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(57) Abstract

(54} Title: CALCIUM BLOCKERS TO TREAT PROLIFERATIVE VITREORETINOPATHY

Glutarate causes migration and proliferation of retinal pigment epithelium and/or gliat cells, and glutamale antagonists can prevent,
treat or reduce tetinal pigment epithelium. and/or glial migration and the subsequent development of proliferative vitreoretinopathy.
Avoidance or management of proliferative vitrsoretinopathy can be achieved by administration to the patient a compound capable of
reducing glutamate—induced retinal cell migration in a concentration effective to reduce such migration.
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CALCIUM BLOCKERS TO TREAT PROLIFERATIVE VITREORETINOPATHY
e e T A L A VR VITREORETINOPATHY

Background of the Invention

This application relates to preventing,
controlling reducing and/or treating proliferative
vitreoretinopathy.

Proliferative vitreoretinopathy (including
epiretinal membrane formation) is a potentially
devastating ophthalmic condition that can lead to
blindness. It can develop after any penetration of the
eye -- surgical or traumatic. Predisposing conditions
therefore include, but are not limited to, penetrating
trauma, retinal tears, traction detachments, vitrectomy,
and intraocular surgery. Any ophthalmic condition that
precipitates or permits migration of retinal pigment
epithelium or glial cells can lead to the development of
proliferative vitreoretincpathy. See Machamer {1978)
British J. Cphthal. $2:737; Hilton et al. (1983)
Ophthalmology 90:121.

Summary of the Invention

I have discovered that glutamate causges migration
and proliferation of retinal pigment epithelium and/or
glial cells. The invention features the use of glutamate
antagonists to reduce or control retinal pigment
epithelium and/or glial migration and the subsequent
development of proliferative vitreoretinopathy.
Avoidance or management of proliferative -
vitrecretinopathy can be achieved by administering to the
patient a compound capable of reducing glutamate-induced
retinal pigment epithelium and/or glial migration in a
concentration effective to reduce such migration.

While I do not wish to be bound to any specific
theory, I conclude that one or more of the several types
of calcium-permeable CNS ion channels mentioned below can
be involved in controlling such migration, including: a)
the various aspects of the NMDA (N-methyl-D-aspartate)
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receptor channel complex; b) the voltage-dependent Ca®
channels; and ¢) other channels directly coupled to
glutamate {or excitatory aminoc acid) receptors. Such
channels are reviewed in: Sommer, B. and Seeburg, P.H.
"Glutamate receptor channels: novel properties and new
clones" Trends FPharmacological Sciences 13:291-256
{1992) ; Nakanishi, 8., "Molecular Diversity of glutamate
receptors and implications for brain function®, Science
248:527-603 (1992},

One aspect of the invention generally features a
method of treating, preventing, or reducing proliferative
vitreoretinopathy in & patient by administering to the
patient’s retina an effective amount of a compound that
reduces CNS neuronal damage incident to (associated with)
caleium ion influx.

A second aspect of the inventicn features
treating, preventing, or reducing proliferative
vitreoretincpathy in a patient by administering to the
patient’s retina an effective amount of at least one of
the compounds listed in one or more of Tables 2-5. below.

A third aspect of the invention features treating
preventing or reducing proliferative vitreoretinopathy in
a patient by administering to the patient’sg retina an
effective amount of a compound that reduces glutamate
related retinal cell migration, proliferation, or both.

The compound may be one of the so-called NMDA -
antagonists -- i.e., it reduces neurcnal damage mediated
by the NMDA receptor complex. Alternatively, the
compound antagonizes neurcnal damage mediated by the
voltage-dependent calcium channel. Other useful
compounds are those which limit release of glutamate from
cells or reduce the intracellular neurotoxic consequences
of glutamate interaction with cell membrane glutamate
receptors, Preferably, the compound crosses the blood-

retinal barrier.
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The patient may be anyone who has experienced, or
ig at risk for experiencing, penetrating trauma, retinal
tear, traction detachment, vitrectomy, or intraccular
surgery. The compound may be administered to the patient
topically, orally, or intravitreally, as well as by other
routes described below. It may be administered
chronically, i.e., over an extended period of a month or
even six months or years.

The invention preferably will be used to treat
patients having proliferative vitreoretinopathy or to
treat patients prophylactically to avoid that condition.
Preferably, the agent is administered over an extended
period (e.g., at least =ix months and preferably at least
one year). Those at risk for developing proliferative
vitreoretinopathy include patients who have experienced
penetrating trauma, retinal tears, traction detachments,
vitrectomy, or intraocular surgery.

Particularly preferred compounds are antagonists
of the NMDA receptor-channel complex. The term YNMDA
receptor antagonists" includes several sub-types of NMDA
antagonists including: a) channel blockers -- i.e.,
antagonists that operate uncompetitively to block the
NMDA receptor channel; b) receptor antagonists --
antagonists that compete with NMPA to act at the NMDA
binding site; ¢} agents acting at either the glycine co-
agonist site or any of several modulation sites such as -
the zinc site, the magnesium site, the redox medulatory
site, or the polyamine site; d) agents which inhibit the
downstream effects of NMDA receptor stimulation, such as
agents that inhibit activation of protein kinase C
activation by NMDA stimulation, anticoxidants, and agents
that decrease phosphatidylinositcol metaboliszm.

Other compounds that are useful in the invention
include voltage-dependent calcium channel antagenists,

@.g. those which exert a substantial direct effect on
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glutamate toxicity mediated by the L-type voltage
dependent Ca*™ channel in that they produce a
statistically significant result in experiments measuring
glutamate induced effects by the general method described
in Karschian and Lipton, J. Physiol. 418: 379-396 (1989)
or by other techniques for measuring antagonism of the L-
type ¢a™ channel known to those in the art. (We contrast
the direct effect so measured with the secondary effects
of excitexicity mediated by other channels, which in turn
causes flow through the voltage dependent Ca'* channels.)
Particular candidate compounds include Class I voltage
dependent Ca** channel antagoniste, e.g.,
phenylalkylamines.

Preferably, the compounds used crogs the blocd-
retina barrier and can be administered chronically.

Other useful agents act as antagonists of non-NMDA
receptors (glutamate receptor types other than the NMDA
receptor complex discussed above), and include agents
which block inotropic glutamate receptors or interact
with metabotropic glutamate receptors (Nakanishi, supra).
Still other agents act to limit (reduce) release of
glutamate from cells, thereby acting upstream from the
glutamate receptors in the excitatory neurotoxicity
process. Still other agents may act by blocking
downstream effects of glutamate receptor stimulation,
e.g., the intracellular ccnsequences of glutamate
interaction with a cell membrane glutamate receptor, such
as agents {like dantrolene) that block the rise in
intracellular calcium following stimulation of membrane
glutamate receptors.

The most preferred compounds are those capable of
crossing the blood-retinal barrier; these compounds may
be administered orally, intravenouély, or topically and
cross intervening barriers including the blood-retina

barrier to reach the retinal ganglion cells. Compounds
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that do not freely cross the blood-retina barrier are
less preferred; these compounds may be administered
intravitreally to the retina. In the cage of compounds
that have an intermediate ability to cross the blood-
retina barrier, the mode of administration will depend on
the dosage required and other factors.

Among the preferred compounds are amantadine
derivatives (e.g., memantine, amantadine, and
rimantadine), nitroglycerin, dextorphan,
dextromethorphan, and CGS-19755. See generally, the
compounds listed in Table 2.

The invention is useful for the reduction or
prevention (including prophylactic treatment) of damage
as a result of proliferative vitreoretinopathy.

Other features and advantages of the invention
will be apparent from the following description of the
preferred embodiments thereof, and from the claims.

Degcription of the Preferred Embodiments
Selection of Antagonists

In view of our discovery that glutamate is
asgociated with proliferative vitreoretincpathy, the
invention features antagonists having certain specific

- characteristics: the ability to cross the blood-retina

barrier; and the ability to be administered c¢hronically.
Within those guidelines, any suitable antagonist of the -
glutamate induced excitotoxicity may be used in
accordance with the invention. As mentioned, in
preferred embodiments, N-methyl-D-aspartate {NMDA )
subtype of glutamate receptor-channel complex may be used
to reduce or prevent proliferative vitreoretinopathy-
related injury. Many antagonists of the NMDA receptor
have been identified (Watkins et al., Trends in
Pharmacological Sci. 11:25, 1990, hereby incorporated by
reference). There are several recognized sub-types of
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NMDA receptor including: a) channel blockers -- i.e.,
antagonists that operate non-competitively to block the
NMDA receptor channel; b) receptor antagonists --
antagonists that compete with NMDA, acting at the NMDA
binding site; ¢) agents acting at either the glycine co-

- agonist site or any of several modulation sites such as
the zinc site, the magnesium site, the redox modulatory
gite, or the polyamine site; d) agents which inhibit the
downstream effects of NMDA receptor stimulation such as
agents that inhibit activation of protein kinase C
activation by NMDA stimulation, antioxidants, and agents
that decrease phosphatidylinositol metabolism.

Other compounds that are useful in this invention
include non-NMDA receptor antagonists, such as agents
which block other types of inotropic glutamate receptors
or interact with metabotropic glutamate receptors;
voltage-dependent calcium channel antagonists {against L,
N, T, and P type channels) (Bean, B.P. Annu. Rev.
Physiol. 51:367-384 (1989); Hess, P. Annu. Rev. Neurosci.
13:337-356 (1990)}, and are described in greater detail
below; and agents which act to decrease the release of
glutamate, thereby acting upstream in the excitatory
neurotoxicity process.

Table 1, below, lists various suitable NMDA and
non-NMDA receptors which do not operate via the voltage-
dependent Ca™ ion channel. Tables 2-4 list antagonists -
of the voltage dependent Ca* channel, which can be used
by themselves in comnection with the first aspect of the
invention, and which can alsc be used in combination with

other antagenists in the second aspect of the invention.
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NMDA Antagonists NMDA Antagonists NN¥MDA Antagonists
1. Compatitive NMDA Antagoalsts (act | 2. Channel Blockers (Un-Compedtive | X Antagonists at Glycine Site of the
r“ agoaist binding sitc} NYDA Antagooists) NMDA Receptar
CCS-1975% (qmlfmav) and od;_ﬂ MEK-301 (Dizocilpise) and other Kyaurenate, 7-chlom-kynurenats, §.7.
piperdine derivazives, D-z"_“’"‘_: derivatives of dibenzyocyclobepeene chloro-kynurenate, thio-derivatives, and
phesphavalerace, D-2-amizo- (Merck) other derivativer. (Merek)
phosptoncbeprancate (APT)
Sigra recepor ligands, e.g. Dextrorphaz,
. horphan 10d morphi
o [Emmim""y'wi' derivadves (Hoffmag La Roche) such as Indole-2-carbazylic arid
1-phosphonic acid] } cxamighen and dmearele (which also
block calcium channcls)
LY 274614, COP29551, CGP3IT849, Ketamine, THetamine and ather DNQX
LY233053, LY233536 ¢yelobexanes
. Phencyclidine (PCP) aad derivatives, sod | Quinaxaline or oxidiazole devivatives
O-phovphobomoseros pymazine compounds including CNQX. NBQX
3 Mcmantine, lmlnudlnc. dmantadine and Glycine pertial agonist c.g. Hoocht-
MEL 100, detivatives Roussel P-6939)

CNS 1102 (and relatag - and -
nubstituted guasidines)

Cogaorokan peptide from Coous
geographus

Agatoxin-439
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NMDA Antagonists NMDA Antagonists NMDA Antagonists

4. Polyamine Slte of NMDA Reczptor

5. Redox Slte of NMDA Receptar

& Other Noo-Competitive NMDA
Aatsgenisty

Arcaine and related biguanidines and

Wogeaic polyami Onidized and red 1 Hoechst 831917129
Ifenprodil and related drugy PQQ (pymoloquinaline giinenc) SXB Carvedital
Campounds that geserats Nitic Oxide (NG
Disthyienciiamine SL 82,0715 | X otber axidation lates of nitrogen monoxid
ND+, NO-) including those listed ia the bo
below
. . Nitroglycerin and desivatives, Sodinm
1,10-disminodecanc ‘(and related inverse Nitreprusside, and other NO gencratin, g listed
#gouists) oa p. § of this table
Nitric oxide synthase (NOS) Inhibitors;

Argirine analogs including N' -mooo-methyl.

L-argining (NMA); N -amino-| ini

(NAAY N -nitro-Laarginine (NNA); N -

itro-Larginine methyl ester; N-iminosthy)-
Loocaithi

Flavin [nhibitors: diphenyliodirum;
Calmodutin inhibitocs, tif e

Calcineurin Inhibitocs, e.g., FK-506 (Gahibits
calcipeyrin and thus NOS dipbophocylase)
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Effects of NMDA

Inhibitors of Downstream Inhibitors of Downstream
Effects of NMDA

Non-NMDA Receptor
Antagonists

7. Agests b {nhibit protein kioase ¢ 8. Dowratream effects from Receptoc

actvation by NMDA stimuladon
(lnvolved n NMDA taxidity)

9A. Noo-t{¥DA sntagonisty
(Competitive}

CNQX, NBQX, YM500, DNQX.

MDL 27265 (Merrill Dow) and wiazole | 8 Tod
onc dedvadves PD140SR2
Monasislogangliosides (sg GML of Fidia N .
Corp.) and other ganglioside dedvatves Iappa apicid reczptar agonist: AMOA (2-amine-3(3-5 < e
USC488(Upjoba) and dymerphian S-meshoxylisoxazol—-y{]prapicasts]

LIGA20, LIGA+ (may slso effect caldium
extrusion via calcium ATPase)

kappa opioid recapror agonist: PD117302,
C1977

2-phenphapbonocthyl pheaylalanine
dedvarives, Le. Sethyl, S-machyt, 5-
wfluoromethyl

8b. To decrease hydrogen peroxide and
fres radical injury, eg antioxidants

21-amincstercid (lazarvids) such as
U74500A., U75412E and UT400SF

9B. Non-MMDA Non competitive
agingonisty

U74389F, FLE26749, Tralos (water
luble alpha tocophenol), 3,5-dislkoxy—4

bydmxy-benxylamines

GYKIS2466

Compounds that generste Nittic Oxide
(NO) o¢ other oxidation states of mitrogen
monaxide (NO+, NO-} including thoss

listed in the box belaw

Evans Blue

Nigoprusside, and othar NO generating
fisted oq p. § of this tabie

Mitroglyestin and decivatives, Socium |

Axginiac analogs includiag N -rmono-
arginine (NAAY. N -qiro-L-arginine

Nitric oxide synthase (NOS) hbibiton:
methyi-L-arginine (NMA): N .amine-L-

(NNAY. N -gitro-L-arginine methyl ester;

N-iminoethyl-L-omithine
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Agents Active at Drugs to decrease intracelluiar
Metabotrapic Glutamate Decrease glutamate release | caleium following glutamate
Receptors receptor stimulation

La Ageats ta decreass Intracellular caciium,

Glutamate Receptory

Iin Blockers of Metabatropic 11, Agets io decrease givtamaie refensed
Glutamatc Receptors rdoase
g Admosine, and derivatves, a3, Danaolene (sodum dentrium); Ryanodine (ar
APF] (2-amino-J-phosphonoprionic scid) cyclohexyladencsine ryanodine + caffienc)
195, Agonists of Metabatroplc CNS1145 L2 Ageass lnhlhliu% intracellular Calehurs]
- ase

) 1> |q

(15' BR}‘ Amranc Y p
dicarboxylic 2:d [(153R)»-ACFD]
commoaly ref 8y Tans-ACPD

30

id Thapsigargin, eyclopiazonic acid, BHQ ([2.5-
SNX-111, SNX-183, SNX-
i d-(text byl 1 4-beazohydroquinone; 2.35-di-

(tent-buryi)- 1 dbenzobydroquinone]}

Cmeza-Age-IVA, toxin from venoq of
fuanel web spider

Compounds that generate Nitic Oxide
(NO) or other oxidation states of niTogen
onoxide (NO+, NO-) including those
Hsted in the box below

Nitoglyorzin sad desivatives, Sodium
Nitropruzside, and otber NO geocrating
Bsted 00 p. 5 of this table

Nitric axide synthase (NOS) Inhibitocs:
Arginine soalogs including N -mono-
methytL-arginine (NMA), N -amizo-L-
arginise (NAA): N ~gitro-L-srginine

(MNA) N -nitrr=L-argizine methyl ester,
N-irtinoethyl-I,-ornithine
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Additional FO-generating
compounds

Isosorbide
dipitrate {i sordil)

S~nitrosocaptopril
{SaeCap)

Serum albumin coupled 4o
mitric oxide (SA-NO)

Cathepsin coupled to nitrin
oxide (cathepsin-X0)

Tissue plasminogen
activator coupled %o
X0 (TPA-NO)

SIN-1 (alsc known ag
SINL or molsidomine)

Ion-nitrosyl complexes {e.g.,
nitrosyl=iron complexes, .
with iroun in the Fe2+ gtate)

Nicorandil

PCT/US98/12414
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TABLE 2

Antagonists of the Voltage Dependent Calcium Channels (N,

L. T, P and other tvpes)

dihydropyridines (e.g., nimodipine)

phenylalkylamines (e.g.,, verapamil, (S)-emopamil, D-600,

D-888)

benzothiazepines (e.g., diltiazem and others)

bepridil and related drugs

diphenylbutylpiperdinas

diphenylpiperazines (e.g., flunarizine/cinnarizine

series)

HOE 166 and related drugs

fluspirilene and related drugs

toxins and natural compounds (e.g., snail toxins -
wconotoxin GVIA and GVIIA, maitotoxin, taicatoxin,
tetrandine, hololena toxin, plectreurys toxin,
funnel-web spider venom and its toxin fraction,
agatoxing including w-agatoxin IIIA and w-agatoxin
IVA.

TABLE 3

DIHYDROPYRIDINE CALCIUM CHANNEL ANTAGONISTS

nifedipine KW3049

niludipine oxodipine

PY108-068 (darodipine) CD343

mesudipine TC81

GX 1048 YM-09730-5 or (48)DHP
floridine MDL72567

nitrendipine Rol8-3981

nisoldipine DHP-218 -
nimodipine nilvadipine
nicardipine amlodipine

feleodipine 8363-8

PN200-110 (Isradipine) iodipine

Cv4083 azidopine




10

15

20

25

30

35

WO 99/00129 PCT/US98/12414

- 13 -

TABLE 4

OTHER CALCIUM CHANNEL ANTAGONISTS

diclofurime D-600
pimozide D-888
prenylamine Smith Kline 9512
fendiline ranolzine
perhexiline lidoflazine
mioflazine CERM-11956
flunarizine/cinnarizine R-58735

series R-56865
verapamil amiloride
dilfiazine phenytoin
dipropervine thicridazine
(S} -~emopamil tricyclic antidepressents

In Vitro Assay

An antagonist may be tested for utility in the
method of the invention by monitoring its effect on
proliferative retinopathy as follows.

cultured fibroblasts will be injected into the
vitreous of the rabbit eye. After two weeks, the degree
of vitreopathy can be assessed histologically. At the
time of the initial insult, the animals will be treated
with the compound under consideration.

Such models are well known. A few examples
{hereby incorporated by reference) included Kiumura et
al. Human CGene Therapy, 7:799-808 (1996); Sakamoto et
al., Ophthalmology 102:1417-1421 (1995); Handa et al.
Experimental Eye Research 62:689-656 (1296); Berger et
al. 37: 2318-1325 (1996); de Souza et al. Ophthalmologica
209: 212-216 (1995); Nakagawa et al. Ophthalmology &
Visual Science 36:2388-2395 (1995); Steinhorst et al.
Archive for Clinical & Experimental Ophthalmology
232:347-354 (1994).

Use
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an effective receptor antagonist will cause a
decrease in proliferative vitreoretinopathy. As
described above, the preferred compounds which cross the
blood-retinal barriers are preferably administered
topically or orally in known, physiologically acceptable
vehicles including tablets, liquid excipients and
guspensions. Those skilled in the art will appreciate
how to formulate acceptable therapeutics.

Antagonists may be compounded into a
pharmaceutical preparation, using pharmaceutical
compounds well-known in the art; the exact formulation
and dosage of the antagonist compound depends upon the
route of admxnlstration Generally, the effective daily
dose of the antagonists will range from 0.01 to 1000
ma/kg. N

Othexr Embodiments

Other embodiments are within the following claims.
In the method of the invention, a useful compound may be
administered by any means that allows the compound access
to the retina. The compounds useful in the method
include antagoniats of excitatory amino acid receptors
{both NMDA and non-NMDA subtypes) that act to reduce
retinal cell migration or proliferation or reduce binding
of glutamate to the NMDA receptor. The antagonists can
act at a modulatory site or a co-agonist site or by

‘blocking the chain of events initiated by receptor

activation. :
Other embodiments are within the following claims.

prior Art
The reference to any prior art in this
specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that that
prior art forms part of the common general knowledge

in Australia.
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The claims defining the invention are as follows:

1. A wmethod of treating, preventing, or reducing
proliferative vitreoretinopathy in a patient by
administering to the patient’s retina an effective amount

5 of a compound that reduces CNS neuronal damage incident
to calcium ion influx,

2. A method of treating or preventing
proliferative vitreoretinopathy in a patient by
administering to the patient’s retina an effective amount

10 of at least one of the compounds listed in one or more of
Tables 1-4.

3. A method of treating or preventing
proliferative vitrecretinopathy in a patient by
administering to the patient’s retina an effective amount

15 of a compound that reduces glutamate related retinal cell

migration, proliferation, or both.

4. The method of claim 1, 2, or 3 in which the
compound inhibits glutamate-related proliferation of
retinal cells.

20 5. The method of claim 1, 2, or 3 in which the
compound inhibits glutamate-related migration of retinal

cells.

6. The method of claim 1, 2, or 3 in which the
compound controls NMDA receptor complex-mediated
25 activity.

7. The method of claim 1, 2, or 3 in which the
compound controls the voltage-dependent calcium channel

activity.
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8. The method of claim 1, 2, or 3 in which the
compound crosses the blood-retinal barrier.

9. The method of claim 1, 2, or 3 in which the
patient has or will experience penetrating trauma,
retinal tear, traction detachment, vitrectomy, or

intraocular surgery.

10. The method of claim 1, 2, or 3, said compound
being administered to said patient topically.

11. The method of -claim 1, 2, or 3, said compound
being administered to said patient orally.

12. The method of claim 1, 2, or 3, said compound
being administered to said patient intravitreally.

13. The method of claim 1 or 2 wherein said

compound is administered chronically.

14. The method of claim 1, 2, or 3 wherein said
compound limits release of glutamate from cells.

15. The method of claim 1, 2 or 3, wherein said
compound controls glutamate interaction with cell

20 membrane glutamate receptors.

16. Use of a compound which reduces CNS
neurcnal damage incident to calcium ion influx in the
preparation of a medicament for the treatment,
prophylaxis or reduction of proliferative

vitrecoretinopathy.

17. TUse of at least one of the compounds listed
in one or more of Tables 1-4 in the preparation of a
medicament for the treatment or prophylaxis of

proliferative vitreoretinopathy.
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18. Use of compound which reduces glutimate
related retinal cell migration, proliferation, or both
in the preparation of a medicament for the treatment

or prophylaxis of proliferative vitreoretinopathy.

DATED this 27th day of September 2000
Allergan Sales, Inc.
by its Patent Attorneys

DAVIES COLLISON CAVE
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