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

Re: Expediente No. 00.029.421

Solicitud de Patente de Invencion titulada :
“EFECTOS SINERGICOS DE LA
AMLODIPINA Y ATORVASTATINA O
METABOLITO DE LA ATORVASTATINA
COMO BASE PARA UNA TERAPIA
COMBINADA”.

Solicitante : DR. R. PRESTON MASON.
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CARLOS R. OLARTE, mayor de edad y vecino de Santa fe de Bogota,
identificado tal como aparece al pie de mi firma en mi caricter de apoderado de la
sociedad solicitante, respetnosamente me permito manifestar lo siguiente ante el auto
emanado por ese Despacho, dentro del término termino de prorroga solicitado en mi
memorial de fecha 11 de Julio de 2000:



RaisBECK, LARA, RODRIGUEZ & RUEDA
MIEMBROS DE LA FIRMA

BAKER & McKENZIE

CALLE 35 No. 7-25, Piso 4 .
TELEFONO: (57-1) 285-1400
SanTa FE DE BogoTA, D.C.
COLOMBIA

1. Sin tomar una posicién respecto a las observaciones del Examinador
Técnico, DESISTO de las reivindicaciones 6 a 182. Para tal efecto, adjunto un Capitulo
Reivindicatorio Modificado.

2, En atencién a las observaciones del Examinador Juridico, adjunto las
copias certificadas de los Documentos de Prioridad junto con la traduccién de sus
Capitulos Reivindicatorios. Igualmente adjunto el documento de poder, debidamente

legalizado y oficialmente traducido.

Atentamente,

-

CARLOS R. OLARTE
C.C. No. 79.782.747 de Bogota
T.P. 74.295

Anexos: Poder.
Capitulo Reivindicatorio Modificado.
Copias Certificadas de los Documentos de Prioridad junto con las
Traducciones de sus Capitulos Reivindicatorios.
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Praduccidn Oficial No. 00-307

Efectuada el dia 13 de julio del 2000, de un documento
escrito en Inglés, al cual para su identificacién se le
estampa el sello de Maria del Pilar Iglesias, Traductora e
Intérprete Oficial por Resolucién No. 819 del 15 de abril de
1971 expedida por el Ministerio de Justicia de la Republica

de Colombia.

Autenticaciones notariales y subsiguientes correspondientes a
un Poder otorgade el 9 de junio del 2000 por R. Preston Mason
a Alvaro Correa Ordofiez y/o Carlos Reinaldo Olarte y/o Luz
Helena Villamil, el cual viene en Espafiol y se explica por si

-

solo.

Estado de Massachusetts - Condado de Suffolk
Firmado ante mi por R. Preston Mason, a los 9 dias del mes 1e
junic del 2000.

(Fdo.) Jerry Cohen - Notario Publico.

Estado de Massachussetts
William Francis Galvin
Secretario del Estado
C 235355 _
Boston, 23 de junio del 2000.

-'-'.‘ - "Por el presente certifico que Jerry Cohen, cuyo firma aparece
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atestiguaciones debe dérseles toda fe y plenc crédito
judicial y extrajudicialmente; que como Notario Puiblico se
encontraba legalmente autorizado para tomar declaraciones,
administrar juramentos y tomar reconocimientos de escrituras
o traspasos de tierras, hzarencias y deméds instrumentos que

deban registrarse en dicho Estado de acuerdo con la ley.

En fe de lo cual en el dia de hoy, estampo el Gran Sello del

Estado de Massachusetts.

[ B}

W

{(Fdo.) William Francis Galvin - Secretaric de Estado de
-

Massachusetts. (Sello del Estade de Massachusetts). -

.-
T

En Espafiol, viene certificacién No. 531 del 27 de junio d;l
2000, expedida por el Ccnsulado de Colombia en Boston,
Estados Unidos de América, certificando la firma y cargo
precedentes. Dicha certificacién estd firmada porztisabel
Pardo Uribe, Vicecénsul de Colombia, cuya firma fue

———

finalmente reconocida por el Ministerio de Relaciones

Exteriores de Colombia bajo el sello No. 094731 del 13 de

julio del 2000.

ES TRADUCCION FIEL Y COMPLETA EFECTUADA POR:

Cl.C. 41.339.183 de Bogota. - —

narprete Oficiai
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Consulado de Colombia
Boston, MA 02116

585 Boylston Street, 11th Floor
Tel: (617) 536-6282 Fax: (617) 586-9372
7:0 00-1e3
Rarta dol Fiac Iglesies
TR |
BIEET R0al
Sracincly Fr 37 Meolosiied

13 30,2000

|
. FECHA: M‘z'l'm

El suscrito Cénsul de Colombia en Boston, MA Estados Unidos vistos los

documentos presentados.

CERTIFICA.

Que el sefior WILLIAM FRANCIS GALVIN, quien firma el documento
las funciones de

adjunto, ejercia legalmente en la fecha alli indicada
SECRETARIO DE ESTADO DEL ESTADO DE MASSACHUSETTS,

ESTADOS UNIDOS DE AMERICA y su fima y sello que aparecen en el

documento son los que acostumbra a usar en sus actos oficiales.
El Cénsul no asume responsabilidad por el contenido del documento.
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Willlam Francis Galvin
Secretary of the Commonwealth

Bostom, ............. 005 29 ... 209 . ..

I hereby certify ebat at the date of the attestation bereunto annexed,

Jerry Cahen

whose name is signed to the attacbed certificate of acknowledgment, proof or affidavii,
was at the time of taking the same, a NOTARY PUBLIC Jor the said Commonuwealth duly
commissioned and constituted; that o bis/ber acts and attestations, as such, full faith and
credit are and ought.to be given in and out of Court; that as such Notary Public, be/sbe
was by law authorized to take depositions, to administer oaths and take acknowledgments
or deeds or conveyances of lands, tenements or bereditaments and other instruments through-
out the Commonwealth to be recorded according to law.

an testimony of Which. 1 bave bereunto affixed the

®reat Seal of the Commontvealth

on the date above written.

WelliiDrts fothosi

/
" William Francis Galvin .
Secretary of the Commonwealth ﬁ A
he

—_ e a————
.



Raisseck, Lara, RobriGuez & Ruepa
Members of the Firm

BAKER & McKENZIE

ATTORNEYS AT LAW
APARTADO AERED 1T48
TELEFONQ: 205-1400
SANTAFE DE BOGOTA, 0.C.

COLOMBIA

EOWER OF ATTORNEY

The undersigned.

Dr. R. Preston Mason

located in
Sewickley,

Pennsylvania

USA
declares that it-hereby grants to

ALVARO CORREA ORDONEZ and/or
CARLOS REINALDO OLARTE
.LUZ HELENA VILLAMIL and/or

a full and sufficient power of attorney to apply to the
proper national officers and authorities for the issue of:

Letters Patent, mergers,changes of name,
assignments, fliing and prosecution of oppositions,
c¢hanges of address

to which end it empowers them to take all steps
necessary before said authorities for the objects stated,
to file petitions, prepare descriptions, make protests,
declarations, appeals and objections, pay imposts,
apply for certifications, raceiva documents and
securities, abandon applications and collect refunds.
To the said mandatories sufficient power is granted
hereby to receive nofifications for and on behalf of the
Company, to confer powars on those who are to
‘eprasant the company judicially and extrajudictally, to
riswer in court in the matter of all claims and demands
that may be presented in connection with the patents,
and to do everything that may be required, before
administrative or judicial officers of any class giving
them likewise power. t~_substitute these presents and
revoke such substituticns if necessary. Additionally, the
Company hereby ratifies all acts taken to date on its
behalf and in furtherance of this Power of Attomey.

Done and subscribed in
Boston, Massachusetts USA

Onthe 9th dayof June

2000

" R

R. Preston Mason

Commonwealth of Massachusetts ) s
County of Suffolk )

Signei before me this 9th day of June 2000
by the sa\d R.. Prelston Mason
¥ AL I:J _)

s

Torrr MFahal Natawrsr Doaki1f.

La abajo firmada.

Dr. R. Preston Mason

domiciliada en
Sewickley,

Pensilvania

USA
declara por el presente otorgar a

ALVARO CORREA ORDONEZ y/io
CARLOS REINALDO OLARTE
LUZ HELENA VILLAMIL y/o

poder especial amplio y bastante para recabar de las
oficinas y autoridades nacionales que comrespondan, la
obtencién de :

Patentes de Invenclén, fusiones, cambios de
nombre, traspasos, presentacién y tramitacién
de oposiciones, cambios de direccién

a cuyo efecto los faculta para dar ante dichas
autoridades, todos los pasos necesarios al objeto
indicado, elevar solicitudes, formular descripciones |,
protestas, declaraciones, apelaciones y reclamos,
oblar impuestos, solicitar testimonios, recibir
documentos y valores, desistir y percibir. Se concede a
los expresados mandatarios poder bastante para
recibir notificaciones a nombre de la compadia. olorgar
poderes a quienes vayan a representar a la compaiia
judicial y extrajudiciaimente, responder en juicio a
todas las reclamaciones o demandas que por motivo
de las patentes se presentaren y hacer cuanto fuere
necesario, ante “las autoridades administrativas o
judiciales de cualquier orden. dandoles asimismo
facultad para sustituir el presente y en caso necesario
revocar dichas sustituciones.  Adicionalmente, la
compaiila por medic de la presente ratifica toda
actuacién tomada en representacion suya y en relacion
con este poder.

Dado y firmado en

Alos 9th

2000
=X

R. Preston Mason

s il L
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1. Una composicién farmacéutica la cuallcomprende:

(a) una cantidad terapéuticamente efectiva de
amlodipina;

(b) una cantidad terapéuticamente efectiva de un
aompuesto de atorvastatina y metabolito de atorvastatina
hidroxilado; y

{(c) agentes de formulacién farmacéuticamente

aceptables.

2. La composicién farmacéutica de la reivindicacién 1 en

donde la amlodipina comprende un derivado terapéuticamente

efectivo de la amlodipina.

3. La composicidén farmacéutica de la reivindicacidn 2 en

donde el derivado terapéuticamente aceptable de la

amlodipina comprende besilato de amlodipina.

4. La composicién farmacéutica de la reivindicacién 1 en

donde el compuesto de atorvastatina comprende un derivado

terapéuticamente efectivo del compuesto de atorvastatina.
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5. La composicidén farmacéutica de la reivindicacién 4 en
donde el derivado terapéuricamente aceptable del compuesto

de atorvastatina es una sal de hemicalcio.
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LOS ESTADO3 UNIDOS DE AMERICA ) />¥
A TODOS AQUELLOS A QUIEN SE LES PRESENTE ESTE DOCUMENTO
DEPARTAMENTO DE COMERCIO DE LOS ESTADOS UNIDOS

Oficina de Patentes y Marcas de los Estados Unidos

14 de julio de 2000
ESTO ES PARA CERTIFICAR QUE LO ANEXADO AQUI ES UNA COPIA
VERDADERA DE LOS REGISTROS DE LA OFICINA DE PATENTES Y MARCAS
DE LOS ESTADOS UNIDOS DE AQUELLOS PAPELES DE ESTA SOL;CITUD
IDENTIFICADA ENSEGUIDA QUE CUMPLIO CON LOS REQUISITOS PARA

SER OTORGADA UNA FECHA DE PRESENTACION BAJO 35 USC 11l1.

NUMERO DE SOLICITUD:60/130.665
FECHA DE RADICACION: 23 de abril de 1999
Por autoridad de

El COMISIONADC DE PATENTES Y

MARCAS
Sello de la Oficina de (Firmado N. Woodson)
Patentes y Marcas de N. WOODSON
los Estados Unidos . Oficial de

de América Certificacién
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Por primera vez, los estudios demuestran que los medicamentos
cardiovasculares ampliamente utilizados, amlodipina
(Norvasce®) y la atorvastatina (Lipitor®), tienen efectos
antioxidantes sinérgicos. Esta observacién suministra una
razén fundamental precisa para su uso combinado en un sistema
de liberacién inica para pacientes con hipertensién y niveles
elevados de colesterol en suero, puesto que el ebtrés
oxidativo contribuye con la patofisiologia de varios
trastornos cardiovasculareg, especialmente la enfermedad
coronaria. Los efectos antioxidantes sinérgicos de estos
compuestos fueron obgervados_in vitro en preparaciones
aisladas de membrana bajo condiciones experimentales bastante
controladas. La base de esie efecto antioxidante fue
determinado mediante cdlculos de mecdnica cudntica y andlisis
de modelado molecular. Aungue los efectos antioxidantes de
la amlodipina han sido reportados por separado por mi
laboratorio', los efectos sinérgicos de estos agentes no han
sido publicados hasta la fecha. Los métodos para medir las
propiedades antioxidantes s=sparadas y combinadas de la
amlodipina y la atorvastatina han sido descritas
detalladamente por mi laboratorioc en una publicacién
reciente’. Es igualmente importante anotar que los efectos

antioxidantes para otros agentes antihipertensivos, que
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tienen un mecanismo de accidén similar a la amlodipina, no szf

fueron observados en previos experimentos en mi laboratorio'.

CONCLUSION

Los resultados de los andlisis experimentales y de
cémputo han demostrado, por primera vez, un efecto
antioxidante sinérgico de la amlodipina y la atorvastatina
bajo condiciones experimentales bastante controladas. Ademéas
de los mecanismos de accién establecidos para estos agentes,
este beneficio adicional suministra razdén fundameptal para
usar combinadamente estos agentes en un sistema de liberacién
tinica para el tratamiento ds las enfermedades coronarias y la

hipertensién.



UNITED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office

%:,
July 14, 2000 )}E‘r

Hhd: THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK
“l OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT : A
il APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A gf"
FILING DATE UNDER 35 USC 111. , il

APPLICATION NUMBER: 60/130,665 l
FILING DATE: April 23, 1999

My By Authority of the _
COMMISSIONER OF PATENTS AND TRADEMARKS

e 1
. WOODSON

Certifying Officer
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Ecpress Mail Label No: E1188698485US

Please type 3 pius sign (+) bnside tue box —) [ ] . .m m1m
Tlﬂ'lnlllOll: us. DEPARTMENTOFGOMMWE

Under tha Reduchion Act of 1985, o & colaction of information unioss a
wmgw rnpumlnrmhd respond o k displays

PROVISIONAL APPLICATION FOR PATENT COVER SHEET
This Is a request for flling a PROVISIONAL APPLICATION FOR PATENT under 37 CFR 1.53 (c). )

U.

Resldence
{City and sither Stats or Forsign Country)

TITLE OF THE INVEMTION (280 charpcters max)

SYMGISTIC ANTTOXIDANT EFFECTS OF AMLODTPINE (NOVASC
ATORVASTATIN (LIPITOR) (NOVASC) AND

CORRESPONDENCE ADDRESS
—

Type Customer Number heme

Jerry Cohen, Esq.

| Perkins, Smith & Cohen

One Beacon Street, 30th Floor
Boston MA

. State

UsKx Teleghona (P17 ~Bo4=G000

ENCLOSED APPLICATION PARTS (cheok aff that apply)
El Specification Numbar of Pages | 11 EI Small Entity Statement

El Drawing(s) Numberof Sheets | § D DM(M

METHOD OF PAYMENT OF FILING FEES FOR THIE PROVISIONAL APPLICATION FOR PATENT {chack one,

EI A check or money onder ls encloaed 10 cover the Bing fecs

mcomﬂsdomrhhanbyluﬂnﬂlade\lmu filng
feunrmdnanywupqmb Dwmmmw:[m:ﬂf—l

The kvention was made by an agency of the Unfted Gtates Govarment or uncdar a contract with &n agency of the
&msmuewum
No.

L Yes, the name of the U.5. Govarnmant agency and the Govermant contract rumber are:

SIGNATURE

TYPED or PRINTED NAMEJM%— (¥ approprits) -
617 854 4000 Dacket Number: [ZIBTPUTvaj
TELEPHONE

USE ONLY FOR FILING A PROVISIONAL APPLICATION FOR PATENT

'"‘gm"""“"’“& “mwmﬁwﬂmmumusmam CPRYL14.. Thi exfisction s gatimaing
submitting the compl upghmnblh PTO.
vh;:%;thgupondufmu ual casa. ammlaonﬂummtoflﬁna mu:nhm

mdl.dnghbburdtn should be sent to the Chief Informal Patert and Tradesnark
D&amn Commercs, Washl D.C., 20221, DO NOT SEHD Bees ncbuPLErEDFomsmms
ADDFIESS s aoxpmuml mmmmmwpmu Washington, D.C., 20231,

niwn“

905 Sewickley Heights S
G8wickley, PA 15143 L
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SUMMARY

Studies demonstrate, for the first time, that the widely used cardiovascalar medications,

" amlodipine (Norvasc®) and atorvastatin (Lipitor™) have synergistic antioxidant effects. This

observation provides a compelling rationale for their combined use in a single delivery system
for patients with hypertension and elevated levels of sernm cholesterol, as oxidative stress
contributes to the paﬂ:.uphysioiogy of various cardiovascular disorders, especially caronary
artery disease. The synergistic antioxidant effects of these compounds were observed in vigro in
isolated membrane preparations under well-controlled experimental conditions. The basis for
this antioxidant effect was detarmined from quantum mechanics calculations and molecalar
medeling analyses. Although the antioxidant effects of amlodipine has been scparately reported
by my laboratory 1, the synergistic effects of thesc agents has not been published to date. The
methods for measuring the separate and combined antioxjdant propertics of amlodipine and
arorvastatin have bsen dum.'ib-edind.etnilby:mylabontnry in & recent publication . It is also
important to note that antioxidant effects for ather antihypertensive agents that have a similar

mechanism of action as amlodipins were not observed in previons expetiments from my

Isboratory 1.

)
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METHODS
Lipid peroxidation analysis: The separate and combined dose-dependent antioxidant
activities of amlodipine, atorvastatin, and its metabolites stating were examined in membranes
enriched with polyunsaturated fatty acids !. For these experiments, aliquots of 500 il of
membrane vesicles (5.0 mg/m] phospholipld) wers added to separate test tubes. Membrane
peroxidation was carried out at 37°C in a sheking water bath. At various time intetvals, a 100 il
aliquot of sample was removed and 25 ! of 5.0 mM ethylenediaminetetracetic acid (EDTA) was
immediately added to the sample to stop the peraxidation reaction.
The extent of membrane lipid peroxidation was measured by the CHOD-Iodide assay as
previously described in detail 2. The quantity of I, was measured from the following reaction:
LOOH + 2 + 2ZI' —~> LOH + HO + |,
L+T —~——>J
A 100 p aliquot of the membrane sample was added to 20 i of 35.0 mM butylated
hydmxyuoim (BHT) (in ethanol) and 80 j1 of 5.0 mM EDTA and 1.0 m! of CHOD calor
reagent {(EM. Science, Gibbstown, NJ). The sample was then covered with foil and allowed to
incubate for 2 hours in the absence of light befors measuring the absorbance of the sample at 365

mm (€ = 2.4 x 10° M'em™). The background sample was run along the test samples in triplicate

and contains 76.7 il of 0.652 mM HEPES, 20 ul of 5.0 mM EDTA and 3.3 ul of DDI water.
The extent of lipid peroxidation was measured in triplicate for each drug concentration and
compared to control samples that did not contain drug. The statistical significence of these

experiments was assessed by ths non-paired t-test, Significance was accepted at p<0.05.

7
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RESULTS AND DISCUSSION

In Figure 1, the separate and combined (synergistic) antioxidant effects of amlodipine
and atorvastatin are reviewed. At pharmacological levuls (~100 nM), the combination of
amlodipine and atorvastatin achieved a Jevel of antioxidagt acfivity that could ot be achieved
sepamtely for thess compounds, except at supra-phermacologic levels (> 1.04M). In these
experiments, the control level of lipid peroxide formation was typically 1.2 mM. Thus, an
inhibition of lipid peroxide formation by over 35% indicates that 0.1 UM concentratiouns of drug

inhibited over 400 UM lipid peroxide, a ratio of drug to lipid peroxide inhibition of >1:4000.,

“This remarkabls effect indicates that the drug combination is capable of interfering with the lipid

peroxide chain reaction.
To understand the basis for the antioxtidant effects of theas compounds, the chemical
structure of these molacules was evaluated (Figures 2.3). In Figure 2A, the covalent structore

of amlodipine includes two hydrogen atoms associated with its dihydropyridine ring that can be

donated to unstable free radicals associated with lipids. Once a hydrogen atom is donated, an

unpeired free clectron remains associated with the amlodipine molecnle. This unpaired electron,
a potential source of free radical damage, can be safely stahilized in the resonance structure

calculated for.amlodipine in Figures 2B and 2C. Similar chemical analyses were conducted for

a ksy hydroxyl metabolite of atorvastatin, as indjeated in Figure 3. In addition to the chemical .

properties of these agents, these compounds have strong affinity for the membrans lipid bilayer,
resulting in an alteration in the intermolecular diffusion of free radicals, as previously reported
for amlodipine 1.

The antioxidant activity of amlodipine may contribute to its benefit in patients with

. docnmented coronary artery disease, as recently reported in the Progpective Randomized

\uo
X
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Bvaluation of the Vascular Effects of Norvasc Trial (PREVENT) 3. Paticnts randomized to
amlodipine showed a significant reduction in angina (-33%, p<0.01), major vascular procedures
(-45%, p<0.001), and the composite of any major eveatt (-30%, >0.01), as coropared to placebo,
independent of changes in lipid levels 4. The benefits of amlodipine in coronary artery diseass
have not been observed with other drugs in this class, suggesting that the additional antioxidant
properties of this compound contribute to direct antiatherosclerotic effects 1.

" Role of Antiaxidants in Reducing Coronary Artary Disease: ‘The results of animal
and clinical investigations have mdicated an important role for lipophilic antioxidants in
reducing'cardiomcular morbidity and mortality, especially coronary artery disease. The
rationale for this observation is attributed to the ability of these compounds to interfere with
the peroxidation of lipids associated with LDL and vascular cell membranes. In particular, it
hes been demonstrated that LDL particles wita greater resistance to oxidative damage, due to
the presence of lipophilic antloxidants, have reduced cytotoxicity, intscfere less with i
sndothelium-derived nitric oxide production, and do not contribute to foam cell formation.
Supplementation with ct-tocopherol (i.e., vitamin E) has been shown to increase LDL
realstance to oxidative modification, end ti:mn, reduce cytotoxicity toward endothelial cells 5.
The lipophilic antioxidant probucol has alsc been demonstrated to attenuate the formation of

atheroselerotic plaques in cholesterol-fed primates, an effect that cm:mlntad with an increased
resistance of LDL to oxidative damage 6, Tn addition, probacal inhibited atheroma formation
of lesions in Watanabe hereditary hyporlipidemic (WHHL) rabbits, 2 well-characterized
animal model of atherosclerosis, indspendent of cholesterol-lowering effects 7. Consistent
with these animal studies, clinical investigations have shown that probucol reduced restenosis
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by 47% in patients with coronary artery disease following coronary-artery balloon
angioplasty, presumably due to its antioxidant effects 3. |

Another pathological process assuciau_ad with oxidized LDL is an inhibition of the
constitutive release of endothelium-derived nitric oxide in the arterial wall 9-11, Release of
nitric oxide inhibits the abnormal adhssion of leukocytes and platelets to the endothelial
surface early during the development of foam cell formation. Nitric oxide is also an
jmportant mediator of vasodilation; loss of nitric oxide can lead to vasospasm associated with
acute coronary syndromes 12, The intecference of this process by oxidized LDL is attributed

to a disruption in secondary messenger systzms, including G-protein-dependent nitric oxide

relesse 10, 11, Patients treated with the antioxidant probucol had improved endothelial

fanction, as assessed by nitric oxide production, when compared to control subjects. LDL
isolated from these patients shawed preater. resistance to oxidation i vigre and did not
interfere with normal nitric oxide production from the eadothelium, as compared to control
LDL samples 13. An important benefit associated with lipophilic sutioxidants is the ability
to inhibit endothelial dysfunction associated with oxidized LDL, a key carly eveat in |
atherosclerosis 14,

Thus, a comprehensive review of fhe available data provides a compelling
paechanistic retionale for the nse of lipophilic antloxidants to prevent celluler changes ™
associated with coronary artery diseass. By increasing the resistance of LDL to oxidative
damage, agents with antioxidant activity may effectively interfere with pathologic alterations
in the vessal wall during atherogenesis, including foam cell formation, endothelial
dysfunction and toxicity, leukocyts and platelet adhesion, and arterial vagospasm, secandary
to a loss of normal nitric oxide production. These cellular observations also provide
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important insights into the results of recent clinical studies demonstrating a benefit agsociatad
with antioxidant use by reducing the expression of established coronary artery discase despite
an shsence of pronoanced changes in atherosclerotic lesion development 13, Indeed, the
results of epidemiclogical analyses have provided direct evidence for an inverse asgociation
between the serum levels of antioxidants (c.g., vitamin B and vitamin C) and adverse
outeomes associated with coronary diseats 16-22,

CONCLUSION

The results of experimental and computational enalysea have demonstrated, for the

first time, a synergistic antioxidant effect for amlodipine and atorvastatin under weil-
controlled experimental conditions. Madﬁﬁmwmeuuukhndmdwﬁmfm
these agents, this additional benefit provides a compelling rationale for the combined use of
these agents in a single delivery system for the treatment of coronery artery disease and

hypertension.

1Yo
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Resonance Stabilization of Free
Radical at Site 2 of Amlodipine
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Antioxidant Mechanisms for Atorvastatin
Metabolite: Resonance Stabilization of
Free Radjcal at Site 2
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hésuman del Invento

<)
Se describen andlisis cientificos que soportan el uso ;2{
combinado de besilato de amlodipina (Norvasc®) y

atorvastatina cdlcica (Lipitor®) en un sistema de liberacién
iinica para el tratamiento de enfermedades cardiovasculares.

. Especificamente, las actividades antioxidantes sinérgicas del
blogqueador de canales de calcio (CCB), besilato de
amlodipina, y el inhibidor de la HMG-CoA reductasa,
atorvastatina cdlcica, incluyendo su metabolito hidroxilado,
fueron evaluados en un sistema lipidico bien definido en
donde las vesiculas lipidas son enriquecidas con &acidos
grasos poliinsaturados (PUFA), blanco principal del dafio oxi-
radical en la aterocesclerosis. Los efectos sinérgicos de
esﬁos agentes fueron demostirados en membranas preparadas en
ausencia y presencia de niveles de colesterol elevados que
reproducen condiciones del tipo esclerético. La combinacidn
de la amlodipina con el metabolito hidroxilado de la
atorvastatina efectudé una reduccién dramatica y sostenida.del
dafio oxi-radical lipidieo en concentraciones tan bajas como
10.0 nM. Estos experimentos fueron llevados a cabo en
membranas con colesterol que reproducen condiciones del tipo
fisiolégico. La actividad antioxidante catalitica asociada
con la combinacién de estos farmacos en niveles terapéuticos

fue latamente sinérgico y no pudo ser efectivamente
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Eéproducido por la vitamina E o el carvedilol, un beta
blogueador no selectivo con efectos antioxidantes
establecidos. La inhibiciéa sinérgica de la peroxidacién
lipidica también fue observada con la combinacién de la
amlodipina y el compuesto precursor de la atorvastatina. La
actividad antioxidante no fue demostrada para otros
bloqueadores de los canales de calcio (CCBs) que fueron
probados (felodipina, verapamil, diltiazem) o los inhibidores
de la HMG-CoA reductasa (mewvastatina, pravastatina,
simvastatina). La propiedad antioxidante diferente, descrita
para esta combinacidén de farmacos, se puede atribuir a las
interacciones cataliticas y fisicoquimicas con la bicapa de
la membrana que son independi;ntes de los efectos bien
caracterizados de estos farmacos sobre el transporte del
calcio y el metabolismo del coclesterol. Este beneficio
antioxidante sinérgico constituye un nuevo mecanismo
farmacolédgico de accidn para estos compuestos y una razén
fundamental precisa para el uso combinado de los ingredientes
activos en Norvasc® y Lipitor® en el tratamiento de
enfermedades cardiovasculares, al reducir los niveles de LDL
(lipoproteinas de baja densidad) en plasma y mejorar la
proteccidn contra la oxidacién. Esta nueva propiedad
complementa los efectos establecidos de estos farmacos con

respecto a la hipertensién y la dislipidemia.
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Descripcién Breve de los Dibujos

La Figura 1 muestra la actividad antioxidante dosis-
dependiente de la AML.

La Figura 2 muestra los efectos antioxidantes
comparativos de la AML y los dos otros blogqueadores de los
canales de calcio y un inhibidor del ACE.

La Figura 3 muestra la actividad antioxidante dosis-
dependiente del ATM.

La Figura 4 muestra los efectos antioxidantes
comparativos de los inhibidores de la HMG-CoA reductasa.

La Figura 5 muestra el efecto del enriquecimiento con
colesterol en la formacién de perdxido lipidico.

La Figura 6 muestra el efecto del enriquecimiento con
colesterol en las actividades antioxidantes del ATM.

La Figura 7 muestra el efecto antioxidante doais-
dependiente de la combinacidén de la AML y el ATM.

La Figura 8 muestra los efectos antioxidantes sinérgicos
de la AML con ATM a 100.0 nM y de AML con AT a 1.0 uM en
vesiculas enriqgquecidas con colesterol.

La Figura é muestra los efectos antioxidantes
comparativos de AML/ATM y AML/AT a 0.1 y 1.0 pyM en vesiculas

enriquecidas con colestercl.
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La Figura 10 muestra los efectos antioxidantes
comparativos de la vitamina E, carvedilol, probucecl, y la ;fg
combinacién de AML/ATM degpués de varios periodos de
incubacién a una concentracién de 10.0 uM.

La Figura 11 muestra los mecanismos antioxidantes
quimicos para la AML.

La Figura 12 muestra los mecanismos antioxidantes
gquimicos para el ATM.

La Figura'i3 muestra las interacciones moleculares de la

membrana de AML y ATM.
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SYNERGISTIC ACTIVITY OF AMLODIPINE BESYLATE (NORVASC®) AND .
ATORVASTATIN CALCIUM (LIPTTOR®) ON LYPID PEROXIDATION '

Background of the Invention

Coronary artery disease (CAD) is a l=ading cause of mortality worldwide, and is
associated with substantial morbidity as well. Typically, the patient with CAD has several
concomitant conditions, including hypertension, diabetos, and dyslipidemis, increasing overall .-
risk for poor outcomes and complicating treatment.

Among antihypertensive therapies, the lipophilic calcium channel blocker (CCB)
amlodipine besylate (AML) is a very well-tolerated agent with an established record of safety
and effectiveness for the treatment of hypertension end angina. A potential therapeutic role for
AML in the treatment of patients with CAD was recently shown in the Prospective Randomized
Evaluation of the Vascular Effects of Norvasc Trial (PREVENT). This three-year trial evaluated
the effects of AML compared to placebo on the development and progression of atherosclerotic
lesions in coronary and carotid arteries in paticats with documented CAD 4. The results of
PREVENT showed impresstve clinical benefits with AML therapy as compared to placebo,

* including reduced risk of cardiovascular morbidity !. AML therapy was also associated with a
significant slowing of the progression of carotid atherosclerosis according to B-mode
ultrasonographic assessments. The clinical benefit seen with AML in CAD has not been

‘previously reported with other CCB analogs, including dihydropyridine-type agents, that have
examined this question in similar patieats 37, This observation has led to interest in other enti-
atherogenic properties of AML, including antioxidant effects that are independent of calcium
channel modulation 2, 8-10,
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Hypolipidemic therapy has also been dmogslrated to be very useful in reducing
morbidity and mortality associated with CAD. Among HMG-CoA reductase inhibitors,
atorvastatin calcium (AT) has been shown to be very effective as hypolipidemic therapy 11, 12,
I addifion, the hydroxylated metabolites of atorvastatia buve been shown to exhibit antioxidant
effects in lipoprotein preparations 13.

Thus, a therapeutic goal for the treatment of CAD is the development of drugs that can
simultaneously target multiple underlying disease processes that contribute to atherosclerosis,
thereby altering the course of the disease. Therefore, CAD therapy may have increased positive
outcomes if the use of an antihypertensive ugent and HMG-CoA reductase inhibitor was
combined in a single delivery system.

Unexpectedly, when AML and AT ‘were combin'ed, they had a synergistic effect in
preventing peroxidation in lipid membranes that occurred in addition to their well-established
therapeutic effects on both dyslipidemia and hypertension. Therefore, these agents have
heretofore unrecognized synergistic antioxidant effects, a property that would enable these
agents to increase the resistance of lipoproteins and vascular cell membranes to oxidative
modification. Indeed, oxidative modification of lipids associated with LDL and vascular cell
membranes is a well-established cause of injury to the endothelium and underlying smooth
muscle 14, 15, Lipophilic antioxidants that protect against lipid peroxidation have been shown
to reduce lesion development in various models of atherosclerosis (for review, see reference 6).
Moreover, the benefit associated with hypolipidemic therapy is attributed to both its effect on
plasma VLDL, LDL and HDL levels and to a reduction in the potential formation of atherogenic

oxidized lipoproteins.
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Summary of the Invention _ y
Scientific analyses that support the combined use of amlodipine besylate (Norvasc®) and ﬁ
atorvastatin calcium (Lipitor®) in a single delivery system for the treatment of cardiovascular
disease aro described. Specifically, the synergistic antioxidant activities of the calciun chamel
blocker (CCB), amlodipine besylate, and the HMG-CoA reductase inhibitor, atorvastatin
calcium, inclnding its active hydroxylated metabolite, were evaluated in a well-defined lipid
system in which lipid vesicles are enriched with polyunsaturated fatty acids (PUFA), the key
target for oxy-radical damage in atherosclerosis.. The synergistic effects of these agents were
demons&smdinmunbmesprcpuedin&cabsenoeandmofelented cholestero] levels
that reproduce atherosclerotic-like conditions. The combination of amlodipine with the
bydroxylated atorvastatin metabolite effecied a dramatic and sustained reduction in lipid oxy-
radical damage at concentrations as low as 10.0 nM. These experiments were conducted in
membranes with cholesterol that reproduce physiologic-like conditions. The catalytic
antioxidant activity associated with the cornbination of these drugs at therapeutic levels was
highly synergistic and could not be effectively reproduced by vitamin E or carvedilol, a non-
selective $-blocker with established antioxidant effects. Synergistic inhibition of lipid
peroxidation was also observed with the oombimﬁonofamlodipineandthemrvastnﬁnpumt
compound. Antioxidant activity was not demonstrated for other CCBs that were tested _
(felodipine, verapamil, diltiazem) or HMG-CoA reductase inhibitors (mevastatin, pnvustatm,
simvastatin). The distinct antioxidant propérty described for this drug combination can be
attributed to catalytic, physico-chemical interactions with the membrane bilayer that are
independent of the well-charactetized effecis of these drugs on calcium transport and cholesterol

metabolism. This synergistic antioxidant benefit constitutes a new pharmacologic mechanism of
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action for these compounds and a compelling rationale for the combined use of the active
ingredients in Norvasc® and Lipitor® in the treatmer.lt of cardiovascular disease by reducing the
levels of LDL in plasma and improving protection against its oxidation. This new property
complements the established effects of these drugs on hypertension and dislipid;:nﬁa.

Brief Description of the Drawings

Figure 1 shows the dosc-dependerni-untioxidant activity of AML.

Figure 2 shows the comparative antioxidant effects of AML and both other calcium
channel blockers and an ACE-inhibitor.

Figure 3 shows the dose-dependent antioxidant activity of ATM.

Figure 4 shows the comparative antioxidant effects of HMG-CoA reductase inhibitors.

Figure 5 shows the effect of cholesterol enrichment on lipid peroxide formation.

Figure 6 shows the effect of cholesterol enrichment on the antioxidant activities of ATM.

Figure 7 shows the dose-dependent tu;ﬁoxidant effect of the combination of AML and
ATM. '

Figure 8 shows the synergistic antioxidant effects of AML with ATM at 100.0 oM and of
AML with AT at 1.0 pM in cholesterol-enriched vesicles.

Figure 9 shows the comparative antioxidant effects of AML/ATM and AMI/AT at 0.1
and 1.0 uM in cholesterol-enriched vesicles. )

Figure 10 shows the comparative antioxidant effects of vitamin E, earvedilol, probucol,
and the AML/ATM combination afier various incubation periods at a 10.0 M concentration.

Figure 11 shows the chemical antioxidant mechanisms for AML.

Figure 12 shows the chemical antioxidant mechenisms for ATM.
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Figure 13 shows the molecular mémbrane interactions of AML and ATM.

Detailed Description of Embodiments

Comparative Antioxidant Effects of Calcium Channel Blockers arid HMG-Cod Reductase
Inkibitors: The separate and combined dose-dependent antioxidant activities of AML, AT and
ATM were compared to representative CCBs (felodipine, verapamil, diltiazem) and HMG-CoA
reductase inhibitors (mevastatin, pravastatin) in membrane vesicles reconstituted from
phospholipids enriched with the polyunsaturated fatty acid, dilinoleoyl phosphatidylcholine
(DLPC). Membrane vesicles were used in these experiments for the following reasons: 1) this
system is well-defined and highly reproducible; 2) linoleic acid represents the primary target for
oxidative damage and is common in vascular cell membranes and lipoprotein perticles; 3) this
membrane system does not contain calciumc:harmelsorHM'G CoA reductase enzymes and; 4)
lipid peroxidation in this system can be initiated spontancously at 37°C in the absence of
exogenous chemical initiators, such as high levels of imln and ascorbate. In these experiments,
oxidation occurred in a gradual, time-dependent manner that was measured
spectrophotometrically.

As demonstrated in Figure 1, AML cifectively inhibited membrane lipid peroxide

formation in a highly reproducible and dose~iependent manner over a broad range of

concentrations, beginning at 10.0 nM. Inhibition of lipid peroxide formation by AML in
membrane vesicles enriched with PUFA was measured as a function of drug concentration at
37°C by spectrophotometric methods, In these experiments, the control leve! of lipid peroxide
formation was 1.2 mM after a 48 h incubation period. The fact that inhibition was observed at
sub-micromelar levels indicates that the benefit observed with AML is of therapeutic relevance.

ﬁi;L
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Thus, inhibition of oxy-radical damage by AML was highly catalytic: at an AML concentration
of 10.0 nM, the mole ratio of lipid peroxide inhibition: drug concentration was greater than
10,000:1.

The antioxidant effects of AML could not be reproduced by other representative CCBs,
including felodipine (a dihydropyridine), verapamil, or diltiazem under identical experimental
conditions, evén at micromolar levels. Figure 2 shows the antioxidant activity of amlodipine
compared o other representative CCB (felodipiri, verapamil, dilfiazem) and the ACE-inkibitor,
captopril, at a drug concentration of 1.0 uM. Under identical conditions, only AML produced a
significant inhibition of lipid peroxidation. Agin, the control level of lipid peroxide formation
was 1.2 mM. Thus, the distinct effects of amlodipine can be attributed to its high affinity for the
membranc lipid bilayer, resulting in biophysical changes in the intermolecular packing of
phospholipid molecules.

In a similar fashion, ATM also inhibited lipid peroxide formation in these lipid
preparations in a dose~dependent manner (see Figure 3). This activity was also observed with
AT at much higher, micromolar levels but not with other statins that were tested in these
experiments (pravastatin, mevastatin), as shown in Figure 4, Thus, AML, AT and ATM
separatcly produced a measurable inhibition of lipid peroxidation in vesicles ennched with
PUFA, the key substrate for oxy-radical damage.

Synergistic Antioxidant Effects of Drugs in Cholesrerol-}.‘:'nriched Membrane
Preparations: As cholesterol is a primary constituent of vascular cell plasma membranes that
increases in content during atherogenesis 13, the synergistic antioxidant activity of these agents
in membranes composed of cholesterol and phospholipid at a 0.5:1 mole ratio were examined.

As shown in Figure 5, the addition of cholesterol to these vesicles resulted in a pronounced, 26%

o
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increase in the amount of lipid peroxide formation. This effect of cholesterol is attributed to its
ability to increase the membrane bilayer packing co;lstraints, contributing to its pathologic
activity in atherosclerosis 1. Under these conditions, the antioxidant effectiveness of ATM was
not significantly reduced (sce Figure 6). -

Under conditions of cholesterol enrichment, AML worked synergistically with ATM to
effect an inhibition of lipid peroxidation that was dramatically more potent than that observed
with either agent separately. The combination of AML and ATM was very effective and dose-
dependent with antioxidant effects beginning in the low nanomoler range. Significant juhibition
was observed at concentrations as low as 10.0 nM and nearly complete inhibition was observed
at 10.0 uM (see Figure 7). In this membrane system, the combination of AML with either ATM
or AT produced a marked synergistic effoct (see Figure 8). Although a synergistic cffect was
observed with the combination of AML and AT, it was less prominent than when the AML/ATM
combination was used. Specifically, at both concentrations (0.1 and 1.0 pM), the combination of
AML/ATM was more effective as an antioxidant than AML/AT (see Figure 9).

The effect of other known antioxidants, including vitamin E and carvedilol, were also
compared to the combination of AML and ATM. Carvedilol is vasodilating B-blocker'and
antioxidant approved for treatment of congestive heart failure. It has been shown to scavenge
oxygen free radicals and inhibit lipid peroxidation in swine heart 20, Even ata concentration of
10.0 uM, these compounds were markedly less effective than the combined AML/ATM
preparation (see Figure 10). In the case of vitamin E, the activity of this compound was
significantly attenuated over time (48 versus 72h), as compared to AMIL/ATM (Figure 10A).
This observation is consistent with a stochiometric mechanism in which the antioxidant ability of

the vitamin E is terminated by the reaction. By contrast, the activity of the AML/ATM

&
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tombination persisted, providing evidence that these agents work by a separate, catalytic fashion
as antioxidants. Only the very effective antioxidanr.., probucol, had similar activity to the
AML/ATM complex (Figure 10C).

To understand the basis for the antioxidant effects of these compoiinds, the chemical
structure of these molecules was evaluated (Figures 11, 12). In Figure 11, the covalent structure
of AML includes two hydrogen atoms associated with its dihydropyridine ring that can be
donated to unstable frec radicals as:sciated with lipids (Figure 11A). Once a hydrogen atom is
donated, an unpaired free electron remains associated with the AMI, molecule. This unpaired
electron, & potential source of free radical damage, can be safely stabilized in resonance
structures (Figures 11B and 11C).

Similar chemical analyses were conducted for a key hydroxyl metabolite of AT, as
indicated in Figure 12. Similar to AML, the ATM molecule has three potential hydrogen atoms
that can be donated to unstable free radical molecules (A). Resonance stabilization structures for
the remaining unpaired free electrons at sites 1 (Figure 12B), 2 (Figure 12C) and 3 (Figure 12D)
are calculated.

In addition to its chemical properties, AML also has high affinity for membrane lipids
under atherosclerotic conditions, as compared to other CCBs 21. The distinet lipophilicity of
AML is attributed to its amphiphilic chemical structure that directs the molecule to a favorable
location in the membranc where it can then imerfere with the propagation of fies radicals by both
biophysical and biochemical mechanisms, as previously described in detail by my laboratory 2
8, 16,21, I the same way, the chemical structure of ATM consistent with an amphiphile that
could be expected to interact strongly with the membrane bilayer, as illustrated in Figure 13 and
supported by x-ray diffraction analyses.
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The antioxidant activity of AML may contribute to its benefit in patients with /é
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documented CAD, as recently reported in. the Prospective Rendomized Evaluation of the
Vascular Effects of Norvasc Trial (PREVENT) 4. Patients randomized to AML experienced a
significant roduction in angina (-33%, p<0.01), mejor vescular procedures (45%, p<0.001), and
the composite of any major event (-30%, p>0.01), as compared to placebo, independent of
changes in lipid lcvels 1. The benefits of AML in CAD have not been obsesved with other
CCBs, including dihydropyridine agents 57, suggesting that the additional antioxidant properties
of AML contribute to direct antintherosclerotic effects 2.

Role of Antioxidants in Reducing Coronary Artery Disease: The results of in vivo
investigations have indicated an important role for lipophilic antioxidants in reducing
cardiovascular morbidity and mortality, especially coronary artery disease. The rationale for this
observation is attributed to the ability of these compounds to interfere with the peroxidation of
PUFA associated with LDL and vascular cell membranes. In particular, it has been
demonstrated that LDL particles with greater resistance to oxidative damage, due to the presence
of lipophilic antioxidants, have reduced cytotoxicity, interfere less with endothelium-derived
nitric oxide production, and do not contribute to foam cell formation 15. Supple:mmt.aﬁon with
vitamin E has been shown to increase LDL. resistance to oxidative modification, and thus, reduce
cytotoxicity toward endothelial cells 22. The lipophilic antioxidant probucol has also been
demonstrated to attenuate the formation of atherosclerotic plaques in cholesterol-fed primates, an
effect that correlated with an increased resistance of LDL to oxidative damage and not changes
in lipid levels 23, In addition, probucol inhibited stheroma formation of lesions in Watanabe
hercditary hyperlipidemic (WHHL) rabbits, a well-characterized animal model of

atherosclerosis, independent of cholesterol-lowering effects 24, Consistent with these animal
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studies, a double-blind, randomized clinicat invesligalion has shown that probucol reduced ' .z
restenosis by 47% in patients with CAD following coronary-artery balloon angioplasty, -
presumably due to its antioxidant effects 25,

Another pathological process associated with oxidized LDL s an inhibition of the
constitutive release of endothelium-derived nitric oxide in the arterial wall 26-28, Release of
nitric oxide inhibits the abnormal adhesion of leukocytes and platelets to the endothelial surface
early during the development of foam cell formation. Nitric oxide is also an important mediator
of vasodilation; loss of nitric oxide can lead to vasospasm associated with acute coronary
syndromes 29. The interference of this process by oxidized LDL is attributed to & disruption in
secondary messenger systems, inclading G-grotein-dependent nitric oxide release 27, 28,
Patients treated with the antioxidant probucol had improved endothelial function, as assessed by
nitric oxide production, when compared to control subjects. LDL isolated from these patients
showed greater resistance to oxidation in vitro and did not interfere with normal gitric oxide
production from the endothelium, as compared to control LDL samples 30, An important benefit
associated with lipophilic antioxidants is the ability to inhibit endothelial dysfunction associated
with oxidized LDL, a key early event in atherosclerosis 14,

Thus, a comprehensive review of the available data provides a compelling mechanistic
rationale for the use of lipophilic antioxidants to prevent cellular changes associated with:
coronary artery disease. By increasing the resistance of LDL to oxidative damage, agents with
antioxidant activity may effectively interfers with pathologic alterations in the vessel wall during
atherogenesis, including foam cell formation, endothelial dysfunction and toxicity, leukocyte and
platelet adhesion, and artcrial vasospasm, secondary to a loss of normel nitric oxide production.

These cellular observations also provide important insights into the results of recent clinical

10
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studies demonstrating a benefit associated with antioxidant use by reducing the expression of
established coronary artery disease despit: an absence of pronounced changes in atherosclerotic ﬁ
lesion dcvelopmelit 31, Indeed, the results of ei:idemiological analyses have provided direct
evidence for an inverse association between the scrum levels of antioxidants, especially vitamin
E, and adverse outcomes associated with coronary disease 32-38,

| This invention demonstrates that the combination of amlodipine and atorvastatin
produced a powerful, synergistic antioxidant effect that could not be cffectively reproduced by
well-known antioxidants such as a-tocopherol or carvedilol. While previous studies have shown
that these agents separately have antioxidant benefit in both lipoprotein and cell membrane
preparations 2 3 13, 39, these findings unexpectedly show that the combination of these agents
provide & much greater, synergistic effect, especially under atherosclerotic-like condition in
which the separate effects of the compounds are especially reduced,

Experimental Methods .

Dilinoleoyl phosphatidyicholine (DLPC) was obtained from Avanti Polar Lipids Inc.
(Alabaster, AL) and stored at -80°C. Amlodipine besylate (AML) was a gift from Pfizer Central
Research (Groton, CT) while atorvastatin celcium (AT) and its hydroxylated metabolite (ATM)
were provided by Parke Davis (Ann Arbor, MI). Verapamil, captopril and diltiazem were
purchased from RBI Biochemicals (Natick, MA). Mevastatin and vitamin E were purchased
from Sigma Chemical Co. (St. Louis, MO).

Lipid peroxidation anelysis: The separate end combined dose-dependent antioxidant
activities of these agents were examined in membranes eariched with PUFA prepared in the

absence and presence of cholesterol at a 0.5 sterol to phospholipid mole ratio 2. The biological

11
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llipid (dilinoleoy! phosphatidylcholine) used for tha‘ae samples was dissolved in HPLC-grade
chloroform (25.0 mg/ml). An aliquot of the lipids (1.0 mg) was added to individual glass 13 x
100-mm test tubes and the chloroform was removed under a steady stream of N, gas while
vortexing. The lipids were shell dried in the absence o presence of drug dissolved in ethanol.
Residual solvent was removed under vacuum while the samples were shielded from light.
Membrane vesicles were produced by vortexing the dried lipids at room temperature with 1.0 ml
HEPES buffered saline (0.5 mM HEPES and 154:u mM NaCl, pH, 7.2). The final phospholipid
concentration was 1.0 mg/ml buffer and the concentrations of drug ranged from 10.0 nM through
10.0 pM.

In the lipid peroxidation experiments, aliquots of membrane vesicles (1.0 mg) were added
to separate test tubes. Membrane peroxidation was carried out at 37°C in a shaking water bath.
At various time intervals (24, 48, 65, 72h), a small aliquot of lipid sample was removed before
25 pl of 5.0 mM ethylenediaminetetracetic acid (EDTA) and 20 pl of 35.0 mM butylated

. hydroxytoluene (BHT) was immediately added to the sample to stop the peroxidation reaction.

The extent of membrane lipid peroxidation was measured by the CHOD-Iodide assay as

previously described in detajl 17, The quantity of 1" was measured from the following reaction -

in which L represents a phospholipid molecule:
LOOH-;-ZH*+2I——->LOH+}I;0+I;
L+T7 —> 1y
An aliquot of the membrane sample was removed at various time points and then added
to 1.0 ml of CHOD color reagent (E.M. Science, Gibbstown, NJ) that includes 20.0 uM BHT,
24.0 uM EDTA, and 0.2% Triton-X. The sample was then covered with foil and allowed to

incubate for 2 h in the absence of light before measuring the absorbance of the sample at 365 nm

12
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(.e =2.4x 10* M'em™). The background sample was run along the test samples in triplicate and
contains 76.7 pl of 0.652 mM HEPES, 20 pl of 5.0 mM EDTA and 3.3 i of DDI water. The
extent of lipid peroxidation was measured in triplicate for each drug concentration and compared
to control samples that did not contain drug. The statistical significance of these experiments

was assessed by the non-paired t-test. Significance was accepted at p<0.05.
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;&hstract ‘

The combination of amlodipine besylate and atorvastatin calcium shows a synergistic
antioxidant effect on lipid peroxidation in membrane vesicles enriched with polyunsaturated
fatty acids, the key target for free radicals. Inhibition of oxy-radical damege by this drug
combination was observed at therapeutic levels and could not be reproduced with other

representative CCBs, statins, or even the highly lipophilic antioxidants, vitamin E and carvedilol,

This combination therapy can be used to trest cardiovascular disorders, especially coronary
artery disease, by reducing the levels of LDL in plasma and improving protection against its

oxidation.
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Repumen del Invento /15§\

Se describen andlisis cientificos que soportan el uso
combinado de besilato de amlodipina (Norvasc®) y

atorvastatina calcica (Lipitor®) en un sistema de liberacién
inica para el tratamiento de enfermedades cardiovasculares.
Especificamente, las actividades antioxidantes sinérgicas del
bloqueador de canales de calcio (CCB), besilato de
amlodipina, y el inhibidor de la HMG-CoA reductasa,
atorvastatina cllcica, incluyendo su metabolito hidroxilado,
fueron evaluados en un sistema lipidico bien definido en
donde las vesiculas lipidas son enriquecidas con &acidos
grasos poliinsaturados (PUFA), blanco principal del dafio oxi-
radical en la ateroesclerosis. Los efectos sinérgicos de
estos agentes fueron demostrados en membranas preparadas en
ausencia y presencia de niveles de colesterol elevados que
reproducen condiciones del tipo esclerbStico. La combinacién
de la amlodipina (AML) con el metabolito hidroxilado de la
atorvastatina (ATM) efectué una reduccidén dramatica y
sostenida del dafio oxi-radical lipidico en concentraciones
tan bajas como 10.0 nM. Estos experimentos fueron llevados a
cabo en membranas con colesterol que reproducen condiciones
del tipo fisiolbgico. La &ctividad antioxidante catalitica
asociada con la combinacién de estos farmacos en niveles

terapéuticos fue latamente sinérgico y no pudo ser



O

efectivamente reproducido por la vitamina E o el carvedilol, A
un beta blogqueador no selectivo con efectos antioxidantes ;25
establecidos. La inhibicidén sinérgica de la peroxidacidn
lipidica también fue observada con la combinacién dé la
amlodipina y el compuesto precursor de la atorvastatina (AT).
lLa actividad antioxidante no fue demostrada para otros
bloqueadores de los canales de calcio (CCBs) que fueron
probados (felodipina, verapamil, diltiazem) o los inhibidores
de la HMG-CoA reductasa (mevastatina, pravastatina,
simvastatina). La propiedad antioxidante diferente, descrita
para esta combinacién de farmacos, se puede atribuir a las
interacciones cataliticas y fisicoquimicas con la bicapa de
la membrana que son independientes de los efectos bien
caracterizadoe de estos farmacos sobre el transporte del
calcio y el metabolismo del colesterol. Este beneficio
antioxidante sinérgico constituye un nuevo mecanismo
farmacolégico de accién para estos compuestos y una razén
ﬁundamental precisa para el uso combinadoc de los ingredientes
activos en Norvasc® y Lipitor® en el tratamiento de
enfermedades cardioyasculares, al reducir los niveles de LDL
(lipoproteinas de baja densidad} en plasma y mejorar la
proteccidén contra la oxidacién. Esta nueva propiedad
complementa los efectos establecidos de estos farmacos con

regpecto a la hipertensién y la dislipidemia.



Descripcién Breve de lose Dibujos

La Figura 1 muestra la actividad antioxidante dosis-
dependiente de la AML.

La Figura 2 muestra los efectos antioxidantes
comparativos de la AML y los dos otros blogueadores de los
canales de calcio y un inhibidor del ACE.

La Figura 3 muestra la actividad antioxidante dosis-
dependiente del ATM.

La Figura 4 muestra los efectos antioxidantes
comparativos de los inhibidores de la HMG-CoA reductasa.

La Figura 5 muestra los efectos antioxidantes
comparativos de varios inhibidores de la HMG-CoA reductasa
combinados con la AML.

La Figura 6 muestra el efecto del enriquecimiento con
colestercl en la formacidén de perdxido lipidico.

La Figura 7 muestra el efecto del enriquecimiento con
colesterol en las actividades antioxidantes del ATM.

La Figura 8 muestra el efecto antioxidante dosis-
dependiente de la combinacién de la AML y el ATM.

La Figura 9 muestra los efectos antioxidantes sinérgicos
de la AML: con ATM a 100.0 nM y de AML con AT a 1.0 uM en

vesiculas enriquecidas con colesterol.
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La Figura 10 muestra los efectos antioxidantes
comparativos de AML/ATM y AML/AT a 0.1 y 1.0 pM en vesiculas
enriquecidas con colesterol.

La Figura 11 muestra los efectos antioxidantes
comparativos de la vitamina E, carvedilol, probucol, y la

combinacién de AML/ATM después de varios periodos de

incubacién a una concentracidén de 10.0 uM.

La Figura 12 muestra los mecanismos antioxidantes
quimicos para la AML.

La Figura 13 muestra los mecanismos antioxidantes
quimicps para el ATM.

La Figura 14 muestra las interacciones moleculares de la
membrana de AML y ATM.

La Figura 15 muestra la determinacién de la difracciédn
de los rayos X de distintas interacciones de membrana
lipidica con la combinacién de la AML y el ATM.

La Figura 16 muestra los efectos de AML, ATM, y la
combinacién de los farmacos con respecto a las dimensiones de
la bicapa de la membrana.

La Figura 17 muestra la inhibicién de la oxidacién de
lipoproteinas de baja densidad humanas mediante la
combinacién de AML y ATM.

La Figura 18 muestra las entalpias de formacidn

computadas para el ATM y sus radicales.

/\}
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La Figura 19 muestra las entalpias de formacién ’b

computadas para la ALM y sus radicales. /lj /é
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SYNERGISTIC ACTIVITY OF AMLODIPINE AND ATORVASTATIN ON LIPIDS 4/ g

Background of the Invention _

Coronary artery disease (CAD) is a leading cause oE‘mortality worldwide, and is
associated with substantial morbidity as well. Typically, the patient with CAD has several
concomitant conditions, including hypertension, diabetes, and dyslipidemia, increasing ovua;l}
risk for poor outcomes and complicating treatment.

Among antihypertensive therapies, the lipophilic calcium channel blocker (CCB)
amlodipine besylate (AML) is a very well-tolerated agent with an established record of safety
and effectiveness for the treatment of hypertension and angina. A potential therapentic role for
AML in the treahnentofpatientswiﬁCADwurecmﬂyshownintherspecﬁve Randomized
Evaluation of the Vascular Effects of Norvasc Triat (PREVENT). This three-year trial evaluated
the effects of AML compared to Placebo on the development and progression of atherosclerotic

lesions in coronary and carotid arteries in patients with documented CAD 4, The results of

. PREVENT showed impressive clinical benefits with AML therapy as compared to placebo,

_including reducedﬁskofcnrtﬁovaseulm-mmbidity 1 AML therapy was also associated with a

significant slowing of the progression of carotid atherosclerosis according to B-mode
ultrasonographic assessments. The clinical benefit scen with AML in CAD has not been -
previously reported with other CCB analogyi, including dilsydropyridine-type agents, that have
examined this question in similar patients 5-7. This observation has led to interest in other anti-
atherogenic properties of AML, including antioxidant effects that are independent of calctum

channel modulation 2, 8-10,
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Hypolipidemic therapy has also been dernops.tnted to be very usefil in reducing \ é
morbidity and mortality associated with CAD. Among HMG-CoA reductase inhibitors,
atorvastatin calcium (AT) has been shown to be very effective as hypolipidemic therapy 11, 12,
In addition, the hydroxylated metabolites of AT have been-s;l-wwn to exhibit antioxidant effects
in lipoprotein preparations 13.

Thus, a therapeutic goal for the treatment of CAD is the development of drugs that can
simultaneously target multiple undertying disease processes that contribute to atherosclerosis,
thereby altering the course of the disease. Therefore, CAD therapy may have increased positive
outcomes if the use of an antihypertensive agent and HMG-CoA reductase inhibitor was
combined in a single delivery system, .

Unexpectedly, when AML and AT were combined, they had a synergistic effect in
preventing peroxidation in lipid membranes that occurred in addition to their well-cstablished
therapeutic effects on both dyslipidemia and hypertension. Therefore, these agents have
heretofore unrecognized synerpistic antioxidant effects, a property that would enable these
agents to increage the resistance of lipoproteins and vascular cell membranes to oxidative
modification. Indeed, oxidative modification of lipids associated with LDL and vnscu]nr cell
membranes is a well-established canse of injury to the endothelium and underlying smooth
muscle 14, 15, Lipophilic antioxidants that protect against lipid peroxidation have been shown
to reduce lesion development in various models of atherosclerosis (for review, see reference 6).
Moreover, the benefit associated with hypolipidemic therapy is attributed to both its effect on
plasma VLDL, LDL and HDL levels and to & reduction in the potential formation of atherogenic

" oxidized lipoproteins.
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Summary of the Invention _

Scientific analyses that support the combined use of amlodipine besylate (Norvasc®) and
atorvastatin calcium (Lipitor®) in a single delivery system for the treatment of cardiovascular
disease are described. Specifically, the synergistic nnﬁox-isant activities of the calcium channel
blocker (CCB), amlodipine besylate, and the HMG-CoA reductase inhibitor, atorvastatin
calcium, including its active hydroxylated metabolite, were evaluated in a well-defined lipid
system in which lipid vesicles are enriched with polyunsaturated fatty acids (PUFA), the key
target for oxy-radical damage in atherosclerosis.. The synergistic effects of these agents were
demonstrated in membranes prepared in the absence and presence of clevated cholesterol levels
that reproduce atherosclerotic-like conditions. The combination of AML with the hydroxylated
atorvastatin metabolite (ATM) effected a dramatic and susimned reduction in lipid oxy-radical
damage at concentrations as low as 10.0 nM. These experiments were condncted in membranes
with cholesterol that reproduce physiologic-like conditions. The catalytic antioxidant activity
associated with the combination of these drugs at therapeutic levels was highly synergistic and
could not be effectively reproduced by vitamin E or carvedilol, 2 non-selective f-blocker with
established antioxidant effects. Synergistic inhibition of lipid peroxidation was also observed
with the combination of AML and the AT parent compound. Antioxidant activity was not
demonstrated for other CCBs that were tested (felodipine, verapamil, dilﬁnm)orl-ll\dq_-CoA
reductase inhibitors (mevastatin, pravastatin, simvastatin). The distinct antioxidant property
described for this drug combination can be attributed to catalytic, physico-chemica! interactions
with the membrane bilayer that are independent of the well-characterized effects of these drugs
on calcium transport and cholesterol metabolism. This synergistic antioxidant benefit constitutes
angwphmmlogicmnchanimofacﬁon ;forthesecompomdsmc!acompeﬂingmﬁona]efor

2°

\

r—

7
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the combined use of the active ingredients in Norvasc® and Lipitor® in the treatment of ’l/ ‘z
cardiovascular disease by reducing the levels of LDL in plasma and improving protection against
its oxidation. This new property complements the established effects of these drugs on

hypertension and dyslipidemia.

Brief Description of the Drawings

Figure 1 shows the dose-dependent antioxidant activity of AML.

Figure 2 shows the comparative antioxidant effects of AML and both other calcium
channel blockers and an ACE-inhibitor.

Figure 3 shows the dose-dependent antioxidant a.c'livity of ATM.

Figure 4 shows the comparative antioxidant eﬂ'ecls of HMG-CoA reductase inhibitors.

Figure 5 shows the comparative antioxidant effects of various HMG-CoA reductase
inhibitors combined with AML.

Figure 6 shows the effect of cholesterol ennchment on lipid peroxide formation.

Figure 7 shows the effect of cholesterol enrichment on the antioxidant activities of ATM.

Figure 8 shows the dose-dependent antioxidant effect of the combination of AML and
ATM.

Figure 9 shows the synergistic antioxidant effects of AML with ATM at 100.0 oM and of
AML with AT at 1.0 uM in cholesterol-cnriched vesicles.

Figure 10 shows the comparative antioxidant effects of AML/ATM and AML/AT at0.1
and 1.0 uM in cholesterol-enriched vesicles,

Figure 11 shows the comparative antioxidant effects of vitamin E, carvedilol, probucol,

and the AMI/ATM combination after various incubation periods at a 10.0 puM concentration.
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Figure 12 shows the chemical antioxidant mechanisms for AML. /b'\, %
Figure 13 shows the chemical antioxidant mechanisms for ATM.
Figure 14 shows the molecular membrane interactions of AML and ATM.
Figure 15 shows the x-ray diffraction dctcrmi'nntim-: ;f distinct lipid membrane
interactions with the combination of AML and ATM.
Figure 16 shows the effects of AML, ATM, and the drug combination on membrane
bilayer dimensions.
Figure 17 shows the inhibition of human L.DL oxidation by the combination of AML and
ATM.
Figure 18 shows the computed enthalpies of formation for ATM and its radicals.

Figure 19 shows the computed enthalpies of formation for AML and its radicals.

Detailed Description of Embodiments

Comparative Antiaxidant Effects of Calcium Channel Blockers and HMG-CoA Reductase
Inhibitors: The separate and combined dose-dependent antioxidant activities of AML, AT and
ATM were compared to representative CCBs (felodipine, verapamil, diltiazem) and EMG-CoA
reductase inhibitors (mevastatin, pravestatiri) in membrane vesicles reconstituted from
phospholipids enriched with the polyunsatursted fatty acid, dilinoleoyl Ph@hlﬁdylchol_i?e
(DLPC). Membrmne vesicles were used in these experiments for the following reasons: 1) this
system is well-defined and highly reproducible; 2) linoleic acid represents the primary target for -
oxidative damage and is common invusclﬂaroeﬂmanbmumdlipopmuinpuﬁdes; 3) this
membrane system does not contain calcium channels or HMG CoA reductase enzymes and; 4)
lipid peroxidation in this system can be initiated spontancously at 37°C in the absence o_t'
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¢xogenous chemical initiators, such as high levels.o.t' iron and ascorbate. In these experiments, /b“/\%
oxidation occurred in a gradual, time-dependent manner that was measured
spectrophotometrically.

As demonstrated in Figure 1, AML effectively inhibited membrane lipid peroxide
formation in a highly reproducible and dose-dependent manner over a broad range of
concentrations, begiming at 10.0 nM. Inhibition of Lipid peroxide formation by AML in
membrane vesicles enriched with PUFA was measured as a function of drug conc_;luaﬁon at
37°C by spectrophotometric methods. In these experiments, the control leve! of lipid peroxide
formation was 1.2 mM after a 48 h incubation period. The fact that inhibition was observed at

sub-micromolar levels indicates that the benefit observed with AML is of therapeutic relevance.
Thus, inhibition of oxy-radical damage by AML was highly catalytic: at an AML concentration

* of 10.0nM, the mole ratio of lipid peroxide inhibition: drug concentration was greater than

10,000:1.

The antioxidant effects of AML could not be reproduced by other representative CCBs,
including felodipine (a dihydropyridine), verapamil, or diltiazem under identical experimental
conditions, even at micromolar levels. Figure 2 shows the antioxident activity of AML
compared to other representative CCBs (felodipine, verapamil, diltiazem) and the ACE-inhibitor,
clptnpril,atadmgconcmtnﬁonofl.ol.lM. Under identical conditions, mlyAMLpro@uceda
significant inhibition of lipid peroxidation. Again, the control level of lipid peroxide @ﬁm
was 1.2 mM. Thus,&edixﬁmteﬁ'emofAhﬂ.canbeam'butedtoimhighnﬂinityforthe
membrane lipid bilayer, resulting in biophysical changes in the intermolecular packing of

phospholipid molecules.



66&TTT " 265991700

)22(

In a similar fashion, ATM also inhibited lipid peroxide formation in these lipid /L‘L %
preparations in a dose-dependent manner (see Figure 3). This activity was also observed with
AT at much higher, micromolar levels but not with other statins that were tested in these
experiments (pravastatin, mevastatin), as shown in Figure 4, Thus, AML, AT and ATM
separately produced a measurable inhibition of lipid peroxidation in vesicles enriched with
PUFA, the key substrate for oxy-radical darnage.

Also, when AML was combined with the various statins (i.e. ATM, AT, mevastatin, and
lovastatin), only the combination of AML with either ATM or AT significantly inhibited lipid
peroxide formation as shown in Figure 5. Specifically, at a level of 1.0 micromolar, AMIL
significantly interfered with lipid oxidative damage only when combined with ATM or AT, but
not with the other representative statins, mevastatin anc; iovastalin. .

Synergistic Antioxidant Effects of Drugs in Cholesterol-Enriched Membrane
Preparations: As cholesterol is a primary constituent of vascular cell plasma membranes that
increases in content during atherogenesis 18 the synergistic antioxidant activity of thesc agents
in membranes composed of cholesterol and phospholipid at 2 0.5:1 mole ratio were examined.
As shown in Figure 7, the addition of cholesterol to these vesicles resulted in a pronounced, 26%
increase in the amomnt of lipid peroxide fonnation. This effect of cholesteyol is attributed to its
ability to increase the membrane bilayer packing constraints, contributing to its pathologic

«  activity in atherosclerosis 19. Under these conditions, the anfioxidant cffectivencss of ATM was

not significantly reduced (see Figure 7.
Under conditions of cholesterol enrichment, AML worked synergistically with ATM to
cffect an inhibition of lipid peroxidation that was dramatically more potent than that observed

with either agent separately. The combination of AML and ATM was very effective and dose-
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dependent with antioxidant effects beginning in ﬂ;e_low nanomolar range. Significant inhibition /l:l:b g
was observed at concentrations as low as 10.0 oM and nearly complete inhibition was observed

at 10.0 pM (see Figure 8). In this membrane system, the combination of AML with either ATM

or AT produced a marked synergistic ffect (scc Figure 9). ‘Although a synergistic effect was

observed with the combination of AML and AT, it was less prominent than when the AML/ATM

combination was used. Specifically, at both concentrations (0.1 and 1.0 1M), the combination of

AML/ATM was more effective as an antioxtidant than AML/AT (see Figure 10).

The effect of other known antioxidants, including vitamin E and carvedilol, were also
compared to the combination of AML and ATM. Carvedilol is vasodilating f-blocker and
antioxidant approved for treatment of congestive heart'failme. 1t has been shown to scavenge
oxygen free radicals and inhibit lipid peroxidation in swine heart 20, Even ata concentration of -
10.0 uM, these compounds were markedly less effective than the combined AML/ATM
pmpmﬁon (see Figure 11). In the case of vitamin E, the activity of this compound was °
significantly attenuated over time (48 versus 72h), as compared to AML/ATM (Figure 11A).
This observation is consistent with a stochiometric mechanism in which the antioxidant ability of
the vitemin E is terminated by the reaction. By contrast, the activity of the AMJATI.Q[
combinaﬁonpcrxisted,pmvidingevidmihatﬂ:magmtswmkbyasepmte, catalytic fashion
as antioxidants. Only the very effective antioxidant, probucol, had similar activity to the .
AMI/ATM complex (Figure 11C).

Toundcrsmndﬂ:ebanisforﬂlemﬁoxidmteﬂ‘ectsofﬂmeeompomds, the chemical

structure of these molecules was evaluated (Figures 12, 13). In Figure 12, the covalent structure

+ of AML includes two hydrogen atoms associated with its dihydropyridine ring that can be

donated to unstable free radicals associated with lipids (Figure 12A). Once a hydrogen atom is
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donated, an unpaired free electron remains associated with the AML molecule. This unpaired /I/b g
clectron, a potential source of free radical damage, can be safely stabilized in resonance
structures (Figures 12B and 12C),

Similar chemical analyses were conducted for a k;;'hydmxyl metabolite of AT, ast
indicated in Figure 13. Similar to AML, the ATM molecuie has three potential hydrogen atoms
that can be donated to unstable free radical molecules (A). Resonance stabilization structures for
the remaining unpaired free electrons at sites 1 (Figure 13B), 2 (Figure 13C) and 3 (Figure 13D)
are calculated.

In addition to its chemical propertics, AML also has igh affinity for membrane lipids
under atherosclerotic conditions, as compared to other CCBs 2. The distinct lipophilicity of
AML is attributed to its amphiphilic chemicel structure that directs the molecule to a favorable
location in the membrane where it can then interfere with the propagation of free radicals by both
biophysical and biochemical mechanisms 2» 8, 16, 21, In the same way, the chemical structure
of ATM consistent with an amphiphile that could be expected to interact strongly with the
membrane bilayer, es illustrated in Figure 14.

This conclusion is supported by x-ray diffraction analyses. As indicated in Fi-g'ure 15, x-
ray diffraction measuwements show that lipid membranes have distinct interactions with the
combination of AML and ATM. One-dimensional electron density profiles, measured in
mgskomvmusdepercuhicmgsmmathﬂwsepmﬂlﬂwmmpuimposedfor
eonu'olmcmbnns,indicatedbysolidlinm,mdﬂ:eexpuimentalgmups, indicated by dotted
lines. This was true for AML (Figure 15A), ATM (Figure 15B), and the combination of AML

and ATM (Figure 15C). 'Ihetwopeaksofelectmndensityoneithasideinthe!‘igure

corresponds to the electron-dense phospholipid headgroups while the minimum electron density
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is associated with the terminal methylene segments at the center of the membrane bilayer. In the /L
abscnce of drug, the overall membrane bilayer width, including surface hydration, was 55.5
angstroms with an intrabilayer headgroup separation of 44 angstroms. In the presence of the
drug combination, the overall membrane bilayer width, including surface hydration, was reduced
to 53.5 angstroms with an intrabilayer headgroup separation of 41 angstroms. Separately, the
membrane bilayer widths of membranes containing AML and ATM were 54.8 angstroms and
58.0 angstroms, respectively.

Direct subtraction of the membrane electron density profiles (angstroms versus electrons
per cubic angstrom) demonstrated large differences in lipid structure that could be attributed to
the presence of the drugs. Specifically, the addition of the drug combination produced a broad
increase in electron density associated with the upper _l;y.drowbon core/hydrated headgroup of
the membrane bilayer as + 11 to 21 angstroms from the center of the bilayer. This large increase
in electron density distributed over 10 angstroms is attributed to the equilibrium location of the
drugs in the membrane. Concomitant with this change was an observed disordering effect
associated with the central hydrocarbon core region of the membrane, as £ 0 to 11 angstroms.
This decrease in electron density is due to an increase in molecular volume resulting from the
insertion of the drag molecules into a region of high molecular density near the membrane
bydrocarbon corc/water interface. Such changes in biophysical properties have been prmomly

shown to interfere with the propagation of free radicals through the lipid bilayer matrix 19,

In addition, Figure 163howstheeﬂ'ecmofAM...ATM,andthedrugoombimﬁonon

membrane bilayer dimensions. As determinad by x-ray diffraction analyses, the separate and

combined contribution of these agents produced distinct effects on the structure of the

phospholipid bilayer at a 1:15 drug to phospholipid mole ratio. Overall membrane width

10
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measurements included surface hydration. Separqte}y. AML and ATM affected distinct changes "I 2
in membrane structure, as compered with the drug combination, due to specific interactions with
constituent phospholipid molecules. While: the drug combination caused a 2 angstrom or 4
percent decrease in overall membrane width, the ATM pm&md a 2.5 angstrom or 5 percent
increase in width. In addition, AT separately produced a 4 angstrom or 7 percent increase in
width while AML alone did not significantly alter membrane dimensions, including the
intrabilayer headgroup separation. The control membrane width was 55 angstroms.

The antioxidant activity of AML may contribute to its benefit in patients with
documented CAD, as recently reported in the Prospective Randomized Evaluation of the
Vascular Effects of Norvasc Trial (PREVENT) 4. Patients randomized to AML experienced a
significant reduction in angina (-33%, p<0.01), major vascular procedures (-45%, p<0.001), and
the composite of any major event (-30%, p>0.01), as compared to placebo, independent of
changes in lipid levels 1. The benefits of AML in CAD have not been observed with other
CCBs, including dibydropyridine agents 5-7, suggesting that the additional antioxidant properties
of AML contribute to direct antiatherosclerotic effects 2.

Synergistic Antioxidant Effects of Amiodipine with the Hydroxylated Atorvastatin
Metabolite in Human LD, Preparations: Thr: separate and combined sntioxidant effects of
AML and the ATM were evaluated in bnman LDL preparations. The ability of these agents to
inhibit LDL peroxidation was assessed in vitro following addition of copper (10 pM) in order to
stimulate oxidative damage. The rate of LDL oxidation was consistent with sigmoidal curve
kinetics, as described by Esterbauer et al., characterized by an initial lag phase followed by a

sharp propagation and final platean phase (Figure 17) 2

11
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After a 4 h incubation period, the d:ﬁ'ermual effects of these compounds could be clearly /'/-L E

observed at a concentration of 3.0 uM. Separately, AML and the ATM inhibited LDL oxidation

. by 7 and 33%, respectively. When combined, however, these agents produced 73% inhibition.

This unexpected synergistic effect persisted at the 6 h tin; ;oint when the agents separately did
not inhibit peroxidation by more than 11% vhile the combination reduced TBARS-formation by
32%.

Oxidative modification of lipids associated with low-density lipoproteins (LDL)
contributes significantly to inflammatory process associated with atherosclerosis, including foam
cell formation, endothelial dysfunction and toxicity, leukocyte and platelet adhesion. The results
of these experiments demonstrated a strong and uncxpected synergistic antioxidant effect for the
combination of AML and the ATM in hurnan LDL, oons:st:nt with what was observed in
membrane vesicles. The drug combination produced a leve] of oxy-radical inhibition that

. Substantially excceded any additive effect. The antioxidant activity of vitamin E was similar to

that observed for the ATM when used alone, but was substantially less than what was observed

- for the drug combination.

LDL particles that have greater resistance to oxidative damage, due to the presence of
lipophilic antioxidants, exhibit reduced cytotoxicity, interfere less with endothelium-derived
nitric oxide production, and do not contribute to foam cell formation 23, Supplementation with
ﬁmminEhnsbemahownwinmmLmimmemmddaﬁvemdiﬁuﬁmmdmdm
endothelial cell cytotoxicity 24, In addition, the lipophilic antioxidant probucol has been
demonstrated to attenuate the formation of atherosclerotic plaques in cholesterol-fed primates, an

effect that correlated with an increased resistance of LDL to oxidative damage 25,

12
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The synergistic antioxidant activity -nbs:rve_q for this drug combination in LDL and /Lll/‘b A
reconstituted lipid membranes suggests that these compounds interact directly with each other to ‘-“
scavenge lipid radicals. It is proposed that the ATM reacts more quickly with lipid radicals
(equation 1) than AML, as described in equution 2. If thu-e- are the only two pathways available
for these the drugs when added togcther to the system, then their combined effect would only be
additive. However, the combination of both compounds provides the possibility for a third
pathway (equation 3) that is supported by the results of the peroxidation experiments in both
LDL and lipid membranes. The combination of pathways 1 and 3 would produce a synergistic
effect if it ocours more rapidly than pathway 2. Indeed, semi-empirical mlaﬂaﬁom suggest that
reaction 3 is a favorable, exothermic process with an enthalpy of —40.7 kJ/mol. Thus, the
presence of the fast inhibitor (ATM) enables the slower inhibitor (AML) to remove fre radicals
faster than if reacting with the lipid radicals cn its own. The three pathways describing these
interactions are as follows, in which “LOOs” represents a lipid radical molecule:

(1) LOOs + ATM — LOOH + ATMe  FAST

(2) LOOs + AML —» LOOH + AMlL» SLOW

(3) ATMe + AML — ATM + AML» FAST

As a result of this synergy between AML and the ATM, the recycled metabolite is now
made available for additional scavenging of lipid radicals. Overall, differences in the rates of
inhibition between AML and the ATM are based, in part, on the calculated enthalpies for these
compounds and their respective radicals. As shown in Figures'18 and 19, the calculated
enthalpies for the ATM are more favorable than for AML. The more negative the AH; value

.reported in Figures 18 and 19, the easier to abstract the hydrogen atom from that particular site.

I3
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Role of Antioxidants in Reducing Coronary 4nay Disease: The results of in vivo /b'l/ 2
investigations have indicated an important role for lipophilic antioxidants in reducing
cardiovascular morbidity and mortality, especially coronary artery disease. The rationale for this
observation is attributed to the ability of these compounds to interfere with the peroxidation of
PUFA associated with LDL and vascular cell membranes. In particular, it has been
demonstrated that LDL particles with greater resistance to oxidative damage, due to the presence

of lipophilic antioxidants, have reduced cytotoxicity, interfere less with endothelium-derived
nitric oxide production, and do not contribute to foam cell formation 13. Supplementation with

vitamin E has been shown to increase LDL resistance to oxidative modification, and thus, reduce

cytotoxicity toward endothelial cells 26, The lipophilic antioxidant probucol has also been
demonstrated to attenuate the formation of atherosclerotic plaques in cholesterol-fed primates, an
effect that correlated with an increased resistance of LDL to oxidative damage and not changes
in lipid levels 27. In addition, probucol inhibited atheroma formation of lesions in Watanabe
hereditary hyperlipidemic (WHHL) rabbits, a well-characterized animal model of
atherosclerosis, independent of cholesterol-lowering effects 28. Consistent with these animal
studies, a double-blind, randomized clinical investigation has shown that probucal redlmd
restenosis by 47% in patients with CAD following coronary-artery balloon angioplasty,
presumably due to its antioxidant effects 29,

Another pathological process associated with oxidized LDL is an inhibition of the

constitutive release of endothelium-derived nitric oxide in the arterial wall 3032, Release of

“nitric oxide inhibits the abnormal adhesion of lzukocytes and platelets to the endothelial surface

early during the development of foam cell formation. Nitric oxide is also an important mediator

of vasodilation; loss of nitric oxide can lead to vasospasm associated with acute coronary

14
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syndromes 33, The interference of this process by oxidized LDL is attributed to a disruption in /bﬂbo ?
secondary messenger systems, including G-protein-dependent nitric oxide release 31+ 32,

Patients treated with the antioxidant probucol had improvec.l endothelial function, as assessed by

nitric oxide production, when compared to control subjects.- LDL isolated from thesc patients

ghowed greater resistance to oxidation in vitro and did not interfere with normal nitric oxide

production from the endothelium, as compared to control LDL samples 34 An important benefit
associated with lipophilic antioxidants is the ebility to inhibit endothelial dysfunction associated
with oxidized LDL, a key early event in atherosclerosis 14.

Thus, a comprehensive review of the available data provides a compelling mechanistic
rationale for the use of lipophilic antioxidants to prevent. cellular changes associated with
coronary artery disease. By increasing the resistance of LDL to oxidative damage, agents with
antioxidaut activity may effectively interfere with pathologic alterations in the vessel wall during
atherogenesis, including foam cell formation, endothelial dysfimction and toxicity, leukocyte and
platelet adhesion, and arterial vasospasm, secondary to a loss of normal nitric oxide production.
These cellular observations also provide important insights into the results of recent clinical
studies demonstrating a benefit associated with antioxidant use by reducing the exprel;sion of
established coronary artery disease despite an absence of prononnced changes in atherosclerotic
lesion development 35, Indeed, the results of cpidemiological analyses have provided difect
evidence for an inverse association between the serum levels of antioxidants, especially vitamin
E, and adverse outcomes associated with coronary disease 3642,

This invention demnonstrates that the combination of AML and atorvastatin produced a
powerful, synergistic antioxidant effect that could not be effectively reproduced by well-known

antioxidants such as t}.-tooopherol or carvedilol. While previous studies have shown that these

15
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agents separately have antioxidant benefit in both lipoprotein and cell membrane preparations 2, /Lfb ‘k
—

3,13,43 these findings unexpectedly show that the combination of these agents provide a much

greater, synergistic effect, especially under atherosclerotic-like condition in which the separate

effects of the compounds are especially reduczd.

Experimental Methods

Dilinoleoyl phosphatidylcholine (DLPC) was obtained from Avanti Polar Lipids Inc.
(Alabaster, AL) and stored at -80°C. Amlodipine besylate (AML) was a gift from Pfizer Central
Research (Groton, CT) while atorvastatin calcium (AT) and its hydroxylated metabolite (ATM)
were provided by Parke Davis (Ann Arbor, MI). Vempa.mil, captopril and diltiazem were
purchased from RBI Biochemicals (Natick, MA). Mevastatin and vitamin E were purchased
from Sigma Chemical Co. (St. Louis, MO).

Lipid Peroxidation Analysis: The separate and combined dose-dependent antioxidant
activities of these agents were examined in membranes enriched with PUFA, prepared in the
absence and presence of cholesterol at a 0.5 sterol to phospholipid mole ratio 2. The biological
lipid (dilinoleoyl phosphatidytcholine) used for these samples was dissolved in HPLC—grade
chloroform (25.0 mg/ml). An aliquot of the lipids (1.0 mg) was added to individual glass 13 x
100-mm test tubes and the chloroform was removed under a steady stream of N gas while
vortexing. The lipids were sbell dried in the absence or presence of drug dissolved in ethanol.
Residual solvent was removed under vacuum while the samples were shielded from light.
Membrane vesicles were produced by vortexing the dried lipids at room temperature with 1.0 ml
HEPES buffered saline (0.5 mM HEPES and 154.0 mM NaCl, pH, 7.2). The final phospholipid

16
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concentration was 1.0 mg/ml buffer and the concentrations of drug ranged from 10.0 nM through ,b'l;'\/g
10.0 uM.

In the lipid peroxidation experiments, aliquots of membrane vesicles (1.0 mg) were added
to separate test tubes. Membrane peroxidation was carried-out at 37°C in a shaking water bath.
At various time intervals (24, 48, 65, 72h), a small aliquot of lipid sample was removed before
25 pl of 5.0 mM ethylenediaminetetracetic acid (EDTA) and 20 pl of 35.0 mM butylated
hydroxytoluene (BHT) was immediately added to the sample to stop the peroxidation reaction.

The extent of membrane lipid peroxidation was measured by the CHOD-Iodide assay as
previously described in detail 17, The quemtity of ;" was measured from the following reaction
in which L represents a phospholipid molecule: .

LOOH +2H' + 2 — = LOH + H0 + |
L+T ——> Iy

An aliquot of the membrane sample was removed at various time points and then added
to 1.0 ml of CHOD color reagent (E.M. Science, Gibbstown, NJ) that includes 20.0 pM BHT,
24.0 p\M EDTA, and 0.2% Triton-X. The sample was then covered with foil and allowed to
incubate for 2 h in the absence of light before measuring the absorbance of the samplé at 365 om
(e=2.4x10* M'em™). The background sample was run along the test samples in triplicate and
contains 76.7 il of 0.652 mM HEPES, 20 pl of 5.0 mM EDTA and 3.3 ul of DDI water.. The
extent of lipid peroxidation was measured in triplicate for each drug concentration and compared
to control samples that did not contain drug. The statistical significance of these experiments
was assessed by the non-paired t-test. Significance was accepted at p<0.05.

In LDL oxidation deterrnination eperiments, the separate and combined antioxidant

activities of AML and the active ATM were tested in human low-density lipoproteins (LDL), an

17
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importsnt target for oxy-radical damage in atherosclerosis. Human LDL preserved with EDTA /l;b’b X
-

was obtained from Sigma Chenical Co. (St. Louis, MO). The EDTA content of the LDL
samples was removed by gel filtration with PD-10 Sephadex G25-M filtration columns; PBS
(nitrogen purged) was used as the eluent. The LDL snmpl;é (50 ug of protein/mL) were
preincubated with or without the drugs (3.0 or 6.0 uM) for 30 min at 37°C. Oxidation of LDL
was induced by the addition of 10 uM of Cu$O, using the colorimetric TBARS method 44. The
time course of LDL oxidation, measured by TBARS _fonnation, was followed for 6 h at 37°C

following addition of copper. LDL oxidation, as determined by the TBARS methods, followed

sigmoidal curve kinctics, as described by Esterbauer et al. with an initial lag phase followed by a
sharp propagation and final plateau phase 22, The protgin content of the LDL was determined
using the Pierce Coumassie Protein Plus assay kit (Pierce Chemical) 4.

X-Ray Diffraction Analysis of Lipid Interactions: The methodology for performing x-ray

diffraction analysis of lipid interactions has been described previously 16 46, For these studies,

- the combination of AML and ATM was added to membrane vesicles reconstituted from

cholesterol and phospholipid at a 0.5:1 mole ratio.

18
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Abstract

The combination of amlodipine besylate and atorvastatin calcium shows a ;ynmgisﬁc
antioxidant effect on lipid peroxidation in mernbrane vesicles enriched with polyunsaturated .
fatty acids, the key target for free radicels. Inhibition of oxy-radical damage by this drug

combination was observexi at therapeutic levels and could not be reproduced with other

representative CCBs, statins, or even the highly lipophilic antioxidants, vitamin E and carvedilol.

This combination therapy can be used to treat cardiovascular disorders, especially coronary
artery disease, by reducing the levels of LDL in plasma and improving protection against its

oxidation.
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Resonance Stabilization of Free
Radical at Site 2 of Amiodipine
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Site of Peroxidation Reaction
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F fgwni 18
Computed Enthalpies of Formation for Atorvastatin Metabolite
and its Radicals
Molecule AH; (keal/mol)
Atorvastatin Metabolite -226.10
Carbon radical -209.50
Oxygen radical -199.89
Nitrogen radical " -192.55
Methyl radical -193.51
Pheny! radical -176.05
Carbon/Oxygen Diradical -182.07
Carbon/Nitrogen Diradical -174.25

*The smaller (i.e., more negative) the AH; value, the #asier to abstract the H atom from that site. |
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Computed Enthalpies of Formation for Amlodipine
and its Radicals

Molecule "AH; (kcal/mol)

Amlodipine -171.61

Carbon radical -164.28

Nitrogen radical -148.27

*The smaller (i.c., more negative) the AH; value, the easier to abstract the H atom from that site.
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Resumen del Invento

Se describen analisis cientificos que soportan el uso
combinado de besilato de amlodipina (Norvasc®) y

atorvastatina cdlcica (Lipitor®) en un sistema de liberacién
finica para el tratamientec de enfermedades cardiovasculares.
Especificamente, las actividades antioxidantes sinérgicas del
bloqueador de canales de calcio (CCB), besilato de
amlodipina, y el inhibidor de la HMG-CoA reductasa,
atorvastatina cdlcica, incluyendo su metabolito hidroxilado,
fueron evaluados en un sistema lipidico bien definido en
donde las vesiculas lipidas son enriquecidas con acidos
grasos poliinsaturados (PUFA), blanco principal del dafio oxi-
radical en la atercesclerosis. Los efectos sinérgicos de
estoa agentes fueron demostrados en membranas preparadas en
ausencia y presencia de niveles de colesterol elevados que
reproducen condiciones del tipo esclerdtico. La combinacién
de la amlodipina (AML) con el metabolito hidroxilado de la
atorvastatina (ATM) efectudé una reduccién dramitica y
sostenida del dafic oxi-radical lipidico en concentraciones
tan bajas como 10.0 nM. Estos experimentos fueron llevados a
cabo en membranas con colesterol que reproducen condiciones
del tipo fisioldégico. La actividad antioxidante catalitica
asociada con la combinacién de estos farmacos en niveles

terapéuticos fue latamente sinérgico y no pudo ser

pEs
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efectivamente reproducido por la vitamina E o el carvedilol,
un beta bloqueador no selectivo con efectos antioxidantes
establecidos. La inhibicidén sinérgica de la peroxidacidén
lipidica también fue observada con la combinacién de la
amlodipina y el compuesto pfecursor de la atorvastatina (AT).
La actividad antioxidante no fue demostrada para otros
blogqueadores de los canales de calcio (CCBs) que fueron
probados (felodipina, verapamil, diltiazem) o los inhibidores
de la HMG-CoA reductasa (mevastatina, pravastatina,
simvastatina). La propiedad. antioxidante diferente, descrita
para egta combinacién de farmacos, se puede atribuir a las
interacciones cataliticas y fisicoquimicas con la bicapa de
la membrana que son independientes de los efectos bien
caracterizados de estos farmacos sobre el transporte del
calcio y el metabolismo del colesterol. Este beneficio
antioxidante sinérgico constituye un nuevo mecanismo
farmacolégico de accidn para estos compuestos y una razdn
fundamental precisa para el uso combinado de los ingredientes
activos en Norvasc® y Lipitor® en el tratamiento de
enfermedades cardiovascularss, al reducir los niveles de LDL
(lipoproteinas de baja densidad) en plasma y mejorar la
proteccién contra la oxidacidén. Esta nueva propiedad
complementa los efectos establecidos de estos firmacos con

respecto a la hipertensién y la dislipidemia.

e



‘Descripcién Breve de los Dibujos ' ;2%?

La Figura 1 muestra la actividad antioxidante dosis-
dependiente de la AML.

La Figura 2 muestra los efectos antioxidantes
comparativog de la AML y los dos otros bloqueadores de los
canales de calcio y un inhibidor del ACE.

La Figura 3 muestra la actividad antioxidante dosis-
dependiente del ATM.

La Figura 4 muestra los efectos antioxidantes
comparativoe de los inhibidores de la HMG-CoA reductasa.

La Figura 5 muestra el efecto del enriquecimiento con
colestercl en la formacién de perdxido lipidico.

La Figura 6 muestra el efecto del enriquecimiento con
colesterol en las actividades antioxidantes del ATM.

La Figura 7 muestra el efecto antioxidante dosis-
dependiente de la combinacidén de la AML y el ATM.

La Figura 8 muestra los efectos antioxidantes sinérgicos
de la AML con ATM a 100.0 nM y de AML con AT a 1.0 UM en

vesiculas enriquecidas con colesterol.

La Figura 9 muestra los efectos antioxidantes
comparativos de AML/ATM y AML/AT a 0.1 y 1.0 puM en vesiculas

enriquecidas con colestercl.
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La Figura 10 muestra los_efecpos antioxidantes
comparativos de 15 vitamina E, carvedilol, probuceol, y la
combinacién de AML/ATM después-de varios periodos de
incubacidén a una concentracién de 10.0 puM.

La Figura 11 muestra los mecanismos antioxidantes
quimicos para la AML.

La Figura 12 muestra los mecanismos antioxidantes
quimicos para el ATM.

La Figura 13 muestra las interacciones moleculares de la
membrana de AML y ATM.

La Figura 14 muestra la inhibicidén de la oxidacidén de
lipoproteinas de baja densidad humanas mediante la
combinacién de AML y ATM.

La Figura 15 muestra las entalpias de formacidn
computadas para el ATM y sus radicales.

La Figura 16 muestra las entalpias de formacidn

.computadas para la ALM y sus radicales.
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SYNERGISTIC ACTIVITY OF AMLODIPINE BESYLATE (NORVASC®) AND /b
ATORVASTATIN CALCIUM (LIPITOR®) ON LIPID PEROXIDATION

Background of the Invention

Coronary artery disease (CAD) is a leading cause of mortality worldwide, and is
associated with substantial morbit-iity as well. Typically, the patient with CAD has several
concomitant conditions, including hypertension, diabetes, and dyslipidemia, increasing overall
risk for poor outcomes and complicating treatrrient,

Among antihypertensive therapies, the fipophilic calcium channel blocker (CCB)
amlodipine besylate (AML) is a very well-tolerated agent with an established record of safety
and effectiveness for the treatment of hypertension and angina. A potential therapeutic role for
AML intheu'eo:unentofpaﬁentswithCADwasrucentlyshownintheProspecﬁveRandomimd
Evaluation of the Vascular Effects of Norvasc Trial (PREVENT). This three-year trial evaluated
the effects of AML compared to placebo on the development and progression of atherosclerotic
lesions in coronary and carotid arteries in patients with documented CAD 4. The results of
PREVENT showed impressive clinical benefits with AML. therapy as compared to placebo,
including reduced risk of cardiovascular morbidity !. AML. therapy was also associated with a
significant slowing of the progression of carotid atherosclerosis according to B-mode
ultrasonographic assessments. The clinical benefit seen with AML in CAD has not been
previously reported with other CCB analogs, including dihydropyridine-type agents, that have
examined this question in sim;'lar patients 3-7, This observation hes led to interest in other anti-
atherogenic properties of AML, including antioxidant effects that are independent of calcium

channel modulation 2. 8-10,
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Hypolipidemic therapy has also been demonstrated to be very useful in reducing
morbidity and mortality associated with CAD. Among HMG-CoA reductase inhibitors,

atorvastatin calcium (AT) has been shown to te very effective as hypolipidemic therapy 11. 12,

In addition, the hydroxylated metabolites of AT have been shown to exhibit antioxidant effects
in lipoprotein preparations 13,

Thus, a therapeutic goal for the treatment of CAD is the development of drugs that can
simultaneously target multiple underlying disease processes that contribute to atherosclerosis,
thereby altering the course of the disease. Therefore, CAD therapy may have increased positive
outcomes if the use of an antihypertensive agent and HMG-CoA reductase inhibitor was
combined in a single delivery system. _

Unexpectedly, when AML and AT wer: combined, they had a synergistic effect in
preventing peroxidation in lipid membrenes thet occurred in addition to their well-established
therapeutic effects on both dyslipidemia and hypertension. Therefore, these agents have
heretofore unrecognized synergistic antioxidam effects, a property that would enable these
agents to increase the resistance oi"'lipopmteins and vascular cell membranes to oxidative
modification. Indeed, oxidetive modification of lipids associated with LDL and vascular cell
membranes is a well-established cause of injury to the endothelium and underlying smooth
muscle 14, 15, Lipophilic entioxidants that protect against lipid peroxidation have been shown
to reduce lesion development in various models of atherosclerosis (for review, see reference 6).
Moreover, the benefit associated with hypolipidemic therapy is attributed to both its effect on
plasma VLDL, LDL and HDL levels and to a reduction in the potential formation of atherogenic
oxidized lipoproteins.

2
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Summary of the Invention

Scientific analyses that support the combined use of amlodipine besylate (Norvasc®) and
atorvastatin calcium (Lipitor®) in a single delivery system for the treatment of cardiovascular
disease are described. Specifically, the synergistic antioxidant activities of the calcium channel
blocker (CCB), amlodipine besylate, and the HMG-CoA reductase inhibitor, atorvastatin
calcium, including its active hydroxylated metebolite, were evaluated in a well-defined lipid
system in which lipid vesicles are enriched with polyunsaturated fatty acids (PUFA), the key
target for oxy-radical damage in atherosclerosis., The synergistic effects of these agents were
demonstrated in membranes prepared in the absence and presence of elevated cholesterol levels
that reproduce atherosclerotic-like conditions. The combination of AML with the hydroxylated
atorvastatin metabolite (ATM) effected a dramatic and sustained reduction in lipid oxy-radical
damage at concentrations as low as 10.0 nM. These experiments were conducted in membranes
with cholesterol that reproduce physiologic-like conditions. The catalytic antioxidant activity
associated with the combination of these drugs at therapeutic levels was highly synergistic and
could not be effectively reproduced by vitamin E or carvedilol, a non-selective B-blocker with
established antioxidant effects. Synergistic inhibition of lipid peroxidation was also observed
with the combination of AML and the AT parent compound. Antioxidant activity was not
demonstrated for other CCBs that were tested (felodipine, verapamil, diltiazem) or HMG-CoA
reductase inhibitors (mevastatin, pravastatin, sitvastatin). The distinct antioxidant property
described for this drug combination can be attributed to catalytic, physico-chemical interactions
with the membrane bilayer that are independent of the well-characterized effects of these drugs
on calcium transport and cholesterol metabolism. This synergistic antioxidant benefit constitutes

a new pharmacologic mechanism of action for these compounds and a compelling rationale for
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the combined use of the active ingredients in Norvasc® and Lipitor® in the treatment of &
cardiovascular disease by reducing the levels of LDL in plasma and improving protection against —
its oxidation. This new property complements the established effects of these drugs on
hypertension and dyslipidemia.
Brief Description of the Drawings
Figure 1 shows the dose-dependent anticxidant activity of AML.
Figure 2 shows the comparative antioxidant effects of AML and both other calcium
channel blockers and an ACE-inhibitor.
Figure 3 shows the dose-dependent antioxidant activity of ATM.
Figure 4 shows the comparative antioxidant effects of HMG-CoA reductase inhibitors.
Figure 5 shows the effect of cholesterol enrichment on lipid peroxide formation.
Figure 6 shows the effect of cholesterol enrichment on the antioxidant activities of ATM.
Figure 7 shows the dose-dependent antioxidant effect of the combination of AML and
ATM.
Figure 8 shows the synergistic antioxidant effects of AML with ATM at 100.0 nM and of
AML with AT at 1.0 M in cholesterol-enriche! vesicles.
- Figure 9 shows the comparative antioxidant effects of AML/ATM and AML/AT at 0.1
and 1.0 M in cholesterol-enriched vesicles.
| Figure 10 shows the comparative antioxidant effects of vitamin E, carvedilol, probucol,
. and the. AML/ATM combination after various incubation periods at a 10.0 j\M concentration.
Figure 11 shows the chemical antioxidant mechanisms for AML.

Figure 12 shows the chemical antioxidant mechanisms for ATM.

4
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Figure 13 shows the molecular membrane interactions of AML and ATM.

Figure 14 shows the inhibition of human LDL oxidation by the combination of AML and
ATM.

Figure 15 shows the computed enthalpies of formation for ATM and its radicals.

Figure 16 shows the computed enthalpies of formation for AML and its radicals.

Detailed Description of Embodiments

Comparative Antioxidant Effects of Calcium Channel Blockers and HMG-CoA Reductase
Inhibitors: The separate and con;bined dose-dependent antioxidant activities of AML, AT and
ATM were compared to representative CCBs (felodipine, verapamil, diltiazem) and HMG-CoA
reductase inhibitors (mevastatin, pravastatin) in membrane vesicles reconstituted from
phospholipids enriched with the polyunsaturated fatty acid, dilinoleoyl phosphatidylcholine
(DLPC). Membrane vesicles were used in thess experiments for the following reasons: 1) this
system is well-defined and highly reproducible; 2) linoleic acid represents the primary target for
oxidative damage and is common in vascular cell membranes and lipoprotein particles; 3) this
membrane system does not contain calcium channels or HMG CoA reductase enzymes and; 4)
lipid peroxidation in this system can be initiate¢| spontaneously at 37°C in the absence of
exogenous chemical initiators, such as high levels of iron and ascorbate. In these experiments,
oxidation occurred in a gradual, time-depender manner that was measured
spectrophotometrically.

As demonstrated in Figure 1, AML effectively inhibited membrane lipid peroxide
formation in a highly reproducible and dose-dependent manner over a broad range of
concentrations, beginning at 10.0 nM. Inhibition of lipid peroxide formation by AML in
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membrane vesicles enriched with PUFA was measured as a function of drug concentration at
37°C by spectrophotometric methods. In these experiments, the control level of lipid peroxide
formation was 1.2 mM after a 48 h incubation period. The fact that inhibition was observed at

sub-micromolar levels indicates that the benefit observed with AML is of therepeutic relevance.

Thus, inhibition of oxy-radical damage by AML was highly catalytic: atan AML concentration

* of 10.0 nM, the mole ratio of lipid peroxide inhibition: drug concentration was greater than

10,000:1.

The antioxidant effects of AML could niot be reproduced by other representative CCBs,
including felodipine (a dihydropyridine), verapamil, or diltiazem under identical experimental
conditions, even at micromolar levels. Figure 2 shows the antioxidant activity of AML
compared to other representative CCBs {felodipine, verapamil, diltiazem) and the ACE-inhibitor,
captopril, at a drug concentration of 1.0 tM. Under identical conditions, only AML produced a
significant inhibition of lipid peroxidation. Again, the control level of lipid peroxide formation
was 1.2 mM. Thus, the distinct effects of AML can be attributed to its high affinity for the
membrane lipid bilayer, resulting in biophysical changes in the intermolecular packing of
phospholipid molecules.

In a sirnilar fashion, ATM also inhibited lipid peroxide formation in these lipid
preparations in a dose-dependent manmer (see Figure 3). This activity was also observed with
AT at much higher, micromolar levels but not ‘with other statins that were tested in these
experiments (pravastatin, mevastatin), as shown in Figure 4, Thus, AML, AT and ATM
‘separately produced a measurable inhibition of lipid peroxidation in vesicles enriched with
PUFA, the key substrate for oxy-radical damage.

A\
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Synergistic Antioxidant Effects of Drugs in Cholesterol-Enriched Membrane qub v E
Preparations: As cholesterol is a primary constituent of vascular cell plasma membrenes that
increases in content during atherogenesis 18, the synergistic antioxidant activity of these agents
in membranes composed of cholesterol and phospholipid at a 0.5:1 mole ratio were examined.

As shown in Figure 5, the addition of cholesterol to these vesicles resulted in a pronounced, 26%
increase in the amount of lipid peroxide formation. This effect of cholesterol is attributed to its
ability to increase the menibrane bilayer packirg constraints, contributing to its pathologic
activity in atherosclerosis 19, Under these conditions, the antioxidant effectiveness of ATM was
not significantly reduced (see Figure 6).

Under conditions of cholesterol enrichment, AML worked synergistically with ATM to
effect an inhibition of lipid peroxidation that was drematically more potent than that obscn.red
with either agent separately. The combination of AML and ATM was very effective and dose-
dependent with antioxidant effects begimning in the low nanomolar range. Significant inhibition
was observed at concentrations as low as 10.0 nM and nearly complete inhibition was observed
at 10.0 uM (see Figure 7). In this membrane system, the combination of AML with either ATM
or AT produced a marked synergistic effect (se= Figure 8). Although a synergistic effect was
observed with the combination of AML and AT, it was less prominent than when the AML/ATM
combination was used. Specifically, at both concentrations (0.1 and 1.0 uM), the combination of
AML/ATM was more effective ag an antioxidant than AML/AT (see Figure 9).

The effect of other known antioxidants, including vitamin E and carvedilol, were also
compared to the combination of AML and ATM. Carvedilol is vasodilating B-blocker and

antioxidant approved for treatment of congestive heart failure. It has been shown to scavenge

oxygen free radicals and inhibit lipid peroxidation in swine heart 20, Even at a concentration of
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10.0 uM, these compounds were markedly less effective than the combined AML/ATM /l/Q;b /%
preparation (see Figure 10). In the case of vitamin E, the activity of this compound was -
significantly attenusted over time (48 versus 7zh), as compared to AML/ATM (Figure 10A).
This ol.:servaﬁon is consistent with a stochiometric mechanism in which the antioxidant ability of
the vitamin E is terminated by the reaction. By contrast, the activity of the AML/ATM
combination persisted, providing evidence that these agents work by a separate, catelytic fashion
as antioxidants. Only the very effective antioxidant, probucol, had similar activity to the
AML/ATM complex (Figure 10C).

To understand the basis for the antioxidant effects of these compounds, the chemical
structure of these molecules was evatuated (Figures 11, 12). In Figure 11, the covalent structure
of AML includes two hydrogen atoms associated with its dihydropyridine ring that can be
donated to unstable free radicals associated with lipids (Figure 11A). Once a hydrogen atom is
donated, an unpaired free electron remains associated with the AML molecule. This unpaired
electron, a potential source of free radical damage, can be safely stabilized in resonance
structures (Figures 11B and 11C).

Similar chemical analyses were conducred for a key hydroxyl metabolite of AT, as
indicated in Figure 12. Similar to AML, the ATM molecule has three potential hydrogen atoms
that can be donated to unstable free radical molecules (A). Resonance stabilization structures for
the remaining unpaired free electrons at sites 1 (Figure 12B), 2 (Figure 12C) and 3 (Figure 12D)
are calculated.

In addition to its chemical properties, AML also has high affinity for membrane lipids
under atherosclerotic conditions, as compared to other CCBs 21, The distinct lipophilicity of
AML is attributed to its amphiphilic chemical structure that directs the molecule to a favoreble
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location in the membrane where it can then interfere with the propagation of free radicals by both ,b(b\\ 2
biophysical and biochemical mechanisms 2» 3, 16,21, jn the same way, the chemical structure -
of ATM consistent with an amphiphile that could be expected to interact strongly with the
membrane bilayer, as illustrated in Figure 13 and supported by x-ray diffraction analyses.

The antioxidant activity of AML may contribute to its benefit in patients with

documented CAD, as recently reported in the Prospective Randomized Evaluation of the

Vascular Effects of Norvasc Trial (PREVENT) 4. Patients randomized to AML experienced a
significant reduction in angina (-33%, p<0.01), major vascular pr;:cedum (-45%, p<0.001), and
the composite of any msjor event (-30%, p>0.01), as compared to placebo, independent of
changes in lipid levels 1. The benefits of AML in CAD have not been observed with other
CCBs, including dihydropyridine agents 5-7, suggesting that the additional antioxidant properties
of AML contribute to direct antiatherosclerotic effects 2.

Synergistic Antioxidant Effects of Amlodipine with the Hydroxylated Atorvastatin
Metabolite in Human LDL: The separate and combined antioxidant effects of AML and the
ATM were evaluated in human LDL preparations. The ability of these agents to inhibit LDL
peroxidation was assessed in vitro following addition of copper (10 M) in order to stimulate
oxidative damage. The rate of LDL oxidation was consistent with sigmoidal curve kinetics, as
described by Esterbauer et al., characterized by an initial lag phase followed by a sharp
propagation and final plateau phase (Figure 14) 22,

Aftera 4 h incubation period, the differential effects of these compounds could be clearly
observed at a concentration of 3.0 uM. Separatsly, AML and the ATM inhibited LDL oxidation

by 7 and 33%, respectively. When combined, however, these agents produced 73% inhibition.

. This unexpected synergistic effect persisted at the 6 h time point when the agents separately did
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2
not inhibit peroxidation by more than 11% while the combination reduced TBARS-formation by /L{b é
32%.

Oxidative modification of lipids associnted with low-density lipoproteins (LDL)
contril;uhes significantly to inflammatory process associated with atherosclerosis, including foam
cell formation, endothelial dy@dm and toxicity, leukocyte and platelet adhesion. The results
of these experiments demonstrated a strong and unexpected synergistic antioxidant effect for the
combination of AML and the ATM in human LDL, consistent with what was observed in
membrane vesicles. The drug combination produced a level of oxy-radical inhibition that
substantially exceeded any additive effect. The antioxidant activity of vitamin E was similar to
that observed for the ATM when used alone, but was substantially less than what was observed
for the drug combination.

LDL particles that have greater sesistance to oxidative damage, due to the presence of
lipophilic antioxidants, exhibit reduced cytotoxicity, interfere less with endothelium-derived
nitric oxide production, and do not contribute t foam cell formation 23, Supplementation with
vitamin E has been shown to increase LDL resistance to oxidative modification and reduce
endothelial cell cytotoxicity 24. In addition, the lipophilic antioxidant probucol has been
demonstrated to attenuate the formation of Wmﬁc plaques in cholesterol-fed primates, an
effect that correlated with an increased resistance of LDL to oxidative damage 25,

The synergistic antioxidant activity observed for this drug combination in LDL and
reconstituted lipid membranes suggests that these compounds interact directly with each other to
scavenge lipid radicals. It is proposed that the ATM reacts more quickly with lipid radicals
{equation 1) than AML, as described in equation 2. If these are the only two pathways available

for these the drugs whéh-addcdtogcthertothc gystem, then their combined effect would only be

10
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additive. However, the combination of both compounds provides the possibility for a third
pathway (equation 3) that is supported by the results of the peroxidation experiments in both
LDL and lipid membranes. The combination of pathways 1 and 3 would produce a synergistic
effect if it occurs more rapidly than pathway 2. Indeed, semi-empirical calculations suggest that
reaction 3 is a favorable, exothermic process with an enthalpy of -40.7 kl/mol. Thus, the
presence of the fast inhibitor (ATM) enables th= slower inhibitor (AML) to remove free radicals
faster than if reacting with the lipid radicals on its own. The three pathways describing these
interactions are as follows, in which “LOQs" represents a lipid radical molecule:

(1) LOOe + ATM — LOOH+ATMe  FAST

(2) LOOs + AML — LOOH+AMLe  SLOW

(3) ATMe + AML —» ATM+AMLe  FAST

As a result of this synergy between AML and the ATM, the recycled metabolite is now
made available for additional scavenging of lipid radicals. Overall, differences in the rates of
inhibition between AML, and the ATM are based, in part, on the calculated enthalpies for these
compounds and their respective radicals. As shown in Figures 15 and 16, the calculated
enthalpies for the ATM are more favorable than for AML. The more negative the AH; value
reported in the Table, the easier to abstract the hiydrogen atom from that particular site.

Role of Antioxidants in Reducing Coronary Artery Disease: The results of in vivo
investigations have indicated an important role for lipophilic antioxidants in reducing
cardiovascular morbidity and mortality, especially coronary artery discase. The rationale for this
observation is attributed to the ability of these compounds to interfere with the peroxidation of
PUFA associated with LDL and vascular cell membrenes. In particular, it has been

demonstrated that LDL particles with greater resistance to oxidative damage, due to the presence

11
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of lipophilic antioxidants, have reduced cytotoxicity, interfere less with endothelium-derived %

nitric oxide production, and do not contribute to foam cell formation 15, Supplementation with

vitamin E has been shown to increase LDL resistance to oxidative modification, and thus, reduce
cytotoxicity toward endothelial cells 26, The lipophilic antioxidant probucol hes also been
demonstrated to attenuate the formation of atherosclerotic plaques in cholesterol-fed primates, an

effect that correlated with an increased resistancz of LDL to oxidative damage and not changes

in lipid levels 27, In addition, probucol inhibited atheroma formation of lesions in Watanabe
hereditary hyperlipidemic (WHHL) rabbits, a well-characterized animal model of
atherosclerosis, independent of cholesterol-lowering effects 28. Consistent with these animal
studies, a double-blind, randomized clinical investigation has shown that probucol reduced
restenosis by 47% in patients with CAD following coronary-artery balloon angioplasty,
presumably due to its antioxidant effects 23,

Another pathological process associated with oxidized LDL is an iphibition of the
constitutive release of endothelium-derived nitric oxide in the arterial wall 30-32. Release of
nitric oxide inhibits the abnormal adhesion of leukocytes and platelets to the endothelial surface
early during the development of foam cell formation. Nitric oxide is also an important mediator
of vasodilation; loss of nitric oxide can lead to vasospasm associated with acute coronary
syndromes 33. The interference of this process by oxidized LDL is attributed to a disruption in
secondary messenger systems, including G-protein-dependent nitric oxide release 31,32,
Patients treated with the antioxidant probucol had improved endothelial function, as assessed by
nitric oxide production, when compared to control subjects. LDL isolated from these paticnts

showed greater resistance to oxidation in vitro and did not interfere with normal nitric oxide

12
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production from the endothelium, as compared to control LDL samples 34, An important benefit
associated with lipophilic antioxidants is the ability to inhibit endothelial dysfunction associated
with oxidized LDL, a key early event in atherosclerosis 14, |

Thus, a comprehensive review of the available data provides a compelling nwchamstlc
rationate for the use of lipophilic antioxidants to prevent cellular changes associated with
coronary artery disease. By increasing the resistance of LDL to oxidative damage, agents with
antioxidant activity may effectively interfere with pathologic alterations in the vessel wall during
atherogenesis, including foam cell formation, endothelial dysfunction and toxicity, leukocyte and
platelet adhesion, and arterial vasospasm, secondary to a loss of normal nitric oxide production.
These cellular observations also provide important insights into the results of recent clinical
studies demonstrating a benefit associatqd with sntioxidant use by reducing the expression lof
established coronary artery disease desplte an absence of pronounced changes in atherosclerotic
lesion development 33. Indeed, the results of epidemiologicel analyses have provided direct
evidence for an inverse association between the serum levels of antioxidants, especially vitamin

E, and adverse outcomes associated with coronary discase 3642

This invention demonstrates that the combination of AML and atorvastatin produced a
powerful, synergistic antioxidant effect that could not be effectively reproduced by well-known

antioxidants such as a-tocopherol or carvedilol. While previous studies have shown that these
agents separately have antioxidant benefit in both lipoprotein and cell membrane preparations 2, ‘
3, 13,43 these findings unexpectedly show that the combination of these agents provide a much
greater, synergistic effect, especially under atherosclerotic-like condition in which the separate

effects of the compounds are especially reduced.

13
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Experimental Methods

Dilinoleoyl phosphatidylcholine (DLPC) was obtained from Avanti Polar Lipids Inc.
(Alabaster, AL) and stored at -80°C. Amlodipine besylate (AML) was a gift from Pfizer Central
Research (Groton, CT) while atorvastatin calcium (AT) and its hydroxylated metabolite (ATM)
were provided by Parke Davis (Ann Arbor, MI). Verapamil, captopril and diltiazem were
purchased from RBI Biochemicals (Natick, MA). Mevastatin and vitamin E were purchased
from Sigma Chemical Co. (St. Louis, MO).

Lipid peroxidation analysis: The separate and combined dose-dependent antioxidant
activities of these agents were examined ic membranes enriched with PUFA prepared in the
absence and presence of cholesterol at a 0.5 sterol to phospholipid mole ratio 2. The biclogical
lipid (dilinoleoyl phosphatidyicholine) used for these samples was dissolved in I-IPLC-grarie
chloroform (25.0 mg/mi). An aliquot of the lipids (1.0 mg) was added to individual glass 13 x
100-mm test tubes and the chloroform was removed under a steady stream of N2 gas while
vortexing. The lipids were shell dried in the absence or presence of drug dissolved in ethanol.
Residual solvent was removed under vacuum while the samples were shielded from light.
Membrane vesicles were produced by vortexing the dried lipids at room temperature with 1.0 ml
HEPES buffered saline (0.5 mM HEPES and 154.0 mM NaCl, pH, 7.2). The final phosphoi.ipid
concentration was 1.0 mg/m! buffer and the concentrations of drug ranged from 10.0 nM through
10.0 pML

In the lipid peroxidation experiments, aliquots of membrane vesicles (1.0 mg) were added
to separate test tubes, Membrane peroxidation was carried out at 37°C in a shaking water bath.
At various time intervals (24, 48, 65, 72h), a small aliquot of lipid sample was removed before

14
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25 pl of 5.0 mM ethylenediaminetetracetic acid (EDTA) and 20 pl of 35.0 mM butylated /l/ 2

hydroxytoluene (BHT) was immediately added to the sample to stop the peroxidation reaction.

The extent of membrane lipid peroxidation was measured by the CHOD-Iodide assay as
previously described in detail 17. The quantity of I, was measured from the following reaction
in which L represents a phospholipid molecule:

LOOH + 2H' + 2I' -——> LOH + H;0 + L
L+ T ceee> Iy

An aliquot of the membrane sample was removed at various time points and then added
to 1.0 ml of CHOD color reagent (EM. Science, Gibbstown, NJ) that includes 20.0 pM BHT,
24.0 uM EDTA, and 0.2% Triton-X. The sample was then covered with foil and allowed to

incubate for 2 h in the absence of light before measuring the absorbance of the sample at 365 nm

. (€=2.4x10* M'cm™). The background sample was run along the test samples in triplicate and

contains 76.7 pl of 0.652 mM HEPES, 20 pi of 5.0 mM EDTA and 3.3 ul of DDI water. The
extent of lipid peroxidation was measured in triplicate for each drug concentration and compared
to control samples that did not contain drug. The statistical significance of these experiments
was assessed by the non-paired t-test. Significance was accepted at p<0.05.

In LDL oxidation determination eperiments, the separate and combined antioxidant
activities of AML and the active ATM were tested in human low-density lipoproteins (LDL), an
important target for oxy-radical damage in atherosclerosis. Human LDL preserved with EDTA
was obtained from Sigma Chemical Co. (St. Louis, MO). The EDTA content of the LDL
samples was removed by gel filtration with PD-10 Sephadex G25-M filtration columns; PBS
(nitrogen purged) was used as the eluent. The L'DL samples (50 pg of protein/mL) were

preincubated with or without the drugs (3.0 or 6.0 pM) fo; 30 min at 37°C. Oxidation of LDL

15
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was induced by the addition of 10 pM of CuSO4 using the colorimetric TBARS method 4. The Z
time course of LDL oxidation, measured by TBARS formation, was followed for 6 h at 37°C

following addition of copper. LDL oxidation, as determined by the TBARS methods, followed

sigmoidal curve kinetics, as described by Esterbauer et al. with an initial lag phase followed by a

sharp propagation and final plateau phase 22. The protein content of the LDL was determined

using the Pierce Coomassie Protein Plus assay kit (Pierce Chemical) 43,

16
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Abstract 1/ %{
The combination of amlodipine besylate: and atorvastatin calcium shows a synergistic T
antioxidant effect on lipid peroxidation in membrane vesicles enriched with polyunsaturated
fatty acids, the key target for free radicals. Inhibition of oxy-radical damage by this drug
combination was observed at therapeutic levels and could not be reproduced with other
representative CCBs, statins, or even the highly lipophilic antioxidants, vitamin E and carvedilol.
This combination therapy can be used to treat cardiovascular disorders, especially coronary
artery disease, by reducing the levels of LDL in plasma and improving protection against its

oxidation.
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Resonance Stabilization of Free
Radical at Site 2 of Amlodipine

R,= -CH,
R,= -CH,OCH,CH,NH,

Q
r-doon,
R -GOCH.CH,
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Antioxidant Mechanisms for Atorvastatin
Metabolite: Resonance Stabilization of
Free Radical at Site 2
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Computed Enthalpies of Formation for Atorvastatin Metabolite

and its Radicals

Molecule AH; (kcal/mol)
Atorvastatin Metabolite -226.10
Carbon radical -209.50
Oxygen radical . -199.89
Nitrogen radical -192.55
Mcthyl radical -193.51
Phenyl radical -176.05
Carbon/Oxygen Diradical ' -182.07
Carbon/Nitrogen Diradical -174.25

*The smaller (i.e., more negative) the AH; value, the casier to abstract the H atom from that site.
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Figwre 1[:

Computed Enthalpies of Formation for Amlodipine
and its Radicals

Molecule AH; (keal/mol)

Amlodipine -171.61

Carbon radical -164.28

Nitrogen radical -148.27

*The smaller (j.e., more negative) the AH; value, the easier to abstract the H atom from that site.
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Industria ¥ Comercio
SUPER'NTEMOGENCIA

2do. EXAMEN DE FORMA PATENTE DE INVENCION }l-b
Folio _ai
Radicacion no 002942

Concepto Técnico no 521 Clasificacion Internacional de Patentes_4 6 | K81 /44 /) 31/4)

lsfaoﬁcado el examen de acuerdo a lo establecido en el Art. 38 de la Decision 486 se determind que
esta solicitud de Patente de Invencién:

Si[X] NO[] Contiene unresumen de lainvencion (Art.26-e).
NO[]  Contiene el titulo o nombre de la invencién (Art.27-d).
SI[X] NO[] Contenela descripeién de la invencion (Art.26-b).

SI[ 1 NO[] NO ESAPLICABLE [X] Contiene los dibujos necesarios para comprender la invencion
(Art.26-d)

SIIX] NO[] Contiene unao mas reivindicaciones. (Art.26-c).

SIf ] NO[] NO ES APLICABLE [X'] Han sido desarollados los proaucbs y/o procedimientos a partir
de recursos genéticos o de -sus productos derivados de los que cualquiera de los Paises
Miembros es pals de origen. (Art 26- h).

SIf ] NO[] NO ES APLICABLE [XJLos productos y/o procedimientos han sido obtenidos o
desamotiados a partir de los conocimientos fradicionales de las comunidades indigenas,
afroamericanas, o locales de los paises miembros, de acuerdo a lo establecido en la
Decisién 391 y sus modificaciones y reglamentaciones vigentes.(Art. 26-i).

Sl ] ‘NO [X]  Lainvencién se refiere a un producto relativo a un material biolégico. (Art 26-J).

‘ Si{x] NO[ ] La prioridad coincide con:la materia reivindicada.

Si[x] NO[ ] -CUMPLELOS REQUISITOS TECNICOS

OBSERVACIONES Y OTROS: SIJx] NO [ ] ver hoja(s) anexa(s)

o€ grexa mevd  Caplivio | veiirditomo folros 122- 4G en dondte
e sistc de las prcimhdfcac-;mnea A go,sg, y ,_{/uc, reemplaec
el oﬂq;ﬂalmenvre presemtado.

EXAMINADOR TECNICO
202036

Bogota D.C, _frlov20 20/02

Carmrera 13 No. 2700 Fiso 5y 10
Conmutador: 334 12 21-2-34 .
Fax: 281-31 25 e-mail; info@sic.gov.co
Santa Fe de Bogota D.C. - Colombia .



~%, @

Industria y Comercio
SUPERINTENDENCIA
Folio 331
2020
Bogota DC 31}\
00765
Doctor
CARLOCS R. OLARTE
Apoderado
REFERENCIA: Radicacion No. 00-29421
Tramite 002
Evento 001
Actuacion 416
Oficio No.
Folios 001

Teniendo en cuenta que la solicitud de privilegio de patente que se tramita bajo el
expediente indicado en !a referencia, reune los requisitos de forma establecidos en los
articulos 26 y 27 de la Decision 486 de la Comisién de la Comunidad Andina, y en las
demas disposiciones vigentes sobre la materia, se envia el extracto de ila solicitud a la
Oficina de Comunicaciones para efecto de su publicacién en la Gaceta de Propiedad
Industrial, conforme lo establece =l articulo 40 de la misma Decision.

No obstante lo anterior, no se tendrd en cuenta la prioridad invocada bajo el nimero
60/130,659 de fecha abril 23 de 1999 ya que no se present® de acuerdo con lo solicitado
en el folio 107.

Cumplase \
Dado en Bogota DC, a los .23 ABR. 2002

PEDES DE VERGEL
e Nuevas Creaciones

ALIX CARMENZA
Jefe de la Divisio

Bogota, DC, QQ/ -7® 6 Z_F! extracto de esta solicitud fue publicado en el nimero S 17 de
la Gaceta de FPropiedad Industrial, de fecha & }-o 6~ O OZ El término habil sefialado por la
wapird el 2¥-0 ?—-ZODZ! SPC_ NO____se presentaron oposiciones por parte de terceros.

202027 Carrera 13 No. 27-00 Pisos 5, 7y 10
Conmutador: 382 0840
Fax: 382 2695
E-mail: info@sic.gov.co
Bogota, D C, Colombia




