme (which was aot CYP
1A2, 2C19 or 3A4) varisbly contdbute w the N-
demethylation of amitriptyline to form nortriptyline [62).
Mjcrosomul inhibition swdies have similady inplicated
CP2C9, wpether with CYP3A4, in the N-demethylation
of uoxetine [63]. Sulphaphenazole inhibited norfluoxetine
formation in vitro by more than 50%, suggesting an important
role for CYP2C9 in this pathway.

The CYP catalysed metabolism of the anglotensin II
Teceptor antagonist Josartan is somnewhat unusual; the primary
alcohd! side-chain attached to the imidsrole ring (tee
Figure 1} i1 oxidised vid an intermediste aldehyde to produce
the pharmaenlogically active carboxylic acid metsbolite j64].
CYP2C9 has been implicated in the oxidation of Josartan
itef and in the oxidation cf the aldehyde produced in the
two step reaction iequence. However, companative inhi-
bition experiments with sulphaphenazole, gestodene and
ketoconzrole demonstrated that CYPIA4 may abo pandy
contribure to both reactions, especially cxidation of the
intermediare aldehyde [64]. Microsomal kinetic and inhi-
bition studies and the we of cDNA-expressed enzymes ha
aublithed 2 dgnifiont role for CYP2C9 in the
S-hydroxylation of seratrodast, o newly developed throm-
boxane A, inhibitor [65). Kinctic expmiments further
demonstrated that seratrodast had the capacity to inhibit the
model CYP2C? substrate wlbntamide at clisically relevent
concentrations. Immunoinkibition, isoform content come-
Ltions and catalysis by purified enryme indicate chat
CYP2C$ is probably responsible for human liver microsomal
A9-THC 11-hydroxylation [68], l:l:e ma_|or metabalic
pashway for A9-THC in humans. Similar techniques were
wed w0 investigate the involvement of CYF2CY in the
_ hydroxyladon of 58C80, an experimental antirnalarial

compound. Although S8CB0 wnt metsbolised by a

9-like protein and iohibited by an snti-CYF2C9
antibody, the correlation berween S8CB0 hydroxylation and
wibutamide bydroxylation sctivities in microsomes fiom 22
bomen livers was poor mggating that CYPZC9 may nat be
the sole isoform involved in 58C80 hydroxylstion [67, 68].

Factors affecting CYPACY activity

Whiaﬁm .

The promoter region of the CYP2C? gene contains o 15bp
_sequence which has high homology to a consennu sequence
. for barbitarnate-induction in CYP102, CYPZB1 and CYF2R2
[¥). There is direct evidence that phencbarbitone upregulates

isoforms of the CYP2C wubfumily in non-human primates .

* [69], and the reuls of drug interaction studies in vivo
nndlldyluuutlhtphmbuume. and possibly other

, may induce CYP2C9 activity in humans, atbelt
lnnomhunﬂy Administration of phenobatbitone to patent
on long teon warfarin therapy decremed steady-state plama
warfirin concentration and diminished anticoagulant effect
[70). suggestive of induction of S-warfrin metsbolimm,
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Studles of the cffect of therapeutic doses of pheaobubitone
on phenytoin kinetics have produccd conflicting revula
[71]. Patients stabilised on phenytoin show a decrease, no
change and even occasionally a slight increme in plama
phenytoin comonAmriewoflhellme[’ll]
suggested that in most instances phenobarbritone coadminis-
tations is likely at best o produce clinically inignificant
changes in the pluams concentration of phenytoin. It has,
bowever, been reported [72] that high dote pentobarbitone -
therapy (in patients with cerebral lesions) reduces phenytoin
AUC (unbound) by more than 70%. Similar to phenytoin,
phenobarbitone trestment sppean o have only 2 modest
effect on lowartan dearance. Sub-acute administration of -
phencharbitone reduced mean lodartan AUC by about 20%
{73], but whether this reflects induction of CYP2C9 or
CYP3A4, both of which cantribute to losartan biotransform-
ation, i unclear.

Like phenobatbitone, mva'npuonl of the effects of
carbamazepine on phenytoin elimination have produced
conflicting results [74]. Although carbamavepine has been

- reported to incresss steady-state plasma phenytoin concen-

tration in some studies, most have demonstrated a trend
thempy. In most inptances this has been sttributed to
induction of HPPH formation. The clearances of pheaytoin,
tolbutamide and warfazin, but mot aminopyzine, have -all
been reported to increme in bospitalised alcoholic subjects
in the petiod following ethanol withdowal {75-77].
Nowutly, twsibutmide desance was apparently more than
two-fold greater in slcoholic subjects compared with a
contxdl group [75]. Interestingly, once tolbutamide clesrance
had returned to normal in alcoholic mbjects following
prolonged withdrawal, the higher desrsnce was difficult to
reproduce with pure ethanol. Whether the higher plama
clearance of rolbatamide and other CYP2CY substrates is
due @ induction by ethanol inelf, congenom in alopholic
beversges, or aother diemry and Efestyle fctor amocieted
Unlike catbamarepine and phenobarbitone, treatment
with rifampicin has been shown consistently to increwe the
clearances of drugs eliminated by CYP2CS. The clearances
of lossrtan, phenytoin, tolbutamide and S-warfarin approxi-
mately double in healthy volunteen or patients weated with

" 450-1200 mg of dfumpicin dafly [78-81). The magnitude

of CYP2C9 isiduction, and that of 2 number of othet CYP
isofopms, due to dfampicin is clealy sufficlent to give rige
to clinically significant interactions with CYP2CS substrates.

Enzyme inhibition

Apart from the mutual competitive inhibition which might
océui befwetti mbstrabés for thé sime airyme, » oumber of
drugs have been reported to inhibit the mewbolion of
prototypic CYP2CY mbstrates in wiwo snd/or in tiiw snd
these are listed in Tuble 2. Interactions of potential dinical
np:ﬁunwhnbmdncmmdﬁrambﬁnf&e
CYPIC9 inkihitors and the more important of thess, given
curtent therapeatic trends, are discussed hers.

There dre sumerous cse reports documenting potentl=
ation of the anticoagulent efiect of warfirln in patenty
coadministered amiodaroze. In s study conducted in healthy
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Table 1 Drugs reparted to indute the -
dlimination of CYP2C9 wibsisutes i Irducer . CYPICS nibitratsf) lfeted Refarencey
(8 .
Barbiturares . ‘Lesartan, phenytain, warfirin 813
Cuhamasepine Phenytoln " 70,74
Bthanol Phonytoln, twibutsmide, 5-77 -
Rifienpicin Lomman, phenywin, talbulsmide, S-warfucin 78-61
Table 2 Drugs reported to inhibit the
metabolimn of CYP2C9 substrates in v . CYPICY Chumvation of inhibitien .
and/or in vitre- Inkijirr . meksimtefs) 1 vivo er in vitro Ryfervaces
Amiodsrone Phesytain in viro ) B -}
$-Warbtin in vine and n vitre 83,84
Bishrydroxyconmarin Pheaytoin in wivo [
' Tolbummide In vive 85
Chlommphenical Phenytain in vive n
Cimetidine Pherrywain In vive "
Tolbutemide in vive ud Iy witrs BB
Fluconsrals Lossttan in viw 0
Phemymin In wilve ”nn
Tolbuwuide I vivo sod b im0 39N
$ Wufudln in vive snd iy yitro a9M
Flovasttin Dicloferc i vive snd in viim T 9100
Miconarale S-Warfarin in vivw s i witre 95
Phenylbutnrone Talbmrdde in vive god 1 pite M
) $-Wasfirin in vive 10
Solphinpyrzoos Talbyamide in wipy wesd b witre nm
$-Waxfizln i vive el in wisro 45,103,104
Sulphadiazing Phenywin " in vivo 106
Sulpbemethisle Pheywin i i 106,108
Talbuwmids i vivo and [y wWio 28,108
Watfaain i vivo 108
Sulphamethrosnle Phenytain in vicw 104
Tellnztamide in vivo pod in plim 23,107
Sulphaphensuale Phenywin 1 wive ud ix vite 237,106
'lhlhnlanida I pivo and in Wit r-4
S-Wafarin fn vitw “®
Trimethoprim Fhenywin in vive i . 106
“Tolbutamide in pivo m
" Zafidukan S-Wukarin in vive 109

volunteen, pretrestment with amjodarone 400 mg/day for
3 dxys, was shown to reduce the mean pluma deamnces of
R- and S-warfurin by 33% and 47, respectively [83]. A
follow-up study {B4] -demonstrated ‘that -oll- oxidation
pathways of the warfarin enansiomers, inchuding S-warfarin
7-hydroxylation, were inhibited by amiodarone. Human
liver microsomal seudies confirmed the ability of amiodarone
0 inhibit S~warfirin 6~ and 7-kydroxylation [84]. Conslstent
with inhibition of the CYP2CY catalysed pathways of
S-warfarin metabollim én vg: antd in vite, smicderone
pretreatment  (200mgday™)  incremed  phenytoin

(5 mgkg™") AUC by an sverage of 40% and decressed the -

ote of HFPH formuation in scven healthy volunteens [35).

Given the long balf-life of amiodarome, inhibition of
CYP2CS activity (and possibly that of other isoforms) may

. penist for several woeky following withdrawal of the dig.

Cimatidine ¥ " relitivily weak inbiibftor of heiman ver
micropomal CYP2C9 [27, 28], with an extimated apparent
K of 327 pm. Not unexpectantly, cimetidine exers 2
varidble effect on the climination of CYP2CY subitrates in
vive. Administration of cimetidine, 1 g day™" did not alter
the disposition of tolbutamide but a higher dose
(1.6 g dey ") decreased the sywemic and metabalic dear-

-ances of talbutamide by 25408 (33, Cimetidine ‘generlly

causes only o modest reduction in the clearsnce of a'dogle
dose of .phemytoln, although clinically significant incresses

ﬂmmmwwdm—uc.mm



in plama phenytoin concentrations have been reported to
occur in patients receiving long teom anticonvulrant thenpy
[71]). As a result of the concentration-dependent metabolic
cearance of phenytoin, the effecs of cimetdine, and
probably other CYP2C9 inhibitors, would be expected to
be greater st the higher plasma concentrations achieved with
chronic dosing. Pretreatment with cimetidine (1 g day™")
wuhmmteduceﬂxcphnmdwmceofmm
warfarin by over 25% in healthy volunteens and prolong
prothrombin time in patient anticoagulated with warfarin
[e6]. Although cimetidine clearly has the capacity to inhibie
CYP2C9 in vivo in 3 dose-dependent manner, as evidenced
by the results of the studies with tolbutamide and phenytoin,
_the pharmacokinetic and pbanmscodynamic changes
observed with mcemic warfatin appear to arise more from
inhibition of the metaboliem of R~ mthor than S-warfarin,
Pretreatment with cimetidine (0.8 gday™')- produced 2
sterecselective reduction in the plauna clearance of the
R-enantiomer by inhibjtion of the formation of R-6 and
R-7-hydroxywacfarin formation [87, 88].

Fluconazole has been shown to be a potent inhibitor of 2
number of CYP2CY canalysed reactions in.sitw, indluding
‘olbutsmide hydroxylation [28], didofensc 4’ ~hydraxylation
[89), and S-warfurin 6- and 7-hydroxylation [47). Inhibition
of S-warfyrin 7-hydroxylation proceeded accordirig w 2
mixed mechanism, suggestive of a nonproductive enxyme/
substrate/inhibitor complex, with an apparent K of 8 pat.
This valuc is below the range of plauna concentrations

. {15=60 pr) usually ewociated with Huconazele therspy.
Cunnmwnhq:mu bued on the in vite dasa,
various studies demonstrated that fuconazole pretreatment
(100-800 mg day ") incressed ‘the AUC values of lorartan,
phenytoin, tolbutamide and S-warfrin by 153% [9],
T2-75% (91, 92), 109% [92] and 184% [93], respectively.
Baed on the calculation of an in wivw apparent K for
S-warfirin 7-hydroxylation (22 pm; approximately three
tinies higher than that cstimated Jn vits [30]), 2 strategy has
been developed for relating fluconazole plasma concentration
to inhibition of CYP2CY activity in vive [94]. .

Apat from Buconsole, other azole antifungals have been
thown tw inhibit CYP2C9 activity is witro and/or én viw.
Miconazale inhibits warfarin 6- and 7-hydroxyhation by
buman liver microiomes according to a mixed model and
in oivo reduces S-warfirin clearmnce by 80% [95)
. Clotrimazole is similarly a potent, mixed inhibitor of human

+ liver microsomal CYP2U9 with an apparent K; of 1 pm

[28). However, since clotrinmazale It wsed topically it is -

. highly unlikely that this compound will cawse dlinically
" tignificant inhibition of CYP2CY catalysed reactions in vive.
Although ketoconaxale inhibits tolbutamide- bydroxylation
in Wire with an spparent K; of B ua, its affinity for CYP2CY
& more than 10-fold lower thin thar for CYP3A4 [28, 31,
96]. Keioconazole has been reported not to affect the
clesrances of logartan and phenytoin [97, 98].

Fluvastatin, unlike the relsted HMG-CoA reductsse
inhibitors lovastatin, pravastatin ond sintvastatin, is o potent
inhibitor of human bepatic CYP2C9 sctivity /n witm [99].
Both fluvatstin enantiomen inhiblt microsomal diclofenac
4 —bydroxylase activities with an apparent K; value less than

"1 pM. However, in vivo Suvamstatin pretreatment reduced
mean diclofenac planni clesrance and 4' —hrydrooydiclofenac
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urinary metsholic ratio to modest extents only (16%._and

25%, rapectively) in fourteen volunteens, with several of
the subjects showing no response to fluvastatin [100].

Phenylbutarone and oxyphenbutaxone are potent inhibi-
tors of tolbutamide metabolism in wiw {34). Afthough single
dotes of these compounds have little or no effect on
tolbutmide elimination, pretrestment for 1 week with
cither compound more than doubled the elimination half
life of tolbutanide. Subsequent in titm studies [27] showed
that phenylbutazone was a competitive inhibitor of buman
liver microsomal CYP2C9 activity with an spparent K;
close to 10 ps, which s subsmantially lower than concen~
trations observed following mubiple-dose adminisiration of
phenylbutazone. Phenylbutazone pretreamnent  simitarly
reduces the clearance of S-warfarin but, at the mimo time,
incremes R-wurfarin clearance by an almost equivalent
extent [101]. Sulphinpyravone, another pyrazolone, is also
known to be an inhibitor of CYP2C9 activity, Pretreatment
with sulphinpyrarone for one week reduced tolbutamide
plasma clearunce by 40% (102}, Tolbutamide clearance was
still reduced 24 h afler cesation of a 1 week pariod of
sulphinpyrazone treatment, even though sulphinpyrazone
was oo lopger detectable in plasma ot the time, suggesting a
sulphinpyrarone metabolite(s) contributed to the inhibition
of tolbutamide metabolism. In a timilar manner to phegylbu-
Grore, sulphinpyrarone pretreatment inhibin S-warfarin
plama clezrance (by ~40%) but increases that of R-warfarin
to shout the mame extent [45, 103]. The capacity of
sulphinpyrazone to inhibit huiman Liver microsomal eolbata-
mide hydroxyloe and S-wadfrin 7-hydroxylare activity was
conficued subsequently [45, 104]. Interestingly, the respect-
ive spparent K; wvalues for the sulphide and sulphone
metabolites of sulphinpyrazone were 13.5- and 3.2-fold
lower than the inhibitor comstant for the parent drug,
confirming a major contribution of these metabolits in
CYP2C9 inhibition [104].

Thirty-five years ago, 1evere hypoglynm was observed
in patients administered both sulphaphenstole and tolbuea-

" mide [105). In the intervening yean, sulphaphenasole and

certaln other' sulpbonamidés have been charactetited as,
CYP2C9 inhibitors. As noted eadier, sulphaphenazole is 3
potesit inhibitor of the human liver microsomal hydroxyl-
ations of tolbutamide, phenytoin and S-warfuin [27-31,
46], with an apparent K; o£0.1~0.2 . In vivo, sulphsphena-
zole pretreatment reduces the plaama cieanunce of wlbuta-
mide by #s80% [32-34]. Indeed, ‘norrual’ subjecs may be
convetted to phenotypically ‘poor’ metabolivers of tolbuta-
mide (yee following section) by trestment with sulphsphena-
xole [32]. Sulpbaphenazole treatment has abio been thown
to cause a more than 3-fold prolongaion of the haftife of
phenytoin [106]. Apparent K; values for inhibition of hurman
amethoxasale snd sulphamethizole are 2-3 ondesy of
magnitude higher than that obterved for sulphaphenazole
[28] The lower affinity of these sulphonamides for CYP2C9
in conslatent with the modent inhibition of tolbutsmide,
phenytoin or wadfitin eliminstion observed & wino
{106-108). Salphamethomazole, sulphamethirsle and sulpha-~
digzine, but not sulphamethoxypyrddazine, adphadismethon-
Ine or sulphamethoxydizeine, have been roported o prolong
phenytoin half-Jife and reduce the clearinces of tolbutamide -
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snd racemic warfarin [106, 108). Trimethoprim pretreatment
is also known to decrease the intrinsic clesrance of
tolbatapide [107] and prolong the halfdife of phenytoin
_ [108], indicating that inhibition of CYP2C9 sctivity i vive
by cotrimoxazole is an addidve effect of the two components,
sulphamethosazole and triméthoprim [107].

Awnllsble evidence from interaction studies indicates that
fradrenoceptor antagonists [110], dextropropaxyphene
[11]), diltiarem [112], enoxacin [113], erythromycin [81,
114}, mewonidazole {115], clanzapine [116) and omeprazale

-[117, 116] are all unlikely to inhibit CYP2C9 sctivity i viv.

Pharmacogenctics

The powible genetic reguladan of mibuumide metabolism
way fint reported in 1979. A study of tolburamide
pharmacokineties in ffty subjects showed that elimination

mte comtane varied almost nine-fold; the corresponding -

mnge-of elimination half-lives was 2.9-25h [119], The
climination rate comstant frequency data approximated a
trimodd distribution and was used to argue monopenic
control of tolbutamide metabolim in bumans, with an
citimated 30% of the population being classificd a5 poor
metsholisesy, It is almost certain, however, that nohe of the
subjects in the ariginal study was a true poor metsbaliver of
talbutzmide [120]. An individual with tolbutamide climin-
stion balf-life of 37h (abmost fve times the population
mean) and a plasma clearance only 200 of the population’
mean was identified in s later study [121] and rubsequentdy
a2t homozypous for the recemive (Leud59)
CYP2C9 allele [122] (sec below). In conmmt, another
individua! with 3 tolbutamide half-life of 26 b {123] was not
homozygous for the recemsive allele [122]. The very low
plasmna clearance of tolbutamide in the phenotypically poor
metabolises {121, 124] is suggestive of almost total abolition
of the mewbolic clearsnce component of tolbutamide
dimination.
A survey of the tolbutamide hydroxylation capacity of
106 unrelated volunteers from the Ausralian population
failed w detect a single poor memboliser [124], suggesting
that the incidence of the poor metaboliser phenotype is low.
Conshitenit with the whutdmide population data, the
_ﬁequencyot’ﬂupoorphenmmhyd:whmm
has been estimated to be 1 in 500 based on the results of 2
pedigree amlysis stady [125; 126). Purthermare, in clinical
aials conducted in recent years with losartan, lews than 1%
of the subjects studied showed markedly diminished coover-
slon of losartan to its active metabolite (2 known CYP2CP
. atlyed reagtion) 427).
As noted eatdier, tix diffevent CYP2CS sequences have
been identified to date, with another sequence, CYP2C10,

atiginally being clanified separately due to-differences in the-

3 —untmmdated reglon ‘B, 9, 12-17]. Nine nucleotide
substitutions in the coding reglon of CYP2CY account for
the varioos sequences reported. Genolyping studies condac-
ted in « pumber of laboratories supggests, however, that enly
three sequences sppesr to represent true CYP2CS alleles
[lﬂ, 126~130], the othem presumably bdng cloning

antificts. Polymorphisms in the coding region of the

Ci’PZC?g:nepmduumhnunm acld residues 144

and 359 (Figure 3). Three alleles arising from C to T (Arg

50
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to Cys) and A to T {lle to Len) transversions at codoms 416
and 1061, respectively, have been identified; Argl144/1e359,
Cyid4/Me359 and Argl44/Leud59. The respective
sllele frequencies for the Argl44/Me359, Cpid4/Te3s59
and Arg144/Len359 " varisnt (sometimes referred to w
CYP2C9*1, CYP2CI%2 and CYP2C9%3, respectively) in
Caucuisn populations have been reported to range from
0.79-0.86, 0.08-0.125, and. 0.03—0.085- (122, 126-13].
Thus, the Argld44/11e359 allele represents the wild-type
CYP2(9. Interestingly, the Cys144 allele is not detected in
Chinese of Jspanrse tubjects [122, 130~132} and ju
frequency is alio very low {0.01) in Aftican-Americans
[122]. In these populations there b a corresponding incresse
in the frequency of the Argl44/Tle359 allele to >0.95. No

. individuak homozygous for the Cyil44 or Leuds9 alleles

were identified in the populations randomly selected for the
variow genotyping studies.

Genotyping of the individual with a tolbutamide half-life
of 37 b identified in a previous in viw study [121] confirmed
homozygosity for the LeudS9 allele [122, 126]. No other
mutations were found in the coding region, intron-exon.
junctioss or upstream region of the CYP2CY gene of this
subject. Sequencing of the coding region of the CYP2CS
geae of two subjects identified a5 poor metaboliens of
losartan similaly confirmed that both were homorygons for
the mutstion cansing the e to Leu substitution at raidue
359 [127). Somewhat surprisingly, it therefore appears that
the conserved lle to Leu (both being structunlly similar
hydrophobic amino acide) substitution gives rise to the poor
metsboliser CYP2CY activity phenotypes. Kinetic studiey
with the cxpressed CYP2CY variants indicite that apparent
K,, values for tolbutamide [15, 122, 128], S-warfarin [i21,
123] and torsemide [J. O. Miness, D, ). Birketr, |. A.
Goldstein, unpublished results] are higher while Vo, valua
are similar oz lowner for the Arg144/Len359 variant compared
to the wild ¢ype emzyme Owenll, intrimic dearsnces
{Vau/ K} for the Arg144/Leud59 variaut with these three
subrtrates are 2515~20% of the intrinsic clearsnces observed
with the wild type ensyme, consistent with the megaitude
of the decrease in tolbutamide plama clearance (a1 20% of
the population mean) observed in the poor metzboliser with
a halflife of 37 b [121). Phenytoin hydroxylsse activity of
the Arg144/LeudS9. variaat has akio been shawn to be lower
for the wild-type enzyme [15]. Application of the Hardy-
Weinberg law w the genotyping data indicates that the

- frequency of individnals homozygow for the Leud59 allsle

i <1% [123], in agroement with the estimated frequencies
of the olbutamide and phenytoin poor metabeliser pheno-
types [124, 126].

Tiken together, available evidence indicates thee individ-
uals homozygous for the Leu3d59 allele are likely to have
’md ﬂ!ll °f!'-,l--— l I E. h]bﬁ ..y-ﬂ.-
torsemide, S-warfarin, and my other CYP2C9 b~

- strates. This is Hkely o have consequences for dasage

regimens, 2y has been illustrated recently for wurfisin (134].
‘The warfarin maintenance dose required for anticoagulstion
of a putient homosygows for the Leud5? allle wus
0.5mgday™" ar less. It has alio been roportsd that the -
regio- and stereo-seloctivity of warfarin hydroxylation may
differ between the Ne- and Leu-359 wadants [122,
135). Interestingly, however, the kinstica of diclofensc

© 1990 Shckwall Science Lad ir | Qi Pharmsccal, 45, 535500
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Figure 3 Sites of pelymorphiam in the CYP2CP prowin. .

4"biydroxylation are appsrently unaffected by the itolencine
to lencine substitution [19]. These data’confirm that a single,
conserved amino acid substitution in a substrete recognition
numyhhunyah&ecﬁmﬁumcymdmhm
specificity of a CYP isoform.
Whﬂﬂhnmowpmafdlehﬂﬂdldeuhkdym
have important therapeutic implications, the consequences
 of expremion of the Cysl44 and/or EeudS9 alldes in
beterozygotes is less clear, Unlike reddue 359, which ia
situated in SRS5 of CYP2CY, amino acid 144 does not fall
within any of the known subutmte recognition sequences
and this mutation would not, therefore, be expected to
change substrate binding. Intrinsic diearances (Vg Kn) of
the wild type CYP2C9 (Arg144/11¢359) and Cyz144/11¢359
variants appesr not to differ rignificantdy with tofbutamide
[122, 128, 136] and tomemide [J. O. Minew, D. J. Birkett,
:J. A Goldstein, nopublithed results] ar substrates, but the
situstion is less clear for S-warfurn, V., walues of the
. Cys144/Me359 varianet for S-warfarin 7-hydroxyladon have
*. been reported to be timibr to [122) or lower [136, 137]
than thar of the wild-type coxyme, although K,, values were
the same. Differetit exprestion eyttems (baculovirus, COS,
lympl:obkn.l-lepcz.ywt)wmuqdinthevﬁoumdiu
investigating the activities of the CYP2C9 vadiants, which
could contribute to the different observations. Moreover, it
Bas been reported recently that the magnitude of the
difference in the Ve for S-warfirin (and possihly other

sohsntes) between the Arg- and Cyr-144 varants in & .

nunber of exprestion systems is influenced by the CYF o
" eytochrome P-450 oxidoreductase eatio [137]. It appears
that Argl44 may play an importaut role in the interaction
between CYP2CY and reductase, and 2 high teductme to
CYP2C9 ratio in expremion systems i1 necetsary to resemble
conditions in human liver microsomes. Abo of posible
significasce to. CYP2CY activity in individuals expressing
the Cysi44 allcle is the observation -of celatively greater
expremion of this allde over the wild-type Arg144 allele in
beterozygotes [128].

. There was no apparent correlation between genctype and
the microtomal hydroxylation of the known CYP2CH

" substtates diclofenac, phenytoln, tolbutamide od tomemide -

in 18 humn liven [128]. Activities for a -heterozygows
359 liver were low, but still within the rngr of activitles
obierved for the rample population. Talbutamide kydraxy-
lase activities hive bech iéportéd not to be influenced by
exprestion of the Cysi44 allele in liven from 45 Caucasian
subjects [130). Similarly, talbutamide hydroxylase activities
in livens fiom both Japanese snd Caucaslan Hed59/Len359
beterozygotes tended to Jow, but were again within the
nnge of activitles obuerved for liven expremsing only the
wild-type eazyme In contrart to the in vito sctivity dats,
comparbon of the warfarin puintenance dose required for
sable andcoagulation in patents who were homozygous
wild-type and Arg144Cys heteroxygotes revealed that the

© 1998 Blackwal Sclnce Lad &} e Meareace, 45, £25-338

average dose was 20% lower { P=0.02) in the heterexygores
[128). Since CYP2C9 is known to contrbute to the
metzbolism of benrofalpyrene [26], 2 possible amoclation
between CYP2C9 genetic polymorphism and lung cancer
titk has been sddrested recendy [139]. No swocistion was
found betwren lung cancer risk and exprepion of any of
the CYP2C9 allcles.

Other factors influendng CYP2C?9 expression

CYP2C9 is expressed constitutively in human liver at levels
dimost « high s CYP2CH, the most sbundant CYP2C
isoform in that tisue [140). The CYPZCS gene has been
isolited and shown to be ®55kb in size (9, 141). The
promoter region of the pene containa a number of potential
tramscription fictor recognition sites, notsbly those fiox AP-1,
C/EBP, GRE and HPF-1 [141, 142). An HPF-1 like motif
present in the CYPZC# promoter appean to be an inportant
dracting element conkibuting to ¢the liver-specific
expression of this gene. There is some evidence that CYP2C
protein, bur oot specifically CYP2CY, is expressed at very
low levehs in human hung [143). CYP2C9 mRNA is not
detectzbile in fiall-tesm placentae [144].

CYP2C9 sppears not to be expressed in foetsl tissue [16,

145}, bt CYP2C protein is detecable in neonats] liver -

(146). Like a number of other drugs metabolised by CYP,
the half-life of phenytoin is shorter and dhe steady-stace
plasma concentration lower for a piven dose per kilogmm
in children {147]. Whether this reflects incressed activity of
CYP2C9 remaim unknown. Data concerning the phacmaco-
kinetics of CYP2C9 metabolised drags in the eldedy are
comflicting, and frequently complicated by changes in plasina
protein binding, but neverthelem cend to suggest that
CYF2C? activity is not decrezsed by old age [148]. It ha

been reported tecently that the intrinsic clesrance of .

S-watfarin does not differ significantly between young adnjt

: tndddedrlubju:h.llchnughdlﬂ'etmcumnﬂndbrdu

R-enantiomer [149].

Several t CYP2C isoforms are known to be expressed
{1 a tex-epecific manner, but no human CYP isaforms are
expressed exclusively in males or females [3]. There appean
to be no evidence to suggest that significant gender-related
differences exist in the climination of drugs metabolined by
CYP2C9 {150], It is wnclear whether ethnicity Is » significant
détérminant of CYPICY activity. The mean K, for
phenytain, estimated from population pharmecokinietic dat,
has been reported to be lower in Chinese end Japaneso than
in Buropeans, athough interindividusl varability was sub-
starttisl [151, 152). As moted cadier, allsle frequencies for
the CYP2CY wvadants differ in Oriental and Caucasian
populstions, The Cyr134 allele is not detectsble in Chinese
and Japanese and the frequency of the Leu359 allele may be
m:ﬁnﬂybwuh&uepopﬂﬁmﬁnm&ucﬂm
(130-132]. It &s ootewosthy that rmates of microomal
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tolbutantide hydroxylation in liven from Caucasian and
Jopansse subjects thow wide but compamsble ranges of

activities, Inmunoresctive Sopatic CYP2CY contents slio -

_ appear to be similar in both races.

Conclusioms

With the recent application of i vitre techniques for the
identification; of the envymey involved in the metabolism of
any given xenobiotic, it has become increasingly clear that
CYP2C9 ranks amongst the mast important drug metabolis-
ing CYP isoforms present in human liver. Many CYP2C9
substrates are weak acids, but CYP2C9 ako has the capacity
to metabolite neutral, highly Epophilic xenoblotics suggest-
-ing substrate specificity may be broader than is cumrently
believed.

CYP2C9 is indocible, notably by rifampicin, and numer-
ow clinically significant inhibitory drug interactions involv-
ing CYP2C® wbstrates have been described. Genetic

polymorphisms, at least one of which it known to be

anociated with a dmatic change in enzyme activity, result
from two mutations in the coding region of the CYP2CY
gene. Given the moduktion of CYF2C9 acdvity by genetic
facsors, stimolatory and inhibitory interactions, and ponsibly
_age cffects (vlz increased dlearsnce in children), it is hardly
swprising that wide interindividusl varisbility has been

reported for the elimination and/or dosage requirement of .

some drags menbolised by CYP2C9°[120, 124, 126, 134,
153], For emmple, tolbutymide hydroxylation capacity
varies re20-fold s pivo and in wire [124, 130, 154]. As is
mpmemd:phsymm. talbutamide and warfrin,
sindividulisation of dose it cleardy necemry for those
CYP2C9 substrates with 3 narrow therapeutic index,
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REIVINDICACIONES

Una composicién farmacéutica que comprende:

a. (-) 2-acetamidoetil 4-clorofenil-(3-trifluorometilfenoxi) acetato
en un exceso enantiomérico de 80% o mas, o una sal
farmacéuticamente aceptable; 4

o WNCA

b. un agente anti-diabetes; y

c. un vehiculo farmacéuticarnente aceptable.

La composicién de la reivindicacion 1, donde (-) 2-acetamidoetil 4-
clorofenil-(3-trifluorometilfenoxi) acetato estd en un exceso

enantiomeérico de 98% o mas.

La composicion de la reivindicacion 1, donde el agente anti-
dibetico es sulfonilirea, biguanida, tiazolidindiona, un inhibidor

de a-glucosidasa o un secretogogo de insulina.

La composicién de la reivindicacion 3, donde la sulfonilurea es
clorpropamida, tolbutamida, acetohexamida, tolzamida, gliburida,

gliclazida, glinasa, glimepirida, y glipizida



La composicion de la reivindicacion 3, donde la biguanida es

metformina.

La composicion de la reivindicacion 3, donde la tiazolidindiona es

ciglitazona, pioglitazona, y rosiglitazona.

La composicion de la reivindicacién 3, donde el inhibidor de a-

glucosidasa es acarbosa, miglitol y voglibosa.

La composicién de la reivindicacién 3, donde el secretogogo de

insulina es repaglidina, gliquidona y nateglinida.
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COMPOSICIONES DERIVADAS DE ACIDO (-) 3-TRIHALOMETILFENOXI
4-HALOFEIL) ACETICOS PARA EL TRATAMIETNO DE LA

RESISTENCIA A LA INSULINA, DIABETES TIPO 2 E HIPERLIPIDEMIA.

CAMPO DE LA INVENCION
La presente invencién se relaciona con composiciones que comprenden
derivados de acido (-) {3-trialometilfenoxi)(4-halofenil) acético para tratar la

resistencia a la insulina, diabetes Tipo 2 e hiperlipidemia.

ANTECEDENTES DE LA INVENCION

La diabetes mellitus, comunmente llammada diabetes, se refiere a los
procesos de enfermedades derivados de factores causativos maltiples y
caracterizados por niveles elevados de glucosa en plasma, referidos como
hiperglicemia. Ver, por ejemplo, Le Roith, D. et al., (eds), DIABETES
MELLITUS (Lippincott-Raven Publishers, Philadelphia, PA U.S5.A.1996) y
todas las referencias citadas alli. De acuerdo a la American Diabetes
Association , se estima que la diabetes mellitus afecta aproximadameﬁte el
6% de la poblacion mundial. La hiperglicemia no controlada es asociada
con el incremento y mortalidad prematura debido a un riesgo de
incremento de enfermedades microvasculares y macrovasculares,
incluyendo nefropatia, neuropatia, retinopatia, hipertension, enfermedades
cerebrovasculares y enfermedad coronaria. Por lo tanto el control de la
homeédstasis de la glucosa es una aproximaciéon importante para el
trata:nipnto de la diabetes.

Hay dos formas importantes de diabetes: Diabetes Tipo 1 (formalmente

referida a una diabetes dependiente de la insulina 6 IDDM); y diabetes
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Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de
la Decision 486 de la Comisién de la Comunidad Andina, se le comunica:

Documentos estudiados:

Los textos estudiados fueron la descripcion (Folios: 354, 216 a 297) y las
reivindicaciones modificadas 1 a 8 (Folios: 352 y 353).

La presente solicitud reivindica prioridad americana N° US9.325997 de 04 de junio
de 1999 y cumple con lo establecido en los articulos 9, 10 y 11 de la Decision 486 de
la Comisiotn de la Comunidad Andina.

Objeto de invenclén:

La presente solicitud se titula; “Composiciones derivadas de &acido (-) 3-
trihalometilfenoxi 4-halofenil) acéticos para el tratamiento de la resistencia a la
insulina, diabetes, tipo 2 e hiperipidemia” (ver folio: 335).

El objeto de la presente solicitud se refiere a composiciones que comprenden
derivados de acido (-}(3-trialometilfenoxi){(4-halofenil)acético para tratar la resistencia
a la insulina, diabetes tipo 2 e hiperipidemia (ver folio: 354).

Segun la descripcion, la diabetes mellitus, cominmente ilamada diabetes, se refiere
- a los procesos de enfermedades derivados de factores causativos miiltiples y
caracterizados por niveles elevados de glucosa en plasma, referidos como
hiperglicemia. La hiperglicemia no controlada es asociada con el incremento y
mortalidad prematura debido a un riesgo de incremento de enfermedades
microvasculares y macrovasculares, incluyendo nefropatia, neuropatlia, retinopatia,
hipertensién, enfermedades cerebrovasculares y enfermedad coronaria. Por lo tanto
el control de la homeostasis de la glucosa es una aproximacién importante para el
tratamiento de la diabetes.

Hay dos formas importantes de diabetes: diabetes tipo 1 y diabetes tipo 2; la tipo 1
es el resultado de una deficiencia absoluta de insulina, la hormona que regula la
utilizacion de glucosa. Esta deficiencia de insulina es caracterizada por la destrucciéon
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de células beta dentro de los islotes de Lagnerhans en el pancreas, la cual
usualmente lleva a una deficiencia de insulina absoluta. La diabetes tipo 2 es una
enfermedad caracterizada por la resistencia a la insulina acompaiiada por deficiencia
relativa en vez de absoluta. La diabetes tipo 2 puede variar desde resistencia a la
insulina predominante con relativa deficiencia de insulina hasta deficiencia de
insulina predominante con alguna resistencia a la insulina. Un desarrollo prematuro
de aterosclerosis y una rata de incremento de enfermedades vasculares periféricas y
cardiovascular son aspectos caracteristicos de pacientes con diabetes. La
hiperlipidemia es un factor precipitante importante para estas enfermedades. La
hiperlipidemia es una condicién caracterizada generaimente por un incremento
anormal en los lipidos del suero en la cormriente sanguinea y es un factor de riesgo
importante en el desarrolio de la aterosclerosis y enfermedades del corazén.

Lo que se reivindica como novedoso es lo siguiente: una composicion farmacéutica
que comprende; -

a. (-) 2-acetamidoetil 4-clorofenil{3-trifluorometilfenoxi) acetato en un exceso
enantiomeérico de 80% 0 mas, o una sal farmacéuticamente aceptable;

b. Un agente anti-diabetes; y

¢. Un vehiculo farmacéuticamente aceptable.

El objeto de la solicitud definido anteriormente se clasificéd en la IPC A61K 31/215.

Claridad de la solicitud:

El arifculo 30 de la Decisién 486 de la Comision de Ja Comunidad Andina establece que: "Las
reivindicaciones definirdn la materia que se desea proteger medianie la patonte. Deben ser claras y
concisas y estar enteramente sustentadas por la descripcion.

Las reivindicaciones podrén ser independientes o dependienies. Una reivindicacién seréd independiente
cuando defina ia materia que se dessa proteger sin referencia a otra reivindicacion anterior. Una
reivindicacion serg dependiente cuando defina la materia que se desea proteger refiriéndose a una
reivindicacién anterior. Una reivindicacién que se refiera a dos o més reivindicaciones anteriores se
considerara una reivindicacién dependienta maltiple.”

De acuerdo con lo anterior, en la reivindicaciéon 1 (folio: 352) que menciona una
composicion farmacéutica y que contiene un agente anti-diabetes, no se especifica
dicho agente, es decir, no se sabe si pertenece al mismo grupo quimico del
compuesto a. de la composicion, o si pertenece a otro grupo quimico. Cabe recordar
que el uso terapéutico no le da la caracteristica especial a una composicién
farmacéutica sino sus componentes especificos como tales y sus excipientes, con
las cantidades en las cuales se encuentren formulados.

Evaluacion de la Unidad de Invencién:

El articulo 25 de Ia Decision 486 de la Comisién de ia Comunidad Andina establece: “La solicitud de
patente sblo podré comprender una invencién o un grupo de invenciones relacionadas entre si, de
manera que conformen un dnico concepto inventivo.”

Segun lo anterior la (s) reivindicacion (es) 1 a 8 (folios: 352 y 353), que se refiere(n) a
una composicién farmacéutica que comprende un principio activo junto con un
agente anti-diabetes, que en las reivindicaciones 3 a 8 se mencionan algunos de
dichos agentes que pueden estar en la composicién, estdn conformando varias
composiciones farmacéuticas y entre si, no guardan unidad de invencién, es decir,
se deben hacer bisquedas independientes para cada una de las composiciones
formadas, por ejemplo: (-) 2-acetamidoetil-4-clorofenil-(3-trifluorometilfenoxi) acetato
(farmaco 1) con clorpropamida, farmaco 1 con tolbutamida, farmaco 1 con
acetohexamida, farmaco 1 con rosiglitazona, farmaco 1 con repaglidina, etc., porlo
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que puede decirse que hay varios grupas de invenciones en las reivindicaciones.

En cumplimiento del articulo 45 de la Decisién 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta dias
contados a partir de la fecha de la notificacion de la presente comunicaciéon. En caso
de no dar respuesta al presente requerimiento o si a pesar de la respuesta
subsistieran los impedimentos para la concesién, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto del titulo primero de la Circular Unica N° 10 de 2001.

ALIX CARMENZA CESPEDES DE VERGEL
Jefe de la Divisidn de Nuevas Creaciones
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