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Solicitante: ~ Allergan, Inc.

MEMORIAL DE ALCANCE

ALVARO CORREA ORDONEZ, mayor de edad y vecino de Bogotd D.C., identificado segtin
aparece 8l pie de mi firma, en mi condicién de apoderado de la sociedad en referencia,

manifiesto lo siguiente:

1. Presento copia del reporte de biisqueda y del reporte de examen preliminar
internacionel con sus respectivos anexos. De igual manera, presento una traduccién al
espaiiol de cada uno de los reportes, sin incluir los anexos.

Atentamnente,

Anexo: Reporte de Biisqueda
Examen preliminar internacional
Traduceién

BOGATM/BOGDMS-F2167-V1.DOC
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INFORME DE BUSQUEDA INTERNACIONAL - Solicitud
internacional No. PCT/US 02/17291.-

Casillero 1 — Observaciones en donde ciertas reivindicaciones no
pudieron ser objeto de blisqueda (continuacién de punto 1 de primera
pigina).-

Este informe de blsqueda internacional no ha podido establecerse con
respecto a ciertas reivindicaciones conforme al Articulo 17(2) (a) por las
siguientes razones:

[X] Reivindicaciones Nos: (en blanco) debido a que se relacionan a
materia sobre la que no se requiere biisqueda por parte de esta autoridad,
a saber: Aunque las reivindicaciones 6-17 se refieren a un método de
tratamiento del cuerpo humano /animal, la blisqueda se ha llevado a cabo
y se basa en los supuestos efectos del compuesto/composicion.-

1. [X)] Reivindicaciones Nos. 1-5, 18-22; 6-7 y 23 (en parte), debido a
que se relacionan a partes de la Solicitud Internacional que no cumplen’
con los requisitos establecidos en la medida en que no puede realizarse
bisqueda internacional sig.nificativa, especificamente:  ver
INFORMACION ADICIONAL PCT/ISA/210.-

Casillero II. Observaciones en donde no existe unidad de invencién
(Continuacion del punto 2 de la primera pégina).- (no se consignan datos
en este punto).- INFORMACION ADICIONAL DE PCT/ISA/210.-
Continuacidén de Casillero 1.2 — Reivindicaciones 1-5; 18-22; 6-7 y 23
(en parte).-

Las actuales reivindicaciones 1 y 18 se refieren a un nimero

extremadamente grande de posibles compuestos. En realidad, las
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reivindicaciones contienen tantas opciones, variables y condiciones que
surge falta de claridad (y/o precisién) dentro del significado del Articulo
6 PCT en una medida tal que hace imposible una blsqueda significativa
de las reivindicaciones. En consecuencia, la bisqueda se ha realizado
con respecto a aquellas partes de la solicitud que si aparecen claras (y/o
concisas), tal como las reivindicaciones 10-16 y 26-33.-

Las actuales reivindicaciones 2-5, 19-22 se refieren a una composicién
definida mediante referencia a una caracteristice o propiedad
conveniente, tal como “efecto secundario relativo con relacién a una
composicién similar...”, “con relacién a la aplicaciébn de una
composicién...”.

Las reivindicaciones cubren todas las composiciones que poseen esta
caracter{stica o propiedad, con lo cual la solicitud provee una
sustentacién dentro del significado del Articulo 6 de PCT y/o provee una
revelacién dentro del significado del Articulo 5 PCT para solamente un
nimero muy limitado de tales composiciones. En el presente caso, la
bisqueda significativa con respecto a la totalidad del alcance
reivindicado es imposible. Independienteﬁlente del razonamiento
anterior, las reivindicacioes también carecen de claridad (Art. 6 PCT).
Se intenta definir a las composiciones mediante referencia a un resultado
a ser obtenido. Nuevamente, esta falta de claridad en el presente caso es
tal que hace imposible una bisqueda significativa sobre la totalidad del
alcance reivindicado. En consecuencia, la biisqueda se ha llevado a cabo
con respecto a aquellas partes de las reivindicaciones que aparecen con

claridad, sostenidas y reveladas.-



00004
,Gz

Ademads, las reivindicaciones 4 y 5, asi como 21 y 22, respectivamente,
resultan confusas, y afn contradictorias con respecto a las
reivindicaciones independientes a las cuales se s;.lbordinan. Las
reivindicaciones independientes se refieren a combinaciones en donde
aquellas reivindicaciones excluyen uno de los agentes. En consecuencia,
parece que la subordinacién es incorrecta.

Se llama la atenciébn del solicitante sobre el hecho que las
reivindicaciones, o partes de las reivindicaciones, referidas a invencién
con respecto a las cuales no se ha establecido un informe de biisquedas
internacional no necesitan ser el objeto de un examen preliminar
internacional (Norma 66.1(e)PCT). Se informe al solicitante que la
poliftica de la Oficina de Patentes Europea cuando actiia como una
Autoridad de Examen Preliminar Internacional es normalmente la de no
realizar un examen preliminar sobre materia que no ha sido objeto de
blsqueda. Este es el caso independientemente de si las reivindicaciones
han sido modificadas o no luego de recibir el informe de bdsquedas o

durante cualquier procedimiento del Capftulo II.-
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TRATADO DE COOPERACION DE PATENTES - PCT/US02/17291.-
“PCT” INFORMACION RELACIONADA CON OFICINAS ELEGIDAS Y
NOTIFICADAS DE SU ELECCION.- (Norma PCT 61.3).-

DE: OFICINA INTERNACIONAL.- A: FISHER, Carlos A. - Allergan,
Inc., 2525 Dupont Drive, Irvine, CA 926612 - Estados Unidos de
América.-

Fecha de envio por correo : 17 de julio de 2003 (17.07.03).- Expediente
referencia de solicitante o agente: 17441PCTBAR.- INFORMACION
IMPORTANTE.- Solicitud Internacional No. PCT/US02/17291.- Fecha
de presentacidn internacional: 30 de mayo de 2002.- Fecha de prioridad:
31 de mayo de 2001.- Solicitante: ALLERGAN, Inc. y otros.-

1. Por el presente se informa al solicitante que la Oficina
Internacional, de acuerdo con el Articulo 31(7) ha notificado a cada una
de las siguientes Oficinas sobre la eleccidén de las mismas: EP: AT, BE,
CH, CY, DE, DK, ES, Fl, FR, GB, IE, IT, LU, MC, NL, PT, SE, TR.-
Nacionales: AU, BG, CA, CN, DE, GB, IL, JP, KP, KR, MN, NO, PL,
RO, RU, SK, US.-

2. Las siguientes Oficinas han renunciado al requisito de notificacién de
su eleccién; la notificacién se les enviard mediante la Oficina
Internacional solamente cuando se lo solicite:

AP. GH, GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW.-

EA: AM, AZ, BY, KG, KZ, MD, RU, TJ, TM.-

OA: BF, BJ, CR, CG, CI, CM, GA, GN, GO, GW, ML, MR, NE,SN, TD,

TH.-



s guss

(2

Nacional: AE, AG, AL, AM, AT, AZ, BA, BB, BR, BY, BZ, CH, CO,
CR, CU, CZ, DK, DM, DZ, EC, EE, ES, FI, GD, GE, GH, GM, HR, HU,
ID, IN, IS, KE, KG, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG,
MK, MW, MX, MZ, NZ, OM, PH, PT, SD, SE, SG, SI, SL, TJ, TM, TN,
TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, ZM, ZW.-

3.Se recuerda al solicitante que debe iniciar la “fase nacional” antes del
vencimiento de 30 meses a partir de la fecha de prioridad ante cada uno
de las oficinas indicadas anteriormente. Esto debe realizarse mediante el
pago del arancel nacional y presentado, si se requiriera, una traduccién
de la solicitud internacional (Articulo 39 (1)(a), asi como, cuando fuera
aplicable, mediante la presentacién de una traduccién de cualquiera de
los anexos del informe de examen preliminar internacional (Articulo
36(3)(b) y Norma 74.1).-

Algunas oficinas han fijado l{mites de tiempo fijos que vencen mis tarde
que la fecha antes indicada. Para informacién detallada acerca de los
tiempos aplicables y los actos a realizarse en la fase nacional ante una
Oficina particular, ver Volumen II de la Guia PCT para Solicitantes.-
Oficina Internacional de OMPI - 34, chemin des Colombettes — 1211
Ginebra 20, Suiza.- Funcionario autorizado: Olivia TEFY (hey una firma

ilegible) Teléfono No. (41-22) 338 8616.-
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INFORME DE EXAMEN PRELIMINAR INTERNACIONAL -

Solicitud Internacional No. PCT/US 02/17291.-

I. Base del informe.-

La base del examen preliminar internacional es la solicitud tal como se

present6 originalmente.-

III. No emisién de opinién con respecto a novedad, actividad
inventivo y utilidad industrial.-

La cuestién de si la invencién reivindicada parece ser novedosa, o

comprender un paso inventivo, o ser de aplicacién industrial no ha sido

objeto del examen preliminar internacional con respecto a las

reivindicaciones que no han sido objeto de biisqueda (Articulo 17(2)(a) o

(3) y Norma 66 1(e)PCT); ver también informe de biasqueda

internacional).-

V. Declaracién razonada conforme a la Norma 66 .2(a)(ii)}) con
respecto a novedad, paso inventivo o utilidad industrial.-

En la medida en que se ha realizado el examen preliminar internacional

(ver punto III anterior), se destaca lo siguiente:

A la luz de los documentos citados en el informe de bilsqueda

internacional, se considera que la invencién tal como se define en por lo

menos algunas de las reivindicaciones, que han sido objeto de una

blsqueda internacional, no parece cumplir con los criterios mencionados

en el Articulo 33(1) PCT, es decir, no parece ser novedosa y/o

comprender un paso inventivo (ver informe de biisqueda internacional,

en particular los documentos citados X y/o Y y referencias a

reivindicaciones correspondientes).
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UNITED STATES RECEIVING OFFICE Intemstional Applicstien No.
Auomey Dociet No, 1723 TPCTRAR
L Certification under 37 CFR 1.10 (if applicable) 'ﬂ:
EL38555715208 May 3qp° 2002
"~ Express Mall mailing number . ~ . Date of Depos

I Bereby certify that the spplication/rorrespondence attathed hereto s bell;g deposiied with the United States Ml—ﬁnﬁr&m Mall Fost
gl’g‘u l;J Addressee” service under 37 CFR 1.10 on the date indicaled nbove 3nd is sddressed to Anabsnt Comminioner for Pateats, Washington,
.C. 01
- [

/ ///%‘ ML/ Mary Lou McNown
Si of person malling wnupmdené_- . w«mamamm‘m

IL m New International Application

TITLE Earlicat priority date
HYPOTENSIVE LIPID AND TIMOLOL COMPOSITIONS (Day/Month/Y car)
AND METHODS OF USING SAME ' 31/05/01

SCREENING DISCLOSURE INFORMATION: In order to sssist In unmw foternational
) liuimfwwmmddmmﬂﬁrwumﬁualluuefwfmmnlu M and could be granted end for
er purposes, the following information Is supplied. (Note: as many boxcs ss spply)

A. D The Invention discloscd was sot made in the United States.
B. [] There is no prior U.S. spplication relating to this invention.

c. [X] e tollowing prior-U.S. application(s) contain subject mattcr which is relsted to the inveation disclased (n the
attached international applicstion. (NOTE: priorily to these gpplications may or may not be claimed on form
PCT/RO/10] (Raquesy) and this listing does not constitute a claim jor priorily)

spplication no. 60/294,845 filed on 31 May 2001
application no. filed on

D. [] The present intemational application contains addjtional subject matter not found In the prior U.S. spplication(s) ideurified
in puragraph C. sbove. The additional subject matter is found on pages | |
and [ JDOESNOTALTER [[] MIGHT BE CONSIDERED TO ALTER the general nature of the invention in &

anner which would require the U.S. applicstion to have been mude available for Inspection by the sppropeixts defense
aud-unduJSU.s. 181 snd 37 5.1. Boo 37 CFR 3.13 —

= [ A Response to an Juvitation from the RO/US. The following documsnt(s) ls(are) enclosed:
A. [ ARequest for An Extension of Time to Filg a Response
B. [ A Powerof Anomey (Generat or Regular)
c. 0  Replaccment pagor

pages of the request (PCI/ROVION) | pages of the figures
pages - | of the description pages of the abstract
pages of the claims
p. [J Submission of Priority Documeats
Priority document Priority document

E. [[] Focs us spocificd on attached Fee Calculation sheet form PCT/RO/IO! annex ~ *

1v. [] A Request for Rectiflcation under PCT 91 [ A Petition ~ [] A Sequence Listing Diskeste

Y. D ther (please specify):

The person D Applicant Carlos A. FIBilER
thi Atiomey/Agent (Reg. No. = 1yped name of signer
o X J ——

36,510 7 v )
e — (Lelend O

e T1R Danartment of Commerce: Patent and Trademark Office
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International Application No. -
REQUEST .
International Filing Dute
The undersi reguests that the present
mmu&ﬂpphm be processed ’ .
mnrdmgtothel’lmeoomenny [Name of receiving Office and “PCT Internations] Applicatios™
Applicant’ *s flle refervacs ]
M'rﬁﬂmw 17441PCTBAR
Box No. 1 TITLE OF INVENTION

HYPOTENSIVE LIPID AND 'I'DIDLGL COMPOSITIONS AND HETEODB OF USIRG SAME

Form PCT/RO/101 (first sheet) (arch 2001)

BoxNo.J1 . APPLICANT [] ais perscn is aiso irvemar ~ - .
Nume end address (Fomlly noue; for u lagal entity, fil] official desigpation. | Telephone No.
E:Iu\-wtrh{h'h.wqﬁﬁ- rf * u.u"“ (714) 246-4920
Facsimnile No.
Allergan, Inc. (714) 246-4249
2525 Dupont Drive -
Irvine, CA..92612 ' e _'_""F'""'m" No.
United States of America ' S e
Applicant's regletyation No. with the Offics
Sl;hﬁuh.annm!ofniﬁnnliv: Smﬂhhmqﬂh = .
u Us
et p'll!:u" [] aae 3 e o Boics oF Aty DhA-hu'I“-: uﬁ—uﬂn-'
Bex Ne. I1 mmmemmmmmm '
e e g S 1 e
Sax i the appitcos a--mf Arice o Sote o ir indicated helow) [] sprttcast aty
CHEN, June applicant md luventor
28771 Via Los .Arboles - Mugwum
San Juan Capistrano, CA ‘92675 s markad, do wet A8 in below,)
United States of America Applicant®s registration No. with the Offico
State (that ks, country) of nationality: SMmhb.Wofl-idmnE .
m:immpmum"m Clase= [Jatrmiros, [t - Ly
@ Nﬁcqﬁmww(ﬁ:du)mvmmmﬁmdulmm :
Box No. IV  AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE
The person identified below is hereby/has been appeinted to act on behalf common
of the lppllcllnl(l)bdnlllllcmpmtlmnoul ‘Authorities e: b ] e [ reatative
Name and address: (Fouily name follawad by given name; for o legal entity, Al official detignation. | Telephone No.
FISRER, Carlos & 'ﬂﬂ#ﬂmﬂfr ™ HOROVAN, Stephen | (716) 246-4920
and VOET, Martin A. Facsimile No.
c/o Allergan, Inc. (714) 246-4249
2525 Dupont Drive :
Irvine, CA 92612 “gne No.
United States of America
Agont'sregistration No. with the Offico
36,510 -
dd for correspendence: Mark this check-box common representative is/has
[ %ﬁnhwm»-m.m&m%mmum bown sppotnted and the
Ses Notes 1o the regusst form



Continuation of Box Nuo. Il  FURTHER AFPLICANT(S) AND/OR (FURTHER) INVENTOR(S)
If mone of the following sub-boxes is used, this sheet should not be inciuded In the requess.

R

o o iy, sty ot i s i e
Boxls thecpplicent’s Siase (that ks, cowniry) of residence {f no Sxref iy indicated below,) D licant caly

WOODWARD, David F.

'Y spplicaut sad inventor

22736 Islamare Lane . imventor only (Jf tkis check-box:

Lake Forest, CA 92630 m ‘"""“-zﬂﬂhw

United States of America Applicant's registration No, with the O
Stats (thar ks, country) of nationality: Staix (et s, comary) of residence:

xteppaat . [lase OQftERIves OFESS [ Simatens

Nume and address: (Familynans followad &y name; for o lagal extity, Al official designodon. | This porson s
adkress wrst bncliasly poaiel code and country of the enldrens inicated in this
l’:bh#:i“’-{:ﬁ.wm pmhfnlﬁhﬁﬂw D Ww
KHARLAMB, Alexander B. [X] sppticest and iaveator
1 Pandora . ml . ﬂzﬂ'ﬁl . s
Irvine, CA 92604 is marked, do net il inbelow)- -
United States of America . -
. Applicant’s registration No. with the Office
State (that &, cowntry) of nationality: State (et &, comntry) of residance: —
tha Bintn indiested in

| apmmbiries R Odtiesdyes, Oy tha Soppiemeonl Box

for the purposcs

Nume end sddress: (Fmbly s follownd by gham nme: for alegal st Al affclal dusignetion. | This pecson b
ovkdraxs puist inciuse postel cods amd nome country of e ovkirass indiceted i this

2:“.#5 Stote (thetis, comnsry) oo Semeag) brincicosed bedow) D spplicant only

[[] worticans and ioveuor
O SR Sy

e —

Applicant’s registration No, with the Office

State (that ks, cosno) of ationality: State (that &, country) of residence:

Bapmera— iz~ [amemiysx, [Inisy []&imssss

axidrexs indicoted in this

Name and addreas: (Familymame ollowad by migrnlm'ﬂmw“ This person is:
Include code and q? the
zﬁ-w“ ¥ M’r\:h. m?m’%s:}"’ is indiewsed bulow,) D b :

[C] spriicent and toventor

Applicant’s registration No. with the Office

State (that is, country) of peticnality: State (that &s, country) of residence:

i [Jis [Jitontves. (recsy O]

S

] runher spplicants aaor (further) inventors are indiceted on another coninuetion sheet.

|

Form PCT/RO/101 (contiouation sheet) (March 2001)

Ses Nosex 1o the request form
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Box No.V DESIGNATION OF STATES Mark the applicable check-boxes below; at least one must be marked
The following designations are hereby made under Rule 4.9(s):
Regional Patent
B AP ARIPO Patent: GH Ghana, GM Gambis, KE Kenys, LS Lesotho, MW Malawi, MZ Mozambique, 8D Sudan,
SL Sierra Leone, SZ Swaziland, TZ United Republic of Tenzanis, UG Ugands, ZM Zambia, ZW Zimbabwe, and any other
State which is a8 Contracting State of the Harare Protocol and of the PCT (if other kind of protection or treatmant desired,
specifyondottedling) ....... .. ... ... i i i i e area i i are e e s e aan s
EA Eurssizn Patent: AM Armenis, AZ Azerbaijun, BY Belarus, KG Kyrgyzstan, KZ Kezakhstsn, MD Republic of Moldova,
RU Russien Federation, TJ Tajikistsn, TM Turkmenistan, and amy other State which is a Contracting State of the Eurasian
Patent Convention and of the PCT
K EP Europesn Patent: AT Austria, BE Belgium, CH & LI Switzeriand and Licchtenstein, CY Cyprus, DE Germany,
DK Denmark, ES Spain, FI Finland, FR France, GB United Kingdom, GR Greece, 1E [reland, IT Italy, LU Luxembourg, |
MC Monsco, NL Netherlands, PT Portugal, SE Sweden, TR Turkey, and any other State which is s Contracting State of
the Enropean Patent Convention and of the PCT
OA OAP! Patent: BF Burkina Faso, BJ Benin, CF Central African Republic, CG Congo, CI Cbte d'lvuire, CM Cameroon,
GA Gabon, GN Guines, GQ Equatoriel Guinea, GW Guinea-Bisssu, ML Mali, MR Mauritania, NE Niger, SN Senegal,
TD Chad, TG Togo, and sny other State which is 8 member State of OAPI and & Contracting State of the PCT (If other kind
of protection or irealment desired, specifyondofted ling) .. ..........ccitiiiiiiaiii it e i s s e e aans
National Patent (if other kind of protection or treatment desired, specify on donted line):
E] AE United Arab Emirates & GM Gambia KX NZ New Zealand. ...............
K] AG Antigus and Barbuda B HR Crostis ........ccvvvveenen. & oM Oman
B AL AIDENIg .. .oeovevevnnerennenn, AU HUNGATY .oovvvvenvnnnnnnnns i PR Philippines..................
Kl AM Amenia......... ereereareiae & ID Indonesia IRPL Poland.....oviieennanas
ElAT Austrin..o.ooeveeeeiinnnnann.. B femel........ccoccennennne EXPT Portagal..........oc..uee
N IN IndiB.ooovinnnnnnnnmennenns & RO Romania
B AZ Awctaijan........... veeerer. @IS loeland & RU Rustion Federsticn . ........ ..
K1 BA Bosnia and Herzegovim.. . ... ..., 2 ) S
K] BB Barbados KE Kenys.............. preevenan £ 5D Sudan
K BGBulgarin...ccovvvvininennnann. KGKyrgyTstal . . .o vvvvereennnens B SE Sweden
EBrBrazil......cccceivennnnes KP Democratic People’s Republic X 8G Singspore
EKBY Belwus...ooovveverevinnrnns of Korea.......oo00nennuns B5 Sovemin.......cccuueeeee..n
EIBZ Belize.......ccccvneverennnnn. KR Republic of Kores .. ........... L 5K Slovakin.....ccovvveennnnnne
K] CA Cansda D XZ Xazakbgten . ................. D SL SiemsLeone.........ccuintns
K] CH & LI Switzeriand and Liechtenstein K] LC Saint Lucia R T3 Tejikdsmn...................
) d o e S Kl LK Sri Lanks & T™ Turkmenistan . ... ..
10 co Colombis Kl LR Liberia It TN Tunisia :
EICRCosaRics......ooovmnnnnnnns EILS Lesotho....ooeeviirenenns BITR Tukey..coovvvieiennnninnn.
Dcocuc.....covvviviiiennnnnn. B0 LT Litwenis % TT Trinided and Tobago ......:..-
£] ¢z CrechRepublic............... EJLU Lmxembourg ™ 0 iiiiiieeeecciaeeaiians
KIDE Germany ........vuvnnnes ... b@d LV Latvia TZ United Republic of Tanzanin
K] DK Denmark . ......ccvineeninnn, Bd MAMoroceo. ... UA Ulmaine .....oceevvnnnens .
K] DM Dominica bl MD Republic of Moldova . . ....... UG U ..cevvinererreeenss
KIDZ Algarin...ccciiiiiieiiai et iiieiiiir e United States of Americs . . . . -.
ElEC Ecusdor.......ccvvvcennnnnn. B MGMedagascar..........oovvveer ciiiiiinenn. eeesaarreneaes
KIEE Estonia.....oveevnneennnnnn, MK'I'h:fomYugonlnRepubhcof UZ Uzbekisthl . . vveevvnreennss
KES spain ....cooovviivveennn Macedonis ........le... VN VitNam.......... cerenene
¥ Finlend..........ccvvnue...:. K] MN Mongolie YU Yugoslavis ......ccvvenenens
K] GB United Kingdom Rl MWMalewi ... 3ol ZA South Africa................
K] GD Grerada . &) MX Mexico............... .+ Jol ZM Zambia
KGEGeorgin....ocooocvvvneennnn. K] MZ Mozambique ot ZW Zimbabwe . ... ..ovniennans
KIGHGh ..o ivvevaeeaeann. k! NO Norway
Check-boxes below reserved for designating States which have become party o the PCT after iasuance of this sheet:
e N 1 errereeans veeranerneeens 0 .
o I PP 0
Precautionsry Designation Statement: In addition to the designations made sbove, the spplicant slso makes under Rule 4.9(b) all
other designations which would be permitted under the PCT except any designation(s) indicated in the Supplemental Box as being
excluded from the scope of this statemnent. The applicant declares that those additional designations are subject to confirmatioo and that
sny designation which is not confirmed before the expiration of 15 months from the priority date is to be regarded s withdrewn by the
applicant at the expiration of that time limit. (Confirmation (including fees) must reach the recelving Office within the 15-month tima limit)
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BoxNo. V1l PRIORITY CLAIM

The priority of the following earlier application(s) is bereby claimed:
ﬁlm ﬁll - Nm - m Hﬂi & lw‘i I. .“=

of earlier spplication of earlier application . —
(dayimonti/yecr) national spplicstion: | regional application:* | internstiona) spplication:

itermn (1)

(31.05.01) .
|31 May 2001 | 60/294 845 s
itern (2)

itern (3)

item (4)

item (5)

[T Further priosity claims are indicaed in the Supplemental Box.
The receiving Office is roquested to prepare and tranamit to the International B certifiod copy of the ceriier
rmwwwﬁumhwmhnmdmmm. mﬂw is the recelving mwww
shove sx:

] stivas E] o) [J tem@ [0 em@ [ kem@ [O e D#ﬂ:-unu

* Where the eariier qpplication is an ARIPO application, indicate ot leasi ons country Comvention Protection
Indnﬂhqrku}ﬁé::flhr Mapu;ﬁmhmm“ﬂﬂﬂzmd

Box Ne. YH INTERNATIONAL SEARCHING AUTHORITY

Chelce of 1 tions] Searching Auth
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Reqoest to wse results :fllﬂhr'llll'lll; reference to that search (Y an earfiar search Aoy been carriad out by or recpmessed from the

Date (dawinonthiyear) Number Conntry (ar regional Officy)
Box Ne. VI  DECLARATIONS
The following declarationi are containcd in Boxes Noa. VIII (i) to (v) (mark the qpplicable ~ Nuniber of
mmdmmmmmumqmgpqmm deklarations
[J BoxNe.vm() Declaration a1 to the ideatity of the inventor
D Bax No. VINI (if) Declurstion as 1o the spplicant’s entithement, as at the interuationsl filing

date, to apply for and be granted & patent
D Box No. VIII (iii) Declaration as o the applicant’s entitlement, as st the internations! filing

date, to claim the priority of the earlier application

Box No. VIII (iv) Deciamtion of inventorship (only for the of the designation of the
B United States of America) pirpors denignarion
[] Box Ne. VI (v) Declarution as to non-prejudicial disclosures or exeeptions to lack of novelty
See Nocar to dhe reguesi form

Form PCT/RO/ION {thind sheet) (March 2001)
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This intemational spplicstion coatalns: This inernational spplication is sccompanied by the Number
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(@ [ only (under Section 801(a)i)) international application) :
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BoxNe.X SIGNATURE OF APFLICANT, AGENT OR COMMON REPRESENTATIVE .
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Carlos A. FISHER
Fox receiving Office use caly
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e rporied micnational spplication: *
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For International Buresu use only
ipt of the record
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FEE CALCULATION SHEET , ) -
Annex to the Request

Applicant’s rageat’s 4,4 ) PCTRAR

Applicant

pel Allergan, Inec.

CALCUI.A'HONOFI’RECRIBED_FEB

I. TRANSMITTALFEE . . - - -+ o v vt i n e s e e ns 240

2 SEARCHFEE . . . . o oo ee e o e |___866
International search to be carried out by ISA/EP
(1 two or ware International Searching Awhorities are competent 1 carry out the inernational .

search, ldmﬁ_-(k.{mdﬁhch- %0 coryy out the international search )

3. INTERNATIONAL FEB
Basic Fer

Where items (b) of Box No. IX applics, enter Sub-total number of sheets 45
Where item (b) of Box No, IX does not apply, enter Total number of shesls
B)amsoshees S . ... ... ... L
P 15 x___9%9 135 ]
& T fox per shect
additionsl component sequence listing part of description .
-ﬁmcmmsm nhhhﬂ&l D, o
both in that form and oo, paper, mth:Se:hulO(l
400 x - fo3} .
fee per shoet 542
Add ot eatered at b, 12 end 13 snd coter oml B . , . . L [B]
Dullnllnl?n 93
The internaticon] application containe desigratiohs,
5 x $88 N e 0]
numhdhmE aencumt of designation fiee .
paysblo (maxism ) -
Aaumm:nwnuumwul .......... L 982
PPl b ol gl %) 10 i 4
0 be dli.‘m‘d nL a’l-dm _ 15
FEE FOR PRIORITY DOCUMENT (Vfapplicable) . . . . . . . . L.
S TOTALFEESPAYABLE . . . . . . . . . . . . cuveesn 2,103 USD
Add amousts enteved a2 T, §, I and P, and enter total in the TOTAL bax JOTAL
] The desiguation fbes sre not puid at this time.
Montorumm ' _
O cheque £ bunk datt g revenue stamps O other (pecifi):

AUTH RIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT ) uUs
(This mode of payment may mot be available at all recelving Officey) Recriving Office: RO/

Deposit Account Ne.: 01--0885
fX] Authorizstion to charge the total fees indicated above. A Nos 29 May 2002
X mum%umum mﬁr M Date: y
UG‘IIIF
oF credit any overpaymént in the tota] fecs indicated bave. ey Name: /") Cerlos A. FIGHER
& Anthmnmmdwplhefn.hmdmmnl. Signature: / \
Form PCT/RO/101 (Anmex) (March 2001) See Noiex 1o the fos calculotion shest
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(for several iniernational applications filed under the Paient Cooperation Treaty)

(PCT Rule 90.5)

The undersigned person(s) = ’
(Fadbvmﬂlmndbyghum, fwclqdwlmﬁdlwduwum ﬂznﬁumhﬁﬁpﬁeﬁdm#mﬂy)

VOET, Martin A., Asglstant Secretary
Allergan, Inc,

2525. Dupont Drive

Irvine, CA 92612

Un{-:lted' ‘Btates of America

herehy appoiats) the folowing perscn s & e
Nanqpml ldllr-l '

ﬁm@?ﬂuﬂﬂaﬂbyﬂunm ﬁahﬂllﬂl‘mwm Thaﬂwnﬂwwaﬁﬂmdw
_Bﬂ:ﬁn ~Robert J., Registration No.- 25,806
FISHEﬂquarlos Ay Registration No. 3'6 510
VGET, MaTtin-A., Registiation ‘No. ‘25, 208
DONO‘VAH& Stephen, Registration Ko. 33.133
cl,p“' Ali€rgan, ‘Inc, .
3525, -nuiont Drive
Irvi‘nec,,;sﬁa 92612 .
I!n:lt'ed :St&tea of America

Dmm

' mmuuu‘hnpdwm [x] s the competent Imemational Authorities
i L [] the Inemations! Searching Authortty enly
: - [C] the imerational Preliminery Exsmining Authority onty
mmmmwmddlmqmmﬂlpplmﬁhdbymewm&mm

L3 and “BP - b3 recelving Office
mdhmﬁrwmmmﬂmbdnﬁofﬂnuﬂm
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By: - - P " . .
“Martin .A. Voet, Asdistsnt ‘Secretary

Date: _- May 4, 1999
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PATENT COOPERATION TREATY JuL 10 2007 ,90

From the RECEIVING OFFICE

To:

CHALOS A. FISHER

C/O ALLERGAN, INC.

2525 DUPONT DRIVE
IRVINE, CALIFORNIA 82812

LEGAL/PATENTS
PCT

NOTIFICATION OF THE INTERNATIONAL
APPLICATION NUMBER AND OF THE
INTERNATIONAL FILING DATE

(PCT Rule 20.5(c))

Date of mailing
{day/moniiysar)

0 5 JUL 2002

Applicant's or agent's file referenee

IMPFORTANT NOTIFICATION

17441PCTBAR
Intcrnational spplication No. International filing dele (deyhrombyear; | Priovity dale (dawimonthhear)
PCTIUS02/17201 30 May 2002 31 May 2001

Applicant

ALLERGAN, INC.

Thie of the Invention
HYPOTENEIVE LIPID AND TIMOLOL COMPOSITION 8 AND METHODS OF UBING BAME

E waa trangmitted to the Intemational Buresu on

. Theapplicantisherebynotifiad thet the international spplication haybeen accorded the international application numberand the
international filing date indicated above,

1 Theapplicant is furthernotified that the record copy of the international spplication: 0 5 JUL ZUUZ

[[] tmsnotyetbeentransmitied tothe International Bures for the reason indicated belowand s copy of this natification

hasbeen sent Lo the Intemational Buresu®:

D because the necessary natlonal security clearunce has not yet been obtalned,

[] ecausetreasomiotespecified:

* The Imemational Bureau monitors the transmittal ofthe record copy by the receiving Office and will notify the applicant (with
Form PCT/B/301) ofts receipt. Should the recard copy not heve been received by the expirstion of 14 montha from the priority
daiz, the International Bureaw will notify the applicant (Rule 22.1(c)).

O
O

3. FOREIGN TRANSMITTAL LICENSE INFORMATION

Additional License for foreign transmittal not required. This subject maiter Is covered by a license already granted or
the equlvalent U.S. national spplication. Refer to that lieense for information concerning it scope.

License for foreign transmittsl not required. 37 CFR. 5.11(e)X1) or 37 CFR 3.11{cX2). However, a license may be

required for additional subject mener. See 37 CFR 5.15(h).

Completed by: T8

[X] Foreign wansminia ticense granied. 35 U.S.C. 184; 37 CFR 5.1 on 28 Jun 2002
(dute)
[¥] 37cFR5.150) O rcrrsism
Name and mailing address of the reeeiving Office Authorized officer

Assistant Commissioner for Patent, Box PCT Tyetta Staton
Washington, D.C. 20231 Atn:RO/US

Faesimile No.  703-305-3230

Telephone No. T03-305-3671

)

Form PCT/RO/105 (July 1992)
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ATENT COOPERATION TR!I’Y
oyl
From the INTERNATIONAL BUREALe v or |
PCT To:
| [ ) - 0
NOTIFICATION CONCERNING . .
SUBMISSION OR TRANSMITTAL Elf"";.“;‘ °|:"°" A.  LEGALPATENTS
, INC.
OF PRIORITY DOCUMENT 2525 Dupont Drive
(PCT Administrative Instructions, Section 411) Irvine, CA 92612
' United States of America

Date of mailing {day/month/yaar)

10 September 2002 {10.09.02)
Applicant's or sgent's flle reforence

17441PCTBAR IMPORTANT NOTIRICATION
International application No. International filing dete (dey/month/year)

PCTAUSO2/17291 30 May 2002 (30.06.02)
International publication date (day/month/year) Priority date (day/month/vesr)

Not yet published 31 May 2001 (31.05.01)
Applicant

ALLERGAN, Inc. et al

1. The applicant is hereby notified of the date of receipt (exoept where the lstters *NR” appear In the right-hend column) by the
International Bureau of the priority document(s) relsting to the sariler appliostion(s) Indioated below. Unless otherwise
indioated by an asteriek appearing next to & date of rgoeipt, or by the letters "NR", in the right-hand column, the priority
document eoncernad was submittad or transmited to the Intemnatlonsl Bursau In coniplisnce with NMule 17.1(a) or (b).

2. ‘This updates and replaces any previously issued notification congemning submission or transmittal of priority documents.

3. An asteriski®) appesring next to a date of recelpt, In the right-hand column, denotes a priority documant submitted
or transmitted to the imernationsl Bursau but not in gomplisnoe with Rule 17.1(a} or [b). in such a cass, the sitention
of the applicant la directed to Rule 17.1{c) which provides that no designated Offios may disregard the priority olaim
concerned bafore giving the applicant an opportunity, upon antry into the natlonal phases, to furnish the priority dooument
within a time limit which ls reasonable under the circumstances.

4. The letiers "NR" gppearing In the right-hand column denote a priority dooument which was not recelved by the International
Bureau or which the spplicant did not request the reoeiving Office to prepare and tranamkt to the imernational Bureau,
as provided by Rule 17.1{a) or {b), reapectively. In such a case, the sttantion of the applicant Is directed to Rule 17.1(c) which
provides that no designsted Office may dlsregard the priority clalm concernsd before glving the sppiloant an opportunity,
upon entry into the national phase, to furnish the priority document within a ime limit which Is reasonable under the

The Internstional Bureau of WIPQ
34, chemin dos Colombettes
1211 Geneva 20, Switxerland

Facsimile No. {41-22) 740.14.35

Prlority d Priari ligation N G lonal O 0 { racel
or PCT recalving Offica af prarity dooument
31 May 2001 (31.05.01) 60/294,845 us 22 July 2002 (22.07.02)
Authorized officer

Khemals BRAHMI

j/\—"-—

Telephona No. (41-22) 338.83.38

Form PCTAB/304 (July 1098)
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PATENT COOPERATION TREATY P °T"6532’° 17291
From the INTERNATIONAL BUREAU 18 2
Ta:
PCT ° RECEIVED
NOTICE INFORMING THE APPLICANT OF THE -OFC 17 2002
COMMUNICATION OF THE INTERNATIONAL ::zH'iFn‘- s:rm- A
APPLICATION TO THE DESIGNATED OFFICES zms'ﬂnu-po T Drive LEGAL/PATENT S
Irvine, CA 92612 .
(PCT Rule 47.1(c), firs1 sentence) ETATS-UNIS D'AMERIQUE
Date of mailing{day/montl/year)
05 December 2002 (05.12.02)
Applicant's or agem's file reference
17441PCTBAR IMPORTANT NOTICE
Intemetional application No. International filing date{daymonifiyear) Priorily dale{day/nonth/vear)
PCT/US02/017291 30 May 2002 {30.05.02) 31 May 2001 (31.05.01)

Applicant
ALLERGAN, Inc., et al

l. Notice is hereby given that the Iniemestional Bureau has communicated, az provided in Anicle 20, the inlerpational spplication 1o Lthe
following designated Offices on the daie indicated above as the date of mailing of this notice:

KP, KR, US

In accordance with Rule 47.1(c). third sentence, those Offices will accept the present notice as conclusive evidence that the communication
of the internationsal application has duly w=ken place on the dele of mailing indicated above and no copy of the iniemational application is
required 10 be fumished by the applicant 1o the designated Office(s).

!J

The following designaied Ollices have waived the requirament for such @ communication aL this time:

AE, AG, AL, AM, AP, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EA, EC,
EE, EP, ES, F1, GB, GD, GE, GH, GM, HR, HU, ID, I, IN, IS, JP, KE, KG, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG,
MK, MN, MW, MX, MZ, NO, NZ, OA, OM, PH, PL, PT, RO, RU, SD, SE, SG, Si, SK, St, TJ, TM, TN, TR, TT, TZ, UA,
UG, UZ, VN, YU, ZA, ZM, ZW

The communication wil! be made Io those Offices only upon their request. Furthermore, those Offices do nol require the applicam o
furnish a copy of the intemnationa) application (Rule 49. 1(a-bis)).

Enclosed wilh this notice is a copy of the iniematjonal applieation as published by the Inernational Burean on
05 Decamber 2002 (05.12.02) under No. WO 02/096432.

4. TIME LIMITS for Nling a demznd for Internatlonal prellminary examination and for entry Inio the mational phase

‘The applicable Lime limit for entering the national phase will, subject o whal ks sald in Lhe following paragraph, be 30 MONTHS from
the priority daie, not only in respeci of any elecied Office if a demand for iniemational preliminary examination is filed before the
expiration of 19 months from the priority date, bul also in respeet of any designated OfTice, in the absence of filing of such demand, where
Arlicle 22¢1) as modified with eflect from ¢ April 2002 applies in respect of thal designated Offica. For further details, see PCT Gazerie
No. 44/2001 of | November 2001, pages 19926, 19932 and 19934, as well as the PCT Newsletter, Ociober and Novemnber 2001 and

February 2002 issues,

In practice, time limls other thun the 30-month ime limlt will continue 1o apply, far various periods of lime, in respect of censin
designated or clected Offices. For regular updates on the applicuble time Jimits (20, 21, 30 or 31 months, or other time Jimit), Office by
Office, refer to the PCT Gazeue, he PCT Newslsuer and (he PCT Applicant’s Guide, Yolume 11, National Cheplers, all available from
WIPO's Iniemet sile, at http/www.wipo.in/pet/enfindex. himl.

For filing 2 demand for inlernatonsl prellminary examinulon, see the PCT Applicant’s Guids, Volume VA, Chapier IX. Only an
applicunt who is a national or resident of u PCT Contracling Se which is bound by Chapier 11 has the right 10 file a demand for
inemational preliminary examination (ai present. all PCT Conuracting Slales are boond by Chapler 11).

1t is the applicant's sule responsibilily 1o monitor all these Lime limils.

v

The Intemational Bureau of WIPO Authorized officer

34, chemin des Colombel i
i c;er:uue!:-?.-‘o Switzeslord Judith Zahra

Focsimile No.(41-22) 740.14.35 Telephone No.(41-221 33891.11

Pamme WAL TG 1 A vl TN
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00

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

{19) World Intellectual Property Organization
Intemnational Burcau

(43) International Publication Date
§ December 2002 (05.12.2002)

PCT
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MAY 2& 7993
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(10) International Publication Number

WO 02/096432 A3

AGIK 31/5575,

(51) International Patent Classification™
ABIP 27106 / (AGLK 31/5575, 31:535)

{21) International Applicatioa Number: PCT/USOV17291

(22) International Filleg Date: 30 May 2002 (30.05.2002)
{25) Filing Language: English
{26) Publication Langoage: English

{30) Priority Data:
60/294,845

(71) Applicant (for all designated States except US): ALLER-
GAN, Inc. [US/US]; 2525 Dupont Drive, Lrvine, CA
92612 (US). )

31 May 2001 (31.05.2001) US

{72) laventors; and

(75 luventors/Applicants (Jor US only): CHEN, June
[US/US); 28771 Via Los Arboles, Sen Juan Capistrano,
CA 92675 (US). WOODWARD, David, K [USUS];
23735 lslamare Lane, Lake Forest, CA 92630 (US)
KHARLAMB, Alexander, B. [US/US]; | Pandora,
Irvine, CA 92604 (US).

{14) Ageats: FISHER, Cariqs, A. ef al.; Allergan, Inc,, 2525
Dupont Drive, lrvine, CA 92612 (US),

(81) Deslguated Statea (national): AB, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DB, DK, DM, DZ, EC, EE, ES, F1, GB, GD, GE, GH,
OM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP. KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, FH, PL, PT, RO, RU, SD, SE, $G,
SL SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VN, YU, ZA, ZM, ZW.

{84) Designated States (regional): ARIPO patent (OH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UQ, ZM, ZW),
Burasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
Buropean patent (AT, BR, CH, CY, DE, DK, ES, Fl, FR,
(B, GR, IR, IT, LU, MC, NL, PT, SE, TR), OAPI patent
(BF, BJ, CP, CG, CI, CM, GA, GN, GQ, GW, ML, MR,
NE, 5N, TD, TG).

Published:
—  with international rearch report

' [Continued on nexi page]

(S4) Title: HYPOTENSIVE LIPID {(PROSTAGLANDIN DERIVATIVES) AND TIMOLOL COMPOSITIONS AND METHODS

OF USING SAMB

= FENICLE (me$)
=t SALIAE (YENICLE GROUP, nag)
~0-2207%K NYPD LW (eeg)

~O—Siar (GO0
O ML f10F,

HYPD 1P GO, Ang
~9-005 % TADLOL MALLATE (neg)
X TINOLO SWLETTE G0N Ang)
~E-A00I% YR LIP + GDS'S TRMALIX MALEATE (e d)
~=ALNEL00LX NIPO L + A0S TRANOL ANONTE COpti i nal)

{57) Abstract: New compasilions for and methods of troating oculur hyperiension provide for effective weatment of ocular hyper-
tension ofien using reduced concentrations of octive companents. Such compasitions include a limolel component und a hypolensive
lipid component. The present compositlons and methads are relatively straightforward, can be easily produced, for example, ining
conventional manufacturing techniques, and can be sasily and convenienily practiced, for example, using application or adminis-
tration lechniques or melhodologies which are substantlally similer to those employed with prior compositions used to treat ocular

hyperteasion.
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onal Appiloatien Ne a0
PC1/US 02/17291.

IPC 7

A. GIASSIFIC;E?&%I; 7555IEC1' MATY

75 A6 1?27/06

Amnulmm-mnmmhlwclmommmu_mmamm

//(A61X31/5575,31:535)

8. FELDS SEARCHED -

IPC 7

Minimum documeniation ssarched (cassificaion sysiem jolowed by cassification aymbols)

A61K

Documaniation sesiched other an minkmum documaniation ko the sxser thal such documants ars inclutied in ha Haliy ssarched

EPO~-Internal,

Elecironic daia tase consuled duting the intemetional search (name of dals base el whoss praciical, samch \nve Usd)
WP1 Data, PAJ, BIOSIS, EMBASE, CHEM ABS Data

€. DOCUMENTS COMSIDERED TO BE RELEVANT

Category -

Challon of document, with incicellon, where sppropriate, of the rslevan passages

Y

WO 97 30710 A (ALLERGAN INC)

28 August 1997 (1997-08-28)

page 4, line 29,30

page 4, Yine 32

page 4, line 35

page 5, 1ine 2

page 13 1ine 15 -page 14, 1ine 15

gaee 5, 1ine 1 - page 7, Tine 18 formulas

EP 0 286 903 A (PHARMACIA AB ;UNIV
COLUMBJIA (US))

19 October 1988 (1988-10-19)
column 3, line 39-48

column 5, line 2-4

column 5, 1ine 8-10

=

6-17,
23~-33

6-17,
23-33

m Further documents are lisied In e confinuation of bes C. E Patond Sanilly mambers are fisted (n srmex.

= Spacia) caisgoriass of cied documants :
deiining the .-dl'lhl an which b not
w ms;mdhndﬂlhlhr
& -_n:mmmmmummm
v M-d“l?h whmﬂm%d-w)ﬁ:
chiafion or ofhor spocial renson {(es
o wmnmnmn usa, axhibiiion or

document pubdshad rior 1o the Inkerstona) 1ing Cisie bt

‘4" documeni member of Ty shme phisnd family

Duin of the scius! corrpiation of |he Interratlonnl gasvch

Datn od mailieng of the Itemations! sesrch repon

19 December 2002 03/01/2003
Nams and melling atkirows of e ISA Authorizad offiosr
Emn Pateni Cifics, P.B. 5618 Palenisan 2
= 2280 HV Riiswik
;:(:g‘-_%?‘o-m Ta. 37 851 epo o, Baumglrtner, H

Form PCTAGA/210 (aacons whast) Luly 1088)

3¢
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INTERNATIONAL SEARCH REPORT PCT/US 02/17391

Box | Obasrvations where certain clalms were found unsearchabls (Continustion of item 1 of firht sheet)

Thia intemationa Search Report has nol besn esiablished in respect of cartaln clalms uder Articls 17(2)(a) for the following reasons:

1. m Claims Nos.:
bacausg they reless o subject matier nol requind 10 be seaschad by this Authority, namaly!
Although claims 6-17 are directed to a method of treatment of the human/animal
body, the search has been carried out and based on the alleged effects of the
compound/composition.

2. mm 1-5, 18-22; 6-7 and 23 (1n part)

bacau ralate ta o tha intematipnal Appicasion thet do not with he prescribed raguitemens o sch
mu&ﬂmmﬂﬁlﬂnﬂidﬁmh“onm

see FURTHER INFORMATION sheet PCT/ISA/210

3 Ciaime Nos.:
[:I becausg ey are dependant ciaims and are not drafied In accordance with he sacond and thivd sentences of Pule 8.4(n).

Box # Obsarvationa where unity of invention |s lacidng (Continuation of Hiem 2 of first sheef)

This imemational Saarching Authority found mutiiple inveniions in this intemational application, a8 fofows:

t. D Mﬂnﬂo&uﬂhﬂ-ﬂmmmmﬂypﬁwumtﬁlmmmﬁd
ssarchabie claims.

2 As sl gearchabie clalms could be ssarched without efiort dicitional oy, thi did not invis
D b cla ¢ justifying an s Authority pymant

3. As some of ho Ied skiiional search lees the this inlemational Sserch
[ ,,:.*m,;,.,mum...mmmmz.. ophcan, Fapert

4 D NO requinad acditfonal asarch lees ware tmely paid by the appiicant. Conasaguantly, this intsmational Ssarch Reportis
restricied i the Invention firsl mentioned \n e claime; it s coverad by ciaims Nos.;

Remark on Protest D The accitional search feks were Rccompaniad by he appicante protest,

D No prolesl accompaniad the payment of acdiional ssarch fass.

Form PCTASA/210 {continuation of first shest (1)) (Jly 1698)

1



INTERNATIONAL SEARCH REPORT

[ Application No
ormation on patent lamily members pCT/US 02/17291
Patent document Publication Pawent family Publication

cited In sesrch report cale moember(s) date

W0 9730710 A 28-08-1997 US 5688819 A 18-11-1997
AU 2272197 A 10-09-1997
WO 9730710 Al 28-08-1997
us 5972991 A 26-10-1999
Us 6037364 A 14-03-2000
us 6403649 Bl 11-06-2002
us 6204287 Bl 20-03-2001
us 5834498 A 10-11~1998
US 2001016597 Al 23-08-2001

EP 0286903 A 19-10-1988 AT 76750 T 15-06-1992
AU 607981 B2 21-03-1991
AU 1387088 A 06-10-19688
CA 1314220 Al 09-03~-1993
DE 3871596 D1 09-07-1992
DE 3871596 T2 21-01-1993
EP 0286903 Al 19-10-1988
ES 2042625 T3 16-12-1993
GR 3004794 T3 28-04-1993
6R 3033721 T3 31-10-2000
HU 9500519 A3 30-10~1995
JP 2726672 B2 11-03~1998
JP 63313728 A 21-12-1988
us 4952581 A 28~08-1990

Fomm PCTASA210 (pelan! Lynily arriex) Lhly 1998)
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' PATENT COOPERATION THEE RECETY

o
Ty BB w’

Fﬁ?rmnk":xrlonn PRELIMINARY EXAMINING AUTHORITY ﬁl - l g;’

! PCT GAL/PATENTS

To:

FISHER, Carlos A.
ALLERGAN, INC. NOTIFICATION OF RECEIPT
2525 Dupont Drive, OF DEMAND BY COMPETENT INTERNATIONAL
Irvine, CA 92612 PRELIMINARY EXAMINING AUTHORITY
]
ETATS-UNIS D' AMERIQUE (pc'r Rules 19.1(.‘ and 61, 1(5). first sentence
and Administrative Instructions, Section 601 (s))
Date of malling
(day/monthyssr) 30-12-2002
Applicant's or agent’s file reference IMPORTANT NOTIFICATION
1744 1PCTBAR
Internatdons] application Na. International fllng dats (day/month/ysar) Priority dute (dey/monthjysor)
PCT/US 02/ 17291 30/05/2002 31/05/2001
Applicant
ALLERGAN, INC. et al.
. Tm i natified that this Internatonal Preliminary Examining Authority considers the following date
' date rwd;tofh;e%mrwm:u:ndm wumhﬂudﬂnhwﬁ'nnllnpm . the
17/12/2002

2. ‘This dete of recaipt ic
x| the sctual date of receipt of the demand by this Authority (Rule 61.1(b))

[[] the actusl date of recelpt of the demand on behalf of thls Autharity (Ruls 59.3(e)). .
[] the date an which this Authority has, In response to the iavitation to corrost dafects In the demand
(Form PCT/IPEA/404), received the required corrections.

! TTENTION: That datz of is AFTER the expiration of 19 months from the mcu.q_

» O a l)mld:m.:lledunm(dn not bave the effers of m:'h ph-umlm
mnﬂnﬁ'mﬂnmmtorln- momu)( '”3? the sots muwunm
phlumunbep!rforrmdndﬂllnmmonlhlﬁm lhw(wllﬂ'lnmcomt 12). For detalls, soe
the PCT Applicant's Guids,Volume II
[] (i appicabis) This notification cunfirms the information given by telsphone, facsimile transmission or in parsco

on

4,  Only where paragraph 3 applies, a copy of this notification has besn sant to the International Buresu.

Naums and mailing address of the IPEA/ Autharized officer
Buropean Patent Office
D-80298 Munich LODOLO F
Tel. (+49-89 zm-o. Tx: 523656 epmu d
—===__ Fax: (+45-86)209 Tel, (+49-89) 2399.2039

"Form PCT/IPEA/402 (July 1992) P20452 )
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RECETVED

PATENT COOPERATION TREATY
Jak -8 %93 gs

LEG ~GAL/p
From the INTERNATIONAL SEARCHING AUTHORITY P cT ATENTS
To:
ALLERGAN, INC. NOTIFICATION OF TRANSMITTAL OF
Attn. Fisher, Carlos A. THE 'mg?%%";écsl EA. Rnc"'mo:Em
2525 Dupont Drive,
Irvine, CA 92612
UNITED STATES OF AMERICA (PCT Rule 44.1)

' Daw of maling
(deyinomhiyes)  03/01/2003

Applicant's or agent's e reference
17441PCTBAR FOR FURTHER ACTION  Boe paragraphe 1 and oo

PCT/US 02/ 17291 5/2002

Aot PETION <2
ALLERGAN, INC. N '

International appiication No. RESPONSE DU nemational llngdste 77, A, S_ 2 /0.3

1. [X] The appiicant is hereby notfied that the Lntemational S¥rch Fapiort b b

Flling of amandments and staternent under Articls 18
The appiicant ls entitied, i he so wishes, to amend the claime of the Intemetional Application (sse Fule 48):

Whan? The time Emit for Jling such amendments is normally 2 months from the date of tranamittal of the
international Search Raport; however, for more dotalls, 808 the notes on the accompanying shaat,
Whare? Diectly tothe  Intemationsl Bureau of WIPO
34, chamin des Colombettss
1211 Genova 20, Switmriand
Fascimlie No.: (41-22) 740.14.36

For mors detalled instructions, s8¢ the notes an the accompanying shest.

‘12, The applicant Is hereby notiied that no Inmmnlpﬂ‘lﬂlhl.ﬂﬂwlﬂhlﬂ mm
Article 17{2)a) 10 that effect [s tanemited herewl

3. [] With regard in the protest against peyment of {an) edditional fee(s) under Fule 40.2, the appiicant |s noffied that:

D Mpmmrulmmdmmmmummmmmh|mmmummwmu
applicant's request to forward the taxts of both the protest and the decision thereon 1 tha designated Ofices.

[J o decision has been made yet on the protest; the eppiicant will be notified as soon as & decision is made.

4. Furthes action{s): Tha appilcant ls reminded of the following:

Shonlvdur'llmonu-frumhmm molninalhmllpplhﬂmwllhmwnmhnﬂﬂm
If the appicant wishes 1 avold or postpons publication, a notice of withdrawal of the intemational appliication, or of the
priority claim, must reach the International gamuupmldndlnmm1mdwmm before the
com of the wchnical preparations for international publication.

Within 19 months from the priority date, a demand for intemational preiminary sxamination must be flled If the applicant
wishes to posipone the entry Into the national phase untl 30 months from the priority date {In some Offices even lader).

Within 20 months from the priority date, the applicant must perform the prescribed acts for entry Inio the nationad phase
before al designated Ofices which have not mmmf' the demand or in a iater slection within 18 months om the
priority date or could not be elected because they are not bound by Chapter II.

Nlmnndmlllngmofhlnmﬂomlmmnm Authorized officer

Punmom- P.B. 5818 Pulentisan 2 . .
Dominigque Hundt
Tal (+31-70) , Tx. 31 851 eponl,
Fax: (+31-70) 340-3016

Farm PCT/ISAZ20 (Juty 1996)



NOTES TO FORM PCTNSA/220 : : OMV{

Theas Notes are intended to give the basio iInstructions conceming the filing of amendmenis under article 18. The
Noles are basad on the requiremenis of the Pafert Cooperation Treaty, the Regulations and the Adminisirative instrudtions
under that Treaty. In-dmmmm-mm.whm.hmnqﬂhﬂl Formom
detailed nformation, see ako the PCT Applicant’s Guide, & publiaation of WIPO

in thesa Nolss, "Article”, "Ruls”, and "Seclion” refer ko the provisions of the PCT, the PCT Regulaiions and the PCT
Mnln-nﬁulmwda-m

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

Thoun:uﬂh-.alhlrhwhmdudximimdhl::ilm:‘l. mﬁﬁbmﬂhﬂndh
intemation ioation. R should however I'I'Iﬂ!-bd sinos ol parln {nlemnalional
phe i the intemational preliminary sxaminstion Erore s Uous

mn-dbbmﬂ“dhdﬁuuﬁk&bi!wm. hqﬂnﬂnﬁhlﬁrh:&
Mhmdpﬂhﬂpﬂmchuﬂmm -nm&hmmhhmdhl

Furthermore, & should be emphasized that provisional protestion lo svsllable in some Blates only.

) may be amended

What parts of the Intamnational applicaiion may be smanded?

Undar Article 19, only the eleims may bs amended

During the intemational phase, the olaime gso be amended (or further emended) undsr Article 34 belore
hlmmwmmm n-a-uwwf:dmmthmm
Article 34 before the Intsmational Examining Authorily.

Upnmmhnmw“dmdhwwmhMHﬂNﬂﬂ
or, whare , Arlale 41

Within 2 monthvs irom the dats af ranemittal of the inlsmational search report or 16 mordhe from the priorty
date, whichever ime imit axpirea Jater. & should be noted, however, thal the amendments will be sonsidered
a8 having bean recelved on time HMnmdudhyhlﬂundhnd&mdhhnﬁhdh
time Emi but belors the compistion of the lechnival preparstions lbr intarnational publication

applicable
(Rule 48.1).

Where nat to fie the nmendmanta?

The amendmenis may only be fiad with the inlsrmationsl Bureau and not with the receiving Offes or the
infernational Bearshing Authorily (Fuile 48.2).

Where a demand fer intemational preiiminary axaminalion has been/As filed, see below.

Either by canceliing orw or more sntire claims, by adding one of more ew clalms or by smending the ied of
one or more of the daime es fled.

A repiacement shest must be submitied for sach shest of the alaima whish, on ascount of an amendment or
amendments, difiers from the sheet originally Sed.

All the clsims appesring on a replacement sheet must be mumbered in Arublo mimerals. Where a slaim b
cancelled, no renumbering of the gther olaims s required. in sl casss whare daims are renunbered, they must
be renumbened sonssculively (Adminisirative Insirustions, Bection 206(%)).

The amendmants mst be made in the language in which the Internstional application Is o be published,

What dosuments must/may scosmpany the amendments?

Lettar (Section 208(b)):
The amendments must be submitted with a lether.

The letter wil not ba pubiished with the intemational applesiicn snd the amended daime. i should not be
confused with the “Stalsment under Article 18(1)° (swe below, under “Statement uncier Articls 19(1)").

mu.muumwmwrmeh.dmmum wa-r.lhhwdln
internetional npplication is English, the lstter must be in Eng the iangusge of the rternatiansl application
ls Franch, the lefiar reust be In French.

Nobes to Form PCTASA/220 (firsl shest) (January 1984)




NOTES TOF RM PCTASA/220 (continued) ' UDPCB/

particulas, indioals, in conneetion with mﬁthhww undemslood
Mmm:umml;ﬂdmumqhm.m 0 bakeg

() the claim is unshanged;

@ theslaim s cancelied;

(i) iheclaim s new;

(v) the claim replaces one or move olsims s filed;

{v) the clgim iu the resull of the division of a claim as Fed,

mmn-um.*-hunhmhmm-mhwmh

1. [Where originally there were 48 clsims and ater amenciment of aorme claims there are §1):
“Claims { 1o 29, 31, 32, 54, 35, ﬂuﬂ“h.ﬂﬂnhﬂuhmm
clsims 30, nmdﬁmdlm new cisims 40 1o 51 added "

2. [Where originally there were 15 olaims and after amendmant of all slsima there are 11):
'Gldu-'lbﬁupluldhym-mhdddmihu'

a3 m-ul?nmhmﬂdh-ﬂhmﬂ“ﬂhuﬂumﬂ-ldhﬂ'
'Gd'rl1 12 6 and 14 unchanged; olaims 7 to 13 azneslied; new olaims 16, 16 and 17 added" or
“Claims 7 tv 13 cancelied; new claims 15, 18 snd 17 addadt; afl other alsims unchanged.®

4 “Claims 1 10uni|-|:¢dun1‘l 013, 1l-‘!liimmiﬂ15dlsnﬁud amanded
s 1-
dmiﬂMi?mmedduls 18 and 17; new claime 20 and 21 W

*Btaterment under articls 19(1)" (Rule 48.4)

The amendmenis be sccompanied by a stalement explaining the amendments and indlesling impant
unﬂtﬁmmmmu&wnhcﬁ-m-nuhmﬂm

The sistsment will be published with the intemational appliostion and the emenciad oleims.
& muet be in the iengusags in which the international appplicstion s to be published.
& must be briel, not axoseding 500 words If in English or ¥ translsied inlo English.

1 should not be confussd with and doss not repisce the istier indioating the dtfermnces balween the claims

m fiad and =8 amended. it must be Sed on a sepsrate sheat and must be identiled as sush by a haading,
prelershly by uning the words “Statement under Artiele 18(1)."

R may nol contain any dspéraging comments on the international search reporl or the relevenca of alistions
mmnm&mum Mbldmﬂ,und:dhhm-ﬂl '
repeat may be mads only in comection with an amendment of thal elaim.

Conssguence if a demand for inlsmationsl preliminary exemineiion has airendy been flled

H, at the fime of filing any amendments untier Article 18, a demand for intemational preliminary sxsmination
has aimady been submiied, the applioant must preferably, dhmhuﬁuhu—m'llh
intemational Bureau, aiso Ais a copy of such amendments with the intemational Prefiminary Examining
Authorly (sew Fule 62.2(a), first sentence),

Conssquance with regard to transistion of ihe intamations appiication for entry into the netional phase

The applioant’s attenfion Is drawn to the fact that, Mﬁhhhﬂdﬁﬁm.l“dh
claims a amended ursier Article 19 may have to be to the designaied/slecied Offioss, instead of, or
in adkiition to, the tranalation of the daims s fled.

For further detalls on the requiraments of esch designatad/elesied Offiew, see Volume 11 of the POT Appllsant’s

Nates to Form PCTASAZ220 (sseand shaet) (Jeruary 1994)




PATENT COOPERATION TREATY QECEIVED °¢ 07/

PCT ik - 2003 (4

LEUALIP,
INTERNATIONAL SEARCH REPORT ATENTS

(PCT Article 18 and Rules 43 and 44)
Applicant’s or agent's Nie refarence FOR FURTHER nee Notification of Transmittal of Imemational Search Report
(Form PCTASA/220) as wel as, where appiicable, tem § below.
17441PCTBAR ACTION S
inlemational application No. intemationas Tling date (deymonthyear) | (Eaniest) Priorly Daw (deyimontyear) -
PCT/US 02/17291 30/05/2002 31/05/2001
Applicant

ALLERGAN, INC.

This Intarnational Search Report haa been prepared by this intemational Bearching Authorily and Is transmittad o the applioant
accordng 10 Article 18. A copy is being tanemitied to the Intemational Bureau.

This Imemational Search Report consists of a fotal of ﬁ —_ _shoota.
it Is alec accompanied by a copy of saoh prior art documant cited In this report,

1. Bssls of the report
a. With regard to the langunge, the Intemational search waa carriad oul on the basis of the intemational application in the
nguage in which it was fled, uniegs otherwies indicated under ile lism,

O the Intermational search was carriad out on the baais of a tranaiation of the iIntemational eppiication furnished © this
Authortty (Rule 23.1(b}).

b. With regard to any nuclectide and/or amino scid sequence cistiossd in the Intemadonal application, the intamnetional ssarch
was carriad oui on the basls of the escuenca lsting :

contained in the International application in written form.

flled together with the Intemational apphication ln computer readabls form.
fumnished subsequenty to thia Authoity In written Jorm.

furnished subsequently to this Authority In compuier readble form.

the statement that the subsequenty fumished writien sequence ((sting dose nol go beyond the deciosure in the
Iimemational application as fied has been fumished.

mm.ntntunmmMhmmmmnwnmmmmmm

Cartain ciaims were found unsearvhable (See Bex I}.
Unity of invention Is lacking (see Box I1).

08 0O 00000

4. Wit regard ©o the Utis,
[[1 wewxtis approved es submined by the appilcent.
[X]  the et has boen astablished by this Authortty 10 read as follows:

HYPOTENSIVE LIPID (PROSTAGLANDIN DERIVATIVES) AND TIMOLOL COMPOBITIONS AND
METHODS OD USING BAMBE

5. With regand to the abatreot,

[X]  tw watis approved as submitted by the applicant
[C]  thetexthas been smahisned, acooning ® Fuie 38.2(b). by this Authertty 8 t eppeare n Box il The eppicant may,

within ong month from the date of maliing of this Intemational saarch report, submit comments o this Authority.
6. The figure of the drawings to be published with the abstract ls Figure No. b
[X] e sggesnd by the appicant [T Noneof e sigures.

[] because the appicant falled 1o suggest a Sgure.
[] because this ngure better characisrtzes the invention.

Form PCT/ISA/210 (tiret sheat) (July 1998)



INTERNATIONAL SEARCH REPORT

Intemationsl Application No
PCT/US 02/17291

e

28

A. CLASSIFICATION OF

IPC 7

AB1K31/5675 ' A61P27/06

//(A61K31/5575,31:535)

According to intsmational Patent Classificaion (IPC} or to both nailonal ciasaification and IPC

Lld

B. FIELDS SEARCHED

A61K

IfFIEu;MMnm (classification sysiem followed by clessiiicafion symbols)

Documenisiion ssarched other than minktum documeniation to the exienl that such documents amn inchsiad n the fekis seerched

EPO-Internal,

Electronic date base consiltad during the imiamational search (name of dia base and, Whers practical, sserch trms used)
WPI Data, PAJ, BIOSIS, EMBASE,

CHEM ABS Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Cutegory *

Citation of documani, wih incicalion, where appropriate, of the relevanl passages

Y

WO 97 30710 A (ALLERGAN INC)

28 August 1997 (1997-08-28)

page 4, 1ine 29,30

page 4, line 32

page 4, 1ine 35

page 5, 1ine 2

page 13, 1ine 15 -page 14, 11ne 15

I-¥

EP 0 286 903 A (PHARMACIA AB ;UNIV
COLUMBIA (US))

19 October 1988 (1988-~10-19)
column 3, Tine 39-48

column 5, 1ine 2-4

column 5, Tine 8-10

page 5, 1ine 1 - page 7, 1ine 18 formulas

-f—

6-17,
23-33

617,
23-33

m Further documants are isted In the continustion of box C.

E Puiant tmlly mevnbars ave Gatad In R

* Spedial categoriss of cited documents ;

L ﬂﬂlll.l'hl’llﬂn
which ls chied bﬂllhlnl

imhad 10 the intemational date bul
b mlnﬂ Fhl' g

congidered io ba of pariiciutar re
o-_l;rmwnlntbulpuhlhhodonwdllrlm imernational

e of aroer

chation or other specisl reason (aa speciiied)

o mmmwlnwdhdnﬂn , e, exhibition or

intar than the priodly date

“T* \wder documont Intomalionsl date
“A' docEnant defining the general siais of the ar which I8 not o cRaand T Driaciols of Laory iertying the

"X* documant of paniciler relevance; ths ciaimed invaniion

cannol ba considased novel or eannet be commidersd 18
Ivoive an inventive sisp when the document Is laken sions

docu-
mana, such combinaion baing cbvious akiled
ey ey ool ing o a pamon

"5 documat member of the sums patant famlly

Data of tha actual completion of the inlemational search

Date of meding of the intarnational ssarch report

Fax {(+31-70) 340-30

19 December 2002 03/01/2003
Nams and maling address of the 19A Authorized olficar
European Pmﬂlla. P.B. 5818 Paionthaan 2
NL - 2280 HV Flowllk
Tel (031-70) sw-emo. Te 51861 spo N,

Baumgartner, H

Form PCTASA/RTO (sesond shest) Luly 1088)

pace 1 of 2 .



INTERNATIONAL SEARCH REPORT

s

Internationsl Appiication No
PCT/US 02/17291

C.{Continustion) DOCUMENTS CONSIDERED TO BE RELEVANT

Caiagory ®

Citafon of document, wilh indication,where appropriate, of the relevant pussages

Relevenl to clalm No,

A

P, X

RESUL B ET AL: "STRUCTURB-ACTIVITY
RELATIONSHIPS AND RECEPTOR PROFILES OF
SOME OCULAR HYPOTENSIVE PROSTANOIDS®
SURVEY OF OPHTHALMOLOGY, SURVEY OF
OPHTHALMOLOGY INC, XX,
vol. 41, no. SUPPL 2, ,
February 1997 (1997-02), pages $47-S52,
XP001057296
ISSN: 0039-6257
page S50, column 1, last paragraph
page S50; figure 4 .
page S50, column 2, paragraphs 1,2
ALEXANDER, CHRISTY L. ET AL:
"Prostaglandin analog treatment of
glaucoma and ocular hypertension”
ANNALS OF PHARMACOTHERAPY (2002), 36(3),
504-511 ,

XP009002398
page 505, column 2, paragraph 3
page 508, column 2, paragraph 2

6-17,
23-33

6-17,
23-33

Form PCTASN210 (eontmustion of seand sheet) (July 1982)

nana 2 af 2
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intsmational Application No. PCTAIS 02 47291

(a4

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 210

Continuation of Box I.2
Claims Nos.: 1-5, 18-22; 6-7 and 23 (in part)

Present claims 1 and 18 relate to an extremely large number of possible
compounds. In fact, the claims contain so many options, variables and
provisos that a lack of clarity (and/or conciseness) within the meaning
of Article 6 PCT arises to such an extent as to render a meaningful
search of the claims impossible. Consequently, the search has been
carried out for those parts of the application which do appear to be
clear (and/or concise), namely claims 10~16 and 26-33.

Present claims 2-5, 19-22 relate to a composition defined by reference
to a desirable characteristic or property, namely "reduced side effect
relative to a similar compostition ....", "relative to applying a
composition ...".

The claims cover all compositions thus having this characteristic or
property, whereas the application provides support within the meaning of
Article 6 PCT and/or disclosure within the meaning of Article 5 PCT for
only a very 1imited number of such compositions. In the present case, the
claims so lack support, and the application so lacks disclosure, that a
meaningful search over the whole of the claimed scope is impossible.
Independent of the above reasoning, the claims also lack clarity (Article
6 PCT). An attempt 1s made to define the compositions by reference to a
result to be achieved. Again, this lack of clarity in the present case 1s
such as to render a meaningful search over the whole of the ciaimed
scope impossible. Consequently, the search has been carried out for those
p:rts of the claims which appear to be clear, supported and disclosed,
cf. supra.

Furthermore, claims 4 and 5 as well as 21 and 22 respectively are

unclear, even contradictory to the independent claims they depend on. The
independent claims refer to combinations whereas those claims exclude one
of the agents. Consequently, it appears that the dependency 1s incorrect.

The applicant’s attention 1s drawn to the fact that claims, or parts of
claims, relating to iaventions in respect of which no international
search report has been established need not be the subject of an
international preliminary examination (Rule 66.1(e) PCT). The applicant
1s advised that the EPO policy when acting as an International
Preliminary Examining Authority 1s normally not to carry out a
preliminary examination on matter which has not been searched. This 1s
the case irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter II procedure.
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. Intamational application No.
INTERNATIONAL SEARCH REPORT PCT/US 02/17291

145

Box | Observations where certain claime were found unsearchable (Continuation of item 1 of first sheel)

This International Search Report has not besn established'n reapect of cartain claims under Article 17(2)(a) for the following reasons:

1. m Claims Nos.;
because they rolate to subject matter not required o be searched by this Authority, namely:

Although claims 6-17 are directed to a method of treatment of the human/animal
body, the search has been carried out and based on the alleged effects of the .

compound/composition.

2. [X] ciaime Nos.: 1-5, 18-22; 6-7 and 23 (in part)

bacaues relate to of the Intamational Appication that do not with the prescribed requirements o such
an mnlm no menrlpr:m"l Intemational Search can bé carried out, cally:

see FURTHER INFORMATION sheet PCT/ISA/210

2. [] cumenea:

because they aré dependent cialma and are not drafted in accardance with the second and thind sentances of Rule 8.4(a).

Box Il Obssrvations where unity of invention Is lacking (Continuation of ltem 2 of first sheet)

This intemational Searching Authority found multiple Inventions in this international appiication, as follows:
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Structure-Activity Relationships and Receptor Profiles
of Some Ocular Hypotensive Prostanoids

BAHRAM RESUL, PuD,' JOHAN STJERNSCHANTZ, MD, PrD,! GORAN SELEN, Pab,!
AND LASZLO BITO, PxuD*

! Pros

in Ressarch Laboralories, Pharviacia & Upjohn, Uppsaln, Sweden and *Deparinent of Ophibalmolagy,

Cohanbia University, New York, New ¥k, USA

Abstract. A novel seriea of progtuglundin F (PGF) analogues have been p and evaluated In vivo and
in vitro. Their Inuwoculsr pressure (10F) lowering effecus and potential o ecis, A8 p oye dm;
have been tested in cats, monkeys and rabblts. Rurthermore, the PGFanalogues were tested as free acids

¥P-receptor ngonlstic activily on cat iris aphincier. The results were compared 1o thae of PGF, (C1).
Based on the strucwre-activity relationship investigations, inversion al the conliguratlon, al onrbon-9 (C#3)
or carbon-11 (Ci#4), changes Lhe potency and the receplur profile of PGF,. Replacement part of the
omegn-chuin of PGF with a benzene ring the polency and recepior prafile of PGP, . The optimal
pasition of the benzene ring i on carbon-17, 17-phenyl-18, 18, 20-trinor PGF_-isopropyl ester ), and
exhiibited n much higher therapeutic Index in the cye than PGP, or Ha ester. The biological acuvity of
different subsiiiuents un the G benzene ring have ulso been studied, Interextingly, Introdoction of a
methy! group at positions 2 or 3 of the benzene ring (C# 18 or C#17) alfords compinds which are bio-

logically more active than the methyl group at the 4-pualuion (G#{f). Furthermore, tine of the analogues
lm-&hydn-l'l-phmy!-m.laﬂhﬂm l;'bllh@pnwl ester lh?luopnn). has been found In clinical

went and eficacious
2] S47-452, 19DT)

swdies 1o be u highly
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monkey ¢ prosmglanding ¢ structure-acdvity relationships

The potent IOF-reducing effect of prostaglandins
(PGs), particularly PGE and PGF analogues, in ani-
mals as well as in humans,'34%!\ has attracted the
attention ol ocular pharmacologists. OF particular
interest is the ability of F-type PGs to reduce IOP in
primates, including humans, by incremsing the
uveoscleral outllow of aqueous humor.* However, the
frequent and clinically unacceptable oculrr side el-
Fects of the naturally occurring PGs, namely ocular
irritation, foreign body sensation and conjunctival
hyperemis, have led to a demsand for the develop-
ment of PG analogues with improved therapeutic
indices. We have conducted a structure-activily re-
lationship program, utilizing naturally-occurring
PGs, in particular PGF,, as a lead compound, to de-
sign a new PG agent with better separation between
the 1OP lowering effect and the side-effects in the
trentment of glaucoma.

These efforts have resuited in the discovery of
lacanoprost (Fig. 1) as a potent und selective [OP-re-
ducing agent. >3448 [ xranoprost has been launched

A7
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on the market. Practical ways of synthesizing phe-
nyl-substituted PGs and of screening their IOP-low-
ering potency and efficacy based on structare-actlv-
ity relationships have been described.'>' Thia paper
provides a short averview of the structure-activity re-
latlonships of PGF,, alkyl esters, PGF, isomers and
the omega-chain modified phenyl-aubstituted PGF,
compounds with regard to their ocular hypotensive
potency and efficacy on FP recepiors. The biological
activities uf these have been cumpared with
those of PGF,, or PGF,_ -isopropyl ester (PGF,-LE).
The PG analogues were subjected to » battery of
tests designed to demonstrate specific biological
actions™&Mi0 g3 nd were tested for 10P-reducing ef
fect, effect on the pupil and ocular irritation in the
cat. The [OP was measured using pneumatonometry
under local anesthesia with oxibuprocain. The hori-
zontal dizmeter of the pupil war messured with a
millimeter ruler under constant illuminaton con-
ditions. The irritation wrs estimated on an arbitrary
scule of 0-3 based on the degree of lid closure: 0
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FAg. 1. Structure of lamnoprost.

. licating absence . “irritation and 3 marked irrita-
1, i.e., comple.: wosure of the lids. The effects of
tie analogues on the conjunctival blood vessels have
been studied in the rabbit eye. The conjunctival hy-
peremin was documented by color photography.
Many of these compounds were also tested for an
10P-reduc:..y cllect in cynamolgus monkeys. One eye
of each animal was treated with the drug while the
contralateral eye received vehicle solution.

In addition, selected PG-analogues were also
tested in vitro, in the free acid form. The functional
receptor si~dies were performed, using isolated cat
iris sphincters expressing FP receptos in an ordi-
nary tissue bath set-up.

The structire-activity relationships of PG ana-
logues were based on the following approaches: 1)
s rodrugs, 2) stercochemical modifications, 8)
omega-chain modifications and 4) aromalic substi-
tutions.

Prodrug Approach

.1 is essential that drugs are accessible to their site
of action. In the case of topically spplied anti-gla-
coma drugs, the active molecule must cross the tight-

junctional surface epithelium o reach its intraocu-

lar target site, Therefore, the physiochemical
..-operties of PGs niust contribute [avorubly to the
psaetration througii the corneal epithelium in or-
der to increase the PG concentration at the active
site.

Prostaglandins, : : rticularly of the Faeries, are
relatively polar, hy ". . philic molecules, due Lo their
carboxylic acid muic:; and several hydroxyl groups.
Such molecules penctrate biological membranes
poorly. PG-acids can be modified to leas polar, more
lipophilic compous:!s, by esterification of the acid
moiety. Thisincre:  the penetration throughlipid
membranes, ¢.g., in wne corneat epithelium.

A series of PGF, -ester prodrugs was prepared and
their intraocular agonist potencies were meamred.
Since PGF, is 2 po: -1t miotic in aats in contraat to
rabbits and prima. .. :he more easily measured pu-
pillary constrictiou ...1s used to compare the refa-
Live potencies of the esterified prodiugs.” PGF,-
isopropyl ester (PGF, -1E) is given as au example to

RESUL ET AL

illustrate the process of esterification and decsterifi-
caton in Fig- 2.

As seen in Fig. 1, PGF -IE (C#2) wis 2 mare po-
tent miotic in the cat than the PGF,_ acid (G#1), This
result shows that the bioavuilability has been mark-
edly increased by esterification ol PGF,. In addi-
tion, it has been shown that the prodrug PCF,_ es-
ters are inactive undil they are hydrolysed to the
parent molecule, PGF, acid (Fig. 2).

Thus, the measurement of the extent of the mio-
sia following the topical application of the varions
PGF,, esters provides a measure ol both the ense of
the hydvolysis of the prodrug and che ease of the
delivery of ihe drug into the intraocular site.

The prodrug prindple also incroises the there-
peutic index of the PGs In the eye, ax Is evident rom
& comparison of the dinical findings with PGF,_
tromethamine salt® that resulted in Lhe severe ocu-
lar byperemia, corneal irritation and even head-
aches, although less side-eflecta were obtained af-
ter the topical application of PGF, -IE (o eyes of
normal volunteers. However; even this prodrug,
PGF,-IE, proved to be clinicully unuccepiable for
routine use for the management of IOP in glm-
coma.! Therefore, the development of new ana-
logues was undertaken.

Stereochemical Approach

It'ia generally believed that fit of the drug mol-
ecule and receptor is necessary to evoke maximal bio-

Prodrog spproach

PGFprlE

Doss

1 L1
. G-Omu::
*LegP vas dstermined experizmentally
waing Octaval/phagpbate beffer (DI 7.4),

Rg.2. Influence of the esterification of PGF,_, as n pmdrug,

on the penctration through comenl epithelnim. Muxitum
miotle eflece of PGF,, and POF, -IE in the ont (n = &;

4

i
i

Mean{SEM]),
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STRUCTURE-ACTIVITY RELATIONSHIPS AND RECEPTOR PROFILES

logical response. The purpose of this siereochemi-
cal approach was to investigate the influence of the
spatial orientations of the three hydroxyl groups of
PGF analogues on the drug-receptor interaclion,
Fig. 8 illustrates the effect of configurationa) dif
fevences in the PGF,, molecule (C#2) on biological
responses and recepror profile, Naturally-occurring
PGF,, possesses three hydroxyl groups pointing be-
low the plane of the molecule. PGF, isn potent [OP-
reducing agent and also induces miosis and causes
strong irritation in the cat eye. In the monkey eye
PGF,_ is a potent ocular hypotensive, Furthermore,
xhibits potent FP receptor agonist activity. Inter-
+  ngly, inversion of the conliguration at carbon-8
(L#3) changes the type ofbiological activity and af-
" [Fords a potent 1OP-reducing agent which does not
induce miosis and is » lesser irritant than PGF,_ in
the cat eye. In the monkey eye it exhibited some-
what less potent IOP-reducing properties compared
>F,, This PG is about 100-fold less potent than
PGF,, onthe FP receptor. Inversion of the configu-
ration at C-11 (C#4) surprisingly yields a compound
which has no significant effect on 10P reduction.
However, it is a potent mioticwhich causes litte iori-
tation in the cat eye and is a potent FP agonist. In-
version of the 15-hydroxyl group (C#5) decreased
the biological activity in general.

oy
L A

540
~ Unfortunately, these compounds also exhibited
some clinically unacceptable side effects, such as
ocular irvitation and conjunctival hyperemin; there-
fore, new PG anajogues had to be designed in an
attempt to improve the therapeutic index.:
Omegz-chain Modificationa:

The main emphasis in the structure-activity pro-
gram has been on the influence of omega-chain
modification and the Introduction of a phenyl ring
in the omega chain on the biological activity and
receptor profile. The results are summarized in Fig.
4 and Thble 1.

Replacement of the 5 carbon atoms, carbona 16~
20, with 2 bengene ring, yielding 15-phenyl-

' pesitanor PGF,_ (C#6), resulted in n marked loss of

biological activity in general. Interestingly, the sub-
stilution of carbons 17-20 of PGF,_ with a benzene
ring, 16-phenyl-tetranor PGF, (C“?). afforded an
active compound with PGF, -llke propertles, al-
though it Fuiled to produce wiosis in the cat eye. In
the monkey eye it is a potent [OP-reducing agent. It
was found to be a relatively potent FP receptor ago-
nist, although less potent than PGF,_. Surprisingly,
replacement of carbons 18-20 with a benxene ring,
17-phenyl- 18, 19,20-trinor-PGF,, (C#8), changed the
receptor profile dramatically, This compound hasno

Cat (Dose Ipp Monksy FP Recsptor
ce . tr’ Raduction of Radoetion n
' Irritation Deosa Radostion of | BO-I50
JCR iy | yopll Loater IOP, mmHg { Acid
2 W‘u 1313 | 93i04 30 30 25403 1x10°
® e
3 -
& 5 :: : 8XLE 0.0 ts 15 1.120.8 16x10*
POFg .
4 GHaly v
" o0 7.00.7 P10 24 2.040.9 aaxie*
1 e, & R
5 :
7.240.4 §2£1L0 10 D 00 10!
18-apl POt -

Fig. 3. Lifect of sterenclhiemisury in the PGF, molecule upon biological responscs and recepror profile (Menn{SEM)).

000;
14%
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OH ,
B n W .
H \—/—'5 I\COOFl
TN 8 (cH.)n——@
OH 13 H
OH
Invitro R=H

Invivo R=CH(CHg)s

Fig. 4. ‘The struciure of the omeg chain modificd phenyl
substituted PGT,_ analogues.

signilicant etTect on IOP in cats, although it induced
marked nand dose-dependent miosis without irrita-
tion in the cat eye. The compound exhibits a good
10P-reducing effect in primates. In vitro, compound
1C#8) exhibited a 10-lold greater potency on FPre-
ceplor than PGF,. As can be seen, increating-the
chain length to 18-phenyl dinor PGF,_ (Ci#'8) yields
a product which is considerably less potent than
PGF,, both in vivoand in vitro. Increusing the chain
length to 19-phenyl or longer diminishes the bio-
Jogical activity or renders the moleculea practically
inactive.

[t is obvious that FP receptors play an important
role in the IOP-reducing effect in primates. Rurther-
1. re, Fig. 4 and Thble 1 illustrate thut 17-phenyl-
18,19,20-trinor-PGF,_-IE was the most optiinal PG
analogue in this series of analogues, in that this com-
pound exhibited high biological acvity without an
irritating effect; it also possesses a good therupeutic
»-.utx in the eye. This provides evidence that the po-

Mg. 3. Theaructre of diTerent substinzents I the benzene
riog of 17-phenyi-18,18,20-rinar-PGF, analogues.

sition of the phenyl ring in the omega chain in PGF,,
plays an lmportant role in the type of actlvity, affin-
ity and efficacy. Thus, the structural requirements
for an IOP-reducing effect are very apecificand C#8 -
possesses 2 nearly optimal structure.

Additional saturation of the trans 13,14-double
bond of the C#8 yields a potent ocular neive
compound 13,14-dilydro-17-phenyi-18,10,20-
trinor-PGF_-1E (latanoprast) that lucks significant
irritative and conjunctival hyperemic side effects.
Furthermore, latanoprost was beneficial both from a
biological and & chemical point of view, and it is
chemicnlly more smble than Cé#8.

Aromatic Substitution

The purpose of this approach was to investigate
the influence on the receptor interuction and recep-
tor profile of the introduction of dilferent groups
into the benzene ring of C#8 (Fig. 5 and Thble 2).
Inroduction of a methyl group into the ortho ("2-
CH,, C#16) or meta ('3-CH,, C#17) position af-
forded compounds which induced miasis with a poor

TABLE |
Maximum Ocular Responses of the Omeya Chaln Modified PGF o ~IE in Cat und Munkey.

All

campounds were applied iopleally. (n=6, Mean:SEM).

The £C-30 value of the compounds on FP reccprars coinpared with PGF,

Cat Jn yitro

(o] n |Dosepg| Redoctun of Reduetion in Irditation |Dosepg| Reduction of BECw
IOPmmHg | pupil dinmeter L IOP mmHyg (moVD)

mm .

8 0 .0 20207 0303 04201 — . -

7 1 L0 67200 L0 2803 8,0 3820. 3x 107
3 | 2 10 00 B7+03 Q0. | 80 | 3904 2x 109
__9 3 10 4D0: 08 43206 0.720.1 3.0 062048 1x 104
10 4 1 85211 0.0 05201 30 0002 3 x 10
11 B 8.0, 33x04 L7031 0.4+03 10.0 0308 32107
19 | 6 | 100 18208 28204 111038 a0 0501 ix 104
13 1 L0 13s12 04203 03101 8 x 104
14 [] 1.0 3 2 II.: - 00.0 0.4 0.3 1x 104
156 8 10.0 20, 0= 0.8 0.9:30.2 10,0 0003 8 x 104
| _FGFic-IE 10 78204 B.2%0.7 3009 3.0 252038 1x 109
i _atanoprest ] 10 | 07:02 78208 00 3.0 56204 2x 104

Linnk denntes not 1eated.
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TABLE?

Influence of Different Subsiituents In the BenzeneWRing of 17-pbenyl-18,19 20-irinor-PGF,_on the Blological Effects
In Cat and Mankey Eyes (naf; MeantSEM)

Cab Monkay
Ch R Dosepg| Reductionof |Reducetionin |Irritation Dosapg | Reduetion of
IOP, mmHg | pupil dia- IOP, mmHyg -
meter,mm
16 2.CH8 | 10 2.0+07 83106 0.0 0 28203
17 "3-CHS 10 1009 88108 03202 1.0 2507 |
18 4CH3 | 10 08:04 25102 0.0 3.0 17201
19 "3-CF3 10 23:08 .28+ 085 0301
20 3-CF3 10 12:07 7009 02:02 30 0708 |
21 ‘4CF3 10 1708 0508 . 10,0 10+ 04
| 2-QCH3 | 10 11+ 04 1221, &
23 '3OCHS | 10.0 2305 822 oj 07201 | 100 _ 072038
24 | 40CHS | 100 36107 17+ 06 0201 | 100 14408
256 aF 10 2220 88211 04202 3.0 1408
26 ‘aF 1.0 43214 74207 202
27 4AF 10 0.0 83202 0.0 30207

Bhunk dennies not tested.

ocular hypotensive response, although without irri-
tation in the cat. In the monkey, (C#16) and (C#17)
reduced IOF, although less eftective than the purent
compound. Shilting the methyl substiment to the
para position ('4-CH,, C#18) in the benzene ring
further reduced the biological activity. In vitro
(C#17) was 10 times more potent than (C#18) cn
the FP receptor. ‘This mancuver was tolemted, but
provided no increase in potency compared to the
parent compouncl (C#8).

* Introduction of trifluoromethyl into the ortho ('2-
CF,, C#19), meta ('3-CF,, C#20) or para ('4-CE,,
C#21) position resulted in compounds having no or
weak IOP-reducing effect. Among them only (C#20)
induced marked iniosis in the caL Introduction of
the methoxy graup into meta ('8-OCH,, C#28) or
pum ('+-OCH,, C#24) position has a weak JOP-re-
ducing cffect. However, the ‘3-methoxy analogue
(C#28) exhibits poient miosis. The methoxy ana-
logues did not appear to have significant effect on
IOP in the monkey. Introduction of a fluorine atom

_onto any pusition of the benzene ring did not ap-
pear o cause a change in the biologic activity of the
parent compound. "Thus, introduction of fluorine at
different positions in the ring is tolerated, These
compounds are potent FP agonists, equipotent to the
parent compound. These modifications indicate that
almost ull compounds with 17-phenyl-18,19,20-
trinor-PGF,_ substitution show evidence of FP ago-
nistic activity.

Commients and Conclusions
Esterification of Lhe carboxylic acid group of PGF,_

increases the ocular hypotensive potency by enhanc-
ing the penetration of the drug into the eye. Inver-
sion of the hydroxyl configuration at carbon-8 or
carbon-11 of PGF,, changes the potency and recep-
tor profile of PGF, , but yielda no im ntwith
respect to IOP reduction. Substituging part of the
omega chain of PGF, with a benzene ring greatly
alters the potency and receptor prolile of PGF, . The
highest potency is gained when the benzene ring
repluces the last 8-carbon atoms of PGF,. The bio-
logica) activity of C#8 can further be alterod by sub-
stitutions in the benzene ring. However, none of these
substitutions improved the ocular hypolensive thera-
peutic index significantly.

In contrast, saturation of the 18,14-double bond
of C#8 10 yield latunoprost increases the therapeu-
tic index and the chemical stability of C#8.
Latanoprost lacks clinically significant conjunctival
hyperemic side effects, without loss of ocular
potensive potency or eflicacy as compared to C#8,
In fact, this PGF__ analogue prodrug, which is highly
selective for the FP-receplor, has been found in Phase
II and Phase III clinical studies to be the most po-
teat ocular hypotensive ngent in primary open-angle
glaucoma or normal tension glaucoina, us described
in other reviews in this issue.*** Most Importantly,
when applied to the eye once a day at a concentra-
tion’ of 0.0059%, latanoprost has been shown to pro-
vide a remarkably stable reduction of IOP. This re-
duction in IOP is achieved by ixcreasing the
uveoscleral outflow during both the day and night
os described in this issue.'! The foregoing demon-
strutes the power of the rational use of structure-
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activity relationships in uppropriate in vitro aud in
vivo models in the development of new therapeutic
agents, in this case, highly potent and efficacious

- . lur hypotensive ag-..'s for the management of
.- ICOmA.
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Prostaglandin Analog Treatment of Glaucoma and

Ocular Hypertension

Christy L Alsxander, Sarah J Mifler, and Steven R Abel

OBJECTIVE: To reviow avaliabie data reiaied to 1he use of prosiagiandin anniogs (imaioprost, IENOprosl, IREVORIOEL, WOPOSINS)
in the mansgemert of ocuiar hyperieniion and open-angie glaucoma,

DATA BOURCER: memuuummmm-mmmmummwuwmm )

from product manuiactuen.

STUDY SELECTION AND DATA EXTRACTION: All gvalable information, including thet pubished in articles and abstracts, which was
desmed relavant was inciuded It this review. Limitad ciaia have bean published 10 dide.

DATA SYNTHERS: The prosinglandin analogs appes! 1o be elieciive, well-iolerated agente for tha reduction of intraocular prassure
{IOF) In patients with primary oper-angle glaucoma and ocular hypertension. This drug class olfers an shemadve for pallents who
do not achieve control with another topical antigiaucoma agent or for those with a contraindication 1o tiret-ine therpy with B-
adrenergic anagonisis. Based on preliminery clinical date, bimatoprost, latanoprost, and travoprost appear 1o be &t least as
gffective as imoiol, whila the sfleciivensess of unoprosions Is stmilar or slightly lesa, Prostaglaniin anglogs may be usad in
conjunciion with olher snfigiaucorna mecdications, athcugh hather stdies must establish the optimal combinadion. Whather cilnical
axperience wil yiekl ouicomes in favor of ane of the prostagiendin analogs remaing 1 be detenvined. Petionts should be aduceted
on poversa pvents associaied with prosiagiandn anajogs, pariculardy the polential for changes in the pigmeniation of the irls snd
oyviaghes.

CONCLUSIONS: Bimatoprost, ialanoprost, and fravoprost appear io be equivalent 1o w curmnt standard of therapy In the topical
treatmant ot elevated 10P. Further clinical deta published in articie vensus abstract format is required to betier aseses potantial

dMlerences among thass 3 agenta.

XEY WORDS: bimatoprost, glsucama, istanoprost, prosiagiendin anelogs, prostemides, NEvoprost, Waprosions.
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rostaglandin, prostamide, and docosanoid analogs are

a novel group of ocular hypotensive agents used in the
treatment of open-angle glaucoma (OAG) and ocular hy-
pertension (OH). Although these drugs are stracturally
unique, they share similar characteristics and are often re-
ferred to 2s prostaglandin analogs, the term used for the pur-
pose of this review. Lamnoprost was the sols prostaglandin
analog approved by the Food and Drug Administration
(FDA) until 2000. Three additional prosta-glandin analogs,
bimatoprosi, travoprost, and unoprostone, recently re-
ceived FDA approval, This review provides an update of

Author information provided st the and of the tedt.
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the pharmacology, phermacokinetics, clinical efficacy, and
safety of prostaglandin analogs in the treatment of OAG
and OH.
Ghmmmwamdmhﬁmno—
cisted with progreasive optic nsuropathy that may uiti-
mately result in vision loss.* These conditions affect up 10
2 million Americans and are & leading cause of blindness
worldwide.! Open-angle and angle-clogure are the most
common types of glaucoma, These diagnoses may be fur-
ther classified a3 primary (POAQ, no identifishie cause) or
secondary (an identifiable cause). Open-angle glaucoma is
characterizad by an impairment in aqueous humor drsinage.
In contrast, closed-angle glaucoma is associated with ob-
struction of aqueous humor drainage.” Open-angie is the
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most prevalent glaucoma, affecting 1-3% of patients in the
US >70 yeurs old.* Because closed-angle glaucoma is typi-
cally an emergency Situation raqumng surglcal inteyven-
tion, discussion of its treatment is not included in this re-
view. Of noie, patients presenting with elevated infraocular
pressure (TOP) In the absence of optic nerve damuge or vi-
sual field lo :: wre classified as having OH.

The exa.. . logy of primary open-angle glaucoma ig
unknown; huwever, key risk fuciors for the disense include
advanced age, African American ruce, & family history-of
glavcoma, and elevated 10P* Diabetes mellitus, hypenen-
sion, myopm. genetics, Jong-term steroid therapy, and pre-
vious eye injury may also contribute to the pathogenesis of
glavcoma. Elevated IOP does not need to be preseat 1o es-
tablish the dingnosis; however, it is widcly known that
muny patients with POAG have elevated 10P secondary to
the obstruciion of aqueous; humor outflow.? Blevated 10P
may damage the retinal ganglion cells and the respective
axons making up the optic nerve, subsequently reducing
the visua) field. Multiple studics™ have demonstrated that
elevations in mean and penk 10P corrclute with a progres-
sion in visual field loss,

Llevared IOP is the only risk fuctor for the type of glau-
camy thi is currently amenable to therupy. Healthy adults
hzive a mean IOP of 15-16 mm Hg, with 2] mm Hg con-
sidered the upper limit of normal.! The primary goal in the
treatment of glaucoma is the reduction of 10F, thereby
slowing progression of the disense. Patients with OH may
also benefit from TOP reduction because of a decreased
rizk in future Jevelopment of glaucoma, Laser surgery, fil-
tration surpery, und chronic érug therapy are interventions
that may reduce 10P; the latter is the preferred first-line
therapy. Pharma - ‘ogic agents can reduce IOP by decreas-
ing mueoys v - production or by increasing its owflow
throuph the traue.ular network or uveoscleral pathway.
Five classes of topical medicines for OAG and OH are
availuble: B-udrenergic blockers (e.g.. timolol), carbonic
anhytrase inhibitors (¢.8.. dorzolamide), o,-adrenergic ag-
+ sty (e.g., brimonidine), direct-ucting cholinergic ngo-
. \8... pilocarpine), and the focus of this review, the
prosdeplandin analogx.

Selecting an appropriute pharmacologic interveation for
u patient with glaucoma or OH ix challenging. In peneral,
fuctor to conslder incl. l= the agent's efficacy, safety, cont
,- lient convenienc ;. . - | :ng-term effects. Because of its
reiative efficacy wil chinical experience, timolol is the gold
standard 10 which other agents are compared.’ However,
the B-blockers are limited by (he potential for systemic ab-
sorption and are - ied for use in patients with respira-
tory or candiac ".:. "

The ahlition u. v~ sustaglandin anslog class provides
un uhernative mode to reduce 1OP without inducing signif-
icant systemic effects. Bimatoprost, latanoprost, truvoprost,
and unoprostone are approved by the FDA for the reduc-
tion of elcvated IOP ; ; _-atienrs with OAG or OH who are
intolerant of or insuf... .ently responsive 10 other IOP-low-
ering medications.*'? Although thig indication classifies
the prostaglandin analog class as a second-line treutment

v theannals.com

aliermalive, treatment for glauconu is highly individual-
ized, and practitioners may select various agents for initia!

. thernpy because of favorable efficacy and tolerabiilty.

Literature Salection and Asssssment

A MEDLINE scarch (1966-May 2001) of Engli :.\- lus1-
guage literarure was performed using the terms prusta-
glandin analogs, glaucoma, iatanoprost, bimutoprost, uno-
prostone, and travoprost. The manufacturers of the respec-
tive agents were contacted for additional informntion.
References in the identifted articles were reviewed [.: cos-
sible inclwrion. With the exceplion of iatanoprost, the mna-
jority of clinical datn for this drug were available only in -
abatract form or from the manufacturer at the time o.
manuscript creation. Therefore, specific details regarding
patient demographics, trial design, and complete results
were not avaliable in all cases. Because s significwst num-
ber of new pubiications became uvailable during the re-
view proceea for this article, the authors have updated cita-
tions from abstracts or data from the manufacturer to re-
flect new published literature.

Pharmacology

Prostaglandins wre endogenous fmy acids existing
timoughout the bodty. With ocular administration, various

. subtypes of prostagiandins reduce JOP. Latanoprost and

travoprost are snalogs of prostaglandin Fy, and act s se-
lective agonists of the prostancid FP receptor to lower
JOP™* Unoprostone is strucrally distinct from la-
tanoprost und travoprost. It is a docosanoid, which is an Q-
3 polyunsahuruted farty acid analog of a derivative of do-
cosshexuenolc acidY Of the 4 commercially availab® -
drugs in the prostagiandin analog cluss, unoprostone hi.
the lowest afTinity for the promancid FP receptor and may
exert its pharmacologic effects thyough a unique mecha-
nism of action that Is nol well understood.* Although bi-
matoprost is clossified a3 a prostaglandin mnalog, it is ucru-
ally a synthetic analog of farty-acid amides (prostamiccs),
which are endogenous compounds that possess ocular hy-
potensive activity."™* In contrust 1o prostaglending, which
are biosynthesized from arachidonic acid, the precursors to
prostamides are unandunides. Whether this structural dil-
ference results in different clinical outcomes remains (o be
determined.

Unlike other topical ocular hypotensive drug classes
(e.g.. B-adrenergic blockers), prostaglandin analogs have
minimul to no effect on the preduction of aqueous hurno:,
Although the exact mechanism of action has yet to be elu-
cidated, these agents appear to incresse aqueous humor
outflow. The uveoacleral outflow through the iris clliary
body may be increased through relaxation of the ciliary
muscles or a decrease in extraceliular matrix surrounding
the muscle bundle.®t In addition to these actions on the
wveoacieral route, bimatoprost may effect the trabecular
network.™ Topical administration of any of the prosta-
glandin analogs ultimately results in a reduction in IR
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Pharmacokinetics .
[TLa e

Lutanoprost, travoprost, and unq:rostme we formulaed
88 isopropy! ester prodrugs of their corresponding unbound
acids. These agents undergo ester hydrolysis on topicul ad-
ministration during passuge and absorption through the
cornea. Following topical administration, the concentration
of prostughmdin analogs in the sysiemic circulution is vu'y
small compared with the concentration of endogenous
prostoglandins. Although data are limited, the phermacoki-
netic parameters availebie to date ure provided in Thble 1,18

LATANOPROST

Peak concentrations of latanoprost in ihe aqueous hu-
mor are achieved approximately 2 hours after ocular ad-
ministration. Latanoprost has a volume of distribution of
0.16 £ 0.02 L/kg. Once in the gystemic circulalion, the bio-
logically active acld form of latanopros: is primarily me-
tabolijzed by the liver. The acid form of lutanoprost under-
goes fatty acid B-oxidation to form the 1,2-dinor and
1,2,3,4-ermmor metnbolites. The acid form of latanoprost
has an elimination half-life of 17 minutes arul a systemic
clearunce of approximaiely 7 mL/min/kg afier either intra-
venous or ocular adminisiration. The J1,2-dinor and
1,2,3,4 -tetranor metabolites are primarily eiiminated by the
kidneys. Approximately 88% of an oculs~ dose and 98%
of an intravenous dose is recovered in the urine.®

Penk plasma concentrations of travoprost unbound acid
(225 pg/mL) are reached within 30 minutes following ocu-
lar administration. The biclogically activc acid of the drug
reaching the systemic circulation is primari;y metabolized
by the liver. The acid form of travoprost una=rgoes B-oxI-
datien to form the inactive 1,2-dinor ang b,%,3,4-tetranor
metabolites. Following ocular sdministrution, travoproat
unbound acid is rapidly eliminated from hurnan plasma
and is below the detectable limit (<10 pg/mL) within |
hour. Although it has not been reportedl, the estiniated half-
life of travopros unbound acid (based on plwanie—concen-
tration data over time) in <30 minutes."~* .

- !
The mcan pesk unoprostone unbound acid concentra-
tion is <1.5 ng/mL, with little to no expected sccumula-

Table 1, Pharmacokinetic Parameters
of Prostagiandin Analogs™?

Drug Onast {h) Peak (h) Durstion ()|
L.m unknown
Travoproat -2 12 ' unknown
Unoprosions 15min-1h unknown " 10-12
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tion, % The acid form of unoprostone is rapidly eliminat-

* ed from human plasma, with an eliminstion half-life of 14

minutes. Plusma concentrations of unoprostone unbound
acid wre undetectable (<0.25 ng/mL) within | hour afier
ocular administration. The melabolites of unoprosione un-
bound acid are predominantly cxcreted in the urine.

Unllke the other prostaglandin analogs, bimatoprost is
not a prodrug, Bimatoprost is absorbed through the comea
and has a steady-state volume of distribution of about 0.67
L/&g. " Bimatoprost resides mainly in tha plasma, and ap-
proximately 12% of the drug remains unbound, Blood con-
centrations peak within 10 mimutes and are below the lower
limit of detection (0.025 ng/mL) within 1.5 hours afler dos-
ing. Steady-state is achieved during the fint week of ocular
dosing, and there is no systemic accumulation over time.
Once in the systemic circulation, bimatoprost is the major
circulating compound in the blood. it is mainly metabolized
by the liver where it undergoes oxidation, N-decthylation,
and glucuronidation to form a variety of metabolites. Bi-
maroprost has an elimination half-life of approximately 45

" minutes and a total blood clearance of 1.5 LAvkg. Metabo-

lites are sliminated in the urine (67%) and the feces (25%).

‘Clinical Efficacy

Impartant outcomes in the evaluation of a new antiglay-

' coma agent are the mean IOP reduction, the response rate

in differant populations, and the diumal ¢ontrol provided
by the agent.™ The primary messurable outcome is typi-
cally the mean 10P reduction. Unfortunately, this value
can be skewed by patients who do not respond or by those
who respond very favorably to therapy, Furthermore, IOP
widely variea based on circadian thythma, particularly in
patients with POAG. JOP i generally highest in the early
moming hours and tapers off throughout the day. Stud-
les'*" show that large fluctuations in diumal IOP may be
detrimental, resulting in a need for agents that provide sta-
ble and continuous control. Reporting the mean IOP may
not accurately account for these potential fluctuations.
Therefore, the diurnal variability should also be assessed
and reported, along with the standard devintion.
In registration trials,™" | travoprost,
matoprost amean IOP reduction of 6-8 mm Hg
in patients with OAH or OH (baseline 10P 24-27), corre-
sporuding to & 22-33% reduction of IQP. The plvotal stud-
les™ with unoprostone yieided a smller, yet significant re-
duction of 3—-4 mm Hg (13-17%) from & bassline of 23 mm
Hg. Because much of the data have not been published o
date, details regarding the study methodology and statistical
analyses employed were not available for review in all cases,

and bi-

BIMATOPROST

Two multicenter, mndomized, double-masked clinical
mials™ were performed to compare the efficacy of bimato-
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prost 0.03% iven once (n = 474) or twice (n = 483) daily
with rimolol maleute 0.5% twice daily (n = 241). Patients
were required 10 have glaucoma or OH and a baseline IOP
of 22-34 mm Hg. The primary end point of both studies
was the diurr- ! (DOP at 0800, 1000, 1600, and 2000. Pe-
tienis were .. .'.. .=d at preenrollment, baseline, week 2,
week 6, month 3, and month 6. The baseline IOP (26 mm
Hg) was not significuntly differént among groups in either
trial.

The results of the 2 trials were pooled because of their
identical desiy.» Uimatoprost 0.03% once daily demon-
struted greater reduction in mean JOP than did timolal
0.5% twice daily ot each time period and at every study
visit (p < 0.00)). Efficacy was sustained for the duration of
the 6-month evaluurion, with en 8.1-mm Hg (33%) IOP re-
duetion from basei 12 at month 6 (1000) with bimatoprost
0.03% once daily < snpared with 8 5.6-mm Hg (23%) re-
duction with timolol 0.5% twite daily (p < 0.029). Twice-
daily administration of bimatoprost 0.03% also demon-
strated similar or superior efficacy to that of timolol 0.5%
iwice daily but w- . less effective than timolol with once-
Jaily dowing. ., + . , scs were performed in order 10 deter-
mine the percentnge of patients achieving different levels
of IOP. Based on a target IOP of <17 inm Hg, 67% of pa-
tients treated with bimatoprost 0.03% once daily were
lecmed responders compared with 37.3% of patients re-
.ziving timolol 0.5% twice daily (p < 0.001). Likewise, a
target of 15 mm Hg was achieved by more patienty in the
bimatoprost 0.03% once-daily group (36%) than the timo-
lol 0.5% twice-daily arm (36% vs. 20%, respectively; p <
0.001).

UNOPROSTONE

Althuugh unoprosione has been commercially avallable
in Japan since 1994, the compound was reformulated for
use in the US and additional clinical trials were conducted
to support its FDA application. Unoprostone was com-
pared with timolol maleate in 2 pivotal, triple-muasked, ran-
‘domized, imernational trials.'* Pasients with POAG or
OH (mean baseline IOP 24 mm Hg) were enrolled, The
primary end polnt in both studies was the 12-hour diumnal
10P change from baseline at 6 months,

The first study*® involved 571 patients In the US and
Canada. Subjects receiving unoprostone 0.15% twice daily
demonstrated an 1OP reduction of 3—4 mm Hg; patients in
the timolol 0.5% twice-daily group had an 10P reduction

of 4-5 min lig. The I0OP reduction was consistent during -

the day und was susiained for the study duration in both
groups. The sccond study® randomized 360 petients in Eu-
rope and Isruel to twice-daily treatment with unoprostone
0.159%, timolol muleate 0.5%, or betuxolol hydrochloride
0.5%. Similar to the results found in the fin study, IOP re-
ductions with unoprostone ranged from 4 10 5 mm Hg
compared with 5 to 6§ mm Hg with timolol and 5 mm Hg
with betaxolol. A relatively flar diunal curve was reported
in both studies.

wwwitheannals.com
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TRAVOPROST '

. Travoprost wus compared with timolol maleate in 2
larpe Mudies.®¥ In the first international, multicenter, dou-
ble-blind study, travoprost (0.0015% or 0.004%) given
once daily in the evening was compared with ti::.)..!
maleate 0.5% given twice daily. The primary end point
was the mesn 10P at 0900, 1100, and 1600. Patients treat-
ed with either concentration of travoprost had a gignificant
reduction in IOP (p = 0.0001). The grestest reduction was
in the travoproat 0.0015% group (8-8.9 mm Hg), wienas
the timolbl patients had & smalier reduction (6.3—7.9 nun
Hg). The second trial also compared travoprost 0.0015%
and 0.004% administered once dally in the evening with
timolo) maleate 0.5% twice daily in patients with POAG
or OH. The primary end poinl was mean IOP at 0300,
1000, and 1600 at 6 months. The IOP-lowering efi. 1 oi
both dowss of travoprost was significantly greater than with
timolol (p < 0.0130). The mean percent IOP reduction
from baseline was 24-27% for travoproat 0.0015%,
26-29% for travoprost 0.004%, and 20-26% for timolol.

The cflicacy of travoprost was compared with I: ... -
prost and timolol in a 12-month, multicenter, randomized,
double-nasked study.® Patients with OAG or OH were
randomized to receive travoprost 0.0015% or 0.0049% once
daily in the evening, Iatsnoprost 0.005% once daily in the
evening, or timolo! 0.5% twice daily. The primar; ..-4
point was the mean TOP at 0800, 1000, and 1600. Puulecd
data from treatment groups showed & mean IOP reduction
of 6.2-7.2 mmHg for tavoprost 0.0015%, 6.8-7.7
mm Hi, for travoprost 0.004%, 6.4—7.7 mm Hg for la-
tanopmst 0.005%, and 5.2—-6.7 mm Hj for imolol 0.5%.
The a1 thors reported a significantly greater IOP reduction
(0.8 mm He. p=0.00191) with travoprost 0.0049 than I»-
tanoprost 0.005% in the 1600 end point analysis. The pe.
centage of putients nchleving at least a 30% reduction in
IOP or an IOP of s17 mm Hg was 49.8% for travoproat
0.0015%, 56.3% for travoprost 0.004%, 49.6% for la-
tanoprost 0.003%, and 40.4% for imolol 0.5%. The au-
thars concluded that travoprost 0.004% wan move effective
thun timolol and at lenst as effective rs latanoproat in re-
riucing [OP in putients with POAG or OH,

A subgroup analysis" assessing the efficacy of travo-
prost in African Americans detected a !.8 mm Hg larger
reduction in IOP in this population than In non—-African
American patientx. Pooled results from 3 studies® showed
statistically superior I0P reduction with travoprost 0.004%
compared with timolol in both African Americans (mean
3.2 mmHp) and non-African Americans (mean 1.4
mm Hp) (p < 0.0001). In addition, in | study, the mean re-
duction in IOP in African American patients was 1.4
mm Hg greater with travoprost (to 172 mm Hg) than with
latanoprost (to i8.6 mm Hg) (p = 0.0064). The reason for
this difference in response to travoprost is postulated to be
due to race or heavily pigmented irises. Because the inci-
dence of glaucoma Is approximately 3 times higher in
African Americans than non—African Americans, this re-
sponiee may be clinically significant. To date, travoprost is
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the only prostaglandin analog lhnt has been specificully an-
alyzed in this population subser.’ .. *

LATANGPROST

Multiple studies support the use of latanoproat for the
reduction of IOP in patients with POAG and OH. La-
ranoprost 0.005% g.wen once daily was compared with
timolol maleate 0.5% given twice daily i a §-month, ran-
domized, double-masked study in 294 putiens with OH or «
POAG.® The primary end point was the dlurnal IOF*
(0500, 1300, 1700) at 6 months. IOP reduction was similar
with latanoprost (33.7%) and timolol (32.7%). In an addi-
tiopal trisl” using similor methodology, latancprost
0.005% sdministered once daily in the evening reduced
10P by 35% compared with & 27% reduction with timolol
0.5% given twice dally (p < 0.001). The cfficacy of la-
lenoprost appears 1o be sustained, with ¢ reduction in JOP
from 25.3 to 17.1 mm Hg (p <0.001) in 198 patients treat-
ed for |1 year.® Latanoprost 0.005% once daily has also
been shown? (¢ be more effective than tirnolot 0.5% twice
daily in reducing IOP in patients with pignentary glauco-
ma. .

Limited head-to-head analyses were available compar-
ing the prostaglandin analogs at the time of this review.
However, In addition 1o the previously d-acribed trial®
compuring travoprost with latanoprost,.s. nal! investigs-
tions have compared bimatoprost and unop ‘ostone with Is-

fanoprost. .

A Phase 11, multicenter, rundomized, dow de-masked tri-
al® was conducted to compare the y of once-daily
bimatomrost 0.03% (n = 21) with latanoprost 0.005% (n =
22). Patients with OAG or OH with a base line IOP be-
tween 23 and 34 mm Hg received trestment st 2000 for 29
_ days. The mean reductions in IOP from bascline with bi-
muloprogt and latanoprost were 5.9-8.9 mm Hg (25-
34%) and 4.4-7.0 mm Hg (20--31%), respéctively. Al-
though the 10P reduction with bimaloprost was numerical-
ly greater at each fime point assessed. the diffcrence was
not statisticatly significant. The percentage of parients who
achieved a target IOP <17 mm Hg at 2000 at study end
point was 42.1% for bimatoprost 0.03% once dai'y and
33.3% for luianoprost 0.005% once duily (p = 0.567).

Latanoprost was also compared with unoprosione 1 an
B-week, double-maxked, randomized, clinical trial* Pa-
tients (n =118) with POAG or OH received latanoprost
0.005% once daily In the evening or unoprostone 0.12%
twice dmly Although this concentration of unoprostone is*
marketed in multiple countries, the FDA-approved formu- *
lation is 0.159%. IOP was assessed at week 2 (1200) and at
week 8 (1000, 1700). At study end point, the mean IOP re-
duction from baseline (24.1 mm Hg) was 6.7 mm Hg
(28%) with latanoprost and 33 mun Hg (149%) with unopro-
stone (p < 0.001). The response rate, defined as 230% re-
duction in IOP from baseline, was 44% with latanoprost
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and 8% with unoprosione. There was no apparcnt differ-
ence in JOP response duz to gender, age, iris color, or type
of glaucoma

COMBINATION THERAPY

Prostaglandin analogs possess a unique mechanism of
action that may be synergistic or complementary with oth-
cr antiglaucoma medications, such as B-adrenerpic block-
ers, oral curbonic anhydrase inhibltors, or topical carbonic
anhydrase inhibitors.** The addition of [atanoprost 0.005%
once daily or tnoprostone 0.15% twice daily to timolol
maleate 0.5% twice daily was evaluated in & 4-week
study.* The [OP reductions from basetine were 2-4 mm Hg
(unoprostone plus timolol), 5-6 mm Hg (latanoprost plus
timolol), and 1-2 mm Hg (placebo plus timolol). Addition-
ul short-term (rials*™® have assessed adjunctive therapy
with latanoprost in patients treated with dipivefrin 0.1%
twice daily, acetarolamide 250 mg twice daily, pilocurpine
2% 3 times daily, and Umolol 0.5%/dorzolamide 2% twice
daily. In these investigations, iatanoprost produced an ad-
ditional reduction in IOP of 1 .5-9.1 mm H;. In another
study;” bravoprost was added to patients receiving monother-
apy with timolol maleate 0.5% twice dally (baseline I0P 25
mm Hg). This combination regulted in an additional IOP
reduction of 5.7~7.2 mm Hg in the travoprost 0.004%

once-duily plus timolo! grotup compared with an JOP re-
duction of 1.3-2.8 ml-lglnllnpllnehoplul timolol
trestment arm.

Data suggest that bhnmhmmdtmo—
prost are at least ax effective az timolol in the reduction of
10P, whereas unoprostone may provide slightly less IOP re-
duction. Latanoprost is the most widely studled and clini-
cally used prostaglandin analog. Full critique of the trials
performed with the recently approved agents will be neces-
sary on publication. Importamt distinguishing factors in-
cluda the demographics of enrolled patienty, the respective
dropout rates, patient complisnce with therapy, efficocy in
populzrion subsetx, 2nd the sisndard deviation in mean 10P
reduction. Current data suggest travoprost may bs an appro-
printe choics for African American patients, but compara-
tive unulyses of the aliernative prostaglandin analogs in this
population subset would be helpful. Of note, the clinical tri-
als with the prostaplandin analogs were performed against
fimolol 0.5% adminisicred twice dally. Investigations are
nceded to compare the prostaglandin analogs with the
widely used once-daily formulation of timolol.

As shown in Table Z, the current avernget wholesale-
pricen of the prostagiandin analogs are similar.” Pharma-
coeconomic analyses comparing these sgents with other
IOP-reducing agents and in-class comparisons will yleld
useful resulits pertaining to the uitimate role of this drug

. clazs, Finally, data are necessary regarding effects of the

prostaglandin analogs on the progression of glaucoma,
q:eciﬁcally relating to vision Joss. Although IOP reduction
is helpful as a surrogale outcame, glaucoma is muitifacto-
sial, and analyses of the ultimate long-texm effects of phar-

+ macologie inlerventions are essential,
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prost 0.03% iv+n once (n = 474) or twic: (n = 483) daily
with timolol izaleare 0.5% wice daily (n = 241). Patients
were required 1o have glaucoms or OH ana a baseline IOP
of 2234 mm Hg. The primary end point of botl: studies
was the diurr: : ‘0OP at 0800, 1000, 1600, and 2000. Pa-
tienis were «. : .. .od at presnroliment, buseline, week 2,
week 6, month 3, unid month 6. The buseline IOP (26 mm
Hp) was not significantly different mnong groups in either
trial.

The reziults of the 2 trials ware pooled because of their
identical desiy., Liimatopros 0.03% once daily demon-
struted greuter reduction in mean LOP than did timolol
(.5% twice duily ut each time period and at every study
visit (p < 0.00N). Efficacy was sustained for the duration of
the 6-month evaluation, with an §.1-mm Hg (33%) IOP re-
duction from basei e at month 6 {1000) with bimatoprost
0.03% once daily -. anpared with a 5.6-mm Hg (23%) re-
duction with imelo! 11.5% 1wice daily {p < 0.029). Twice-
daily administration of bimatoprost 0.03% also demon-
strated similar or superior efficacy 1o that of timolol 0.5%

wice daily but w- . 1e5a effective than timolol with once-
Jaily dosing. . . -.. . sef were performed in ordsr (o deter-
mine the percentage of patieats achieving different levels
of IOP. Based on a targe: IO of S17 mm Hg, 6750fpn-
tlents treated with bimatoprost 0.03% once daily were
deemed responders compared with 37.3% of patients re-

. ziving timolol 0.5% twice daily {p < 0.001). Likewise, a
targes of 515 mm Hg was achieved by more putiznts in the
bimatopnsi 0.03% once-daily group (36%) then the timo-
1ol 0.5% -wice-daily arn (36% 'vs. 20%, respectively; p £
0.001).

UNOP':OBTONE

Ality 13h unoprostone has been commercially aveilable
in Jupy - since 1994, thc compound was reformulated for
use ir: 1z US and additional clinical trinls wese sonducted
to suz ot its FDA upplication, Unoprostone was com-
paree!’  ith timiolol maisate in 2 pivoral, triple-masked, ran-
‘don+ ¢4, international trials,'! Patients with POAG or
OFY/ mvun baseline LOP 24 mm Hg) were enrolled. The
pi1ir ary end point in both studies ‘»as the 12-hour dinrnal
li'." change from bascline at 6 months.

' (he first study" izvolved 571 patients in the US and

. wda, Subjects receiving unoprostone 0.15% twice daily

& ‘cnstaied an 10P reductlon: of 3—4 mni Hg; patlents in

he 1nolol 0.5% twice-daily group had an IOP reduction
of 4-5 min 1ig. The 0P reduction 'was consisient during ?
the day and was susisined for the study durndon in bot'’s
groups. The second srudy™ rendomized 560 patieits in € J-
rope und Israe) to twice-daily treatnient with unoprost ».e
0.15%, timolol malente 0.5%, or betuxolol hydrochl » Idc
0.5%. Similar o the resulis found in the firs study, !
ductions wnh unoprostone rangsd from 4 to 5 .m Hg
ccmpnn:d 'with 5 o 6 mm Hg with timolol and ! :mm Hg
with bédxolol. A relatively ﬂat diurmal curve wie rqnmd

in both siudies.
]
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Prusnglosdin Analogs in (aucema and Oculor Hypartension
TRAVOPROST '

Travoprost was compared with timolol maleate in 2
larpe studies. ™ In the first iniernational, multicenter, dou-
ble-blind smdy, travoprost (0.0015% or 0.004%) given
once daily in the evening was compared with tiz-s:
maleate 0.2% given twice daily. The primary end point
was the mean IOP ar 0500, 1100, and 1600. Patients treut-
ed with eitier concentration of travoprost had a significunt
reduction .n I0P (p = 0.0001). The greutest rectuction wus
in the ravoprost 0.0015% group ($—8.9 mm Hg), wliereas
the time, ¢l pamuts had & smaller reduction (6.3-7.9 i
Hg). T'ié second triaj also compared travoprost 0.0015%
and 0. X04% admiristered once daily in the evening with
timol 4 maleate 0.5% twice daily in patients with POAG
or Ol]. The primary end point was mean IOP at (200,
1000 /and 1600 a1 6 months. The IOP-lowering efi. i w1
hoth joses of tavoprost was significamly greater than with
timoivl (» s 0.0130). The mean percent IOP reduction
from ba:sline was 24-27% for travoprost 0.0015%,
26-29% lor travoprost 0.004%, and 20-26% for timolol.

The ¢ licacy of travoprust was compared with I: ...
prost ang timalol In & |2-month, multicenter, nmdomued
double fmasked study.™ Patients with OAG or OH were
mndorii:n_d fo receive travoprost 0.0015% or 0.004% once
dmly . the cvening, Intanoprost 0.005% once dllly in the
uvem,l,. ‘or'timolol 0.5% twice daily. The primar,
point was the mean IOP at 0800, 1000, and 1600. Pwl..u
data’, mrn treaiment groups showed a mean IOP reduction
of 6.i-7.2 mmHg for trovoprost 0.0015%, 6.8~7.7
mm ¥ L for travoprost 0.004%, 6.4-7.7 mm Hg for la-
tanop: ¢t 0.005%, and 5.2-6:7 inm Hg for timolol 0.5%.
The o hhors reported a-significantly greater IOP reduction
(0.8 r iim Hg: p = 0.00191) with travoprost 0.004% than I»
tanor fost 0.005% in the 1600 end point analysis. The pe.
cen' pge of patients achleving at least a 30% reduction in
10T for an 10P of <17 mwmi Hg was 49.8% for travoprost
0.0}35%, 56.3% For travoprost 0.004%, 49.6% for In-
tans | Hrost;0.005%, and 40.4% for timolol 0.5%. The au-
tho § concluded that wavoprost 0.004% was more effective
the } timolof and ut leust-as effoctive as latanoprost in rc-
di: / ng I@P in patients with POAG or OH.

A subgroup analysis" agsessing the efficucy of travo-
‘o5l in Africon Americnns detecied a 1.8 mm Hg larger
Feduction in IOP In this population than in non—African

' American potients. Pooled resulty from 3 studles™ showed

statiztically superior IOP reduction with iravoprost 0.004%
compared with timolol in. both: African Americans (mean
3.2 hmHpg) md non-African Americans (mean 1.4
mm Hg) (p < 0.0001). In addition, in |'study, the mean re-
ductidrt In"1OP in’ African American patieats was 1.4
mm Hg grenier with travoprost (to 17.2 mm Hy) tham with
lstanoprost (10 18.6 mm Hg) (p = 0.0064). The reason for
this difference In responss to travoprost Is postuluted to be
due 1o race or heavily pigmented Irises. Because the inci-
dente of glsucoma is approximately 3 times higher in
Afrfcan Americans than non-African Americans, this re-
spoise may be clinically significant. To date, travoprost is
!
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Satety N g
Prostaglandin analogs should be i¥eéd with cuution in
patients who have active intravcular inflammatiog (iritis/
uveitis), in patict:ts who have known risk factors for macu-
lur edema, ir: ., iakic patients, and in pseudophakic pa-

tients with tor., .usterior lens capsules becnuse of the high

risk of developing macular edemna, including cystoid mac-
ular edema."™" These agents should also be used with cau-
tion in the treatment of patients with angle clomure, inflam-
malory, or neovascular glaucoma because of u luck of data
in these conditions. Limitcd data are availuble evaluating
the prosuaglandin analogs in pedlatric, pregnant, or nursing
patients. Likewise, data are not available concerning their
use in patients with hepatic or renal failure. '
Women who are preenant or plan o become pregnant
shouldexerc;.-  * n handling the prostaglandin ana-
logs because liwcy we biologically active and may be ab-
sorbed through the xkin. If accidental contuct does occur,
the exposed urea should be washed immediately with soap
and water. The prost: ~landin analogs we contraindicated in
patients with a kv 1. spersensitivily to the active drug,
benzulkonius.. «iuvriue, or any other ingredients in these
As depicted in Thble 3, the most commonly reported ad-
verse events 7 v !his drug class are ocular burning and
stinging, ocy - - . +. and dry cyes. The incidence of
UICsE EVEITIS Cui. e~ with placebo or active control is not
provided in the current literature. In registration trials for
the prostglendin analogs, the incidence of sysiemic ad-

Frorugluadin Axsiogs In Gloucowa and Ocuiar Nypertension

verse events nol Jg_nﬂntly different from pluccbo.
In clinical tHaly thesé ngenm did not affect heart rate,

blood pressure, or other vital signs, and they do not cause

« bronchoconstriction,»U

‘The most bothersome adverse event associated with the
prostaglandin analogs is a change in pigmented tissue that
may be permanent. This phenomenon appears 10 be ruliuw
to stimulation of melanin production in melanocytes of the
iris stroma. It is most noticeable in patients with green—
brown, blue/gray-brown, or yellow-brown irises. The in-
cidence of this event appeurs to be similar between 7 -+ .-
prost, latanoprost, and bimatoprost, whereas it has 1.y
been reported with unoprostone (Table 3). Of note, there is
limited experim with unoprostone in patlents with o
mixed iris color since the preliminary clinical trials™?
were performed in Japan in patient populations with pre-
dominantly dark irises,

Prostaglandin analogs may also change the lenglh
thickness, and/or number of eyelashes. The changes in eye
color and eyelashes may be permanent and may not be no-
ticeable for months to years after initiation of therupy.
These events are particularly problematic in patients re-

* ceiving {reatment in only 1 eye because of the cosmetic

difference. Currently, the long-term effects on the corneal
epithelium caused by continuous administration of the
prostaglandin analogs are not known™o -

. Dosage and Administration

With the exception of unoprostone, a primary advaninge

_ of the prostaglandin analogs is once-daily dosing. Travo-

proet, latanoprost, and bimatoprost should be administered
in the evening for optimal results. Because of a purudloxi-
cal effect of these 3 drugs at higher concentrations, they

Tuble 2. Cost of Recommended Dasage Regimens for should not be administered more frequently than recom-
Prostagiandin Analoga'* 5 mended in the product labeling.
Drug o Dose Cost {§) Many patients receiving therapy with prostaglandin
Bimatoprosl ..  i1the altectsd eye(s) onca analogs mey receive treutment with concomitant oph-
Jauy wi The svening 80.13 thaimlc medication. Patients should be educated ou e
Latanoprost 1 drop in the allecied syw(s) once need 10 wait at least 10—15 minutes between administru-
dafly In the evening soas tion of different ocular products to allow for maximal ab-
Trevoprost 1 arop :':: sifeciad eye(s) once Taa sorption,'*!? Prostaglandin analogs are formulated with
S evening benzulkonium chloride, which may be absorbed by contact
Uroprostonc ;- - \the Sfcied ayele ieice cly lenses. Therefore, contact lcnses should be removed prior
T..". 3. Incidence ol Most Common Adverse Events in Pivotal Trials with Prostagiandin Analoga™s
. ., tom Blmatoproat Latanoprost Travoprost Unomusions
Buming/siinging (%) ) 3-10 513 510 . 10-28
Dry syss (%) 310 1-4 -4 1D-85
nehing (%) ’ 1545 6-18 510 . 10-85
increased length of ¢#yslashes (%} 1545 only identifled in postmarketing  nol spacified 10--14
use] frequency not reported
! Conpmctivel infecnc  unjuncoval hypsremia (%) 1648 516 35-50 Tone
incressad pigmantsiion of s ). 1-3 15 1 -4 : <t
Foreign body seneson (%) 310 5-1§ 5-10 s-10
wwtheannals.con: The Annals of Pharmacotherapy = 2002 March, Volume 36 = 509
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Cl, Alszander of nl.

to administration of these medications and may be reinsen-
ed 1S minutes after adminisration. IOP-lowering effects of
bimatoprost, latunopros, truvoprost, and unoprostone may
be additive if udministered simultaneously with topical B-
adrenergic blocking agents, topical dipivefrin, topical
epinephrine, ornl carbonic anhydrase inhibitors, and/or
topical carbonic anhydrmse inhibitors.

Bimatoprost, unoprostone, and travoprost may be stored
#t room temperalure (Tabie 4). Lllnnopmut should be’
stored umder refrigeration prior to opening and at room
temperature thereafter. Patientx should be educated about
the risk of contuminating topical ophthalmic products
caused by allowing the tip of the dispensing container to
touch the eye or surrunding structures. Contamination of
ophthatmic products has been associated with bacterial
keratitis, which may severely damage the eye and result in
subsequent loss of vision. ™

Summary

Prostglandin analogs sppear to be effective, well-toler-
ated agents for the reduction of JOP in patients with OAG
and OH. Thix drug cluss offers an alernative for putients
who do not achieve control with another topical antiglau-
coma agent or for patienis with & contraindication to fire-
Jine therapy with B-adrenergic blockers. As clinical experi-
ence with this clags expanda, providers may select the ap-
propriate prostaglandin analog for the initial therwpy of
patients with OAG or OH. Based on preliminary clinleal
datn, bimatoprost, latanoprost, and travoprost &ppear to be
at leait as effective ag timolol, while the effectiveness of
unoprostone s similar or slightly less than that of timolol.
Proxtaglandin analogs may be used in conjunction with
other antiglaucoma medications; future studies must estab-
iish the optimal combination. Whether clinical experience
will yield outcomes in favor of one of the prostaglandin
analops remains to be detcrmined. Patients should be edu-
cated on adverse events associated with these sgents, par-
ticularly the potential for chunges in the pigmentation of
the iris and eyelaxhes.

Table 4. Storage Conditiong™+
Supped
{mL) Storage

Banaioprosl 95  more In orginal container a1 15-25 *C
0.03%sohtion S5

75

Laanoprost 26
0.005% soksion
smig Up 1 25 °C for up 108 wk

Travoprost 2.6 siora in the originel container at

0.004% schuon 2-85 *C; discard the container within
8 wk of ramoving il irom the seeled
pouch

Unaproaione L] store in original comainer at 2-25 °C

£.15% salution
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anliogns de I prustagisndin (himsonrost, luanoprost, travoprost,
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dngulo emrecha,

FUNINTIR DR, DITLRAY -1 Se idenilficaron aticulos priomrios y
revisiones despud - -nlizar uoa biscania bibflogrdfica en MEDLINE

wwwirheunnals.oom

|-: Py

"y

B

w

. “VIprr b4 1'%25'. o R

(1966--2001) y de sokicitar informacidn de loe munufacturerce de ins
praductos.

RETRACe 10 DPORMACKIN La informacida disponible considersia
pcnhn:.hﬁnhpﬂhﬁmmkuhymmmm
asencpesn. Al momenu, b informackin publicada e Iminda.
shereses: 1.os andiopos & i prostagtanding parecen gor agenics efioeex
¥ hien talerados pors 1a nathxcidn de Ls presidn intraoeulor en poclemies
com glaucoms de dngulo cstrecho primario e kipertensitn oculor. Kam
clasificacidn de Ciracos ufiere ona allemasiva on paciestes que willizan
oirod agemen iipico pone ¢ glintom pero 0o ke logn of contol de b .
condiciin 0 en aquelios ea que [ kapia de primera tinea con
blagueadores B-adnevdrgicos extd contraindicada. A bwe di ko datos
cifnicos preliminares, o bixtsioprust, of lstsnoprost y of trevoprost
pareccn st eficaces conno el Gmolol, mieobms que bn oficacls de la
MNOprosions es similer 6 un poco menox |.os anliogos de la
peestagloxding pucden s wifl zados jonin con otros medicemenn
«l glwueomn, suncque Jos estudios (haros deberds astahiecoer by
combinaclkin Sptimn. Falta por deserminar, sl ios resulados de In
expericacta clinica favoreeerdn a slguno de kv enfogos de I
relncionads rel andingr -

oom ks de b prostagiandine, partenlormenc,
Tatencial de camblos en Ja pigmentacide de Iris y de las pestafias,
cxxecr.usionsny El bimstopmsd, = lenmnopros y el trevoprost parecen ser
equivalesica o Ls wrpis cstindar sctonl ¢n o trRtemeno tipico do
esidn intrancular clevada, Dasos clinicos adicionaly obicnidon de
sticulos en lugar de obwinetios son acocsarios para cvahme mejor L
difereneios potenciuics cowe cxios 3 rgenics.

el

Rafieks Mors de Ciimkd)

Risumit

oamcTir: Bvaluer les donates disposibles relatives ) |'willisotion des
malogurs de prosmglendines (PG; bimwsioprost,

. Isixnoprost,
w&-hwhud-pﬁl'wm

gaxone A angle covert.
SRy et Des documents primaives st ardcics de revues o

* et Wentifids par uos rochexcho MEDLINE (196682001, f dans Ues

informatiums demanddcs mx lahoraoires fabriquants.

MMLICTEIN DEN RTUING KT EXTRACTION IS borraien Tuuses ks
informations disponibles, y compris celics publifes cous forme d"articie
ot d"sheuncts qul ont $é conshiinéos portincntes ont €08 lncluses duns
cofic auvue. Los donndes publides pour ["instaat somt fimistes.

S YnTk o bUsesos Les soalogoes de PO m révilont cificeces &
bien tobfrés dany la Gimimaion do ko prosson intreoculatse chex dos
puticnls sitcinis de glaucome A angle ouven ef d Syparensing oculpim.
Cotie classe (hémpeutique oilre uoe sltiornative sir paricnts qul
nobdennent peo Ui résilias avee o sutres antigha-comatenx locous v
Pour coux prisenasnt une comire-indication au traitemont de premidye
inﬂmnhp-bhlm&hhwdnhupﬂlml-h
ke bimmtuprost, ke lntonngrost of ke travoprost 9 evirent au motns suml
eiMcaces que fe tmolol, Laodls que ['efficaci de I'oooprostone et
similaire ou Mpbranes molndre. Les snglogues de PG peavent &ire
ulilicés en ossociation b d"sstres médicaments antiglaucumateux, blen
que des étades uliériewnes doivent encure ablir in combinalson
optimale. Il reqe b diserminer s | clinique founim des
réwultxty cn faveur do 1'um des analogues e PO. Les prtienty deveakent
Qire éduguéy sur kes effets idisirohics sswociés sox snnlogues de P, cn
aﬂmlhnrhmunwnﬁmtmwtl'hhah

, ChMcLIBNeen [ £ bimetoprost, le ketasoprost ¢ ke tavoprost 5" aviiei
fradternent

S équivalents ) la thérapeutique ociuelhs do Riiérence do

locod do ["éiévation de pression intraoculaire, [ fasdra disposer de ping
¢e données cliniques, publides sous formo d'sriicles phafe que
d'abstracts, pour deahlir lea difftscnccy posenslelies extro ces ) ogenes.

Michal Le Duoff

The Aunals of Pharmavoheragy = 2002 March, Volume 36 = S11

00gs7 "

A

p—p—



uugﬁ(
PCT WORLD INTELLECTUAL PROFERTY ORGANIZATION @

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

{51) International Patent Clamification 6 : (11) Internationsl Publication Number: WO 97/30710
A61K 31/587 Al
(43) International Publication Date: 2B August 1997 (23.08.97)
(21) International Application Number: PCT/US97/02269 | (81) Designated States: AU, CA. JP, European patent (AT, BE,
CH, DE, DK, ES, F1, FR, GB, GR. [E, IT, LU, MC. NL,
(22) International Fillng Dute: 13 February 1997 (13.02.97) 1, SE).
(30) Priority Data: Published
08/605,567 22 February 1996 (22.0296) US With insernational search reporr.

Before the expiration of the time limis for ameading the
cloims and to be republished in the event of the receipt of
(71) Applicant: ALLERGAN [US/US]; 8301 Mass Drive, Wico, amendments.

TX 76712 (US).

{72) Inventors: WOODWARD, David, L.; 23152 Tulip Street, El
Toro, CA 92630 (US). ANDREWS, Sweven, W; 393]
Cedron Street, hrvine, CA 92714 (US). BURK, Roben,
M.; 1337 Cerritos Drive, Laguna Beach, CA 9255] (US).
GARST, Michael, E.; 2617 Raquets, Nowpont Beach, CA
92660 (US).

(74) Agents: BARAN, Robert, J. et al.; Allergan, Inc., 2525 Dupont
Drive, T-2 2-E, P.O. Box 19534, Irvine, CA 92623.9534
(US).

(54) Ttle: NON-ACIDIC CYCLOPENTANE HEPTANOIC ACID, 2-CYCLOALKYL OR ARYLALKYL DERIVATIVES AS THERA.
PEUTIC AGENTS

(ST) Absiract

The present invention provides cyclopentane heptanoic acid, 2-cycloalkyl or arylalkyl compounds, which may be substituted in the
1-position with amino, amido, ether or ester groups, e.g., a 1-OH cyclopentme hepuanoic acld, 2-(cycloslky] or arylalkyl) compound.
The cyclopentane heptanoic acid, 2-{cycloalky] or arylalkyl) campounds of the present invention are potent ocoler hypotensives, and are
particularty suitable for the management of glaucoma. Moreover, the cyclopentane heptancic, Hq:lulhl or arylalkyl) compounds of this
invention are smooth muscle relaxants with broad application in systemic hyperteasive and pulmonary diseases; smooth muscle relaxanis
with application in gastrointestinal disease, reproduction, fertllity, incontinence, shock, etc.




bG049

. POR THE PURPOSES OF INFORMATION ONLY
Codes used to idemtify States party to the PCT on the front pages of pamphiets publishing Intemmational
applications undes the PCT,
AM Armenia GB Unised Kingdom MW Malawi
AT  Awala GE  Comgh ME Mo
AU Ammlia GN Gulnm NE Niger
B3 Burbades G Greace NL Nesharlands
BK Belyuma Hy Hungary NO Norway
or Barkina Faso ik brelandd NT Now Tealund
BG Bulgas T kaly [, % Polmd
a) Benm r Ixpmm r Pormagal
R Braxi Ke Kemyn o Remmh
BY Belars KG Kyrgystan nu Rumsian Fodestion
CA Canmita Xr Demoermic Peopie’s Republic o Sudem
cr Cemral A frican Repablic of Karea = Swaden
[ Conge KR Repudlic of Kovea [ 7 Singapare
CH Swheeriand Kz Kapakhopn a Sovenb
a Cise d'lvoire u Lischionstwia L Riovekis
™ Camsroon LK §ri Lanks ;N Sonegal
CN Chms LR Liberis = Swazilaeyl
cs Crachoslovakia LT Lihammls ™ Chad
CL  Cusch Repudiic LU  Luuswbowg TG  Toge
LE Germany Ly Lavia L) Tfikhan
DK Denmark MC Momaco ™ Trinkiad wad Tobuge
EE Eslemia MD Republic of Moldova UA Ukrulme
ES Spals MG Madagaacar uG Ugasia
4] Frolnd ML Mali us United Statxs of Amnerica
R France MN Mangalls uz Ushwitiong
GA DOsbos MR Maurilseis VN Viai Nam

n D MNRTOAL | >



aon;o’

WO 97730710 PCT/USYTN2269 206

10

15

20

25

30

NON-ACIDIC CYCLOPENTANE HEPTANOIC ACID,
2-CYCLOALKYL OR ARYLALKYL DERIVATIVES
AS THERAPEUTIC AGENTS

c E Related Applicati

This patent application is a continuation-in-part of U.S. Patent
Application Serial No. 08/371,339, filed on January 11, 1995 which is a
continuation of US. Patent Application Serial No. 08/154,244 which
was filed on November 18, 1993, which is a divisional of U.S. Patent
Application Serial No. 07/948,056, flled on September 21, 1992, now
U.S. Patent No. 5,352,708 issued on October 4, 1994, all of which are
hereby incorporated by reference.

Background of the Invention
1,_Field of the Invention

The present invention provides cyclopentane heptanoic acid, 2-
cycloalkyl or arylalkyl compounds, which may be substituted in the 1-
position with amino, amido, ether or ester groups, eg, a 1-OH
cyclopentane heptanoic acid, 2-{cycloalky] or arylalkyl) compound. The
cyclopentane heptanoic acid, 2-(cycloalkyl or arylalkyl) compounds of
the present invention are potent ocular hypotensives, and are
particularly suitable for the management of glaucoma. Moreover, the
cyclopentane heptanoic, 2<{cycloalkyl or arylalkyl) compounds of this
invention are smooth muscle relaxants with broad application in
systemic hypertensive and puimonary diseases; smooth muscle
relaxants with application in gastrointestinal disease, reproduction,
fertility, incontinence, shock, etc.
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Ocular hypotensive 'agents are useful in the treatment of a
number of various ocular hypertensive conditions, such as post-
surgical and post-laser trabeculectomy ocular hypertensive episodes,
gl v ma, and as presurgical adjuncts.

Glaucoma is a disease of the eye characterized by increased
intraocular pressure. On the basis of its etiology, glaucoma has been
classified as primary or secondary. For example, primary glaucoma in
adults (congenital glaucoma) may be either open-angle or acute or
chronic angle-closure. Secondary glaucoma results from pre-existing
ocular diseases such as uveitis, intraocular tumor or an enlarged
cataract. :

The underlying causes of primary glaucoma are not yet known.
The increased intraocular tension is due to the obstruction of aqueous
humor outflow. In chronic open-angle glaucoma, the anterior
chamber and its anatomic structures appear normal, but drainage of
the aqueous humor is impeded. .In acute or chronic angle-closure
glaucoma, the anterior chamber is shallow, the filtration angle is
narrowed, and the iris may obstruct the trabecular meshwork at the
entrance of the canal of Schlemm. Dilation of the pupil may push the
root of the iris forward against the angle, and may produce pupillary
block -...d thus precipitate an acute attack. Eyes with narrow anterior
chamber angles are predisposed to acute angle-closure glaucoma
attacks of various degrees of severity.

Secondary glaucoma is caused by any interference with the flow
of aqueous humor from the posterior chamber into the anterior
chamber and subsequently, into the canal of Schlemm. Inflammatory
disease of the anterior segment may prevent aqueous escape by
causing complete posterior synechia in iris bombe and may plug the
drainage channel with exudates. Other common causes are
intraocular tumors, enlarged cataracts, central retinal vein occlusion,
trauma (o the eye, operative procedures and intraocular hemorrhage.

Considering all types together, glaucoma occurs in about 2% of
all persons over the age of 40 and may be asymptotic for years before
progressing to rapid loss of visi n. In cases where surgery is n t
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indicated, topical b-adrenoreceptor antagonists have traditionally been
the drugs of choice for treahng glaucoma.

Prostaglandins were earlier regarded as potent ocular
hypertensives; however, evidence accumulated in the last two decades
shows that some prostaglandins are highly effective ocular
hypotensive agents and are ideally suited for the long-term medical
management of glaucoma. (See, for example, Starr, M.S. Exp. Eye Res,
1971, 11, pp. 170-177; Bito, L. Z Biological Protection with
Prostaglanding Cohen, M. M ed., Boca Raton, Fla, CRC Press Inc,
1985, pp. 231-252; and Bito, L. Z., Applied Pharmacology in_the Medical
Treatment of Glaucomas Drance, S. M. and Neufeld, A. H. eds,, New
York, Grune & Stratton, 1984, pp. 477-505). Such prostaglandins

" include PGFy,, PGFy,, PGEy, and certain lipid-soluble esters, such as

C; to Cs; alkyl esters, e.g. 1-isopropyl ester, of such compounds.

In the United States Patent No. 4,599,353 certain prostaglandins,
in particular PGE, and PGF5, and the C; to C; alkyl esters of the latter
compound, were reported to possess ocular hypotensive activity and
were recommended for use in glaucoma management.

Although the precise mechanism is not yet known, recent
experimental results indicate that the prostaglandin-induced
reduction in intraocular pressure results from increased uveoscleral
outflow [Nilsson et al., [nveat. Ophthalmol. Vis. Sci, 28(suppl), 284
(1987)). :
The isopropyl ester of PGFy, has been shown to have
significantly greater hypotensive potency than the parent compound,
which was attributed to its more effective penetration through the
comnea. In 1987 this compound was described as "the most potent
ocular hypotensive agent ever reported.” [See, for example, Bito, L. Z,
Arch._ Ophthalmol. 105, 1036 (1987), and Siebold et al., Prodrug 5, 3
(1989)].

. Whereas prostaglandins appear to be devoid of significant
intraocular side effects, ocular surface (conjunctival) hyperemia and
foreign-body sensation have been consistently associated with the
topical ocular use of such compounds, in particular PGFp, and its
prodrugs, e.g. its ‘llisopropyl ester, in humans. The clinical potential
of prostaglandins in the management of conditions associated with

o
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increased ocular pressure, e.g. glaucoma, is greatly limited by these side
effccts.

Certain phenyl and phenoxy mono, tri and tetra nor
prostaglandins and their 1-esters are disclosed in European Patent

5 Application 0,364,417 as useful in the treatment of glaucoma or ocular
hypertension.

In a series of co-pending United States patent applications
assiyned to Allergan, Inc. prostaglandin esters with increased ocular
hyp-.tensive activity accompanied with no or substantially reduced

10 side-effects are disclosed. The co-pending USSN 386,835 (filed 27 July
1989), relates to certain 1l-acyl-prostaglandins, such as 11-pivaloyl, 11-
acel, ., 11-isobutyryl, 11-valeryl, and 11-isovaleryl PGFp,. Intraocular
pressure reducing 15-acyl prostaglandins are disclosed in the co-
pending application USSN 357,394 (filed 25 May 1989). Similarly,

15 1172 9,15- and 9,11-diesters of prostaglandins, for example 11,15
v..pivaloyl PGFp, are known to have ocular hypotensive activity. See
the co-pending patent applications USSN No. 385,645 filed 27 July
1990, now U.S. Patent No. 4,494,274; 584,370 which is a continuation of
USSN No. 386,312, and 585,284, now US. Patent No. 5,034,413 which is

20 a continuation of USSN 386,834, where the parent applications were
filed on 27 July 1989. The discldsures of these patent applications are
hereby expressly incorporated by reference.

Summary of the Invention
25
We have found that certain cyclopentane heptanoic acid, 2-
cycloalkyl or arylalkyl compounds and derivatives thereof wherein
the carboxylic acid group is replaced by a non-acidic substituent have
pronounced effects on smooth muscle and are potent ocular
30 hypotensive agents. We have further found that such compounds, in
certainn instances, may be significantly more potent than their
respective parent compounds and, in the case of glaucoma
surprisingly, cause no or significantly lower ocular surface hyperemia
than the parent compounds.
35 The present invention relates to methods of treating
cardiovascular, pulmonary-respiratory, gastrointestinal, reproductive,
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allergic disease, shock and ocular hypertenision which comprises
administering an effective amount of a cyclopentane heptanoic acid,
2-cycloalkyl or arylalky! compound represented by the formula I

R, Z

wherein the dashed bonds represent a single or double bond which
can be in the cis or trans configuration, A is ln.al.kylme or
alkenylene radical having from two to six carbon atoms, which
radical may be interrupted by one or more oxide radicals and
substituted with one or more hydroxy, oxo, alkyloxy or akylcarboxy
groups wherein said alkyl radical comprises from one to six carbon
atoms; B is a cycloalkyl radical having from three to seven carbon
atoms, or an aryl radical, selected from the group consisting of
hydrocarby! aryl and heteroaryl radicals having from four to ten
carbon atoms wherein the heteroatom is selected from the group
consisting of nitrogen, oxygen and sulfur atoms; X is a radical selected
from the group consisting of -OR4 and -N(R%)2 wherein R4 is
selected from the group consisting of hydrogen, a lower alkyl Tadical
having from one to six o

o 0
carbon atoms, R5-C- or R5-0O-C— wherein RS is a lower alkyl radical
having from one to six carbon atoms; Z is =O or represents 2
hydrogen radicals; one of R} and R2 is =0, -OH or a -O{CO)R¢ group,
and the other one is -OH or -O(CO)Rg, or R1 is =O and Rz is H,
wherein Rg is a saturated or unsaturated acyclic hydrocarbon group
having from 1 to about 20 carbon atoms, or -(CH2)mR7 wherein m is

. 0 or an integer of from 1 to 10, and ‘R7 is cycloalkyl radical, having

from three to seven carbon atoms, or a hydrocarbyl aryl or heteroaryl
radical, as defined above, or a pharmaceutically-acceptable salt
thereof, provided, however, that when B is not substituted with a
pendant heteroatom-containing radical, and Z is =0, then X is not -
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OR4. (That is, the cycloalkyl or hydrocarby! aryl or heteroary! radical
is not substituted with a pendant radical having an atom other than
carbon or hydrogen.) *

More preferably the method of the present invention comprises
administering a cyclopentane heptanoic acid, 2-(phenyl alkyl or
phenyloxyalkyl) represented by the formula II

Z

X
Yn
(CH,)y(O)x —G

-whextinyisOOrl,xisOOrIandx and y are not both 1, Y is a radical

selected from the group consisting of alkyl, halo, eg. fluoro, chloro,
etc., nitro, amino, thiol, hydroxy, alkyloxy, alkylcarboxy, halo
substituted alkyl wherein said alkyl radical comprises from one to six
carbon atoms, etc. and n is 0 or an .integer of from 1 to about 3 and R3
is =y, -OH or -O{CO)R¢ wherein R¢ is as defined above . Preferably, n
Islor2. '

Preferably the compound used in the above method of
treatment is a compound of formula (II).

R, Z

w’\/\/\/‘\x

Y)n

wliere'n hatched lines indicate a configuration, solid triangles are used
to uuwiicate B configuration

in another aspect, the present invention relates to a method of
treating cardiovascular, pulmonary-respiratory, gastrointestinal,
reproc..ctive and allergic diseases, shock and ocular hypertension
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which comprises adn}inistering to a subject a pharmaceutical
composition comprising a therapeutically effective amount of a
compound of formula (IV)

R, .
t 4
— : N Y?
§ ¥~ (CHyy(On —G
R; | R =

. wherein Y1 is Cl or trifluoromethyl and the other symbols and

substituents are as defined above, in combination with a
pharmaceutical carrier.

Finally, the method of the present invention relates to a
method of treating cardiovascular, pulmonary-respiratory,
gastrointestinal, reproductive and allergic diseases, shock and ocular
hypertension which comprises administering to a subject a
pharmaceutical composition comprising a therapeutically effective
amount of a compound of Formula V

and the 9-and/or 11- and/or 15 esters thereof.
In a further aspect, the present invention relates to
pharmaceutical compositions comprising a therapeutically effective

. amount of a compound of formulae (I), (1), (I), (IV) or:(V) wherein

the symbols have the above meanings, or .a pharmaceutically
acceptable salt thereof in admixture with a non-toxic, pharmaceutically
acceptable liquid vehicle. - -
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In a still further aspect, the present invention- relates to
cyclopentane heptanoic acid, 2-cycloalkyl or arylalkyl compounds of
the above formulae, wherein the substituents and symbols are as
defired hereinabove, or a pharmaceutically acceptable salt of such
compounds.

Detailed Descrintion of the Inventi

The present invention relates to the use of cyclopentane
heptanoic add, 2-cycloalkyl or arylalkyl compounds as therapeutic
agents, e¢.g. as ocular hypotensives. These therapeutic agents are
represented by compounds having the formula I,

4

as deiined above. The preferred nonacidic cyclopentane heptanoic
acid, 2-(phenyl alkyl or phenyloxyalkyl) compounds wused in
accordance with the present invention are encompassed by the
fol'.ving structural formula (II)

X
_, Win
(CH,)y(O)x -O
R, R, —

whe. s the substituents and symbols are as hereinabove defined.
More preferably the compounds are represented by formula (III).
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X
" (YIn

wherein the substituents and symbols are as defined above. More
preferably, the compounds utilized in the present invention are
compounds represented by the formula (IV)

R, '
) y A
Sﬂ'\—:_’/\/\l/ X

— Yl
§ 5 (CH,)y(O)x -G/
RI ig ' —

wherein the substituents and the symbols are as defined above.

Most preferably the present invention utilizes the novel
compounds of the formula (V)

' and their 9- and/or 11- and/or 15-esters.

In all of the above formulae, as well as in thole provnded
hereinafter, the dotted lines on bonds between carbons 5 and 6 (C-5),
between carbons 13 and 14 (C-13), between carbons 8 and 12 (C-8), and
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between carbons 10 and 11 (C-10) indicate a single or a double bond
which can be in the cis or trans configuration. If two solid lines are
used that indicates a specific configuration for that double bond.
llatched lines at positions C-9, C-11 and C-15 indicate the o
configuration. If one were to draw the P configuration, a solid
triangular line would be used.

In the compounds used in accordance with the present
invention, compounds having the C-9 or C-11 or C-15 substituents in
the o or B configuration are contemplated. As hereinabove
mentioned, in all formulas provided herein broken line attachments
to the cyclopentane ring indicate substituents in the a configuration.
Thickened solid line attachments to the cyclopentane ring indicate
substituents in the f configuration. Also, the broken line attachment
of the hydroxyl group or other substituent to the C-11 and C-15 carbon
atoms signifies the a configuration.

For the purpose of this invention, unless further limited, the
term "alkyl" refers to alkyl groups having from one to ten carbon
atoms, the term “cycloalkyl" refers to cycloalky! groups having from
three to seven carbon atoms, the term “aryl® refers to aryl groups
having from four to ten carbon atoms. The term "saturated «
unsuwurated acyclic hydrocarbon group” is used to refer to straight or
branched chain, saturated or unsaturated hydrocarbon groups having
from one to about 6, preferably one to about 4 carbon atoms. Such
groups include alkyl, alkenyl and alkynyl groups of appropriate
lengths, and preferably are alkyl, e.g. methyl, ethyl, propyl, butyl,
pentyl, or hexyl, or an isomeric form thereof.

The definition of R¢ may include a cyclic component,
-(CH2)mR7, wherein n is 0 or an integer of from 1 to 10, R7'is an
aliphaiic ring from about 3 to about 7 carbon atoms, or an aromatic or
heteroaromatic ring. The "aliphatic ring” may be saturated or

unsaturated, and preferably is a saturated ring having 3-7 carbon
atoms, inclusive. As an aromatic ring, Ry preferably is pheny), and the
heteroaromatic rings have oxygen, nitrogen or sulfur as a heteroatom,
i.e. Rr may be thienyl, furanyl, pyridyl, etc. Preferably m is 0 or an
integer of from 1 to 4.
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Z is =0 or represents two hydrogen atoms,
X may be selected from the group consisting of -OR4 and -
N(R4)2 wherein R* is selected from the group consisting of
hydrogen, a lower alkyl radical having from one to six
0O 0O
carbon atoms, R5-C- or R5-O-C- wherein R5 is a lower alkyl radical
having from one to six carbon atoms.

Preferred representatives of the compounds within the scope of
the present invention are the compounds of formula V wherein X is -
OH, i.e. cyclopentane heptenoic acid, 5-cis-2-(3-a hydroxy-4-m-
chlorophenoxy-1-trans-butenyl)-3,5-dihydroxy, [1g, 28, 3. Sq] and
cyclopentane methylheptenoate-5-cis-2(3-ahydroxy-4-m-
chlorophenoxy-1-trans-butenyl)-3, 5 dihydroxy, [10,2p.3¢,5q] and the 9-
and/or 11- and/or 15-esters of this compound. (The numbered
designations in brackets refer to the positions on the.cyclopentane
ring.) '

The following novel compounds may be used in the
pharmaceutical compositions and the methods of treatment of the
present invention. '

(1)  cyclopentane heptenol-5-cis-2-(30-hydroxy-5-phenyl-1-
trans-pentenyl)-3, 5-dihydroxy, [1a 28, 3q, 5al

(2  cyclopentane heptenamide-5-cis-2-(3a~hydroxy-5-phenyl-
1-trans-pentenyl)-3, 5-dihydroxy, [1a, 2p, 30, Sal

'(3)  cyclopentane N,N-dimethylheptenamide-5-cis-2-(3a~
' hydroxy-5-phenyl-1-trans-pentenyl)-3, 5-dihydroxy, [1o,
Zp, 3, Sq]

(4)  cyclopentane heptmyl methox:de-S—us-z—(:iu—hydroxy-S-
phenyl—l-trans-pentenyl)—.?» 5-d:.hydroxy, (1a, 28, 3o Sal
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cyclopentane heptenyl ethoxide-5-cis-2-(3a~hydroxy-4-
meta-chlorophenoxy-1-trans-pentenyl)-3,  5-dihydroxy,
[lﬂl zﬂ' 33! sﬁ]

cyclopentane heptenylamide-5-cis-2-(3a-hydroxy-4-meta-
chlorophenoxy-1-trans-pentenyl)-3, 5-dihydroxy, [la, 2,
3Gr sﬂl

cyclopentane heptenylamide-5-cis-2-(3a-~-hydroxy-4-
trifluoromethylphenoxy-1-trans-pentenyl)-3, 5-dihydroxy,
lla- zﬁ- 30.! Stl]

cyclopentane  N-isopropyl heptenamide-5-cis-2-(3a.—
hydro:fy-s-phenyl-l-tms-pmtmyl)-?a, S-dihydroxy, {1q,
2p, 3, Sal

cyclopentane N-ethyl heptenamide-5-cis-2-(3a~hydroxy-
5-phenyl-1-trans-pentenyl)-3, 5 dihydroxy, [1a, 2p, 3a, 5ol

cyclopentane N-methyl heptenamide-5-cis-2-(3a~
hydroxy-5-phenyl-1-trans-pentenyl)-3, 5-dihydroxy, {1a,
25, 3¢. Sd

cyclopentane heptenol-5-cis-2-(3a~hydroxy-4-meta-
chlorophenoxy-1-trans-butenyl)-3, 5-dihydroxy, [14, 2p.
3ﬂ| sﬂ]

cyclopentane heptenamide-5-cis-2-(3a~hydroxy-4-meta-
chlorophenoxy-1-trans-butenyl)-3, 5-dihydroxy, [1q, 2p,
3a, Sal

cyclopentane heptenol-5-cis-2-(3a~-hydroxy-5-phenyl-1-
trans-pentenyl)3, 5-dihydroxy, [1a, 28, 3a, 5al
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A pharmaceutically acceptable salt is any salt which retains the
activity of the parent compound and does not impart any deleterious
or undesirable effect on the subject to whom it is administered and in
the context in which it is administered. Such salts are those formed
with pharmaceutically " acceptable cations, e.g., alkali metals, alkali
earth metals, etc.

Pharmaceutical compositions may be prepared by combining a
therapeutically effective amount of at least one compound according
to the present invention, or a pharmaceutically acceptable salt thereof,
as an active ingredient, with conventional ophthalmically acceptable
pharmaceutical excipients, and by preparation of unit dosage forms
suitable for topical ocular use. The therapeutically efficient amount

" typically is between about 0.0001 and about 5% (w/v), preferably about

0.001 to about 1.0% (w/v) in liquid formulations.

For ophthalmic application, preferably solutions are prepared
using a physiological saline solution as a major vehicle. The pH f
such ophthalmic solutions should preferably be maintained between
4.5 and 8.0 with an appropriate buffer system, a neutral pH being
preferred but not essential. The formulations may also contain
conventional, pharmaceutically acceptable preservatives, stabilizers
and surfactants.

Preferred preservatives that may be used in the pharmaceutical
compositions of the present invention include, but are not limited to,
benzalkonium chloride, chlorobutanol, thimerosal, phenylmercuric
acetate and phenylmercuric nitrate. A preferred surfactant is, for
example, Tween 80. Likewise, various preferred vehicles may be used
in the ophthalmic preparations of the present invention. These
vehicles include, but are not limited to, polyvinyl aleohol, povidone,
hydroxypropyl methy! cellulose, poloxamers, carboxymethyl cellulose,
hydroxyethyl cellulose.cyclodextrin and purified water.

Tonicity adjustors may be added as needed or convenient. They
include, but are not limited to, salts, particularly sodium chloride,
potassium chloride, mannitol and glycerin, or any other suitable
ophthalmically acceptable tonicity adjustor.

Various buffers and means for adjusting pH may be used so
long as the resulting preparation is ophthalmically acceptable.

u?/
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Accordingly, buffers include acetate buffers, citrate buffers, phosphate
buffers and borate buffers. Acids or bases may be .used. to adjust the pH
of these formulations as needed.

In a similar vein, an ophthalmically accepuble antioxidant for
use in the present invention includes, but is not limited to, sodium
meiuvisulfite, sodium  thiosulfate, acetylcysteine, butylated
hydroxyanisole and butylated hydroxytoluene.

Other excipient components which may be included in the
opl: - nic preparations are chelating agents. The preferred chelating
agent is edentate disodium, although other chelating agents may also
be used in place of or in conjunction with it.

‘1.1 ingredients are usually used in the following amounts:

Ipgredicent Amount (% w/y)

active ingredient about 0.001-5

preservative 0-0.10

vehicle ' 0-40

tonicity adjustor 0-10

buffer 0.01-10

pH adjustor q.s. pH 4.5-1.5

antioxidant as needed

surfactant as needed

purified water as needed to make
100%

The actual dose of the active compounds of the present
invention depends on the specific compound, and on the condition to
be treated; the selection of the appropriate dose is well within the
knowledge of the skilled artisan.

The ophthalmic formulations of the present invention are
conveniently packaged in forms suitable for metered application, such
as in coniainers equipped with a dropper, to facilitate application to
the eye. Containers suitable for dropwise application are usually made
of suitable inert, non-toxic plastic material, and generally contain
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between about 0.5.and about 15 ml solution. One package may contain
one or more unit doses. '

Especially preservative-free solutions are often formulated in
non-resealable containers containing up to about ten, preferably up to

5 about five units doses, where a typical unit dose is from one to about 8

drops, preferably one to about 3 drops. The volume of one drop
usually is about 20-35 ml.

The invention is further illustrated by the following non-
limiting Examples.

10 .
Example 1
1
1-trans-butenyl)-3.5-dihydroxy, (15, 25 3. 5q]
15
This compound may be purchased from Cayman Chemical
Company of Ann Arbor, Michigan or synthesized by methods known
in the art.
20 Example 2
Cyclopentane methylheptenoate-5-cig-2
{3a-hydroxy-+-m-chlorophenoxy-1-trané-butenyl)
2. S-dihydroxy, {15.2p30,341
25

To a stirred solution of cyclopentane heptenoic acid, 5-cis-2-(30-
hydroxy-4-m-chlorophenoxy-1-trans-buteny!)-3,5-dihydroxy, [1q, 2p, 3.
5a)(24 mg. 0.0565 mmol) in acetone (0.6 ml) at room temperature was
added 1, 8-diazabicyclo {5.4.0.] undec-7-ene (DBU) (40, ul, 0.27 mmol)

30 and methyl iodide (20 ul, 0.32 mmol). The reaction turned yellow with
the DBU addition. The reaction was maintained at room
temperature for 6.5 hours, then was diluted with ethyl acetate (30 ml)
and filtered through a plug of celite with the aid of ethyl acetate. After
concentration in vacuo, the residue was flushed with ethylacetate
35 (EtOAc) through a 20 mm x 160 mm column of silica to give the
desired methy] ester.
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A mixture of the methy] ester of the compound of Example 1

(9.2 mg, 0.0222 mmol) and NH¢Cl (10 mg, 0.187 mmol) in NH3 was

10 heated at 80°C for 12 hours. .After cooling to room temperature, the

solvents were evaporated and the residue was subjected to coluinn

chromatography to provide the named amide as 7.2 mg of a clear,
colorless liquid.

15 | Example 4

20 This compound may be purchased from Cayman Chemical
Company of Ann Arbor, Michigan or synthesized by methods known
in the art.

Example 5

25 Cyclopentane heptenamige-5-cis2-(3a-hydroxy}-4-m-
trifluoromethylphenoxy-1-trans-butenyi)-3.5-dihydroxy [1c. 28, 3. Sa

A mixture of the methy! ester of the compound of Example 4
(fluprostenol) and NH4Cl in NH3 is heated at 80° C for 12 hours. After

30 cooling to room temperature the solvents are evaporated and the
residue is subjected to column chromatography to provide the named
amide.

-5
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Exampie 6

Measurement of intraocular pressure studies in dogs involved
pneumatonometry performed in conscious, Beagle dogs of both sexes
(10-15 kg). The animals remained conscious throughout the study and
were gently restrained by hand, Drugs were administered tbpically to
one eye as a 25 uL volume drop, the other eye received 25 u: vehicle
(0.1% polysorbate 80:10 mM TRIS) as a control. 0.1% proparacaine was
used for corneal anesthesia ciuring tonometry. Intraocular pressure
was determined just before drug administration and at 2, 4 and 6 hour
thereafter on each day of the 5 day study. Drug was administered twice

_ a day, with a 6 hour interval between doses that spanned the

intraocular pressure measurement time frame. The result reported in
Table 1, below.

Jable1, Comparison of effects of certain compounds of the
invention on dog intraocular pressure. Values indicate mean changes
from baseline introcular pressure (+ SEM) at predetermined times
post-dosing. n=8, *p<0.05, **p<0.01.

INTRAOCULAR PRESSURE (mmHg) CHANGE AT
ERERETERMINED TIMES (HR)

COMPOUND DQSEX% 2 4 - 6 24

Examplel 001 0.1+08 -52:14" -43:08 -4.4108

Example 1 0.1 3.1£0.8**-32+0.7  -2.7+08 -
Example 3 0.01 -2241.0* 55+1.1% -4.031.4° -.2.71;1.1'
Example 3 0.1 -1.3+04% 2.330.7** -2.6+06% -
Example 5 0.1 -2.740.8* -3.4409* -2.8+0.4* -2.131.6*
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n‘xample4 0.01 -0.940.7 -253+0.7* -3240.7* -1.340.7
Fluprostenol 0.1 -13+01 -2.1%1.1 -27¢13  -3.1+0.9*
Example 7

10
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20

25

30
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Measurement of ocular surface hyperemia was visually assessed
anz zcored according to the following schematic:

Hyperemia Score Assigned Valye

<1

1 slight

>1<2

2 moderate

>3

3 severe

(baseline scores for dogs are typically < 1)

N W N~

T..e hyperemia value for each dog at a single time point (x) is obtained
as follows: (treated eye value at hr x - baseline value)-(control eye
value at hr x-baseline value). A composite value is then obtained by
dividing the sum of the post-treatment measurement at each time
point by the number of animals in the group: ie. mwhere m=
n
measurements of ocular surface hyperemia. Ocular surface hyperemia
is « ;aluated at the same time points as intraocular pressure
measurement. It should be noted that untreated dog eyes frequently
have a pink/red tone. Thus, values of <1 and 1 are essentially within
the normal range. The results are reported in Table 2, below.
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Table 2. Comparison of effects of certain compounds of the
invention on dog ocular surface hyperemia. Values are
composite scores as indicated in the methods.

COMPOUND DOSE% OCULAR SURFACE HYPEREMIA:
COMPOSITESCORE -

Example 1 0.01 -

Example 1 0.1 033
Example 3 0.01 -

Example 3 0.1 0.81
Example 5 0.1 0.81
Example 4 0.01 1.08
Fluprostenol 0.1 150

It is clear that the compounds of Examples 1, 3 and 5,
unexpectedly, show better efficacy at lowering JOP than Example 4
while showing less hyperemia.

The compounds of the invention may also be useful in the
treatment of various pathophysiological diseases including acute
myocardial infarction, vascular thrombosis, hypertension,
pulmonary hypertension, ischemic heart disease, congestive heat
failure, and angina pectoris, in which case the compounds may be
administered by any means that effect vasodilation and thereby
relieve the symptoms of the disease. For example, administration
may be by oral, transdermal, parenterial, subcutaneous, intravenous,
intramuscular, intraperitoneal, transdermal, or buccal routes.

The compounds of the invention may be used alone, or in
combination with other of the known vasodilator drugs.

The compounds of the invention may be formulated into an
ointment containing about 0.10 to 10% of the active ingredient in a
suitable base of, for example, white petrolatum, mineral oil and
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petroatum and lanolin alcohol. Other suitable bases will be readily
apparent to those skilled in the art,

The phannaceuucal preparations of the present invention are
manufactured in a manner which is itself known, for example, by
means of conventional dissolving or suspending the compounds,
which are all either water soluble or suspendable. For
administration in the treatment of the other mentioned
pathophysiological disorders. The pharmaceutical preparations
which can be used orally include push-fit capsules made of gelatin, as
well as soft, sealed capsules make of gelatin and a plasticizer such as
glycerol or sorbitol. The push-fit capsules can contain the active
cempounds in liquid form that may be mixed with fillers such as
lactose, binders such as starches, and /or lubricants such as talc or
magnesium stearate and, optionally, stabilizers. In soft capsules, the
active compounds are preferably dissolved or suspended in suitable
liquids, such as in buffered salt solution. In addition, stabilizers may
be added.

In addition to being provided in a liquid form, for example in
gelatin capsule or other suitable vehicle, the pharmaceutical
preparations may contain suitable excipients to facilitate the
processing of the active compounds into preparations that can be
used pharmaceutically. Thus, pharmaceutical preparations for oral
use can be obtained by adhering the solution of the active
compounds to a solid support, optionally grinding the resulting
mixture and processing the mixture of granules, after adding suitable
auxiliaries, if desired or necessary, to obtain tablets or dragee cores.

Suitable excipients are, in particular, fillers such as sugars, for
example lactose or sucrose, mannitol or sorbitol, cellulose
pre;-:sations and/or calcium phosphates, for example tricalcium
phosphate or calcium hydrogen phosphate, as well as inders such as
starch, paste using for example, maize starch, wheat starch, rich
stz ..ily, potato starch, gelatin, tragacanth, methyl cellulose,
hydroxypropylmethylcellulose, sodium carboxymethylcellulose,
and/or polyvinyl pyrrolidone. If desired, disintegrating agents may
be added such as the above-mentioned starches and also
carboxymethyl-starch, crosslinked polyvinyl pyrrolidone, agar, or
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algenic acid or a salt thereof, such as sodium alginate. Auxiliaries
are, above all, flow-regulating agents and lubricants, for example,
silica, talc, stearic acid or salts thereof, such as magnesium stearate or
calcium stearate, and/or polyethylene glycol. Dragee cores are
provided with suitable coatings which if desired, are resistant to
gastric juices. For this purpose, concentrated sugar solutions may be
used, which may optionally containing gum arabic, talc, polyvinyl
pyrrolidone, polyethylene glycol and/or titanium dioxide, lacquer
solutions and suitable organ'ic solvents or solvent mixtures. In order
to produce coatings resistant to gastric juices, solutions of suitable
cellulose preparations such as acetylcellulose phthalate or

_ hydroxypropylmethyl-cellulose phthalate, are used. Dye stuffs or

pigments may be added to the tables or dragee coatings, for example,
for identification or in order to characterize combinations of active
compound doses.

Suitable formulations for intravenous or parenteral
administration include aqueous solutions of the active compounds.
In addition, suspensions of the active compounds as oily injection
suspensions may be administered. Aqueous injection suspensions
may contain substances which increase the viscosity of the’suspension

include, for example, sodium carboxymethyl cellulosé, soribitol, .

and/or dextran. Optionally, the suspension may also contain
stabilizers,

The foregoing description details specific methods and
compositions that can be employed to practice the present invention,
and represents the best mode contemplated. However, it is apparent
for one of ordinary skill in the art that further compounds with the
desired pharmacological properties can be prepared in an analogous
manner, and that the disclosed compounds can also be obtained from
different starting compounds via different chemical reactions. For
example, the present invention contemplates certain prodrugs of the

) ) o O
above disclosed compounds, wherein R4 is R5-C- or R5-O-C-. These
compounds may be made by acylation or esterification of the
corresponding hydroxy ‘of amino derivative. Similarly, different
pharmaceutical compositions may be prepared and used with

26
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substantially the same result. Thus, however detailed the foregoing
may appear in text, it should not be construed as limiting the overall

scope hereof; rather, the ambit of the present invention is to be
governed only by the lawtul construction of the appended claims.

1em o FRRTIOAL L
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CLAIMS

1. A method of treating ocular hypertension which comprises
applying to the eye an amount sufficient to treat ocular hypertension
of a compound of formula I

wherein the dashed bonds represent a single or double bond which
can be in the cis or trans configuration, A is an allkylene or
alkenylene radical having from two to six carbon atoms, which
radical may be interrupted by one or more oxide radicals and
substituted with one or more hydroxy, oxo, alkyloxy or akylcarboxy
groups wherein said alky! radical comprises from one to six carbon
atoms; B is a cycloalkyl radical having from three to seven carbon
atoms, or an aryl radical, selected from the group consisting of
hydrocarbyl aryl and heteroaryl radicals having from four to ten
carbon atoms wherein the heteroatom is selected from the group
consisting of nitrogen, oxygen and sulfur atoms; X is a radical selected
from the group consisting of-OR# and -N(R4)2 wherein R# is selected
from the group consisting of hydrogen, a lower alkyl radical having
from one to six

o o
carbon atoms, R9-C- or R5-O-C- wherein RS is a lower alkyl radical
having from one to six carbon atoms; Z is =O or represents 2
hydrogen radicals; one of R] and R2 is =0, -OH or a -O{(CO)R¢ group,
and the other one is -OH or -O{CO)Rg, or R1 is =O and R2is H,
wherein Rg is a saturated or unsaturated acyclic hydrocarbon group
having from 1 to about 20 carbon atoms, or -(CH2)mR?7 wherein m is
0-10, and R7 is cycloalkyl radical, having from three to seven carbon
atoms, or a hydrocarbyl aryl or heteroaryl radical, as defined above, or
a pharmaceutically-acceptable salt thereof, provided however that
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when B is not substituted with a pendant heteroatom-containing
radical and Z is =0, then )5 is not -OR4,

2. The method of Claim 1 wherein said compound is a

represented by the formula ()
. . 4

X
Y.(Y)n
(Cua)Y(O)x _O

whereinyisQor1, xis 0 or 1 and x+ y are not both 1, Y is a radical
sclected from the group consisting of alkyl, halo, nitro, amino, thiol,
‘hydroxy, alkyloxy, alkylcarboxy and halosubstituted alkyl, wherein
said alkyl radical comprises from one to six carbon atoms, n is 0 or an
integer cf from 1to 3 and R3 is =0, -OH or -O(CO)R¢-

3. The method of claim 2 wherein said compound is represented
b formula III.

wherein hatched lines indicate the a configuration and solid
triangles indicate the f configuration.

4. The method of claim 3 wherein said compound is represented
by the formula IV.
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Giff;vv x
— - »Y?
Rz R3 —

wherein Y1 is C1 or trifluoromethyl.

5.  The method of claim 4 wherein said compound is a
5 represented by the formula V

OH

and the 9- and/or 11- and/or 15 esters, thereof.

10 6. The method of claim 5 wherein Z is =O and X is selected from
the group consisting of NH2 or OCH3.

7.  The method of claim 5 wherein Y is O, Z is =O and X is selected
_ from the group consisting of alkoxy and amido radicals.
15
8.  The method of claim 1 wherein said compound is selected from
the group consisting of:

cyclopentane heptenol-5-cis-2-(3a-hydroxy-5-phenyl-1-trans-
20 pentenyl)-3, 5-dihydroxy, {1q, 2p, 3a» Sal;

cyclopentane heptenamide-5-cis-2-(3o~hydroxy-5-phenyl-1-trans-
pentenyl)-3, 5-dihydroxy, [1q, 28, 3a, Sal;
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cyclopentane N,N-dimethylheptenamide-5-cis-2-(3a-hydroxy-5-
pk: -inyl-1-trans-pentenyl)-3, 5-dihydroxy, (1e 2, 3a. Sad;

& :
cyclopentane heptenyl methoxide-5-cis-2-(3a~hydroxy-5-phenyl-1-
t=ar. - pentenyl)-3, 5-dihydroxy, [1a, 28, 3a, Sal; :

cyclopentane hepteny'l 'ethoxilde-s-cis-z'-(éa—hydroxy-l-meta-chloro-
phenoxy-1-trans-butenyl)-3, 5-dihydroxy, [1a 28, 3o Sol;

cyclopentane heptenylamide-5-cis-2-(3a-hydroxy-4-meta-chloro-
phenoxy-1-trans-butenyl)-3, 5-dihydroxy, {1a 2p, 3a, 5al;

cyclopentane heptenylamide-5-cis-2-(3o~hydroxy-4-meta-
trifluoromethyl-phenoxy-1-trans-butenyl)-3, 5-dihydroxy, [1q, 2, 34,
S :

cyclopentane N-isopropyl hepteneamide-5-cis-2-(3a~-hydroxy-5-
phenyl-1-trans-pentenyl)-3, 5-dihydroxy, [1a, 2p, 3a, Sal;

cyciopentane N-ethyl heptenamide-5-cis-2{3a~hydroxy-5-phenyl-1-
trans-pentenyl)-3, 5-dihydroxy, [la. 2, 3 Sal;

cyclopentane N-methyl heptenamide-5-cis-2-(3a~hydroxy-5-phenyl-1-
trans-pentenyl)-3, 5-dihydroxy, [1a, 28, 30 Sal;

cyclopentane heptenol-5-cis-2-(3-ahydroxy-4-m-chlorophenoxy-1-
trans-butenyi)-3, 5-dihydroxy, [1g. 2, 3 Sal;

cyclopentane hepfenamide-5-cis-2-(3a—hydroxy-4-m-dﬂorophenoxy—1-
trans-butenyl)-3, 5-dihydroxy, [1a. 28, 3a Sa] and

cyciup-ntane heptenol-5-cis-2-(3a-hydroxy-5-phenylpentyl)3, 5-
dihydroxy, {1a, 28, 3a, Sal
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9. The method of claim 7 wherein X is selected from the group
consisting of NH2 and OCH3.

-

10.  The method of claim 1 wherein said compound is selected from
5 the group consisting of:

cyclopentane heptenoic acid-5-cis-2-(3a-hydroxy-4-meta-chloro-
phenoxy-1-trans-butenyl)-3, 5-dihydroxy, [1a, 2. 3a. Sal;

10 cyclopentane heptenylamide-5-cis-2-(30~-hydroxy-4-meta-chloro-
phenoxy-1-trans-butenyl)-3, 5-dihydroxy, [1a, 28, 3a, Sal;

' cyclopentane heptenylamide-5-cis-2-(3a~hydroxy-4-meta-
trifluoromethylphenoxy-1-trans-butenyl)-3, 5-dihydroxy, [1q, 2, 3a,
15 5a); and

cyclopentane heptenonic acid-5-cis-2-(3a-hydroxy-4-meta-
triflucromethyl-phenoxy-1-trans-butenyl)-3, 5-dihydroxy, [1a, 2p, 3a

Sal-
20
11. A method of treating cardiovascular pulmonary-respiratory,
gastrointestinal, reproductive and allergic diseases and shock in a
human which comprises administering to said human an effective
amount of a compound of formula I '
R, z
X
\
25 Ry

wherein the dashed bonds represent a single or double bond which
can be in the cis or trans configuration, A is an alkylene or
alkenylene radical having from two to six carbon atoms, which
radical may be interrupted by one or more oxide radicals and

30 substituted with one or more hydroxy, oxo, alkyloxy or akylcarboxy
groups wherein said alkyl radical comprises from one to six carbon
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atoms; B is a cycloalkyl radical having from three to seven carbon
atoms, or an aryl radical, selected from the group consisting of
hydrocarbyl aryl and heteroaryl radicals having from four to ten
carbon atoms wherein the heteroatom is selected from the group
consisting of nitrogen, oxygen and sulfur atoms; X is a radical selected
from the group consisting of-OR% and -N(R4)2 wherein R¢ is selected
from the group consisting of hydrogen, a lower alkyl radical having
from one to six

O o
carbon atoms, R5-C- or R5-O-C- wherein RS is a lower alky] radical
having from one to six carbon atoms; Z is =O or represents 2
hydrogen radicals; one of R} and R2 is =0, -OH or a -O(CO)R¢ group,
and the other one is -OH or -O{CO)Rg, or R1 is =O and R2 is H,
wherein Rg is a saturated or unsaturated acyclic hydrocarbon group
having from 1 to about 20 carbon atoms, or -(CH2)mR7 wherein m is
0-10, and R7 is cycloalkyl radical, having from three to seven carbon
atoms, or a hydrocarbyl aryl or heteroaryl radical, as defined above, or
a pharmaceutically-acceptable salt thereof, provided however that
when B is not substituted with a pendant heteroatom-containing
radical and Z is =O, then X is not -OR%.

12 The method of Claim 1 wherein said compound is a

represented by the formula (II)
: Z

X
_ (Y)n
R, Ry

whereiny isOor1, xis 0 or 1 and x+ y are not both 1, Y is a radical
selected from the group consisting of alkyl, halo, nitro, amino, thiol,
hydroxy, alkyloxy, alkylcarboxy and halosubstituted alkyl, wherein

said alkyl radical comprises from one to six carbon atoms, n is 0 or an
integer of from 1 to 3 and R3 is =0, -OH or -O(CO)R¢.
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13.  The method of claim 2 wherein said compound is represented
by formula Il

5 wherein hatched lines indicate the a configuration and solid
triangles indicate the p configuration.

14. The method of claim 3 wherein said compound is represented
by the formula IV.

10
R
=
(CHyy(O)x ‘G
wherein Y1 is Cl or tnfluoromethyl.
1S5. The method of claim 4 wherein said compound is a
15 represented by the formula V

OH

i

OH

and the 9- and/or 11- and/or 15 esters, thereof
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cyclopentane N-methyl ﬂbptemniide-S-cis-Z-(Sa—hydroxy-s-phenyl-1-
trans-pentenyl)-3, 5-dihydroxy, [1a: 2p, 3o Sal;

cyclopentane heptenol-5-cis-2-(3a~hydroxy-4-m-chlorophenoxy-1-
trans-butenyl}-3, 5-dihydroxy, [1a 28, 3a, Sal;

cyclopentane heptenamide-5-cis-2-(3a~hydroxy-4-m-chlorophen xy-1-
trans-butenyl)-3, 5-dihydroxy, [la, 2p, 3o Sa] and

cyclopentane heptenol-5-cis-2-(3a~hydroxy-5-phenylpentyl)3, 5

. dlhydmx}h [lﬂ! 2& 3aa 50]

19. The method of claim 7 wherein X is selected from the group
consisting of NH2 and OCHa.

20. The method of claim 1 wherein said compound is selected from
the group consisting of:

cyclopentane heptenoic acid-5-cis-2-(3a-hydroxy-4-meta-chloro~
phenoxy-1-trans-butenyl)-3, 5-dihydroxy, {1 2g, 3a, 3al;

cyclopentane heptenylamide-5-cis-2-(3a-hydroxy-4-meta-chioro-
phenoxy-1-trans-butenyl)-3, 5-dihydroxy, [1a, 2, 30 Sal;

cyclopentane heptenylamide-5-cis-2-(3a~-hydroxy-4-meta-
trifluoromethyl-phenoxy-1-trans-butenyl)-3, 5-dihydroxy, [1q, 28, 3q,
5q); and

cyclopentane heptenonic acid-5-cis-2-{3a-hydroxy-4-meta-

;:;i]f'luoromeﬂwlphenoxy- 1-trans-butenyl)-3, 5-dilwdr?xy, (1w 28, 3

21. . A compound usefu! for treating cardiovescular pulmonary-
respiratory, gastrointestinal, reproductive and allergic diseases ::d
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16. The method of claim 5 wherein Z is =O and X is selected from
the group consisting of NH2 or OCH3.

17. The method of claim 5 wherein Y is O, Z is =O and X is selected
from the group consisting of alkoxy and amido radicals.

18.  The method of claim 1 wherein said compound is selected from

the group consisting of:

cyclopentane heptenol-5-cis-2-(3a—hydroxy-5-phenyl-1-trans-
pentenyl)-3, 5-dihydroxy, [1q, 2p, 3a. Sal;

cyclopentane heptenaxmde-S-c:s-z-(3n—hydroxy-5-phmyl-1-tnna-

- pentenyl)-3, 5-dihydroxy, [1q, 28, 3o Sal;

cyclopentane N .N-dimethylheptenamide-5-cis-2-(3a~hydroxy-5-
phenyl-1-trans-pentenyl)-3, 5-dihydroxy, [1a, 28, 3a, Sal;

cyclopentane heptenyl methoxxde-S-c:s-2-(3u—hydroxy-5—phenyl-1-
trnns-pentenyl)—S S-dﬂlydroxy (1o 28. 3a, Sal:

cyclopentane heptenyl ethoxide-5-cis-2-(3a-hydroxy-4-meta-chloro-
phenoxy-1-trans-butenyl)-3, 5-dihydroxy, [1a, 28, 3o, Sal;

cyclopentane heptenylam1de-5-ms-2—(Ba-hydroxy-4-meta-d|loro-
phenoxy-1-trans-butenyl)-3, 5-dihydroxy, [1a. 28, 3a, Sal;

cyclopentane heptenylamide-5-cis-2-(30~-hydroxy-4-meta-
tri'ﬂuoromethyl-'phenoxy-l-h'_ans-butenyl)-S, 5-dihydroxy, (1g. 2p. 3a.
s a]; * . . .

cyclopentane N-isopropyl heptenamide-5-cis-2-(3a~hydroxy-5-phenyl-
1-trans-pentenyl)-3, 5-dihydroxy, [1a, 2b, 3a, Sal;

cyclopentane N-ethyl heptmanude—S—cis-Z—(Sa—hydmxy-S-phenyl-l-
trans-pentenyl)-3, 5-dihydroxy, [1q, 2p, 3¢. Suli
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22. The compound of claim 21 wherein said compound is selected

from the group consisting of
. ’ o

cyclopentane heptenoic acid-5-cis-2-(3a~-hydroxy-4-meta-chloro-

phenoxy-1-trans-butenyl)-3; 5-dihydroxy, [1q, 28, 3a, So;*

cyclopentane heptenylamide-5-cis-2-(3a~hydroxy-4-meta-chloro-
phenoxy-1-trans-butenyl)-3, 5-dihydroxy, [1q, 2p, 3, Sol; and

cyclopentane heptenylamide-5-is-2-(3a-hydroxy-4-meta-

_ trifluoromethylphenoxy-1-trans-butenyl)-3, 5-difydroxy, {ia. 2. 3q,

Sal.

23.. A pharmaceutical composition comprising a 'the;'apeutially
effective amount of a compound according to claim 21 in’ admixture
with a non-toxic, pharmaceutically acceptable liquid vehicle.

2. A pharmaceutical composition comprising a the;;lpeuticilly
effective amount of a compound according to claim 22 inradmixture
with a non-toxic, pharmaceutically acceptable liquid vehicle.

25. A method of treating ocular hypertension which comprises
applying to-the eye an amount sufficient to treat ocular hypertemwn
of a compound selected from the group consisting of ‘cloprostenol,
fluprostenol and their pharmaceutically acceptable esters and salts.
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lowering ocular hypertension which comprises a compound of
formuia I ' '

5 wherein the dashed bonds represent a single or double bond which
can beinthecisortranscmﬁguraﬁon,Aisanalkylmeo-r
alkenyiene radical having from two to six carbon atoms, which
radical may be interrupted by one or more oxide radicals and
substituted with one or more hydroxy, oxo, alkyloxy or akylcarboxy

10 groups wherein said alkyl radical comprises from one to six carbon
atoms; B is a cycloalkyl radical having from three to seven carbon
atoms, or an aryl radical, selected from the group consisting of
hydrocarbyl aryl and heteroaryl radicals having from four to ten
carbon atoms wherein the heteroatom is selected from the group

15 consisting of nitrogen, oxygen and sulfur atoms; X is a radical selected
from the group consisting of-OR% and -N(R4)2 wherein R4 is selected
from the group consisting of hydrogen, a lower alkyl radical having
from one to six

O O

20 carbon atoms, R5-C- or R5-O-C- wherein RS is a lower alky! radical
having from one to six carbon atoms; Z is =O or represents 2
hydrogen radicals; one of R] and R2 is =0, -OH or a -O(CO)Rg group,
and the other one is -OH or -O(CO)Rg, or R] is =O and R2 is H,
wherein Rg is a saturated or unsaturated acyclic hydrocarbon group

25 having, from 1 to about 20 carbon atoms, or {CH2)mR7 wherein m is
0-10, and R7 is cycloalkyl radical, having from three to seven carbon
atoms, or a hydrocarbyl aryl or heteroary) radical, as defined above, or
a pharmaceutically-acceptable salt thereof, provided however that

. when B is not substituted with a pendant heteroatom-containing
30 radical and Z is =O, then x is not -OR%, '

APV Sl Yy ATTTAAAYL 1 =
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How! By submitting a written reply, accompanled, where sppropriate, by smendments, sccording to Rule 6.3,
For the form and the language of the amendments, see Rule: 6638 and 66.9.

Also For sn sdditianal ﬂ tunity to submit smendments, see Rule 86.4.
For the examiner’s obligation to consider amendments and/or arguments, see Rule 66.450r.
For an informal communication with the examiner, see Rule 66.6.

If oo reply Is filed, the international preliminary examination report will be estahlished an the basis of this opinjon.

4, The final date by which the internationsl prelimineary
examination report must be established according Lo Rule 69.2 in: An/ns/2003

Namc and mailing address of the IPEA,; Authorized officer L ———
an Patent Office Examiner
98 Munich -
;** (10509 1080, T 23850 e e by \§
+ N
x| ) Tel. (+49-89) 2399 2828

"Farm PCT/IPEA/A08 (cover sheel) (march 2002) e
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WRITTEN OPINION intemational application NoPCT/ US 02/ 17291

NB:

Basls of the opinion

The basis of this written opinion is the application as originally filed.

Non-establishment of opinion with regard to novelty, inventive step and Industrial
applicabllity

The question of whether the claimed invention appears to be novel, to involve an

inventive step, or to be industrially applicable has not been and will not be the subject

of the international preliminary examination in respect of the claims which have not been
searched (Article 17(2)(a) or (3) and Rule 66.1(e) PCT. see also intemational search report).

Reasoned statement under Rule 66.2{(a)(ll} with regard to novelty, inventive step or
industrial applicabillty

To the extent that the international preliminary examination has been carried out (see item
Ill above), the following is pointed out:

In light of the documents cited in the international search report, it is considered that the
invention as defined in at least some of the claims, which have been the subject of an
international search report, does not appear to meet the criteria mentioned in Article 33(1)

PCT, i.e. does not appear to be novel and/or to involve an inventive step {(see intemational
search report, in particular the documents cited X and/or Y and corresponding claim references).

If amendments are filed, the applicant should comply with the requirements of Rule 66.8
PCT and indicate the basis of the amendments in the documents of the application as
originally filed (Article 34 (2) (b) PCT) otherwise these amendments may not be taken

into consideration for the establishment of the international preliminary examination report.
The attention of the applicant is drawn to the fact that if the application containg

an unnecessary plurality of independent claims, no examination of any of the claims will be

carried out.

Shouki the applicant decide to request detailed substantive examination, then an
international preliminary examination report will normally be established directly.
Exceptionally the examiner may draw up a second written opinion, should this be explicitly
requested.

Form PCT/408AE2 (EPQ-03-2002) P20726
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2525 Dupont Drive, INTERNATIONAL PRELIMINARY
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(PCT Rule 71.1)
Date of mailing
(day jmomsh jyecr ) 14/04/2003
Applicant's or sgant’s flie refercnce IMPORTANT NOTIFICATI
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[nternational sppliestion No. Internutional filing data { day/monthyear) Priority dute (day/month[year}
PCT/US 02/ 17291 30/05/2002 3170572001
Applicam

ALLERGAN, INC. et al.

1. ‘The applicant is hereby notifled that this International Preliminary Examining Authorlty transmits herewith the International
preliminary examination report and its annexes, if any, entabli on the international application.

2. A copy of the report and ity snpexes, If any, is being tranwmitted to the International Burea for communication to all the
elected Offices. .

3.  Where required by any of the elected Offices, the Internadonal Buresu will prepare sn English transiation of the report (but
e ) o wil s rmit. uth Laatation 10 roee Officee. report (tu

4, REMINDER

The applicant must enter the national phase before each elecied Office by performing certain acte (filing trensiations and
national fees) within 30 months from the pricrity date [or Iater in some Offices){Articie 39(1))(ree siso the raminder

sent by the International Buresu with Form PCT/1B/201).

Where & trangiaion of the internalional ‘:rpl'mﬁm musl be furnished to an elected Office, that transiation must contain &
transiation of sny annexes 1o the international preliminary examination report. It is the sppheant’s responsibility to prepare
and furnish such translation directly to esch elected Office concerned.

For further details on the applicable time limits and requirernents of the elected Offices, ses Volume 11 of the PCT Applicant’s
uide.

The applicant’s stiention is drawn to Article 33(3), which provides that the criteria of novelty, inventive step and Industrial

applicahbility described in Article 33(2) 10 (4) merely serve the purposes of international prefiminary examination and that “any

Inventions is puentable or not” (s=e also Article 27(5)). Such additi rejute, for example, to exemptions fram
pnuubilil.y.ll"equirmuul for esllbling disclosure, g)l!:lty and support for the claima

Nuame und mailing address of the IPEA/ Authoriged officer
Bz s ome om0
D unl
@ Tel. (+49-89) 2399-0, Tx: 523656 epmu d L0 F
_ o Fax: (+49-89) 2399-4465 Tel. (+49-89) 2399 2828

Form PCT/IPEA/16 (Augusxt 2002) P20473

Caonrnating Stste may apply additioml or differént criteria for t.h:-g:rnna of .deciding whesher ,-in that State, the claimed - .-," -
critarla may
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ApplicAnE’s or sgent's fie reference See Natification of Transmittal of 1
nternational
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1.  Thix international preliminary examnination report has been prepared by this International Preliminary Examining
Authority mnd is trensmitied to the spplicant according to Aﬂ'l:i: 36.|,y y

2. This REPORT conssts of » total of 2 sheets, Including this cover theet.

[C] ‘Tis report is alvo accompanied by ANNEXES, Le., sheets of the description, claims and/or drawings which have
been aménded and are the basis for this report and/or sheets ing rectifications made before thiv Authority
{see Rule 70.16 and Sectlan 607 of the Adminisrative [nstructions the PCT).

These annexes consists of a total of sheets,

3. 'This report contains indications relating to the following ltemx

1[X] Basia of the report
1 [_] Priechy
1t m Non-extablishment of opinion with regard to novelty, inventive step and industrial spplicablilicy

IV [] Lask of unity of invention
Y Reasoned statement under Asticle 35(2) with regard to nowelty, inventive or Industrisl icability;
E citalions and explanations lupporl.ln;autd-l llr;’n:nt i "wpl
vl D Ceriain documents cited
VI [] Certain defects in the international spplicaticn
VIl D Cortain observations on the internstional application

[ Dwme of submission of the demand Date of completion of this report
1771272002 09/04/2003
Name and mailing address of the IPEA/ Authorlzed ofTicer
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Tel. { +4H’3 23990, Tx: 523656 epmu d
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INTERNATIONAL PRELIMINARY Inteational application NoPCT/US 02/ 17291 Zs
EXAMINATION REPORT ,

l Basis of the report
The basis of this international preliminary examination is the application as originally filed.

lll. Non-establishment of opinion with regard to novelty, inventive step and Industrial
applicabllity

The question of whether the claimed invention appears to be novel, to involve an

inventive step, or to be industrially applicable has not been the subject of the

international preliminary examination in respect of the claims which have not been

searched (Article 17(2)(a) or (3) and Rule 66.1(a) PCT); see also international search report).

V. Reasoned statement under Rule 66.2(a)(ll) with regard to novelty, Inventive step or
Industrial applicabliity ,

To the extent that the international preliminary examination has been carried out (see ltem
Il above), the following is pointed out:

In light of the documents cited in the international search repont, it Is considered
that the invention as defined in at least some of the claims, which have been the
subject of an intemational search report, does not appear to meet the criterla
mentioned in Article 33(1) PCT, i.e. does not appear to be novel and/or to involve
an inventive step (see international search repor, in particular the documents cited
X and/or Y and corresponding claim references).

Form PCT/408NE2 {EPO-03-2002) P20758
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1. The spplicent is heraby Informed that the International Buresv has, according to Article 31{7), notified each of the following
Offices of its slection:

EP :AT,BE,CH,CY,DE,DK,ES,FI,FR,GB,GR,IE,IT,LU,MC,NL,PT,SE, TR
National :AU,8G,CA,CN,DE,GB,IL,JP,KP,KR,MN,NO,PL,RO,RU,SK,US

2. The foliowing Offices have waived the requirement for the notiflcation of their election; the notifloation wlill be sent to them
by the Imternational Bureau only upon their request:

AP :GH,GM,KE,LS,MW,MZ,5D,SL,52,TZ,UG,ZM,ZW

EA :AM,AZ,BY KG,KZ,MD,RU,TJ,TM

OA :BF,BJ,CF,CG,CI,CM,GA,GN,GQO,GW,ML,MR,NE,SN,TD, TG

National :AE,AG,AL,AM,AT,AZ,BA,BB,BR,BY,BZ,CH,CO,CR,CU,CZ,DK,DM,DZ,EC,EE,
ES,FI,GD,GE,GH,GM,HR,HU,ID,IN,IS,KE,KG,KZ,LC,LK,LR,LS,LT,LU,LV,MA,MD,MG,

MK MW, MX,MZ,N2,0M,PH,PT,SD,SE,SG,S1,SL,TJ, TM, TN, TR, TT,T2,UA,UG,UZ,VN,YU,
ZAZM,ZW

3. The applloant Is reminded that he must enter the "natlonal phase” before the expirstion of 30 monthe from the priority date
before each of the Offices listed above. This must be done by paying the national fee(s) and fumishing , If prescribed, a
translation of the International application (Article 38{1)(s)), as well as, where applicable, by fumishing a transistion of sny
annexes of the internations| preliminary examinstion report {Article 38(3)(b} and Rule 74.1).

Some offices have flixed time limits expiring iater than the above-mentioned time limit. For detalled Information sbout the
applicable time limits and the acts to be performad upon entry into the national phass before a particular Office, see Volums Il

of the PCT Applicant's Guide.

The entry into the European regional phase is postponed until 31 months from the priority date for all States designated for
the purposes of obtaining s European patent. .

The internationsal Bureau of WIPO Authorized officer:

34, chemin des Colombettes livia TE
1211 Geneva 20, Switzeriand Otiv FY
Facsimlle No. (41-22) 740.14.36 Telephone No. (41-22) 338 8618

Form PCT/B/332 (September 1987) 6768430
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) EUROPEAN PATENT APPLICATION

@ Application number: 88104998.3 @ . cis AB1K 31/557 , //(A61K31/557,

@ 03.88 31:535),(A61K31/557,31:135)
Date of filing: 28.

@ Priority: 03.04.87 UB 34484 @ Applicant The Trustass of Columbla
University in the City of New York
@) Date of publication of application: Broadway and West 116th Street
15.10.88 Bulietin 8842 New York, NY 1002T{US)
@) Designated Contracting States: Appilcant: PHARMACIA AB
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() Represantative: Henkel, Feller, Hilnzel &
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@) Use of a prostagiandin In combination with an adrenergic blocking agent for reduction of
Intraocular pressure,

@) This invention provides a method for treating
ocular hypertension cor glaucoma in a aubject’s eye.
The method comprises contacting the surface of the
eye with an effective intraocular pressure reducing
amount of a mixture of an adrenergic blocking agent
w=and a progtaglandin or prosiaglandin derivative in an
<oplm‘mlmlcally compatible. carrier, 30 as (0 reduce
the intraccular pressuré of the eye and malmain
€ such reduced intraocuiar pressure.
&  Thia invention aiso provides a composition for
tptopical treetment ot ocular hypertension or glaucoma
€0 In the sye of a subject. The composition comprises
N an etisciive invraccular pressurs 1egucing emount of
& mixture of an adrenergic biocking agent end a
prostaglandin or prostaglandin derivative in an oph-
Pﬁmalmically compatible carrier.
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USE OF A PROSTAGLANDIN IN COMBINATION WiTH AN ADRENERQIC BLOCKING AGENT FOR AREDUC-
TION OF INTRAOCULAR PRESSURE )

Background of The Invention

The invention described herein was made with
govemmaent support under grant number EY00333
from the Netional Eye Institute, National instiutes
of Health, Department of Health and Human Ser-
vices. The U.S. Govemment has certaln rights In
thie invention.

Glaucoma, an eye digorder affficting various
mammals, including primates, is characterized by
increased intraocular pressure {ocufar hyperisn-
sion). In man, such ccular hypertension results
from an Imbalance batween the rate of secretion of
aqueous humor by the clilary epithellum into the
posterior chamber of the eye and the resistance
drainage of the aqueous humor from the antsror
chamber, primarily via the canal of Schiemm. It is
generally bellsved that Increased outflow resistance
due to obstruction of aqueous humor drainage
routes is the primary cause of the imbalance.

Chronic glaucoma typically results in slow, pro-
gressive loss of visual flelds and, i not controlied,
ultimately in blindness. initial treatment usually in-
volves topical application of agonists or antagonists
of autonomic neurceffectors, particularty pliocarpine
or timoiol. i restmant with such topically applied
drugs is not effective, systemic administration of
carbonic anhydrase inhiGitors may be employed. ¥
such approaches &re unsuccesasful, the glaucoma
may have o be treated by surgery or faser.

Eicosanolds and their derivatives include nu-_

merous bivlogically useful compounds. For exam-
ple, the prostaglandin (PG) group, naturally occur-
ring cyclic tatty acids, la known to possess diverse
biological ectivities. Originally isolated as fipid-solu-
ble extracts from sheep seminal vesicies and hu-
rman seminal Nuid, prostaglandins have been found
10 be produced by most mammalian tissues.

Activities of different prostaglanding include
stimulation or retexstion of smooth muscle, dilaton
of small arteries, bronchlal dilation, lowering of
biood pressure, inhibition of gastric secretion,
lipolysis mnd platelet aggregation, and Induction of
labor, abortion and menstruation.

it Is becoming Increasingly evident that PGs
reduce intraocular pressure by increasing
uvepscleral outfiow. This Is true for both the F type
&nc b iype ¢ FGE anc, hence presumediy elec fo
the E and B typs PGs. See also, U.S. Patent No.
4,566,353, issuec July &, 1666, and co-pending,
U.S. patent appiication, Serlal No. 838,050, filed

i
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March 13, 1988, the contents of which are heraby
incorporated by reference into this application.
Contraction of the cllilary muscle as induced by
pliccarpine, for example, reduces or blocks
uveoscieral ouliiow while uveascleral outfiow may
be assumed 0 be Increased by mlmation of the
cliiary muscle. This is because the pathway of
uvecscioral cutfiow Is through the muscle part of
the cillary body, i.e., miaxation of the muescle in-
creasss the extraceliuiar space between muscie
fibera in thie tiesue. whereas contraction of the
muscle decraases this apacs, thus decreasing or
eliminating this flow pathway.

PGs couid relax the clilary muscie by one of
two mechanisma: elther by causing the relesse of
catacholamines from adrenergic nerve sndings
contained within the clllary muscle; or by acting on
the clliary muscie directly, causing relaxation by
Intsraction with PG receptors of the muscle fiber
surface. In the former case, adrenergic blocking
agoents, parlicularly beta biockers, would block the
PQ-induced Increase in uvecscleral outflaw. in the
lattor cage, beta blockers would not block the
beneficial intraocular pressure reducing effects of
PGs. E .

Therefore, it topically applled, PGS would re-
duce: Infraocuiar pressure by relmdng the clllary
muscie through the release of catecholamines;
combined therapy of an sdrenergic biocking agent _
and PG3s would be counterproductive since th
adrenergic blocking agent would block the oculer
hypotensive effect of the PGQ. However, ¥ PGs
acted directly on the ciiary muscis without the
madiation of catscholaminee, than adrenargic bloc-
king agents would not interfere with the ocular
hypotensive effect of PGs.

The most effective way of reducing intraocular
prassure s by affecting both sides of the pressure
equation: P =FxR; where A ls the resistance o the
outflow of aquecus humor, F Ig flow {which, in tum.
equals the rate of secration of aqueous humnar} and
P equels the effective pressure gradient across the
sits of reaistance (nameily, Infrapcular pressure -
splscieral venous pressure). According to cumently
accepted concepts, there are two sitss of aguecus
humor oulfiow from the eye; the conventional out-
flow through the trabecuiar meshwork and the -
above-mertioned uveoscieral flow through the clli-
ary muscles. Pliocarpine decreasea the resisiance
in the conventionsl flow channels through the
trebecule: nieghwork; therefore, it worke effectively
in combination with an adrenerglc blocking agent.
However, pilocerpine at the same time decreasee
uveoscieral outfiow by contracting the clllary mus-
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cle. In some cases of glaucoma, when flow through
the trabeculsr meshwork Is reduced o the goint
when it cannot bs etfectively increased by pllocar-
pine, pilocarpine can’'have only a very small addl-
tional beneficial effect or may have an adverse
rather than & beneficial effect by reducing the re~
maining outflow channels through the clllary mus-
cle. Therefore, 8 combination drug, or drug regl
men. that acts by decreasing aqueous humor se-
cretion, such as an adrenergic biocking agent and
a PG would be ideal, provided that the adrenerpic
blocking egent can be shown not tc block the
oculer hypotensive effects of PGs.

In the medical reatmem of glaucoma, com-
binatlon therapy. therefors, 8 commonly required
since In many cases effective intraoccular pressure
control cannot be maintained with a single drug.
The experiments_sst forth herein establieh that the
use of a combination of an adrenergic biocking
agent and & PQ have a great advantage from 8
physiological point of view. since they show thet
adrenergic blocking agents do not block the ocular
hypotensive effect of 2 PG and since these bloc-
king agents act by reducing the secretion of aque-
ous humor whereas PGa, as staled above. act by
Increasing uveoscleral outfiow. In addition, using a
combination of an adrenergic biocking agent and a
prostaglandin, each of them In a conceniration low-
or than would be required If used separately in the
treatment of ocular hypertension and glaucoma,
would yield a significant reduction in the occur-
ronce of such side effects es oculer discomiort,
imitative responses, conjunctival hypersmia, and
cardlovascular response.

Summary of The invention

This inventlon provides & method for treeting
ocular hyperiension or glaucema in a subject's aye.
The method comprises contacting the surface of
the eye with a composition comprising an sflective
intraocular pressure reducing amount of a mbrure
of an adrenergic blocking agent and a prosteglan-
din or prostaglandin derivative in an ophthaimically
compatible carrier, so as to raduce the intraocular
pressure of the eye and maintain such reduced
intraocular preasure.

The Invention also provides a compasition for
topical treatment of ocular hypertension or glau-
coma. The composition comprises an effective in-
traocular pressure reducing amount of & mixture of
gr. zorenergic blockinge agen! anc’ 7 orostzclandin
or prostaglendin derivative in an ophthaimically
compatible carrier.

Moreover. this invention provides a method for
treating ocular hyperiension or glaucoma in a pni-
mate subject's aye which comprisas contacting the

40119

e

surface of the eyd with a composition comprising

. @n effective Intraoculer pressure reducing amount

of a mixture ol levobunoiol hydrochioride and
PQFyq~1-lsopropyl ester dissoived In an ophthai-
mically compauble carrier, so as t reduce the
infraoculgr pressure of the eye and maintain such
reduced Intraocular pressure,

This fnventfon further provides a composition
for the ippical treatment of ocular hypertension or
glaucoma which comprises an sefiective intraocular
pressure reducing amount of a mbtum of
levobunoiol hydrochiornide and P@Fyy -1-isopropyl
o8ter dissolved In an ophthalmically compatible
carrer.

Brief Desoription Of The Figures

Figure 1 This figue shows the effect of &
2% dmolol solution and a combination of a 2%
timolol solution and 0.3 g PAFy -1-sopropyl ester
on the Intraocular pressure in cat eyes. Application
of 0.5 ug PQFyg 1-is0propyl ester io eyes already
troated with 8 2% timolol solution caused a signifi-
cant further drop In Intreocular pressure within one
hour.

Figure 2 Thie figure shows the ocular hypo-
tensive effect of a sciution containing both timolol
{at a concentration of 2.0%) and PGFyg -1-30I-
propyl ester (st a final concantration of 0.002%) on
cat eyes a3 compared to the ocular hypotensive
eftect of imolal epplied by itealf.

Figure 3 This figure shows the ocular hypo-
tensive effect of PGF,s -1-isOpropyl ester on cat
eyes protrosted 2 hrs earller with an 0.5% solution
of betaxiol.

Figure 4 This figure shows the ocular hypo-
tensive effect of PGFp -1-8cpropyl ester on cat
oyes prutreatad 2 hre earller with an 0.5% solution
of levobunolol.

Detalled Deacription Ot The inventian

Thia invention provides a method for treating
ocular hypertansion or giaucoma In a subject's aye.
The mathod comprises contacting the surface of
the eye with a compoaltion comprising an effective
intraoculer pressurs reducing amourt of & mbdure
of an adrenergic biocking agent and a prostaglan-
din or prostaglandin derivative In an ophthaimically
compatible carrier, so a3 to reduce the intreocular
pressure of the eve and meintein such reduced
intraoculer pressure. In the preferred embodiment,
the subjecl iz ¢ primate, particularly 8 human be-
ing. -

Although any adrenergic blocking egent may
be employed in the practica of thie Invention, the
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preferred adrenergic blocking agent is & beta bloc-
ker. The presently preferread beta blockers are
timolol maleats, betaxolol hydrochloride, and
levobunolol hydrochloride. Furthermore, while any
prostaglandin or prostaglandin derivative may be
empioyed In the practice of this invention, the
presently preferred prosteglandin or prostaglandin
derivative is of ono of the A, E or F type. Of these
types, PGFy4 or & PQF;4 derivetive are particularly
useful, specifically PGFaq -14s0propyl ester.

Additionally, a range of concentrations of ad-
renergic blocking egents may be employed In the
practice of the invention. However, the prefemmed
amount present in the mixture (s from about 4.01
L.g to about 1,000 g, specifically from about 5 ug
to about 500 ug.

The presentdy proferred effective amount of
prosteglandin or prostagiandin darivative present In
the mixture is from about 0.01 uUg to about 1,000
ug. specilically from about 0.1 g to about 50 ug.

The ophthaimically compatible carrier may be
any well known carier. Presently preferred for use
In the prectice of this Invention are aqueous solu-
tions, such as a saline sclution containing an oph-
thaimically compatible preservative a surfactant,
and an agent, such as a solubls polymer. to in-
crease the viscosity of the solutian. in & preferred
smbodiment, the mixiure is dissolved In the oph-
thaimically compatibie camier.

Various regimens may be employed for treat-
ing ocular hyrcue vion or gleucoma In the sub-
ject's eye. In the preferrad embodiment, the treat-
ment comprises contacting the surface of the eye,
l.e.. the comesa, periodically, preferably at lemst
daily, with an elective amount of a mixture of an
adrenergic blocking agent and & prostaglandin or
prostaglandin derivative to reduce Intraocular pres-
sure.

This invention further provides composition for
topical treatmant of ocular hypertension or glau-
coma in a subject’s eye. The composition com-
prises an effective Intra-aculsr pressure reducing
amount of a mixture of an adrenergic blocking
agent and s prostaglandin or & prostaglandin de-
rivative in an ophthalmically compatible carrier.

In a preferrad embodiment, the adrenergic
blocking agent present in the composition is a bata
blocker and the prostaglandin or prostaglandin de-
rivative present in the composition Is of the A, E or
F typs. The presently preferred beta blockers are
timolol maleate, betaxolol hydrochioride, and
levebunolol hydrochioride. The presently preferred
prostagiandin or prostagiandin derivetive is PGFe
or a PGF.,, Oderivative, speclfically P8F.s -1-
isopropy! eswer.

The presently preferred efleciive amount of
adrenergic blocking agent presemt In the composi-
tlon is from about 0.01 ugQ to about 1.000 ug,
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gpecifically from about 5 :g to about SO0 ug.

The presently preferred efiective amount of
progusgiandin or prostaglandin derivative present in
the composition ia from about 0.01 ug to sbout
1,000 ug, specifically from about 0.1 Lg to about
50 ug.

The ophthalmically compaiible carrisr may be
any well known carrer. Presently prefemed for use
In the practice of this invention are agqueous solu-
fions, such as a saline solution contalning an oph-
thalmically compatible preservative, a surfactant
and an agent, such as a soluble polymar, to in-
cresse the viscosity of the sclution. In a preferred
embodiment, the mixture 8 dissolved in the oph-
thaimically compatible carmder.

This invention aiso provides a method for treat-
ing ocular hypertension or glaucoma In a primate
sublect’s eye. The method comprises comiacting
the surtace of the eye with a composition compris-
ing an effective Intraocular pressure reducing
amount of a mixtre of lsvobunclol and PQFg -1-
isopropyl sster diasoived in an ophthalmically com-
patible carrler, 30 as 0 reduce the Intraoculer pres-
sure of the eye and maintein such reduced in-
traocular pregsure,

This invention further provides a composition
for the topical trestment of ocular hypertansion or
glaucoma comprising an effective Intraoculer pres-
sure reducing amount of a mixture of levobunoiol
hydrochioride and PGFy, -1-ilsopropyl ester dis-
solved in an ophthaimically compatible carrier.

Finally, this Invention provides a method ior
treating ocular hyperiansion or glaucoma In a sub-
Ject's eys. The method comprises separately col.
tacting the surface of the oye with an intraocular
pressure reducing emount of an adrenergic bloc-
king agent and of a prostaglandin or prostaglandin
dertvative, each in an ophthaimically compatible
carrier, 30 as o reduce the Intraccular pressure of
the eys and maintain such reduced intreocular
preasure. .

EXPERIMENTAL RESULTS

Materials

The foliowing materials used In the practice of
this Invertion may be obtained from commercial
sources: fimolol maleats, (a8 Timoptic™ from
Merck Sherp & Dohme Division of Merck & Co.
Inc.. West Point, PA), betaxolol hydrochloride (as
Betaptic from Alcon Laboratories, Fort Worth, Tex-
as), and levobunoio! HC! (es BstaganT™ from Aller-
gan Amnerice, Horruigueros, Puerto Rlco).
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Meathod

Tralned. unanesthetized cats {1.5 10 3.0 kg)

which showed on biomicroscopical evidence ofi ¥

ocular inflammation such as anterior chamber flare
or ¢ellular inva sion were vsed in all experiments.
Eight cats were used in each set of experiments.
Intraocular pressuree {IOP) were measured using
an Alcon floating tip Applanstion Pheumaionog-
raph. The horizontal width of the pupii wes mea-
sured using & millimeter pupi gauge. [OP and pupil
diametors were measured betore and several times
after drug epplications. Biomicroscoplcal examina-
tion of the anterior chamber was periormed before
and at 3, 8 and 24 hours gfier PG application.

PGFq-1-isopropyl ester (PGFyq ~IE) was sup-
plied by Pharmeclia AG (Uppsala. Sweden) aready
dissolved in 0.5% polysorbate 80 in normal saline
containing 0.01% benzalkonium chloride; all dilu-
tions were macle up in this vehicle soiution.

Timole! maleate powder was from Morck,
Sharp and Dohme {West Point, PA} and was dis-
solved in 0.5% polysorbate 80 in normal saline with
0.01% banzalkonium chicride {40 mg/mi, and 20
mgml. respectively). Betaxolol hydrachloride
{Betaplic; Alcan, Fort Warth, TX) at a concentration
cf 0.5% (5§ mg/ml and levobunalol hydrochloride
(Betagan; Allergan, irvine, CA) 31 a concentration of
0.5% (5 mgimi), were abtsined from the pharmacy.

In most experiments (those shawn in Figures 1,
3 and 4), ons beta-adrenergic biocking agenss {$00
ug Beloptic. or 125 ug Betagan) in a volume of 25
il was applled first to both eyes of each cat
immediately after baseline |OP and pupll diameter
measurementy. After 2 hours, immediately loflow-
ing another {OP and pupil diameter measurement,
0.5 ug {0.2%) of PGFx-IE in & volume of 25 ul
was applied to one aye of each cat while the
contralateral eys received 25 ul of the vehl cle
solution. IOP and pupil dlameter measurements
along with biomicroscopic examination of the anter-
ior chambar were periormed as described above.

In one group of 8 cats (results shown in Figure
2), a 25 ul-aliquot of & mixture of equal volumeas of
4% tmolol and 0.4% PGF;o-IE vielding a dose of
500 ug of timolol and 0.5 Lg of PGFx-IE in each
25 ul of 2% timoiol (500 ug). IOP and pupli dlam-
eter measurements weore taken as above.

Discussion

The betz biocker, timalol meleate, did not biock
ihe ocular hypoensive ehecl of PGFaq -1-180propyl
ester. As shown in Figure 1, when g 2% limolol
spluion made up in an appropriste aqueocus ve-
hicle, was applied to both ayes of cats, there was
some intreocuiar pressure reduction in both syes at
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2 hours. However. in the, eyes which were then
treated with 0.5 ug of PGFy -1-isopropyl ester
{which is a threshold ocular hypotensive dose of
PQFyy in this apecies), a highly significant further
drop in intraocular pressure occured within one
hour. In the contrglateral eyes that received only
timoial 2 hours earlier. the intraocular pressure only
showed a very small further decrease as com-
pared to the pressure decrease observed during
the firet 2 hours.

Furthermore, as shown in Figure 2, there was »
significant pressure reduction in cat eyes that were
treated with 26 i of the vehicle sohtion containing
both tmolol maleate (st a final concentrstion of
2.0%) and PGFig -1-isopropyl ester {(at & final
concentration of 0.002%) as compared (0 syas that
were treated with an identical volume of solution
containing only imolol maieats. it should be noted
that adrenergic receptors in cats have the same
characteristics as other species, and , therefors,
timolol maleate must be regarded as an adrenergic
blocking agent In that species. Timolo! melesats,
howevear, i8 wellknown 1 be a loss eoffective
pressure-raducing agent In csis than In humans.
Therefors, in the human, the combination of imolol
and a PAQ must have a greater effect then In cats.
Since imoiol maleats in the human, as in cats, acts
by reducing the rata ol aqueous humor production.
while PG acts by increasing uveoscieral cutfiow, s
long as timolol does not block the relaxing effect of
PQs on the dilary muscie, the sffects of these two
druges must be et lsast additive.

Betaxolol hydrochioride and levobunoiol hydro-
chioride aiso were employed In the practics of this
Invention, using 25 W of the 0.5% clinically used
solutions of Betoplic @ and Betagen @, respec-
tively. As is shown In Figure 3 and Figure 4, neither
betaxolol hydrochiorida nor levobunolol hydrochio-
ride biocked the ocular hypotensive effect of
PGF;q -1<isopropyl estor. This suggests that
levobunolol hydrochioride mey be a very good
candidate for combinad therspy, since there was a
mare pronounced reduction of Intraoculer pressure
within one hour efter the topical appiication of 0.5
ug of PGFyg -1-ls0propyl ester in eyes that were
pretreated with this beta blocker than typically oc-
curs with this dose of PAQFay -1<sopropyl ester.
Sewe, for example, the much smaller ocular hypo-
tensive response io this dose of PQFy, -1-
laopropyl eeter In betaxolol hydrochiorkie pretrest-
ed eyes (Figure 3) as compared o Ilsvobunoiol
hydrochioride pretrested eyes (Figure 4).

The positive Interaction ,betwesn fevobunoiol
hyarochiorice and PGFgq -1-is0propyl ester sug-
gests that PGFy, -1-lsopropy! ester may vield an
sifective intraocular pregsure reduction at PQFyy -
14sopropyl ester doses even less than 0.5 ug.
While 0.5 ug Is already = very smaill doss of
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PGF3q ~1-isopropyl ester, & further reduction in this
dose may have important clinical significance,
since studies ol Aim and Villumsen (Proceading of

the Intemationat Society for Eye Ressarch, Vol: IV, -

#18:15, Severth International Congress of Eye Re-
search, Nagoya. Japan 1886) on human eyes show
that reduction of the PGFy -1-isopropyl egter dose
from 2.5 ug to 0.5 ug is sufficient to cause a
considerable reduction in side effects, primarily
conjunctival hyperemia. Thersfore, the reduction of
the POF;, -1-Is0propyl ester dose in a combined
therapy with levobunolol, or some other beta bloc-
ker will yleld a significant reduction of the un-
desiruble side effscts of PQF2e -1-isapropyl eater,

Claima

1. A method for treating ocular hypertension or
giaucoma in a subject's eye which comprises can-
tacting the surface of the eye with a composition
comprising an seifective Intraocular prassure reduc-
ing amount of a mixture of an adrenergic biocking
sgent and a prostagiandin or prostaglandin derive-
tive In an gphthaimically compatible cariier, so as
to reduce the Intrmocular pressure of the eye and
malnain such raduced intraocular pressure.

2. The method of clalm 1, wherein the adranst-
gic blocking agent is a beta blocker.

3. The method of claim 2. wherein the beta
biocker is imoiol maleate.

4. The method of claim 2, wharsin the beta
blocker Is beta.< :* I vdrochloride.

5. The metnoo o claims 2, whorein the beta
blocker L3 levobunglol hydrochloride.

8. The method of clalm 1, wherein the pros-
taglandin or prostaglandin derivative is of the A E
or F type.

7. The method of claim 6, whergin the pros-
taglandin or prostaglandin derivative is PQFys or a
PGFn derivative.

8. The method of claim 7, wherein the PGFyy
derivative is PGFan -1-l80propyl ester.

8. A method of claim 1, wherein the adrenergic
blocking agent is present In tha mixture in an
amount between about 0.01 ug and about 1,000
ug.

10. A method of claim B, wherein the adrener-
gic blocking agent is present in tha mixture in an
amount between about 5 g and about 500 ig.

11. A mathod of claim 1, wherein the pros-
tagiandin or promaglandin derivative is present in
the mixture In an amount between about 0.01 ug
and about 1,000 ug.

1Z2. A methoo of claim 15, wnerein the pros-
taglendin or prostagtandin deriverive is presem in
the mixture in 8n amount between aboul 0.1 ug
and about 50 ug.

L1

13. A method oi claim 1, whereln the ophthal-
mically compatible carrler comprises an agqueous
aolution.

14. A method of claim 13, wheraln the aqusous
solution is a saline solution contmining an ophthal-
mically compatible preservative, a surfactant, and
an agem, such as a soluble polymer, to Increase
the viscosity of the solution.

15. A method of claim 1, wherein the mbdure [s
dissoived In the ophthaimically compatble carer.

18. A method of claim {, wherein the contact-
ing 19 effected periodically.

17. A method of clalm 1, wherein the perodic
contacting 1s affected at least dally.

18. A method of clalm 1, wheraln the subject Is
a primate.

18. A composition for the topical treatment of
ocular hypertension or glaucome comprising an
effective intraocular pressure reducing amount of a
mixture of an adrenergic biocking sgent and a
prostagiandin or a prostsglandin derivetive in an
ophthalmicelly compatible carier.

20. A composition of claim 18, whereln the
acrenergic biocking agent is a beta blocksr.

21, A compoesition of claim 20, wherein the
beta blocker is timolol maleate.

22. A composition of claim 20, whecein the
beta blocker le betaxoiol hydrochloride.

23. A composltion of claim 20, whereln the
beta biccker is levobunolol hydrochioride.

24, A composition of cisim 10, wherein the
prostagiandin or prosiaglandin derivative Is of the
A, E or F type.

25. A composition of cleim 24, wherein the
PGFy, derivative l3 PGFy, or 8 PAFy, darivative.

28, A composition of claim 25, whemsin the
PQFy derivative s PQAFy, -1-isopropy! ester.

27. A composition of claim 18, wherain the
adrenergic blocking agent Is prassnt In the mbdure
in an amount betwesn 0.01 ug and about 1.000 kg

28. A composition of claim 27. wherein the
adrenergic blocking agent Is present in the mixture
in an amount between about 5 g end about 500

Kg.

29, A composiion of claim 19, wherein the
prostaglandin or prosisglandin derivative ls present
in the mixture In an amount between about 0.01 ug
and about 1,000 ug.

30. A composition of claim 28, wherein the
prostaglandin or prostaglandin derivative I8 present
in the mixture In an amount betwesn about 0.1 g
and about 50 wg.

31. A composition of claim 19, whereln the
ophthaimically competible cemier comprises an
agueous Solulict,. )
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32. A composition of claim 31,.whersin the I
aqueous solution is 2 saline solution containing an
ophthaimically compatible preservative, & surfac-
tant, and an agent, such as a soluble polymer, 0
increase the viscosity of the solution. 5

33. A composition of claim 19, whergin the
mixiure is digsolved in the ophthaimically compati-
ble carrier. !

34. A method for treating ocular hypertension
or glaucoma In a primate subject's eye which com= 10
prises comacting the surface of the eye with a
compositon comprising an effective intrsocular
pressure reducing amount of a mbdure of
levobunolol hydro chioride and PGFaq -1-l80propyl
ester dissolved in an ophthaimically compatible 15
carrler, 30 as to reduce the intraoculer pressure of
the eye and maintain such reduced intraoculer
pressure.

35. A’ composition for the topical treatment of
ocular hypertenelon or glaucorms comprising an 20
effective intrapcular pressure reducing amount of a
mixture of lsvobunolol hydrochloride and PGFag <1-
isopropyl ester dissolved In an ophthaimically com-
patible carrier.

38. A method for treating ocular hypertengion 28
or glaucoma in a subject's eaye which comprsas
separately contacting the surfece of the eve with
an iniraoculer preaswre reducing amount of an ad-
renergic blocking agent and of a prostaglandin or
prostaglandin derivative, each in an ophthaimically a0
compétible carrier, 50 as to reduce the intraocular
pressure of the eye and maintain such reduced
inraocular pregsure.

-ty
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Figme 1

2.0 Timolol applied to both eyes

®-0.5ug PGFZ‘ isopropyl ester applied
O - vehicle solution,
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Plgure 2

® 2.0% Timolol + 0.5 ug PGFZ* isopropyl ester
O 2.0% Timolol, no 7Gs
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Figure 3

The ocular hypotenaive eflfect of rwz‘ iscpropyl ester (I'G‘a‘-m on syes
of cats that were pretresated with 0.5% betazolol (Betoptie)

28} [zul of 0.5% betaxolol to both eyes 7
I — 0.54¢ PGF 1

261 - ~ingctive vehicle ‘}_
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Flguro 4

The ocular hypotensive effect of Pﬁz‘ isopropyl estar (PGF -IE) oo ayes
of cits that were pretrested with 0.53 levobunalol (Betagan)

25 ul of 0.5% levobunalel to both eyes

=% 1 it

HOURS before (=) and after PG application
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