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SUCCI NI M DE DERI VATI VES AS OCULAR HYPOTENSI VE AGENTS
FI ELD OF THE | NVENTI ON The present invention generally
WO ed0asemsss o ocul ar di sorders and nore specifi ceT/IL20@/001315
the use of anti-epileptic succinimde derivatives for
SUC EINTMIDE I BERIVIASPIVES ASIGOUL AR H YPOTENSYHECAGENTS
i ntraocul ar pressure, such as gl auconmas. BACKGROUND OF
THE | NVENTI ON The present invention focuses on the

| h h
CAbsence)  epi | epdERAL Orﬁ%?aﬁ@ﬁié Naoth di seases
ot | AT BEERERE yweaﬂ{)@trg%eg cidjes B gl pR8A°kid frore
speglh?fiﬁ% 9 ¥111é se bPAhk- ?ﬂg%?@ Eﬁ’édn?m‘uﬂ@ ﬂ&ﬁ%ﬁvespfo?%%hﬂg ofular

terls I'C casca aucomas ar
disdraBis! ags &a&ﬁ%ﬁﬁ el@v%&rdCiﬁfrﬁoéiﬁa&a;bﬂeySLﬁb afueh tas el ARGnAY. an
I ncreased intraocular pressure (1OP) Wth a typi cal
damage to the optic nerve and the visual field, but
many exceptions exist. The level of |OP is the net
result of pr(ﬂﬁ%@RQHNDsOEJHEWE%HQNe eye via a

ring-1Iike sieve structure called the ttrabecul

meshudhlle, PEEETE BYCTIE adgfuscor The lint sppprites i the

ot RS gl IR’ (ARGabEP HOBDS) VR, o

diséetd LOYbot P aﬁ% ﬁlfﬂ?aﬂgegf S&lrefibiP aRMorf RFEEST Sttflow facﬂlty,

ecreasing t ow (See Shields MB.: Textbook of

Wh1@ﬂ JEABRa 14¢a tizSue eMéﬂrbllyﬁﬁslo&ﬂﬁﬂdws‘tﬁomBahbalama producing a
1998). Every mnute approxinmately 1.8-4.2 mcroliter

chardctariptieanascadenaf syinsptpmeduced and secreted into the
posterior chanmber of the eye by, [

e AT AR e T
incr%ggeecf fr}tr%%gulalb lf)tresssgreen‘ﬁdlﬂ w1tV(e)1 tylslcal damage to the optic nerve and
the visual field, but many exceptions exist. The level of IOP is the net result of
production minus outflow from the eye, via a ring-like sieve structure called the
trabecular meshwork, located at the angle of the anterior chamber. While most of
the hypertensive glaucomas result from increased trabecular resistance to outflow,
most of the medical therapy focuses on'decreasing the inﬂow (See Shields M.B.:
Textbook of Glaucoma, 4™ Ed., Williams & Wilkins, Baltimore, 1998). Every
minute approximately 1.8-4.2 microliter of aqueous humor is produced and
secreted into the posterior chamber of the eye by the non-pigmented ciliary
epithelium. The process is not well understood, but seems to involve a
combination of active ultrafiltration and passive transport. The rate of secretion is
influenced by multiple factors, e.g. diurnal curve, pH, age, enzymes like carbonic
anhydrase (CA) as well as vascular diseases. Several anti-glaucoma drug classes
influence various stages of the aqueous humor flow, e.g. beta-adrenoreceptor

antagonists  (timolol, betaxolol,) systemic and topical CA inhibitors

(acetazolamide, dorzolamide, See Sharir M.: Novel Thiadiazole Sulfonamide
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conbi nation of active ultrafiltration and passive
transport. The rate of secretion is influenced by

wordoriopises f act ors, e.g. diurnal curve, pH agePCEN2Y0HEB1315
i ke carbonic anh%/drase (CA) as well as vascul ar

Carlpnie Agdw draseJahthitogn a5 Tgpisaty wafestivg Qauiardd¥potansivie deents,
' t f..th . h I :

Phny Shestial Bt sce B dr oA Do hP UL i SISA Ml L9, piphe-

s B BBy g, BRI BRI anlogucs

(latﬁBPf&E%ﬂr% RO Y FERS RS iy LRt SoRdrgaticilly to
Eftect’ive Ocul ar Hypot ensive Agents, "PhD Thesi s,

decreldev agsedus aturdoeupmduktion dnduksoretide, byK¥p WSA0%byith some
1990), al phaadrenoreceptor agonists (brinonidine,

"uncepventioonl’ dutiyweaatdity o stiae @%ﬁjb prasiaglegdims. Studies in aqueous

(I af anoprost, . bi matoprost) to nane a few. Most dru
humgy dfm@rrae& cligied 08RG PAYQYl FOMBRRFERLE HGUIRSESH ML RERCESSEs.

vl LA ndb 00T 8 Bt Birb Gl SRTE e poserior
chaxgl:iéis&aﬂfgax%@i)ﬂs%r%éﬂ eSdik &bt FIURPHE AW IR oI9¥RRATICH is not the

Icited sone pivotal conponents In the secreti'on

" casedn OeaRseswh¥¥ tiflokide dnbbeat sudgestedwsdhd Reyhgioar t han

pl asma concentration in the posterior chanber of the
r abbi Th¢ pmotladliyma ofli fleidt seastion astoBAsemi-peumeahie/selective
it is_not the case in humans, where chl oride has been
tissugupejabrasgs 4 thenauway bady shareyseniiatieningppgforgpysystems. At
secretion acrpss sen - perneabl.el.sel ective,tissue
som SRTLalfote 1L ARG DSOS SHIFBE: SRH oo Bl fpllows an
. S i . Lt i t .
aniof 358 5 8MIn LB TR BEE 1o, bl (e Sible g pydronyl

usuafly RRpRA WP sHBuRt 8t En&h@ﬂ%és@ﬁ‘&@?‘bhé@eﬁ)&bnﬂj&mﬁﬁéﬁd &®ds up
ohe side while the hydroxyl usually couples with

in theadintwa-laterahsidbeof the sielli mempratea fihesubsirpeneset fandhis water
ends ' up in the contra-lateral side of the cell

splittingriy earbon Thexislgbwihich gets dxdrated ta Forsm thet @yeakp cathonigacid;
consiga}ée%&gybiggp%{;% igggg?i\é\gribggatg%trg sg a(%arttaetdeb%f the cfe rrrnne}n%?ane. This
process generates passive water secretion, to accompany the electrolytes and
maintain both electric and osmotic equilibrium. The reaction is catalyzed by CA.

Aqueous humor is produced and secreted into the posterior chamber of
the eye by the non-pigmented ciliary epithelium (glaucoma), similarly to the
cerebrospinal fluid (CSF), formed by the choroidal plexus and secreted acréss the
floor of the brain ventricles. A basolateral Chloride/Bicarbonate-anion exchanger
switches between the two and it is suggested that succinimides, by way of
disrupting first the T-calcium channels and then the anion equilibrium, disrupt
aqueous humor production, hence decreasing the intraocular pressure.

The typical absence epilepsy of childhood is a non-convulsive form of

epilepsy that is characterized by frequent "absences" and bilaterally synchronous

3/s spike and wave electroencephalographic features, often called 'spike-wave-
-2-
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consequently its proton and bicarbonate are separated

by the cell nenbrane. This process generates passive
WOR0/0586Tr et i on, to acconpany the el ectrol yt eBCHNZ006/001315

mai ntain both electric and osnotic equilibrium The
disobargd 63WI3). cebsehye adizhyesGhe idpatiis ahdmme digided efe6Rlng to

and secreted into the gosterl or chanber of the eye b

the gge g rpfﬁiebﬁ%ﬁhédh@q)d iagsgnce sipilepsy Q@A@Imupﬁ?m)lepsg) bJuvemle

A iy Sl 3 A et
b | at

Mg R XA Bleind B BhiBed with Br SR s, and

selkﬁl%sttl’i@t ARy 1hit frénﬁ?&ﬁ%é&&ﬂsttt}%nﬁfﬂﬁg ﬁﬁlér{yéﬁrge;é 'S e{@ére‘{%ndred

di srupting first e T-calciumc
aﬁlﬂ(ﬂ@ o day. @i patiedanesisdb $tillRinkaeweo Mulipl®Etudies suggest that
production, hence decreasing the intraocul ar pressure.
epifensyt GApi rﬁ’aultaﬂvemnpmcesﬂeb epkigh disimib lestracelhilar fon homeostasis,
non- convul sive form of epilepsy that is characterized
altegy epergy foRtab 05@% (fE8BEC JRGEDHPN BEnation| gr @tar rtramnu’@el:%uptake

Redy GBS AL B BorRraaniHs R BeRpaALseuity
re gi.vi g
el AP S s80n e (Sl BB NG ey o
Thelyiivebeiay )Epildpégnah® M@é@aﬁﬁneaf | RR$UbEHRE) DR Action. In:.
juvenil e nmyocl onic epilepsy (JI\/E or 1 mpul sive tit

Jasmn’s E&snz lMeﬂl)anlsm bf theeEpilemsick, 81'd%:, AdeasssdaiNégdlogy, Vol.
pattern, and seizures t hat may |ast from

79:f@WI§@b6ﬁ:d§dth§1 hy rdi\bsDelgadetHsenetasaty el allLllppmgo‘éoWﬂhams &

wiflii ialEbnis Joo2hdyBotiamde s it gh %aﬂn#&&%s“?wway
| |

excfl (5 Rt or et bR S R0 G Lo Ba‘a?e%% Gsibly by

blo@tihg'thé "RRPE ISt BhAKSR: vﬁﬁfeeﬂtteﬁﬁlﬂgﬂh d%Hggﬁ% rﬁlgﬁ{ cause

a reverberant thal amocortfical neuronal “circul
consmbigonsi 6Sotlher BUB. sﬂmguemd [.ReePHuge ey @hﬁactenzaﬁon of

Neuronal Circuit rfy
ethosuximide reduction of low-threshold calcium current in thalamic neurons.

. Ann. Neurol. 1989;25:582-593.). While T channel blockade is important, it is not

the sole anti-absence drug mechanism. The effectiveness of the benzodiazepine
clonazepam in ameliorating absence epilepsy suggested that the GABA receptor
system is important as well as a wider network of neuronal system. Other theories
suggest that some of the CAE or JAE, especially the hereditary types are because
of defects in CLCN-2 (Chloride channel Protein 2).
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Thal anocortical Epilepsy and Mechani sm of Anti-absence

Drug Action. In: Jasper's Basic Mechani sm of the
wapio7egsses, 3rd Ed., Advances in Neurol ogy, VeCT/II2906/001315

Chapter 67, edited by A V. Del gado- Escueta et. al.

Li ppi ncot t SUMMiAS¥ QF IWHIK PRESENT INIEENRIGN 1999) .

Et hosuxi m de and its nethsuximnm de netaboli tg may exert .,

t hei r Thet | PISSeHr MRYRNER e PEOYIERS i Anethadsnrd c dliagmaseutical

excitabilit ossihly b | ockin e Tstype calcium

comgaptione, riautE SuRp ARoRSsPaaien, itk Ry =Ed, SiriBtular
v ons e : r ucBY :_enilenti
presg i S AR P AT et e CHBUETR UL gl O R epttoptic
comkﬁﬁh&i‘éﬁﬁi%@u@cﬁﬁh?dé@rﬁ%‘£seé‘6ulaﬂh opdrRcCagtary. ons.
n. Neurol. 1989; 25:582-593.). ile T channel

bl ockadeoiding npotheainvention ithemrrois prwvidal @ mrthiodalse reating

drug nmechanism The effectiveness of the X
glaubemas diysaepindsiratingrtazephiestrinaiesticdrsach agregigent an effective

epi | epsy, suggested that the GABA.r.eceptor.systemi.s .
amopﬁw?taanhargsa%maqa&onaoww CRBIHERE 2ot RETiGGerivative as

. system O.her theorjgs . t f. the :
the SR Resstital DEReb R g RAERh b8 L NPEN s i afeppti
' 2 (Chloride channel Protein 2). SUMVARY
con%&iﬁ{&?gﬁ%% “ 1 NVENTI ON The present invention
provi des net hods and phar®aceuti cal conpositions for
treating ocul ar disorder® associated with el evated
i ntraocul ar pressure, 5su h as gl aucoma, which are
based on a novel us L-epi |l epti c conpounds of
the succinimde famly ocuhar hypotensive agents.
According to the inventjon thege is provided a nethod
for treating glauc adpa ting to a subject
in need of such a eat mrenlN an ef fective anmount of a
phar maceut i cal conposition |containing a succini m de
derivative as the active i RJredient. Preferably, the
succinimde derivative is an anti-epileptic
I

where R! is selected from the group consisting of H, alkyl, alkylaryl, alkyl-
heteroaryl, alkyl-cycloalky and alkyl-cycloheteroalkyl; and "R? and R? are
independently selected from the group consisting of H, lower alkyl, aryl, aryl

Jower alkyl and aryloxyalkyl.
or of structure II:
R3
R X
A A
b
II
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conmpound of structure | : where Rl is selected from
the group consisting of H, alkyl, alkylaryl,
wa@bdoylobmsser oaryl , al kyl -cycl oal ky and PCT/IL2006/001315
al kyl - cycl oheteroal kyl; and R2 and R3 are
whetrd 3 e nOent | -fC}ﬂé‘t &tiecselacted fiom e groupoesnsistinggob i, lkyl,
| oner al kyl, aryl,

iyl Yskaioen abeeclsoliel end shSeupphee Ao dnd R?
sel ec romt i St

and glﬁ t%pfdgc |:1ire gmn@egdﬁéfyggﬂeg&g& I c%{ll&ﬁ? %91?}? 8§1=1§E€tllmgdﬂia H, lower
T FLEONE SRR PR 8 o oy e

com@\ﬁﬁ‘ﬁ(‘i M owiRhY bxaRlidinedMerandl ddzoBBthediotleqdeyBlakiyes.
en IS an oxygen atom the conpounds are known as

oxazopidferdly lethaoxitinal toinpesitionds déminviatratedgopically to
Preferably the pharmaceutical conposition is .

the aybnofiths snhjest! Hopeeal 2admindstrationespa st |oeple0rsiyBicaEe-
However, adm nistration can he | ocal

Anot hdnofhgespegiiofithe IRYRAERNIS A4 tPRICA] gé%ﬁ?‘ﬁiﬁl%rgﬁdfmawuﬁcal
T T —
an ggtﬁx'h%’ gépée\ﬁ% alédaﬁ %ﬁitrie‘feﬁﬁ‘ﬁe?dlé_ #d RpfAl I H8liveryl VB etopical

cal delivery. The topical pharnmaceutical

phare®BRARLAll esmpetitibhe ofnierinventiorymdye bt oformiuddted aassolutions,
sol utions, suspensions, gels and enul sions to be

suspgnsilo'ge,dg@ls anyleerulsipms dp tesappliednameys-deons oregs eigmnants, and
esides the active ingredient and the, carrier, other .
maypiemtaiae bgsld@%thwacaﬁf@épg@él@téggﬁgg CaFiFTe QHich Phapaceutically

su as h t.abi | i , ' . ' .
I T
. ! i bt gl o
BB S ST By B i s
aget9C NI dHIGHAIRS B! é(ﬁﬁ?ésﬁﬁb@ n#fe Woatai osther tophthalmic active

enhancers, antioxidants and the |ike
agents such as antibacterial agents, comfort enhancers, antioxidants and the like
The compositions may further contain controlled release means.
A further aspect of the invention is the use of a succinimide derivative
for ‘the treatment of ocular disorders associated with ocular hypertension and their

use in the manufacture of an ophthalmic pharmaceutical composition for the

treatment of ocular disorders associated with ocular hypertension.



The conpositions may further contain controlled
rel ease neans. A further aspect of the invention is
wo b@7/0588Df a succini m de derivative for the tPERIIZBON001315
of ocul ar disorders associated with ocul ar
hyper t ensi on PESCRIBTIONSGF (THE MY VEINTIGbE ur e of an
opht hal m ¢ pharmaceuti cal conposition for the
L That sectinohidecuing wingioneterty des Jorerpomion t Mtecagy new
ypert ensi on DESCRI PT] ON OF THE_ | NVENTI ON
comppgs e G 3R CEIRICALES-  on b1S nEla%razﬂcsvﬁaal dicd  alone,

e
5 &91\{ St %o‘?ﬂét% ARG STV ViR ataﬁﬂ eﬁ‘ﬁuéﬁtdgehtb”%a%ﬁ&& Sand aldose

oxyt OCI ‘agoni st's, -H'V d anti-anxi ety

redué’igﬁ‘tlﬁhl‘tﬁﬂﬁhg hﬂﬁna@'Oa' Q‘l)ﬁ‘»‘;ﬁnrm@ﬂwi sediucdd byt of's and N-
(Rankin G O.: €?\‘Iephr otoxicity i nducegaby C- and }t

Aryldiscidislides. niJm Breccol) EntFivaine dlealfm\Raro i, 899416, 24P4). E§Fhe
7:399-416, 2004). The present invention,focuses .on t
presemﬁtmvgnfacm oﬁmu?ﬁSop@rﬂlﬁ eIt aéle%@?npliﬂpéé%es Ph succinimi eS in

TR R R
10 moresﬁg ic La'}bg%gxsg&%ﬁm ies! ﬁx%ft e fu@é%ﬁ%‘?%%eﬁ&' &1L8Rs, such as

uxi m ensuxi m met hosuxi m de and

etho ”PH@nsuﬂ%rﬁiée rmbﬂl%suﬂi&ﬁﬂé | &Y 1 iBofskirhidel tiddwever the
e part cul ar succinimdes |listed above or to

mvcﬁtitﬁpl igi Abtlelmitedt tal theagyrtivalee beeviniiides ligehasove or to
anti-epileptic activity but enconpasses new
succimirnidespitag palrcadyr haveheer Uound| toi davelentiverilepticy actjxty but
to be found, cordance th.th resen{
ENCOMPASIASi BAW Flfltlr vAElgeﬁo%ree h afUCEIEm FlslaY?Cgé{%P%s yet to be
15 founfr.{e g%g%h Sa Of he S\%f@ L gh%%fll i %}‘1 Ii‘ta’l‘égm%%%&f hat the

e i oni anne

antie?ﬁgfjt[i@ lrhécﬁg t#ﬁ?s B?ttffe ‘%ﬁc&ﬁﬁﬁi‘d@tﬂyﬁe Aad Heer sdulenh otensive

aqueous hunor fromthe non-pignented ciliary body
efficBéy b?%@&lﬁatmg the ionic channels controlling the rate of production and
secretion of the aqueous humor from the non-pigmented ciliary body of the eye.
Accordingly, the present invention provides a novel use of anti-epileptic drugs,

20 and in particular of anti-epileptic compounds which belong to the succinimide
family, for the treatment of ocular disorders associated with elevated ocular
pressure and of glaucomas in particular.

Preferably, the succinimide-derived compounds of the invention are of

formula I:

25
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Accordingly, the present invention provides a novel

use of anti-epileptic drugs, and in particul ar of
wW@nio7AO8s8Y ept i ¢ conmpounds whi ch bel ong to the PCT/IL2006/001315

succinimde famly, for the treatnment of ocul ar

di sorders associated with el evated ocul ar pressure and

of gll auconmas in particular. Preferabl

whegudti i stlgstedeiiope dhe gruprreasstinghel i sl ol lolioy
e s e 5 I 8L g 1 o
- - d ! Kydy

B SRR A L B M B DR i ey

1S4 ower al kyl, aryl, aryl |ower alkyl
lowgﬁ%ﬁ%% oxggilcxlz'?llwlor of formula Il: where Xis -O or
-CHR4 Rl is selected fromthe group consisting of H,
al kyl, al kylaryl, alkyl- heteroaryl, alkyl-cycloal kyl
aodoffdeyiule Ykl ohet eroal kyl ; and R2, R3 and R4 are
i ndependent |y sel ected frgn1the group consisting of H,
| oner al kyl, aryl, aryl wer al kyl and aryl oxyal kyl .
Wien X is an oxygen ato t he conpounds are known as
oxazol i di nedi one and_@xazol i di nedi one derivati ves.
Speci fic exanpl es ofR i de derivatives of
structure | already in yse as\antiepliptic drugs are
the ethosuximde (RL = H R2 ::S%Eyl, R3 = met hyl),
phensuxi mde (Rl = yIN = M3 = phenyl);
met hosuximde (RL = nmethyli¥ R2 = nethyl, R3 = phenyl);
and norsuxi mde (RL = nethyl norpholine, R = H R3 =
phenyl). O her succini m dekderivatives of structure |
were also found to exhibit_antiseizure activity. For
exanpl e, US patent No. 4,188, 398 teaches antiepileptic

WhefC \Fg E_ -H%fr R&}ﬁg‘? li{a_iisss%Perc9é@/ lfr%)r(r}/ %Pee rg]ircl)lips g(():l(l:siis ﬁnrg QP }f, I:gtlkyl,
alkylaryl, alkyl- heteroaryl, alkyl-cycloalkyl and alkyl-cycloheteroalkyl; and R?,

"R} and R* are independently selected from the group consisting of H, lower alkyl,

aryl, aryl lower alkyl and aryloxyalkyl. When X is an oxygen atom, the
compounds are known as oxazolidinedione and oxazolidinedione derivatives.
Specific exambles of succinimide derivatives of structure I already in use
as antiepliptic drugs are the ethosuximide (R! = H, R* = ethyl, R? = methyl),
phensuximide (R! = methyl, R*=H,R*= phenyl); methosuximide (R! = methyl,
R? = methyl, R = phenyl); and morsuximide (R! = methylmorpholine, R*=H, R’
= phenyl). Other succinimide derivatives of structure I were also found to exhibit
antiseizure activity. For example, US patent No. 4,188,398 teaches antiepileptic
activity of o-/para-isopropyloxyphenil/succinimide R!' =H, R? = H, R =
phenyloxyisopropyl). US patent No. 4,981,567 discloses the use of succinimides
of structure II for reducing tremor. Yet, the invention is not limited to those
particular succinimide derivatives that already have been proved to exhibit

antieplileptic or antiseizure activity.
-7-
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phenyl oxyi sopropyl ). US patent No. 4,981, 867 discloses
the use of succinimdes of structure Il for reducing
Wo e@mos7ssdet, the invention is not limted to PEDHE006/001315
particul ar succininide derivatives that already have
been prpxethd predyht RivenBod ipeevideeptmettod forttreatingudieorders
activity. Thus, the present invention provides a nethod
assbaistetlr wdthi Blpvdieslointeaccubeas presayred anidt hin epastigukad for treating
intraocul ar pressure, and in particular for treati ng .
glalgir:ma; diyeadnpip staiingiag; ¢fiectivg amptéﬁpé@ﬂfwéa%ﬁfcwp sitions
phar maceuti cal gconpositions.conprisjng an .
CONYHISING pitt e%‘i‘tF'Epﬁﬂﬁt n?qﬂcﬁ%mé‘ger'g%éﬁci o%ﬂ%%‘gldasa% Hge active
. active ingred] j.cal |y acceptabl e
- §?% 8?? a%’bé?‘éfggaﬁt@,gﬂ{/hg %ﬁrlﬁgggﬁétri cal conposi ti ons
of t h?réf@i’aﬁﬂ J QR apiRarAARE R GH ' drBfodifBhe adfl ¥heninQekitieh are
eye of a patient foor facilitating effective
adrhiRistraesiultapichBy ebstoofthé heyedofgaapatidmr for daeititatingg  effective
unnecessary drug |l evel in other organs. Such a

intracculayBvelsi of, thei dreg spdciot insewaniing wanesesseiy doas devs! imether

side effects associated wth the drugs. wever, oral ..
orgaRs Stbrarh e e SEiA SRR R ADTRIT SR T iotaiye A€ etfeots

ef.fecti.ye . for redycing the,int ; ' s
ass a0 s o E SR, BB of pURR b RABE ol fasion in o
dossgénerffeg{ﬁ/@.tﬁ) R¥inginge R inad llart Efes@%ﬁeeihd%@bd ®bsdbR: For

en adnini stration-is topical, the pharnmaceuti cal

exafIB Ok tdotiifosafiit Aayl e atliénistigied iynh dizrahel putchi foe extonded

bé foormul ated in various therapeutic forns suitable
reldagg. topi cal delivery, including solutions,

suspensi ons, emul sions and gels._ The carrier in

f or mul\Whew nadmraystiGinys pipivalc dbfi eaaﬂ%fégﬁsalbwt@tﬂlep%%iﬁons
confipBate e BN e LS Y o oar e i KB, tifapeutic
forMs GRALEH £ BHRA WRNCEMihQubiRRMo1REBAE IstBEndiBhs, ! &Rulsions
and gels. The carrier in these formulations may be any pharmaceutical acceptable
carrier such as saline, buffered saline, carbopol gel, mineral oil and the like. The
formulations can be prepared in accordance with known procedures for the
preparation of ophthalmic formulations. Preferably, the concentration of the
succinimide derivative in the pharmaceutical compositions is in the range of 50 to
2500 mg/ml and the fbrmulation is preferébly épplied one to four doses wherein
each dose contains 10 to 500 mg of succinimide derivative.

The topical pharmaceutical compositions may be in the form of eye-
drops to be applied by instillation into the eye or may be in the form of a viscous
ointment, gel or cream to be applied by an ointment onto the ocular surface and
may contain control release means for facilitaﬁng sustained release over a prolong
period of time.

The compositions may further include non-toxic auxiliary

pharmaceutically acceptable substances such as stabilizers, preservatives,
-8-
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preparati on of ophthalmc fornul ations. Preferably,
the concentration of the succinimde derivative in the
w@b@nosrseut i cal conpositions is in the range oPCHOL206/001315
2500 ng/m and the formulation is preferably applied
chelraﬁ'n% agémy! vidosssy mbalfping Haak, Bemerif®abaits andQrip®l 2@8sting
mg of succini mde derivati ve. The toprcal .
aggitar méakliti onzdly, ctheposimpositisnsrayayb eontaint hethéoophtifalmic active
eyedrops to _be applied by instillation into the eye or
agehly syl anantihactesiahagents, Gamiostienhsnaeiseantioxjdants and teealike.
to be lied by an ointnment onto the ocu) ar . surface
and m@Pg‘EﬁW‘g{i‘q&c‘gﬁP Ofher eﬂ@aﬁ? ugFnigide deriatiyg may
i3 r . ri od. of, tine. . The
be TR AR g ELEART RN HeRoP L2 bR AR Foieheblepil i eve of
th@%'ﬁfdﬂﬁ?&uﬁlﬂ&@idg’re@%ﬁ% abliR &ﬂ?%ﬁ%@&ﬁroﬁ}éﬁr‘arﬂﬁcontinuous rate,
stabi | i zers, preservatives, chelating agents, viscosity
by minsdlyimpg difsion dufléshing dosnnminaitins effeaiiielshérageutic
agents. Additionally, the conmpositions may contain
corpehption VAR Rritel engedvrerimgerit smeudhe akugndelivenyt daviied may be

ts, nf ort , t.i oxi. ts and the |jke.
for e PclBRE P Pl o eIl BB s i, M e ipoted for
[ ] ed into a drug-delivery device
@Iéé%b%%grtﬁgxo\g% %}%ﬁaant ed into the eye of the

patient for allowi ng releasing of the drug in a

‘controlled and continuous rate, by dissol ving,

di ffusion or |eaching, thus maintaining effective

t herapeuti c concentrati on over a prolonged period of
EXPERIMENTALug- del i very devi ce may be for exanple a

biocanpatible thin film|oaded with the active agent,
i rﬁréﬁ%@arf/oWﬁamagns@dé/a@m sidigeyereyemdgcted at the Tel-

Avigﬁgﬁeegs% 'r%lgmglrgﬁ L%rgnggg r%/?t %ﬁﬁé/a%}ée{) %fe\rc}? Cc?fd %%o@ﬁgimide on the

intraocular pressure in rats by measuring IOP before and after administration of

€X

(o)

ethosuximide. IOP measurements were taken by a tonopen instrument.
Ethosuximide was applied as a viscous solution obtained from Petnidan® capsules
(Desitin, Hamburg, Germany). A recent study at Alcon Research laboratory (Pang
IH, Wang WH, Clark AF: Acute effects of glaucoma medications on rat
intraocular pressure, Exp Eye Res 2005, Feb; 80(2)207-14) has shown rats to be a
proper animal model for glaucoma study. Another study in the Casey Eye Institute
(Moore CG, Milne ST, Morrison JC: Noninvasive measurements of rat intraocular
pressure with the Tono-Pen. Invest. Ophthalmol. Vis. Sci. 1993 Feb;34(2)363-9)
has shown that a tonopen can be used reliabiy to measure IOP in normal rat eye.
Six Dark Agauti (DA) pigmented rats, (250-300g in weight) were slightly
sedated with 1.5-2mg (0.15-0.2 ml) of intraperitoneal xylazine. One eye of each
rat was randomly selected to receive a topical administration of 50 pl of
250mg/0.2ml ethosuximide solution (content of Petnidan capsules). The second

(control) eye received 50 ul of viscoelastic solution without the active ingredient
-0-
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University animal facility to study the effect of

et hosuxi m de on the intraocular pressure in rats by
wore@ssisey | OP before and after adm ni strati onP@F/1L2006/001315

et hosuxi mi de. |1 OP neasurenents were taken by a tonopen
(VisesteatyT¥nimarfifhaared BydNovastigpSivieriasd)a Xt SE0Usimmediately

sol uti on obtai ned from-Petnidan(r) capsules (Desitin,
befaaeb and,at GY,n6byand A20 eniemtessafiety adminibranoRetmpanat lanesthetic

| ahoratory (Pang IH Wang WH,  Cl ark AF:. Acute effects
bel&Xl@frﬂsu‘é’éwpﬁﬁagd&t bethsexss angk thenintzaosulasr prspuren (KOP) were

N A N RN
as H't¥anh Q/agl%?oﬁgg’ﬁy st RsdiVe Me%%r%n‘e%?sg{ogp@%gi%lﬁﬁaﬁ-[ﬁy. The

rrison ni nvasi ve neasurenen
codd)nhaRBH R CIPERS §ﬂﬁ?ai&4 Wik fréed 008 NghoWm ¥Sfle technician who
Opht hal’mol . Vi's. ScL 1993 Feb; 34(2)363-9) has shown
pertforanedatiteoHOP encasanethentssOde rell exgdited afterredsurelukGB dxeessive
normal rat eye. Six Dark Agauti (DA) pi ?rrent ed rats,
sedapign- Byegatncemplgied theeexpesimegiht Iny2 outl af éceymistthat received the

dragy By P ol h Dt Bk NeaR SR v op st CGoha A to
“ ' . Di lon.. - of 250/ 0. 2nd. .

ol PRAE A k3 bR 78, il ORI Bt o0
minf¥gs.second (control) eye received 50 m of

vi scoel astic solution wi thout the active
| nAt di end (OY1 the adxgparis{dnty) theeovdeawhs besk dpy afd iag TOB, values in
Switzerland). At t=0 (immedi ately before) and at 30,
cong®] zamd treatedi epasewend cempartdi by statisticeh analygisc dhe results are
anesth Iilg)rlfaenoxi e.was applied to both eyes and the
SUMTRARZE I K9 105y 1BE s {1 oP) were neasured by a
Tono- Pen XL tononeter (Medtronics). |1OP values were
Tablecorl@dvalses mnidghmeasured af rdis befaa ey sindeat 30, 60 and 120
.easurenments to mnimze variability. The code, nanely
minggescafteryedmpinisiration ohethasusiridd sohgtoninkrseated syeher vehicle
techni cj an who perforned the | OP neasurenents. One rat
onlg &5 eetal ¢

7 BRI ¥ 1 hour due to excessive

Time 0 30 min 60 min 120 min

eye c 4 T C T C | T C T
Rat #1 15 | 155 | 13 | 17 | 203 | 213 | 325 | 22
Rat #2 13 17 13.5 16 30 30 17 17
Rat #3 22 22 19 15 20.3 18 20.5 19
Rat #4 23 25 19 153 16 14.6 20 20.5
Rat #5 15 18 18 20.5 20.3 21.3 19.7 | 20.2
Rat #6 20 24 26 22 - - - -
Total 108 ‘ 121.5 | 108.5 | 105.8 | 1069 | 1052 | 111.6 | 98.7
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sedation. Five rats conpleted the experinent. In 2 out

of 6 eyes that received the drug (vs. 1 of 6 eyes that
WOwR00e/051889 ni st rat ed vi scoel asti c vehicle) a nm PAIAIR006/001315

noderate |inbal vascul ar congestion was noticed, which

1 O] subsijde at U mnutes. AU thejend of} the

Eé)?%pe ment , 18hg Qode wal.br pkEh6and2t He || QR.0val V23 i n 19.7
corf ral d trdated eyes were conpared by statlistica

@gb}@i s.| The rzezsul ts| are qgusmari zed i pofgol lowing 426
Tagble 1. bl 41z | OF e nm ed |in
T N o Va(b% Qnr(w)r(’ei5 12 ;lg?'rgﬂr‘:%?)zglg)af tler d;%toqos)

hef ar e (t—ﬂ) and_at 3

adm ni stration of ethoéuxinide solution: T=treated
eye; or vehicle only: C= control eye.Average 18 20.2

. y | : -4+
A B 6ot 1§ 200y BLULGR iy o
decs@RB ih fhel FDP &vas deplictdd, @rTimatH gland0es lrespectively), which
adm ni stration, a npdest decrease in the 'OP was
wasdlapt sigadfic(m. &Gthentdginoadly Cordstatistidally e $faedvier chty 1 20 whinates, a
was not significant either clinically or )
decxeagei aff 2eaimiptgovies apticed in Abenireaie@scyes vrsuegontref. This
. 2. .nas noticed ip the treated eyes vers .
clingal SeniteAns SfterEvas ey LHlishior i Snthemu b SdDs,psige two-
. ot ical  opif (P < | . ;
g SRS At OB B 1o 035 T AR v
usir%AN@VhCﬁdlysi&i gni fi cant when usi ng ANOVA anal ysi s.
The results of the preliminary study clearly indicate the potential of
ethosuximide and other succinimide derivatives as ocular hypotensive agents and
their use in the preparation of anti glaucoma drugs, in particular in the preparation

of ophthalmic pharmaceutical compositions for topical administration.

Persons skilled in the art will appreciate that the present invention is
not limited to what has been particularly shown and described hereinabove.
Rather the scope of the present invention is defined only by the claims, which

follow.
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1.

The results of the prelimnary study clearly indicate

the potential of ethosuximde and ot her succinim de
walesrwstsByes as ocul ar hypot ensive agents and PEEIIR200e®1315

in the preparation of anti glaucoma drugs, in

particular in the prepargyiomQf ophthal mc

phar maceuti cal conpositions for topical

admetht fattteaingRendaniisaedslagsbdiatet keitlaotulat hypertension, the

appreciate that the present invention is not limted
methedwernprisiogbednimsiratingutcanl subgérdvin reed dEsuch ledteatment an

her ei nabove.dﬁRat er the sc?pe of the present invention .
effeclivgepmQuRt Sifl § BYArmaseical ROMRENIoN feAMBRISiRg /4 FrCainimide
deri% e hod for treating ocul ar disorders associated with

olul &r hypertensi on, the nmethod conpri sing

THEMRLE %tf'cw?# Pvﬁleﬁéiﬁlsgﬁtodu'l‘arrlﬁ%dﬁlf isSHE: dfna.

treatnment an effective anount of a pharraceuti cal

Taspasthbd OF cl4ifP1l iviiepdindaflificiiimide degvatival is 8. anfi-epileptic

The nethod of claim1 wherein said ocular disorder is
agegt.aucoma. 3. The nethod of claim 1 wherein said

succi nim de derjvative is an_antji-epileptic agent. 4.

The metheddobrclaimiznwhergia i andirepilaptic- agant dgtactive against
b %&%nt'is active agai nst absence seizures. 5. The
ADSEELRSH S cl ai m 1 wherein sai d succini nide derivative

i | a; . ' C elc .

The Bleth 8 oF SLAY P SulfsubSnBRIRUEHALER SEMe oAt

al kyl -cycl oal kyl and al kyl3 cycl ohet eroal kyl; and R2

“and R3 are independent!ylsel ected fromthe group
consisting of H, | ower, alkkyl, aryl, lower alkyl aryl

and aryl oxyal kyl . R

O/N\O

e

where R' is selected from the group consisting of H, alkyl, alkylaryl, alkyl-
heteroaryl, alkyl-cycloalkyl and alkyl-cycloheteroalkyl; and

R?* and R? are independently selected from the group consisting of H, lower

alkyl, aryl, lower alkyl aryl and aryloxyalkyl.

The method of claim 1 wherein said succinimide derivative is of the formula:

3
R
R X
P
07 N 0
|
R]
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6. The nethod of claim lwherein said succinimde

derivative is of the formula:where Xis -O or -CHR4 ;
WRL007957869 ect ed from the group consi sting of HCHIKRYN6001315

al kyl aryl, al kyl - heteroaryl, alkyl-cycl oal kyl and

al kyl -cycl oheteroal kyl; and R2 and R3 and R4 are

i ndependently selected fromthe group consisting of H,

| ohere & ky HO- asrylCHROWR' sl sefdctad Yiomritle airphpepabistihg of H,

7. The nethod of claim 1l wherein said succinimde

delkiyl afkylaryil salkgl betesoaryl, abinylteyclpadiqd awhslkyt-cyejobsteroalkyl;
et hosuxi m_de, hsuxi.m de hensuxi n de and L
RS A ns] T MEERaUicaY SPZrAd g Broupansisting of
ceuijcal .c oskiion. s .applied.topically to the
gggiooq’?ers%f%fgﬁgj g\Pe_r . lﬁ?é ar'?\g‘t Xg?lké’ﬁai m 8 wherein
: ca it e | . .t
o AR BRAIGEGFAGE) RIS SRR A afle jy sRidkied from
thet heroBPCCoRbRiide €T iettdsuxBnide). mEkgurRhiRd phesduimide and
Iwherei n said succinimde derivative is adm nistrated
mobyxmeides of a drug-delivery device inserted into the

eye of sajid subject. 11, A topical ophthalmc )
Bﬁ@ thagk pE slailo hpsherein paifl pharmaceytical mompasitiom is applied

r &

I ' der . iated with I h t [ ,
topRlly 3B & PERRSRBRFEI ng ant - opi | apti o sucel ni m de
0. BB AR b AR AN i i

to 4 AMRES at dAN viferdihadath Idosk tdnffind A0MP506 ¥R BIOBE succinimide
sol ution. "13. The conposition of claim1l in the form

derpfativent ment, suspension, gel or cream 14. The
conposition of claim11l wherein the succinimde

10.  dbeimethpd@ficdaior | mrherein said succinimide derivative is administrated by
means of a drug-delivery device inserted into the eye of said subject.

11. A topical ophthalmic pharmaceutical composition for the treatment of an
ocular disorder associated with ocular hypertenéion, the composition comprising
anti-epileptic succinimide derivative and a pharmaceutically acceptable carrier for
topical application to the eye.

12. The composition of claim 11 in the form of eye-drops solution.

13.  The composition of claim 11 in the form of ointment, suspension, gel or .
cream.

14.  The composition of claim 11 wherein the succinimide derivative is of the
formula defined in claims 5 or 6. |

15.  The composition of claim 11 wherein the succinimide derivative is selected
from the group consisting of ethosuximide, methsuximide, phensuximide and
morsuximide.

16. © The composition of claim 11 wherein the concentration of the anti-epileptic

succinimide derivative is in the range of 50 to 2500 mg/ml.

-13-



formula defined in clainms 5 or 6. 15. The conposition
of claim 11 wherein the succinimde derivative is
w@edogosm8o f rom t he group consi sting of ethosuxper/uie006/001315
met hsuxi m de, phensuxi m de and norsuxi m de. 16. ' The
o e Cai h _

17 R P or Bl e Bl SRER A PaBlutically
accéabR fdenp0 to 2500 ng/ M .17. The conposition of claim
11 further conprising at |east one pharmaceutically
18. dbeeptrapbstiageof .cldify [Thevieoepotia iabneadt ohaiphatmaceutically
wherein the at | east one pharmaceuti cal | ){ acceptabl e

accepfable agendrie ope eromere Pl ithe felbowing: mgstabilizentd presevatiye, a

reservative, a chel at.i.ng ageni, | scosity, nodifying..

chel B e iasdoly gl HEER o Puleng aegtinr pEb B ting
I‘{{]e conposition of claim 10 further conprising an
addi ti onal ophthalmc active agents. 20. The
19. TRERQhpdSHoR ofCé@ind 1P ﬂﬁﬂﬁéreme{pPi@ir%dﬂh_tddlﬁ%nal ophthalmic
ophthal'mc active agent is an antibacterial agent, a

acticempeits. enhancer, or an antioxidant. 21. The

conposition of claim 10 wherein the ocular disorder is

20.  Jihguewnposition oftedains &9 ovheseinuibe radditienad ephthadinieagtore agent

. the ,ér eat.nent of ocul ar rﬂriﬂ;or ders associated with
1s aR AfLagCLeRy Bh & @niopte €Ty 8B ANHOXIJaRM ni de

2. B et ok BEmD AL NHREiH s SowiBl eRBRR S afieormn o
22. theaisdens ?%ﬁ@&ﬁﬁ'i@éj AL BHPE YRt O NP HBRE 'o®Tocular disorders

associated with ocular hypertension.

age

23.  The use of a succnimide derivative in the manufacture of an ophthalmic

pharmaceutical composition for the treatment of ocular disorders associated with

ocular hypertension.
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