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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES
E. S. D.

Re: Expediente No. 11.052.116
Solicitud de patente a nombre de GRUNENTAL GMBH

Yo, SILVANA MARIA LOPEZ DIAZ, identificada como aparece al pie de
mi firma, domiciliada en la carrera 11 A No. 86-53, piso 6, obrando como
apoderada de la sociedad GRUNENTAL GMBH, solicitante de la patente
de la referencia, interpongo recurso de reposicidn contra la resolucién No. 78994
emitida el 17 de diciembre de 2013 por el Superintendente de Industria y
Comertcio, por medio de la cual se niega el privilegio de patente para la
solicitud contenida en el expediente de la referencia.

1. Con fundamento en la facultad que confiere el articulo 34 de la Decision
486 al solicitante para modificar la solicitud de patente en cualquier momento del
tramite, presento junto con este memotial nuevo pliego reivindicatotio en donde
se han modificado las reivindicaciones y por lo tanto consta ahora de 5
rreivindicaciones, en un esfuerzo por solucionar las objeciones presentadas por
su Despacho en la resolucién impugnada, como sigue:

Se reemplazaron las expresiones “y/o” por la conjuncién “y” dentro de la
: y
~ reivindicacién 1.

Se incluyé la materia objeto de la antigua reivindicacién 2 en la nueva
reivindicacion 1 y se modificaron las antiguas cliusulas 3 a 6 como las nuevas
retvindicaciones 2 a 5. '

En este sentido, nos permitimos decit que se paga tasa por modificacion y no
pot reivindicaciones adicionales, toda vez que el nuevo pliego tiene tan solo
cinco clausulas.
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2.  FUNDAMENTOS DEL RECURSO

En relacién con los argumentos ptresentados por ese despacho en la
resolucién impugnada No. 78994 emitida el 17 de diciembre de 2013, es
necesario sefialar que carecen de un enfoque adecuado de conformidad con
las normas, ]urlsprudenc1a y reglas técnicas que emsten para evaluar la altura
inventiva de la invencion.

1.1 Violacion de los articulos 14 y 18 de la Decisién 486 por una
indebida aplicacién de la norma basada en un error de interpretacion
de la misma.

En la resolucién impugnada se establece que “Este despacho luego de revisar los
contenidos de los documentos allegados por la sociedad ‘opositora, considera que el
documento Stegman et al., divulga la la accion agonista opidcea del tapentadol por la
combinacion con los u-receptores y la inbibicin de la recaptacion de norepinefrina y su
aplicacion derivada en el manejo del dolor, lo que no demn‘ua el nivel inventivo de la
presente solicitud.

Con relacion al documento US 20040024004 divuiga composzczones que contienen
agonista y antagonistas opidcéos y como ésta relacion puede atenuar los efectos colaterales
de los agonistas de opidceos. Por lo anterior, el documento U320040024004 st desvirtda
el nivel inventivo del objeto deesta solicitnd.” ¢

Adicional a estos argumentos, en la resolucion impugnada se cita de nuevo
el documento D1 (WO2007087452) y se indica qiie “En consecuencia, la
persona del oficio normalmente versada en la materia incluiria un antagonistas opioide
segiin las ensefianzas del documento D2 en la composicion divulgada en el documento D1
para de esta forma llegar al objeto de la resvindicacion 1 de la solicitnd.”

En relacion con estos argumentos, atentamente . manifestamos que nos
ratificamos en nuestros argumentos presentados en la respuesta al oficio No.
10004 notificado por fijacion en lista el 11 de Junio de 2013, donde se demostrd
que la invencién en estudio no habtia podido ser anticipada de manera evidente
por los documentos citados por el examinador y el oponente. Su despacho indica
que la materia objeto del conjunto de reivindicaciones: originalmente presentado
carece de nivel inventivo en vista de la divulgacién de D2 en combinacién con las
ensefianzas de D1.

Sobre este particular, se hace necesario hacer énfasis sobre el hecho que el
documento D2 divulga la administracién de sulfato de morfina junto con un
antagonista opioide de baja dosis tal como Naltrexona ‘D2 describe que una
dosis con base en el género evita la hipoanalgesia yau que los autores de D2
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encontraron que la respuesta a la naltrexona es especifica al género lo que indica
que el antagonista puede actuar como un agonista opioide parcial sobre
receptores opioides diferenciadamente en mujeres y hombres (Paragrafo [0014]).
Mis ain, D2 divulga que no solamente la respuesta a la.Naltrexona es especifica
al género sino también la eficacia de las combinaciones de agonistas receptores
opioide no kappa, preferiblemente agonistas receptores ipioides mu, con
antagonistas opioides para lograr una accién analgésica opuma (véase por favor el

Paragrafo [0015] de D2).

En este orden de ideas, las principales diferencias entre la presente combinacion
reivindicada y la combinacién divulgada en D2 son que Tapentadol es usado en
lugar del sulfato de morfina, y que el Tapentadol es usado en la formulacion de
liberacion prolongada especificamente reivindicada.

Sobre este particular, es importante sefialar que el uso de Tapentadol en la forma
de liberacién prolongada como se teivindic6 en la presente invencién en lugar de
motfina, resuelve el problema técnico de suministrar una composicién
farmacéutica _efectiva que comprende un opioide no kappa y un
antagonista opioide en donde la composicién tenga un nivel bajo de
efectos colaterales y que se evite tener niveles de act1v1dad especificos al

genero

Esta solucién sorprendente encontrada por el solicitante; ha sido demostrada por
varios ejemplos y estudios divulgados en la solicitud originalmente presentada.
Las combinaciones farmacéuticas reivindicadas (con Pregabalina) tienen la misma
o superior eficacia analgésica que la combinacién divulgada en D2, y, no se
detecta una accién especifica al género.

En relacién con el problema técnico, es importante sefialar que la solucién al
problema no habia sido divulgada ni sugerida en D1 ni en ninguno de los
documentos citados como arte previo, bien sea poz el seflor examinador o por el
oponente. '

Por lo tano, una persona versada en la materia no hubiera considerado el cambio
de sulfato de morfina por tapentadol el cual esti presente en una forma de
liberacién prolongada, toda vez que se sabia que el‘Tapentadol analgésico de
accién centrada tiene una potencia mucho mas baja que la motfina y no tiene
un simple agonista receptor de opioide mu e 1nhlb1c1on de la recaptacion de
noradrenalina.  De hecho, ambos mecanismos de accién mostraron que
contribuyen con sus efectos analgésicos (Véase por fatot el articulo Tzschentke
TM et. Al, Tapentadol Hudrochloride. Analgesic, Mu:opioid receptor agonist,
Noradrenaline reuptake inhibitor. Drugs Future 2006;*31 (12): 1053-1061) que
también fue indicado en la respuesta al oficio No. 10004 notificado por fijacion
en lista el 11 de Junio de 2013.
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Adicionalmente, es claro a-partit de lo mostrado en el articulo de Tzschentke TM
et al,, que el Tapentadol tiene solo un potencial bajo para interacciones farmaco-
firmaco lo que podtia adicionalmente disuadir a una 'persona medianamente
versada en la materia de remplazar el sulfato de motfina usado en el
farmaco de combinacién de D2 por el Tapentadol, y mucho menos con
Tapentadol en la formulacién de liberacion prolongada.re_ivindicada.

Por lo tanto, la materia objeto reivindicada en la presente solicitud no puede set
derivada de manera evidente del arte previo y por lo tanto estd fundamentada en
una actividad inventiva.

Aunado a lo anterior, es deseo del solicitante sefialar que no se encuentra de
acuerdo con que el documento US20040024004 (D2) y la presente solicitud se
encuentran en el mismo campo técnico. Se podtia decir asi, al considerar el
"tratamiento del dolot", como ambito técnico. Sin embargo, no es cotrrecto,
porque el tratamiento del dolor no sigue una regla» general. En este sentido,
es importante hacer reiterar que los mecanismos para ‘el dolor varian mucho y
también lo hacen las opciones de tratamiento. De hecho, esto ni siquiera se
indica de manera indirecta, en D2 que el énfasis de la diferencia en el tratamiento
de las mujeres y los hombres tienen los mismos sintomas.de dolor.

Aunado a lo anterior, también es pertinente sefialar-que mientras que el
documento D2 se refiere a los regimenes de tratamiento de la morfina y
naltroxene para reducir los efectos secundarios y el potencial de dependencia
determinada para el sulfato de morfina, y que régimen de tratamiento se
encuentra para ser especifica de género, y sugiere regimenes de tratamiento
especifico de género, la presente solicitud no se refiere a un régimen de
tratamiento, y mucho menos para diferenciar las diferencias especificas
de género en el tratamiento. Es mis, la presente solicitud se refiere a una
formulacién de liberacién lenta que contiene tres ingredientes activos, a saber
tapentadol, pregabalina y uno de los siguientes: antagonistas de naloxona,
naltrexona o nalmefeno.

En ese orden de ideas, hay por tanto dos diferencias entre la presente solicitud y
D2 que no habtian sido para nada evidentes a partir de ésta Gltima anteriotidad, 2
saber, que el tapentadol en lugar de sulfato de morfina y que ademais, otro
firmaco estd presente a saber, la pregabalina (pregabalina (DCI ) que es un
farmaco anticonvulsivo usado para el dolor neuropitico y como una terapia
adjunta de las crisis parcial con o sin generalizaciét’ secundaria en adultos.
También se ha encontrado eficaz para el trastorno dé-ansiedad generalizada

et

Asi las cosas, incluso cuando se considera la informacién proporcionada en D1
(W0O2007/087452) que la motfina se puede formular en una forma de liberacion

P-2908



Clarke, Modet & C°

COLOMBIA

lenta, es claro que no hay ningin indicio en cualquiera de los documentos
para formular una composicién farmacéutica de_acuerdo con una de
tapentadol el antagonista reivindicada y pregaba]jtiéi

En este sentido, de manera respetuosa nos perrnmrnos decir que el sefior
examinador no presenta una argumentacién racional del porqué una persona
medianamente versada en la materia técnica habtia combinado los tres
ingredientes activos, y esperar que se mostrara la actividad.

En cuanto a los argumentos presentados en la resolucién impugnada, nos
permitimos decir que consideramos que cortesponden a un andlisis de tipo
hindsight o retrospectivo. De hecho, este tipo de anlisis no es permitido para
desvirtuar el concepto de altura inventiva de una invencion.

En este tipo de analisis, el examinador no enfoca su andlisis en el momento en el
que el solicitante plantea un problema con el fin de solucionar fallas técnicas
existentes en los productos, convencionales de un campo técnico especifico, sino
que se enfoca en la solucién dada al problema planteado y en la bisqueda de
documentos con conceptos anilogos. A este respecto dirijo la atencion del
examinador al “Manual para Examen de Solicitudes de Patentes de Invencién en las
Oficinas de Propiedad Industrial de los Paises de la Comunidad Andina, pubhcado en la
pagina Web de la Comunidad Andina, donde se establece en la pigina 74 en
cuanto al nivel inventivo “...que la bisqueda de anterioridades se efectila a posterior,
tomando como punto de partida /a misma invencion,. . .¢l examinador debe realizar el esfuerso
intelectual de colocarse en la sityacion que ba tenido que afrontar el técnico con comocimiientos
medios en_la_materia en un_momento en gue la invencion no_era conocida, es decir antes de la
invencion” .(El subrayado es nuestro)

En el presente caso, para el examinador puede resultar "obvio" que el objeto de
la presente solicitud se derive de la matetia objeto de los documentos citados, sin
dar mayor importancia al trabajo desplegado y a la capacidad inventiva del
solicitante para lograr llegar a la solucién del problema planteado. Es decir, que el
examinador no hace su anilisis partiendo del problema mismo que existia en la
técnica en el momento en-que el solicitante dirige todos sus esfuerzos para
encontrar una solucién, sino que enfoca su estudlo en el momento en que
el problema ya fue resuelto

En este sentido, respetuosémente nos permitimos decir‘que consideramos que el
examinador ha hecho un anilisis no permitido parala evaluacién del nivel
inventivo, por lo que se ha incumplido con los articulos- 14,16y 18 de la decisién
486 de la Comunidad Andina de Naciones, por lo que procede la reposicién del
presente tramite.

/

>
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2. Teniendo en cuenta lo dicho antenormente solicito a usted lo
siguiente:

a) Que de conformidad con lo previsto por los articulos 3 (inciso 3); 35
(inciso 2) y 59 (inciso 2) del Cédigo Contencioso Administrativo se
consideren y se tesuelvan TODOS los argumentos y TODAS las
cuestiones planteadas asi como las que aparezcan con motivo de este
recurso. .

b) Que se declaren infundadas las oposiciones presentadas por la Sociedad
Laboratorios Synthesis S.A.S y se revoque la resolucién No. 78994 emitida
el 17 de diciembre de 2013 por el Supermtendente de Industtia y
Cometcio, y se proceda a conceder el privilegio de patente de invencion a la
solicitud de mi mandante.

)

— ™ <

<SILVANA MARIA LOPEZ DI
C.C. 22468787 de Barranquilla
T.P 147463 del CS] -

notificaciones@clarkemodet.com.co
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Industria ¥y Comercio
SUPERINTENDENCIA

DIRECCI()N DE NUEVAS CREACIONES
MODIFICACIONES Y/O CORRECCIONES

1. Identificacion del Tramite o
[ ] Error material Modificacion a una Solicitud en tramite

Patente de Invencion

|| Patente de Modelo de Utilidad
] Registro de Disefio Industrial
[ ] Esquema de Trazado de Circuitos Integrados

2. Datos del solicitante

Persona Natural l:l Persona Juridica

GRUNENTHAL GMBH

Espacio reservado para el adhesivo de radicacién

Nombre o denominacién / Nombre o razén social completa
Nombre representante legall

Tipo de empresa Micro Pequefia Mediana Otra

Documento de identificacion: DC.C. C.E. NIT "Otro Numero

n

Nacionalidad/Pais de constitucién Direcciéon y domicilio del titular Ciudad
ALEMANIA Zieglerstrasse 6, 52078 Aachen Aachen, Alemania
Direccidn electrdnica No. Fax Namero telefénico
D Autorizo expresamente a la Superintendencia de Industria y Comercio para que todas las

comunicaciones sean enviadas a través de la direccion de correo electrénico

3. Datos del apoderado:
SILVANA MARIA LOPEZ DiAZ . C.C. 22.468.787 147463 CSJ
Apellidos y Nombre _ Documento de identificacion Tarjeta profesional
Direccién y domicilio Ciudéaj:;
Carrera 11 No. 86-53, Piso 6, Bogota D.C., Colombia Bogota D.C.
Direccion electrénica No. Fax Numero telefénico
notificaciones@clarkemodet.com.co 6350824 e 6181088

En caso de haber presentado poder general para asuntos que se adelanten ante la Delegatura de Propiedad Industrial,
sirvase indicar el nimero de su radicacién o protocolo de poder general
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Datos del tramite

Correccion:

Expediente No. 11 -052.’1 16

Aparece

Debe ser

Modificacion:

Presentacion Solicitud:Divisional.

Modificacion al capitulb descriptivo.

[ ]

&
i

- Modificacion al capitulo Reivindicatorio

Presento junto con este Recurso nuevo capitulo reivindicatorio que consta de 5

reivindicaciones, en un_esfuerzo por solucionar las objeciones presentadas por su

Despacho en la resolucién impugnada.

I:I Modificacion al resumen.

D Modificacion a los dibujos.

MadifiraciAn al ealicitanta

Anexos

E Comprobante de pago de la tasa para la presentacion de la correccion y/o modificacion

%,
I:I Poder, si fuere el caso.

- Documento que contiene las modificaciones o correcciones.

D Copia de la solicitud y sus*énexos en formato magnético.

6. Firma

SILVANA MARIA LOPEZ DIAZ

Nombre y apellidos

Firma

— 0
| LY

C.C. 22.468.787

Tarjeta Profesional T.P. 147463 S}

o :
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ANEXO1

Nuevo capitulo de reivindicaciones
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30-01-14

REIVINDICACIONES

1. Una composicién farmacéutica que contiene
tapentadol entre 50 a 100 mg de tapentadol en una formulacién
de liberacién lenta que comprende celulosa microcristalina,
polivinil alcohol, etilcelulosa, diéxido de silicio coloidal,
estearil fumarato de sodio, y pregabalina, y unc entre los
antagonistas opioides seleccionado de naloxona, naltrexona y

nalmefeno.

2. La composicidén farmacéutica de conformidad con
la reivindicacién 1, caracterizada porque es una forma de
dosificacién para un sistema de suministro transdérmico, un
sistema de suministro oral mucosal, una féfﬁa de dosificacién
adecuada para 1la 'administracién nasal, un sistema de
suministro bucal, una forma de dosificacién inyectable o una

5

forma de dosificacidén sélida.

3. La composicién farmacéutica de conformidad con
la reivindicacién 1 & 2, caracterizada porque la forma de

dosificacidén es una forma de dosificacidén oral.

4. La composicién farmacéutica en conformidad con
una cualquiera de las reivindicaciones 1 a. 3, caracterizada

porque el antagonista es Naltrexona.

5. La composicién farmacéutica de conformidad con
la reivindicacién 4, caracterizada porque el Tapentadol y/o
el naltroxeno son formulados en forma de una sal de adicidn

acida, particularmente clorhidrato.



Drugs of the Future 2006, 31(12): 1053- 1061
Copyright © 2006 PROUS SCIENCE .
CCC: 0377-8282/2006 :
DOI: 10.1358/d0f.2006.031.12,1047744

Tapentadol Hydrochloride

Prop INNM; USAN

CG5503
BN200

Analgesic
Mu-Op:otd Receptor Agonist
Noradrenaline Reuptake Inhibitor

1

(-)-(1R.2R)-3-(3-Dimethylamino-1 -ethyl-2-methylpropyl)phenol hydrochloride

~OH

H,C _CH,

C,HNO.HCI

Mol wt: 257.80

CAS: 175591-09-0

CAS: 175591-23-8 (as free base)
EN: 232967

Abstract

Tapentadol-is a novel, investigational, centrally act-
ing analgesic with & dual mode of action:” mu-opioid
receptor agonism and noradrenaline reuptake inhibition.
Tapentado! showed analgesic effects in a wide range of
animal models of acute, inflammatory and chronic neu-
ropathic pain. Both mechanisms of action were shiown to
contribute to its analgesic effects. Generally, the poten-
cy of tapentadol was between that of morphine and tra-
madol. The activity of tapentadol resides in a single
enantiomer arid is independent of metabolic activation. It
has no active metabalites, and the main inetabolic path-
way for elimination of tapentadol is phase |l glucuronida-
tion. Thus, tapentadol has a low potentiai for drug-drug
interactions. Preclinical studies suggest a favorable tol-
erability profile compared to pure mu-agonists. Data
from early clinical studies suggest improved gastroin-
testinal tolerability compared to morphine at doses pro-
ducing similar efficacy. Phase Il clinical trials are cur-
rently investigating the therapeutic potentual of this

- innovative compound.

Synthesis

Tapentadol hydrochloride is synthesized by ether
‘cleavage (e.g., conc. HBr) from its corresponding methyl
fether (11). Compound (lll) can be obtained by several

methods, e.g., starting from diethyl ketone, which is trans-
formed under standard Mannich conditions to racemic (l).
The Grignard reaction with 3-bromoanisole and subse-
quent separation of diastereomers (crystallization as HCI
salt from 2-butanone with TMSCI/H,0) and enantiomers
(HPLC, CS phase). gives (—)-(S,S)-('II). Removal of the
hydroxy group can be achieved diastereoselectively
(under retention).by. chlorination with thionyl chloride, fol-
lowed by treatment with zinc borohydride (from ZnCl, and
NaBH,), leading’to’(<)-(R,R)-(Il) (Scheme 1).

Background

Compounds that activate opioid receptors, in particu-
lar the mu-opioid receptor (MOR) subtype, have been
used for many decades for the treatment of moderate to
severe pain (1). However, extensive clinical experience
with the prototypical MOR agonist morphine indicates
that, although this compound is very effective against
acute pain, it may be less effective against chronic pain
conditions, especially those of neuropathic or inflamma-
tory origin (2, 3). The finding that chronic pain can lead to
MOR downragulation may offer a molecular basis for the
relative lack of efficacy of morphine in long-term treat-
ment settings (4). Moreover, prolonged treatment with
morphine may result in tolerance to its analgesic effects,
most likely due;to treatment-induced MOR downregula-
tion and other .regulatory mechanisms. As a conse-
quence, long-term treatment can result in substantial
increases in dosing in order to maintain a clinically satis-
factory analgesic: effect. Furthermore, morphine has a
limited therapeutic window, as its analgesic efficacy gen-
erally coincides with diverse side effects. These side
effects are dose-hmltmg and result in poor patient compli-
ance, especially in the case of chronic pain (5, 6). Nausea
and emesis are typical for classical MOR agonists and

T.M. Tzschentke®, "J. De Vry, R. Terlinden, H.-H. Hennies, C.
Lange, W. Strassburger M. Haurand, J. Kolb, J. Schneider, H.
Buschmann, M. Finkam, U. Jahnel, E. Friderichs. Griinenthal
GmbH, Research & Development, 52099 Aachen, Germany.
*Correspondence’ e-mail: thomas.tzschentke@grunenthatl.com
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W Tapentadol Hydrochloride

Scheme 1: Synthesis of Tapentadol hydrochloride

o. OH
CH,
1. conc. HBr, reflux
H,C N” CH, 2. HCl salt precipitation: H,C N _CH,
éH (l: " a) CH,Cl,, aq. NaHCO, & <'; y
H
s : b) 2-butancne, TMSCIH,0 g 3
()
1. SOCI,, reflux 2. ZnBH,, PPh,
O~ cn
3 1.3b isole, Mg, THF i - Me,NH°HCI 9
. 3-bromoanisole, Mg, ; .
- o sole, Mg H°c\/U\K\N'qH? PP Hac\/U\/CHJ
H CHO,,,‘_ CH 2. separation of diastereomers 1 . (CH,On, reflux
? Y .';‘/ : and racemic resolution (I)CH3 CHy
CH, CH, '

appear directly after the start of treatment. Nausea and
emesis are normally transient in the first week of treat-
ment, but have a negative impact on patient compliance
_in this early treatment phase. Further side effects typical
of morphine and other MOR agonists are constipation,
" mental clouding and respiratory depression, the latter
being a rare but life-threatening event. Moreover, pro-
longed use of opioids results in physical dependence and
may lead to addiction. Taken together, these points indi-
cate that there is a significant medical need for safer and
more tolerable opioids with an improved efficacy profile in
chronic pain therapy.

Since the isolation of morphine two centuries ago,
numerous derivatives have been synthesized, with the
primary aim of separating analgesic effects from unwant-
ed effects (7-8). However, the cloning of the MCR and the
use of transgenic mice lacking this receptor (10, 11) indi-
cated quite convincingly that both the analgesic efficacy
and the unwanted effects of morphine and its analogues
are mediated by the same receptor (i.e., the MOR). This
strongly suggests that a dissociation of analgesia from
these unwanted effects can not be achieved with a selec-
tive MOR agonist.

An alternative approach to improve the therapeutic
usefulness of opioid analgesics is to combine MOR acti-
vation with an additional mechanism of action aimed at
enhancing analgesic efficacy. Such an additional anal-
gesic mechanism may result in an opiate-sparing effect,
thereby attenuating the unwanted effects of MOR activa-
tion. Activation of the noradrenergic descending pain-
inhibitory pathway can be considered a candidate for
such an additional mechanism. Compounds that inhibit
the reuptake of noradrenaline (NA) are effective anal-
gesics, particularly against chronic pain conditions in

which opioids are considered {o be less effective or prob-
tematic due to their side effects (12-15). This mode of
action was shown to be particularly effective in neuro-
pathic pain (16). it was also demonstrated that such com-
pounds can potentiate the analgesic effects of morphine
(17, 18).

The concept of combined mechanisms of action was
realized for the first time with the introduction of tra-
madol, a compound that produces MOR activation and
inhibition of serotonin (5-HT) and NA reuptake (19-21).
Tramadol is a racemate with active metabolites (22),
each of which has a different profile of activity. NA and 5-
HT reuptake inhibition mainly reside in the (-)- and (+)-
enantiomer of the parent compound, respectively,
whereas MOR activation resides in the (+)-enantiomer of
O-desmethyl-tramadol, and to a lesser degree in (+)-tra-
madol itself (23). Interestingly, it was shown that sys-
temic administration of either (-)- or (+)-tramadol in
humans induces ‘analgesia (24, 25), leading to the sug-
gestion that a noradrenergic mechanism may contribute
to the analgesic profile of racemic tramadol. In addition,
it was found that the analgesic efficacy of tramadol was
less pronounced in subjects who showed a reduced
capability to form:the (+)-O-desmethyl metabolite (“poor
metabolizers”), as compared to subjects who produced
relatively high levels of the metabolite. This indicates that
the MOR-active metabolite contributes significantly to
the analgesic profile of tramadol (26). Therefore, it was
postulated that both enantiomers and the O-desmethyl
metabolite are necessary for the full analgesic profile of
tramadol (27, 28).

it can be.argued, however, that inhibition of 5-HT
reuptake contributes less to the analgesic profile of tra-
madol than MOR activation and NA reuptake inhibition.

Y
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First, it is highly likely that the analgesic efficacy of (+)-tra-
madol is (at least in large part) mediated by the (+)-O-
desmethyl metabolite, which relatively potently activates
the MOR. Second, and more importantly, it was found
that while tramadol-induced analgesia is partially blocked
by co-administration with either the MOR antagonist
naloxone or the NA receptor antagonist yohimbine, it was
completely abolished by combined administration of both
antagonists (26). Also, preclinical and clinical evidence
with selective 5-HT reuptake inhibitors, selective NA
reuptake inhibitors and mixed 5-HT/NA reuptake
inhibitors indicates that analgesia is more readily
obtained by NA reuptake inhibition than by 5-HT reuptake
inhibition (14, 18, 29, 30).

Therefore, it appears that the combination of MOR
activation with NA reuptake inhibition should provide an
improved and potent analgesic with high efficacy against
acute and chronic pain conditions and an improved side
effect profile compared to classical MOR agonists. in
order to establish this novel pharmacological concept, an
extensive synthesis program was initiated at Griinenthal,
with the aim of combining MOR activation and NA reup-
take inhibition in one chemical entity (i.e., “dual mode of
action” concept).

The present paper reviews the preclinical and early
clinical profile of tapentadol, one of the molecules result-
ing from this program that combines the dual mode of
action in a single chemical entity, without active metabo-
lites. The compound shows a broad analgesic profile in
animal models of acute and chronic pain. In addition, it
has a lower propensity to produce tolerance and physical
dependence, and it may have an improved therapeutic

- window compared to morphine.

Preclinical Pharmacology

Tapentadol was characterized as a MOR agonist and
NA reuptake inhibitor, The compound showed K; values
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of 0.1 and 0.5 uM in a rat MOR binding assay and a rat
synaptosomal NA reuptake assay, respectively. Affinity
for the other opioid receptor subtypes (i.e., kappa-opioid
receptor [KOR)], delta-opioid receptor [DOR] and ORL1
receptor [NOP]) was at least approximately 1 order of
magnitude lower (Table 1). The affinity of morphine at the
MOR was about 50-fold higher than that of tapentadol. At
the recombinant human MOR, both tapentadol and mor-
phine had a somewhat lower affinity than at the rat MOR
(K, = 0.54 and 0.023 uM, respectively).

Tapentadol was characterized in a GTPyS assay with
human recombinant MOR as a MOR agonist (EC, = 0.67
pM). MOR agonism was confirmed in a guinea pig ileum
assay. In this test, electrically induced twitch contractions
of the ileum were inhibited with an IC, value of 1.49 uM,
an effect that was antagonized by the MOR antagonist
naloxone. .

in addition to its MOR-agonist effect, tapentadol was
found to inhibit the reuptake of NA, as assessed in isolat-
ed rat brain synaptosomes, with a K; value of 0.5 uM. In
contrast to its NA reuptake-inhibitory properties, the reup-
take of 5-HT was only weakly inhibited (K, = 2.4 uM) and
dopamine and choline uptake was not affected to any rel-
evant degree (Table I1). To ascertain that the results mea-
sured in the synaptosomal uptake assay represented the
appropriate neurotransmitter reuptake systems, binding
assays with rat and human transporters were also per-
formed. The results of these assays confirmed the data
obtained with the functional reuptake systems.

Further assessment of the target selectivity of tapen-
tadol was performed in a screening profile including more
than 50 neurotransmitter receptors, reuptake trans-
porters, ion channels and enzyme systems, including
cyciooxygenases. These studies indicated that tapenta-
dol showed submicromolar affinity for muscarinic M,-Mj
receptors (K, = 0.47-1.19 uM). Interaction with the mus-
carinic receptor was further assessed in the acetyl-
choline-induced guinea pig ileum contraction assay. The

Table I: Comparison of the affinity of tapentadol and morphine at various opioid receptor si;_btypes, as assessed in binding assays using
rat brain membranes (MOR, KOR, DOR) or human recombinant receptors (NOP).

Compound o K, value (uM) .

‘MOR KOR < PDOR NOP
Tapentadol 0.1 0.9 T > 100
Morphine . 0.002 0.17 '0.08 > 100

MOR: mu-opioid receptor; KOR: kappa-opioid receptor; DOR: delta-opioid receptor; NOP: ORL1, or nociceptin receptor.

Table II: Comparison of tapentadol and desipramine with respect to neurotransmitier reuptake inhibition, as assessed in rat brain

synaplosomes.
Transmitter K, value (uM)
Tapentadol Desipramine
Noradrenaline 0.5 0.001
5-HT 24 1.4
Dopamine NE : ND
Choline 39 ND

NE: no effect (5% inhibition at 1 uM); ND: not determined.
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results indicated that the compound has weak anticholin-
ergic activity (pA, = 6.2).

The in vivo functional relevance of NA and 5-HT reup-
take inhibition by tapentadol was examined by means of
microdialysis probes implanted into the ventral hip-
pocampus of freely moving rats. While morphine at doses
of up to 10 mg/kg i.p. did not affect extracellular levels of
NA and induced a small increase (approx. 70% above
baseline) in extracellular 5-HT levels, tapentadol at doses
of up to 10 mg/kg i.p. produced a large, dose-dependent
increase in extracellular NA levels (approx. 450% above
baseline at 10 mg/kg i.p.) and a much smaller increase in
extracellular 5-HT levels (approx. 130% above baseline
at 10 mg/kg i.p.). These in vivo data correlate well with the
in vitro data obtained in NA and 5-HT reuptake systems
and confirm a much more pronounced functional role of
NA compared to 5-HT. h

The analgesic properties of tapentadol were investi-
gated in various pain models in mice, rats, rabbits and
dogs. These experiments were performed with different
routes- of administration, including intravenous (i.v.},
intraperitoneal (i.p.), oral (p.o.), intracerebroventricular
(i.c.v.) and intrathecal (i.t.) routes, and employed a wide
range of pain stimuli, including thermal, tactile, chemical
and electrical modalities. The pain tests consisted of
models of acute nociceptive pain (tail-flick, hot-plate,
tooth pulp stimulation and phenylquinone-induced
writhing models), acute and persistent inflammatory pain
(yeast and formalin models), visceral pain (coldrectal dis-
tension and mustard oil-induced visceral pain), chronic
mononeuropathic pain (chronic constriction injury [CCI]

Tapentadoi Hydrochloride

and spinal nerve ligation [SNL] models) and chronic
polyneuropathic pain (vincristine and streptozotocin mod-
els). Tapentadol induced effective analgesia in all models
(analgesic ED,, values compared to morphine are shown
in Table l1), indicating that it is an analgesic with activity
against acute and chronic pain of diverse etiology.

Tapentadol also showed analgesic activity when
administered centrally (either i.c.v. or i.t.), suggesting that
tapentadol-induced analgesia is (at least partially) cen-
trally mediated. Investigations with tapentadol glu-
curonide, the major metabolite of tapentadol, in the tail-
flick test in mice showed that the glucuronide is devoid of
analgesic activity. This supports the notion that tapenta-
dol has no active metabolites.

Interestingly, despite its 50-fold lower MOR affinity
compared to morphine, tapentadol was only 2-3 times
less potent than morphine after systemic administration.
This consistent finding across different models may be
due to a better brain penetration of tapentadol, but also
suggests that the NA reuptake-inhibitory property of
tapentadol potently interacts with its MOR-agonist prop-
erty, resulting in more potent analgesia than would be
expected solely from its MOR agonism.

To further substantiate the dual mechanism of action
of tapentadol, the extent to which its analgesic properties
could be blocked by the MOR antagonist naloxone and
by the NA receptor antagonist yohimbine was examined.
In the rat formalin test; it was found that tapentadol-
induced analgesia was reduced by pretreatment with
either antagonist, indicating that both opiate and nora-
drenergic mechanisms are involved in its analgesic effect

Table IlI: Overview of the analgesic activity of tapentadol’ and morphine' in various animal models of acute and chronic pain.

Pain model Route of application ED, value (mg/kg}
" Tapentadol Morphine

Tail-flick (mouse) iv. 4.2 14
p.o. .. 534 18.9

icv.* . 65.0 04

Tail-flick (rat) iv. c22 1.1
i.p. “1710.0 5.8

p.o. C 121 55.7

Tail-flick (dog) iv. Sv 43 0.7
Hot-plate 48° C (mouse) iv. - .33 13
Hot-plate 58° C {mouse) iLp. 277 8.5
Phenylquinone-induced writhing {(mouse) iv. 0.7 0.4
' p.o. 31.3 47
Lev.” 18.4 0.08

Tooth pulp stimulation (rabbit) iv. 3.1 2.3
Formalin (phase I} (rat} i.p. 3.8 0.8
Yeast model (rat) i.v. 2.0 0.9
i.p. 101 56

it 56.8 1.9

Colorectal distension-induced visceral pain (rat) iv. 55 35
Mustard oil-induced visceral pain (rat) iv. 1.5 1.0
Spinal nerve injury neuropathy (rat) i.p. 8.3 29
Chronic constriction injury neuropathy (rat) i.p. 13.0 13.8
Vincristine polyneuropathy (rat) i.p. 5.1 34
Diabetic polyneuropathy (rat) i.p. 8.9 3.0

*Dose in pg/animal. TAll drug doses for preclinical and clinical testing are for the hydrochloride salt.
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Fig. 1. Antagonism of tapentadol-induced analgesia by the MOR
antagonist naloxone and the «,-adrenoceptor antagonist yohim-
bine in the formalin test. The figure shows the pain score
(according to a rating scale) during phase 1l of the test. n=10 rats
per group.*p < 0.05 versus tapentadol treatment. *-" indicates
administration of vehicle. Data are shown as mean + S.E.M.

(Fig. 1). Further experiments performed in the SNL model
of neuropathic pain demonstrated that the analgesic
effect of tapentadol was more sensitive to antagonism by
yohimbine than to antagonism by naloxone, whereas the
reverse was true for morphine. Taken together, these
findings suggest that a prominent part of the analgesic
activity of tapentadol in chronic pain states results from
its NA reuptake inhibition.

The development of tolerance to the analgesic effects

of tapentadol and morphine (at equieffective doses) was
investigated in two different pain models in rats —the tail-
flick test of acute nociception and the CCI modei of chron-
ic neuropathic pain. In both models, tolerance develop-
ment was considerably delayed with tapentadol
compared to morphine (duration of treatment until com-
plete tolerance had developed in the tail-flick and CCl
models: tapentadol, 51 and 27 days, respectively; mor-
phine, 21 and 10 days, respectively). These findings may
be of relevance for the treatment of chronic pain, because
in clinical practice with classical opiates, dose increases
may be required due to opioid tolerance.
. Physical dependence liability was assessed after pre-
cipitated withdrawal (naloxone-precipitated jumping and
body weight reduction in mice and rats, respectively) and
after spontaneous withdrawal following 3-4 weeks of
treatment (diverse withdrawal symptoms in rats). In each
model, tapentado! induced less physical dependence
than morphine (data from the naloxone-precipitated with-
drawal model are shown in Fig. 2).

Pharmacokinetics and Metabolism

In mice, rats and dogs, tapentadol was absorbed
rapidly {t = 0.5-1 h) after p.o. administration. The

max
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absolute bioavailability was low and ranged from 3% in
dogs to 8% in rats. In male Wistar rats, the mean half-life
in plasma was 0.5 h after i.v. administration of 7 mg/kg,
but it was clearly longer (> 2 h) after p.o. administration
of 300 mg/kg. The clearance was 228 mi/min/kg and the
volume of distribution was 10.4 I/kg after i.v. administra-
tion. In dogs, the mean terminal disposition half-lives
were 0.87 and 3.7 h, respectively, after i.v. and p.o. dos-
ing. The volume of distribution after i.v. administration
was 10.9 kg and the clearance amounted to 145
ml/min/kg. Protein binding was low in all animal species
tested, and ranged from 11% in rabbits to 19% in rats.
Comparable protein binding of 18% was found in human
plasma. :

After p.o. administration of 150 mg/kg ['*C}-labeled
tapentado! to male Sprague-Dawley rats, the fraction of
the radioactive dose recovered in the urine was 69% and
that in the feces was 26%, amounting to essentially com-
plete elimination within 48 h. In female rats, approximate-
ly 94% of the radioactivity was excreted via urine and 5%
via the feces. The high proportion of the dose recovered
in urine implies a high extent of absorption of 69-84% of
the dose. After oral dosing in male beagle dogs (20
mg/kg), 81% of the dose was recovered in the urine and
18% in the feces within 48 h.

The main metabolic pathway for the elimination of
tapentadol in animals and man is phase Il metabolism.
Glucuronidation: was found in mice, rats, dogs and
humans; sulfation occurred to a minor extent only in dogs
and humans. Phase | biotransformations occurred to a
lesser extent, and included hydroxylation of the aromatic
ring system .with subsequent conjugation and
N-demethylation, followed by conjugation. In vitro investi-
gations on the interaction of tapentado!l with cytochrome
P-450 enzymes and studies with human hepatocytes indi-
cated no potential for inhibition or induction. Rapid and
extensive tissue distribution was found in rats, with kinet-
ics paralleling the: conditions in plasma. Radioactivity
clearly crossed the blood-brain barrier.

In healthy subjects, tapentadol is rapidly absorbed
after a single oral- dose, reaching peak serum concentra-
tions within 1-2:h.-The calculated pharmacokinetic para-
meters after i.v. and p.o. administration are summarized
in Table IV.

The absolute oral bioavailability of 32% is comparable
to that of morphine. The clearance of 1531 mi/min after
i.v. administration equals the liver blood flow (1400
ml/min). Dose linearity could be shown after i.v. and p.o.
administration of tapentadol in the dose range of 10-80
mg and 75-200.mg, respectively. Steady state after oral
administration 4. times daily was reached after approxi-
mately 25-30 h.. The mean accumulation factor was 1.8,
which was determined primarily by the dosing interval
and apparent terminal half-life of tapentadol. Basic phar-
macokinetic parameters of tapentadol did not change dur-
ing multiple dosing. A mass balance study with [*C]-
labeled tapentadol demonstrated that more than 98% of
the radioactivity was recovered in the urine during 48 h.
Fecal excretion'was negligible (~ 1%).

b
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Fig. 2. Comparison of the physical dependence liability of tapentadol and morphine in rats. Data show the effects of naloxone-precipi-
tated withdrawal on body weight measured 6, 12 and 24 h after t.i.d. treatment with tapentadol or morphine during 3 weeks. n=12 rats
per group.*p < 0.05, **p < 0.01, ***p < 0.001 versus last day of the treatment regimen. Data are shown as mean + S.E.M.

Table IV: Summary of pharmacokinetic parameters after a single i.v. infusion and oral administration of tapentadol in 24 fasted male vol-
unteers. Data are presented as mean values and refer lo tapentadol (free base).

Parameter 15-min infusion ' IR oral
40 mg 100 mg
AUC (ng.h/ml) 379 314
C.ox (ng/ml) 243 78
£ (M) 0.26 1.2
t,. (h) 4.1 49
CL (CU/M) (ml/min) ) 1531 _ 5007
V, (V) ) 540 . 2127
F (%) v — : 32

IR: immediate release; C__: peak plasma concentration; timetoC .t terminal half-life; CL: total clearance; V,: volume of
distribution; F: bioavailability. ' : '

%
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Safety

Tapentadol induced only weak emesis-like behavior in
the ferret at doses ranging from 10 to 31.6 mg/kg i.p.
Approximately 20% of the animals in both the low- and
high-dose groups exhibited emesis with food expulsion.
Compared with low doses of morphine (0.125-0.5 mg/kg
s.c.), tapentado! was associated with a substantially lower
incidence of retches and vomits per animal (Fig. 3), and
the duration of these effects was shorter.

The gastrointestinal-inhibitory activity of tapentadol
was also relatively weak compared to morphine. In mice,
tapentadol and morphine inhibited charcoal transit from
the stomach to the cecum with ED, values of 28.1 and
5.9 mg/kg i.p., respectively, and inhibited PGE,-induced
diarrhea with ED,, values of 10.3 and 1.1 mg/kg i.p.,
respectively.

Tapentadol dose-dependently reduced spontaneous
respiratory frequency in conscious rats following i.v. bolus
injection of 4.64-14.7 mgfkg. In a rat plethysmography
model, i.v. tapentadol reduced the respiratory minute vol-
ume at 18 mg/kg, but not at 2 and 6 mg/kg. CO,-induced
stimulation of respiratory frequency was less potently
inhibited by tapentadol than by morphine (ED,, = 0.71
and 0.23 mg/kg i.v., respectively). Tapentado! induced an
increase in arterial pCO, in rats, but again, with lower
potency and efficacy than morphine. Daily treatment with
tapentadol or morphine resulted in complete tolerance to
the respiratory depressive effect within 22 days, indicat-
ing that, with respect to respiratory depression, tapenta-
dol does not show delayed tolerance development com-
pared to morphine {such as that seen with respect to
analgesia).

Tapentadol weakly inhibited the I, current in Chinese
hamster ovary (CHO) cells, with an IC,; of 36 uM. The
O-glucuronide, the N-demethy! and the sulfate metabo-
lites of tapentadol were even less attive (IC,, > 250 uM).
Tapentadol slightly shortened the action potential dura-
tion at 10 and 100 uM in guinea pig papillary muscle.
In isolated spontaneously beating atrial preparations
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and electrically stimulated papillary muscles of guinea
pigs, tapentadol exerted negative chronotropic and neg-
ative inotropic effects only at concentrations higher than
100 pM.

In conscious rats, tapentadol (4.64-14.7 mg/kg i.v.)
induced transient (10-15 min) increases in arterial blood
pressure and heart rate. in anesthetized rabbits, i.v. bolus
injections of 1-10 mglkg tapentadol led to dose-depen-
dent decreases in heart rate and arterial blood pressure
and to a negative inotropic effect. Tapentadol did not
increase the heart rate-corrected Q-T_ time. In conscious
dogs, i.v. infusion of tapentadol at doses of 3, 6 and 9
mg/kg produced dose-related, reversible increases in
arterial blood pressure, heart rate and cardiac output. The
Q-T time was decreased in parallel to the increase in
heart rate. In anesthetized dogs, i.v. infusion of tapenta-
dol at doses of 0.5, 1.5 and 4.5 mg/kg induced a dose-
dependent hypotensive effect. Tapentadol did not affect
Q-T or Q-T, times in anesthetized dogs.

Acute toxicity studies were performed in rats and mice
after i.v. and p.o. administration. Clinical signs of toxicity
included hyperexcitability, irregular respiratory activity
and convulsions. LD, values after p.o. administration
ranged from approximately 350 mg/kg in mice to > 1000
mg/kg in rats; after i.v. administration, LDg, values were
approximately 45 mg/kg in both species.

In repeated-dose toxicity studies, tapentadol was
administered i.v. and p.o. for 4 weeks to rats and for 2
weeks to dogs. In addition, the toxicological profile was
evaluated in long-term studies with a treatment period of
13 and 52 weeks in dogs and 26 weeks in rats. In these
studies, treatment-related clinical signs were character-
ized by CNS-related behavioral disorders, such as fear-
fulness and increased excitability, or sedation at higher
dose levels. Single episodes of convulsions at the maxi-
mum tolerated dose{(MTD) level and isolated incidences
of vomiting were observed in dogs only. There was no
indication of specific.organ toxicity in either species.

The overall weight of evidence from a battery of in
vitro and in vivo mutagenicity tests demonstrates that

100}
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Fig. 3. Comparison of the liability of tapentadol (i.p.) and morphine (s.c.} to induce emesis-in ferrets. Data represent the percentage of
animals showing retches and/or vomits. n=10 ferrets per group. *p < 0.05 versus vehicle control.
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tapentadol has no mutagenic potential of relevance for
human use. Embryotoxicity studies in rats and rabbits
showed that it has no teratogenic properties; male and
female fertility was not affected.

Foliowing single and multiple doses in clinical trials,
tapentadol exhibited a good safety and tolerability profile.
The adverse event profile after single oral doses was well
within the expected range for centrally acting substances.
The most frequently reported adverse events were nau-
sea, dizziness, vomiting, somnolence, vertigo and
headache. At presumed equianalgesic doses, tapentadol
appeared to have an improved tolerability profile com-
pared to tramadol and morphine with regard to nausea and
vomiting. Multiple doses of 25 and 50 mg tapentado! given
every 6 h were also well tolerated. The most frequently

~reported adverse events in patients treated over 5 days
were headache, nausea, dizziness and sleep disturbance.

Following orthopedic surgery, multiple doses of

_ tapentadol of 58 and 116 mg were administered over a
period of 4 days. Compared to oxycodone 10 mg, an
equianalgesic dose of 58 mg tapentadol showed a more
favorable tolerability profile, with a lower frequency of
nausea, dizziness, vomiting and constipation. In the case
of the more effective higher dose of tapentadol, the fre-
quency of nausea and constipation was lower compared
to oxycodone 10 mg, while the frequency of dizziness
and somnolence was higher. Tapentadol did not have
any clinically relevant effects on laboratory variables,
ECGs or vital signs, including respiratory function, pulse
rate and blood pressure. :

Conclusions

Tapentadol is a novel, orally available, centrally acting
analgesic that combines MOR agonism and NA reuptake
inhibition in a single molecule, independent of metabolic
activation. Its dual mode of action translates into a broad
and efficacious analgesic profile, as assessed in a variety
of animal models of acute and chronic pain, with both
mechanisms of action contributing to its analgesic effects.
Moreover, tapentadol has a lower propensity to produce
" tolerance and physical dependence, and may have an
improved side effect profile (in particular, with respect to
gastrointestinal side effects) compared-to morphine. This
is presumably due to its nonopioid component, which
results in higher analgesic efficacy than expected from its
lower affinity for the MOR. Based on these attributes, it is
expected that tapentado! will offer an improved therapeu-
tic option for the treatment of moderate to severe pain.

Source
Griinenthal GmbH (DE).
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