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Yo, IMENA ESCOBAR URIBYE, identificada como aparece al pic de mi firma,
domiciliada en la carrera 11 No. 86-53, piso 6, obrando como apoderada en este
negocio, atentamente solicito a usted se sirva conceder una prorroga de 30 dias
para dar respuesta al oficio No. 10750 notificado por fijacion en lista ¢l 22 de
agosto de 2008, relacionado con la solicitud de patente que se esta tramitando

bajo el expediente de la referencia.

Acompafio el recibo Nr. 08-86,357 de 4 de noviembre de 2008, correspondiente

a la tasa de la prérroga del término.

Sefior Superintendente,

]@VH%@% URIBE

C.C. 39.779.452 de Usaquen
T.P. 68.228
Cod. 5376
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SUPLERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONLS
E. S. D.

Re: IDxpediente No. 04-052.629
Solicitud de patente a nombre de NOVARTIS AG.

Yo, JIMENA LESCOBAR URIBE, identificada como aparece al pie de mi firma,
domiciliada en la carrera 11 A No. 86-53, piso 6, obrando como apoderada de la
socicdad NOVARTIS AG, domiciliada en Basilea Suiza solicitante de la patente de
la referencia, en respuesta al oficio No. 10750 notificado por fijacién en lista el 22 de
agosto de 2008, relacionado con el concepto técnico de fondo No. 1784, me
permito manifestar:

1. Con fundamento en la facultad que confierc el articulo 34 de la Decision
4806 al solicitante para modificar la solicitud de patente en cualquier momento del
trimite, presento junto con este memotial nuevo capitulo reivindicatorio, que
reemnplaza el presentado con mi memorial del 14 de mayo de 2008 y en el cual se
han realizado las siguientes modificaciones:

11 Inla reivindicacion 1 se introdujo la cxptresién R1 es un grupo aromatico
monovalente de hasta 10 4tomos de catbono, de acuerdo con la primera pagina de la
descripcion, con el fin de brindar soporte a los compuestos que contienen grupos
fenilo fusionados con anillos heterociclicos.

1.2 En las rcivindicaciones 2 y 3 sc especificaron las posibles veces que pucde
estat sustituido el grupo fenilo para el radical R1. EFl sustento para esta modificacién
se encuentra en la pagina 4, lincas 23 a 25, pagina 6, lineas 17 a 20 y pagina 7, lineas
14 a 16 de la descripcion.

1.3 Se rcemplazo la expresion “4tomos heterogéneos™ por “hterodtomos”.

Respecto a estas modificaciones, atentamente manifiesto que las mismas no
amplian la materia objeto de la solicitud estudiada y se enfocan con el fin de



brindar cabal cumplimiento al requisito de claridad de la solicitud expuesto por el
sefior examinadot.

Para este cfecto, me permito acompafiar el recibo No. 08-96,186 del 12 de
dicicmbre de 2008 con el cual queda cubierta la tasa correspondiente a la
modificacién de una solicitud de patente en cuanto a sus reivindicaciones.

2. Claridad de la solicitud.
21  Descripcion

Con telacion a la memoria descriptiva, respetuosamente me permito decir que
contratio a lo afirmado por ese despacho, la misma es explicita en cuanto a las
ventajas de la invencién con relacién al estado del arte. De hecho, como se explico
cn mi memotial antetiot, la invencién en su parte descriptiva muestra un ensayo de
inhibicion de Isoenzima PDFE4 en la pigina 15 desde la linea 4 hasta la pagina 19,
linea 9, donde sc explica de mancra detallada que este ensayo sc hace mediante la
clonacion de la PDE humana, la expresion de la misma, su purificacién y los analisis
de tincion Western con los cuales se demuestra que compuestos como ¢l 1, 3, 10,

12, 14, y 15, que son ejemplos no limitantes pero si representativos de la

L3

invencion, mostraron una concentracion de ICso detetminada a partir de las curvas
de inhibicion—concentracién de 38, 9, 25, 21, 57, v 9 nM, respectivamente, pata la
inhibicion de PDEA4D, es decir, que es de esperarse que todos los compuestos

exhiban selectividad para la inhibicién de la isoenzima PDE4D mds que para las
isoenzimas PDE4A PDE4B v PDE4C.

Fn este orden de ideas, resulta necesario hacer énfasis a que la Decision 486 no
hace ninguna alusién en cuanto a que sc deban “probar” todos los compuestos
cobijados por el capitulo reivindicatorio. Iis mds, el articulo 28, establece en su
literal €) que la invencién incluird informacion en cuanto a “una descripcion de la
mejor manera conocida por el solicitante para ejecutar o levar a cabo a la
prdctica la invencién, utilizando ejemplos y referencius a los dibujos, de ser éstos
pertinentes;” (el resaltado es mio). En consecuencia, no es procedente por parte de
ese despacho cxigir que sc presenten datos de todos los compuestos reclamados,
pues la jutisprudencia sefiala que son ejemplos y sus resultados los que deben
apatecet sefialados en la descripcidén como sc cstablece en el literal ¢) del articulo 28
de la Decisi6n 486. Por lo tanto, sugerimos retirar esta objecion.

Aln mis, como se manifestd en mi respuesta del 14 de mayo de 2008, cl articulo 18
de la Deccision 486 deja en claro que es legitimo presentar a manera de muestra la
mejor forma de llevar a cabo la invencién y no se establece en ninguna parte de
este articulo, que se deban presentar resultados de todos los compuestos porque
no sctia una accion de ejemplificar e involucratia la peticion por parte de csc
despacho de una prueba diabélica, puesto que se estaria solicitando al inventor



proporcionar prucbas que demucstren que no es cierto que no todos los
compuestos tienen actividad biolégica, lo cual en derecho se conoce como una

prueba inquisitorial, es decit, probar lo que no es.  En este caso, ese despacho se
encuentra solicitando al inventor que demuestre que no es cierto que no todos los
compucstos presenten actividad demostrable como asi lo quiere ver ese despacho.

2.2 Reivindicaciones

Sobre cste particular, me permito decir que las reivindicaciones se encuentran
debidamente sustentadas y adicionalmente con las modificaciones anteriores las
expresiones de las reivindicaciones dependientes de la cldusula 1 ticnen sopotte
adicional en la reivindicacién 1 modificada.

En consecuencia, tespetuosamente me permito decir que los argumentos cxpuestos
en el concepto técnico No. 1784 para  desvirtuar la claridad, el sustento y la
veracidad de la invencion, es una forma dc obstaculizar el tramite de la consecucion
del privilegio de invencién para las solicitudes en estudio y no resulta ser una razén
valida a la luz de la normatividad estipulada cn la Decision 486 de la Comunidad

Andina.

3. Nivel inventivo.

Hl examinador establece en su concepto téenico No.1784 que tanto los compuestos
de la formula (I) como el proceso para la preparacion de los mismos carccen de

nivel inventivo en vista de las ensenanzas del documento D1 (WO 98/18796).

Sobre el particular, nuevamente me permito decir que la anterioridad reporta 8-aril-
1,7-naftiridinas que son inhibidotes PDE TV de la férmula

n

y especialmente, compuestos de la férmula (IT)
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la posicion 6

Sustituyente aromatico en

el cual posce un sustituyente aromdtico en la posicién 6 de la naftiridina como
inhibidores PDE4. Por el contrario, la presente invencion se encuentra dirigida al
ptoblema técnico de proporcionar inhibidores de la isoenzima de fosfodiesterasa
selectivos para la isoenzima tipo 4A para las enfermcdades inflamatorias,
especialmente para aquellos trastornos de las vias respiratorias.

Dicho problema se resuelve mediante los novedosos compuestos de la solicitud en
estudio que son derivados de 8-aril-1,7-naftiridina de férmula (I) en los cuales la

0sicion 6 se encuentra sustituida por un grupo cicloalquilo de 3 a 8 4tomos
de carbono que estd insustituido o sustituido por uno o més sustituyentes
seleccionados de alquilo de 1 a 4 atomos de carbono, carboxilo, alcoxicatbonilo de 1
a 8 atomos de carbono y aminocatbonilo.

Ese despacho puede constatar que la anterioridad no revela ni sugiere la

posibilidad de reemplazar los grupos alli mencionados para la posiciéon 6

rupo hidroxilo, amino, trifluorometansulfonilo, alilo, alquilo, alquenilo

alquinilo, alcoxilo, arilo, aralquilo, ariloxilo, arilamino, diarilamino,
alcamino, dialcamino, alcarilo, atilamindo o alcamido) por un grupo
cicloalquilo de 3 a 8 4tomos de carbono como el revelado en la solicitud en
estudio para la misma posicidn, razén por la cual una persona medianamente

versada en la técnica no encontrarfa evidente los compuestos de la presente
invencion a pattir de lo revelado en D1, toda vez que cste documento no sugiere
que al realizar cambios de esta naturaleza en la posicién 6, pudieran alcanzar ventajas
récnicas en NUevos Compuestos.

En este sentido, una persona medianamente versada en la técnica no habria
encontrado motivacion alguna a pattir de lo tevelado en D1 para llevar a cabo una
sustitucion como la mostrada para la posicion 6 del anillo de naftiidina de la
presente Invencion, a pattit de sustituyentes tan diferentes como los divulgados en
D1. Estos sustituyentes a todas luces alejarian a la persona con conocimientos
promedio en la técnica, de compuestos como los revelados en la invencién en
estudio, ya que en D1 los mismos tenen sustituyentes aromdticos y no
cicloalquilicos.



Atln mas, al analizar la clase de compuestos preferidos y revelados bajo la formula
(1) en la anterioridad, se pucde constatar que la sugerencia de D1 es que las
modalidades preferidas alli mencionadas son grupos fenilicos_para-sustituidos
con grupos (CH2)2C(=O)R? donde n es 1 6 0. Esto dista bastante dc los
compuestos de la presente invencién, toda vez que, en la posicion 6 de la estructura
central los sustituyentes R? como los mostrados en la tabla 1, pagina 39 y 40 de la
descripcion de la invencion en estudio, son todos sistemas ciclicos alquilicos de
seis miembros con un grupo acido carboxilico terminal.

Por lo tanto, la persona medianamente versada en la materia no encontrarfa evidente
la modificaciéon en la posicion 6 del sistema biciclico, toda vez que para nada son
equiparables o equivalentes los grupos fenilicos a los grupos cicloalquilicos
mostrados cn la invencion en cstudio.

En este sentido, nuevamente dirijo la atencidn de ese despacho a las paginas 16 a 18
de D1 donde se mucstra la tabla 1:

Example R R 1
No,
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En clla, se sugieren como sustituyentes preferidos para la posicion 6 del sistema
biciclico de la formula T los grupos NHa, fenilico, grupo —OSO,CF3, grupo -
C=CH2 6 grupo —CzH. Esto no conducitia de mancra evidente a las sustituciones
planteadas cn la solicitud en estudio.

2 Q/ ~— =
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Fl solicitante en vista de insistencia de ese despacho en cuanto a pruebas
comparativas, desca manifestar que cl documento D1 (WO 98/18796) revcla
detivados de 8-aril-1,7-naftiridina como inhibidores de PDLi4 y la potencia del
compuesto mas eficaz y potente encontrada dentro de esta clase fue hallada para
exceder los inhibidores de PDE4 conocidos Ariflo, LAS 31025 y V11294A. Estos




resultados son reportados en el atticulo de la revista Journal of Pharmacology and
Experimental Therapeutics, 301, 241-248 del cual sc adjunta una copia informal.

En estc orden de ideas, a pesar que esta potencia del compuesto preferido
(compuesto 11 en la pubicacién de HERSPERGER R y colaboradores titulada
como “Pd-catalised cross-coupling reactions for the synthesis of 6,8-disubstrituted
1,7-naphtyridines: A novel class of Potent and selective phosphodiesterase type 4D
inhibitors”, documento citado cn fase internacional, y el compuesto 14 del
documento 1), se encontrd que son compuestos altatnente insolubles en agua, es
decit, del orden de 0.0023 mg/ml a un pH de 6.8 y adicionalmente, proporciona una
limitada biodisponibilidad. Lin contraste, los compuestos de la presente invencion
son el producto de uno de un nimero de intentos para mejorat la solubilidad y la
biodisponibilidad de manera significativa sin la pétdida de la potencia.

La siguicnte fabla resume la solubilidad y la biodisponibilidad para muchos de los
compuestos de la presente invencién cn comparacién con los compuestos
preferidos de D1 y el articulo citado en fase internacional. Ta solubilidad
termondindmica se determiné en una solucién acuosa amortiguada a pH de 6.8 y la
biodisponibilidad de determiné en ratas.

compuesto Solubilidad pH 6.8 (g/) | Biodisponibilidad (%)
11 fiel _documepto citado 0.0023 10

en fase internacional

Ejemplo 2 0.56 92
Ejemplo 10 - 78
Ejemplo 11 >4 -
Hjemplo 12 0.92 13
Fjemplo 14 - 107
Ejemplo 15 2.0 131

En cste sentido, cse despacho puede corroborar que es claro a partir de la tabla
antetiot que los compuestos de la solicitud en estudio, como una representacién de
los compuestos probados son significativamente mas solubles y presentan una
biodisponibilidad mucho més alta que el compuesto preferido revelado en el
documento D1/DD2,

Fn consecuencia, no hay ninguna sugerencia en el documento D1 que pudiera
conducit a una persona medianamente versada en la técnica a predecir que los
compuestos de la solicitud en estudio podtan presentar estas propiedades
mejoradas. Por lo tanto, los datos anteriormente presentados apoyan la existencia
del nivel inventivo en los compuestos reclamados en la solicitud en estudio.

De otra patte, con relacién al proceso tevelado en la reivindicacién 9, me permito
scfalar que dicho proceso tene nivel inventivo sobre lo tevelado en D1 dado que



produce compuestos inventivos como los reclamados en condiciones especificas no
ensefiadas ni sugeridas por la anterioridad D1.

En conclusién, me permito manifestar que a la luz de los argumentos
anteriormente expuestos, los datos presentados y de las modificaciones realizadas
en el capitulo reivindicatorio, los compucstos de la presente invencién si tienen
nivel inventivo sobre las ensefanzas de D1, razén por la cual solicito de mancra
atenta se proceda a conceder ¢l privilegio de patente para la invencién de la
referencia.

Sefor Superintendente,

JIMENA ESCOBAR URIBE
C.C.39.779.452 de Usaquén
T.P.No. 68228

C6d.5376
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ABSTRACT

We investigated the pharmacology of a new class of phosphe-
diesterase 4 (PDE4) inhibitor, 6,8-disubstituted 1,7-naphthyri-
dines, by using 4-(8-benzo[1,2,5joxadiazol-5-yi-[1,7jnaphthyri-
din-6-yly-benzoic acid (NVP-ABE171) as a representative
compound and compared its potency with the most advanced
PDE4 inhibitor, undergoing clinical trials, Ariflo [cis-4-Cyano-4-
(3-cyclopentyloxy-4-methoxyphenyl-r-1-cyclohexanecarbox-
ylic acid)l. NVP-ABE171 inhibited the activity of phosphodies-
terase 4A, 4B, 4C, and 4D with respective IC, values of 602,
34, 1230, and 1.5 nM. Ariflo was about 40 times less potent. In
human cells, NVP-ABE171 inhibited the eosinophil and neutro-
phil oxidative burst, the release of cylokines by T cells, and the
tumor necrosis factor-a release from monocytes, in the nano-
molar range. Ariflo presented a similar imhibition profile but was
7 to 50 times less potent. in BALB/c mice challenged with

lipopolysaccharide, NVP-ABE171 inhibited the airway neutro-
phil influx and activation withvan EDg, in the range of 3 mg/kg.
Arifio was inactive up to a dose of 10 mg/kg, In ovalbumin
sensitized Brown Norway rats, NVP-ABE171 inhibited the li-
popolysaccharide-induced airway neutrophil influx and activa-
tion (ED, of 0.2 mg/kg) and the ovalbumin-induced aiway .
eosinophil influx and activation (ED., of 0.1 mg/kg). Arifio was
about 100 times less potent in both models. In the ovatbumin
model, NVP-ABE171 had a duration of action of more than
24 h. NVP-ABE171 is a novel PDE4 inhibitor that shows activity
both in vitro on human inflammatory cells and in vivo in animal
models of lung inflammation. This compound class may have
potential for the treatment of airway inflammatory conditions
such as asthma and chronic obstructive pulmonary diseases.

3',5'-Cyclic nucleotide phosphodiesterases (PDEs) are fam- -
ilies of hydrolases that catalyze the hydrolysis of cAMP and
¢GMP, and thereby terminate their role as second messen-
gers in mediating cellular responses to various mediators.
Eleven families of PDE enzymes, sharing a conserved cata-
lytic domain and exhibiting distinct substrate specificity and
regulatory properties, have heen identified (Soderling and
Beavo, 2000). Among the cAMP-specific isoenzymes, PDE4s
have received particular attention after the recognition that
these are the primary enzymes responsible for the metabo-
lism of cAMP in inflammatory and immune cells (Muller et
al., 1996). Because PDE4 inhibitors have been shown to be
potent anti-inflammatory agents in various animal models
(Teixeira et al., 1997), they have been proposed as a new
therapeutic approach for a variety of inflammatory diseases
such as asthma and chronic obstructive pulmonary diseases

(Bames, 1999). Despite the large effort of the pharmaceutical
industries to identify selective PDE4 inhibitors in the last
decade, only a few of them have shown efficacy in patients,
probably due to the fact that the clinical usefulness of these
compounds is limited by adverse effects (i.e., nausea and
emesis) (Teixeira et al., 1997). However, promising data from
clinical trials with Ariflo, the most advanced PDEA4 inhibitor
in clinical development, support the concept that a dissocia-
tion of side effects from therapeutic benefit can be achieved
with this class of drug (Torphy et al., 1999).

Recently, different isogenes and splice variants of human
PDE4 have been described (Beavo, 1995). The four gene
products (PDE4A, 4R, 4C, and 4D) are characterized by their
selective, high-affinity hydrolysis of cAMP and sensitivity to
inhibition by rolipram. According to an analysis of a number
of human peripheral blood cells and cell lines, mRNA of these

ABBREVIATIONS: PDE, phosphodiesterase; NVP-ABE171, 4-(8-berzo[1,2 Sloxadiazol-5-yl-{1,7inaphthyridin-6-yl)-benzoic acikt; DMSO, dimethyl sul-
foxide; FCS, fetal calf serum; PBS, phosphate-buffered saling; I, interleuking IFN, interferon; ELISA, enzyme-linked immunosorbent assay; TNF, wmor
necrosis factor; LPS, lipopolysaccharide; Ariflo, cis-4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl-r-1-Cyclohexanecarboxylic acid), V 112044, 3-3-
cyclopentyloxy-4-methoxybenzyl)-6-ethylamino-B-isopropyl-34-purine hydrochlonde; YM976, 4-3(chlorophenyl-1,7-diethylpyrido(2, 3-dlpyrimidin-
2(1Hyone; LAS 31025, 3-(p-chlorophenyl)-1-propybanthing; TES, 2-{2-hydroxy-1,1-bisthydroxymethyilethyljlaminolethanesulfonic acid,
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isoforms is expressed in the majority of the immune and
inflammatory cells (Muller et al, 1996). In particular,
PDEA4A, 4B, and 4D were predominantly expressed in eosin-
ophils and neutrophils, whereas PDE4C mRNA was not de-
tected in any of the inflammatory cells tested. Our research
efforts in finding novel PDE4 inhibitors were based upon a
new approach. We wanted to find orally active, second-gen-
eration PDE4 inhibitors displaying different selectivity pro-
files against the PDE4 isozymes (Hersperger et al., 2000). In
this report we investigate the in vitro and in vive anti-
inflammatory properties of 4-(8-benzoll,2,5loxadiazol-5-yl-
{1,7Inaphthyridin-6-y1)-benzoic acid (NVP-ABE171), an in-
hibitor for the PDE4B and 4D isozymes. Ariflo, V 11294A,
and LAS 31025 were used as comparison compounds.

Materials and Methods

Inhibition of Nucleotide Phosphodiesterase Isoenzymes.
Phosphodiesterase activity was determined as previously described
using ¢AMP or ¢GMP as substrate (Engels et al, 1995). Inhibitors
were digsolved in dimethyl sulfoxide (DMS0Q) and diluted io the
required concentration with the asgay buffer containing DMS0 at a
final concentration of 0.5%. DMSO itself, at the concentration used,
did not affect any of the PDE activity.

PDE1 was purified from human lung obtained from patients un-
dergoing surgery for lung cancer. Tissue specimens were homoge-
nized in Tris buffer, pH 7.4, containing 0.25 M sucrose, ! mM EDTA,

- 1 mM dithiothreitol, 7 mg/ml phenylmethylsulfonyl fluoride, 10
ng/ml leupeptin, and 10 pg/ml pepstatin (TES).

PDEZ2 and 5 were purified from platelet concentrate obtained from
the local blood transfusion center. Platelets were suspended in TES
buffer and sonicated four times for 15 s at 4°C. Both preparations
were centrifuged (120,000g for 60 min) and filkrated over a 0.22-um
filter. The resulting homogenate wae applied to a 20-ml column of
Q-Sepharose (Amersham Biosciences AB, Uppsala, Sweden) equili-
brated in sucrose-free TES buffer. Upon elution with a gradient of 0
to 0.45 M NaCl, PDE1 was obtained as the calcium-calmodulin-
stimulated peak of activity. PDEZ was obtained as the peak of
activity by wsing 100 uM cAMP and PDES as a peak of activity by
using 100 M cGMP. Purification of human PDE3 and cloning and
expression of human PDE4A, 4C, 4D, and rat PDE4B were per-
formed as previously described (Hersperger et al, 2000). Pooled
active fractions of each enzyme were made in gthylene glycol and
stored at —20°C.

Permeability across Caco-2 Cells, Caco-2 cells, a colonic ade-
nocarcinoma cell line, were secded at a density of 10° cells/cm® onto
transwell lter inserts (1 em?®) and held in culture for 21 days. Test
compounds were adied to the donor compartment and aliguots were
taken from the acceptor compartment and replaced with equal vol-
ume of blank medium at different time points, ["HiPropranoclol was
used as a reference compound for transcellular transport. Levels of
NVP-ABEL71 were analyzed by high-performance liquid chromatog-
raphy/UV detection.

Measurement of Lotracellular cAMP Elevation in HaCat
Cells, cAMP elevation studies were conducted in human keratino-
cyte cell line, HaCat. Cells (25 X 10%) were allowed to adhere
overnight to 24-well tissue culture plates at 37°Cin 0.5 ml of medium
[Dulbeceo’s modified Eagle’s medium-H21 containing 5% fetal ealf
serum (FCS) and 2 mM 1-glutamine). Medium was removed and
fresh medium containing 0.03 pM isoprenaline (Sigma-Aldrich,
Poole, Dorsct, UK) was added for 4 h. The reaction was stopped by
the addition of 2 volumes of cold ethanol (—20°C), After a 15-min
incubation at 4°C, the samples were centrifuged (450g for 10 min)
and levels of cAMP in the supernatant measured by cAMP enzyme-
linked immuneosorbent assay kits (Amersham ple, Little Chalfont,
Buckinghamshire, UK). For all the cell-based assays, test com-
pounds or vehicle were preincubated for 15 min at 37°C.

Oxidative Burst from Buman Eosinophils and Neutrophils,
Blood was obtained from normal individuals. Granulocytes were
separnted from mononuclear cells by Ficoll-Hypaque gradient cen-
trifugation. Erythrocytes were lysed by two cycles of hypotonic lysis
and the remaining granulocytes were either used as enriched neu-
trophil preparation (>95% neutrophils) or incubated with anti-
CD16-coated immunomagnetic particles. Magnetically labeled neu-
trophils were then depleted by passing the granulocytes through a
magnetic cell separation column, which resulted in a more than 98%
pure eosinophil preparation, Purified eosinophils er neutrophils (5 X
10*well in RPM1-1640 containing 0.1% human serum albumin) were
stimulated with plate-bound human 1gG (Sandoglobin-coated 96-
well mierotiter plates, 50 pgfwell) or 1 pM N-formyl-methionyl-
leucyl-phenylalanine, respectively, and the ability of cells to gener-
ate superoxide anions during an oxidative birst was measured using
a Hamamatsu MTP reader, The IgG-induced changes in lucigenin
chemiluminescence was monitored over 40 min and results were
calculated as percentage of 1gG- or N-formy}-methionyl-leucyl-phe-
nylalanine-induced luminescence in the absenca of compounds,

Proliferation and Cytokine Production of Human Periph-
eral Blood Lymphocytes. Mononuclear cells were isolated from
biood of normal individuals by Ficoll-Hypaque gradient centrifuga-
tion (20 min at 8008). The interphase was collected, washed twice in
phosphate-buffered saline (PBS), and resuspended in RPMI-1640
supplemented with 10% FCS. Cell density was adjusted to 10% cell/
ml. One hundred microliters of the mononuclear cells suspension
was placed in 96-well culture plates and 50 ul of either medium or
compounds in the indicated concentrations was added. After a 10-
min preincubation, cells were stimulated with 50 gl of anti-CD3
mongclonal antibodies (OKT-3, 100 ng/ml), incubated for 42 h at
37°C in a humidified incubator with 5% CO,. Supernatants were
harvested after 20 h of incubation, 1L-4, IL-5, and [FN.y were mea-
sured by sandwich ELISA by using two monoclonal antibodies rec-
ognizing different epitopes of the specific cytokine. Antibodies used
for measuring cytokine levels were purchased from PharMingen
(San Diego, CA). In all cases, binding of the second antibody was
analyzed by stepwige incubation with streptavidin-alkaline phospha-
tase conjugate (Sigma-Aldrich) and 4-nitrophenylphosphate diso-
dium salts (Sigma-Aldrich). Optical density was measured at 406 nm
and eytokine concentration was calculated based on the resuits from
serinl dilutions of standard recombinant human IL-4, IL5, and
IFN-v, respectively. The sensitivity of the ¢ytokine ELISAs was 10
pg/ml.

TNF-a Production by Human Peripberal Blood Mononu-
clear Cells. Mononuclear cells were isolated as described above and
resuspended in RPMI1-1640 supplemented with 104 FCS. Cell den-
sity was adjusted to 10" cell/mi. Cells were stimulated with 10 pg/ml
lipopolysaccharide (LPS; Salmonella typhosa) and 50 ng/ml IFN-y
and supernatants were harvested after 20 h of incubation at 37°C in
a humidified incubator with 8% CQO,. Concentration of TNF-rin.the
supernatants was measured by sandwich ELISA by using two mono-
clonal antibodies recognizing different epitopes of the specific cyto-
kine (mAb357/101-4 and biotinylated 2.179/E11; Novartis, Basel,
Switzerland). Binding of the second antibody was analyzed by step-
wise incubation with streptavidin-atkaline phosphatase conjugate
(Mabtech, Stockholm, Sweden) and 4-nitrophenylphosphate diso-
dium salt (Sigma-Aldrich). Optical dengity was measured at 405 nm
and cytokine concentration was ¢alculated based on the results from
serial dilutions of standard recombinant human TNF-«.

Animalg, The animals were housed in plastic cages in air-condi-
tioned room at 24°C in a 12-h light/dark cycle, Food and water were
available ad libiturn. The studies reported herein conformed to the
UK Animals (scientific procedures) Act 1986.

LPS-Induced Lung Inflammation in BALB/ Mice. Female
BALWc mice (5 weeks old) were treated intranasally, under halo-
thane/oxygen/nitrous oxide anesthesia, with 0.3 mg/kg LPS (Salmo-
nella typhesa; Sigma-Aldrich)in 50 ul of sterile PBS or with sterile
P35 alone. Three or 24 h after the provocation, anesthesin was



induced with 80 mv/kg i.p. pentobarbitone sodium. After anesthesia,
the abdeminal cavity was opened and the animal exsanguinated by
withdrawal of blood from a major blood vessel. The tracheas was
cannulated and bronchoalveolar lavage was performed by injecting
4 X 0.3 ml of PBS into the lung via the irachea. The fluid was
immediately withdrawn and the cell suspension stored on ice. Total
cell count was measured and cytospin preparation (Shandon Scien-
tific Ltd, Cheshire, UK) prepared. Cells were stained with Dif-Quick
{Baxter Dade AG, Dudingen, Switzerland) and a differential count of
200 cells performed using standard morphological criteria. The re-
maining lavage fluid was centrifuged at 200g for 10 min, and the
supernatant was either used fresh or aliquoted and stored at —80°C.

Ovalbumin-Induced Lung Inflammation in Brown Norway
Rats. Animals were sensitized as described (Hannon et al., 2001).
Briefly, 20 pghnl ovalbumin was mixed with 20 mg/ml aluminum
hydroxide and injected (0.5 ml/animal s.c.) coincidentally with Acul-
lulare pertussis adsorbat vaccine (0.2 ml/animal i.p,; diluted 1:4 with
0.9% saline). Injection of evalbumin, together with adjuvant, was
repeated 14 and 21 days later. On day 28, sensitized animails were
restrained in plastic tubes and exposed for 1 h to an aervsol of 3.2
mg/ml ovalbumin by using a nose-only exposure system. Animals
were killed 48 h later with 250 mg/kg i.p. pentobarbital, The lungs
were lavaged using three aliquots (4 ml) of Hanks’ solution, recov-
ered cells were pooled, and the total volume of recovered fluid ad-
justed to 12 ml by addition of Hanks’ solution. Differential cell counts
were done as described for the mice.

LPS.Induced Lung Inflammation in Brown Norway Rats.
Ovalbumin-zensitized animals were challenged intratracheally with
LPS (Salmonella typhosa, 10 pg/kg), on day 28 and killed 24 h later
with 250 mg/kg, i.p. pentobarbital. The Jungs were Javaged as de-
scribed above.

Bronchoalveolar Lavage Soluble Mediators Measurements.
Myeloperoxidase activity was measured on fresh bronchoalveolar
lavage supernatant using a 96-well plate format colorimetric assay.
Fifty microliters of the sampiles, in duplicate, were mixed with 100 ui
of the substrate buffer for 5 min at room temperature (50 mM sodium
phosphate, pH 6.0, containing, 0.5% hexadecyitrimethylammonium
bromide, 0.167 nM O-dianiside dihydrochloride, and 0.4 mM H,0,).
The reaction was stopped with 100 ul of 5% sodium azide in distilled
water and the optical density read at 450 nm. Results were ex-
pressed as units per milliliter by using a standard curve established
with human leukocyte myeloperoxidase (Sigma-Aldrich).

Eosinophil peroxidase activity was measure on fresh bronchoal-
veolar lavage supernatant by using a 96-well plate format colorimet-
ric assay. Bronchoalveolar Yavage (50 pl) was mixed with 100 pl of
substrate (1 mM o-phenylenediamine dihydrochloride, 1 mM H, 0.,
0:1% Triton X-100, dissolved in 50 mM Tris-HCl pH 7.7) in a 96-well
flat-bottomed microtiter plate and incubated for 30 min at room
temperature. The reaction was stopped by adding 50 pl of 4 M H, SO,
and absorbance was measured at 492 nm in a microtiter plate ab-
sorbance spectrophotometer. The concentration of eoginophil perox.
idase activity was calculated as milliunits per milliliter according to
the activity of serial dilutions of a standard horseradish peroxidase
(Sigma-Aldrich).

The concentration of protein in bronchealveolar lavage fluid su-
pernatants was measured by a colorimetric assay (Bio-Rad DC pro-
tein assay) as described by the manufacturer (Bio-Rad, Hercules,
CA). TNF-a levels were measured on bronchoalveolar lavage super-
natant by using commercially available ELISA kits (Genzyme, Cam.
bridge, UK).

Drug Administration. For in vivo Lesting, compounds were dis-
solved in DMSO (4% final concentration) and diluted with Neoral
placebo for administration by gavage. Compounds or vehicle were
applied 1 h before and 6 h after the LPS exposure in the mice, 1 h
before the LPS exposure in the rat, and 1 h before and 24 h after the
ovalbumin challenge in the rat. For the duration of action experi-
ment, in the rat ovalbumin challenge model, animals were treated
from 1 10 24 h before the challenge
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Data Analysis, Data are expressed as mean * 3 EM. Statistical
comparisons were performed using a Kruskall-Wallis test with Bon-
ferroni’s correction for multiple comparison, and a P value of less
than 0.05 was considered significant. Depending on the efficacy of
the compounds in the varicus test systems, corresponding IC or ED
values for half-maximum inhibition were calculated from dose-de-
pendent curves by nonlinear regression analysis. For cAMP eleva-
tion, ECyoq was calculated as the concentration that doubled (200%)
the level of cAMP induced by isoprenaline.

Results

Inhibition of Purified PDE Isozymes. Ariflo, V 112944,
LAS 31025, and NVP-ABE171} were synthesized by the De-
partment of Chemistry (Novartis Pharmaceuticals, Hor-
sham, UK). The structure of NVP-ABE171 is shown in Fig. 1.
NVP-ABE171 and Ariflo dose dependently inhibited meta-
bolic activity of the PDE4 isozymes; however, NVP-ABE171
was about 40-fold more potent than Ariflo. V 11294A and
LAS 31025 inhibited the PDE4 isozymes only in the micro-
molar range. None of the compounds were active on all the
other PDEs tested (i.e., PDEY, 2, 3, and 5) (Table 1).

Caco-2 Permeability and Intracellular cAMP Accu.
mulation in HaCat Cells. In the Caco-2 assay NVP-
ABE171 had a permeability coefficient value of 208.7 = 24.1
107" c/s (n = 4), well above the reference compound pro-
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Fig. 1. Structure of NVP-ABE17).

TABLE |
Iahibition of human phosphodiesterase activity by NVP-ABE171 and
related compounds

Data are expresssd a2 mean = 5.E.M. from the number of experiments indicated in
parentheses.

ICy,
NVP-ABE1T1 Ariflo V 11204A LAS 31025
nM
PDE4A 602 * 25(4) 308 x 7(4) 446 * 11(3) 2614 * 48(3)
PDE4B 34>05(3) 2832 7(3) 616 > 7(D 1452 * 52(3)
PDE4C 1230 + 39(3) 813 = 13(4) 1698 = 44(3) 1995+ 38(3)
PDE4D 15x01(4) 63 x2(4) 645 x 14 (3) 965 = 8(3)
PDE1  =10,000(2) =>10,000(2)  >10,000 (2) =10,000 (2)
PDE2  >10,000(2) »10,000(2)  >10,000(2) >10,000 (2)
PDER  >10,000(2) >10,000(2)  =10,000 (2) 10,000 (2)
PDEs  =10,000(2) >10000(2) =10,000(2) >10,000 (2)
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TABLE 2

Effects of NVP-ABE171 and related compounds on functionsl responses of human inflammatory cells
Data are expressed ns menn = S.E.M. from the number of experiments indicated in parentheses,

ICeq
NVP-ABE171 Arflo V 112944
nM
Eosinophil fuaction
Oxidative burst (IgG) 6.0 > 0.2(4) 104.7 2 5.3(3) 712+ 19 (8)
T-Cell cytokines release
INF-v (anti-CD3) 100 = 0.2(5) 257.1 2 7.6(4) 1905 * 63 (3)
1L-4 (auti-CD3) 16.6 £ 0.3 (5) 389.0 + 85(4) 2089 = 51 (3)
1L-5 (anti-C1D3) 282 % 0.5(5) 199.5 > 5.2 (4) 2754 + 94 (3)
Monocytes cytokine release
TNF-a (IFN-y + LFPS) 67,6 = 1.0(3) 3467 = 64 () 4365 + 49 (3)
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Fig. 2 Effect of NVP-ABE171 and Ariflo on LPS-induced airway inflam-
mation 3 h after the intranasal challenge in mice. NVP-ABE171(0.05-10
mg kg*") and Ariflo (5-10 mg kg~ ) were given orally 1 h before the LPS
exposure. Three hours after the LPS challenge, animals were sacrificed
and brenchoalveolar lavage was performed. Results are expressed as
means * S EM. of two differcut experiments, each including 6 to 10
animals/group. Statistical significance (s, P < 0.05) was assessed against
the vehicle-treated (Veh) and LPS-challenged srimals. Doses are ex-
pressed in milligrams per kilogram,

pranolol (52,6 = 9.5 107" cm/s, n = 4). As expected for a
PDE4 inhibitor, NVP-ABE171 enhunced the accumulation of
cAMP in human HaCat cells induced by isoprenaline with an
EC,,, value of 3.5 = 0.9 nM (n = 3). Because the other
compounds are well characterized PDE4 inhibitors, they
were not tested in these assays.

Inhibition of Cell Function in Vitro. Because of its very
low potency in the enzyme-based assay, LAS 310256 was not
studied further. In line with the enzyme inhibition data, V
11294A was a very weak inhibitor of the inflammatory cells’
activation (Table 2).

1.6 1MYELOPEROXIDASE ACTIVITY

1.2 1 ’-L

0.8 1
0.4 4
-
0.0 , 1 1

Treatment Voh Veh 01 1 3 & 5 10

NVP-ABE171 Arifio

Challenga PBS LPS

Fig. 8. Effect of NVP-ABE171 and Ariflo on LPS-induced airway inflam-
mation 24 h after the intranasa) challenge in mice. NVP-ABE171 {0.1-5
mg kg™') and Ariflo (5-10 mg kg™*) were given arally 1 h before and 6 h
afier the LP5S exposure.*Twenty-four hours after the LPS challenge,
animals were sacrificed and bronchoalveolar lavage was performed. Re-
sults are expressed as means = S EM. of two to three different experi-
mepts, each including 6 to 10 animals/group. Statistical significance (s,
P < 0.05) was assessed ngainst the vehicle-treated (Veh) and LPS-chal-
lenged animals. Doses re cxpressed in milligrams per kilogram.
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NVP-ABE171} fully suppressed all the measured functional
responses of human eosinophils, T cells, and monocytes with
1Cy, values in the nanomolar range (Table 2). Ariflo also fully
suppressed these responses, but showed lower potencies (7 to
50 times less potent) than NVP-ABE171 (Table 2). In con-
trast to the other cell types’ functions, NVP-ABE171 and
Ariflo inhibited the neutrophil oxidative burst to a maximum
of about 50% under the conditions used. Therefore, for quan-
titative analysis IC,; values were calculated (NVP-ABE171,
1.5 = 0.09 nM; and Ariflo, 65.5 = 5.4 nM, n = 4). Because V
11294A and LAS 31025 were very weak PDE4 inhibitors in
vitro, we decided not to pursue their characterization in vivo.

Inhibition of LPS-Induced Lung Inflammation in
Mice. At 3 h postprovocation, LPS induced a marked in-
crease in neutrophil numbers and TNF-« levels in the bron-
choalveolar lavage. No changes in the other cell types (mac-
rophages, eosinophils, and lymphoeytes) were ocbserved (data
not shown). Oral administration of NVP-ABE171, 1 h before
the challenge, induced a dose-dependent inhibition of the
neutrophil influx with an ED,, value of 0.08 mg/kg (Fig. 2).
The LPS-induced TNF-«a release was only partially inhibited
by NVP-ABE171 and no ED,, could be caleulated (Fig. 2).
Ariflo at both 5 and 10 mg/kg was inactive on all the param-
eters studied (Fig. 2).

At 24 h postprovocation, LPS induced a marked increase in
neutrophil and lymphocyte numbers. No changes in the other
cell types (macrophages and eosinophils) were ohserved (data
not shown). Oral administration of NVP-ABRE171, 1 h before
and 6 h after the challenge, induced a dose-dependent inhi-
bition of these two parameters with an ED,, value of 2.8 and
1.5 mg/kg for the neutrophil and lymphocyte influx, respec-
tively (Fig. 3). In parallel with the number of neutrophils, the
levels of myeloperoxidase activity as a measure of neutrophil
degranulation were also dose dependently inhibited by NVP-
ABE171 with an ED,,, value of 3.2 mg/ke (Fig. 3). Ariflo was

able to inhibit all the parameters studied only at 10 mg/kg
(Fig. 3).

Iphibition of LPS-Induced Lung Inflammation in
Brown Norway Rat. Oral administration of NVP-ABE171
given 1 h before 1.PS exposure dose dependently inhibited the
infiltration and activation, as measured by myeloperoxidase
activity levels, of neutrophils recovered in the bronchoalveo-
lar lavage 24 h after LPS chalienge. The ED,, value for both
parameters was 0.2 mg/kg (Fig. 4). In addition to its neutro-
phil infiltration-suppressing activity, the compound also re-
duced the activity of eosinophil peroxidase activity recovered
in the bronchoalveolar lavage of LPS-challenged animals
(ED,,, value of 0.13 mg/kg) without affecting the number of
eosinophils (Fig. 4). Oral administration of Arifle (3 and 30
mg kg~ ') given 1 h before LPS challenge inhibited the infil-
tration and activation of neuirophils recovered in bronchoal-
veolar lavage fluid 24 h after LPS challenge, displaying a flat
dose relationship. Reductions in the activity of eosinophil
peroxidase activity were also seen (Fig. 4).

Inhibition of Ovalbumin-Induced Lung Inflamma.
tion in Rat. Forty-eight hours after ovalbumin challenge,
there was a pronounced infiltration of eosinophils into the
aitways of sensitized Brown Norway rats, accompanied by
increases in bronchoalveolar lavage eosinophil peroxidase
activity and proteins. Oral administration of NVP-ABE171,

1 h before and 24 h after antigen challenge, induced dose- -

dependent inhibition of the numbers of eosinophils, eosino-
phil peroxidase activity, and plasma-derived protein levals in
bronchoalveelar lavage (Fig. 5). The ED;, value for the
changes in eosinophil numbers was 0.1 mg/kg. Similar ED,,
values were obtained for the inhibition of eosinophil peroxi-
dase activity (0.1 mg/kg) and protein levels (0.2 mg/kg) in
bronchoalveolar lavage.

NVP-ARE171 also reduced the numbers of neutrophils and
lymphocytes in bronchoalveolar lavage after oral administra-
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Fig. 5. Effect of NVP-ABRE171 and Ariflo on the ovalbumin-induced
airway inflammation 48 h after the acrosol challenge in rats. NVP-
ABE371 (0.01-1 mg kg™ ") and Ariflo (10 mg kg~') were given orally 1 h
before and 24 h after the ovalbumin exposure. Forty-eight hours after the
ovalbumin exposure, animals were sacrificed and bronchoalveolar lavage
was porformed. Results are ex pressed as meana = S.E.M. of two different
experiments, each iocluding 5 to 10 animals/group. Statistical signifi-
cance (v, P < 0.05) was assessed against the vehicle-treated (Veh) and
ovatbumin-challenged animals. Doses are expressed in milligrams per
kilogram.

tion 1 h before and 24 h after allergen challenge. Again, the

ED,, values calculated from the dose-response curves were

similar to those required to inhibit eosinophil infiltration
. (data not shown).

Ariflo, at 10 mg/kg, was substantially less active in this”
model than NVP-ABEL71, although the effects were qualita-
tively similar (Fig. 5). Thus, by using eosinophil numbers in
bronchoualveolar lavage as the readout, the reduction seen
with Ariflo after oral administration of 10 mg/kg 1 h before
and 24 h aftec allergen challenge was 44%.

Duration of Action of NVP-ABE171 in Ovalbumin.
Induced Lung Inflammation in Rat. The ovalbumin-in-

duced increase in eosinophil numbers, cosinophil peroxidase

3.0 1 EOSINOPHILS

2.5 o ;—T—

’ -
*
1.0 _
.
1]
0.0 ==, e B e
20 7 EOSINOPHIL PEROXIDASE ACTIVITY

Ih

x 105 cells
[4,]

g 10 4
£
.

SJ . *x - %
SEEREINININIE
1.5 1 PROTEIN LEVELS
12 st

E

£ o094

=S L 2
0.6 1 - N
WL ﬂﬂﬂi '
ool L1 I LL 1] 1L

Treatment No No -h -6h .12h -24h
Challenge PBS Ovalbumin

Fig. 6. Duration of action of NVP-ABELT1 on the ovalbumin-induced
airway inflammation in rats. NVP-ABE171 (0.4 mg kg~') was given
orally from 1 1o 24 h before the ovalbumin challenge, Twenty-four hours
after the ovalbumin exposure, animals were sacrificed and bronchoalves-
lar lavage was performed. Results are expressed as means = SEM. of
one experunent ineluding 6 to 10 animals/group. Statistical significance
(=, P < 0.05) was assessed against the untreated (No) and ovatbumin.
challenged animals, ;

activity, and protein levels recovered 24 h after the allergén
challenge was significantly inhibited by 0.4 mg/kg NVP-
ABE171 administered 1, 6, 12, and 24 h before the challenge
(Fig. 6). A similar duration of action on the reduction in total
eells, neutrophils, and lymphocytes was also evident (Table
3). Ariflo (30 mg/kg) was inactive when given 6 h before the
challenge (data not shown).

Discussion

Chronic obstructive pulmonary disease and asthma are
two inflammatory disorders of the airways. Chronic obstruc-
tive pulmonary disease is characterized by airway obstrue.
tion that is sfowly progressive and irreversible. This disease
encompasses two related conditions: chronic bronchitis and
emphysema. Chronic bronchitis is characterized by mucus
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hypersecretion and increased tisk of chest infections. Ap-
proximately 15% of smokers develop progressive airflow lim-
itation that is largely due to enzymatic destruction of elastin
fibers in the lung parenchyma (emphysema). Both conditions
have an inflammatory component that is characterized by
infiltration of neutrophils and macrophages into the lungs
(Jeffery, 1998). Bronchial asthma is a chronic inflammatory
disease of the airways, a prominent feature of which is an
intense infiltration of eosinophils and mononuclear cells
(Djukanovic et al., 1990).

PDEA4 inhibitors have been shown to be potent anti-inflam-
matory agents in various animal models (Teixeira et al,
1997) and also have shown clinical efficacy in both asthma
and chronic obstructive lung diseases (Torphy et al., 1999).
Analysis of a number of human cell lines or defined blacd cell
populations revealed clear differences in the PDE4 isotype
expression pattern in the immune system (Muller et al,
1996). As such, PDEA4C could not be detected in any of the
immune cells, whereas PDE4A and 4B expression were seen
in the majority of the immune cells. PDE4D was mainly
expressed in eosinophils and to a lesser extent in neutrophils,
Based on all this information, we designed PDE4 inhibitors
displaying different selectivity profiles against the PDE4
isozymes (Hersperger et al., 2000) and as a result of this
stratégy, NVP-ABE 171, a selective inhibitor for PDE4B and
4D, was selected for further profiling. )

Because PDE4 inhibitors have the potential to be effica-
cious in both asthma and chronic obstructive pulmonary
disease, we next tested the efficacy of NVP-ABE171 on dif-
ferent human leukocytes known to be involved in these two
diseases. As such, the asthmatic airway inflammation is
driven by T cells and eosinophils are believed to be one of the
terminal effector cells in this disease (Djukanovic et al.,
1990). On the other hand, in patients with chronic obstruc-
tive pulmonary disease the inflammatory cells involved are
neutrophils and macrophages (Jeffery, 1998). In agreement
with the enzyme-based data, Ariflo was about 10 to 50 times
less potent than NVP-ABE17], depending on the cell types
used. Compared with the other leukocytes investigated,
monocytes and neutrophils seem to be more resistant to
inhibition by both compounds. Indeed, for both compounds,
the potency on monocytes was lower compared with eosino-
phils or T cells and the neutrophil oxidative burst could be
inhibited to a maximum of 506. This has already been re-
ported for other PDE4 inhibitors (Hatzelmann and Schudt,
2001) and one can argue that it may be a therapeutic advan-
tage, because both macrophages and neutrophils are impor-
tant immune cells in the host defense process.

We next investigated the in vivo efficacy of NVP-ABE171

TABLE 3
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and Ariflo in animal models of lung inflammation by using
both mice and rats. Because V 11294A and LAS 31025 were
weak PDE4 inhibitors in vitro we decided not to characterize
them in vivo. Because drugs that are aimed at treating

‘chronie inflammation in humans should be administered

daily, orally active compounds are highly desirable as ther-
apeutics. We therefore tested the effect of NVP-ABE17) by
the oral route. Because chronic obstructive pulmonary dis-
ease is characterized by an increase in the activation and/or
numbers of neutrophils and macrophages, it was important
to test NVP-ABE171 in a macrophage-dependent in vivo
model. Te do so, we used the LPS-induced lung inflammation
model that has been shown to be dependent upon macro-
phage activation, and more.importantly, to be inhibited by
rolipram, the archetype of PDE4 inhibitors (Goncalves de
Moraes et al.,, 1998). In both mice and rats, NVP-ABE171
potently inhibited the neutrophil influx and their activation
ohserved 24 h after the LPS challenge. Ariflo also inhibits
these parameters, however, with a much lower potency. Be-
cause it has been shown that treatment with eAMP-elevating
agents inhibits the TNF-« production in a murine LPS model
(Gonealves de Moraes et al.,, 1996), it was somewhat surpris-
ing to see that NVP-ABE171 was not very potent at inhibit-
ing the LPS-induced TNF-« release in the mice. This obser-
vation is in line with the results obtained in our cell-based
assay showing that from all the inflammatory cells tested,
monocytes were the least responsive to inhibition by NVP-
ABE171. Furthermore, it has been shown in vitro that to
efficiently inhibit the LPS-induced TNF-« release from mac-
rophages, an inhibition of PDE4 and PDE3 was necessary
(Gantner et al., 1997). Nevertheless, we clearly showed that
NVP-ABE171, in two different species (mice and rats) is a
powerful inhibitor of both the migration of neutrophil into
the airways and their activation. It is interesting to note that
NVP-ABE171 was effective in suppressing the neutrophilia
at both 3 and 24 h postchallenge, whereas Ariflo inhibited the
neutrophil influx only at the late time point. We do not have
any explanation for this phenomenon. However, in line with
our results, Ariflo has been reported to be less potent in
inhibiting the early phase (2 h) of the LPS-induced airway
inflammation in rat compared with the latest phase (24 h)
(Spond et al., 2001).

Ovalbumin inhalation to actively sensitized rats ic a well
characterized and recognized model for asthma (Renzi et a).,
1993). This acute inflammatory model is charactenzed by an
influx of leukocytes and plasma accumulation into the air-
ways, two conditions seen in human asthma (Djukanovic et
al,, 1990). NVP-ABE 171 dose dependently and potently in-
hibited the allergen-induced increase in airway plasma pro-

Duration of action of NVP-ABE171 (0.4 mg kg™ ") on dvalbumin-induced increase in total cell, lymphocyte, and neutrophil in rat airways

Results are expressed ns means + SEM.

Cell Counts (10%)

Treatment/Challenge L
Tatnl Cells Lymphocytes Neutrophils
Non-treated/PBS S 4.80 » 0.38* 0.27 = 0.02* 0.14 * 0.02*
Non-treated/ovalbumin 10 10.60 = 1.92 1.95 + 028 1.52 + 0.29
-1 h/ovalbumin 10 4.66 * 0.45% 0.54 = 0.08* 0.38 + 0.07*
-6 hfovatbumin 10 4.40 = 0.33* 0.52 * 0.07* 0.38 > 0.06*
- 12 hlovalbumin 10 5.40 * 0.66" 0.78 + 0.13* 0.69 ¥ 0.15*
—24 hfovalbumin 10 6.54 + 0.91* 1.14 £ 017 0.77 * 0.19*

Statistivnl significance (* P <7 0.05) was assessed ryuinst the vehicle-treated and ovalbumin.challenged animals
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tein accumulation, The inhibitory mechanism of action of
such compounds on plasma exudation js still unclear; how-
ever, other PDE4 inhibitors have been reported to inhibit
‘plasma leakage in vive through the inhibition of the endo-
thelial cell contraction (Ortiz et al., 1996). NVP-ABE171 was
alse very potent at inhibiting the influx of inflimmatory
leukocytes and their activation. Because PDEA inhibitors are
known to have a powerful modulating activity on virtually all
cells involved in the inflammatory process (Teixeira et al.,
1997), it is quite difficult to dissect out their precise anti-
inflammatory mechanism of action in this model. However,
the main effect of NVP-ABE171 in this model is rather likely
to be due to the inhibition of T-cell activation, which are the
cells known to drive the inflammatory process in this model
(Underwood et al., 1997). In addition to its greater potency
compared with Ariflo, NVP-ABE171 also has a much longer
duration of action. As sach, in the Brown Norway rat, the
inhibitory effect of Ariflo was lost when given 6 h before the
allergen challenge (data not shown), whereas NVP-ABE171
had a duration cf action of more than 24 h, Because Ariflo is
administered twice a day in the clinic, these data suggest
that NVP-ABE171 could be a once-a-day drug.

During the preparation of this manuscript, the preclinical
data for roflumilast (3-cyclopropylmethoxy-4-difluorome-
thoxy-N-[3,5-dichloropyrid-4-yl)-benzamide), a PDE4 inhibi-
tor in clinical development administered once a day, were
published (Bundschuh et al., 2001; Hatzelmann and Schadt,
2001). Compared with Ariflo, this compound was reported to
be 50 to 100 times more potent in in vitro assays (Hatzel-
mann and Schudt, 2001) and about 50 times more potent in
inhibiting the ovalbumin-induced lung inflammation in the
Brown Norway rat (Bundschuh et al., 2001). In this model,
its duration of action was reported to be more than 18 h
(Bundschuh et al,, 2001), YM976 is another PDE4 inhibitor
in clinical development and a comprehensive package of pre-
clinical data has been published for this compound (Aoki et
al., 2000a,b, 2001). Compared with Ariflo, YM976 has been
shown to be about 50 times more potent in vitro. However,
when tested in vivo, YM976 was only 10 times more potent,
than Ariflo (Aoki et al, 2000). Although we did not compare
NVP-ABE171 with roflumilast and YM967 in the present
study, based on the published data, NVP-ABE171 seems to
be 10 times more potent than YM976 in vivo and at least as
potent as roflumilast with a similar duration of action in vivo.

In summary, the preclinical data presented in this report
indicate that NVP-ABE171 is a potent orally active PDE4D
inhibitor with a long duration of action in vive. Thus, PDE4
inhibitors from the 6,8-disubstituted 1,7-naphthyridine class
may have potential for the treatment of inflammatory lung
diseases such as asthma and chronic obstructive pulmonary
disease,
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