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Como resultado del examen de fondo realizado, con fundamento en el Articulo 45 de |a
Decisién 486 de la Comisién de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcidn: ‘ Folios 7 a 22 06/Mayo/2010
Reivindicaciones: Folios 23 a28 06/Mayo/2010
Prioridad: MI2007A002225 23/Noviembre/2007

2. Andlisis de la prioridad

Se acepta la reivindicacion de prioridad porque esta solicitud fue presentada dentro del
plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de la
prioridad reivindicada. i

3. Objeto de la invencidn

Titulo de la solicitud: “Composiciones farmacéuticas que contienen antagonistas de
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bradiquinina y acido hialurénico y sus usos”.

El problema planteado en esta solicitud consiste en la necesidad de suministrar
tratamientos efectivos para las enfermedades degenerativas articulares tales como
osteoartritis.

Para resolver este problema técnico ia squcutud .en estudio proporciona composiciones
farmacéuticas, caracterizadas porque comprenden como ingredientes activos, una
mezcla de:

a) Acido hialuronico o sus sales seleccionadas de sodio y potasio
b) Un antagonista del receptor de bradiquinina B2
Junto con portadores y excipientes farmacéuticamente aceptables, en donde:

El &cido hialurdnico esta en forma polimérica con un PM medio entre 0,5 y 10 millones
de Daiton, y el antagonista de bradiguinina se selecmona de:
- Antagonistas del receptor B2, seleccionados del grupo de:

. H-D-Arg-Arg-Pro-Hyp-Gly-Igl-Ser-D-F5F-Igl-Arg-OH
H-Arg-Arg-Pro-Hyp-Gly-Igl-Ser-D-Igl-Oic-Arg-OH
H-D-Arg-Arg-Pro-Hyp-Gly-Thi-Ser-D-Tic-Qic-Arg-OH
4-[2-[([[3-(3-Brom-2-metilo-imidazo[1,2-a]piridina-8-iloximetil)-2,4-dicloro-

fenil]-metilo-carbamoil]-metilo)-carbamoil]-vinil]-N,N-dimetil-benzamida
. 3-(6-Acetilamino-piridina-3-il)-N-([[2,4-dicloro-3-(2-metilo-quinolina-8-
iloximetil)-fenil]-metilo-carbamoil)-metilo)-acrilamida
. [3-(4-carbamidoil-benzoilamino)-propil]-amida del acido 1-[2,4-Dicloro-3-

(2,4-dimetil-quinolin-8-iloximetil)-bencensulfenil-pirrolidin-2-carboxilico
. 4-(4-[1-[2,4-Dicloro-3-(2,4-dimetil-quinolin-8-iloximetil)-bencensuifonil}-

pirrolidina-2-carbonil]-piperazin-1-carbonil)-benzamida
. 2-[5-(4-ciano-benzoil)-1-metilo-1H-pirrol-2-il}-N-{2 4-dicloro-3-(2-metilo-

quinolin-8-iloximetil)-fenil]-N-metilo-acetamida
- Antagonistas del receptor B2, que tienep la formula general (1):

 « & &

El objeto de la presente solicitud se relaciona con la clasificacidn internacional de
patentes (CIP): A61K 9/08, A61K 31/728; A61K 31/726; A61K 31/70; CO7K 7/00, CO7D
215/00.

4. Reivindicaciones relativas a un uso o0 a un segundo uso (Art14y 21 D 486)
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El uso de las reivindicaciom?s 17 - 19 no es patentable, de acuerdo con el Art 14,

5. De la Solicitud de Patente

Titulo ,
Eltitulo de la solicitud hace referencia al uso de las composiciones reclamadas, lo cual
no es patentable de acuerdo con el Art 14 de la Decision 486. Se sugiere eliminar toda
referencia al uso en el titulo,de la solicitud.

Reivindicaciones (Art 30 D 486, Art 22 PCT)

La reivindicacion 1 no es concisa porgue una composicion debe estar caracterizada por
sus componentes y las cantidades o proporciones de dichos componentes en la
formulacion. Se sugiere incluir las cantidades de 4cido hialurénico y de los antagonistas
de bradiquinina de acuerdo a lo soportado en la descripcion. Se sugiere incluir el
contenido de las reivindicaciones 5 y 9 dentro de la reivindicacion independiente.

La reivindicacién 1 no se encuentra soportada en la descripcion, porque la descripcion
solo soporta y prueba compaosiciones que comprenden acido hialurénico y 4-(S)-amino-
5-(4-[{4-[2,4-dicloro-3-(2,4-dimetil-quinolin-8-iloximetil)-bencensulfonamido]-tetrahidro-
piran-4-carbonil}-piperazin-1-il-5-oxo-pentil]-trimetil-amonio o icatibant.

La reivindicacion 13 no se encuentra soportada en la descripcion porque la descripcion
solo soporta composiciones 'en las que los componentes se encuentran en jeringas
prellenadas, adicionalmente la reivindicacién hace referencia al proceso de reconstituir
una formulacién sélida, lo cual no es una caracteristica de una formulacién y se realiza
de forma manual en el momento de la aplicacion. Se sugiere eliminar la reivindicacion
13 del capitulo reivindicatorio.

Las reivindicaciones 9-11 hacen referencia a las dosis de los antagonistas de
bradiquinina, sin embargo la solicitud solo soporta y prueba composiciones que
contienen 4-(S)-amino-5-(4-[{4-[2,4-dicloro-3-(2 4-dimetil-quinolin-8-iloximetil)-
bencensulfonamide]-tetrahidro-piran-4-carbonil}-piperazin-1-il-5-oxo-pentil]-trimetil-
amonio o icatibant en dosis de 0.2-5mg. Se sugiere restringir la solicitud a lo
efectivamente soportado en la descripcion.

6. Unidad de invencién (Art 25 D 486)

La Solicitud no cumple con el requisito de unidad de invencidn porque se refiere a 5,
grupos inventivos™

Los grupos inventivos estan definidos por las siguientes caracteristicas esenciales:

' Guia para examen de solicitudes de patente de invencion y modelo de utilidad, Pag. 101.
Superintendencia de Industria y Comercio, Delegatura para la Propiedad Industrial, Direccién de
Nuevas Creaciones.
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1° Composiciones farmacéuticas que comprenden acido hialurénico y un antagonista
de receptor de bradiquinina B2 seleccionado del grupo de:

. H-D-Arg-Arg-Pro-Hyp-Gly-lgl-Ser-D-F5F-Igl-Arg-OH

. H-Arg-Arg-Pro-Hyp-Gly-Igl-Ser-D-Igl-Oic-Arg-OH

. H-D-Arg-Arg-Pro-Hyp-Gly-Thi-Ser-D-Tic-Oic-Arg-OH

2° Composiciones farmacéuticas que comprenden acido hialurénico y un antagonista
de receptor de bradiquinina B2 seleccionado del grupo de:

. 4-[2-[([[3-(3—Bromo-2—metiio-imidafzo[1 2-a]piridina-8-iloximetil)-2,4-dicloro-
fenil]-metilo-carbamoil]-metilo)-carbamoil]-vinil}-N,N-dimetil-benzamida

. 3-(B-Acetilamino-piridina-3-il)-N-({[2,4-dicloro-3-(2-metilo-quinolina-8-
iloximetil)-fenil]}-metilo-carbamoil}-metilo)-acrilamida.

3° Composiciones farmacéuticas que comprenden acido hialurénico y un antagonista de
receptor de bradiquinina B2 seleccionado del grupo de:

. [3-(4-carbamidoil-benzoilamino)-propilj-amida del acide 1-{2,4-Dicloro-3-
(2.4-dimetil-quinolin-8-iloximetil)-bencensulfenil-pirrolidin-2-carboxilico

. 4-(4-[1-[2,4-Dicloro-3-(2,4-dimetill-quinolin-8-ionimetiI)-bencensuifonii]-
pirrolidina-2-carbonil]-piperazin-1-carbonil)-benzamida

4° Composiciones farmacéuticas que comprenden acido hialuronico y un antagonista de
receptor de bradiquinina B2 el cual es:

. 2-[5-(4-ciano-benzoil)-1-metilo-1H-pirrol-2-il]-N-[2,4-dicloro-3-(2-metilo-
quinolin-8-iloximetil)-fenif}-N-metilo-acetamida.

!
5° Composiciones farmacéuticas que comprenden acido hialuronico y antagonistas del
receptor B2, que tienen la formula general (1):.

R
=3 1 )
-
= \N/\‘CH;,

oy
G\@Cl '|'{
()

.N\m

En donde: |

- R es hidrégeno o metilo

- W representa un enlace simple o un atomo de O
-n=3,4

!
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- X es hidroégeno o un grupd amino —-NR1R2, en ie que R1 y R2 pueden ser de modo
independiente entre si hldrégeno 0 un grupo seleccionado de metilo, etilo, n-propilo,
isopropilo,

- Y es un amonio cuaternaric (-NR3R4R5) A" en el que R3, R4, R5 pueden ser de modo
independiente entre si metilo, etilo, n-propilo, isopropilo, butilo, isobutilo, n-pentilo y A-
€s un anion de un acido farmacéuticamente aceptable.

Se sugiere presentar las solicitudes divisionales que considere necesarias, 6 limitar la
solicitud inicial a una sola inyencién, eliminando de ella las otfras invenciones.

7. Determinacion del Estado de la Técnica
Et estado de la técnica se determind con base en la fecha de presentacién de la

solicitud de prioridad: Noviembre 23 de 2007 y se encontraron los siguientes
documentos que anticipen el objeto de esta solicitud:

item Documento : Titulo Fecha de Publicacién®
Advanced Drug |
Delivery | Intraarticufar drug delivery in
D1 Reviews 58 osteoarthritis 2006

(2008) 226— 242 |
British Journal of | Effects of a nonpeptide bradykinin

D2 Pharmacology || B2 receptor antagonist, 1997
(1997) 122, | FR167344, ondi erentin vivo
1436 + 1440 |’ animal models of in ammation

D1

http:/iwww.med.nyu. edulgmrfresndencvlresourceshnjectmns%EOand%ZODrocedureshntra
-ant%20drugs%20in%200A pdf Divulga que el acido hialurdnico nativo pesa entre 4 y 10
millones de Daltons y forma una red extensa a concentraciones sobre 0. 3mg/mL.
Establece que en el fluido de las articulaciones, las altas concentraciones de acido
hialurénico aproximadamente (0.35g/100mL) es responsable por las propiedades
viscoelasticas del fluido smowal (Pag. 235, columna de la derecha). Ensefia que
muchas preparaciones de acido hialurénico, como formulaciones en hidrogel de acido
hialurénico en agua para inyeccion y que la mayoria de las formulaciones contienen
acido hialurénico de bajo peso molecular (0.5-1.5 miliones de Daltons) (Pag. 236,
parrafo 4.2.2). .
Adicionalmente el documento D1 divulga que Icatibant es un antagonista potente y
especifico del receptor B2 de bradiquinina, el cual provee gran alivio del dolor en
osteoartritis (Pag. 239, columna de la derecha).

D2 http://mww.ncbi.nlm.nih.gov/pmc/articles/PMC 1565090/pdf/122-0701 534a.pdfrevela
que el compuesto 4-[2-[([[3-(3-Bromo-2-metilo-imidazo[1,2-a]piridina-8-iloximetil)-2,4-
dicloro-fenil]-metilo-carbamoil]-metilo)-carbamoil]-vinil]-N,N-dimetil-benzamida

(denominado FR167344) es un potente y selectivo antagonista del receptor de
bradiquinina B2, de larga accion y activo oralmente (Pag. 1436, columna de la derecha).
Adicionalmente, el documento D2 establece gue la bradiguinina puede estar envuelta
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en enfermedades inflamatorias como la artritis (P4g. 1436, columna de la izquierda) y
sefiala que los antagonistas del receptor B2 puéeden tener potencial terapéutico contra
enfermedades inflamatorias y que el FR167344 puede tener potencial terapéutico
contra enfermedades inflamatorias por via oral, en el caso de enfermedades crénicas
como artritis reumatoidea (Pag. 1438, dos columnas).

8. Examen de Patentabilidad (Art 14 D486)

Nivel Inventivo (Art18 D486} l

La reivindicacion 1 consiste en: Composiciones farmacéuticas, caracterizadas porque
comprenden, como ingredientes activos, una mezcla de;

a) Acido hialurénico o sus sales seleccionadas de sodio y potasio
b) Un antagonista del receptor de bradiguinina B2
Junto con portadores y excipientes farmacéuticamente aceptables, en donde:

El acido hialurénico esta en forma polimérica con un PM medio entre 0,5y 10 millones
de Dalton, y el antagonista de bradiguinina se selecciona de:

» 4-[2-[([[3-(3-Bromo-2-metilo-imidazol1,2-a]piridina-8-iloximetil)-2, 4-dicloro-
fenill-metilo-carbamoil]-metilo)-carbamoil]-vinil]-N,N-dimetil-benzamida

Comparacion de las caracteristicas técnicas esenciales. con las del estado de la técnica:

+ __Caracteristicas esenciales o D1 j D2 ]
Composiciones farmacéuticas L ‘ N
. K ' ICIoN
Comprende como ingredientes | Composiciones Composiciones

. farmaceuti i
activos, una mezcla de e;ht cas farmacéuticas

hialurénico nativo pesa entre 4
y 10 millones de Daltons y
forma una red extensa a
concentraciones sobre ,
0.3mg/mL. Establece que en
el fluido de las articulaciones, |
las altas concentraciones de ‘
acido hialurénico
aproximadamente * ;
(0.35g/100mL) es responsable i
por las propiedades No lo menciona

. viscoelasticas  del  fluido
. mﬁg'.?esedn;rga&g y 10 sinovial (Pag. 235, columna de
‘ la derecha). t '

|

i |
Establece que el &cido i

a) Acido hialurénico o sus !
sales seleccionadas de
sodio y potasio, El acido
hialurénico esta en forma |
polimérica con un PM |

. Ensefia que existen muchas
preparaciones de  &cido i
hialurénico, como '
formuiaciones én hidrogel de
} acido hialurénico en agua para

, inyeccién y que la mayoria de !
[ i las formulaciones contienen |
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acido hialurdnico de bajo peso
molecular (0.5-1.5 millones de
| Daltons) (Pag. 236, parrafo
4.2.2),

FR167344, 4-[2-[{[[3-(3-
Bromo-2-metilo-imidazo[1,2-
a)piridina-8-iloximetil)-2,4-
dicloro-fenii]-metilo-

\ carbamoil]-metilo)-
carbamoil]-vinil]-N,N-dimetil-
benzamida es un potente y
selectivo antagoenista del
receptor de bradiquinina B2,
de larga accién y activo
oralmente (Pag. 1436,
columna de la derecha).

by 4-[2-[([[3-(3-Bromo-2-
metilo-imidazo{1,2-
alpiridina-8-iloximetil)-2,4-
dicloro-fenii]-metilo-
carbamoil}-metilo)- !
carbamail]-vinil]-N,N-
dimetil-benzamida

Establece que la bradiguinina
puede estar envuelta en
enfermedades inflamatorias
como la artritis (Pag. 1436,
columna de la izquierda).

Establece que icatibant es un
antagonista potente ¥
especifico del receptor B2 de
bradiquinina, el cual provee
gran alivio del dolor en
ostecartritis  (Pag. 239,
| eelumna de la derecha).

Sefala que los antagonistas
del receptor B2 puede tener
potencial terapéutico contra
enfermedades inflamatorias y
l que el FR167344 puede
puede tener potencial

| terapéutico contra

enfermedades inflamatorias
. por via oral, en el caso de

i enfermedades crénicas

| comao artritis reumatoidea, la

actividad oral de FR167344
! puede ser de mérito
[ considerable (Pag. 1438, dos
columnas).
Las formulaciones pueden FR167344 fue disuelto en
| o contener adicionalmente 0.05 N HCI y administrado
f:rmggﬂﬁﬂgﬁa;ﬂf: g eﬁ;gfsntés excipientes como cloruro de | oralmente a un volumen de
sodio (Pag. 236, parrafo 5 mltkg (Pag. 1437,
| L1 4.2.2), métodes).

El documento D1 se considera el estado de la técnica cercano a la invencion definida
en la reivindicacion 1 porque divulga que el 4cido hialurdnico e inhibidores del recpetor
B2 de bradiquinina son Gtiles en el tratamiento de osteoartritis. Establece que el acido
hialurénico nativo pesa entre 4 y 10 millones de Daltons y forma una red extensa a
concentraciones sobre 0.3mg/mL. Establece que en el fluido de las articulaciones, las
altas concentraciones de acido hialuronico aproximadamente (0.35g9/100mL) es
responsable por las propiedades viscoeldsticas del fluido sinovial (Pag. 235, colurmna de
la derecha). Ensefia que muchas preparaciones de acido hialurénico, como
formulaciones en hidrogel de acido hialurénico en agua para inyeccion y que la mayoria
de las formulaciones contienen acido hialurénico de bajo peso molecular (0.5-1.5
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millones de Daitons) (Pag. 236, parrafo 4.2.2).

Adicionalmente el documento D1 divulga que lcatibant es un antagonista potente y
especifico del receptor B2 de bradiquinina, el cual provee gran alivio del dolor en
osteoartritis (Pag. 239, columna de [a derecha).

La diferencia entre la invenciéon, definida en la reivindicacién 1 y las ensefianzas del
documento D1 consisten en que la presente solicitud reclama composiciones que
comprenden una combinacién de &acido hraluronlco y 4-[2-[{[[3-(3-Bromo-2-metilo-
imidazo[1,2-a]piridina-8-iloximetil)-2 4-dicloro-fenil]-metilo-carbamoill-metiio)- -carbamoil}-
vinil}-N,N-dimetil-benzamida, y la anterioridad solo habla de composiciones de acido
hialurénico & inhibidores del receptor B2 de bradlqumlna como el icatibant, en forma
separada.

No se evidencia algun efecto logrado por el hecho de disefar una composicién que
comprende acido hialurénico y 4-[2-[([[3-(3-Bromo-2-metilo-imidazo[1,2-a]piridina-8-
iloximetil)-2 4-dicloro-fenil]-metilo-carbamoil}-metilo)-carbamoil]-vinil]-N,N-dimetil-
benzamida, porque los ensayos presentados solamente prueban las composiciones que
comprenden acido hialurénico e icatibant y acido hialurénico y (4-(S)-amino-5-(4-{4-2,4-
dicloro-3-(2,4-dimetil-quinolin-8-iloximetil)-bencensulfonilaming]-tetrahidro-piran-4-
carbonil}-piperazin-1-il-5-oxo-pentif)-trimetil-amaonio.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invencién se puede
formular asi: ¢ Como modificar las composiciopes reveladas en el documento D1 para
obtener una composicién alternativa para el tratamiento de osteartritis?

Sin embargo, el documento D2 revela que el compuesto 4-[2-[([[3-(3-Bromo-2-metilo-
imidazo[1,2-a]piridina-8-iloximetil)-2,4-dicloro-fénil]-metilo-carbamoil]-metilo)-carbamoil)-
vinill-N,N-dimetil-benzamida (denominado FR167344) es un potente y selectivo
antagonista del receptor de bradiquinina B2, de larga accion y activo oralmente (Pag.
1436, columna de la derecha). Adicionalmente, el documento D2 establece que la
bradiquinina puede estar envuelta en enfermedades inflamatorias como la artritis (Pag.
1436, columna de la izquierda) y sefiala que los antagonistas del receptor B2 pueden
tener potencial terapéutico contra enfermedades inflamatorias y que el FR167344
puede tener potencial terapéutico contra enfermedades inflamatorias por via oral, en el
caso de enfermedades cronicas como artritis reumatoidea (Pag. 1438, dos columnas).

En consecuencia, la perscna del oficio normalmente versada en la materia, se veria
motivada por lo revelado en el documento D2 'que revela que el compuesto 4-[2-[([[3-(3-
Bromo-2-metilo-imidazo[1,2-a]piridina-8-iloximetil)-2 4-dicloro-fenil]-metilo-carbamoil]-
metilo)-carbamoil]-vinil}-N,N-dimetil-benzamida (denominado FR167344) es un potente
y selectivo antagonista del receptor de bradiquinina B2 {que puede ser usado para
enfermedades inflamatorias como la artritis) a combinar el acido hialuronico el cual se
divulga en el documento D1 que puede ayudar a restaurar la viscoelasticidad del fluido
sinovial y que reduce et dolor asociado con osteoartritis (Pag. 235, columna de la
derecha y Pag. 236, parrafo 4.2.3) y formularlos en una composicién farmacéutica,
porque el documento D1 ensefia que los compuestos antagonistas de receptor B2 de
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| 78
bradiquinina como el icatibant proveen gran alivio de! dolor en osteoartritis (Pag. 239,
columna de la derechay). Por lo tanto, ante la falta de ensayos que demuestren un efecto
inesperado causado por la composicién que comprende acido hialurénicoy FR167344,
se considera que la composicion reclamada en la reivindicacion 1 de la presente
solicitud no presenta nivel inventivo.

Conclusion: !

La reivindicacién 1 cumple el requisito de novedad (Art. 16), pero no cumple con el
requisito de nivel inventivo (Art. 18).

|
9. Conclusion '

Los requisitos de patentabilidad de la presente solicitud estan afectados asi:
|

item Documento Reivindicaciones afectadas Requisito que afecta
Advanced Drug
D1 Delivery Reviews 1,2,5-8y12-14 Nivel Inventivo

58 (2008) 226— 2472
British Journal of

Pharmacology . ) . '

D2 (1997) 122, 1436 ¢ 1,2,5-8y12-14 Nivel Inventivo

1440 1 i
|

En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de fa fecha de notificacion de la presente comunicacion. En caso de
no dar respuesta al presente requerimiento, o si a pesar de |a respuesta subsistieran los
impedimentos para la concesion, se denegara la patente,

|

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término faltante
para dar respuesta y presentarla por escrito.

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 No. 10 de 2001,

JOSE LUIS SALAZA; LOPEZ

Director de Nuevas Creaciones (C)

I
El ,anterior requerimiento fue notificado por fijacion en lista, de fecha
37 I S " = por 1

Revisado por: Consuelo Leguizamén

Realizado por: Juanita Catalina Rian.?%V
|
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ELSEVIER Advanced Drug Delivery Reviews 58 (2006) 226-242
www.elsevier.com/locate/addr

|
Intraarticul.ar; drug delivery in osteoarthritis™

Nicole Gerwin **, Caroline Hops °, Andrea Lucke ®'

* Bone and Cartilage Research. Novartis Institutes for BioMedical Research, Novartis Pharma AG.
WKL-123.13.39, CH-4002 Basel. Switzerland
® Pharmacenticn! Sciences Daparunent, Sanofi-tvends Dewischland Gmbll, Industriepark Hoechst,
65926 Frankfurt am Muin. Germuame

Received 20 November 2005: accepted 30 January 2006
| Availsble online 23 February 2006

Abstract

Ostecarthritis {OA) is a primarily non-inflammatory, degenerative joint disease characterized by progressive loss of articutar
cartilage. subchondral bone sclerosis, osteophyte formation, changes in the synovial membrane, and an increased volume of
synovial fluid with reduced viscosity und hence changed lubrication properties. As OA is the most commeon type of arthritis and
a leading cause of disability, there is a largely unmet medical need for disease-modifying and symptomatic treatment. Due to the
localized nature of the disease. intraarticular {1A) drug injection is an attractive treatment approach for OA. The various
glucocorticoid and hyaluronic acid (HA) formulutions. which are currently available on the market for LA treatment, provide
only short-term pain relief or/and often do not provide adequate pain relief. The available oral drugs for symptomatic treatment
also have shortcomings. most notably side effects. Therefore. there is still a large unmet need for novel OA drugs. which
provide effective long-tenm pain relief and/or have disease-modifving properties. Tu achieve long-term drug exposure, different
established formulations such as suspensions and hydrogels, and also novel approaches such as liptd based formulations and
nano- or microparticles are currently in develdpment. The development of novel drugs in combination with new formulations
for 1A treatment of OA, represents a promising approach in this challenging area of research.
£ 2006 Elsevier B.V. All rights reserved. '
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1. Introduction

Osteoarthritis {OA) is the most commen form of
arthritis, with a prevalence after the age of 65 years of
about 60% in men and 70% in women [t]. Current
treatment options for OA are limited. Théy include
symptomatic treatment with simple analgesics, non-
steroidal anti-inflammatory drugs (NSAIDs) or intra-
articular (JA) injected glucocorticoids and hyaluronic
acid (HA) preparations. Non-pharmacological meas-
ures range from physical exercise and weight loss to
joint lavage, and eventually surgical joint replacement.

There are major unmet needs in OA treatment, for
disease-modifying OA drugs (DMOADs), whlch are

not available yet, and also for efficacious pain treat-
ments with long-lasting effects. Furthermore, there is a
significant unmet need for OA treatments which do not
have any major side effects. due to the chronic nature of
the disease often requiring treatment of extended
duration. The currently available systemic drugs for
relief of QA pain, e.g,, the non-selective NSAIDs and
selective cyc!oo.\ygenase 2 {COX-2) inhibitors. are
effective in the early-mid stages of OA, but often tail to
provide adequate pain relief as the joint deteriorates. In
addition. NSAIDs cause gastrointestinal complications
in a significant number of patients, and the CQX-2
inhibitors have recently raised concemns regarding
cardiovascular side effects/risks, resulting in the with-
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-
The duration of action of glucocorticoids is
prolonged relative to their short residence time in
SF, which is probably due to their meéchanism of
action: IA injected glucocorticoids in solution can
pass the cell membrane directly and bind to their
receptors in the cytoplasm. The hormone-receptor
complex then migrates to the nucleus. where it
regulates the transcription of pro-inflammatory and
pain mediators [271 and thus exhibits. its effects
beyvond the half-life of the compound alote.
4.1.4. Side effects I

Side effects of steroid injections are iinfrequent.
The incidence of infection is low and is clearly less
with the use of glucocorticoid packaged ih pre-filled
syringes. The incidence of post-injection flares, which
begin 6-12h after injection and resolve spontaneously
in 1 to 3days, is unclear. The underlying fmechanism
may be a mild synovitis due to a reactjon to the
crystalline steroid suspensions.

Early studies reported the possibility of marked
destructive cartilage changes resulting from exces-
sive 1A use of steroids. In 1995, ACR guidelines
recommended that injection of corticosteroids in a
given knee joint not be performed more than three or
four times in a given year. However, based 'on recent
studies this risk of cartilage degradatidn seems
minimal [19].

Recent findings suggest that chondrolysis occurs
during QA flares, defined by episodes of exacerbation
of pain with synovial effusion. Since 1A glucocorti-
coids may be particularly indicated and efficient in the
treatment of inflammatory flares and to reduce joint
effusion, it is now recommended that steroids be used
for the short-term treatment of disease flares. i.e.,
exacerbation of pain accompanied by effusion [19].

|
4.2, Hvaluronic acid (HA) injections

|
4.2.1. Pussible mechanisms of action of H4 in 04

Hyaluronic acid (HA) is a high molecular weight
polysaccharide of N-acety] glucosamine andiglucur-
onic acid building blocks. It is produced by synovio-
cytes, fibroblasts and chondrocytes, and représents a
main constituent of SF and hyaline cartilage. In
articular cartilage, HA provides a backbone for the
attachment of aggrecan side chains by link proteins.
This HA-aggrecan complex interacts with waer and

12
rd
tn

type 1l collagen fibers to form the extracellular matrix
of articular cartilage,

Native HA has a molecular weight of 4—10million
Da and forms an extensive network at concentrations
over 0.3mg/ml in aqueous solutions [9,28-30]. In
joint fluid, the high concentration of HA (approxi-
mately 0.35g/100ml) (Table 1) is responsible for the
viscoelastic propertics of SF,

The viscaelasticity of HA is crucial for the
maintenance of joint homeostasis. Since HA behaves
as o viscous liquid at low shear rates and as an elastic
salid at high shear rates, SF acts as a viscous lubricant
during low impact movements of the joint and as an
elastic shock absorber during high impact movement.
HA also has barrier and exclusion effects that limit the
movement of cells and large molecules through
normal SF [91. In joints affected by OA, the molecular
weight and concentration of HA are diminished. This
tow HA concentration may be attributed both to
reduced synthesis of HA and also increased volume of
SF. This adversely affects the ability of SF to lubricate
and protect articular tissues. and to absorb joint loads,
which contributes to further progression of QA [9].

The concept of viscosupplementation suggests that
IA injection of HA could help restore the viscoelas-
ticity of the SF, but HA has also been demonstrated to
have a multiplicity of biological actions on cells in
vitro. For example, it inhibits prostaglandin E.
synthesis induced by interlenkin (1L)-1 in human OA
synovial cells, and influences leukocyte adherence,
proliferation, migration and phagocytosis (reviewed
by Brandt et al. [30]). These anti-inflammatory effects
of HA can be expected to have an indirect anti-
nociceptive effect, Besides HA seems to have direct
anti-nociceptive ¢ffects. For example there is evidence
for inhibition of PGE, and bradykinin synthesis in
joint tissues by HA, entrapment of endogenous pain
substances by HA and decreased activation of joint
pain fibers secondary to coating of their receptor
endings with viscous HA (reviewed by Marshall [9]).

Chondroprotective effects of HA were observed in
vitro, e.g., that it stimulates production of tissue
inhibitors of matrix metalloproteinases (TIMP-1) by
chondrocytes, inhibits neutrophil-inediated cartilage
degradation and attenuates IL-1 induced matrix
degeneration and chondrocyte cytotoxicity [9]. In
several studies HA enhanced PG synthesis and
decteased PG breakdown and release from cartilage
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matrix {3}]. Furthermore. it was shown to normalize
endogenous HA synthesis by synoviocytes [32].

4.2.2. Overview of HA producis for 14 {Lnjecn'nu

Several HA preparations are currently available.
They are hydrogel formulations of HA' in water for
injection and may contain additional extipients, such
as sodium chloride for isotonization and sodium
hvdrogenphosphate for pH adjustment.

Most of these formulations contain HA of a
comparatively low molecular weight (0.5-1.5million
Da), while one formulation (Synvisd®) contains
cross-linked HA (hylan) with 6-7 million Da molec-
ular weight, the latter being close to the molecular
weight of native HA.

So far, differences in half-life of low molecular
weight HA and hylan were demonstrated only in
animal studies. Rabbit studies demonstrated that the
injected hylan is cleared from the ;omt by 28days
after the last injection [9].

The low molecular weight HA can be obtained
from fc:nnematlon {e.p., Steptococeus equii) or by
isolation. e.g., from cockcombs,

In contrast to the 1A application of glacocorticoid
formulations, the dosing regimen of HA formulations
is different for different preparations. For the cross-
linked HA preparation {Synvisc®) up to 3 injections
in weekly intervals are recommended. A repentlon of
this treatment cycle is not recommended earlier than
4weeks after the last injection and with not more than
6 injections per 6months [22]. For low molecular
weight HA preparations, up to § injections in weekly
intervals are recommended [22]. !

4.2.3. Evidence for sympromatic and disegse-modify-
ing efficacy of HA injections

A large number of clinical trials have been
conducted with different HA preparatiorls over the
past 25years. The majority of these studies have
provided evidence that the HA preparations are more
effective rthan placebo in reducing pain associated
with OA. A recently published meta-analysis of 20
blinded. placebo-controlled randomized studies con-
tirms the symptomatic efficacy and showed that older
patients (> 65 years) and patients with endstage disease
are less tikely to benefit from IA HA injections [33).

HA acts as a slow acting symptomatic drug with a
delayed onset of efficacy ar 2 to 5Sweeks dfter injec-

tion and a long-lived benefit on pain, which may
persist untit 6 to 12months. Depending on the HA
preparation, a course of 3 to Sweekly injections is
recommended. A new treatment cvele s usually
proposed when symptoms reappear [19].

For the high molecular weight hylan (Synvisc®)
compared to the lower weight HA preparations,
superior viscoelastic properties and prolonged half-
life in the joim space have been postulated [28,34].
Some evidence from pre-clinical and clinical studies
suggests that the greater the viscoelasticity of the HA
preparation. the greater the effectiveness of the
treatment [35], However, the available clinical study
results do not prove a significant superiority i
efficacy for hylan [33].

When comparing hylan with various steroids.
Ayral [19] found 3 randomized controlled trials
reporting similar benefits of HA and steroids at
month, but with superiority of HA thereafter. There-
fore, Ayral recommends that fast-acting but short-
lived steroids and the delayed but long-acting HAs
should be considered as complementary therapies.

Three randomized controlled trials comparing HAs
with NSAIDs found that the benefit obtained with HA
was similar to that of NSAIDs for pain. and with
fewer gastrointestinal side effects [19].

There has been much debate whether HA also has
structure-modifying effects. Recently Goldberg and
Buckwalter [36] reviewed the available evidence.
While effects of HA on cultured cells suggest that
HA promotes joint repair and inhibits destruction (see
4.2.1), studies in OA animal models evaluating
potential structure-modifying effects in the OA joint
produced conflicting results [30.36]. Studies in dogs
and rabbits which had undergone anterior cruciate
ligament transection (ACLT) or partial meniscectomy
suggested that HA injections reduced gross cartilage
damage and abnormalities in cartilage biochemistry,
or even produced pronounced tissue repair. In
contrast, injection of HA into sheep joints subjected
to meniscectomy resulted in significantly more
extensive osteophytosis and cartilage fibrillation and
in reduction in proteoglycan synthesis. A striking
reduction in proteoglycan concentration in cartilage
was also observed in dogs with ACLT which were
prophylactically treated with a series of HA injections,
These findings raised concems that HA treatment
could accelerate joint damage in QA.
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However, the release of lipophilic low molecular
weight compounds (e.g., prednisolone, triamcinolone)
was also demonstrated from larger albumin micro-
particles {~23m) [50].

The use of PLGA microparticles for the release of
diclofenac sodium enabled a release over several days,
but with no positive effect in a rabbit arthritis model
[47]. In contrast, the efficacy of 1A PLGA nano-
particles (300-490nm) loaded with betar'nethasone
phosphate for about 6 weeks was shown in another
study [43]. In this study, also the uptake of the
nanoparticles by synovial macrophages was demon-
strated. A further study with fluorescence-labeled
PLGA micro- and nanoparticles demonstrated that
microparticles (~30um) were not taker up by
phagocytosis in contrast to the nanoparric]es?l[u].

For the release of macromolecular and well soluble
compounds, microparticles produced by complex
coacervation of gelatine and chondroitine sulfate were
used. The manufacruring procedure required. neither
the use of organic solvents nor increased temperatures.
Compared to the typical manufacturing procedures for
PLGA micro- and nanoparticles. this may be beheficial
especially for peptide and protein drugs {48]. '

Further polymer-based explorative approacbes for
cartilage therapy and related strategies for controlled
release of compound comprise the use of polymer
microparticles and hydrogels based on various: mate-
rials, such as collagen, fibrin, chitesan and hyalur-
onan {49].

3.2, Candidate drugs and drug targets for wmprom-
atic and disease-modifving 14 treaiment

There is still a large unmet medical need for novel
drugs for [A injection, which provide efficient long-
term pain relief. Candidates for tuture 1A symptomatic
treatments are for example oral drugs with proven
analgesic effects, which could be formulated to achieve
sustained release into the joint. Furthermore, some of
the analgesics with novel mechanisms of action which
are currently in development, are ideai candidates for
IA treatment. because they are not orally bioavailable
or have severe side effects when applied systemically.

One example is the development of capsaicin in a
spectal formulation for 1A injection (www.algors.
com). Capsaicin. the active ingredient in hot chilli
peppers, activates neurons which transmit pain signals

to the brain. At high concentrations capsaicin causes a
temporary degradation of pain-sensing endings and
thereby prevents neurons from transmitting pain,
which is expected to cause long-lasting pain relief.
Infection of capsaicin directly into the limited joint
space is expected to yield high local concentrations of
capsaicin at the site of action and low systemic
distribution. Phase 1l clinical trials with 1A capsaicin
for the treatment of knee OA are currently ongoing.

Another example is the decapeptide Icatibant
(HOE140), a specific and potent bradykinin B2
receptor antagonist, which is not suitable for oral
treatment due to its peptidic nature. In a first proof-of-
mechanism study in patients with knee QA a single [A
injection of HOE140 provided greater pain relief than
placebo and was well tolerated. A Phase lla trial for
symptomatic effects in OA is currently ongoing [52].

Despite a large medical need. no disease-modify-
mg OA drug (DMOAD) is currently available. 1A
application will enable the development of novel
disease-modifving small chemical molecules and
biologicals. which would not be tolerated when
applied systemically or would be much less effective.

An example is the 1A injection of the protein drug
anakinra in a recently conducted small safety study in
patients with painful knee OA [53). Anakinra is a
recombinant form of 1L-1 receptor antagonist (IL-
1Ra) and acts as a competitive antagonist of 1L-1,
which is a key mediator of cartilage degrading
processes and induction of pain in QA. Previously,
anakinra had provided significant symptomatic im-
provement and slowed the radiographic progression in
chinical trials with rheumatoid arthritis patients upon
daily subcutaneous administration. The safety study in
knee OA patients showed that anakinra is well
tolerated in patients with painful knee OA, Long-term
benefit on pain in the responders may suggest a
therapeutic effect, but remains speculative since there
was no coatrol arm in this study. A long-term
randomized placebo-controlled study will be required
to determine the efficacy of IA anakinra for pain relief
and improvement of joint structure, which was not
assessed in this study.

Due to the short half-life of most 1A injected
molecules in SF and the discomfort and risk of
infection associated with 1A injections, novel IA
treatinents for OA can only be developed in conjunc-
tion with appropriate sustained release formulations.



British Journai of Pharmacology (1997} 122, 1436- 1440

© 1997 Stockten Press M rights reserved 0007 - 1188/07 $12.00 &%

Effects of a nonpeptide bradykinin B, receptor antagonist,
FR167344, on different in vivo animal models of inflammation

'Masayuki Asano, Chie Hatori, Noriaki Tnamura, Hiroe Sawai, Jiro Hirosumi, Tatsujiro Fujiwara

& Kunio Nakahara

I . .. . _ .
Department of Phurmucaology. Explorutory Research Laboratories. Fujisawa Pharmaceutical Co.. Ltd., 2-3, 5-chome. Tokodai.

Tsukuba, Tharaki 300-26, Japan .

I The effects of a novel. potent and orally active nonpeptide bradykinin B. receplor antagonisi.
FRI67344 (N-[N-{3-[(3-bromo-2-methylimidazo[].2-a}pyridin-S-vl)oxymethyl]-2,4-dichlorophenyl]-N-
methvlaminocarbonylmethyl}-4-(dimethylaminocarbonyl) cinnamylamide hydrochlaride) were tested in
three different i vivo models of inflammation.

2 Oral administration of FR167344 inhibited currageenin-induced paw oedema in ruts (carrageenin:
1%. 0.1 ml per animal. intraplantar}. with an IDs of 2.7 mg kg ' at 2 h after carrageenin injection
(=0 or 11), I

3 Oral administration of the compound also nhibited kaolin-induced writhing (kaoln: 250 mg ke .
i.p.) in mice. with 1Dy, of 2.8 miz kg™ in 1 min writhing and 4.2 me kg~ in 15 min writhing (=19 or
20).

4 Additionally. oral administrlaiimn of FR167344 inhibited caerulein-induced pancreatic oedema with
an Ty of 13.8 mg kg ™' as well as increases in amylase and lipase ol blood samples with M of 0.3
and 7.4 mg kg~'. respectively. in rats (2= 10},

5 These results show that FR167344 is an orally active. anti-inflammatory and anti-nociceplive agent in
carrageenin-induced paw oedema, kaolin-induced writhing and caerulein-induced pancreatitis. FR167344
may have therapeutic potential against inflammatory diseases by oral administration and it may be a
useful tool for studying the invélvement of B, receptors in various in vive models of inflammation.

Keywords: Bradykinin; antagonist; B, receptor; nonpeptide: orally active; FR167344: oedema: pain; pancreatitis

Introduction I

Bradykinin. an endogencus nonapeptide produced by kal-
likrein. elicits various biological effects including oedema.
pain. inflammation and hypotension (Burch er of. 1990:
Bhoolu er wf.. 1992), Tt thus seems that bradykinia could he
involved in such inflammatory diseases as asthma. rhinitis.
arthritis und pancreatitis {Bhoola er o/ 1992; Hall, 1992).
Two subtypes of bradykinin receptor. designated B, and B.,
have been identified by molecular cloning and pharmacolo-
gical means (Regoli & Barabé, 1980: Hess ef o/, 1992: Menke
ef al.. 1994). To investigaie the pathophysiclogical role of
bradykinin. many bradykinin receptor antagonists {mainly B,
receptor antagonists) have been synthesized (Burch er af.
1990 Stewart. 1995). Recently. ‘second-geferation’ B. re-
ceptor antagonists including Hoe 140 (p-Arg-[Hyp’. Thi*, n-
Tic’, Oic*)bradykinin} and § 16118 {p-guanidobenzoyl-[Hyp'.
Thi*, p-Tic’, Oic*lbradykinin) have been obtained. They are
highly potent and long-acting against bradykinin-induced
responses and can be used to inlibit infammation in viro
(Hock er al.. 1991 Wirth ei of.. 1991b: Cheronis er al., 1992;
Félétou er al.. 1995b). Hoe 140 and S 16118 showed inhibi-
tory effects on various animal models, such as carrageenin-
induced paw oedema, cuerulein-induced pancreatitis and
bronehial microvascular leakage (Wirth er «h. (991b; Gries-
bacher & Lembeck, 1992: Bertrand er af.. 1993: Félétou ef al..
1995a}). These observations indicate the invalvement of bra-
dykinin in mflammatory reactions. However; these antngo-
nists are all peptide analogues of limited therapeutic use
owing to their poor oral binavailzbility. Recentlv. a non-
peptide bradvkinin B. receptor antagonists, WIN 64338
([[4 - [[2 - [[bistcyclohexylamino)methylene]lamino]-3- €2 - naph-
thyl)-1-oxopropyl]aminalphenyllmethyl]tributylphosphenium-

"author far correspondence,

chloride monohvdrochloride). has been described (Sawutz e
af.. 1994, Halt ¢r /.. 1995). but this antagenist has not been
shown to be orally active.

We have previously described a novel. potent. selective.
orally active and long acting nonpeptide bradvkinin B. re-
ceplor antagonist. FRI67344 (N-{N-[3-[{3-bromo-2-methyli-
midazo[1.2 - a]pyridin-8-yloxymethyl]-2 4-dichlorophenyl]-N-
methylaminocarbonylmethyl]- 4 - (dimethylaminocarbonyl)cin-
eamylamide hydrochloride; Figure ) (Aramori ef af.. 1997:
Inamura er al.. 1997). FR167344 antagonized [*H]-bradykinin
binding to B; receptors in guinea-pigs. rats and man with 1Cy,
values of 6.6 x 107 1.2 % 107" und 1.3 % 107% M. respectively.
However. it had no effect on [*H)-{des-arg""}-kallidin ta high-
aflinity bradykinin B, receptor ligand) binding te B, receplors
even at 10 *z (Inamura er of. 1997). Mareover this con-
pound potently untugomized bradykinin-induced contructions
with 4 pA. value of 9.3 in guinea-pig isolated ilewm, but it did
not inhibit {des-Arg’]-bradykinin-induced rabhit worta con-
fractions {mediated by B, receptors) or acetylcholine or his-
tamine-induced guinea-pig ileum contractions even at 1075 M
(Inamura er ol. 1997). fn vivo, oral administration of
FR167344 inhibited bradykinin-induced bronchoconstriction
in guinea-pigs and the bradykinin-induced hypotensive re-
sponse in rats at a dose of 1 mg kg~ (Inamura er af.. 1997},
Furthermore. FR167344 is highly B, selective not only i virro
but also in viva and. unlike some peptide Ba-receptor antago-
nists. it is not converted into a B, antagonistic compound by
peptidases such as carboxypeptidases which can convert pep-
tidic B; recepior antugenists into By-receptor selective [des-
Arg”]-BK-forms (Drapean ef af.. 1991: Wirth er af.. 199}a),

The purpase of this study was to show that FR167344 is an
orally active. anti-inflammatory and anti-nociceptive agent in
carrageenin-induced paw oedema. kaolin-induced writhing
and caerulein-induced pancreatitis, and (o confirm the invol-
vement of B; receptors in these models,
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Methods

Carrageenin-induced paw oedeina

The carrageenin-induced paw oedema model w:!;s performed
by the method previously described (Winter ér al.. 1962).
Male Sprague-Dawley rats (8 weeks ald. fromClea Japan,
Inc.) were deprived of food overnight and treated orally
with FR167344. 15 min before carrageenin was injected into
the right hind paw intraplantar. Paw volume whs measured
by water plethysmometer before and 1, 2. 3 and 4 h aller
the injection of carrageenin. FR167344 was tlissolved in
0.05 5 HCl und administered orally at a volume of
Smlkg™'. Carrageenin was made up as 1% ‘solution in
saline. Each rat received 0.1 ml of the irritantl As saline-
control, saline was administered in the same manner as
carrageenin. |

Kaolin-induced wrirhing '

Male ICR mice (Sl:ICR. 5 weeks old, from Japan SLC.
Inc.} were fasted overnight and used. Writhing responses
were induced by an intraperitoneal mjection: of kuolin
{250 mg kg . 50 ml kg ") The responses were counted over
a [0 or I3min period by a trained observer. FRI67344
dissolved in 0.05 8 HCl or vehicle (10 ml kg ') was admin-
istered orally 30 min before the intraperitonea! injection of
kaolin. As saline-control, saline was adminisiered in the
same manner as kaolin.

Caerulein-induced pancreatitis !

Pancreatitis ways induced according 1o the methed previously
described (Shimizu er al.. 1993) with minor mollifications.
Female Sprague-Dawlev rats (9-10 weeks ald. from Clea
Japan. Inc.) were used. Afier the rats has been deprived of
food for 18 h. caerulein (20 g kg™") was injected intraperi-
tonteally four times at hourly intervals over a 3 h period.
Saline-injected  (1.p.}  animals served as saline-control.
FRI167344 dissolved in 0.05 8 HCl or vehicle (5 ml ke™h)
was administered orally 30 min before the Rrst' caerulein
injection. Three hours after the last caerulein idjection. a
blood sample was taken from the abdominal artery with
heparin under anaesthesia (diethyl-ether inhalation), and the
animals were killed by exsanguination, the pancreas was
taken and weighed and the plasma was renmoved by
centrifugation. Amylase and lipase levels were determined by
the modified 4-nitrophenylmaltoheptacside method (Denka
Seiken Co.. Lid.. Tokyo. Japan) (Dupuy ef af.. 1987) and
the monoglyeeridelipase methed (Nippon Shoji ¢o.. Lid..
Osaka. Japan). respectively. Both enzyme assays were
performed by vse of an automatic analyser {model THBA.
2GR, Toshiba Co.. Tokyo. Japan).

Br
® HCI |
=~ N N
. ""N !
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Cl
Figure 1 Structure of FR167344: N-[N-[3-{{3-bromo-2-metlivlimida-

zo[1.2-z]pyridin-8- vhoxymethyl]-2.4-dichloropheny!]-N-methylamino-
carbonyvhnethyl]-4-(dimethylaminocarbonyl) cinnamylamide. hydro-
vhloride.

Materials

FR167344 was chemically synthesized in Fujisawa Pharma-
ceutical Co.. Lid. (Osaka. Japan). Carrageenin was purchased
from Sigma Chemical Co. (St. Louis. U.S.A.). Kaolin was
purchased [rom Wako Pure Chemical Industries. Lid, (Osaka.
Japan). Caeruletn was purchased from Kvowa Hakko Kogvo
Co.. Ltd. (Tokvo. Japan),

Statistical anafysis

The results are expressed as the mean +s.e.mean and the sla-
tistical significance of differences between groups was analvsed
by one way analysis of variance (ANOVA) foilowed by Dun-
nett’s multiple comparisons test. 1Dy, was obtained by using
the nen-linear curve Atling methods with an in-house com-
puter programme,

Results

Carrageenin-induced pavw oedema

An intrapluntar injection of carrageenin {1%. 0.1 ml per ani-
mal} caused time-dependent paw cedema in the rat {Figure 2).
although ntraplantar injection of (.1 ml saline caused almost
no swelling (data net shown). In carrageenin-induced paw
cedema i rats, oral administration of FRI167344 inhibited
paw swelling dose-dependently at 1, 2, 3 and 4 h after carra-
geenin anjection (Figure 2), The IDgy of FR167344 was
2.7 mg kg 'atthe 2 h time point.

Kuolin-induced writhing

An  intrgperitoneal  injection  of kaolin (250 mg kg .
30 ml kg™') caused tme-dependent writhing in mice (Figure
3). azithough  an intraperitoneal  injection  of  saline
{30 ml kg=") did not cause writhing {duts not shawni. Qral
administration of FR167344 inhibited 1he kaolin-induced
writhing response dose-dependently during 10 or 15 min
after kaolin injection in mice (Figure 3). The IDy, values
were 2.8 mg kg™* in 10 min writhing and 4.2 mg ke~! in
15 min writhing.

1.0 ) Carrageenin-control
] @ 1mgkg?
A 32mgkg’
B 10mgkg™
0.8+ .
£
[4=
£ 061 Wk
o
[r]
<)
-
& 04
0.2 1
0.0 y
0 3 2 3 4
Time {h}
Figure 2 Inhibition of carrageenin-induced paw ocdema by oral

administration of FRI67344 () mg kg™ '~ 10 mg kg™ in rats, Dam
are expressed as mean and vertical lines show s.e.mean (n=10 ar 111,
*P <005 **P<0.01 vs control (Dunnett's test).
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Figure 3 Inhibition of kaolin-induced writhirle respoase by oral
administration of FR167344 in mice. Data are espressed as mean and
vertica! lines show s.camcan (#=19 or 20). Open columns and solid
columns show counts of writhing in 10 min period and 13 min perod
after kaolin injection. respectively, **P<0.01 v control {Dunacti’s
Lest).

Caernlein-induced pancreatitis '

Oral administration of FR167344 inhibited caerulein-induced
pancreatic oedema with an 1D, of 13.8 mg kg~ (Figure 4). It
also inhibited the increases in amylase and lipase of blood
samples, and the IDs, estimates were 10.3 mg kg™' and
7.4 mg kg . respectively (Figure 5).

Diiscussion

In our investigation of-ihe pathophysiolodical role of bra-
dykinin and the development of drugs for inflammatory
diseases, we have obwined the orally aétive nonpepiide
bradykinin B. recepror amagonist. FRIGT244 (Inamura or
al. 1997) and FR173657 (Asano er af.. 1997} by oplimiza-
tion of a lead compound discovered by random screening.
The present study demonstrates that oral administration of
FR167344 inhibils carrageenin-induced paw|oedema in rats.
kaolin-induced writhing in mice. and daerulein-induced
pancreatitis in rats. Our findings indicate that FR167344
may have therapeutic potential against inflammatory disea-
ses by oral administration and that it may be a useful tool
for studving the involvement of B, receptors in various /n
vive models of inflammation, '

Most bialogical actions of bradykinin aré thought to be
mediated by B: receptors {Burch er al.. 1996: Bhoola er «f..
1992). However. the active carboxypeptidase metabolites of
bradykinin and kallidin, [des-Arg"lbradykinin and [des-
Arg*lkallidin. preferentially stimulate B, receptors. which are
generaily absent in normal tissues. but inducible and func-
tionally expressed in response to interleukin-1§ (deBlois er al..
1991), bacterial lipopolysaccharides (Regoli e al.. 1981). in
vitro tissue incubation {Regoli & Barabé, 1980; Regoli er of..
1981 and i vive arterial trauma (Pruneau e/ af.. 1994},
Although the importance of B, receptors remains to be [ully
established, B, receptors are clearly involved in persistent in-
Aammatory hyperalgesia {Perkins et al.. 1993; Perkins & Kelly.
1993) and other pathological conditions such as arthritis
{Cruwys e ol 1994), septic shock and hypotension (Hall,
1992). FR 167344 is highly B. selective in vitra tinumura er of..
1997). and it is not converted into a B antagonjstic compound
by peptidases in vivo.

[ saline-control B Caerulein-treated

ggO.B' % % ,
390‘2- / / 7 /

(@]
—

3.2 10 32
FR 167344 (mg kg™, p.o.)

Figure 4 Inhibition of caerulein-induced pancreatic oedema by oral
administralion of FR167344 in rats. Data are expressed as mean and
vertical lines show semean (e=10). *P<0,03, **P=001 vs
cacrulein-control (Dunactt’s tesih,

25 - O Amylase -25
B tLipase

20 1 2.0
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e
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5 1 F 0.5
E ek
o } ~Q
C T 1 3.2 10 32
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Figure 5 Inhibition of increase in amylase and lipase of blood
samples by oral administration of FR167344 in cacrulein-induced
pancreatitis model. Data ave expressed as mean and vertical lines
shown s.c.mean (1=10). C and T shaw values in salinc-control and
caervlein-trealed animals. respectively. *P<005, **P <00l vs
caerulein-treaied {Dunneit’s test).

Previously. 11 has been shown that iniravenous injection of
B, receptor untagonisis (Hoe 140, § 16118 and NPC $67 (p-
Arg-[Hyp'. D-Phe’]bradvkinin)) reduces carrageenin-induced
paw cedema (Costello & Hargreaves, 1989: Wirth or al.. 1991h;
Felétou er al.. 1995a). Inhibition of carrageenin-induced in-
flammation has been shown to be highly predictive of anti-
inflammalory drug activity in human inflammatory diseases
{Wirth er ol.. 1991b). Therefore. these B, receptor antagonisis
may have therapeutic patential against inflammatory diseases.
Our data suggest that FR{67344 may also have therapeutic
potential against inflammatory diseases by oral administra-
tion. In the case of u chronic disease such as rheumatoid ar-
thrins or asthma. oral activity of FR167344 would be of
consideruble merit in regard to patient’s compliance with
therupy. Qur duta also confirm that B, receptors (not B, re-
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ceprors) play an important role in carrageenin. ~induced paw
oedema. However. it has recently been shown 1hal B, receptors
are involved in intra-articular p!wm extravasation in chronic
antigen-induced arthritis (Cruwys er al.. 1994). which suggests
that B, receptor antagonists may also reduce joit wuellmg in
inflammatary arthrids.

Oral administzation of FR167344 inhibited kaelin-induced
writhing response in mice, Kaolin activates the kallikrein
system (Fujivosht er ol 1939) and induces the reléase of kinins
(Fujiyoshi er al.. 1990). Subcutaneous admiistration of a
potent peptidic B, antagonisi, Hoe 140 (Hock er al.. 1991), also
inhibits kaolin-induced writhing (Heapy et al. 1993) Our re-
sults and these findings confirm the involvement orbr'ldvklmn
m kaolin-induced writhing and suggest that FR167?44 may be
an effective drug for treatment of inflammatory pain by oral
adminisiration. Although FR167344 produced, an almost
compiete inhibition in 10 min writhing. it produced only par-
tial inhibiton in 15 min writhing. and a simitar result was
obtained with Hoe 140 (He*xp} el al.. 1993). Thege results in-
dicate that bradykinin is 0 major mediator in the c:u]y phase of
kaolin-induced writhing. but other med:ators contribute to the
late phase response. Compared with B recepiors. B, receptors
do not seen to be involved in pain and hyperalgesia'{Whalley er
al,, 1987. Mizumura er o/ 1990}, but it has recently been
shown that the B, receptors are involved in chrenic inflam-
matory hyperalgesia (Perkins et al., 1993; Perkins & Kelly.
1493). Potent B, receptor 1ntdg0msts may therefore be useful
for the relief of chronic pain. i
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