METHODS FOR NEUROPROTECTI ON  Cross Reference To Rel ated Applications This
application clains the benefit of U S. Provisional application Serial 5
Nunber 60/619,402 filed COctober 15, 2004 and U.S. Provisional application
Serial Nunber 60/698,403 filed July 12, 2005. These two Provi si onal
applications are hereby incorporated by reference. BACKGROUND OF THE

| NVENTI ON 1(M ﬁb%é)ﬁo‘w é@ﬁ’élﬁ'ﬁ(ﬁt Iﬁaonr esent invention relates generally
to the fiel ds—%i—p'h'av-rravoﬁo'gy-——n'em-oécgrand psychiatry and to nethods of
protecting the cells of a nanmalian central nervous system from damage or

injury. More specifically, 15 this invention provides nethods for the use of
certain car b&fass Referencado Related Appligationsct i on. DESCRI PTI ON OF THE RELATED
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(CVAs) stroke, traumatlc brain injury, spinal cord injuries, degeneration

of the optic nerve, e.g., ischemc optic neuropathy or retinal degeneration
and ot her ce@ﬁﬁ@_&&&ﬁiﬁ_&nﬂ%s is an enornmous nedi cal and
public h 8Ith probl em by virtue of both its high incidence and the
frequencj of long- term sequel ae. Aninmal studies and clinical 30 trials have
shown that amFEPDAOFTHE INVENT (especially glutamate), oxidative stress
and i nflamua ute strongly to cell death in these
conditions. i Upolhenpresenbrinvgrdioni Eezkzktesi geriemaw tq tiiea rfiedptsd of @inaomacolegase

massi ve anounts of the neurqQtransmitte which is excitotoxic to
t he neurology and psychiatry ané rget'T!t ? protectpng the ceh of a

mammalian central nervous system from damage or injury. More specifically,
15 this invention provides methods for the use of certain carbamate compounds

for neuroprotection.

DESCRIPTION OF THE RELATED ART

Injuries or trauma of various kinds to the central nervous system (CNS)

20  or the peripheral nervous system (PNS) can produce profound and long-lasting
neurological and/or psychiatric symptoms and disorders. One form that this

can take is the progressive death of neurons or other cells of the central
nervous system (CNS), i.e., neurodegeneration or neuronal degeneration.
Neuronal degeneration as a result of, for example; Alzheimer's disease,

25 multiple sclerosis, cerebral-vascular accidents (CVAs) stroke, traumatic brain
injury, spinal cord injuries, degeneration of the optic nerve, e.g., ischemic optic
neuropathy or retinal degeneration and other central nervous system disorders

is an enormous medical and public health problem by virtue of both its high
incidence and the frequency of long- term sequelae. Animal studies and clinical

30 trials have shown that amino acid transmitters (especially glutamate), oxidative
stress and inflammatory reactions contribute strongly to cell death in these

conditions.



surroundi ng neurons (Choi et al., (1988), Neuron 1: 623-634; Rothman et al.,

(1984), J. Neurosci. 4: 1884-1891; Choi end Rot hman, (1990), Ann. Rev. 5

Neurosci. 13: 171-182; David et al., (1988), Exp. Eye Res. 46:657-662;

Drejer et al., (1985), J. Neurosci. 45:145-151. GQutamate is a negatively

charged amno acid that is an excitatory synaptic transmtter in the

manmmal i an nervous éﬁ/%em Al t hough the concentration of glutamate can reach
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neuronal death via necrosis and apoptosis. Various interventions are
currently being 3 ' d S at h4-h ntr al
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gl utamate receptor, 2 ant ag?o,niatg, Ca2+ channel bl ockers, GABA receptor
agoni st s, gaglgfqragqed&,mam ained by both neurons and astrocytes. Neurons Store
glutamate in intracellular stores and regulate its release. See, Reagan, R.F.,

Excitotoxicity and Central Nervous System Trauma, in The Neurobiology of

Central Nervous Trauma, New York, Oxford University Press, 1994, pp. 173-

20 181 (Salzman SK, Faden Al, eds). Astrocytes take up extracellular glutamate
by specific transporters and convert the glutamate into glutamine that is then
released for neuronal uptake. See, Robinson, M.B. & Dowd LA, Adv
Pharmacol, 1997; 37:69-115. In the process of excitotoxicity, glutamate is
released in a self-perpetuating manner by the neurons, resulting in excessive

25 or prolonged activation of glutamate receptors.

The conjunction of such excessive glutamate stimulation on the energy-
depleted neurons taken with the compromised ability of the neurosupportive
astrocytes to sequester toxic levels of extracellular glutamate leads to neuronal
death via necrosis and apoptosis. Various interventions are currently being

30 examined to reduce neuronal death associated with central nervous system
injuries and diseases. See, Kermer et al., Cell Tissue Res 298:383-395, 1999.

Such therapies include glutamate release inhibitors, glutamate receptor

2



neurotrophic factors, calpain inhibitors, caspase inhibitors, free radical
scavengers, imuno- and cell netabolism nodul ators. For exanple, several
studi es have shown the involvenent of glutamate 5 in the pathophysiol ogy
of : 1) Huntington's di sease (HD) (Coyle and Schwartz, (1976), Nature 263:
244-246; 2) Al zheiner's disease (AD) (Maragos et al, (1987), TINS 10:

65- 68, 3) Epadtsgérys&N@éze«r chlanfbl blokReR) GNBWJF@CG%?& agaﬁrstsmgan glibsides,
Lat hyri sm (Spenter et al, (1986), Lancet 239: 106 Ay ot r opi ¢
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Neurochem 49: 1222-1228). Thus, injury to neurons may be caused by
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and aspartate (See, Lipton et al 15 New En Med. 330:613 621).
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11:379-387). However, over-stinulation of the 20 NVDA subtype of @Qut amat e
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h f fibrill I d I
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pl aques, essi ve degeneration of neurons in the
brain. Senile plaques are rich in anyloid precursor protein (APP) that is
encoded by the APFhuserigjudpto oearats oaydie cavsednby Xiverstimolation| of racepﬁor&d

ol Bavage of ERIAY aBneaces G LBy sliteite AON SRR P ae bRST o 8.
bet a- anyj0i d1084PINAFEASIE St WS N850:B48621). Indeed, the N-methyl-D-aspartate
(NMDA) subtype of glutamate receptor is suggested to have many important
roles in normal brain function, including synaptic transmission, learning and
memory, and neuronal development (See, Lipston et al. (1994) supra; Meldrum
et al. (1990) Trends Pharm. Sci. 11:379-387). However, over-stimulation of the
20  NMDA subtype of glutamate receptor leads to increased free radical production
and neuronal cell death, which can be modulated by antioxidants (See, Herin
et al. (2001) J. Neurochem. 78:1307-1314; Rossato et al. (2002) Neurosci.
Lett. 318:137-140).

In addition, in many chronic neurodegenerative conditions, inflammation

25 and oxidative stress are key components of the pathology. These conditions
include Alzheimer's disease (AD). Alzheimer's disease (AD) is characterized by

the accumulation of neurofibrillary tangles and senile plaques, and a
widespread, progressive degeneration of neurons in the brain. Senile plaques

are rich in amyloid precursor protein (APP) that is encoded by the APP gene

30 located on chromosome 21. A commonly accepted hypothesis underlying
pathogenesis of AD is that abnormal proteolytic cleavage of APP leads to an



shown to be toxic to neurons (See, Selkoe et al., (1996), J. Biol. Chem
271. 487-498; Quinn et al., (2001), Exp. Neurol. 168: 203-212; Mattson et
al., (1997), Alzheimer's Dis. Rev. 12: 1-14; Fakuyama et at, (1994), Brain
Res. 5 667: 269-272). Parkinson's disease (PD) is a progressive

neur odegenerati ve di sorder characterized by a dysfunction of novenent
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15 Death of neurons and supporting cells in the central (CNS) or peripheral
(PNS) nervous system of mammals including humans as a result of trauma,
injury of many kinds, ischemia, metabolic derangements, e.g., diabetes
hypoxia, toxins or surgical intervention causes both acute and chronic and
progressive loss of function and disability. Thus there is a need for the

20 development of methods and compounds that can protect the cells of the

mammalian nervous system from this degeneration, i.e., are neuroprotective.

SUMMARY OF THE INVENTION

The present invention relates in general to neuroprotective methods,
and more specifically to methods and compounds for prevention of damage to
25 cells of the mammalian central and peripheral nervous system resulting from

injury, trauma, surgery or acute or chronic disease processes.

This invention is based, in part, on the discovery that the administration
of one or more members of a family of carbamate compounds either alone or
in combination with one or more other neuroprotective medications provides a

30 neuroprotective effect on the mammalian nervous system.



excitotoxicity. Thus, neuroprotection provided by this invention will be
useful in the treatnent of acute and chroni c neurodegenerative disorders
that may 5 involve excitotoxicity, for exanple glutamate excitotoxicity,
including stroke/ischem a, surgical trauma, Traumatic Brain Injury (TBI),
blunt, closed or penetrating head trauma, epilepsy, Huntington's disease,

Anyotrophic Latergl Sclergsis (ALS), .di ghetic neuragpat and hypogl.ycem c
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effective anount of a conpound of the invention, or it's pharnaceutically
accept abl e sheretitingshead tiaumarerilepsy Gentingtenstinaase Amyekorhist kateral
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excitotoxicity, for exanple glutamate excitotoxicity. In various

enbodi nent s, the Nabjoprotection pravidpddyy this inventionupapde kroiuigbt abgut upon
neural insult. or injury; or.may be suffering. fr a condition. 25 sel ected
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Al zhei mer's dj & to RAGMbSRBUSI fistkase, prion disease, variant

Creut zf el d- JaKob di sease, anyotrophic or hypogl ycem c encephal opat hy; or

may be undergoi ng_surgery or other intervention. The subject may have a pre-
exi sting conditi ohhe hiveRbon dpiwidas tmethodsufdp Meewdindo Mesiropieteqsian; efier nay
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Accor di ngl y, nélv@degenéritive NdReaken dir for deseliRatig theocytext defiéct of a
neur oprotection conprising adm nistering to a subject in need thereof a
15 compound (for example, a excitatory amino acid such as glutamate; a toxin; or
a prophylactic or therapeutic compound that exerts a cytotoxic side effect) in a
subject in need thereof, by administering to the subject an effective amount of
a compound of the invention, or it's pharmaceutically acceptable salt or ester
either alone or in combination with another medication along with a
20 pharmaceutically acceptable excipient. In various embodiments, the methods
of the invention include protection against excitotoxicity, for example glutamate

excitotoxicity.

In various embodiments, the subject, for example, a human, may be

suffering from neural insult or injury; or may be suffering from a condition

25 selected from substance abuse, trauma, stroke, ischemia, Huntington's
disease, Alzheimer's disease, Parkinson's disease, prion disease, variant
Creutzfeld-Jakob disease, amyotrophic or hypoglycemic encephalopathy; or

may be undergoing surgery or other intervention. The subject may have a pre-
existing condition that would benefit by neuroprotection or the patient may be

30 treated to reduce deleterious effects of a concomitant or subsequent neural

injury, such as may occur during surgery or other intervention.



t herapeutically effective anount of a conposition that conprises at |east
one conpound having Fornmula 1 or Fornmula 2: Xt CHRL | X2 OR2 O X3 X5
5X4 Formulal/ RB NRL X1 ORA Il O X2 -_f \ RR O X3'X5 X4 Formula
2 10 wherein Rl, R2, R3, and R4 are, independently, hydrogen or Cl-C4 al kyl;
and X1, X2, X3, X4, and X5 are, independently, hydr ogen, fluorine,

chl ori ne, brom ne or The said Cl1-C4 al k rou For nul a
Formula 2 can be %995@'!"9 yut &Teﬁﬁ&b%\f‘ﬂt@f‘e@m\?/ﬂeg eg@‘bc&ttfobfprtoﬂ 'Eﬂesent
i nvention, the, Gﬁrg?écit@unsub&ié?h@t ecﬁnﬁﬁ@léﬁhi“ﬁoe% ot PNeREL W&uBr ahe

phenyl group can or substi tute I'n certain enbodr rrents
the phenyl dhergpautically effectdss amdued obra surhnpbsltrohetdat/vcbmprmabsgﬂneaéﬂ origl

al kyl, CI-C4 al koxy, amin nitro, or cyano. In the present invention, X1,
X2, X3, X4, %pWQ:BﬂV'BQ m%ér?r oMY Zne, chlorine, bromne or iodine.
In certain enbodi nents, X1, X2, X3, X4, 5 and X5 are, independently,

hydr ogen or chl ori ne. In a preferred enbodlnent of

prans

5

Formula 1
/ s
N
\ R,

X1 O R4 |
0 N
X, AN
\l( R2
9]
Formula 2

10  wherein R4, Rz, R3, and R4 are, independently, hydrogen or C4-C, alkyl; and Xj,
X2, X3, X4, and Xs are, independently, hydrogen, fluorine, chlorine, bromine or
iodine. The said C4-Cs alkyl group of Formula 1 or Formula 2 can be
substituted or unsubstituted. In one aspect of the present invention, the C4-C4
alkyl group is substituted with a phenyl group. The phenyl group can be

15 unsubstituted or substituted. In certain embodiments, the phenyl group is



the present invention, Xi is fluorine, chlorine, bromne or iodine. In one
aspect, Xi is chlorine and X2, X3, X4, and X5 are, independently, hydrogen.
In another preferred enbodinent, Rl, R2, R3, and R4 are, independently,
hydrogen. The present invention provides enantioners of Formula 1 or Formula
2 10 for providing neuroprotection in a subject. In certain enbodinents, a

d of F al F la 2 wll be in_t f f I ngl :
cnanti omer UTRUBSHRIEY rosehstuRdoaaieen, CotonRul -5 kg 2o,

Forrmula 2 V"irlli{robgr?yd?\ot. he formof an enantioneric m xture in which one
enanti oner predom nates w th respect to another enantiomer. In one aspect,
t he enanti onmer wilnhl tHeb presertninvanton o X heX.exXXenXs,08n@0%gs cxangbeahgdrogeent o t he

extent of 98% or greater. The present invention al so, .providgs tho
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enantioners of this invention or a pharmaceutically acceptable salt
The present invention also provides methods comprising administering
to a subject a neuroprotective amount of a composition that comprises at least
one compound having Formula 1 or Formula 2 wherein R4, Rz, R3, and R, are,
independently, hydrogen or C4-C4 alkyl; and X4, Xz, X3, X4, and Xs are,
20 independently, hydrogen, fluorine, chlorine, bromine or iodine. In one
embodiment, before administration of the composition to the subject, a
determination will be made as to whether or not the subject suffers from some
form of acute or chronic neurodegeneration or nervous system injury.
The present invention also provides methods comprising identifying a
25 patient at risk of developing acute or chronic neurodegeneration or nervous
system injury or a patient in need of treatment with a neuroprotective drug
(NPD), as defined below and administering a composition that comprises at
least one compound having Formula 1 or Formula 2 to the subject.
In certain embodiments of the present invention, a therapeutically
30 effective amount of a compound having Formula 1 or Formula 2 for providing
neuroprotection is from about 1.0 mg/Kg/dose to about 150 mg/Kg/dose. In a
70 kg human this would correspond to a daily dose of from about 70 mg/day to

about 10,500 mg/day.



or ester thereof and a pharmaceutically acceptable carrier or excipient is 5
adm nistered to a subject or patient in need of treatnent with a
neuroprotective drug or NPD. Pharmaceutical conpositions conprising at

| east one conpound having Fornmula | or Formula 2 are administered to
subjects in need thereof. In certain enbodi ments, a subject or patient in
need of treatnment with a 10 neuropr ot ective,dru?efq%(rgt,NPD may be one who has
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li-pilo SE. Values are expressed as the nunber of neuronal cell bodies in

each arkh oneurppestestive drug pr NED mayube ante whohag experiengedssaing ferme of

effects of ipcr | Qs C > ' iffe t

nuct oi of ¢ necuaradia GofirLle e 2s, 3P S ERRA & pEdEP aefiollyrdkAd,

expressed ashadgomieeemh dffadmélb@aﬁkorﬁ@hbumPeﬁera%iv@adiébrd@rem eheidgpeeest

S EM Figure 4: is a graph that shows the effects of increasing doses of TC

on the 5 nutiisesubjectrarnatient will be determineditaebe abfisk fier develepingamaade ar 14

days atter | Lerobid S eyahdiug Fughill SPHRYAE JiriLiSioR  80Y Sinece! !
15 in need of treatment with a neuroprotective drug. In other embodiments, a

subject in need thereof is one who has acute injury or trauma to the cells of

their nervous system at the time of administration.

BRIEF DESCRIPTION OF THE FIGURES

20  Figure 1: is a graph that shows the effects of increasing doses of TC on the
number of neurons in different areas of the hippocampus counted at 14 days
after li-pilo SE. Values are expressed as the number of neuronal cell bodies in

each area of interest + S.E.M.

25  Figure 2: is a graph that shows the effects of increasing doses of TC on the
number of neurons in different nuclei of the amygdala counted at 14 days after
li-pilo SE. Values are expressed as the number of neuronal cell bodies in each
area of interest + S.E.M.

30 Figure 3: is a graph that shows the effects of increasing doses of TC on the

number of neurons in different nuclei of the thalamus counted at 14 days after



Figure 5: is a graph that shows the effects of increasing doses of TC on the
10 latency to the first spontaneous seizure. Values are expressed as the
mean |atency in days for each group S.E.M Figure 6: is a graph that shows
the effects of increasing doses of TC on the frequency of spontaneous

sei zures vi deo-recorded over a 4 weeks period. 15 Values are expressed as

the mean nurhefio Se SPAIGS BFe efofodton Bnka oY 8ABhEI EdPbbdbsln BuBher of

sei zures obse of video- recording and

represents tbmamﬁfantenestbeSE.M.sei zures per week. The Anova test
denonstrated an effect of the treatnent on the total nunber of seizures
(p=0.045) and the nmean nunber of seizures per week (p=0.045) 20 Figure 7:

kgl tOF@hré"Am?é?r gnfatpgmeft grsfﬂﬁvs)éi lﬂ%oef?{&@o‘i'?ﬁcr@éé{n fé%ge WSP*??: oﬁ"tﬂéted

according to e latenc I'Tst spontaneous selz

| at ency, 3L rummbeg of aearang in differsrd areas @iﬂnessadxa:suhtmi aeam daystm‘terdlﬁ

sei zures for each subgroup S.E.M The ANOVA test did not show any

signi ficant B9 & VAliepare T aﬁ#‘ﬁuﬁﬁ”‘@er@ﬁé\%‘r%@ Srhadies |"bﬁa§@t ween

t he | atency g%t@e‘ éré§tt+ aneous seizure and the total nunber of

sei zures obsaryed Qi ng ‘our follow ng weeks. 30 DETAI LED DESCRI PTI ON
OF THE I NVENTI ON The Car bamate Compounds of the Invention 9 The present

i nvention provides nmethods of using certain 2-phenyl-1,2- ethanedi ol

nonocar bormat EguEg@: d¢ (?ag'@@haﬂ'@% sheWsr thei %@eq{%@rfdwréﬁékﬂgl dosasoof thnpaiteei n
need thegdaof late é}gold)l ie. fist, %r?éof&'ﬁ%&ﬁ% Ay dlde@Hle! éi{d %yéébgfaﬁe%garﬁ?éﬁhe

conpound e ena ased in

pr esent mvenjmm;y mafasyswa}éaMmgmu;jgstEMe Skl lled in the art. For exanpl e,
pure enantioneric forns and enantiomeric mxtures of 2-phenyl -

2- et hanedi ol npbnocarbomates and di carbanates are described in Un| ted States

Pat ent Nunbeg b 854, 253000680 B0 16rderd 0 dashFashaebPTE! 67

whi ch are he
frequency of spontaneous seizures video-recorded over a 4 weeks period.

15 Values are expressed as the mean number of seizures * S.E.M. The total
represents the total number of seizures observed during the 4 weeks of video-
recording and the mean represents the mean number of seizures per week.
The Anova test demonstrated an effect of the treatment on the total number of
seizures (p=0.045) and the mean number of seizures per week (p=0.045)

20
Figure 7: shows the total number of seizures video-recorded over four weeks

plotted according to the latency to the first spontaneous seizure (SL = short

latency, LL = long latency). Values are expressed as the mean number of

seizures for each subgroup + S.E.IM. The ANOVA test did not show any
25  significant effect of the treatment.

Figure 8: shows the correlation between the latency to the first spontaneous
seizure and the total number of seizures observed during the four following
weeks.

30

DETAILED DESCRIPTION OF THE INVENTION

The Carbamate Compounds of the Invention



10 reference in their entirety. Representative carbamate conpounds according
I nvention include those having Formula 1 or Fornmula 2: XI OH
RO I X2 0\ x\ R O XSX3 X4 Formulal15R3 NRL X OR4 XO z
*X3X6 __ ~r R2 X 4 Formula 2 10 wherein R1, R2, R3, and R4 are,

to the present

| ndependent |y,
| ndependent | vy,

optional |y sm8gIMalgiageed

hydr og

en or Cl-C4 al kyl and X1, X2, X3, X4, and X5 are,

ers to substitu unsubsti tute

€ hyﬁﬁ&gﬁ@s?ﬁt' iH9§ﬁﬁB°n B%Vic?éé Hﬁeth@&é’%‘f WS cehQ@i @-?heﬁxl'l‘ﬁ%: 4
al kyl" as used herern re ted or 't phat’i'c
hydr ocar bonsethanedig! imemocarbomatesaahd rdicdrbamaté&pecigrocide! yeunoprotdetibn wo t hi n

the definition of "al

Kyl " ﬁre t hose aliphatic hydrocarbons that are
Aherésfer erred enbodi ment of the present invention,

the CI.C4 alkyl &5itlERetdas thobirtesdinglat Bty EsbanideRBRK8UNdkO The

term "phenyl ",

as use

her el n, as part

5 including carbamate enantiomers, used in the methods of the present invention

are well known to those skilled in the art. For example, pure enantiomeric

forms and enantiomeric mixtures of 2-phenyl-1, 2-ethanediol monocarbomates

and dicarbamates are described in United States Patent Numbers 5,854,283,

5,698,588, and 6,103,759, the disclosures of which are herein incorporated by

10  reference in their entirety.

Representative carbamate compounds according to the present

invention include those having Formula 1 or Formula 2:

Formula 1

15

Formula 2

1

X, OH T
R,
O
X
X, 3
X4

N

\ R,

x1 0 R4 '
0 N

X, \”/ \ R
2
O
X3 Xs
X4

10



anot her group, is defined as a substituted or unsubstituted aromatic

hydr ocarbon ring group having 6 carbon atons. Specifically included w thin
the definition of "phenyl" are those phenyl groups that are optionally
substituted. For exanple, in a preferred enbodi nent of the present

i nvention, the, "phenyl" 15 group is either unsubstituted or substituted
wi th hal ogen, Cl1-C4 al kyl, Cl1-C4 al koxy, amno, nitro, or cyano. In a
preferred enbodi nent of the present invention, X1 is fluorine, chlorine,

brom ne or igHerin MUARX2R; 6hd R4 ar@nfddeperrdentlyy Hydagen driC agQtaien apdeX.er r ed
enbodi nent of the present invention, X1, X2, X3, X4, 20 and X5 are,

i ndependent | ¥z, Xhi%r i@RE X argy dndrRandenty ahydmeen piludrine, chlering dIraavRe 6f t he
pr esent inve@éi Qn, Rl, R2, R3, and R4 are all hydrogen. It is understood
that substitdents and substitution patterns on the conpounds of the present

i nventiors can be ‘@lEstaRyIbya®nsed hersihneaferss ko | subgiitutéd bheursubstituted ovi de
conpounds that are chemcally stable and that can be readily synthesized by

t echni ques kaliphaticrhydrecaibena baying frem 1 fe4aarber atgnsyiIrasifigadly dngluded
Representatiy,

I ncl ude, fOrw@Qiﬁh@Peg?H%fﬁﬁﬁqrﬁ[ﬁaﬁggldggﬂﬁpgﬁﬁ%g%I%@gﬁéemgart%n%igﬁ%"%g O
X3 X5 X4 FeptivHally Subktifdted. XIn b preferred embodiment of the present invention, the
C4-C4 alkyl is either unsubstituted or substituted with phenyl.

10 The term “phenyl”, as used herein, whether used alone or as part of
another group, is defined as a substituted or unsubstituted aromatic
hydrocarbon ring group having 6 carbon atoms. Specifically included within the
definition of “phenyl” are those phenyl groups that are optionally substituted.
For example, in a preferred embodiment of the present invention, the, “phenyl’

15 group is either unsubstituted or substituted with halogen, C-C4 alkyl, C4-C4
alkoxy, amino, nitro, or cyano.

In a preferred embodiment of the present invention, X; is fluorine,
chlorine, bromine or iodine and X;, X3, X4, and Xs are hydrogen.
In another preferred embodiment of the present invention, X4, Xz, X3, Xa,

20 and Xs are, independently, chlorine or hydrogen.

In another preferred embodiment of the present invention, Ry, R;, R,
and R4 are all hydrogen.

It is understood that substituents and substitution patterns on the
compounds of the present invention can be selected by one of ordinary skill in

25 the art to provide compounds that are chemically stable and that can be readily
synthesized by techniques known in the art as well as the methods provided
herein.

Representative  2-phenyl-1, 2-ethanediol monocarbomates and
dicarbamates include, for example, the following compounds:

30
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X2 pN R/ O X3X5 X4 5Formula4d4R3 NO\ ii Xi R4 X2 OT/NTL R p
X3 X5 4 Formula 512/ RB NRL X, R& X2 ON 2\ R2 X3 X5 Fornula 6 CH
p NH2 O 5 Formula 7 NH2 p

te
ullll”llo
m

i

A R,
0]
Formula 3
Ry
X, OH l
X2 O N
A R,
0]
X3 X5

5 Formula 4

Rj
1o
X4 o \ R, |
X2 0 \”/ N \ R,
o
X3 Xs

12

Formula 5



p NH2 6ClL O Formula 8 10 The present invention includes the use of

i solated enantioners of Fornmula 1 or Forrmula 2. In one preferred

enbodi ment, a pharnmaceutical conposition conprising the isolated
S-enantioner of Fornmula 1 is used to provide neuroprotection in a subject.
I n another preferred enbodi ment, a 13 pharnmaceutical conposition conprising
the isolated R-enantionmer of Fornula 2 i@§ used to provide neuroprotection
in a subject. In another enbodinent, a pfharnace R%cal conposition
conprising the isolated S—enantloner of r mul 1"and the isol ated
R-enantioner of Formula 2 can be used to Nde 5 neuroprotection in a
subj ect. The present invention also i ngludes tRe use ofp m xtures of
enantionmers of Fornula 1 or Fq(nula £ In one pect I}lthe pr esent

i nvention, one enantioner wll predom;nate An efanti omer that predoni nates
in the mxture is one that is present-ln the gixture i\ an anount greater
than any of the other S X h{\, e.g., in an
anount greater than 50% 3 mer mnIRzpredonlnate to
the extent of 90%or to the 903y 94% 95% 96% 97% or
98% or greater. In one pre g i , the epantiomer that

predom nates in a conposi { Si of Formula 1 is the
S-enantioner of Fornul ax?. S5 anot'Rgr preferred enbodi nent, the
enantiomer that predominates inm a conposition conprising a conmpound of
Formula 2 is the R-enantionmer of, Fornmula 2. In a preferred enbodi ment of
the present invention, the enantioner that 1is present as the sole

enanti omer ofFomsulale predomi nate enantioner in a 20 conposition of the
present invention is represented by Fornmula 3 or Fornmula 5, wherein X1, X2,
X3, X4, X5, Rl, R2, R3, and R4 are defined as above, or by Fornula 7 or

Formula 8. OH R Cl OH
NH,
O
5 Formula 7
NH,
Cl °
0 NH>
O
Formula 8
10 The present invention includes the use of isolated enantiomers of

Formula 1 or Formula 2. In one preferred embodiment, a pharmaceutical
composition comprising the isolated S-enantiomer of Formula 1 is used to

provide neuroprotection in a subject. In another preferred embodiment, a

13



X1 =XZ ONR2 OX3 X5 X4 Formula 314/ R3B NO\ R X R4 p N\ XZR2
O X3 X5 Formula 5 5] OHNH2 OFornmula 7 NH2 Od p NH2 10 Fornula 8 15
The present invention provides nmethods of using enantioners and

enantionmeric m xtures of conpounds represented by Formula 1 and Fornula 2.
A carbamate enantionmer of Fornmula 1 or Fornula 2 contains an asynmetric

pharmaceutical composition comprising the isolated R-enantiomer of Formula

2 is used to provide neuroprotection in a subject. In another embodiment, a

pharmaceutical composition comprising the isolated S-enantiomer of Formula

1 and the isolated R-enantiomer of Formula 2 can be used to provide
5 neuroprotection in a subject.

The present invention also includes the use of mixtures of enantiomers
of Formula 1 or Formula 2. In one aspect of the present invention, one
enantiomer will predominate. An enantiomer that predominates in the mixture
is one that is present in the mixture in an amount greater than any of the other

10 enantiomers present in the mixture, e.g., in an amount greater than 50%. In
one aspect, one enantiomer will predominate to the extent of 90% or to the
extent of 91%, 92%, 93%, 94%, 95%, 96%, 97% or 98% or greater. In one
preferred embodiment, the enantiomer that predominates in a composition
comprising a compound of Formula 1 is the S-enantiomer of Formula 1. In

15 another preferred embodiment, the enantiomer that predominates in a
composition comprising a compound of Formula 2 is the R-enantiomer of
Formula 2.

In a preferred embodiment of the present invention, the enantiomer that
is present as the sole enantiomer or as the predominate enantiomer in a

20 composition of the present invention is represented by Formula 3 or Formula 5,
wherein X4, Xz, X3, X4, X5, Ri, Rz, R3, and R4 are defined as above, or by
Formula 7 or Formula 8.

OH R

Formula 3

14



chiral carbon at the benzylic position, which is the aliphatic carbon
adj acent to 5 the phenyl ring. An enantioner that is isolated is one that
is substantially free of the corresponding enantioner. Thus, an isol ated
enantiomer refers to a conpound that is separated via separation techniques
or prepared free of the corresponding enantioner. The term "substantially
free," as used herein, 10 neans that thegconpound is nade up of a
significantly greater proportion of one|lenantioger. In preferred
enbodi nents, the conpound includes at | efst abgut 90% by wei ght of a
preferred enantionmer. In other enbodi ne N the invention, the conpound
i ncludes at | east about 99% by wei ght a preferred gpantioner. Preferred
enanti oners can be isol ated frpn1race1'c m xtu & by 15 any nethod known to
those skilled in the art, incl d|ng h§gh perfornance Ifquid chr omat ogr aphy
(HPLC) and the formation and cfystallfzation E{ chiralnysalts, or preferred
g e I n. hods for the
preparation of preferred enanti omfs would be kno to one*20f skill in the
art and are described, for i n Jacques, ., 20 Enanti omers,
Racemat es and Resol uti ons nt ersci ence, Newgyork, 1981); Wlen, S H,
et al., Tetrahedron 33: 27 NEliel, E L. Stereochem stry of Carbon
Conpounds (McGawH I,y 1962); andg VVIen S.H Tabl es of Resol ving
Agents and Opti cal Resol%tlons p. 268 (E.L. EI|eI Ed., Univ. of Notre Dame
Press, Notre Dame, IN 1972). 2% Additionally, conpounds of the present
invention can be prepared as deéscribed in United States Patent Nunber
3,265, 728 (thwnils6l osure of which is herein incorporated by reference in
its entirety and for all purposes), 3,313,692 (the disclosure of which is
herein incorporated by reference in its entirety and for all purposes), and
the previously referenced United States 30 Patent Nunbers 5, 854, 283,
5,698,588, and 6,103,759 ( the disclosures of which are herein incorporated
by refergnce in their entirety and for all purposes). The Nature of
Neuroprotection 16 Patients with injury or damage of any kind to the central
(CNS) or

Cl H

S,

NH,

Formula 7

NH,

Cl

10
Formula 8



peri pheral (PNS) nervous systemincluding the retina nay benefit fromthese
neur oprotective nethods. This nervous systeminjury may take the formof an
abrupt insult or an acute injury to the nervous systemas in, for exanple,
acute 5 neurodegenerative disorders including, but not limted to; acute

I njury, hypoxia- ischema or the conbination thereof resulting in neuronal

ury, hy ! combi na : in neuro
Traumatic Brain | ot e e o d et Btsiy WakMetadd, o

trauma, focagndiitpnedd mitares of topduptsireprssents] by Fdreiulgor end rHotmla
intracranial _or intravertebral |esions 10 (i ncl udi ng;‘a but not limted to,
raf

contusi on, pénéi¢arbaaiate enantiomepapFeasilan! of Fomaelaraeortainsean asymetetiice

S, S i I O o o B

oxygen or bl yinwg cause ute |njﬁ
and/ or i sthetempHaryl HAgNg, but is not linmted to, cerebrovascular

i nsufficiency, cerebral ischem a or cerebral infarction 15 (incl udi n?
cerebral ischeni aABrenaittignen had isriselatast isngnertbat ésisobptantially deonf thed

t hrombosi s, retinal ischem a. (diabetd.c or_qothenw se) auc retin
degenerati on?°¢ﬁﬁq%!”8|"i9 s%ﬁ%ﬁl?&ﬁéra _to-lt)n%(? ' aﬁﬁ i'sg)é#?ﬁi Ce’n&%kl!g}(‘beggg?fgﬁ% h)yaé
reperfusion é&hb@%cﬂ‘%ﬁqyts‘ép!ai&%mi@’seﬁﬁfdtiﬁﬂttébhﬁhﬁﬂé!)'di'préﬁﬁl@&i! freé 1of Whe/
cardiac arrest or intracranial henorrhage of any type (including, but not
limted to, catespsindingalenaptiooneral ,Theutermachukstantallyi freeacasebsed herein,

h h T i Nj L f.th .al k
TherT forhr )i mEaRs Wal Ind Boitipbub b rBads Tkt b, S e erane s Paitidh 2 o
as those asggeichaftiomier 1T P@IEFSH \ePnbrimentd, the! dorfiSalind MclGEEPaPERE Over

a period of time including, but not limted to, Alzheiner's disease, Pick's
di sease, 25 abhoutud¥nolywelghdof @i predeised gnagtierasr.vén stieragmbodimentalof he

S | - Ri char dsor d | i d ' Shy- Dr,
(el e RO dund Wbt REcA LB Bl RS R385l on,
not or neur ongfhHRASES PlSBNRHTGRINtBN s R be fop4ted iffom raBbMidhfixtBFdEhPSi S,

degenerative ataxias, cortical basal degeneration, ALS-Parkinson' s-Denentia
conpl ex tf Gamymetbhbdi&knoen30 thoseskileddn frenertcimeheading high penfoimancentiquid

e o S IEH) S GrnaReh arerr et R, B e
Machado- Josephrélié§@n8nfidmers’can be prepared by methods described herein.
Methods for the preparation of preferred enantiomers would be known
to one of skill in the art and are described, for example, in Jacques, et al.,

20 Enantiomers, Racemates and Resolutions (Wiley Interscience, New York,
1981); Wilen, S.H., et al., Tetrahedron 33:2725 (1977); Eliel, E.L.
Stereochemistry of Carbon Compounds (McGraw-Hill, NY, 1962); and Wilen,
S.H. Tables of Resolving Agents and Optical Resolutions p. 268 (E.L. Eliel,
Ed., Univ. of Notre Dame Press, Notre Dame, IN 1972).

25 Additionally, compounds of the present invention can be prepared as
described in United States Patent Number 3,265,728 (the disclosure of which
is herein incorporated by reference in its entirety and for all purposes),
3,313,692 (the disclosure of which is herein incorporated by reference in its
entirety and for all purposes), and the previously referenced United States

30 Patent Numbers 5,854,283, 5,698,588, and 6,103,759 ( the disclosures of
which are herein incorporated by reference in their entirety and for all

purposes).
The Nature of Neuroprotection
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spi nocerebel | ar ataxia type 3 and olivopontocerebel |l ar degenerations, bul bar
and pseudobul bar pal sy, spinal and spi nobul bar nuscul ar atrophy (Kennedy's
di sease), primary lateral sclerosis, famlial spastic parapl egia, Wrdnig-
Hof f mann di sease, Kugel ber g- Wl ander di sease, Tay-Sach's di sease, 5 Sandhof f
di sease, famlial spastic disease, Whlfart-Kugel berg- Wl ander di sease,

spasti c parapar eSf’éﬁ%ﬁo‘g{ﬁﬁ?rﬁ@\rﬁg)%béﬁ#@%f !aﬂgkﬂﬁac%oﬁ@% 8%@(&5{@%“ al

dysautonom a (Rile on di seases not

limted to (perigheral (PN8K abnbusesymste mGatkidimntheStatinas hnay- ersflt rfkem thdssease,
Kuru di sease or fatal famlial insomia). 10 In addition, trauma and
progressi ve Neirepipteetivenmetaedsn udhisyRansye systemmingung may take the fasmsof an
psychiatric gh r &, L.ng: g '

ot or i or at | ni T} ifUSioraltt bR R to, B neVBLE SJsichh as i 0F SRinbe, acute

Schi zophr&ni geurodpygéneratioa distrddissincidding, bObaetimited Gonmaltsiinjarnydihyposiar
(OCD), behavioral changes in Tenporal Lobe Epilepsy and personality 15
di sorders. |ischemigrast dhe eeprahingliphetierealk reswiiogins neurenal ceall e#eatbnohoul d

be ed to | de._neyr.Qpr ot ect.i | l,Sorder.s . | W . '

or ogr essi ve SHTPSBApRE g h@UebE P HeE LR B8 LA &S B Ra Bt s
These di sor daB) irvedudifg belosed epluad d‘eréﬁe!tl’@ﬁn?rmum gangias focd Isrhin trauma,
Schi zoaf fective disorder, 20 Schi zophrenia, Inpulse Control disorders,

Obsessi ve Codiffuseibrainddaayage; spiratmordrigjupsristaaranial e btieyertebral desigasti on,

ext onoi vi nestdindo %t R b B Rk st el Slpllastidh o "
di sorders asggestatiofdesiohd ohtite §gihal 6stddsWiiplagh shagenlimfanlSyiifoRRt i a,
diffuse white matter disease (Bi nswanger's di sease), denentia of endocrine

or netabolic origjn, nmentia.of head trauma gnd di ffuse brain damage,
denentia pugili st‘"c%dggo'?’r ?Rréﬁat'PBbQ?:f %ﬂﬁﬁtqrap,alo?%(,slueﬂ Yol gRNerabean calsed to

Pick's Disea | SQr ; ' i n 1 iR] HEY bk e, but
are not 30 feerTIRY 8 36 fifichu shRfoisElellia TnREURET Hur) 8 o ey
i nfectious acsrebesliagtculan insyficignof, tdtereberivaschewiat eor i setetainginfdretiort i na,
injury during fetal 18 . ) ) ) L ) )
15 ?mcludlng cerebral ischemia or infarctions originating from embolic occlusion
and thrombosis, retinal ischemia (diabetic or otherwise), glaucoma, retinal
degeneration, multiple sclerosis, toxic and ischemic optic neuropathy,
reperfusion following acute ischemia, perinatal hypoxic-ischemic injury, cardiac
arrest or intracranial hemorrhage of any type (including, but not limited to,

20  epidural, subdural, subarachnoid or intracerebral hemorrhage).

Trauma or injury to tissues of the nervous system may also take the
form of more chronic and progressive neurodegenerative disorders, such as
those associated with progressive neuronal cell death or compromise over a
period of time including, but not limited to, Alzheimer's disease, Pick's disease,

25 diffuse Lewy body disease, progressive supranuclear palsy (Steel-Richardson
syndrome), multisystem degeneration (Shy-Drager syndrome), chronic epileptic
conditions associated with neurodegeneration, motor neuron diseases
(amyotrophic lateral sclerosis), multiple sclerosis, degenerative ataxias, cortical
basal degeneration, ALS-Parkinson's-Dementia complex of Guam, subacute

30 sclerosing panencephalitis, Huntington's disease, Parkinson's disease,
synucleinopathies (including multiple system atrophy), primary progressive

aphasia, striatonigral degeneration, Machado-Joseph disease or

17



devel opnment, prematurity at tinme of birth, anoxic-ischema, injury from
hepatic, glycemc, uremc, electrolyte and endocrine origin, injury of
psychiatric origin (including, but not limted to, psychopathol ogy,
depression or anxiety), injury from peripheral diseases and pl exopathies

(i ncluding plexus palsies) or i nj ury 5 from neuropathy (including neuropathy

sel ected 1 ORTbbIEDBIA atsSE1HHY s oD lonotBSEiasel! QegoRiadBRET Bubar .

Sensory- aut onom c or neur opat ni es |ncIu
to QGuillain-&ad lpseedoluinlbaEpatsypbpmal and|spir1cftmibaran)asdﬂeryatropay|(Kgnnedy's

i st | ordlePAINCPUNE dBlaral A oRBus Bilel PSR PTRIdR. | Wesshn: o,
toxins, traufBsifdp ”9 sBQsebUkugafb}eré 'W%I%ﬂd%: ﬁé’sé%essﬁa@‘?l nC#‘ gmseasebu

Iaceratlon or segnenta ron trau or de ng,

not |im t%ed Sandlwfﬂodlseaeeorfapaluaflnepasmstdnséasé;hans/oblfarrtmlxgelbengNbla:hdeease
(i ncl udi ng, but not limted to, type la, 1b, 2, 4a or 1-X |inked)
Fri edrei ch' sdi§€a%¢.a SPABHG CPRTGRAIGSIS | @M@?%‘V? oW'fo%'f é@Hﬁ%”&PQB&@EatWS

adr enonyel on e di but
ot 1 m ¢ ed (AU 008y 35haRe). B BribHZaiSeAE (hullind, i,
crani al nervegy . limited et®r Cretfzfelt Fakob nligezeot @érsmntamaswse@rim;hemkeshall
mean; 20 inhibitin preventi n&‘alamel iorating or reducing the severity of

t he dysfunctﬁfhéﬁase yerdiseaseopr @taldamilial sisomeiiak cel|'s, axons or their
supporting cells in the central or peripheral nervous systemof a mammal,
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refer to any ent who currently has or may devel op any of the above

syndronek ord P Bers, or any disorder in which the patient's present
clinical condition or prognosis could 19

In one preferred embodiment the compounds of the invention would be
used to provide neuroprotection in disorders involving trauma and progressive
injury to the nervous system in various psychiatric disorders. These disorders
would be selected form the group consisting of, Schizoaffective disorder,

20  Schizophrenia, Impulse Control disorders, Obsessive Compulsive disorder
(OCD) and personality disorders.

In addition, trauma and injury make take the form of disorders
associated with overt and extensive memory loss including, but not limited to,
neurodegenerative disorders associated with age-related dementia, vascular

25 dementia, diffuse white matter disease (Binswanger's disease), dementia of
endocrine or metabolic origin, dementia of head trauma and diffuse brain
damage, dementia pugilistica or frontal lobe dementia, including but not limited
to Pick’s Disease.

Other disorders associated with neuronal injury include, but are not
30 limited to, disorders associated with chemical, toxic, infectious and radiation

injury of the nervous system including the retina, injury during fetal
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benefit from providing neuroprotection to prevent the; devel opnent,

extensi on, worsening or increased resistance to treatnent of any

neur ol ogi cal or psychiatric disorder. The term"antiepileptic drug” (AED)

wi |l be used interchangeably with the 5 term "anticonvul sant agent,” and as
used herein, both terns refer to an agent capable of inhibiting (e.g.,
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i ncl udes t heinfidmnatoty ademyeliatinge polypagdioulodsu@patignos thbsé haeoropatiies

i nvention to provide neurogprotection. In 20 sone instances, treatnment with
t he conpounderiginating fsems dnfectioReninf@mmation, dpmune, diserserat deHg vRkYseat her

neur opr of £ct | S .0 S o or , dnhipit, rest. tih
progr essf(gn %ﬂfr@%@%ﬁgdé%taﬂﬁgﬁsda o(?(bnes ' oﬁggﬁtgi rﬁnQE}fgrﬁjng@ |[ oﬁétoﬁﬁﬁnegi go
hyper exci t abedmppessidie dreshn latotionas segredritation tauimes)dmetapoli diseiddrs t o
the effective 25 provision of neuroprotection effects to prevent or

m ni m ze t he(laladingorbut dagtadienited e senghraringn oprparpaeeeplpsticlofChargopMarient ' s

central or peripher I S tem, T erm.a therapeutically: ective
Con el O PG Eb R ThRe. SRR e 5 "B 2 eI YpR4E
conpounds  of Ffid@reidhentdtal O niEtaekematiR0 RukBayStRSEHY, C RéfsBft's afisékrfd ned
above, in a subject or patient in need of such "neuroprotection treatnent.
The ternd " satiesomyetoneysapatblt "Ataxie-teteeagiattasian Djening-Soltag etntiydiagd b

not limited to, types A or B), Lambert-Eaton syndrome or disorders of the

cranial nerves).

Therefore, the term “neuroprotection” as used herein shall mean;

20 inhibiting, preventing, ameliorating or reducing the severity of the dysfunction,
degeneration or death of nerve cells, axons or their supporting cells in the
central or peripheral nervous system of a mammal, including a human. This
includes the treatment or prophylaxis of a neurodegenerative disease;
protection against excitotoxicity or ameliorating the cytotoxic effect of a

25 compound (for example, a excitatory amino acid such as glutamate; a toxin; or
a prophylactic or therapeutic compound that exerts an immediate or delayed
cytotoxic side effect including but not limited to the immediate or delayed

induction of apoptosis) in a patient in need thereof.

Therefore, the term “a patient in need of treatment with a
30 neuroprotective drug (NPD)” as used herein will refer to any patient who
currently has or may develop any of the above syndromes or disorders, or any

disorder in which the patient's present clinical condition or prognosis could
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used herein nmean any mammal including but not limted to human beings 20

I ncl udi ng a human patient or subject to which the conpositions of the

i nvention can be adm nistered. The term mammal s i ncl ude hunman patients and
non- human primates, as well as experinmental aninmals such as rabbits, rats,
and mce, and other animals. 5 In sone enbodi nents the nmethods of the

present. | VoGt et brofaing HARbARASUTINO BB Yeh 1! BBUoROAfE:cakteSRn) o not

suffering or known to erl om a ‘condi tioh that hown 1 n
art to be efwemseningl yort iecreasedV tdsistancdatoatteeatmenduofisary mewstogidal bnown
or AEDs. In these cases the decision to use the

neur oprotective gﬁ@guﬂd&

met hods and RYSPEIHSISErd&Te 10 present invention woul d be made on the basis
of determning if et i1hSt P AA I i Ra N i aef%te% ' a
neur oprotective dTr@%??rﬁllaD&'ﬁ'?bgésﬁtlﬁrtugt gér\%e?gw“ geefJ ?ﬁgdﬁ%lg%ﬁ/e. I nﬂévgﬁhé?ﬂb
enbodi merst s tehins'anticEniulsant mgent,tiend mstusedsheréin, bethr teymstreddritoran agentert ai n
enbodi nents, these rp_at hods corgri se 15 a]gm',ni tr-fri ng a ther ageutical |y

ef fective anSap@blgroTdnkibiting gt RENBBURSIONING M3t A FBYETEINgA pati ent  who
has not yet OV | 2k i - ar ANy . amage
to the cell Sggiﬁﬁkeﬁgﬁﬁ\g Vgtéct%%ri er'rsfg)tr}teﬁ\mgsar%]t I%é%ma r?gﬁbpﬁ‘ §Ey’§%8§ for
t he devel opngatiendf neuronal damage because of injury or trauma to the
nervous system or_because of sone known 20 predi sposition ejither_ biochem cal

or genetic or thelh¢fRIMdreating” werireataenthas Hapd deren, mfersolo apy wdigia phese

di sorder T. | | . . . It f t he
b esent Whventoesss d G PratoT B A ibRoB R R Tl oB03Y b Bpofien' <
risk of devmbmrdirrggamub}ywbe@armb{edﬁué paframbis sueh aehbatevsd mpersnietion; cal

25 evidence. This patient may sinply be at "greater risk" as determ ned by
the recogni@iminsbingapf, symetynsiol making the injuryo Pathelpgy s aficpndiionnare al

eroe e GRS Aok M P Ak WP ERBRL RS & SERE TS,
that a patiethe finsl tabf adedgireratiin rNesk "debilitatiyg; 2w iitbeingeansukjast e
used to determ ne 30 whether the patient should be treated wth the nethods
of the presephtysical or mental well-being. The treatment or amelioration of symptoms can
be based on objective or subjective parameters; including the results of a
physical examination, neurological examination, and/or psychiatric evaluations.
Accordingly, the term “treating” or “treatment” includes the administration of the
compounds or agents of the present invention to provide neuroprotection. In
20 some instances, treatment with the compounds of the present invention will
done in combination with other neuroprotective compounds or AED'’s to
prevent, inhibit, or arrest the progression of neuronal death or damage or brain
dysfunction or brain hyperexcitability.
The term “therapeutic effect” as used herein, refers to the effective
25 provision of neuroprotection effects to prevent or minimize the death or
damage or dysfunction of the cells of the patient’s central or peripheral nervous
system.
The term “a therapeutically effective amount” as used herein means a
sufficient amount of one or more of the compounds of the invention to produce
30 a therapeutic effect, as defined above, in a subject or patient in need of such
neuroprotection treatment.
The terms “subject” or “patient” are used herein interchangeably and as

used herein mean any mammal including but not limited to human beings

20



I nvention. Accordingly, in an exenplary enbodi nents, subjects who may
benefit fromtreatnent by the nethods and conpounds of this invention can
be 21 identified using accepted screening nmethods to determne risk factors
for neuronal damage. These screening methods include, for exanple,
conventional work-ups to determne risk factors including but not limted

to:, for expiplym gﬁﬁ%néﬁ ﬁHﬂ@ntlcﬁjécJebﬁ’éecé% Nfich ﬁ{e &gﬂgﬁ)éiﬁbh@%m‘ tfd\Rvention

i nfections, bacter or ' vira rovascul ar ease I ncluding but not

limted to stamlpe athndiisterédinofite tdrmaintarnad@ig inaydd ihtietarp patienisoamiyiona,
met abol i ¢ encephal opat hy, drug w thdrawal including but not [imted to
sedat i ve- hyphéaR Riimatese@s Wil 13t expeiimentab apimals $ish Ag: rabbissfatsyand

i ncl udi ng anﬁ.@(i'ela a‘;i\b ahéLQnMa@i rth injury of any kind, cerebral palsy,
1 y i

| ear ni ng di sa Ies, peractivity, history of febrile convulsions 10 as a

child, history ofInskairés epmbiddimentsithe frasthiodshofs tite Ypresemtpinveptiyn owillaby a
seizure related disorder, inflamuatory disease of the brain including |upis,
drug i nt oxi cagdyaniageeusdy usedcler treat pyPafient aMbayis tnod sftering; o knewRdonbe not
limted to ' ' aY2 ] : LNt Ay towdth
medi cati ons §¥Fﬁé§rid§§frr§f?{ %)%':a gaﬁ Qnglﬂé?n‘geﬁ%"g@ﬂig{sk? é'.r%qlbnt%:/q ﬁﬁlg%'g E}g%%{a rvg}g:‘c

medi cat i ons. cdibafiifte dedbrRpBUNES | G p@éseﬁmzcmmm ealdphetEctivn efonpdurd® or
treatnent with an NPD in patients who have no clinical signs or synptons
may be basedAbRsa Inthesetopses the decisipn © uga ther grethnds and eampsusds ofdheised

"t or chalboabEenhiebfigy N dRE' Tade 3 og BT B ReterBlnd s maient s 2
el ectrical, “pXlietitiehédd of tréapmértaliti 8 Metrdmbtetivedil® (NPDIt agaRatermasi ably
correlated with the present existence or future devel opnent of neuronal

damage. | n sde##ned aBdvhces, brain-imagi ng techni ques, such as conputer
t onography (CT), ,magnetic resonance i I n or_pasiiro 1 SSi Q
t omogr aphy ( PET), In c _n?)ee u rﬁﬁ?&'@%ﬁ?em%neqﬂ%g@#@r é’@ﬂﬁ?éct&@g{gﬂ% ri°_ k for
neuronal danpggropfStestion.abl anbi @aredil erembadinidies, Mefhieeds @ketidiss tHmMPRSE on
include, but are not Ilimted to: the determnation by MR, CT or other
i magi ng techadoiristeriog a therapeutically sffesting ammownd| afre chdzamate comapauppefanpus
or overt nesjal. tenBorgl scl.erf)sihs EMT% tor tsdj m | ar dreI e'¥an|t .ar]at.om' cal
pat hol ogy; t nvegion 3g a patigpt who has not yet developed overt, clinical signs or
symptoms of injury or damage to the cells of the nervous system but who may
be in a high risk group for the development of neuronal damage because of
injury or trauma to the nervous system or because of some known
20 predisposition either biochemical or genetic or the finding of a verified
biomarker of one or more of these disorders.

Thus, in some embodiments, the methods and compositions of the
present invention are directed toward neuroprotection in a subject who is at risk
of developing neuronal damage but who has not yet developed clinical

25 evidence. This patient may simply be at “greater risk” as determined by the
recognition of any factor in a subject’s, or their families, medical history,
physical exam or testing that is indicative of a greater than average risk for
developing neuronal damage. Therefore, this determination that a patient may
be at a “greater risk” by any available means can be used to determine

30 whether the patient should be treated with the methods of the present
invention.

Accordingly, in an exemplary embodiments, subjects who may benefit

from treatment by the methods and compounds of this invention can be
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patient's blood, serumor tissues of a nolecular species such as a protein
or 30 other biochem cal biomarker, e.g., elevated |levels of ciliary
neurotrophic factor (CNTF) or el evated serum | evels of a neuronal
degradati on product; or other evidence from surrogate nmarkers or bionmarkers
that the patient is in need of treatnment wwth a neuroprotective drug. 22 It
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Epi | epsy Research 50; 71-78 (200
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or inproved by a . neuraoprotective dr .e.g. I pal ar  Di;sor.der

Sehi 7oaf Koot 79.& anlor Ry &hals, rPUFb sty fam By A5 SieBsy 2 amv .
the above t esdisuraBieldledOdisbRfdrudtffanih 8RR diSé e ofXRE Brafh tdl@ding | ifis,
history of the course of the 20 patients synptons such as nmpod di Sorder
synpt oms  anddpigyiotedidationyeaitites rdirech ve by tplacerdalitramsfes | ineluding butondtdimited

S A B 3 i okl A Tt i) REBcaohd,
[h S oot RSN 98 dehpapy eI By AR P petpRhe. 00 o
conpoundss sui t abTke deternsmation vhehphapatiends ofayt berefitrframttreatmsint withean
admi ni st er edNSbt #Frr)atients who have no clinical signs or symptoms may be based on a
variety of “surrogate markers” or “biomarkers”.
As used herein, the terms “surrogate marker” and “biomarker” are used
interchangeably and refer to any anatomical, biochemical, structural, electrical,

20 genetic or chemical indicator or marker that can be reliably correlated with the
present existence or future development of neuronal damage. In some
instances, brain-imaging techniques, such as computer tomography (CT),
magnetic resonance imaging (MRI) or positron emission tomography (PET),
can be used to determine whether a subject is at risk for neuronal damage.

25 Suitable biomarkers for the methods of this invention include, but are not
limited to: the determination by MRI, CT or other imaging techniques, of
sclerosis, atrophy or volume loss in the hippocampus or overt mesial temporal
sclerosis (MTS) or similar relevant anatomical pathology; the detection in the
patient’s blood, serum or tissues of a molecular species such as a protein or

30  other biochemical biomarker, e.g., elevated levels of ciliary neurotrophic factor
(CNTF) or elevated serum levels of a neuronal degradation product; or other
evidence from surrogate markers or biomarkers that the patient is in need of

treatment with a neuroprotective drug.
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singly or concomtantly wth at |east one or nore other conpounds or

t herapeutic agents, e.g., with other neuroprotective drugs or antiepileptic
drugs, anticonvulsant drugs. In these enbodinments, the present invention
provides 30 nmethods to treat or prevent neuronal injury in a patient. The
met hod includes the step of; admnistering to a patient in need of

treatment, an ef fient hys AEBYN: mBby e hich o BROATRYfr fE PO ity Bf 05ed

herein in conbi nati on"'w I ve anoun one ornore o
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ability to a&@l?emarKWeOhé?ﬁlwpthédhe\@(@fen@%tog Ressitle fubyrpdrivpiepoent gk
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drug witls a methgeisuofl this inventorsfentdétemeiningthereiel dchitreathent ivath @ﬁe t he
drug and the one or nore conpounds at such time that both the known drug

and the congB0RAURES anthaeatheds ﬁémﬁ)&(ﬁﬂﬁo@}ffect In sone cases this

| nvorve concarrer GtemnaoRYREES &kt HE)of REP' 4heCiE flipaa™ <2

adm ni st r at i ggurehal Ba8mdgeowelildhalsbEnpiade, for é*uinplémanm%fdlicﬁl ievalRitiod atpound
of the present invention. A person of or di nary skill in the art, woul d have

no difficul tipcidesrartharaggh Hustappra physical examinadions endem serigndf delevgat of

15 The sl o e ledlEy ot Gan s rkRBRAR i cRBLARRRBLA JERET Y, Y S O™

sel ected fropEFogpsInda deedrmiiRatiorP ™ & ifBedsed fisle dfodb@ibpiagPhearinal es:
antioxidant activity; NVDA receptor antagoni st activity, augrrent ation of

endogenous @anagemrbunlumrmawcalsqmehawa Ryimeans Oécgenﬁtlpytestln@,nlrlcluwhnmg
ability, an_iron chel ator: calci i N abili (rn)
chel ator: 71 FeneoBHRaRRG Bphig, 62 otéimton Seihiee) Bser BromiiTPLy 1o
effectively Rbg@d«/sﬁoqkn um, OEpué@dyCIRé@ehmh Guannels. (2902 0 apaen L BEERESiwym or
chl oride ion channels in th CNS of a patient. In some preferred

enbodi nelft s, Schwid ik Emlensy&aslela&h 5@@664@@02))) t her apeutic agents woul d

antagoni ze NVDA rlggre%ts%ﬁlapr}é: t%hso%é‘% ttr?att rr}fleay'\"\té[e) stabilized or improved by a
neuroprotective drug, e.g., Bipolar Disorder, Schizoaffective disorder,
Schizophrenia, Impulse Control Disorders, etc. the above tests may also
include a present state exam and a detailed history of the course of the

20 patients symptoms such as mood disorder symptoms and psychotic symptoms
over time and in relation to other treatments the patient may have received
over time, e.g., a life chart. These and other specialized and routine methods
allow the clinician to select patients in need of therapy using the methods and
formulations of this invention.

25 In some embodiments of the present invention carbamate compounds
suitable for use in the practice of this invention will be administered either
singly or concomitantly with at least one or more other compounds or
therapeutic agents, e.g., with other neuroprotective drugs or antiepileptic drugs,
anticonvulsant drugs. In these embodiments, the present invention provides

30 methods to treat or prevent neuronal injury in a patient. The method includes
the step of; administering to a patient in need of treatment, an effective amount
of one of the carbamate compounds disclosed herein in combination with an

effective amount of one or more other compounds or therapeutic agents that
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25 receptors (e.g., by binding to the glycine binding site of the NVDA
receptors) and/or the agent woul d augnment GABA inhibition by decreasing
glial GABA wuptake. In addition the said one or nore other conpounds or

t herapeutic agents nmay be any agent known to suppress seizure activity even
I f that conmpound is 30 not known to provi de neur oprotection. Such agents
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15 The said one or more other compounds or therapeutic agents may be
selected from compounds that have one or more of the following properties:
antioxidant activity; NMDA receptor antagonist activity, augmentation of
endogenous GABA inhibition; NO synthase inhibitor activity; iron binding ability,
e.g., an iron chelator; calcium binding ability, e.g., a Ca (ll) chelator; zinc

20  binding ability, e.g., a Zn (ll) chelator; the ability to effectively block sodium or
calcium ion channels, or to open potassium or chloride ion channels in the
CNS of a patient.

In some preferred embodiments, the one or more other compounds or
therapeutic agents would antagonize NMDA receptors by binding to the NMDA

25  receptors (e.g., by binding to the glycine binding site of the NMDA receptors)
and/or the agent would augment GABA inhibition by decreasing glial GABA
uptake.

In addition the said one or more other compounds or therapeutic agents
may be any agent known to suppress seizure activity even if that compound is

30  not known to provide neuroprotection. Such agents would include but not be
limited to any effective AED known to one of skill in the art or discovered in the
future, for example suitable agents include, but are not limited to;

carbamazepine, clobazam, clonazepam, ethosuximide, felbamate, gabapentin,
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i ntrathecal, intracisternal, intraspinal or peri-spinal routes of

adm nistration by 25 delivery via intracranial or intravertebral needles or
catheters with or without punp devices. In addition, in the case of

di seases or disorders of the eye including but not limted to; retinal
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phar maceut i c I Y : ' | 1 r wn to
er sons. of s HnERE B el Hiedicatrs et Selotlel GR0LE, B ndiFsas'8F
fornul ati ng estés, cforpesaniufasturingara beetlipantkritn feucthestpunplosedl  off proeiddes as
Al fonso AR. 10 Renington's Pharmaceutical Sciences, 17th ed., Mack

Publ i shi ng fHIapfptectonstoh pplientigstibiaghdn aeed thayept of which is
incorporﬁ§ed herein by reference in its entirety and for all purposes.
Suitableliquid carriers, especially for injectable solutions, include

wat er, aqueoDarbadhateeCerppotindsias PinagPasedtiosis:ose sol ution, and glycols. 15
The car bamat e conmpounds can be provided as agueous suspensions. Aqueous

suspensi ons of thEhg rreaentbAiNVatiofopreNides: enabiameris cdinpboendand iselaiedt ure

exci pi ont s cPItRIUReof EFmYEn A BRI ERRBNG 2 40 r R St
car boxymet hydfehiates @ompiuhd Celré Ulfestulatd hyslr prephasyliBidy e eptavidse,
sodi um al gi nate, polyvinyl pyrrolidone, gum tragacanth and gum acaci a, and

di spersilfg orewepratecficagiera sukjgeh as a natural Iy occurring phosphati de
(e.g., lecithin), a condensation product of an

In general, the carbamate compounds of the present invention can be
administered as pharmaceutical compositions by any method known in the art
for administering therapeutic drugs including oral, buccal, topical, systemic

20 (e.g., transdermal, intranasal, or by suppository), or parenteral (e.g.,
intramuscular, subcutaneous, or intravenous injection.) Administration of the
compounds directly to the nervous system can include, for example,
administration to intracerebral, intraventricular, intacerebroventricular,
intrathecal, intracisternal, intraspinal or peri-spinal routes of administration by

25 delivery via intracranial or intravertebral needles or catheters with or without
pump devices.

In addition, in the case of diseases or disorders of the eye including but
not limited to; retinal ischemia (diabetic or otherwise), glaucoma, retinal
degeneration, macular degeneration, multiple sclerosis, toxic and ischemic

30 optic neuropathy the compounds of the present invention, including
combinations of compounds, can be administered by means of direct

exogenous application to the eye, i.e., to the sclera or otherwise, e.g., eye
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al kyl ene oxide with a fatty acid (e.g., polyoxyethylene stearate), a
condensati on product of ethylene oxide with a |ong chain aliphatic al cohol
(e.g., 25 heptadecaet hyl ene oxycetanol), a condensation product of ethylene
oxide with a partial ester derived froma fatty acid and a hexitol (e.g.,
pol yoxyet hyl ene sorbitol nono-ol eate), or a condensation product of

et hyl ene oxi | mpq+ t WVed: at t il d | t ol
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a car banmgt e gyeops uslikirs naerosetstortdry othler apprdprizte avaygusitions andl ¢ompriss |,
sesane oil or coconut oil, or in a mneral oil such as liquid paraffin; or a
mi xture of t#Meleast pne epmpauddeAEitbissinvantion inaeemBinaticekwithnat igashtongsuch

b fl ; hal ' dded
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sucrose. Thesreoh®oMmdradinagnskillan the artesed ey, and the addhédobf ddmarating
anti oxi dant such as ascorbic acid. As an exanple of an injectable oil

vehi cl e, seethgt earpogitionsheamheoiountip. suphestandgnd ceferencesiagAlfonge AR:
phar mace | GaL . a8 h adytitl %n‘c@¥,§ﬂ%@geg.‘3\j\g8§% ?&@%gipg ggﬁgfa?r\&m of

oil -in-water her al

oi I, descri begstah®Pse, 1985, ghédidiclustr®@ bf hehes indarpbrited heraih Byf ieferegnsgant s
i nclude naturally occurring guns, such as gum acaci a and gumtragacant h,

natural | y odtureritiietypaodpfhelt ialle pUTPOSER. asSUitabi®eliguid eearrigis, espeaaly der

partial esters rived fraomf at | ds _and hexi.t ol 5 a I d ch as
o bi 1 an' morBEsTae SodierSc e wBlern 2pPERuT Salng soibda” AAVebLT Saer e "\,
et hyl ene oxigfutisit Ghdagly@asyoxyet hyl ene sorbitan nmono- ol eate. The emul sion
can al so contain sweetening agents and flavoring agents, as in the

f or nul atiSon of syFh@sathamale gompoudie fan drerpremiderh @scaguegdusosuspensinng. a

demul cent, a,preservative, or col oripng agent. ,20 The ,compound of choice,
al one or | n AGHRRTVRIEINATE 8 s ndghichcan contdm a Carbamate Eompourid

admixture with excipients suitable for the manufacture of aqueous
suspensions. Such excipients can include, for example, a suspending agent,
such as sodium carboxymethyicellulose, methylcellulose,

20  hydroxypropylmethylcellulose, sodium alginate, polyvinylpyrrolidone, gum
tragacanth and gum acacia, and dispersing or wetting agents such as a
naturally occurring phosphatide (e.g., lecithin), a condensation product of an
alkylene oxide with a fatty acid (e.g., polyoxyethylene stearate), a condensation
product of ethylene oxide with a long chain aliphatic alcohol (e.g.,

25 heptadecaethylene oxycetanol), a condensation product of ethylene oxide with
a partial ester derived from a fatty acid and a hexitol (e.g., polyoxyethylene
sorbitol mono-oleate), or a condensation product of ethylene oxide with a
partial ester derived from fatty acid and a hexitol anhydride (e.g.,
polyoxyethylene sorbitan mono-oleate).

30 The aqueous suspension can also contain one or more preservatives
such as ethyl or n-propyl p-hydroxybenzoate, one or more coloring agents, one
or more flavoring agents, and one or more sweetening agents, such as

sucrose, aspartame or saccharin. Formulations can be adjusted for osmolarity.
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conponents, can be nade into aerosol fornulations (i.e., they can be
"nebulized") to be adm nistered via inhalation. Aerosol fornulations can be
pl aced into pressurized acceptabl e propellants, such as

di chl or odi f | uor onet hane, propane, nitrogen, and the |ike. 25 Fornul ati ons of
the present invention suitable for parenteral admnistration, such as, for
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and non-aqu r S e u
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accept ablse \wHysWaxs hardl pagaffiardrscétyicdicoldl. bSwesrnig géhl% va B Addbd &
Ringer's solution, an isotonic sodiumchloride. In addition, sterile fixed

oil's can cdno¥dei anealatabie arApIpsgRaratien.asueh \%glx@er@ummlr@f GHENOSE  For

or i o1 yoer| 48 ToryURSiaS R 53 hedhvay b e, Ao A1 B RNl nad e
be used in Sadchfbier &diar aWsoﬁnoéxaMP@'fo@béreﬁnjeEW GiPhehiclSséé eMmiter y! e and
generally free of undesirable Wiere the conpounds are sufficiently

sol ubl e t heyPhaimasel.dexs ol hesd28 1193142, y1997 thwhagaaca@tmlﬁwmlanmoﬁt t he

use of It or gani pr o ene col | ene
oyl . 1 s Be nrHRR G Blsh L Iy tnefSfi MG st fmdsiths: ofie ABLEERY
aqueous st argih i aSRgetBle @ﬂro%xmmrawdu SRLE P bR, larlaommtefe bﬂhégét abl e
oil, such as arachis oil. These fornulations can be 'sterilized by
conventional , weISultalndmermulenfylng zAgents inalede maturally oticarring guims; istieh asan
contain pharnaceutlcal ' '

appr ox! mat & SHY AT AeH SuaApareang detral) he g PiseRRdeRd HER as i ng
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concent rlat i canhyﬁridesasu:!:ium sorbitaponocio-oteatbeared tondensatioarprodacts of these
partial esters with ethylene oxide, such as polyoxyethylene sorbitan mono-
oleate. The emulsion can also contain sweetening agents and flavoring
agents, as in the formulation of syrups and elixirs. Such formulations can also
contain a demulcent, a preservative, or a coloring agent.

20 The compound of choice, alone or in combination with other suitable
components, can be made into aerosol formulations (i.e., they can be
“nebulized”) to be administered via inhalation. Aerosol formulations can be
placed into pressurized acceptable propellants, such as
dichlorodifluoromethane, propane, nitrogen, and the like.

25 Formulations of the present invention suitable for parenteral
administration, such as, for example, by intraarticular (in the joints),
intravenous, intramuscular, intradermal, intraperitoneal, and subcutaneous
routes, can include aqueous and non-agqueous, isotonic sterile injection
solutions, which can contain antioxidants, buffers, bacteriostats, and solutes

30 that render the formulation isotonic with the blood of the intended recipient, and
aqueous and non-aqueous sterile suspensions that can include suspending
agents, solubilizers, thickening agents, stabilizers, and preservatives. Among

the acceptable vehicles and solvents that can be employed are water and
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vary widely, and will be selected prinmarily based on fluid vol unes,
viscosities, 20 body weight, and the like, in accordance wth the
particul ar node of adm nistration selected and the patient's needs. For 1V
adm nistration, the fornulation can be a sterile injectable preparation,
such as a sterile injectable aqueous or ol eagi nous suspension. This

suspensi on G&figBes Lofiffha ﬁﬁ’snogtagfg%ro%iid}ggh;br@%‘? ErRYia st heiR%an

sui t abl e di spersing or we ents suspendi ng agents.

i nj ectabl e morpentidnally barerapyelead & isehviehe ori suspeinadinge nsediuin. OrF ar this
suspension in a nontoxjc parenterally acceptable diluents or solvent, such
as a sol uti dWreese ayphiaadetixed oilTean e emnieyeshdnduding opyithekic sapneyeor

na vial s, Hgends oPhaiod. A it ok DG AR o iR BFREH °°

steril e powdhe premaratioh @f injeciablesh| Thesedolutienk arglsterity and Yeyeralysese bed. A
carbamat e conpound suitable for use in the practice of this invention can

be and is préwdesiable matehi stered orally. The anount of a conpound of 28

t he present invenRja 0 t Sit] a 1.d | I he
type of conposi '{\M}%Pe stﬁ%e&g?ggt% ?P%ggggfié}“&. %%'”me grﬁ(%yl g?@ﬁ&g,&%ﬁ%’g"%ﬁ her
factors wel Idirdefipun rddrniadh @in@fwith @r Mathous khé lusenot Beitatsle - organigessivénts, t he
final conposition can conprise, for exanple, from 0.000001 percent b

wei ght (% w)such a® propylenesglyrel eamsdyaibyesenglveeld, Disrgreicas| of @J@dmﬁy % w

to 1 % Wi t.h e | nder _hei t Xci pi.ent or excj.npient .

Phar nac\éY;gt | c‘i{Y'd%gr rﬁ?%% f%‘fn pBgl rﬁ%ﬂf’Hlﬁst'Pat .%Heoéjgn ?thr orSr{lI 3‘{’%‘8”‘ usi ng
phar maceut i ceirbaxy®RetRPl 88l BoSRE6IUEDA, BEin s oil NslidHe ad dratiiis &S TDRSse
suitable for oral” adm nistration. Such carriers enable the pharmaceutical 10

f or nul at i ondotraulstionsr ganatbed stariizad livseervendions!, asvellknawrs, sisirilization
wder, d el 1 guid | : | | '

pouler 1 3388, B8PS, o N . BB S e

sui tabl e forg gy 3UBRINEES afsl RIYUFRA t6APYrekintite (hysidldgleaIcsiRlititrsC8geh such

as an effective amount of the pharmaceutical formul’ation 15 suspended in a
di | uent 45 swashpHsadmsting aal butfedng REENHOAXiCHY adfystingeagerdac k. s sodium
tablets, eaCahce é)tgf %io iiun cﬁlo'?i%gfj%gfarsgur}ﬁ%h%r}%%?tca%tlur%hc%lgr%é,vseodium lactate
and the like.
The concentration of a carbamate compound in these formulations can
vary widely, and will be selected primarily based on fluid volumes, viscosities,
20 body weight, and the like, in accordance with the particular mode of
administration selected and the patient's needs. For IV administration, the
formulation can be a sterile injectable preparation, such as a sterile injectable
aqueous or oleaginous suspension. This suspension can be formulated
according to the known art using those suitable dispersing or wetting agents
25 and suspending agents. The sterile injectable preparation can also be a sterile
injectable solution or suspension in a nontoxic parenterally acceptable diluents
or solvent, such as a solution of 1,3-butanediol. The formulations of
commends can be presented in unit-dose or multi-dose sealed containers,
such as ampoules and vials. Injection solutions and suspensions can be
30 prepared from sterile powders, granules, and tablets of the kind previously
described.
A carbamate compound suitable for use in the practice of this invention

can be and is preferably administered orally. The amount of a compound of
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ingredient, as liquids, solids, granules or gelatin; (c) suspensions in an
appropriate liquid; and (d) suitable enul sions. Pharnaceutical preparations
for oral use can be obtained through 20 conbination of the conmpounds of the
present invention with a solid excipient, optionally grinding a resulting

m xt ure, and processing the mxture of granules, after adding suitable

addi ti onal JAITe N r
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and acaci a entl sions gel s dth e containing, in addition to the
active |ngr%ﬂltablﬁfOFdin&tl@ﬂiwthgmtlﬁﬁtthe art. The compounds of the present
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ingredient, as liquids, solids, granules or gelatin; (c) suspensions in an
appropriate liquid; and (d) suitable emulsions.

Pharmaceutical preparations for oral use can be obtained through

20 combination of the compounds of the present invention with a solid excipient,

optionally grinding a resulting mixture, and processing the mixture of granules,

after adding suitable additional compounds, if desired, to obtain tablets or

dragee cores. Suitable solid excipients are carbohydrate or protein fillers and

include, but are not limited to sugars, including lactose, sucrose, mannitol, or

25  sorbitol; starch from corn, wheat, rice, potato, or other plants; cellulose such as

methyl cellulose, hydroxymethyl cellulose, hydroxypropylmethyl-cellulose or

sodium carboxymethylcellulose; and gums including arabic and tragacanth; as

well as proteins such as gelatin and collagen. If desired, disintegrating or

solubilizing agents can be added, such as the cross-linked polyvinyl

30 pyrrolidone, agar, alginic acid, or a salt thereof, such as sodium alginate.

Tablet forms can include one or more of lactose, sucrose, mannitol, sorbitol,

calcium phosphates, corn starch, potato starch, microcrystalline cellulose,

gelatin, colloidal silicon dioxide, talc, magnesium stearate, stearic acid, and
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15 intranasal, intraocular, intravaginal, and intrarectal routes including
suppositories, insufflation, powders and aerosol fornulations (for exanples
of steroid inhalants, see Rohatagi, J. Cin. Pharmacol. 35:1187-1193, 1995;
Tjwa, Ann. Allergy Asthma |Imunol. 75:107-111, 1995). The conpounds of the
present invention can be delivered transdermally, 20 by a topical route,

for mul at ed | SBlRts St Iy RIS | 'S,
creams: o A NNl " PRIAES el IS ECHIATE,, bORE, P dent®

Encapsul at i ngoistéréng agenisapredervativese fravarirepagents, dyes, disintagnaingageritee
present inventjon and the term "copposition” can include the active 25
i ngr edi ent ia0d: BhaiMagsWically aompatible £85iaa: | Hezanaeefarms gan £Lomepfiad the on,

b . SN | ; _
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body. | nsoneactigghinghiedistit in MinCihe stibesee Sueh rasbgelativianidsgipceh vr dutmiseastay mal

I njection of drug (e.g., mfepristone)-containing mcrospheres, which
slowl y rel esAR8CED esiWsONEnaRls| pndsthe ke, contamingraineiaddiion to| the active

7:623-645, 1 " L.ade i njectabl e gel fornulations (see,
e.g., @ao, éﬁi@g{ﬁe%ﬁ'g%z%r?&@e 95); or, as mcrospheres for oral
adm ni stration (Sk® c@mgoundﬁbf o prbsehhimvantidth aanalsy be 4Anfinteiéd in #97) .

Both transdermal and 30 intradernmal routes afford constant delivery for
weeks or norfofiB.of sappesioriemfiordesial dmiristiation phtheidrug edhese fermula unds

of the present invention.. Jn.an er, embodi men the c nds of t

or esent v i b7 pEhaee by, Bif0d e i Wl S8 0hapte s BUREE0 FeliedtiBat i ¢ 1
the cell ul aris iRIBrASdManptémperR0/-RCHEO) akt tRe rebtal BSRbeMtI@s! AARAP
attached to the liposone that bind to surface nenbrane protein receptors of

the cell redhetdforg melleindthe restum. tayeleass e Idrpgs ovee)) matetialsuarer ccagher e
ot her w se. priitey &ne TSN HERESEPR o Speci fic —organ. one can focus he
A Mihared, 3. T R e HBliof o alp bESURStd®ey © O
Bi ot echrldl . istrésasat0s inttdgdilarst intravaginal). #dp.infraegatal  4eutes76inchgling
1989). suppositories, insufflation, powders and aerosol formulations (for examples of
steroid inhalants, see Rohatagi, J. Clin. Pharmacol. 35:1187-1193, 1995; Tjwa,
Ann. Allergy Asthma Immunol. 75:107-111, 1995).
The compounds of the present invention can be delivered transdermally,
20 by a topical route, formulated as applicator sticks, solutions, suspensions,
emulsions, gels, creams, ointments, pastes, jellies, paints, powders, and
aerosols.
Encapsulating materials can also be employed with the compounds of
the present invention and the term “composition” can include the active
25 ingredient in combination with an encapsulating material as a formulation, with
or without other carriers. For example, the compounds of the present invention
can aiso be delivered as microspheres for slow release in the body. In one
embodiment, microspheres can be administered via intradermal injection of
drug (e.g., mifepristone)-containing microspheres, which slowly release
30 subcutaneously (see Rao, J. Biomater Sci. Polym. Ed. 7:623-645, 1995; as
biodegradable and injectable gel formulations (see, e.g., Gao, Pharm. Res.
12:857-863, 1995); or, as microspheres for oral administration (see, e.g.,

Eyles, J. Pharm. Pharmacol. 49.669-674, 1997). Both transdermal and
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The pharmaceutical fornulations of the invention can be provided as a salt
and can be forned with many acids, including but not limted to 15

hydrochl oric, sulfuric, acetic, lactic, tartaric, malic, succinic, etc.
Salts tend to be nore soluble in aqueous or other protonic solvents that are
the corresponding free base forns. In other cases, the preferred
preparation ; el < WA C | f , any
o Bl ot tHaragefatolkP gt S aiRve) £ RS BPb s SachE By
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formed fromthe reaction of amne noieties in the parent conmpound wth
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aci d). Phar ngpesH,i Catrl YD pis.CBRItédH ] e8:698s708)cllggde BstteAm. UoHBRE. PHafm.

car boxy, sul fonyl oxy, and phosphonoxy groups present in the conpounds. Wen
there are tv&ﬁﬁtﬁ?@i-ﬂ@%rdﬂbg).present, a pharmaceutically acceptable salt or

b -aci d- - sal di - sal 5 . and
i1 ar 'y wher et 10 Brarmarenied famiaionphite Busnidr spode prodishasd o
of such groups GHY RanSdd ffoRfe@” with! Mdry idCOMRAIING BaImbti mitBHSto

invention can be present in unsalified or unesterified form or in salified
and/ or elst erhydrechlbne,nsulfunid, Bleticdatctiyy taftagccmalicosyominidseics Salteterstita o

phar maceut i & | 056 c BBl e ueousa cbs el Prafenis cebyents ° WA ste e 1S
corresponding free base forms. In other cases, the preferred preparation can
be a lyophilized powder which can contain, for example, any or all of the
following: 1 mM-50 mM histidine, 0.1%-2% sucrose, 2%-7% mannitol, at a pH
20 range of 4.5 to 5.5, that is combined with buffer prior to use.

Pharmaceutically acceptable salts and esters refers to salts and esters
that are pharmaceutically acceptable and have the desired pharmacological
properties. Such salts include salts that may be formed where acidic protons
present in the compounds are capable of reacting with inorganic or organic

25 bases. Suitable inorganic salts include those formed with the alkali metals, e.g.
sodium and potassium, magnesium, calcium, and aluminum. Suitable organic
salts include those formed with organic bases such as the amine bases, e.g.
ethanolamine, diethanolamine, triethanolamine, tromethamine, N
methylglucamine, and the like. Pharmaceutically acceptable salts can also
30 include acid addition salts formed from the reaction of amine moieties in the
parent compound with inorganic acids (e.g. hydrochloric and hydrobromic
acids) and organic acids (e.g. acetic acid, citric acid, maleic acid, and the

alkane- and arene-sulfonic acids such as methanesulfonic acid and
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I nvention includes pharmaceutically acceptable salt and ester forns of
Formula 1 and Fornula 2. More than one crystal formof an enantioner of
Formula 1 or Formula 2 can exist and as such are also included in the
present invention. A pharmaceutical conposition of the invention can
optionally contain, in 15 addition to a carbamate conpound, at |east one
ot her thera C fion
associ at od i RoieS0RHic WAl | PhihaRER) IR Rptioid SR et cettls
phar maceut i datmed rfromi tarboxgy haukorpdexy, d&isghbbpldomwwgmwspr@smﬂl inatheons
such as Pharnaceutlcal sag@$FornE 20, Tabl ets. Second Edition. ReV|sed

and Expande$OMRAURNGS [Eerenivg jacishc QEPURS PEgSENth Ar PRATBIAGEsHFal Bosage

Forns: Pare i Y, L
Phar maceut | ?gﬁé@ogl\%%é 3 Rter raai@eet‘ﬁiﬁ%@%%g'&% BiSelor s Bf siliseter
Li ebermaf etestér; apdBimidydwhgre fiere are Prirs¢han e acidie groups presert, sbmshi ch

are herein incorporated by 25 reference in their entireties and for all
pur poses. TH& @M%B&@P%Pa'&@ﬁﬁﬁ'f'w 9ﬁ§3¥?ﬂ'@e§eneral |y forrrul ated as

steril e, substan&b do‘ﬁnﬁ&;&,?r%ﬁ ok |é ettt ncggﬁ)gegrb?; @h%h 8%r

Manuf acturing Prac regul ati ons™ o

Adni ni st r at iunestelfiedoane oRagsaﬁﬂiai Ehe/opre%tsearmedl ﬁ@YmnTaln@rthérrmmt#@Soﬁ@IdﬁpdS of
providing neuroprotection in i ncluding a human subj ect or

pati ent, usiG¥RAMNASHS irteated t@m&@dmagt thecyigiaali (Lnsalifiest amdwneﬁteaﬁed)on

neur opr dbectionPHUeaRT R PharracERERANT %#?E?@éas%ﬁt%%%‘éhﬁ IheiRgeey

effective dQﬁ\%nthhqndlﬁaég@h&?ﬂﬁﬁd@utﬁzaﬂi?@c@@pﬂablésaleéﬁé%tsteﬁofmé of FosmuRe.
i.e., the do&gg or dosage regi nen w %end on a variety of factors

i ncl udi ng t Heard kgemuta 2 hdaresbas onetanpstpbiorormf an phgrtiamer ef kernule, 1 elge and

he Iik | h f de of
b ni s+ at (S 5 Bapiind 55 §96 bt hE8 TnsiCde i el Sigseah iieaiin o
obj ective the cowgnaﬁﬁa@éutmm@mpbsmaﬁ d¥ithé mveritionesdr @ﬁnmry duntaineth i n

the correct therapeutically effective anmount or dose, descri bed bel ow
The dosdde sadddmmba@armamatq@mpom|atéeasironmo@eu§leerapegtlc agasat dsefuhg

in the treatment of a disease or condition associated with providing
neuroprotection.

Methods of formulating pharmaceutical compositions have been
described in numerous publications such as Pharmaceutical Dosage Forms:

20 Tablets. Second Edition. Revised and Expanded. Volumes 1-3, edited by
Lieberman et al; Pharmaceutical Dosage Forms: Parenteral Medications.

Volumes 1-2, edited by Avis et al; and Pharmaceutical Dosage Forms:

Disperse Systems. Volumes 1-2, edited by Lieberman et al; published by

Marcel Dekker, Inc, the disclosure of which are herein incorporated by
25 reference in their entireties and for all purposes.
The pharmaceutical compositions are generally formulated as sterile,
substantially isotonic and in full compliance with all Good Manufacturing
Practice (GMP) regulations of the U.S. Food and Drug Administration.

30 Dosage Regimens

The present invention provides methods of providing neuroprotection in
a mammal, including a human subject or patient, using the carbamate

compounds or compositions of the invention. The amount of the carbamate
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10 or dosage reginmen, will depend on a variety of factors including the
precise nature of the disease or injury, the patient's physical status,
wei ght, age and the like. In calculating the dosage reginen for a patient,
the node of admnistration is also taken into account. The range of doses
that are expected to be effective in producing a 15 neuroprotective effect

in humans in the severe and acute.clinical siftuati t hat re anal ogous to
Lhe LTe s umbsRRnE: e e s2ary fbtivide nBlenroeliar s Sethad 8¢ aBeranuneati
cerebral ischem th’%fH ; nad b o] | '

Exanpl e 4 b?ﬁo%@?e ete?ﬁ&ﬂél!ﬁ%‘ﬁ%&tni%%s}éi ngﬂeﬁgﬁ% :‘\%@t@ih\llj(ra@f?ggggﬁ{gﬁgwbl ood
| evel s in raftectivel fourthissus@0i.€hdherndasing etri desage hegienen, wilt depekdoom a hat
th h ki neti f.th f. the i ti.on,ref t
e e e ot Sl s D e SRR 4P IR isbBSe. TS Pobghy s Segleal ' e
and r epeat edsiqya! agrgnrﬂsda fe fikd.OMn :c‘mcufl‘é‘?tﬁ‘\| f e &Séﬂqgeu@@(eﬁ%rll@( i, He 25

Bl ood levels in hu I'n toxicology studies In oral adm ni stration
of Test Conpooade of @dB)inistratian ii®atsodtaken ifitor actoday.s |ipoodercdacdumplishl thig ng C

' d AUC.(0- 24): 1) At 100 . b.j.d. Q0. in 24 h .2.85
e s s pBisclyellhk compdiindsor eormRosHARS of BUeiMEsLPRaHTA DG HESABRNEYS
42.2 m - 0 i i h 7.14
ol Gy fttapticaty eftechlbe BMbuIRor oke Cad debbriBRd Blied 1OVTS OF 7.

m crogranms- hour /The dosagerscldiulemndtarmouhts €He@flverdor this2dse) dier stherdobihg?8
ng/ kg/day in a 70 kg. .5 human) C nmax was 17.2-micrograns/nL and AUC was

204. 1 nildr og-’rra%sageg[ﬁg'wren; wil )dgtpe?goorpr@_ vayiety of f@$§U§ IRgludg2ihenBraciser
22,0 Ol K0! Gt of e alasB R, (R pHREnt S Ry dRA ABAT Wt Ao Ay s
the like. In calculating the dosage regimen for a patient, the mode of
administration is also taken into account.
The range of doses that are expected to be effective in producing a
15 neuroprotective effect in humans in the severe and acute clinical situations that
are analogous to the lithium-pilocarpine rat model in Examples 1 and 2 and the
transient cerebral ischemia middle cerebral artery occlusion (MCAO) rat model
in Example 4 below are determined by comparing known effective doses and
blood levels in rats and humans.

20 Pharmacokinetics

In humans, it is known that the pharmacokinetics of one of the
compounds of the invention referred to herein as Test Compound (TC), i.e.,
Formula 7, are linear following single and repeated oral administration in
healthy adult men (see Example 5).

25 Blood levels in humans;

In toxicology studies in humans, oral administration of Test Compound
(TC) at various doses for 7 days produced the following C max’s and AUC (0-
24):
1) At 100 mg. b.i.d. (200 mg in 24 hours or 2.85 mg/kg/day in a 70 kg.
30 human) C max was 3.6-micrograms/mL and AUC was 42.2 micrograms-
hour/mL;
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10 Blood levels in rats; In toxicology studies in rats, oral admnistration
of Test Conpound (TC) for 8 days produced the followng C max and AUC. 1)
At 30 ny/kg/day C max was 9.33 micrograns/ nL and AUC was 97.32

m crograns- hour/nm; 15 2) At 100 ny/ kg/day C max was 20.63 m crograns/ nL
and AUC was 230.33 mcrograns-hour/nL 3) At 300 ng/kg/day C max was 70. 34

m crograns/ nL a &tg ' ) g - / -t ed.in
rats for anti-ep%ep oagﬂlﬁg' gﬁ? ﬁs?% r@tée%{@\ygg%;ﬁ?}ﬂ@tkg%%s{sl %?prpl 2
ranged from Réman) Kb/ay was B2 mitrégradey/mLThad! AWEstwasldeR. 3 enicrshramst hi s
Exanple, i.e., 30 ng/kg, produced sone neasurable protective effects while

the | owest d¥¥/Mksted in Exanple 1 was 10 ng/kg/ day and produced ni ni nal

Cercbral i schem ol e o 31097l o 2EkBlls or, TE28 bdg sl P R 1
Bxanpl ¢ 4 a hiananpiC HaXidso 1712-Miérogrmumsl. ARG w0 Dmiioans.

reduction in infarct size. In rats, doses of 30 ny/kg/day of Test Conpound
(TC) woul d HeourBRbect ed to produce bl ood | evels of; C max of 9.33

bl 0d"1 evel s voul 8 5678508 b, B e 2L R g A+ KA 2 RS
600 ny/ day ourhaAMCpeast wak 28tDnAdregtaris/MmIMHNGIAURDY was 32207 licfogiaims-

However, in Exanples 1 and 2 relatively high doses and bl ood | evel's were
requi red beck@génbf the acute and very severe animal nodel that was 34 used

and the need to p@ogajg t|Ee nﬁg_roprot ective anti-epileptogenic effects
demonstrated. Al's ,° i re acute ani mal nodel the conmpound was .
given after the thaeRRbidgyestadiesdh rafy, Wiyl dtheinftetiohest. Tést Gompblifd i(ndyict i on

of status epi I;E)aticus by adm nistration of Li-Pilocarpine. In the transient
cerebral 5 ifocRBatays proddced the towingCtraay and AUWGI on (MCAO) rat nodel in

EXATDl € o1 COTPRYTSh D ORGS0 r ol B iR Gher ©
correl ate tog7 .32 micrograms-hour/mL;
15 2) At 100 mg/kg/day C max was 20.63 micrograms/ mL and AUC was
230.33 micrograms-hour/mL
3) At 300 mg/kg/day C max was 70.34 micrograms/ mL and AUC was
525.95 micrograms-hour/mL
The doses tested in rats for anti-epileptogenic and neuroprotective
20 effects in Example 2 ranged from 30 mg/kg/day to 120 mg/kg/day. The lowest
dose tested in this Example, i.e., 30 mg/kg, produced some measurable
protective effects while the lowest dose tested in Example 1 was 10 mg/kg/day
and produced minimal protective effects (See Examples 1 and 2 below).
However, in the transient cerebral ischemia middle cerebral artery occlusion
25 (MCAO) rat model in Example 4 a dose of 10 mg/kg in rats showed moderate
but significant reduction in infarct size.
In rats, doses of 30 mg/kg/day of Test Compound (TC) would be
expected to produce blood levels of;, C max of 9.33 micrograms/mL and an
AUC of 97.32 micrograms-hour/mL. In humans, these blood levels would be
30 expected from doses of about 500 mg/day to about 600 mg/day or from about
7.1 to about 8.6 mg/kg/day in a 70 kg human.
However, in Examples 1 and 2 relatively high doses and blood levels

were required because of the acute and very severe animal model that was
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anal ogously acute and severe clinical situations in human patients such as
not starting the nedication until after severe CNS injury has already
occurred. In 10 such situations, it is expected that the dosages needed for
a neuroprotective and antiepileptogenic effect will be higher than what
woul d I'i kely be needed in |ess acute or severe circunstances or in chronic

situations %f?ﬁ&%@ é/eq ‘f‘@?rSdﬁ&f t Weﬁgcﬁprﬁfbcltﬁe Pe;f))ﬁébqg'% ﬁ;éf&ac %y. In

si tuation wher IS usea pro actr ¢

preventi on ademomrsttatedt NAfyo, parthw gevdrbeaduig Larivd| tasds Eh@dc@rhp@dndi avsd s
required to produce cllnlcaII¥ nportant neuroprotective effects would be
expect ed t o Heer@hentbe traiealic @aﬁnt RE iMuvaRad pacustednt. ef, thadndactiay rRE

dose used i . S I L kql se
found et 1 ect1oUR SPipeaf By St gk of P RallRg, el SR¥odf

t her apeutsi caktheraiaf #ﬁddlé%e'rébrm 'aﬂég%ccﬂuﬁ@lﬁ l(M@AO) Fuitr}’ﬁadel |hrE)Eﬁ?ﬁbleC4i$i®

woul d be |ess than that identified in these severe ani nal nopdels. The ED50

for Test c&qmmtm avasp atspe admigistased ut dwur raftert the ocelbision of rtb#l@ld.d&ﬁ about

dose of *_ 10 SPRE | e nCUPoRpS: at: S Fdnidel . el B HofEe\C pasea

on this 25 ddlogUsIE sBeR! &6l ebi@ret dlinfoal SHGSITR! iRCH U8 pateAtsIasch ¥OHbe be
simlar to the mninmumdose required for anticonvul sant efficacy in humans.

In a primar yStaﬁlrnGvfélﬁtm@dlogaﬁadll’tjlhﬁftﬂh§etéereo(§N|$glniLHYd@%amdy pecusres. alry
oot T PAleERRGRY. U2 RpRelin s he Blnabh Rtk ich A adCRERRRRe
equi val ent oénoeanﬁéﬁleb@ogmmr@eﬁwnm@h H@rﬂhé@‘v&ﬁét%&ﬁ&‘hké@ B nkBEed in

transient cerebral ischema mddle cerebral artery occlusion (MCAO rat
nodel in Exdeps eacute 0T bevae plmuresﬁaspes rorainpchromiy situatiens iand speciayn

e A GG Ehe el A BobB el e VLY, O darmge (0 the humen
i b 7oCedn il KO cayg § abpaSR ey 7 gy 1
C max (alS 200evemtiatayy pie-tieamers. mmmmghhewéequueaindosex:aﬁd dond le2lQ
M crograns- r%qnﬁlejél H)L ‘produce clinically important neuroprotective effects would be
expected to be somewhat lower than the human equivalent of the 10 mg/kg
dose used in Example 4 and significantly lower than the 30 mg/kg/day dose
found effective in Examples 2. As such, the doses expected to be
20 therapeutically effective in clinical practice in humans, in most cases, would be
less than that identified in these severe animal models. The EDS0 for Test
Compound for preventing seizures in rats is about 4 mg/kg to about 30 mg/kg
(depending on the time and experiment type) so a minimum effective dose of
10 mg/kg in the neuroprotection rat models is not unexpected. Based on this
25 data, an expected effective neuroprotective human dose would be similar to
the minimum dose required for anticonvulsant efficacy in humans. In a primary
prevention paradigm, where dosing is done well before any insult or
pathological process is initiated, the effective doses and blood levels in
humans would be expected to be somewhat lower than human equivalent of
30 the 10 mg/kg dose found minimally effective in the transient cerebral ischemia
middle cerebral artery occlusion (MCAO) rat model in Example 4.
In human patients, in a primary prevention paradigm where the

medication would begin prior to any injury or damage to the human nervous
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In situations where the nedication is started after the injury has been
sustai ned the dose range woul d be expected to be sonmewhat hi gher, for
exanpl e, from about 200 ng/day to about 400 ng/day or about 2.85 to about
5.71 ng/kg/day in a 70 kg human. 10 The conmpounds and conpositions of the

I nvention do not have a theoretical upper end to their clinically effective

d . T h . d of th | | ff '
would b desEnBiThdbE ipWBh Emits 8 & ieHrbRiIR e HrectiB dp e WpbEPe eXRe BP0 ne
patient. Hoygyeraboubd0DiragRIaY to @38t 66 b of @bdut 1 48 mgAcffdaP{dabouthi ch

da
showed very marked neuroproteéctive 15 aqr??’an?] - epi | ept ogenesi s egfects,
woul d be expgdit sw/kgdayhia 8add kgofhunhan,dproducimigoan, expedted € anax rak 288d AUC

simlar or bhelow.thpse p ced in humaps t dose of , 750 .twice a day
(1500 g/ daeeu, BF Eholh LR dtamaikoand, AOCAST aEBU 22 IROORNS & day
(total dail wodgse of 1500 ng) has been used in humans and found to be

easily tolerated. On this basis it would 20 be expected that the maxi num
tol erabl e dose whulsdudiionsonwhiede it Inpedicaticer is steated: after the injaryyhasbieent s.

h 2500 /ld t 000 /d bout 35. [/ kg/ d t t_42.9
perhaps 2500, M 0y ho 900 I Soie @bl o T T KAl Lo aRey
heur opr ot e%k@l‘?\gié? fF’orﬂ‘HHiﬁlt%@! ﬁlﬁydaﬁfonﬁé%?@dﬁﬁfﬁa f B%g@ﬁ?ﬂ?&?ﬁb‘ asQfpounds

and conpositions of the inventio ered at a dosage of
from about 5.7 mg/kgidalain & GOKgolamdaB. O ng/ kg/ day (100 ng/day to 3000 ngy/ day

in a 70 kg human referably from about 2.9 /[ kg/ day. to about 35.7

o kol a8 0 200 mEnEEGoTEoaRgY A RRmBeStons, @ ke dnetionagPangt £eUELBI

f rom about : / t ny/ day
18 50 kg MdordReA YRS o @Ol clicayy Bileklie!Bbes TaRadY) Fs! P iiber ™D
about 21.4 epdkof dthe (RO@peytidally teffeclitdOrangedayould be 7Geteymimadin)y chenost

preferably from about 5. Omr;{g‘/ kg/day to about 17.1. rrg/ kg/ day (350 ng/day to
1200 ng/ day MaxipurpamguRt that)coularhe deleaied hystherpationdr Howgyesethedighest

Ceeroe" S, Phab bRl 02, 580FRGKE WAL ol IOl SEANSET b BNl 1
di scl osus e, andpaitsepileptogernbsisieffests, Mould behexpeictedyi dnl thee babiseof the data
above, to have a C max and AUC similar or below those produced in humans
at a dose of 750 mg twice a day (1500 mg/day or approximately 21.4
mg/kg/day). A dose of 750 mg twice a day (total daily dose of 1500 mg) has
been used in humans and found to be easily tolerated. On this basis it would
20 be expected that the maximum tolerable dose would be considerably higher
than this for many patients. perhaps 2500 mg/day to 3000 mg/day or about
35.7 mg/kg/day to about 42.9 mg/kg/day in a 70 kg human.
Thus, for the purpose of providing neuroprotection to a human subject
or patient, the pharmaceutical compounds and compositions of the invention
25 may be administered at a dosage of from about 1.4 mg/kg/day to about 43.0
mg/kg/day (100 mg/day to 3000 mg/day in a 70 kg human), preferably from
about 2.9 mg/kg/day to about 35.7 mg/kg/day (200 mg/day to 2500 mg/day in a
70 kg human), more preferably from about 3.6 mg/kg/day to about 28.6
mg/kg/day (250 mg/day to 2000 mg/day in a 70 kg human), or even more
30 preferably from about 4.3 mg/kg/day to about 21.4 mg/kg/day (300 mg/day to
1500 mg/day in a 70 kg human) or most preferably from about 5.0 mg/kg/day
to about 17.1 mg/kg/day (350 mg/day to 1200 mg/day in a 70 kg human).
These dosages, however, may be varied depending the individual
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wi t hout undue experinentation, having regard to that skill, to determ ne a
5 therapeutically effective dose or anmount of a particular substituted
carbamat e conpound of the invention for treating epilepsy and for producing
aclinically significant neuroprotective effect. (see, e.g., Lieberman,

Phar maceuti cal Dosage Forns(Vols. 1-3, 1992); Lloyd, 1999, The art, Science

a0 Lol erg e S SRRl HMRLARG o ol e ERS nAbRESE

toxi c or detheicomditin seidg trefatedit s of the active agent |s out wei ghed in
clinical ternms by therapeutlcally beneficial effects, i 0, be further

noted that for ea%?rseqoaf‘tt 'él.ﬁ'%ﬁ'o%‘USj ec&erS%rpet:m%arM@gdble th@;rh\é’stesﬁB'Gl d be
eval uat ed ang ﬁtﬂi Uﬁﬁ rlni tlﬁ?cﬂéﬂhﬁ?reb%{& N6 it sidlugy d@?&pn ﬁ‘%'da
j uagne of e p

pr of essi onal erson adm nrrstering Or Super vl Si ng

adm ni st rsat lmeraﬁemlballyceﬂpoumaosé toriggmowmtsef @)ppetd:dmt $iitsstittited cxpbamatd i ons
of this invention could be initiated at, a low or npderate dose and then
i ncreased t ccMpewng, of flae a@‘éﬁtntw@aiqrweeartmgc@mlﬁ@smm fcsmamﬂusm a glivicallyer a

G sclosed  00NGFaN, TEROETRGRE RERET. (o8 AR Chistfiny ERERRAHENES o

delivery, viPosggForHoWblsiel- BV¢992)0V.RJ”ydaI1998tFIﬁTé|%ﬁ Gciéhdé&énquTeclﬁlrﬁoley a
repeated administration protocol (e.g., by an hourly, dai Iaéuor weekl y

repeat ed aomﬁRh@rm@elutjﬁa‘&@m@unsﬂngm@dpﬁmrratm,@@ﬁageoe tatiops) of t he

e 1y, 3ha 1 meonp bR Ry "SedhE " opheLisc B slienEh bRt A (PGSR ™
i nvention, tdérinihtainsgewfeotd of @rﬁénabﬁw %@énpis bhvel n%ﬁé@nﬁi dificantdraig iy €

orall'y adm nistered once or twice daily. In sone enbodi nents, a treatnent
regi men wi t htherapesdiep by enedicial h%ffeqiSeséhtlS |tﬁvbatfl-lﬂ|ile¢ah0®dnﬂtﬂ’(cﬁ>r ea¢h

Tt el nourdribyeh ShEst Sheglle dqsais Raimern o drSapRaReed 50 Aol
Gamge or. | oS RESRARg 3&’&%@%‘%&%?@3%@?%@?%@??%Bﬁﬁ@%es32%
damage of5 i npensynmimm»sﬂmmgedr superyisirgrthe &aéministeatmrcod theFeompaams. elt isuch a
treatment regllsgeer)](p%g{éd t%%k Fheb(e:ér%pos@ons of this invention could be initiated at a low
or moderate dose and then increased to a fully therapeutically effective dose
and blood level over a period of time.
For treatment purposes, the compositions or compounds disclosed
20 herein can be administered to the subject in a single bolus delivery, via
continuous delivery over an extended time period, or in a repeated
administration protocol (e.g., by an hourly, daily or weekly, repeated
administration protocol). The pharmaceutical formulations of the present
invention can be administered, for example, one, two or more times daily, 3
25 times per week, or weekly. In one embodiment of the present invention, the
pharmaceutical formulations of the present invention are orally administered
once or twice daily.
In some embodiments, a treatment regimen with the compounds of the
present invention can commence, for example, after a subject suffers from a
30 brain damaging injury or other initial insult such as a stroke. In still other
embodiments, a treatment regimen with the compounds of the present
invention can commence before any damage or injury to the nervous system

has occurred but at a time when such damage or injury can expected or is
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subj ect undergoes a neurosurgical procedure or is likely to suffer other
forms or head or brain trauma, e.g., conbat, violent sports or racing,
recurrent strokes, TIA's etc. 5 In certain enbodi ments, the carbamate
conmpounds of the invention can be adm nistered daily for a set period of
time (week, nonth, year) after occurrence of the brain damaging injury or

L e 8 LT SN O 2R R B e

car banat e conpyu% ohas reaché t herapeutica

clinical exasobjéctaumddrgess a neutdsungiesproogdure 6 isdikedy ed suffer birerifomesl or
cerebro-spinal fluid. One of skill 1n the art.  would be able to determ ne
the maxi mum oherdbPE kigife tigyinaafg. o CORDahy ¥iokaNt SRS A atacHio.1 BCyEedt i ne
t he presencesm S?’Yﬁ’gietté( of side effects such as slurred speech, |ethargy
or inpaired coordirnation.” In this context, a therapeutically effective

dosage of5 t he bi olnoggrtzih lembddimants, \the 2gebdriate compounsdsiobthecineantish eases
within a prolonged treatpnent reginmen that will yield clinically significant
results to pP@vadiainistaead slailpt st aveet periedtof Bimes(weakt ineentbs Veereafteve

\
CO%29%% ' SRRk AR TRUOHARE o Mt AT, R SRepabiCh AR e
and adm ni stwalt keewPReW 0RO detdrihe thanithe cRaIfbamakd coptpiimd hasork@ehegnge or
severity of targeted exposure synptons or conditions 'in the subject.

Sui t abl e nodéesapeutically effegtivelleviet | aige clinisal exampefea patienher byaneasyangi ne,

feline, n-h n. pri. e,.an er ept ed. ankmal | subjgects,, known
i the aftl BIPYEEITEHE IERE ol AGlrdrsE AL B0 OBE s dRifh REA T BPRY $9
vitro nodel sabi@5td iederminBMHE | Mgkitn A dtoldrabrPd3e! BYI meamsavF)a pifjsitdisuch
model s, only ordinary calculations and adjustnments are typically required

t o det er ni neexaminappn dpr deteeminenthenpresanse andi sevedityt of sidke: effectarsuch as

t her apeuti cal II f gf f ectljﬁv|e anmpunt of. t(se bi o@g@i cally active agent(s) (e.qg.,
anount s t hat S'YI'& isﬁ?Fﬁ ; QHHF_?Y OL RIS 890rp|1 Ger nal | y effective,

i ntravenously ef fpCthi¥ecorftext, i rtAEKpRUtisIlY effdetivd fo%%fapéeoi @h@lbislbpic%ny _
desired response). In an exenpl ary enbodi nent of the present i1nvenfion, unit
dosage Ffor nactve aigent{shmanniclude rppeptededoses withindar preldnged streatment

regimens. |n Lhis eyl B8 SISy Sighncan ARuRLRS prbdad 4 Sadidgoldie
effect. Determination of effective dosages in this context is typically based on
animal model studies followed up by human clinical trials and is guided by
determining effective dosages and administration protocols that significantly
20 reduce the occurrence or severity of targeted exposure symptoms or conditions
in the subject. Suitable models in this regard include, for example, murine, rat,
porcine, feline, non-human primate, and other accepted animal model subjects
known in the art.

Alternatively, effective dosages can be determined using in vitro models
25 (e.g., immunologic and histopathologic assays). Using such models, only
ordinary calculations and adjustments are typically required to determine an
appropriate concentration and dose to administer a therapeutically effective
amount of the biologically active agent(s) (e.g., amounts that are intranasally
effective, transdermally effective, intravenously effective, or intramuscularly

30 effective to elicit a desired response).
In an exemplary embodiment of the present invention, unit dosage
forms of the compounds are prepared for standard administration regimens. In

this way, the composition can be subdivided readily into smaller doses at the
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38 physician's direction. For exanple, unit dosages can be made up in
packeted powders, vials or anpoules and preferably in capsule or tabl et
form The active conpound present in these unit dosage fornms of the
conposition can be present in an anount of, for exanple, from about 25 ng.
to 5 about 800 ng or preferably in unit dosage anounts of about; 50, 100,

200 250,86l fecil FAE o2l IR BExd R e AR

COI’TpOUI’]dS e |1 nventl on, or si e or

accordi ng t owuers,padlsios @napoulesdndfpréfeealsinin eapsuldioe tasiebfodm. of this
I nvention also provide for kits far use in providi n% 10 neur opr ot ecti on.
After a phar macediec Activ@nfOPPHBA BESER! SPniiasse Unit ggsage ciarmsmef ethe

conpounds ofgg o(sislgtlorti’\r‘ﬁ@éﬂ erErreggrﬁr?ntaBﬁrﬁé?i B For?]e‘;(gh{rﬂlgnfrt?@ Oéﬁbﬁjtg% '25?‘{°§b| o

ot her conpoun erapeudtic bene as bee nul a

carrier, 5it abant B0 phgoegréferably aponiodosadeamiuing ofabeud 50ahed 200 250,
provi di ng neuroprotection, Additionally, another pharmaceutical conprising

at 15 | east 499=460ne00.1and 6Pe mg ef age of meyeral|the acliye ¢athamatecampewidsct i on,
treatment —Qf tﬁB'H@ﬁt‘?&e{‘r%l?'nsﬁraglgpé:ﬂaﬁﬂgtgolé”dﬁggééﬂﬁfm%}a%rn eéccﬁgqlﬁgsﬁg' '|°“ and

associated w't near ona plac e contai

| abel ed for pariciiaended of thehsatiendi cat ed di sease. Such | abeling can include,
for exanple, instructions concerning the anount, frequency and net hod of

admi ni stration oflheagtethgds phiisdeventionadlso Arevideder kite fobuegdn mjovidingnt i on
has been.described.in detaj f _exanple f f clarity of
inder ot Jfar TEu oGty Rk 2onihagbun Wnfasifin RUMRIERR.Phe B 00 and
nodi ficati orartfdrRaOobBmMPBaNEs bfis MenfibsChRs Uhe poxditiBYadRidh af bheest

w t hout undue experinmentation wthin the 25 scope of the appended clains,
whi ch are pmegienotherogomppuatisi of (berapeutia benefit) inast heeontormuated| inowi ng

CxaDL S 3 SRAY S5l e RS A B BB Ao hing il BB 8,2,
a compound Qiroﬁ@fn@‘“ﬂm@rbb}otéaﬁbfpwwlitﬁ)n%h*)arﬁ&heﬂéﬁairﬁacéﬁtﬁ:‘éi dbRfprising at
neur oprotection were evaluated in the follow ng experinental exanples The
activi ty5of leastione eihettherapeutic agent usefion proading (reugoprotection, treatment

of epileptogenesis, epilepsy or another disorder or condition associated with

neuronal injury can be placed in the container as well and labeled for treatment

of the indicated disease. Such labeling can include, for example, instructions

concerning the amount, frequency and method of administration of each

20 pharmaceutical.

Although the foregoing invention has been described in detail by way of
example for purposes of clarity of understanding, it will be apparent to the
artisan that certain changes and modifications are comprehended by the
disclosure and may be practiced without undue experimentation within the

25 scope of the appended claims, which are presented by way of illustration not
limitation. The following examples are provided to illustrate specific aspects of

the invention and are not meant to be limitations.

EXPERIMENTAL EXAMPLES

30 The activities of a compound of Formula (I) and Formula (ll) for use in

providing neuroprotection were evaluated in the following experimental
examples The activity of an isolated S-enantiomer of Formula 1 (e.g.,
Formula 7 shown above), herein referred to as the “Test Compound” or “TC”
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Formula 7 shown above), herein referred to as the "Test Conpound” or "TC

39 or "test conpound" was evaluated in the foll ow ng experinents to
determine the efficacy of the conmpound for neuroprotection and in the
treatment of epileptogenesis in the nodel of tenporal |obe epilepsy induced
by lithi umand pilocarpine in the rat in Exanples 1 and 2 and in other

ani mal m)del » LGl f D, f These
exanpl es are in enngrHB?u'% \ngg %ﬁﬁégai'ﬁﬂﬂgﬁw‘?y'“@ éﬁ&@h@ﬁ@ %&%@%

the i nventi ahebefficacy dfnthendeshpound! for hedroproteetion i amd iim taeytreaumeuﬂxafrpl el
10 The lithiumpil ocarpi ne nodel of tenporal |obe epilepsy The nodel induced
inrats by pﬁﬂ"@@éﬁ&]ﬁﬂ?@'ﬁa@s@@ﬂﬁ?@ﬁ'Qxﬁt@ﬁ‘ﬂqrﬁh'iobﬁlQH.'@PSW"I‘Q)‘)C%BYBﬂlk@saﬂﬁ)st of

t he clinical 0 e

bt 1 opsy. (TR iR TaCls B RpIe T HES ol R TRE: ahfrBCBuelodSery)
Neurol Sgi X6r & a?e)ducthcm aflnelrambtactivb effectd. éméseaé?fam oy atd iterddedLio
pil ocarpine | eads to status epilepticus (SE). The lethali tgurate reaches

30-50% dur ibyatwey of flibstratipg variaus eenbasdimentsngf the innestiombut pahintendatye

pr edom nat e formation, the piriformand entor hinal

cortices, ﬁg%@% 'mg%tgjrf M%I neocortex and substantia nigra. This

acute seizure period is followed by a siIent sei zure-free phase | asting

for a 20 nmean duration of 14-25 days after which all aninmals exhibit

spont aneous Exampleemt convul sive seizures at the usual frequency of 2 to 5

per week (Turskl et aI 1989 S napse 3: 154 171; Caval heiro, 1995, Ital J
: RIRg M emporaklobeapilepsy 67: 227- 241) .

ats vel ghi ﬁ;aES'ﬂ%ﬁ?cgdé'dﬁﬁbE%@aﬁgé“ 4 by 53 SRR 3 M

Genest - St - | i) l’éb%tﬁﬁ‘)esWﬁth @M‘hé&ﬂml&é@ﬁhd G\@rl‘JTré;SH)Js%io icanféakistes @1 thiumams
Wb

(light/dark cycle, 00 a.m-7 rTgts on) food and wat er

avai | abl e ademposak l@lbe @pilensyi ﬂmrsle@eah P8t Smam 3pth4-d7 heGavalheiro,

Roverbor 2419l Jele i) Sety B 8058t ARUEPT. e e P AR SIE R BY Fur e
(LI censegsN qo?lo%Z)pmé‘wad%I tecgté@@eepnbanb@é\(%) OPhe Igthalityerate ARSHeRe30-56% by an

i.p. injection of di azepam
during the flrst days In the surviving animals, neuronal damage

predominates within the hippocampal formation, the piriform and entorhinal
cortices, thalamus, amygdaloid complex, neocortex and substantia nigra. This
acute seizure period is followed by a "silent" seizure-free phase lasting for a

20 mean duration of 14-25 days after which all animals exhibit spontaneous
recurrent convulsive seizures at the usual frequency of 2 to 5 per week (Turski
et al., 1989, Synapse 3:154-171; Cavalheiro, 1995, Ital J Neurol Sci 16:33-37;
Dube et al., 2001, Exp Neurol 167:227-241).

Lithium-pilocampine and treatments with the test compound

25 Male Wistar rats weighing 225-250 g, provided by Janvier Breeding Center
(Le Genest-St-Iste, France) were housed under controlled standard conditions
(light/dark cycle, 7.00 a.m.-7.00 p.m. lights on), with food and water available ad
libitum. All animal experimentation was performed in accordance with the rules of
the European Communities Council Directive of November 24, 1986 (86/609/EEC),

30 and the French Department of Agriculture (License N° 67-97). For electrode
implantation, rats were anesthetized by an i.p. injection of 2.5 mg/kg diazepam

(DZP, Valium, Roche, France) and 1 mg/kg ketamine chlorhydrate (Imalgene
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(DzP, Valium Roche, France) and 1 ng/kg ketam ne chl orhydrate (I mal gene 40
1000, Rhone Merrieux, France). Four single-contact recording el ectrodes were
pl aced on the skull, over the parietal cortex, two on each side. Status

epi l epticus induction: Treatment with the test conmpound and occurrence of
spont aneous recurrent 5 seizures (SRS) Al rats received Iithiumchl ori de

(3 nedq/ kg, ui , A ) .
were pl aced ;Ig?d %bem g %'elggxgza"dgﬁ oﬁoglerr%"eql%c?@t(gzgﬂjecég%ﬁ c?r'éd?f EEG
Met hyl scopol pletcedtoh ki, dver i parietal cortex, b on®achaileadm ni stered to I imt
t he peripheral effects of the convul sant. SE 10 was induced by injecting

pilocarpineﬁﬁwﬂww g, s.c., Sigma) 30 nin after .
ot )< 0RO e T id (44 P AL AR LU s oMianes SE R | 19

i ncreasi g dgsigaresf (IRS) Test Corrpound wer e studl ed on 3 groups of rats. The
animals of the tfirst group received 10 of the test 15 conpoun '
B hloie &

1 h after the onsAll rafs mregiyad dthiwm tAea/kai il sSigagrYulbauis, MQ;II ép' ’

racpecti val y O A0k REBUSRO KT ATt B RoSE iR e biad b B R0,

at 1 h aftefo tésoranssdelint SHhrtivhll EBGRT Memyrsédwmmé bfaideet nigikd, r@&ove

animals 20 survival after SE (pil o-DZP he control group recel ved saline

i nstead of pSlgm@)rWaﬁ@da’fmldISﬁWGde@shm@h@@&ﬁth@éIelffﬁétSsQf theegonvieHsanii |QE Test

Cost contbunttas;itiuad BY et Pubedhie hisbERiRB8 tan Bekdhs €L sldtialad o
the test comppuafiedtHetil- §cc§ﬁ?|§ﬁrﬁhé‘ed THed eilateraM EEGIaddrichlr @RLITBNt wik t h

the test 25 conpound for ditional days. Pilo-DZP received a second

i nj ection of recorded Kyringrhe whaie duzatiasr of SEE anddishaviare! chmgesrweneen@tedst

one. Thereafter nd sal.i ne-sali rats, received tw ce

oqui val ent ol uire 3P Sitacts of MrERting Goses 51 e, deRLCBRRAEBLEIC R R 28 and
on the laten re i g | V) Y

recordi ng of g%q{gga?\:wrrg?fs grg@fagrm%ﬁfv\ggr "ﬁ%@? &?ﬁggpecom %Oo:‘tﬁ?fées’(

el ect r ogtaphcemaound; i.p.,t hitc after wbekonset of SE (pilo-TC10) while the animals of

groups 2 and 3 received 30 and 60 mg/kg of the Test Compound (pilo-TC30
and pilo-TC60), respectively.
Another group was injected with 2 mg/kg diazepam (DZP, im.) at 1 h
after the onset of SE which are our standard treatment to improve animals
20 survival after SE (pilo-DZP). The control group received saline instead of
pilocarpine and the Test Compound (saline-saline). The pilo-Test Compound
rats surviving SE were then injected about 10 h after the first test compound
injection with a second i.p. injection of the same dose of the test
compound and were maintained under a twice daily treatment with the test
25 compound for 6 additional days. Pilo-DZP received a second injection of 1
mg/kg DZP on the day of SE at about 10 h after the first one. Thereafter, Pilo-
DZP and saline-saline rats received twice daily an equivalent volume of saline.
The effects of the test compound on the EEG and on the latency to
occurrence of SRS were investigated by daily video recording of the animals
30 for 10 h per day and the recording of the electrographic activity twice a week
for 8 h.
Quantification of cell densities
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for 8 h. Quantification of cell densities 41 Quantification of cell
densities was perforned at 6 days after SE on 8 pilo-DZP, 8 pilo-TCl0, 7
pilo-TC30, 7 pilo-TC60, and 6 saline-saline rats. At 14 days after SE,
animal s were deeply anesthetized with 1.8 gl kg pentobarbital (Dolethal (r),
Vet oqui nol, Lure, France. Brains were then renoved and frozen. 5 Serial 20

pmslices were ¢ tadil, 4 it | | r d f

t hi oni ne st ai ni nguéﬁ}@gﬁﬁ{ﬁcﬁli%ﬁﬁs{ﬁ%{gﬁs %déﬁﬁigy%@yée?’@ %\:Edé)ﬁvm%t h a
10 x 10 boxgdloiDZRn® pito<r@HEE oppibo-§C30, BrpilooT OBR| arsk6 tsatine-satineratsnttia t he
stereotaxic ,coordinates of the rat brain atlas. (See Pngi nos G, Watson C

(1986) The AeyRAMEE 2 nanimals wers: %@Y@S&SH?%H-EQS‘{V“QH'Q HKg RendebarBitdl os5s,
San Di ego) (bg@é%l@fgg%ﬁg%rl & e ﬁ%ﬁrgég g\ééiﬁg W%}eelhgb!rg%cf@@ngﬁd fadener e

t he average val ues jacent sections i n each

i ndi vi dudl @BerishR0 prislioes weng euy ada enyostatelalrsdried daring keneid) days befatd er
ones being considered as glial cells. 15 Tinmstaining At 2 nonths after
the onset ofthiopie aidH0G: recurrent seizures, nossy fiber sprouting was

exant ned on Jf abkanfifitBRofTWOOLF BAKRL XRBE%Ied it Sho. £9/EPRYR 9 DZP

and in 3 saline-saline eeply ~“anaesthetize per fused

transcardi al | ycmt migebtaysic f @fid coveddpyndiOSedtionef agorbirip %o ( thev stévadtaxin 0. 1
M phosphate buffer, and 100 m of 4% (v/v f ormal dehyde in Q0.1 M phosphate

buf f er. Brai nsCo@iinatesrefdbe rrabhrairatias. (pees tPainasd G, nVadsan el 986h e

duri ~5 h : ' : . dLRQ: Vi t ! ted
on gel aiiln- coarButLe T STElReEse FRfesnond sd: peBHEME PG, 53R 80T The
dark in a 26C gellwoudts wabe perfoft¥ed whice ar &biind ghanrfdédndrivere Indiavarayd r at e
buffer (30 M), 5. 7% (w v) hydroquinone (80 m) and 10% (w v) silver

nitrate (2.5 nPh agileasigd a@lues fiam 2 Adacest isestiansen eeadkemdividealdanimal. t ap
T o CEab® BhalEShy ek A 1he 58 Fekatesbidh 58b bohEfeti
as glial cells.
15 Timm staining
At 2 months after the onset of spontaneous recurrent seizures, mossy

fiber sprouting was examined on rats in the chronic period exposed to the test
compound or DZP and in 3 saline-saline rats. Animals were deeply
anaesthetized and perfused transcardially with saline followed by 100 ml of

20 1.15% (w/v) NazS in 0.1 M phosphate buffer, and 100 ml of 4% (v/v)
formaldehyde in 0.1 M phosphate buffer. Brains were removed from skull,
post-fixed in 4% formaldehyde during 3-5 h and 40 ym sections were cut on a
sliding vibratome and mounted on gelatin-coated slides.

The following day, sections were developed in the dark in a 26°C solution

25 of 50% (w/v) arabic gum (160 ml), sodium citrate buffer (30 ml), 5.7% (w/V)
hydroquinone (80 ml) and 10% (w/v) silver nitrate (2.5 ml) during 40-45 min.
The sections were then rinsed with tap water at 40°C during at least 45 min,
rinsed rapidly with distilled water and allowed to dry. They were dehydrated in
ethanol and coverslipped.

30 Mossy fiber sprouting was evaluated according to criteria previously
described in dorsal hippocampus (Cavazos et al., 1991, J Neurosci 11:2795-
2803.), which are follows: 0 - no granules between the tips and crest of the DG;

1 - sparse granules in the supragranular region in a patchy distribution between
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30 Mossy fiber sprouting was eval uated according to criteria previously
descri bed in dorsal hippocanpus (Cavazos et al., 1991, J Neurosci 11:2795-
2803.), which are follows: 0 - no granules between the tips and crest of the
DG 1 - sparse granules in the supragranular region in a patchy
distribution between 42 the tips and crest of DG 2 - nore numerous

granul es in &ecﬁgé'é}’r@'“bsresfj'o?ftlf)bbuﬁ'-o c{?gt H‘@r%'%{&f’&?r#r?ﬂﬁle%n% (H%%h%iﬂﬂo S -
prom nent granul@S in a continuous pattérn bet wee I'pSand crest, Wih

occasi onal paisoiReion bebwedn urattipsr andl westbof BIBN3ti proraimént 'g@ahuled in a
prom nent granules that forma 5 confluent dense | am nar band between tips

and crest anePinuogsnpPpitert briween (tig @ad sl ovithyr aecasienalh patchese®fs

into the inn I ; i.s, Far [ 0, h
char act ori ot Uit atles Heleotrthe ARAEKSE % ERfarifer WTRAYES Hhalorh'
non- pai r egl  StonfRigint Yehst damindrbamebetwded tigdangopest sh Sbhedonfrient denseimber
of rats seizing in both groups was perforned by neans of a Chi square test.

For neur onal lamifRageand phgianulesaihah gxiepsdsdntorbe vrnar rgelegplar layer.per f or med

usi ng ANOVA by a Fisher's test for multiple conparisons using the
St at vi ew sof her RA, 1946a, Statistical Met hods for Research

Workers (10th ediFbofhe Ebimparisén Bittbe draradterighits 6f SEein pio-Balinel 8A8iloThe
Design of Experinents (4th edition) diver & B%é?{ Edi nbur gh) Behavi or al

and EEG char st esargpowid @nimaisi amngin-pritedi dwdenisuttesti wast iused. A The al
nunber of, Spraque-.Dawl ey rats, wei ghin 90- 330 g .wer subjected to Li-pilo
Mnduced S SBP3ERAT e wPBhin TP IRTTaE Shiciad HBPH oStsing PetiPTRd bor 1
pi | o-saline B?dneaﬁs)-dfeétcmpmedt&tpumr nélfdHal dariade a5taBisticdll Sayds ne
injection, rats devel oped diarrhea, piloerection and other signs of

chol i nergi ¢ betweginagioups wWas ipegormedfusingANQVAFollowadrhy aatishexsitestifed head

ctart od ar oURMNE Somiaaroneroing TE stRiah SafFAR{Finer 67C (e, SERRIGI 22 o
whi ch associ pleftbdaPfor Risearth NeateAN oM 'e@lti%h?l?%lﬂ/@ 8l BB?dPE&iﬁbQ@#S F4Hep

¥
rearing and TalTing progresse 0 at about -40 mn” after pilocarpine,
as prevlibusRA, de4al,i ThedDésign ok Experimaénts (4t &8ijtioBg R¥ive sk Hoyd Redinbugbk- 335. ) .
EEG patterns during SE

Behavioral and EEG characteristics of lithium-pilocarpine status epilepticus

A total number of Sprague-Dawley rats weighing 250-330 g were
subjected to Li-pilo induced SE. The behavioral characteristics of SE were
20 identical in both pilo-saline and pilo-test compound groups. Within 5 min after
pilocarpine injection, rats developed diarrhea, piloerection and other signs of
cholinergic stimulation. During the following 15-20 min, rats exhibited head
bobbing, scratching, chewing and exploratory behavior. Recurrent seizures
started around 15-20 min after pilocarpine administration. These seizures
25 which associated episodes of head and bilateral forelimb myoclonus with
rearing and falling progressed to SE at about 35-40 min after pilocarpine, as
previously described (Turski et al., 1983, Behav Brain Res 9:315-335.).
EEG patterns during SE

During the first hour of SE, in the absence of pharmacological treatment,

30 the amplitude of the EEG progressively increased while the frequency
decreased. Within 5 min after the injection of pilocarpine, the normal
background EEG activity was replaced with low voltage fast activity in the

cortex while theta rhythm (56-7 Hz) appeared in the hippocampus. By 15-20
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During the first hour of SE, in the absence of pharnmacol ogi cal treatnent,

30 the anplitude of the EEG progressively increased while the frequency
decreased. Wthin 5 min after the injection of pilocarpine, the nornal
background EEG activity was replaced with | ow voltage fast activity in the
cortex while theta rhythm (5-7 Hz) appeared in the hi ppocanpus. By 15-20 43

mn, high vo tel . e hi hyt hm
Thd i corat ed it Jfoh 3RkaBe e b AIOAGERTE teCniBRBERRRAP et Rk 11 e
the activityamd isolsted drigievollage Bpikes Waseatbriddyoipandiee hippotanfluswhilgf t er
pil ocarpine injection, aninmals develoged typical 5 electrographic seizures

with high voheagivityef theceortex gidgiat suhstaniialibeMangge  hi ppocampus and cort ex

Fol Loved by cont | Blove 0y B3’ wiGkabie 1HECIGT aBimas' 4laboRli bR, i o
until the adglesirégraphicoReRfuré¥ Rvith Higle ValtigeC ghoadtility Abresdh®lih Both thef SE,

£
t he hi ppocanpal G was characterized by periodic 10 el ectrographic
di schar ges (IMBpecampusitanshepgex)whigh tfiist pecusrenzmsabiarsish of rastivity ipsecesling oup

was ow i n" L EATRE st folBieg WiEGBRMG IS fralls oF iR E G FONES 40 ¥
still presenpolyBpike® R@ting<uAidtHdadriRBRsHcPes DZP bhehdidstaiinpdundd- At eat ed

rats while the anplitude of the EEG decreased and came back 15 to baseline
l evel s in th@bwtggdcdwmjssﬁf tresbippacampat EEGbweh eharactalized byfpergstic

By o b off seletigoBphR dptpBtoaslErE; ABOVERTeAEh . I SR At i ™
test conpoungid-1gagRilip” # SbRRdhppeRarPUS! bidi Bortd¥e CIheeAmpIfudd BfhEEG

structures, the background activity was of very |ow anplitude at that tine.
20 Mortal it ybackgmoend agti@ty Basiloy ioftikee pilosStCBBanhindiseBySE7 b loé Sde ppdengf

nortality was sim|lar i. i1 o- DZP rat 239% .5/ 22), pilo-TCl0 r 26%
5723 and pardircuds sill pr8redhin e, Bpfek anchind: AinosBinelis athel 820G
reduced in prEeokt&fletiahts WRiNAhE Binhplitu8E oY the EEE Yetredsdd23hd chhfe back
difference was statistically significant (p < 0.01). 25 EEG characteristics
of the sliento basalineataveds ¢utherdippotarmpustafnEC868 rats andeint bothestructeises
of TC60 treated rats. There was no difference between TC10, TC30, and
TC60 groups. By 9 h of SE, isolated spikes were still recorded in the
hippocampus of test compound-treated rats and occasionally in the cortex. In
both structures, the background activity was of very low amplitude at that time.
20  Mortality induced by SE
During the first 48 h after SE, the degree of mortality was similar in
pilo-DZP rats (23%, 5/22), pilo-TC10 rats (26%, 6/23), and pilo-TC30 rats

(20%, 5/25), The mortality rate was largely reduced in pilo-TC60 rats in which it

only reached 4% (1/23). The difference was statistically significant (p < 0.01).

25 EEG characteristics of the silent phase and occurrence of spontaneous recurrent

seizures
The EEG patterns during the silent period were similar in pilo-DZP and
pilo-TC10, 30 or 60 rats. At 24 and 48 h days after SE, the baseline EEG was
still characterized by the occurrence of PEDs on which large waves or spikes
30 could be superimposed. Between 1 and 8 h after injection of the test
compound or vehicle injection, there was no change in the pilo-DZP or pilo-
TC10 groups. In TC30 and TC60 rats, the frequency and amplitude of PEDs

decreased as soon as 10 min after injection and were replaced by spikes of
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The EEG patterns during the silent period were simlar in pilo-DZP and

pil o-TC10, 30 or 60 rats. At 24 and 48 h days after SE, the baseline EEG was
still characterized by the occurrence of PEDs on which |arge waves or spikes
30 could be superinposed. Between 1 and 8 h after injection of the test
compound or vehicle injection, there was no change in the pilo-DZP or pil o-

TC10 groups. diTq 0 |y uﬂgs f
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groups. After the test conpound or vehicle-injection, EEG recordi ng was not
af fect ed by frepuensy &fdarge amptidessnikesores vigheyithan el QJhelgeupsn pi | o- TC30

rats, the injecti I pdu rye fi bot h
10 hi ppocanpus an éop%ei&gn%&ﬁp Qg@drjec{arseéﬁ?lrgé@%ﬁ%vlymgF%:6?&%@%%%%% | o-
TC60 rats. Adffectetbby ahe injspticreth tige PAS-DZICHMdapib-TCIQ grodipst Ui pilo-N@3d t he

chroni c phase devel oped spontaneous recurrent seizures (SRS) with a simlar
| at ency. Thdatsath&injection induced theyogeyisense of sjowwavasoontberkES ofiboth 5.1

rars A0 Pk bimBlE Rl e HaoRaded Reuiser stoeviket B 1% bl
epi l eptic WT®e0 patsatency simlar to that of the other groups, i.e. 17.6 8.7

days (n= 7) while another group of rats becane epileptic with a nuch | onger
del ay ranging frd¥ thegatso expaserhye BéB: -TSHQ and. $C306anddefydiedn utilijheand

Gt erence. I BToRE AR, teveiheEBhbfahlals o tteastzIBF (SR, Aymigs ang
the first subgneyp THe RitbAcy WBYBMB Pl 6.9/08ys" = Ja@%td-gzlﬂ batsi pRf4 sant .

None of the saline-saline rats (n = 5) develo To cal cul ate the

frequendy ofdaysdntad@dupile-ditd eats, $89zZuPdEdagRG 5 A0) in pilo-TC30 rats. In

the group of rats subjected to TC60, a subgroup of rats became epileptic with

a latency similar to that of the other groups, i.e. 17.6+ 8.7 days (n= 7) while

another group of rats became epileptic with a much longer delay ranging from

109 to 191 days post-SE (149.8 + 36.0 days, n = 4) and one rat did not

20  become epileptic in a delay of 9 months post-SE. The difference in the latency

to SRS between pilo-DZP, pilo-TC10, pilo-TC30 and the first subgroup of pilo-

TPMB60 rats was not statistically significant. None of the saline-saline rats (n = 5)
developed SRS.

To calculate the frequency of spontaneous recurrent seizures (SRS) in

25 pilocarpine-exposed rats, the seizure severity and distinguished stage lli (clonic

seizures of facial muscles and anterior limbs) and stage V-V seizures (rearing

and falling) was measured. The frequency of stage 1ll SRS per week in pilo-

DZP and pilo-test compound rats was variable amongst the groups. It was low,

constant in the pilo-DZP and pilo-TC60 (with early SRS onset) groups during

30 the first 3 weeks and had disappeared during the 4th week in the pilo-DZP

group. The frequency of stage lll SRS was higher in the pilo-TC10 group

where it was significantly increased over pilo-DZP values during weeks 3 and

4. The frequency of more severe stage V-V SRS was highest during the first
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25 pil ocar pi ne-exposed rats, the seizure severity and di stingui shed stage
11 (clonic seizures of facial nmuscles and anterior |inbs) and stage |V-V
seizures (rearing and falling) was neasured. The frequency of stage Ill SRS
per week in pilo- DZP and pilo-test conpound rats was vari abl e anongst the
groups. It was low, constant in the pilo-DZP and pilo-TC60 (wth early SRS
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pil o-DZP r & IniRPQCa S AN EOREX t he hjlus (73% while the

granule cell | aXﬁ gl B‘ZP%tss&g-WPéHe%' H%'&Iﬂ@r%ﬁe r&@tﬁ@huﬁféﬁ%ﬁf@?ﬁmﬁfgwed

in the 20 ventral |ppocanpus counts were not pe
regi on. 15Extreassivedy cdi@m@sedam tlnlesGArlenegraiedf the hippotampus! (70R&kceltil@ssnimc| eus
(91% cel | | 0ss) vvhlJ ? nei Sj dor }\g al am ¢ nucl eus was m?re m)deratel y
damaged the pyramidal cell layer) w ile the C region was less extensively damaged

(54% cell loss in CA3a and 31% in CA3b). In the dentate gyrus, the pilo-DZP

rats experienced extensive cell loss in the hilus (73%) while the granule cell

layer did not show visible damage. Similar damage was observed in the

20 ventral hippocampus but cell counts were not performed in this region.

Extensive damage was also recorded in the lateral thalamic nucleus (91% cell

loss) while the mediodorsal thalamic nucleus was more moderately damaged

(56%). In the piriform cortex, cell loss was total in layers llI-IV which was no

longer visible and reached 53% in layer Il in pilo-DZP rats. In the dorsal

25 entorhinal cortex, layers Il and lll-IV underwent slight damage (9 and 15%,

respectively). Layer Il of the ventral entorhinal cortex was totally preserved
while layers Il1-IV underwent a 44% cell loss.

In the hippocampus of pilo-test compound animals, cell loss was

reduced compared to pilo-DZP rats in the CA1 pyramidal layer in which the cell

30 loss reached 75% in pilo-DZP and 35 and 16% in the pilo-TC30 or pilo-TC60

animals, respectively. This difference was statistically significant at the two test

compound doses. In the CAS pyramidal layer, the test compound did not

afford any protection in the CA3a area while the 60 mg/kg of the test
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(56% . In the piriformcortex, cell loss was total in layers II1-1V which

was no |onger visible and reached 53%in layer Il in pilo-DZP rats. In the
dorsal 25 entorhinal cortex, layers Il and Il1-1V underwent slight danage (9
and 15% respectively). Layer Il of the ventral entorhinal cortex was
totally preserved while layers Il11-1V underwent a 44%cell loss. In the
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respectively. In the ventral entorhinal cortex, neuroprotection was induced
by TC60 adniraissthyat4bnand H4yer gespectivglyand Inr dae hventsabserdahunald cogex,
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conpound,> cellight wossaning (08 aefltlossiim @iloddr t&xatgecorapanedawith iloHZBrets in

recorded in pil o720 SAhY 9 al DR thihaPEHSP MY ke §afiaBBP SRR Y ers 1il-
IV of the ventral entohinal cortex (35% more damage). At the other doses of
the test compound, cell loss in the entorhinal cortex was similar to the one
recorded in pilo-DZP rats.
20 Mossy fiber sprouting in hippocampus

All rats exhibiting SRS in pilo-DZP and pilo-TPM groups showed similar
intensity of Timm staining in the inner molecular layer of the dentate gyrus
(scores 2-4). Timm staining was present both on the upper and lower blades
of the dentate gyrus. The mean value of the Timm score in the upper blade

25 reached 2.8 + 0.8 in pilo-DZP rats (n = 9), 1.5 + 0.6 in pilo-TC10 rats (n = 7),
2.6 £ 1.0 in pilo-TC30 rats (n = 10), and 1.5 £ 0.7 in the whole group of pilo-
TC60 rats (n = 11). When the pilo-test compound at 60mg/kg.group was
subdivided according to the latency to SRS, the subgroup with early SRS
occurrence showed a Timm score of 1.8 £ 0.6 (n = 6) and the subgroup of rats

30  with late occurrence or absence of SRS had a Timm score of 1.2 £ 0.6 (n = 5).
The values recorded in the pilo-DZP rats were statistically significantly different
from the values in the pilo-TC10 (p = 0.032) and the pilo-TC60 subgroup with

late or no seizures (p = 0.016).
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Al'l rats exhibiting SRS in pilo-DzZP and pil o-TPM groups showed sim | ar
intensity of Timnmstaining in the inner nolecular |ayer of the dentate gyrus
(scores 2-4). Tinmstaining was present both on the upper and | ower bl ades
of the dentate gyrus. The nean value of the Tinmscore in the upper blade 25
reached 2.8 0.8 in pilo-DZP rats (n =9), 1.5 0.6 in pilo-TC1l0 rats (n =
7), 2.6 1.8 Ll Q- : n =10), and 1.5 i 0.7 in the whole group
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cortex, but only at the hi 3_hest dose the test compound, i.e. 60 ng/kg. The
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and one ani ngf 9 tHohth®bfteeseme epileptic in a delay of 9 nonths after SE.
These results show that one conpound with anti-ictal properties, which are
the cl assical propkese eesus shaw thattonepcompound itk ant-dctal peppertias, avhich abl e

to delay epil eptogenesi,s, i.e. to be ant.iepileptogeni¢., The.data of the
present 15 SHsdedmen peosilies of et anieaanTaaieled ot KAl tehe
dose used, @&y eRsiRptdJEMesRY qld. ity 1 atnlfiépﬂ’ébtbg@l'%. STRE&ddth SefHeeprent he
nunber of stage” I'V-V seizures, mainly during The first week of occurrence
and durilfg tstedyrabiow afser thadl tbé testwearppound dreatmeot) whatevehthe dose amedound
at 60ng/ kg. éercer%gggsn Ehe severity of the epilepsy since it decreases the number of stage
IV-V seizures, mainly during the first week of occurrence and during the whole
period of 4-weeks observation with the test compound at 60mg/kg. treatment.
Moreover, in the TC10 group, there is a shift to an increase in the occurrence

20 of less severe stage Il seizures that are more numerous than in the pilo-DZP

group.

EXAMPLE 2

The aim of this extended portion of the study was to pursue the study

25 reported in Example 1 above on the potential neuroprotective and
antiepileptogenic properties of the same Test Compound (TC) in the lithium-
pilocarpine (Li-Pilo) model of temporal lobe epilepsy. In the first study it was
shown that TC was able to protect areas CA1 and CA3 of the hippocampus,
piriform and ventral entorhinal cortex from neuronal damage induced by Li-Pilo

30 status epilepticus (SE). Most of these neuroprotective properties occurred at
the highest dose studied, 60 mg/kg and the treatment was able to delay the
occurrence of spontaneous seizures in 36% (4 out of 11) of the rats. In the
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Moreover, in the TClO group, there is a shift to an increase in the
occurrence 20 of |ess severe stage Ill seizures that are nore nunmerous than
in the pilo-DZP group. EXAMPLE 2 The aimof this extended portion of the
study was to pursue the study 25 reported in Exanple 1 above on the
potential neuroprotective and antiepileptogenic properties of the sane Test
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reaches 30-50% during the first da In the surviving ani mals, neuronal
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o o S RSt YLATHS B BB PO FunBERTARE R e
sei zur e- f r esvipbGsnpAIS tfbABalién, ah&eirifdin alanan éttorkinalS coftees, atiatamubi ch
all animals exhibit spontaneous recurrent convul sive seizures at the usual
frequendy ofamygdalgidmemplexskne@astexmndssubstantisigoai this acutersgigwie period
is followed by a "silent" seizure-free phase lasting for a mean duration of 14-25
days after which all animals exhibit spontaneous recurrent convulsive seizures
at the usual frequency of 2 to 5 per week (See, Turski L, lkonomidou C, Turski
WA, Bortolotto ZA, Cavalheiro EA (1989) Review: Cholinergic mechanisms and
20 epileptogenesis, The seizures induced by pilocarpine: a novel experimental
model of intractable epilepsy Synapse 3:154-171; Cavalheiro EA (1995) The
pilocarpine model of epilepsy. Ital J Neurol Sci 16:33-37; Dubé C, Boyet S,
Marescaux C, Nehlig A (2001) Relationship between neuronal loss and
interictal glucose metabolism during the chronic phase of the lithium-
25 pilocarpine model of epilepsy in the immature and adult rat. Exp Neurol
167:227-241)).
The current antiepileptic drugs (AED’s) do not prevent epileptogenesis
and are only transiently efficient on recurrent seizures.
In our previous study, we studied the potential neuroprotective and
30 antiepileptogenic effects of increasing doses of Test Compound (TC) given in
monotherapy and compared to our standard diazepam (DZP) treatment mostly
given to prevent high mortality. These data show that a 7-day treatment with

10, 30 or 60 mg/kg TC starting at 1 h after the onset of SE is able to protect
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C, Boyet S, Marescaux C, Nehlig A (2001) Relationship between neuronal |oss
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assessed in c?||fngeongcanges of TC on neuronal damage assessed in hippocampus,
parahippocampal cortices, thalamus and amygdala at 14 days after SE and on
the latency to and frequency of spontaneous epileptic seizures.
Methods
20  Animals
Adult male Sprague-Dawley rats provided by Janvier Breeding Center
(Le Genest-St-Isle, France) were housed under controlled, uncrowded
standard conditions at 20-22°C (light/dark cycle, 7.00 a.m.-7.00 p.m. lights on),
with food and water available ad libitum. All animal experimentation was
25 performed in accordance with the rules of the European Communities Council
Directive of November 24, 1986 (86/609/EEC), and the French Department of
Agriculture (License N° 67-97).
Status epilepticus induction, Test Compound (TC) treatment and occurrence of
SRS
30 All rats received lithium chloride (3 meaq/kg, i.p., Sigma, St Louis, Mo,
U.S.A)) and about 20 h later, all animals received also methylscopolamine
bromide (1 mg/kg, s.c., Sigma) that was administered to limit the peripheral

effects of the convulsant. SE was induced by injecting pilocarpine
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par ahi ppocanpal cortices, thalanus and anygdal a at 14 days after SE and on
the latency to and frequency of spontaneous epileptic seizures. Methods 20
Animal s Adult mal e Sprague-Dawl ey rats provided by Janvier Breeding Center
(Le CGenest-St-Isle, France) were housed under controlled, uncrowded
standard conditions at 20-22C (light/dark cycle, 7.00 a.m-7.00 p.m lights
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effects of DZP and the 4 doses of TC on epil eptogenesis were investigated
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15 additional weeks in our animal facilities before they were sacrificed after a total
period of 8 weeks of epilepsy. The rats that did not exhibit seizures were
sacrificed after 5 months of video recording.
Quantification of cell densities
Quantification of cell densities was performed at two times after SE: a
20 first group was studied 14 days after SE and was composed by 7 DZP, 8 TC30
, 11 TC60 , 10 TC90 , 8 TC120 and 8 control rats not subjected to SE. A
second group used for the study of the latency to SRS was sacrificed either 8
weeks after the first SRS or at 5 months when no SRS could be seen in that
delay and was composed of 14 DZP, 8 TC30, 10 TC60, 11 TC90, 9 TC120
25 rats. At the moment, neuronal counting is still in progress in the second group
of animals studied for epileptogenesis and long-term counting and the data
concerning that part of the study will not be included in the present report.
For neuronal counting, animals were deeply anesthetized with 1.8 g/kg
pentobarbital (Dolethal®, Vétoquinol, Lure, France). Brains were then removed
30 and frozen. Serial 20 um slices were cut in a cryostat, air-dried during several
days before thionine staining. Quantification of cell densities was performed
with a 10 x 10 boxes 1 cm? microscopic grid on coronal sections according to

the stereotaxic coordinates of the rat brain atlas (Paxinos G, Watson C (1986)
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15 additional weeks in our animal facilities before they were sacrificed
after a total period of 8 weeks of epilepsy. The rats that did not exhibit
seizures were sacrificed after 5 nonths of video recording. Quantification
of cell densities Quantification of cell densities was perforned at two
times after SE: a 20 first group was studied 14 days after SE and was
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boxes 1 cn? Thigprsednre wasi ubedntoonimmide theqidtential&easrs dhatdcduld rédigt from
stereotaxi c coordinates of the rat brain atlas (Paxinos Wat son C (1986)
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cerebral structure. Cell 5 counts were perforned twi ce on each side of three

adj acent seconsiderddas ghialcellsafidonetgynet counégd observer unaware of the
animal's triﬁtment The nunber of cells obtained in the 12 counted fields
in each cer alanélytsffcture was averaged. This procedure was used to

mnimze the porptidlroRal @amagBaind @pildpfodeHbsisl eafistidauBhSlySRUBEtWEN
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Results
Behavioral characteristics of lithium-pilocarpine status epilepticus
A total number of 143 Sprague-Dawley rats weighing 250-330 g were
20 subjected to lithium-pilocarpine (Li-pilo)-induced SE. In this number 10 did not
develop SE while 133 rats developed a full characteristic Li-pilo SE. The
behavioral characteristics of SE were identical in both li-pilo-DZP and li-pilo-TC
groups. Within 5 min after pilocarpine injection, rats developed diarrhea,
piloerection and other signs of cholinergic stimulation. During the following 15-
25 20 min, rats exhibited head bobbing, scratching, chewing and exploratory
behavior. Recurrent seizures started around 15-20 min after pilocarpine
administration. These seizures which associated episodes of head and bilateral
forelimb myoclonus with rearing and falling progressed to SE at about 35-40
min after pilocarpine, as previously described (Turski L, Ikonomidou C, Turski
30 WA, Bortolotto ZA, Cavalheiro EA (1989) Review: Cholinergic mechanisms and
epileptogenesis. The seizures induced by pilocarpine: a novel experimental
model of intractable epilepsy. Synapse 3:154-171; Dubé C, Boyet S,
Marescaux C, Nehlig A (2001) Relationship between neuronal loss and
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Dat a anal ysis For neuronal danmage and epil eptogenesis, statistical analysis
between 15 groups was perfornmed by neans of a one-way anal ysis of variance
foll owed by a post-hoc Dunnett or Fisher test using the Statistica
software. Results Behavioral characteristics of lithiumpilocarpine status
epi l epticus A total nunmber of 143 Sprague-Dawl ey rats wei ghing 250-330 ¢
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rats died over the first 48 In after The degree of O nortality varied
with thel r eaftereSit : In3beogravp of TexX1 ZDZBtS 4o rat3asereiddaay by)f24'm:30d two by 48
h after SE.

In the group of 55 animals devoted to the study of the latency to SRS
and late cell counting, the degree of mortality over the first 48 h after SE was
the following: 7% (1/14) of DZP rats, 27% (3/11) of TC30 rats, 0% (0/10) of

20 TC60 rats, 0% (0/11) of TC90 rats and 0% (0/9) of TC120 rats died. In the
group of DZP rats, one rat died during the first 24 h after SE. In the group of
TC30, two rats were dead by 24 h and one by 48 h after SE.

Cell densities in hippocampus and cortex in the early phase (14 days after SE)
In DZP rats compared to control rats, the number of neurons was

25 massively decreased in the CA1 region of the hippocampus (85% drop out in
the pyramidal cell layer) while the CA3 region was less extensively damaged
(40% loss) (Table 1 and Figure 1). In the dentate gyrus, DZP rats experienced
extensive neuronal loss in the hilus (65%) while the granule cell layer did not
show overt damage. The same distribution of damage was observed in the

30 ventral hippocampus but cell counts were not performed in this region.

In the thalamus, neuronal loss was moderate in the mediodorsal central
and lateral, the dorsolateral medial dorsal and in the central medial nuclei (18,

24, 40 and 34% drop out, respectively), more marked in the mediodorsal
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rats, 8% (1/12) of TC60 rats, 0% (0/10) of TC90 rats and 33% (4/12) of TCl120
rats died. In the DZP group, the 4 rats died in the first 24 In after SE. In
the group of TC30 rats, one rat died on the day of SE, one rat was dead by
24 h after SE and two rats by 48 h. In the group of TC60 rats, one rat died
at 48 h 15 after SE. In the group of TCl120 rats, two rats were dead by 24 In
and two by 4 f 88\ S I e.g | . devot udy
of the Iaten@c@%saéggb)alﬁ:%dlrﬁP L?t? ¢ F@@Sﬁ[‘?ﬁgﬁtgwﬁ g%boﬁe\é?otﬁ gn%&fsgﬁﬁ?@aﬁ over
the first 48nddle@s (90%yETadte 1t Aed fRIGlRNAOIN THY aidybéhlafnddbnabioss wWa§o
(3/11) of TC30 rats, 0% (0/10) of 20 TC60 rats, 0% (0/11) of TC90 rats and
0% (0/9) of mederatedndhgimgdial venkal pgsteripr suclems (38%), aBddnees marked diir i ng

the first 24,1n - g r 0 : t. r b d. hy 24 h
and one by 4@ehbgg{’@!eréﬁ.a“&|”ﬁ&ﬁ%ﬁ9|8ﬁ0"és5’i‘tﬁﬁé?gb’&eéw&%ﬁ’d@({? (1B 2
early phase febpedimply)aMhere SRas nb mddébhdladdmagematies! ceatraPAticiels (Thable 1 he
nunber of neurons was 25 nmassively decreased in the CAl region of the

hi ppocanpus a®&Higwes)out in the pyram dal cell layer) while the CA3 region
was | ess extensively damaged (40% 1 oss) (Table 1 and Fi qure ). In tohe
dentate gyrus, DPPtheapEifesp&oriencagurenal dess wasnamaesiaotaldaslayer H1héd4i) us
(65% while {HendlABUE 66dd: IAG"viEibib Bl iRl OBE dnd'BE905n dheaiSEiE

i stribution of danage was® observed i n the venira i'ppocanpus but  cel |

counts were vritralédyerrnedspectivblysin P eats dompdreditd @oatrobsaliredireated rafsss was
noderate in the nedi odorsal central and lateral, the dorsol ateral nedial

dorsal aHY it theedarsak entprhiaal cartexdavers {11and lIblY undenyent shghiapage(18

respectively b i . i r n 499 por in
t he ventral 1)3'3? @aﬁ’e @b?gﬁoﬂﬁoéﬁfﬁﬁghﬁgﬂlaz@&gﬁa%dnml:\égian%@%{/%eﬁ%g@1 and
Figure 2). |andtraoame tﬁelmlbw&lbellménw«igu erate in the nedial

ventral posterior nuclqus (38% and nore mar kedrgimr? t he basol ateral and

medi al dorsal anterior nuclei (73 and 53% drop out, 5 respectively). There
was no neuronal danmage in the central nucleus (Table 1 and Figure 3). In
the piriformcortex, neuronal |oss was alnost total in layer 111 (94%

whi ch wags no | onger really visible and reached 66 and 89%in dorsal and

20

25

30
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ventral layer 11, respectively in DZP rats conpared to contro

saline-treated rats. 10 In the dorsal entorhinal cortex, layers Il and
[11-1V underwent slight danage (18 and 24% respectively) and in ventral
| ayers Il and I'11/1V, damage reached 22 and 74% respectively (Table 1

bel ow and Figure 4). 15 20 25 30 54 Table 1: Effects of increasing doses
of Test Conpound (TC) on the nunber of 5 neuronal cell bodies in the

hi ppocanpus, thal anus, anygdala and cerebral cortex of rats subjected to
li-pilo SE. 55 Control pilo-DzZP pilo-TC30 pilo-TC60 pilo-TCI0 pil o- TC120
(n=10) (n=7) (n=8) (n=11) (n=10) (n=8) Hi ppocanpus 74.8 10.9 39.3 31.9t
*0 65.5t CAl area 1.5 1.9'* 4.4"" 4.4** 47.7 6.6 2.90 CA3 52. 1 31.3

33,0 37,8 (215 EfRc b ipfleiRitudodes’sf Tést Comboling (26) pnths hywmbekdl, 2o
Medi odor §al n%@ir&alj&ll%oéésﬁn the. ﬂup 38aﬁ’|phs fﬁéia usO -aPnylgdiid a?w&ﬁére%{ﬁ**
23.1 2.8 00 Medi odorsal 31 g t O. 6'5€ 24,71 t 1** 27, .

20.9t 1.7 coaaxparatg.sszjgcmedtmlo&ﬁsal 25.9 19.6 't 20.5 18.9 t 22 1 2%
24.4 t lateral 0.6 0.8** 0.7** 0.6** 1.1 Dorsolateral, 102.2 61 64.2
77.5 79.4 89.8t nedial, dorsal 2.5 6,3** 9.3 tp0 3 9** 3.1**00 3 7*
Dorsol ateral, 97.8 9.7 8.8 2.8** 56.7 71.8 79.0
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ventral lateral 1.7 2.5** t 8.7** 5.300* 4.70 113.1 74.2 108.2 Centr al
nedial 59 7 4 75.6 7.7 83.7 9.6* 88.2 8.5 6.60 Anygdal a Basol at eral
46.7 12.8 27.3 27.8 40.7 1.6 42.7 1.2 5.3" 4.9*" 4,8** t 1.30- Medial,
dorsal 84.3 40.0 46.8 58.4 72.2 80.2t anterior 3.8 2.5 * 5 0** 2, 8**
5.7 2.600 Medial, ventral 35.1 21.8 22.3 26.2t 00 34.7 posterior 1.7
2.4" 1.8* 2 90o** 30.7 3 7t 1 7 I‘prphral rnrrpx Pi iform ayer
12.6 15.7] 27.5 t 35. [%D ? fo** 8** é 100
Piriform layer 33.0 %‘tgwm ?_ ;P j‘? 'H}EPSP op@ 7?:[%}0 Oglx *
4.2%* 18.4| 4.0 1 3 Pu‘PHrm’]%&/er {58) { 9
3.0 15 2.200 1107 2 —Entorhimat—1 dyel 235234 9109 27.3
t 11, dorgdlipPegampus 0. 7** 0{6** 0.5%** 26.3 O. 5 Ent or hi naI , I | ayer 26. 8
21.7 22.7[10.9 2373 s & 169 29 Bg30- 04 [dgvemptal _0. 7 1135 g1"
Ent or hi nal ,| 9Mdyp&a2 29. 2| 4 22. 3 2903 23.42¢ 0.(84 f~26.4 t‘77|t|6|6/"1 ggorsal 0.9
0.5** 0.5*7 0. 8" 2Z6. 7| 504 70; | EN§OT Ri[Ag, T ayes1 &8- /= 1372 39,3() 54 23.7
t 1.5 24.5|[CA3@93 | v, ventral [2g% 2. 39%g-l. 9" *| R42** 1 @H?r? <1Q.96, ** p<
0.01, stati ﬁll calTy silgggd 1 cang3di fiengnce Refyeen pt nd [@aRt T ol
li-saline nal'® p < 0,95, 00|pe~0.01323tatistigally ?-éﬁ?f:’ﬂcar .o f f erlences
bet ween pi Ivg, 1C and pilo-DZP rats Infthe hippocampus ¢f TC-treated aninals,
cell 1oss Wd9¥8MERi i clant !y
Mediodorsal 319 +[164 1 |115 £}19.1 t 231 2.8° 28.6 t
medial 0.9 1.9** 2.5 2.6™* ' ' 0.8°°
Mediodorsal 319 +£1263 = " s o
central 19 1 8% 269+06* | 2411 27415 299+17
Mediodorsal 259 +£(196 | 205 +|18.9 t 09 4+ 1 2% 24 .4 t
lateral 0.6 0.8* 0.7 0.6™* ' 1.1°°
Dorsolateral, 1022 |61 t|64.2 x| 775 1794 +|89.8 t
medial, dorsal 25 6.3 9.3%*e° 3.9%*°° 3.1 °° 3.7*°
Dorsolateral, 978 +|97 t|gg+28™ 56.7 +|71.8 +]79.0 *
ventral lateral 1.7 2.5" T 8.7 5.3°°* 47°°
. 1131 (742 ¢ " ,, 108.2 +
Central medial 59 7 4% 75677 | 837+9.6%|882+85 6.6°
Amygdala
467 +(128 +|273 1278 t 0o | 42.7 4
Basolateral 19 5 3w+ 4. 9% 4 3o 40716 1 300
Medial, dorsal [ 843 +|400 +|46.8 t | 584 t oo | 80.2 *
anterior 3.8 25 |50 2 gre 1225577 | 5 goo
Medial, ventral | 351 +|218 +£]|223 t (262 t oo | 347 *
posterior 17 2 4% 1.8 2 9% 3072377 | 4 00
Cerebral
cortex
Piriform, layer [ 366 +|126 £ |157 1275 T a04411° 35.2 +
ll, dorsal 0.8 4.2* 2.9* 2.8**°° ' ) 1.1°°
Piriform, layer | 33.0 | 3.6 + w | 13.7 + oo | 305 t
Il ventral 0.8 o.7v | 72387 | 40w 18.4£4.0° | 4 300
m”fmm' layer 897'2 f102. T18s18" [64223% |0£30° | 152227
Entorhinal, layer 235 1234 +1]239 t o | 27.3 +
Il, dorsal 29206 570 |06 0.5™ 263£0.9" | gee
Entorhinal, layer | 26.8 +|21.7 23.3 + o
Il. ventral 07 4 3w 22.7+09 0.8% 254+11 251+06
Entorhinal, layer | 29.2 + 223 +]223 232 t 26.7 + 0.8% 26.4 +
1/1V, dorsal 0.9 0.5** 0.5** 0.8* e 0.7°°
Entorhinal, layer | 28.7 £ | 7.7 1132 +|16.5 * 23.7 + 1.5°° 245 +
H/1V, ventral 1.7 2.3* 1.9** 2.2™ ) ) 1.4°°

*p < 0.05, ** p< 0.01, statistically significant difference between pilo-TC and control li-saline rats
°p <0.05, °° p< 0.01, statistically significant differences between pilo-TC and pilo-DZP rats

In the hippocampus of TC-treated animals, cell loss was significantly

reduced compared to DZP rats in CA1 pyramidal cell layer. This reduction was
marked in TC30 , 60 or 90 rats (36-47% cell loss) and prominent in the TC120
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5 reduced conpared to DZP rats in CAL pyram dal cell layer. This reduction
was marked in TC30 , 60 or 90 rats (36-47%cell loss) and prom nent in the
TC120 56 group (12%cell loss). The differences were statistically
significant at all TC doses (Table 1 and Figure 1). In the CA3 pyram dal

| ayer, there was a tendency to a slight neuroprotection induced by Test
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t he hi ghest dose of TC, 120 C}J neuronal density reached 78-96% of
control | evdlam coptal anmﬂﬁlfs,, ¢ dpthesdorsolateral medial dorsal nucleus (Table 1

and Figure 2). In the amygdala, TC was significantly protective at the 30 mg/kg
dose in the basolateral nucleus and at the 60 mg dose, also in the medial
dorsal anterior nucleus. At the highest dose, TC was largely neuroprotective;
20 the number of neurons was no longer significantly different from the control
level and reached 86-99% of the control level in all amygdala nuclei (Table 1

and Figure 3).

In the cerebral cortex, the treatment with TC did not significantly protect

any cortical area compared to the DZP treatment at the dose of 30 mg/kg. At

25 60 mg/kg, TC significantly reduced neuronal loss only in layer Il of the dorsal
piriform cortex (25% drop out compared to 66% in the DZP group). At 90 and

120 mg/kg, TC significantly protected all three areas of the piriform cortex
compared to the DZP treatment and at the highest dose of TC, 120 mg/kg,
neuronal density reached 78-96% of control levels, even in piriform cortex,

30 dorsal layer Il and layer |l where the neuronal population was almost totally
depleted in the DZP group. In all layers of the dorsal and ventral entorhinal
cortex, the two lowest doses of TC, 30 and 60 mg/kg did not afford any
neuroprotection. The 90-mg/kg dose of TC significantly protected layers Il and
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30 dorsal layer Il and layer 111 where the neuronal popul ati on was al nost
totally depleted in the DZP group. In all layers of the dorsal and ventral
entorhinal cortex, the two | owest doses of TC, 30 and 60 ng/kg did not
afford any neuroprotection. The 90-ny/ kg dose of TC significantly protected
layers Il and 57 II11/1V of the ventral entorhinal cortex (4 and 17% damage
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e
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pilo- TC8O 1% I%peonrcty toat%%nﬁ%t gpoZt)anlé%ug se?zu?g(i“at( ag)smllar to that recorded in

the DZP and TC groups but the number of rats exhibiting this short latency

15 values progressively decreased with the increase in TC concentration. Thus at
30 mg/kg, 70% of the rats (7/10) had short latencies to seizures while at 90 and
120 mg/kg, this percentage reached 36% (4/11) and 11% (1/9), respectively
(Table 2 below and Figure 5).
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In the TC60, 90 and 120 groups, the mean value of the rats with long

latencies was similar and ranged from 52 to 85 days. Finally, at the two highest

doses of TC, we were able to identify a percentage of rats that did not develop

any seizure over a duration of 150 days post-SE. The percentage of non-

10

epileptic rats reached 45% at both doses of TC.

The frequency of spontaneous seizures was similar over the four weeks

of recording. It showed a tendency to be higher in the DZP and TC30 groups

while it was lower in the TC60, 90 and 120 groups (Figure 6). These

differences did not reach statistical significance at the level of each individual

15

seizures over the four weeks.
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correlation coefficient of - 0.4 (Figure 8). 10 To finalize this analysis,
two nore neasurenents wll be perfornmed. The first one is cell counting on
the animals that were video recorded and followed for 2 nonths after the
first spontaneous seizure or sacrificed at 5 nonths to study the potenti al
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from controls at. the dose of 120 ng/kg TC. Fromthese data, the e enely
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months will remain seizure free.

The results of the present study show that a treatment with TC starting

at 1 h after the onset of Li-pilo-induced SE has neuroprotective properties in

20 the CA1 pyramidal cell layer of the hippocampus, and in all layers of the ventral

and dorsal piriform and entorhinal cortex. TC protects also thalamus and

amygdala nuclei. However, TC is not protective at the dose of 30 mg/kg,

except in CA1, one thalamic and one amygdala nucleus. At the dose of 60

mg/kg, layer Il of the dorsal piriform cortex and a second amygdala nucleus are

25 also protected. At 90 and 120 mg/kg, the drug protects most cerebral regions

studied, except hippocampal CA3 and the hilus of the dentate gyrus. The latter

two structures plus the dorsolateral ventral dorsal thalamic nucleus are the only

regions where the number of neurons remains significantly different from

controls at the dose of 120 mg/kg TC. From these data, the extremely powerful

30 neuroprotection properties of TC appear clearly. The molecule seems to

prevent neuronal death in most regions belonging to the circuit of limbic

epilepsy induced by Li-pilo, i.e., the hippocampus, thalamus, amygdala and

parahippocampal cortices. These are all the regions in which we have detected
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Marescaux C, Nehlig A, Fritschy JM (2001) Alterations of the hippocanpal
GABAergi ¢ system contri bute to the devel opnent of spontaneous recurrent
seizures in the lithiumpilocarpine nodel of tenporal |obe epilepsy. 10
Hi ppocanpus 11:452-468.; Roch C, Leroy C, Nehlig A Namer 1J (2002a)

Contri bution of magnetic resonance inmaging to the study of the lithium
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Anot her  sulggraitutidhOd¥ t Aiaignkfic Stes®nbaRcé iﬁﬂigﬁﬁopﬁ{e Htadp) ofd ey IARIRFh-

epil epsy after a 30 4-6 tifres | onger |atency ile at the two highest doses
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e have' not SBURR: BRAUBUPARRIL BUBHIoNE: (AuEhE. MaresCaix C, Nehig A 12088
A metabolic and neuropathological approach to the understanding of plastic
changes occurring in the immature and adult rat brain during lithium-pilocarpine
induced epileptogenesis. Epilepsia 41(Suppl 6):S36-S43)

20 Obviously, the present data demonstrate that epileptogenesis can be
prevented even though damage remains quite marked in this area. Long-term
cell counting on the group of animals that has been video recorded will be able
to show whether or not the extent of damage in this region is critical for

epileptogenesis in this model.

25 The treatment did not affect the latency to the first spontaneous seizure at
the dose of 30 mg/kg. At the 3 higher doses, a percentage of animals
developed epilepsy as fast as the DZP or TC30 rats but the relative importance
of this subgroup was inversely related to the dose of TC used. Another
subgroup, constant in size (2-4 animals per group) developed epilepsy after a

30 4-6 times longer latency while at the two highest doses of the drug, 4-5 rats
had not become epileptic after 5 months, i.e. about 10 times the duration of the
short latency and 2-3 times that of the long latency. This delay in the

occurrence of epilepsy might correlate with the number of neurons protected in
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5 animal s used for the study of epileptogenesis and therefore, no concl usion
can be drawn on a potential relation between the nunber of neurons
surviving in basal cortices and the rate or even occurrence of
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nodel . Epilepsia, 43:1129-1136. 25 ferences for anple 2 Andre V,
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Nehlig A (2003) Long-term pregabalin treatnment protects_ basal cqrtices and
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15 demonstrated by our group in the lithium-pilocarpine model (André V, Rigoulot
MA, Koning E, Ferrandon A, Nehlig A (2003) Long-term pregabalin treatment
protects basal cortices and delays the occurrence of spontaneous seizures in
the lithium-pilocarpine model in the rat. Epilepsia 44:893-903; Roch C, Leroy C,
Nehlig A, Namer IJ (2002a) Contribution of magnetic resonance imaging to the
20 study of the lithium-pilocarpine model of temporal lobe epilepsy in adult rats.
Epilepsia 43:325-335; Roch C, Leroy C, Nehlig A, Namer |J (2002b) Predictive
value of cortical injury for the development of temporal lobe epilepsy in P21-
day-old rats: a MRI approach using the lithium-pilocarpine model. Epilepsia
43:1129-1136.

25 References for Example 2

André V, Marescaux C, Nehlig A, Fritschy JM (2001) Alterations of the

hippocampal GABAergic system contribute to the development of spontaneous

recurrent seizures in the lithium-pilocarpine model of temporal lobe epilepsy.
Hippocampus 11:452-468.

30 = André V, Rigoulot MA, Koning E, Ferrandon A, Nehlig A (2003) Long-term
pregabalin treatment protects basal cortices and delays the occurrence of
spontaneous seizures in the lithium-pilocarpine model in the rat. Epilepsia
44:893-903.
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Dube C, Marescaux C, Nehlig A (2000) A netabolic and neuropat hol ogi cal
approach to the understanding of plastic changes occurring in the i nmature

5 and adult rat brain during lithiumpilocarpine induced epil eptogenesis.

Epi | epsia 41(Suppl 6):S36-5S43. N Dube C, Boyet S, Marescaux C, Nehlig A
(2001) Rel ationship between neuronal |oss and interictal glucose netabolism
during the ghr I ER) | [goll : | . Qf I
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t he devepopmendndfaduinmat dralroliuripg |I|t31®l$m |Ia)cE’ nélairdakddr apiteptogenéddis.
approach using the lithiumnpil ocaré)l ne nodel. Epilepsia 43:1129-1136. ~

Turski L, | korfopiepsia €1(SURPIR):SBR-S4dbrt ol otto ZA, Caval heiro EA (1989) 20
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a cytotoxic environnmental chall enge that results in cell death in cultured
cell lines as el lithism-pitlogarpimgrmodel ofsepilepsyin the immedure ard agutigat. Expl udi ng

nerve c NeD@ r heochronocytoma (PC) 12 cells have been w dely
enpl oyeﬁbas an Wovt‘bﬁgzﬁe%ﬁﬁnal cell nodel for a wde variety 30 of

neur odegenemat pandd & Wb{sdﬁe@t(h‘%@)' 'ﬁﬁ@Ra‘i"B?thQﬁFrSie(éwéklé|Cod?8|n%les 2nd
M tochondrial free cal'ciumlevels (Rhod-2 fluorescence) and ultrastructural

63 al terationsed. rAcraﬂaminaregs d5dn Brega.i ated PC12 cells during
Dorm 1 zaki . "t RN CpEBiarsC (NaHIS Anigg & dAbozal %%sn%‘ﬁ%?%wi%m e
mechani sms f ol JeawhB8cs 1RE§inG b 1tREStudy of the lithium-pilocarpine model of temporal
15 lobe epilepsy in adult rats. Epilepsia 43:325-335.
* Roch C, Leroy C, Nehlig A, Namer IJ (2002b) Predictive value of cortical
injury for the development of temporal lobe epilepsy in P21-day-old rats: a
MRI approach using the lithium-pilocarpine model. Epilepsia 43:1129-1136.
*«  Turski L, Ikonomidou C, Turski WA, Bortolotto ZA, Cavalheiro EA (1989)
20 Review: Cholinergic mechanisms and epileptogenesis. The seizures
induced by pilocarpine: a novel experimental model of intractable epilepsy.
Synapse 3:154-171.

Example 3

25 PC12 Cell Serum Withdrawal Model

Serum withdrawal is a cytotoxic environmental challenge that results in
cell death in cultured cell lines as well as in primary cells of various tissue
origins, including nerve cells. In particular, pheochromocytoma (PC) 12 celis
have been widely employed as an in vitro neuronal cell model for a wide variety

30 of neurodegenerative and cell death related disorders (Muriel, et al,

Mitochondrial free calcium levels (Rhod-2 fluorescence) and ultrastructural
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of serumw thdrawal, J. Neurochem, 2000, 74(3), 960-969; Carlile, et al, 5
Reduced apoptosis after nerve growh factor and serum w t hdrawal : conversi on
of tetraneric glyceral dehyde- 3- phosphat e dehydrogenase to a di ner, Mol

Phar macol ., 2000, 57(1), 2-12). PCl2 cells were cultured in sterile nedia
(RPM 1640) supplenented with 10% heat-inactivated horse serumand 5% fetal

bovi ne ser “:}Hn&eﬁ@ns iAMfe bﬁtﬁ %iﬁ‘%ghﬁ'é{ba'ﬁ&%gf% Igidlﬁ%gfg%a?ﬁibéjd%péﬂdent
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passed in | og phase near confluence. The control cells were cultured in
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only appki eRédudedeapasptbsis @ifee natve Gowth Ifmtopéné@étumwtméﬁwlcon{f@rrsudnhe 7
day assay, an enantioner of Formula 7or Fornmula 8 (10. nmu.M was applied to

the cells atoft teframenic @lycgraldenydeddphasphateydehydsegenesentot acdigagr diolvhen

i tnar vl G G0 EcPhe 2090 ST oy B BRNE R et dforlé ¥,

addi tional gqR@MI q>6m) Shippiefriatéd with 169 'ﬁiléb{iln%ctl%ki Rose ¥&rum \emd 5%
determ ned by the 3-(4, 5-dinethylthiazol-2-yl)-5-(3-carboxy- -

met hoxyphenyeyal bqving Lserophe(iB9)- e @ultere Medium ralso seantainepisPeainilliy- at 2

\%re Wagﬁed t?eéﬁogﬁrg@%%tm@g{ﬂaaﬁat'b'oﬁﬁ bgg rﬁﬁr’]’[%hOf he ex er aﬁnt ceI 's

humi di fied 3éspednesy). ﬂed’ihhhmé% SkharigeauBaéRr ot éa)5 é?fd tH’é tc%'llst\bére

i ncubation period, the cells were | me |ately anal yzed usi ng a Soft max
program (Nblpmsednn oeyploase neam®rdbieagei s a calorinetric method for
determ ning the nunber of viabl e cel l s in a given 30 experinental setting.

The assay is bas on th r.sion of th tetrazoliumesalt, MIS,
Mnto a formzan (i Souraalis werd ciRTERas capar ahcida oAy, LeR
directly at M’?@nﬁmlbrﬁeﬁ’%ﬂl’%rh@é%%r F'o?rh@l% g 1o ﬁhﬁ%hﬁé@%l&éd vl 4 fh%Ct Iy
proportional to the nunber of living cells in culturé. The arbitrary
absor bariée rmeediunyand tbentapplheddbltbeuczellexﬁoeﬁma day a9sy, aur enantiomert ef
Formula 7 or Formula 8 (10 .mu.M) was only applied to the cells once at the
time of serum withdrawal. For the 7 day assay, an enantiomer of Formula 7or
Formula 8 (10. mu.M) was applied to the cells at the time of serum withdrawal
and every 48 hr thereafter when cells were changed with fresh new serum-free
20  medium. In the serum withdrawal group, the cells were cultured in serum-free
medium with no additional enantiomer of Formula 7 or Formula 8. Cell survival
was determined by the 3-(4, 5-dimethylthiazol-2-yl)-5-(3-carboxy- -
methoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium inner salt (MTS) assay at 2 or

7 days after serum withdrawal.

25 At the end of the experiment, cells were washed with fresh medium and
incubated with MTS solution in a humidified 37.degree. C. with 5% CO2
incubator for 1.5 hr. After the incubation period, the cells were immediately
analyzed using a Softmax program (Molecular Devices). MTS assay is a
calorimetric method for determining the number of viable cells in a given

30 experimental setting. The assay is based on the cellular conversion of the
tetrazolium salt, MTS, into a formazan that is soluble in tissue culture medium

and measured directly at 490 nm in 96-well assay plates. The absorbance is

64



Table 3 |lists data denonstrating the effect on cell survival rate of the
orally adm ni stered enantioner of Fornula 7 and Fornula 8 in the PCl2 cell

5 serum wi t hdrawal nodel. TABLE 3 (% CELL SURVI VAL RATE) 2 Day 7 Day
Survival Rate Survival Rate /a Control 100 100 Serumfree 49.6 2.6 23.8
2.6 Formula 7 69.4 1.7 79.9 4.0 Forrrula8664t54852 0.6 Exanple

4 10 The Tr sghe t f la 7
(test conpogirqg?msgﬁéﬁ@é ! égt@ ﬁhﬁ'ﬂ?‘g owgiﬁ [ en ce?‘ﬂ{l) ﬁ?ghgﬁﬁg 1 ddl e
cerebral arabsyrbanckusading(iMcdbiror cdlisriv@xpresced aiem%bﬂdeall iggasawa H. and

Kogure K., Stroke, 1989 20 1037 and, Zea LongaE Weinstein P. R,

Carl son S and Cunmm ns ke, 1989, 20, 15 using male Wstar rats
at 10 and 100 mg/Tl@QIQI3 l\'ﬁt§ d%?(mor(%fa}'@& tIhﬁl %féeCtn%ﬂ‘ &gllesurvingl raigoft the

useq &5 4 poliD; SUTRUREIR ChafieloF PR 2 PR A R BTGP

al | ocat eg t gefum withdrawal mwger,i nental groups and were anesthetized. Bl ood
flow fromthe internal carotid artery, anterior 20 cerebral artery and

posterior cerebral arter into the mddle cerebral artery was bl ocked by
this proced&@i@ﬁiﬂ%ﬁ% animals were treated over a 1 hour
period with vehicle (adm ni stered I.v. over the one hour peri od), control
(adm ni stered as a sfngte 1. p. dose = sta t one—tour peri od)

0% Fofiite 7 n. s¢§¥

and two doses of thel enanti oner El . over the one
25 hour period). Two| hours after W?ége R@ aﬁ%rforrred. The
aninmal s were sacrifilced and 20 hIFk corona ( lrtlnnq of each brain 65

were prepared. One inCentoly forty sect1%s (i.e. everlP0800 nM fromthe
front to the occipi@erunofteex was ud@d +@ Guanti f 3B8he2étent of the

cerebral |esion. Formula 7 69.4+1.7 79.9 + 4.0°
Formula 8 66.4+54 85.2 + 0.6°
Example 4

10  The Transient Cerebral Ischemia Rat Model

The enantiomer of Formula 7 (test compound) was investigated in the

transient cerebral ischemia middle cerebral artery occlusion (MCAO) rat model

(as described in Nagasawa H. and Kogure K., Stroke, 1989, 20, 1037; and,

Zea Longa E., Weinstein P. R., Carlson S. and Cummins R., Stroke, 1989, 20,

15 84) using male Wistar rats at 10 and 100 mg/kg (i.v.). MK 801 (Dizocilpine
maleate; CAS Registry number 77086-22-7, a commercially available
neuroprotectant compound) was used as a positive control (3 mg/kg, i.p.).
Rats (n=12) were randomly allocated to one of four experimental groups

and were anesthetized. Blood flow from the internal carotid artery, anterior

20 cerebral artery and posterior cerebral artery into the middle cerebral artery was
blocked by this procedure. One hour after blockage, animals were treated over

a 1 hour period with vehicle (administered i.v. over the one hour period),
control (administered as a single i.p. dose at the start of the one hour period)

and two doses of the enantiomer of Formula 7 (administered i.v. over the one

25 hour period). Two hours after blockage, reperfusion was performed.

The animals were sacrificed and 20 mm-thick coronal sections of each brain
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Slides were prepared using sections stained (according to the N ssl
procedure) wth cresyl violet and were exam ned under a light m croscope. 5
Regi onal ischem c surface areas in the coronal sections of individual rats
were determ ned according to the presence of cells w th norphol ogi cal
changes. The areas of neuronal injury or inf arction were neasured and then

Schen o surtae Brafad: Ot FUstyrotiP s FioRsdCy oV 0. A AR iRl 7.8

i schem ¢ sur
nmean vol um%hé .otcipitalF-cirtexf was egsdd wqmlntlfyatr@réxxerﬂscsﬂ e Getébratl ssidur

experi ment alsrlllgrou ps were conpared using one-way ANOVA (one way ANOVA is a
stati sti cal ehwrmrem@gmm%egtms ﬁtamdma@aomtcgtlmw@)s pragiedei®dd by
Dunnett's t-

par { npower , "0 apiseL VIlet T 8nd AR eRuindd”, Bkl 8", gl oHCRRENEL e o

consi dergd st at I Régmhl bSchémsUM@élbremeiﬁ th@eoron&llseetioms ofindividud eatear ed
to vehicle group (1lp< 0.01; 0%1 TABLE 4 Mean Infarct Vol ume (mmi')
&l

Treat ment NWSre. getegminad aszqomiﬂgnior praggingge ofetells avith onatphedeaical27s. 5
27.1 79. 4

5.32 28.71 %BS%?% ﬁhﬁé?%% Q%fgpélﬁ@ é”ﬂg/? %‘f%gc@ﬁ ‘g’e? %‘ﬁ?%’%‘%?r‘f&‘e% t

For mul a7@ 0@daa4qkyhé ZoPexSand Striat@d. volurhe wéret calbul8ie BfordackOanidtal (ffal
EXAMPLE 5 The Test Conpound (TC) referred to in the exanple belowis the

ischemic surface area.times.0.8 mm (thickness)).

10 MCAO Model Analysis

The mean volumes (.+-.S.E.M.) for each animal randomly assigned to
the four experimental groups were compared using one-way ANOVA (one way
ANOVA is a statistical method which compares 3 or more unmatched groups)
followed by Dunnett's t-test (both methods in Statview

15 512+software, BarinPower, Calabasas, Calif., USA).

incorporated

As shown in Table 4 below, results were considered statistically

significant when the p value was < 0.05 compared to vehicle group ('p< 0.01;

2p< 0.05).
TABLE 4
Mean Infarct Volume (mm®)
Treatment N +S.E.M.
Cortex Striatum Total
Volume
Vehicle, 10 mL/kg 12 2755+ 271 |79.4+3.6 | 35491299
MK 801 @ 3 mg/kg 12 958+ 24.5" | 56.1 +1151.9 t
5.3° 28.7"
Formula 7@ 10 mg/kg 12 201.0+239 |759+26 |276.9+254
Formula7@100 mg/kg 12 98.8+29.5" |63.0 t1161.9 t
5.9 34.3"
20
25
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conpound of Forrmula 7 and the sane conpound as in the other exanples 1 and
2 above. 5 The purpose of this study was to assess the pharmacokinetics (PK)
of Test Compound (TC) follow ng single and repeated oral admi nistration in
healthy adult nmen at clinically relevant doses METHODS: Two single-center,

pl acebo-control | ed, doubl e-blind, ascending-dose 10 studies were conducted

i n heal t hy %ﬁgﬁgg < 45 yrs. In study 1 (N=70), subjects were randomy
assigned to se of Test Conpound (TC) or placebo. Escal ated doses
ver e recei ved as Tha0red ¥omfilina () el 1d FPfle ot WS R par ameters

were estimated from plasma | he sanp co ect eé up to days post

dose. Study caw(dwaa)ofmmm échrtmtael-'éiénmé compeahdcbshﬁ the otise radxahgsies Gonpound
(TO in 4 dose roups (100, 250, 500, or 750 ng). Wthin each group, 12
subj ects wePBd&aPQ¥fed to gl2h treat mant with drug or placebo for 1 wk and

were crossed ove | -

esti mat eg from prré‘%n%‘?’r?ge 104 tﬂg’y%tga l'es Bdrig%%%% ﬁ%g&@ﬁ%ﬁ‘é@“@o Si ngl e
dose: Test %@C@ﬁlﬂpbiﬂd W@) fellowihy sihgler brd fepelated rgabragiministration in

adm ni stration. Cmax and ., increased in proportlon to dose over the

range of meaﬂlmédﬁﬁm%ahclt%@!'wsl@géat @9%8H 1.3-2.7 h. Mean t112 (11.5 -
Eﬁ_@&? 3.67 L/h), and Vd/F (52.1- 66 3 L/ h) values were simlar
for aII 7 0Se groups. 25 Repeated doses: Plasma concentrations of Test

Conpound (TC) r gaahesingleasshiterst plageBbicontratidd, dwbaeabmmadla@b@ﬁldmgrunsets
singl e-dose half-life. Mean tmax occurred 1.3-1.8 h after dosing, The mean

tin (1110- 13hglies waig canductgd3imbesltng memp18anks4atyrst dngiudyt At(N=18).e

Tand i o adplet® Weee BT ESaRd RS SR s® 8 TReP Bt T on
to the dosep|aebexiFRehriled ddeEE Wae rRcaiedr & 400e2502400, 7ot 1600pe2sa ( TO)
accunul atlon Cmax and AUCo. 12 were about two-fold hi gher on day 7 vs. day 1

(P<0.001). Redn!a00RMgst Penasemeterswere estimated drqm@jasiea @ndsuins sampless7
collected up to 3 days post dose. Study 2 (N=53) evaluated the PK of repeated

15 doses of Test Compound (TC) in 4 dose groups (100, 250, 500, or 750 mg).
Within each group, 12 subjects were assigned to q12h treatment with drug or
placebo for 1 wk and were crossed over after a 14-day washout period. PK
parameters were estimated from plasma and urine samples on days 1 and 7.
RESULTS:

20 Single dose: Test Compound (TC) was rapidly absorbed following oral
administration. Cmax and AUCy. increased in proportion to dose over the range
of 100-1500 mg. Mean tnax ranged from 1.3-2.7 h. Mean ty2 (11.5 - 13.9 h),
CL/F (2.87-3.67 L/h), and Vd/F (52.1-66.3 L/h) values were similar for all 7
dose groups.

25 Repeated doses. Plasma concentrations of Test Compound (TC)
reached steady state after 3-4 days as predicted from its single-dose half-life.
Mean tmax occurred 1.3-1.8 h after dosing. The mean t;, (11.9-12.8 h) and
CL/F (3.40-3.78 L/h) values at steady state were comparable to the PK
parameters following single-dose administration on day 1 and in study 1.

30 Steady-state Cmaxand AUC,.12 increased in proportion to the dose.

As expected, there was a moderate degree of Test Compound (TC)
accumulation; Cmax and AUC.12 were about two-fold higher on day 7 vs. day 1
(P<0.001). Mean CLg estimates for Test Compound (TC) were <56% of the
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mean oral cl earance, suggesting non-renal clearance as the primry

mechani sm for Test Conpound (TC) elimnation. CONCLUSI ONS: Test Conpound
(TC) exhibited linear PK after single (100-1500ng) and 5 repeated (100-750
ng bid) doses. It was rapidly absorbed and had a nean elimnation half life
of 11.5-13.9 h, allow ng bid dosing. Follow ng ngh adm ni stration, Test
Conmpound (T C I e y renal
pat hvvay 109I§e erg@e?{aﬁ?ﬁe‘ ﬁ?}ggje er \é\@ggﬂé?ﬁ %rragi%% ;ﬁs:dtlh%cﬁ Qgt

her ei n by r efeshanism ifor TéstiCompaund €TQ) alidinational | pur poses to the sane

extent as if indi vi dual publication or patent or patent application
was specifi ggﬁ;‘lyrﬂg I Vi dual ly indicated to be incorporated by reference

inits entirety freist @lompill eﬁfﬁbﬁé@lﬂéa’?@ﬁ?f@f’ sﬂTgné ¢ @6-‘1@99?@7%& inis

i ntended nerely to summrl ze e assertions nma ei r author
adm ssi of i sepeatedt(180-%0y mg bicBrdams:as dowasi rapidhp amso(bedaland Weplai meeains

ot or ences. SHUHIoSS ArAT ife -%?-@fﬂgﬁ - aSwBSI bl 1desia, Foflawing: digh”
par ti cul ar al%ﬂ"ﬁ.@naﬂbmégtfésﬁg{w YD, ABABRA FLHOR aNVER Afiabiy ondes

as single strati ons aspects o I nvention
modi fi cati octeaned by\eanomremalpathwani s i nvention can be made wi t hout
departing fromits spirit and scope, as will be apparent to those skilled

in the art. Functionally equival ent nethods and apparatus within the scope

of the |16velrgr§|lf8%mbg gﬂggltlon to those 25 enunerated herein will be apparent

to those rt fromthe foregoing description and acconpanyi ng

drawi ngs. Such nedi feferences cited hergiar arat inoorporaitedi ereindbyl réferérdd invielm n t he
scope of the appended cl ﬁl ms. The Rresent i nvention is to, be Ilg]qted only

by the ter mengrety gadfppal auepesesi tedhe samsextant as ifiachundividush pugtication
equi val ent s C r | 1. A
met hod for H'g)v}f%?tnég F?lée}t%pg%bg ‘?@Pﬁo‘ﬁagggﬁ%b‘?és*!yngﬁ%ﬁ%'f’g?'éf!’ﬁ%@g" (Elé b[()aat i ent
in need of tiMcuporated by referemeriindty entirety foe all pugpdses. NPD) a

15 The discussion of references herein is intended merely to summarize

the assertions made by their authors and no admission is made that any

reference constitutes prior art. Applicants reserve the right to challenge the
accuracy and pertinence of the cited references.

The present invention is not to be limited in terms of the particular

20 embodiments described in this application, which are intended as single

illustrations of individual aspects of the invention. Many modifications and

variations of this invention can be made without departing from its spirit and

scope, as will be apparent to those skilled in the art. Functionally equivalent

methods and apparatus within the scope of the invention, in addition to those

25 enumerated herein will be apparent to those skilled in the art from the

foregoing description and accompanying drawings. Such modifications and

variations are intended to fall within the scope of the appended claims. The

present invention is to be limited only by the terms of the appended claims,

along with the full scope of equivalents to which such claims are entitled.
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therapeutically effective amount of a conpound, or a pharmaceutically 5
acceptabl e salt or ester thereof, selected fromthe group consisting of
Formula (1) and Formula (I1): N O/R3 OHR ORA\ /~1( RXi0Oz clJOYNC
Rs O Fornmula (1) Forrmula (I1) wherein phenyl is substituted at X with one
to five hal ogen atons selected fromthe group consisting of fluorine,

chl ori ne, Wi ne; and, 10 R, R2, R3, R4, R5 and R6 are
i ndependent ‘om the group consisting of hydrogen and Cl-C4
al kyl; wher¢j n CA-iGétidkyor peovithhg eeairdprotadtioh| cohadising abnphietering(tehar ei n

phenyl is optional |y substituted with subpstituents independently sel ect ed
fromthe group clalignftinngeed afatrerteientwitfca &?HERPVOteGi'V@éﬂrégk@W PN A

nitro and cyano) The
met hod of claim Te&i%%uet,c-r%h eﬁﬁe%@ﬁ% #ﬁ?ﬂt%j%t 9 ho é|'og)sh %gééﬁ'ﬁca"?he
phenyl r§ng. 20 écce'BlébleEééIDdr@‘stéﬂ thiere df, \gb@rcmdwfﬁam 1. gréisp cBAsiskhg afd R6
are selected fromhydrogen. 69 5. A net hod for provi di ng neur opr ot ectl on,

conpri si ng adm nF@[fﬁWﬁr@ angd Gorrpglai(Mht in need of treatment with a
neuroprotective drug (an NPD) a therapeutically effective anpbunt of an
enantionmer, or a pharmaceutically 5 acceptable salt or @ster Rger eof ,

sel ected fromthe group consisting of Forrmula (1) and or a(II) or
enantioneric m xture wherein one enantioner selected \he group
es

consisting of Formula @y and For |3ng a (Il) predom n@

X—-:—\* \"/Rz * \n/\

Formula (1) Formula (Il)

wherein

phenyl is substituted at X with one to five halogen atoms selected from the
group consisting of fluorine, chlorine, bromine and iodine; and,

10 Ry, Rz, R3, R4, Rs and Rg are independently selected from the group consisting
of hydrogen and C-C4 alkyl; wherein C4-C4 alkyl is optionally substituted
with phenyl (wherein phenyl is optionally substituted with substituents
independently selected from the group consisting of halogen, C4-C4 alkyl,

C+-C4 alkoxy, amino, nitro and cyano).

15
2. The method of claim 1 wherein X is chlorine.
3. The method of claim 1 wherein X is substituted at the ortho position of
the phenyl ring.
20

4. The method of claim 1 wherein R4, Rz, R3, R4, Rs and Rg are selected

from hydrogen.
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/IRB OHR ORA RS ONONXYR X\R6 OO Formula (I) Formula (I1)
wherein 10 phenyl is substituted at X with one to five hal ogen atons
selected fromthe group consisting of fluorine, chlorine, brom ne and
iodine; and, Rl, R2, R3, R4, R5 and R6 are independently selected fromthe
group consisting of hydrogen and Cl1-C4 al kyl; wherein Cl1-C4 al kyl is
optionally substituted wth phenyl (wherein phenyl is optionally
substituted with substituents 15 i ndependently selected fromthe group
consi sting &f halpogwthodToChraliding , neucdpifectiong tompisimg admihisteriydte @ano) .
6. The nethod of claim5 wherein X is chlorine. 20 7. The nethod of claimb5
wherein X is subfefienk bynged: pletrepimentowihta aeugeproterdivendivg (an MNDBa The
met hod of claim i - : : r -
nydrogen. 25 70 SietaReblc s iechve Bhodf of a1 Ahidhdt, Br aBrEHBLeulicA

fromthesgroup eebsptablengalbiorFestenitireréd!, safsttédfrom ahé Idrbupreameistingtes to
the extent of about 90% or qgreater. 5 10. The nmethod of claimb5 wherein one

enanti oner sel ecFeamlaori)t BEdgFeupulac dhsiost eRantigmerie nabdure WheiginFengul a

clal ms whor ot n_ ERETUAR | SrERedCont ¢ ol RonghBfiy "o st ITRhEGT

Formula (1) and F@"rrlﬂiulaaﬂlﬁbrédd)mirﬁﬂe@.nant | omer selected from the group
consisting of Formula (la) and Fornula (Ila): N R3

o) /R3
JJ—N
N\
OH ?1 @) R4 /R5
o) N o) N
X"T X— Re
7 O = 0

Formula (1) Formula (I1)

wherein
10 phenyl is substituted at X with one to five halogen atoms selected from the
group consisting of fluorine, chlorine, bromine and iodine; and,

R1, Rz, R3, R4, Rs and Rg are independently selected from the group consisting
of hydrogen and C;-C, alkyl; wherein C4-C, alkyl is optionally substituted
with phenyl (wherein phenyl is optionally substituted with substituents

15 independently selected from the group consisting of halogen, C4-C4 alkyl,
C+-C4 alkoxy, amino, nitro and cyano).

6. The method of claim 5 wherein X is chlorine.

20 7. The method of claim 5 wherein X is substituted at the ortho position of
the phenyl ring.

8. The method of claim 5 wherein R4, Ry, R3, R4, Rs and Rg are selected
from hydrogen.
25
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OHRLOR4M ~-R5 '\ ONON XR2 X, R O/ OFornula (la) Formula (1la)
wherei n phenyl is substituted at X with one to five hal ogen atons sel ected
fromthe group consisting of fluorine, chlorine, brom ne and iodine; and,
15 Rl, R2, R3, R4, R5 and R6 are independently selected fromthe group
consisting of hydrogen and C - C4 al kyl; wherein G -C4 alkyl is optionally
substitutedg Wit I d
substltuentg Zepen gef'Jr?tdI(eé/\'h(gé ect e@g%}ﬂ oh?eﬂ%{r@@%'rgélns:t@cﬂrhy‘% W\Mlukgen
Cl-C4 al kyl, O cbHsistihg iy Foamuten(l) ant rRormuta ¢Yapredoniifates. toTthe extértasf of
claim1l V\,herei n Xis chlorine, 13. The nethod of claim 11l wherein X is
substituted at t ABOBYYRG YHERIYN of the phenyl ring. 25 71 14. The net hod
of claim 1l wherein Rl, R2, R3, R4, R5 and R6 are selected from hydrogen.
15. The method of claim 11 wherein one enantioner selected fromthe 5 group

consi sti fg d0. FofMmel raefHod) ofacldint-Grwhiemrir( bhe)enahﬁdm@r@etwed frobhthe groupnt  of
about 90% or greater. 16. The nethod of _claim 11l wherein one enanti oner

sel ected from t h€ongjsting of sesmsta ) apd Frasmula 4ll) predominatesrteuhe extent)of

predom nates to f about 98% or greater. 17. The nethod of
claim5 wherein %Egugégnt&%%t%el ected fromthe group consisting of
Formula (1) and Forrrula(ll) I's an enantioner selected from the group

consi sting of Formula g J and Formula (1lb): O
11.  The method of claim 5 wherein the enantiomer selected from the group

10 consisting of Formula (I) and Formula (I1) is an enantiomer selected from
the group consisting of Formula (la) and Formula (lla):

o) /Rs
JJ—N
O N R
gH ||21 . R4 . s
X : O N_ I AN \n/ N
Xx—— * R2 Xt Rs
[ _ o) / 0
Formula (la) Formula (lla)

wherein
phenyl is substituted at X with one to five halogen atoms selected from the
group consisting of fluorine, chlorine, bromine and iodine; and,

15 Ry, Rz Rs, R4, Rs and Rg are independently selected from the group consisting
of hydrogen and C4-C4 alkyl; wherein C4-C4 alkyl is optionally substituted
with phenyl (wherein phenyl is optionally substituted with substituents
independently selected from the group consisting of halogen, C4-C4 alkyl,
C1-C4 alkoxy, amino, nitro and cyano).

20
12.  The method of claim 11 wherein X is chlorine.
13.  The method of claim 11 wherein X is substituted at the ortho position of
the phenyl ring.
25
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NH2 /1L GO OHdA OONH2 O /NH2 Y OO Fornula (Ib) Fornula (11b) 15 18.
The nmethod of claim 17 wherein one enantioner selected fromthe group
consisting of Formula (Ib) and Fornula (11b) predom nates to the extent of
about 90% or greater. 20 19. The nmethod of claim 17 wherein one enantioner
selected fromthe group consisting of Formula (Ib) and Fornula (I1b)
predom nat eg ,t 0 : regtes. =0 t S
claimed in (ﬁ:r‘ai mﬁ% rgrgﬁ?%‘;\#lfe@éfnﬁqﬁ ﬁ‘é’h%%(is@?{il 82'0332%@5%5 aggtﬁr%%%o%%gdggnage
rendering the pafriognhydrogeaed of neuroprotection are 72 selected fromthe
group consisting of: Traumatic Brain Injury (TBl), 1injury or trauma of any
kind to the CNS or PNS including blunt and penetrating head traung;

the O, e. 5 1 pEs ey T eialh £ St bns BRI SelbARd ey Myecc' ' ™
arrest; therapeugrsup tolsigtiny of IFormake lhpand Forgiuta|(118) pridaiifatesetodthe
carotid endarterectony or cerebral angi ography; spinal cord traung,

hypot ensi on; i nj exient of aheuttd&rorgreaterbol i, hyper or hypo perfusion;
met abol i ¢ disorders, e.g., diabetes, hypoxia; known genetic predisposition
to di sorders known to respond to 10 NPDs; space occupying | esions of the

CNS; brain tgnmor Theentbthod Wi elairast Pasereltl onei 88amtioNeMeeldtié® frdm Othe
surrounding the CNS, e.g., intracerebral bleeds or subdural hematonas;

brain edenma; feb@roup censistingobirormuigdal ped ficimua fiakpwdoannaies torthena,

di sease lprion 18Xt 2 oBOYEIE o &BRRF, ol c Jakob di sease,  amyotrophic

lateral sclerosis (ALS), diabetic neuropathy, olivopontocerebellar atrophy,

epilepsy, 17.  The method of claim 5 wherein the enantiomer selected from the group
consisting of Formula (I) and Formula (lIl) is an enantiomer selected from

the group consisting of Formula (Ib) and Formula (lIb):

@)
)'I—NHz
@)
O\n/

o)

Cl
NH,

Formula (Ib) Formula (llb)
15
18. The method of claim 17 wherein one enantiomer selected from the
group consisting of Formula (Ib) and Formula (llb) predominates to the

extent of about 90% or greater.

20 19. The method of claim 17 wherein one enantiomer selected from the
group consisting of Formula (Ib) and Formula (lIb) predominates to the

extent of about 98% or greater.

20. The method, as claimed in claims 1 or 5 wherein the possible cause(s)

of neuronal damage rendering the patient in need of neuroprotection are
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sei zures, hypoglycem a, surgery or other interventions, retinal ischema
(di abetic or otherw se), glauconma, retinal degeneration, nmultiple
sclerosis, toxic and ischem c optic neuropathy, macul ar degeneration, 20
exposure of the CNS or PNS to toxic or poisonous agents; drug intoxication
or withdrawal, e.g. cocaine or alcohol; famly history of;

neur odegener at i Veefichy JRIr§ P grdLﬁJ 2bAGISER it Byt BFé/nOfn Lﬁ’?agt@?)at Cent

epi | epticus; evidence from surrogate markers or bionarkers
is in need of tré&gunyeat trauria wfrmwr &jmdotce the \GNSrmrgPNﬂPID)clumng blugb an®l scan

h t t | f th ] | | f
ool deor aaapPBRlaltoeRd FarBenpRARES ot dhe N PaPYA: stoke(CYRRYC
factor (CNTF). éutom%mé B&@aeésgif@;ﬂh%%m@g hrapegesirmpm@]rag .g.qtor(s)
rendering the 30 patients In nee uroprotec i'on are sel ett omthe

group cHnsi sti ngerifatalresphyxi;, atatdiac] argst TBejapeuitionor didgreesticavakcular
penetrating head traqtj . sur stroke or. other cere raI vascul ar
s B %&?

acci dent (CVA); sEfgi‘E Eﬂcﬁggﬁ us€-4nd E?fa%'g ote ®§ Q’B\é| s 6erebrdl ons.
73 22. The met hog wﬁliﬂfdrﬁ ﬁaﬁr@?,un bOteRS R ﬁ@?ﬁ’ RS thé IS (R ma(rje

Traumatic Brain | n I Ng cl osed penetrating
trauma and surgi eaibollntrmpeemn bypo Epe:z‘ms:o'fhenetatmhd darsocdmsmezgl wiebetes) t he
sai d predisposing fact o[(rg%\%/aare stroke or..other_ cerebral - fcul ar CCI dent

(CVA). 24. The nBYRS¥a; .gﬁnfgcmﬁi'épﬂs't'%t%&ﬁ?rgerédfm dPis a
10 neur ggegener a di e 0 s r ergiyn said
corrpoungg(gr enamFllB;sr’rers '36@ °°g‘§f¥ar€a§g§"?c§?|§{eag¢:§§fa \laéﬁsgﬁ?wéf @ ter

t hereof is adm mghtb@laemnnas bleeding airihemardnage 8t oasumoundihg the €NS, exr,e
ot her conpounds or 15 th pe tic agents 6. The met hods of claim 25
wherein the sai dMrsessbr eg Pefr -%@’H’H@}n SMAOMAS; BYAIN | edergantfebrlee

sel ect ed f.romth%oﬂ&@%n%oH?bé&hé}%uaofsuﬁﬁﬁﬂé’é‘%%séhﬁéuﬁ\%"%ﬂ%ﬂ@ RchBRiig of

the foll ow ng proper
Huntington's disease, Alzheimer’s disease, Parkinson’s disease, prion

15 disease variant Creutzfeld-Jakob disease, amyotrophic lateral sclerosis
(ALS), diabetic neuropathy, olivopontocerebellar atrophy, epilepsy,
seizures, hypoglycemia, surgery or other interventions, retinal ischemia
(diabetic or otherwise), glaucoma, retinal degeneration, multiple
sclerosis, toxic and ischemic optic neuropathy, macular degeneration,

20 exposure of the CNS or PNS to toxic or poisonous agents; drug
intoxication or withdrawal, e.g. cocaine or alcohol; family history of;
neurodegenerative disorders or a related condition, history of status
epilepticus; evidence from surrogate markers or biomarkers that the
patient is in need of treatment with a neuroprotective drug (NPD), e.g.,

25 MRI scan showing structural or functional pathology, elevated serum
levels of neuronal degradation products, elevated levels of ciliary
neurotrophic factor (CNTF).

21. The method of claim 20 wherein the predisposing factor(s) rendering the

30 patients in need of neuroprotection are selected from the group
consisting: Traumatic Brain Injury (TBI), blunt, closed and penetrating

head trauma; surgery, stroke or other cerebral-vascular accident (CVA);

status epilepticus and space occupying lesions of the CNS. .
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20 antioxidant activity; NVDA receptor antagonism ability to augnent
endogenous GABA i nhibition; NO synthase inhibitor activity; iron binding
ability, e.g., an iron chelator; calciumbinding ability, e.g., a Ca (I1)
chelator; zinc binding ability, e.g., a Zn (Il) chelator; the ability to
bl ock sodium or calciumion channels; the ability to open potassiumor 25
chloride ion channels; such that neuroprotective effects are provided to
the patient. 27. The nethods of claim 26 wherein the said one or nore
conpounds @28y, iTheaoithddrof tlainse? e ottedeinr e shiel gredippasing i factan(s) cdre

anti-epileptic 0 drugs {AEDs) . The net hods of claim27 rein the
S5 anti - epi L epdraTadS Eraloyyry (1B Belging Bhtcweses otypenslianas fegdor :
carbamazepi ne, chabarRihd sdfhiCalFRARNDGH. et hosuxi mi de, fel bamate,
gabapentin, |anotigine, |evetiracetam oxcarbazepine, phenobarbital,

phenyt oi i, pregabalin, primdone, retigabine, talanpanel, tiagabine,

t opi ramat e, .yal ptoate, ., vigabatri zqni sanj. de, benzodi azepi nes

bar bi t ur at e230r ' dEcisthoR SlsCalm it Wherss) the said pEcdisposig 1BgiRsiaon for

provi di ng neur Op%%l?ébir%m&%@?éfbl%il-vﬁscmﬂarpﬁ@cﬁd%ﬁe(év ally effective anmount of
abl e

an enantioner, or a pharmaceutically accept sal’'t or ester thereof,
sel ected fromthe 10 group consisting of Fornmula (I) and Forrmula (11) or

enantioneri ¢ m Xture er ei ne antioner selected from.the ou
oo seT S e Ther method "G ars, 3 Wheran tEcaer Reruissotas Ttk B, aq/ 1 L
\R4d /Rs1O Y NCRn&rc‘d%’ge%e}atg/e%igeﬂ‘é. [/ O/ O Formula (lI) Formula (I11)

25. The methods of claims | or 5 wherein said compound (or enantiomer) or
a pharmaceutically acceptable salt or ester thereof is administered in
combination administration with one or more other compounds or

15 therapeutic agents.

26. The methods of claim 25 wherein the said one or more other
compounds or therapeutic agents are selected from the group consisting
of compounds that have one or more of the following properties:

20 antioxidant activity; NMDA receptor antagonism; ability to augment
endogenous GABA inhibition; NO synthase inhibitor activity; iron binding
ability, e.g., an iron chelator; calcium binding ability, e.g., a Ca (ll)
chelator; zinc binding ability, e.g., a Zn (ll) chelator; the ability to block
sodium or calcium ion channels; the ability to open potassium or

25 chloride ion channels; such that neuroprotective effects are provided to
the patient.

27. The methods of claim 26 wherein the said one or more compounds
may, in addition, be selected from the group consisting of anti-epileptic
30 drugs (AEDs).

28. The methods of claim 27 wherein the said anti-epileptic drug (AED) is

selected from the group consisting of; carbamazepine, clobazam,
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wherein phenyl is substituted at X with one to five hal ogen atons sel ected
fromthe 15 group consisting of fluorine, chlorine, brom ne and i odine;

and, Rl, R2, R3, R4, R5 and R6 are independently selected fromthe group
consisting of hydrogen and Cl1-C4 al kyl; wherein C1-C4 alkyl is optionally
substituted vvi t h phenyl (wherein phenyl is optionally substituted with
substituents |y ro oup, i ng gen,
Cl-C4 al kyl, 20 %ﬂggﬁ%bxyéﬁgﬁlﬁ%@dél t ?grbtaéndﬁ%yan% g éﬁ@ phgﬁna ically

accept abl e carr lexetiracetani poredrbazépiné) Iprtenobarmtalsm‘manyltmnapmegabalm y
effective dosage fornms of the har maceut i g’@@Sl tion clainmed in claim

29 in an appropr PHMidoNg; seligabine o talagmane ert'aﬂa neloRiRMatent @RRatS N or
instructions for 0 ctio ati ent
in need thereof. V@fBaﬁLé %153'? %@ﬁ%eg Beﬁ Qnéédqé‘% BEF err e%ntoi’ % séudive

t herapeu§ical |y Bypestic.ve 5 anount |s from about 1.0 ng/Kg/day to about 150
ng/ Kg/ day. 32. The nethod, as clainmed in clains 1 or 5 wherein said patient
has not devel oped clinical signs or synptons of neuronal injury or

dysfuncti onogt h Wall i ai ned
elar s 1287 5P EpainiestiicaRbBOgEh Tof Brdvidhng HryysdpiERid fomBRshG
neuronal injury ar p!y@rhwuwtl@allyat effoetive manm@funsaiod akdmemiaatuomteronor 34. The
nmet hod, as cl ai ned inclainms 1 or 5, wherein said ﬁatl ent has devel oped a

neur odegener at i veharsaeeldicady agqeptakle sl @srestebithereefosglectadhifiany the t he
t] f d ad
e e e PBRlsH Eabi8ho, PR ) EgR 0 o SHERBedfle FodlhE, ol

43. 0 mg/ Kg/ day. dherdincorieeehantieder Belectédfrom e §rdee¢@is‘isttr’@eof Formula
therapeutically effective 20 amount is fromabout 2.9 ny/Kg/day to about

35.7 ny/ Kg/ day. $7Yangormsia ol rredpminatasis 1 or 5 wherein the
therapeutically effective anount is fromabout 3.6 ng/Kg/day to about 28.6

mg/ Kg/ day. O Rs
/
N
OH ) 21 0O R, /R5
O N
| AN * \n/ \R2 | AN * \”/ \\
Z O P O
Formula (1) Formula (ll)
wherein

phenyl is substituted at X with one to five halogen atoms selected from the
15 group consisting of fluorine, chlorine, bromine and iodine; and,

Ri, R2, R3, R4, Rs and Rg are independently selected from the group consisting
of hydrogen and C4-C, alky!; wherein C4-C, alkyl is optionally substituted
with phenyl (wherein phenyl is optionally substituted with substituents
independently selected from the group consisting of halogen, C4-C, alkyl,

20 C1-C4 alkoxy, amino, nitro and cyano) and a pharmaceutically acceptable

carrier or excipient.

30. A kit, comprising therapeutically effective dosage forms of the

pharmaceutical composition claimed in claim 29 in an appropriate
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25 38. The nethod as in clains 1 or 5 wherein the therapeutically effective
anount is from about 4.3 ng/Kg/day to about 21.4 ng/Kg/day. 39. The nethod
as in clains 1 or 5 wherein the therapeutically effective anount is from
about 5.0 ny/Kg/day to about 17.1 ny/Kg/day. 76 40. The nethod, as clained
inclains 1 or 5 wherein the therapeutically effective amount is from
about 100 ng/ day | ai N
1 or 5, wherein Pt'ﬁ ﬁ?éﬁgﬁ%&gﬁ’g&“e{@?t'ﬁ@%ﬁy |In§ﬁ @Lﬂsg%g éa

ng/ day to about BS@thergbfito/provide2nedroprotectivrdto apatiend |rnmbed1thereofrrs 1 or 5,
wherein the therapeutically effective amunt is from about 250 ng/day to
about 2000 ny/day. 43. The nethod, as clained in clains 1 or 5, wherein the
therapeuticahly TﬁEfﬁ‘fgfthd’@ a%”P\UBFalrh§ frofars Wém3% ff%rﬁ?éuﬁé%l b@l’féctﬂféoo
nmg/ day. 44. The neth as clainmed 1n clalns elntesal

t herapeufic 10 anmunt is Erop‘rai@méﬁsﬁ)vmg/b(gdiayrteaaimd:tdﬁérmgﬁgédayw The net hod,
as claimed in clainms 25, 26, 27 or 28 wherein the amobunt of the said one or
nore ot her conpounds or therapeutic agents adnministered in conbination with
the said cogpounFheahetiod)tdasosaimedlin ciimbal BREE wHereln y%uaqsmmmae il t or

ester thereof is progre55|vel 15 decreased over tine.
developed clinical signs or symptoms of neuronal injury or dysfunction at

the time of said administration.

33. The method, as claimed in claims 1 or 5, wherein said patient is at risk
10 for developing neuronal injury or dysfunction at the time of said

administration.

34. The method, as claimed in claims 1 or 5, wherein said patient has
developed a neurodegenerative disorder or clinical evidence of neuronal

injury at the time of said administration.

15
35. The method as in claims 1 or 5 wherein the therapeutically effective
amount is from about 1.4 mg/Kg/day to about 43.0 mg/Kg/day.
36. The method as in claims 1 or 5 wherein the therapeutically effective
20 amount is from about 2.9 mg/Kg/day to about 35.7 mg/Kg/day.

37. The method as in claims 1 or 5 wherein the therapeutically effective
amount is from about 3.6 mg/Kg/day to about 28.6 mg/Kg/day.

25 38. The method as in claims 1 or 5 wherein the therapeutically effective
amount is from about 4.3 mg/Kg/day to about 21.4 mg/Kg/day.

39. The method as in claims 1 or 5 wherein the therapeutically effective
amount is from about 5.0 mg/Kg/day to about 17.1 mg/Kg/day.
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15

40.

41.

42.

43.

44,

45.

The method, as claimed in claims 1 or 5, wherein the therapeutically

effective amount is from about 100 mg/day to about 3000 mg/day.

The method, as claimed in claims 1 or 5, wherein the therapeutically

effective amount is from about 200 mg/day to about 2500 mg/day.

The method, as claimed in claims 1 or 5, wherein the therapeutically

effective amount is from about 250 mg/day to about 2000 mg/day.

The method, as claimed in claims 1 or 5, wherein the therapeutically

effective amount is from about 300 mg/day to about 1500 mg/day.

The method, as claimed in claims 1 or 5, wherein the said therapeutic

amount is progressively decreased over time.

The method, as claimed in claims 25, 26, 27 or 28 wherein the amount
of the said one or more other compounds or therapeutic agents
administered in combination with the said compound (or enantiomer) or
a pharmaceutically acceptable salt or ester thereof is progressively

decreased over time.
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