2 5 JAN 2005 NON- SEDATI NG BARBI TURATE COVPOUNDS AS NEUPOPROTECTI " AGENTS
BACKGROUND OF THE | NVENTI ON The invention relates to the use of non-sedating
bar bi turate conpounds given in a manner and dosage effective to pr??%ﬁﬁl%ﬁ
bl ood 1evels and brain | evels of these drugs and/or their active

nmet abolites sufficient to provi de a neur opr otectant effect. In particular,

the nethods and fp,r@gxhgtpg@gr @t{;qpemMpw\@ qt  of cerebral
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of resulting neuronal dangg ﬁ@tfpng)Al@ENTSt hird | eadi ng cause
of death in the United States en 'ood supply to the brain is reduced

below a critical threshold, a cascade of biochem cal events |leads to
irreversi bl e damage to neurons and brain infarction. Research on treatnent
and prevention of ischei BACKGRQIUSSOETHH INVENEWHStely it remains at a
basic stage and no 10 adequate therapies are yet in practice (10).
Barbiturates in high concentrations have been shown to be neuroprotective in
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barbiturates is ov es o nical use o turates
has been izever®idpthimicuethenenags enjofies, bokpeentionldfecddspgesirand db)ﬂn@@(d and
brain |l evels necessary to_confer neuroprotection are 20 toxic and cause
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i schem a OoXI C e effects es sh a celling” on
dosage f deadsawbirteuemitds damnde havieurdhs end bage dnfafatiohheR eseasdasic frehtitfent thé use
of anesthetic/sedative barbiturates to rotect fromischema.. Levitt et a].
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t hei rlOUS%d@éu;ﬁE‘h{e?ﬁﬂé@Uéﬁ@@tt1%1 @ik ﬁgxl ety and nuscle rel axant agents. The
literature does not suggést the use f such conpounds as neuroprot ect ant

agent s. | ndeedBamueratésniupuibgli Sheckntrations have been shown to be neuroprotective in

ccrebral ischemia in rodents and primates, to reduce the extent of ischemia brain infarction,

and to prevent or lessen brain damage (1-4). One theory as to how barbiturates prevent

neuronal injury in ischemia is that they inhibit the ischemia-induced uncontrolled release of

15 neuwrotransmitters, which can attain high, neurotoxic concentrations that cause neuronal
death (5). -

The litcrature regarding the neuroprotective effects of anesthetic barbiturates 1s over
two decadcs old, but the clinical use of barbiturates has been severely limited because of
toxicity. The dosages and blood and brain levels necessary to confer neuroprotection are

20  toxic and cause lethargy, stupor, and coma. Even higher doses that might be more effective
are lethal (1-4, 6), making barbiturates unsuitable for treatment of 1schemia (1). These toxic
side effects establish a “functional ceiling” cn dosage for barbiturates, and have discouraged
further research into the use of anesthetic/sedative barbiturates to protect from ischemia.

Levitt et al.,, U.S. 4,628,056 descnibes non-sedating oxopyrnimidine denvatives and

25  their use as anticonvulsants, anti-anxiety and muscle relaxant agents. The literature does not
suggest the use of such compounds as neuroprotectant agents. Indeed, even in published

studies about using sedative barbiturates for newoprotection there 1s no reference to non-



studi es about using sedative barbiturates for neuroprotection there is no
reference to non -1 2 5 JAN 2005 sedati ng barbiturate conmpounds- 1h is
general |y believed that the anticonvul sant and neuroprotective effgghg 16
barbiturates are linked to their sedative/ hypnotic effects. Fo:: exanple,
Lightfoote et al. suggested that the protective effects of pentobarbital are
due to theedadHE afhBimLefe ENBpHAIRI t o & ezhoduced)anestinesiid edlconHikst and

vi ewpoi nt has DBeen reinforced by 5 bi ochem cal studies at the cell receptor
| evel thatewepatetiakleffehmsel bibautasest oedotiiedrio ahey hedatGaBAMmetemitscts. Thas,
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In particular, the invention is directed to the treatnment of cerebral

i schem a, head trauma and ot her acute neurologic injuries, using

non-sedating barbiturates. r ' ances where

i ndi v @uals at risk of cerebggvﬂgggﬁgﬁﬁngﬁgﬁ¢§Fé§ﬁgﬁ%identified i n advance,
for exanple: individuals undergoing cardiac surgery or carotid
endarterectony, and individuals with atrial fibrillation, transient ischemc

attacks (Tl As) In shaenay. hE eyrideardielves net-peikesg berbisidiay aedingi PrirrmPihage

d br al | h. -\ S ' bar bi , '
used pr opiiyT Se TP ot STl SPR AR Ep AR Sk B P e

drugs candahsayberbitsrd Rfd enveMBPRY €28V efibhentMes i OEP AU S(DPE) hadgiven in
oral formas a tablet, capsule, liquid or via intravenous or other parental
rout es’  PHICYISORY eiftiveiiy o8 (706 cdlp oah et thsieddnsustrafion ey ¢ dangeetlt desaBehihal
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neur opr ot doint veefdbsagesombtdoantyl thn pdres:lar] e innsteithi Grin@eEdds thdreeatment of
cerebral i1schemuia, head trauma and other acute neurologic injuries, using non-sedating
barbiturates. |
20 - There are many circumstances where individuals at risk of cerebral ischemia are
clearly identified in advance, for example: individuals undergoing cardiac surgery or carotid
endarterectomy, and individuals with atnal fibnllation, transient ischemic attacks (TI1As),
bacternial endocarditis, strokes, or subarachnoid hemorrhage due to a cerebral aneurysm. In
such cases, a non-sedating barbiturate is used prophylactically in individuals at nisk for
25  1schemic damage. The drugs can also be used after an acute event. These compounds can
be given 1n oral form as a tablet, capsule, liquid or via intravenous or other parental routes.
This invention succeeds where previous efforts to treat cerebral ischemic attack with

barbiturates have failed. This invention solves a problem previously thought to be insoluble,

that of toxic effects of neuroprotective dosages of barbiturates. The invention avoids the

(5]
(@]

toxicity and sedative effects of barbiturates known in the prior art without loss of efficiency.
This invention satisfies a long-felt need for a non-toxic neuroprotectant, and is
contrary to the teachings of the prior art regarding the mability of barbiturates to produce

clinically meaningful neuroprotection. According te the invention, it is possible to separate
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] otoxicity and sedative effects of barbiturates known in the prior art

w thout | oss of efficiency. This invention satisfies a long-felt need for a
non-toxi c neuroprotectant, and is contrary to the teachings of thel prAkiI005
art regarding the inability of barbiturates to produce clinically

meani ngf ul neuropretection. According to the invention, it is possible to

separat e fe angcondMIn2@ADsdN8y @Bt GOBY Uhs ARk ANghSedadd ¥R £l @6LS1aRE much
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bar bi turates, and neuroprotection correlates nuch better wth the
ant i convubtsantwittathhentitdranlshezdeddtavecetdaot effcldbbiltturates. Thi s

invention differs fromthe prigr art in the recognition OE: specific
conpounds,  t héi%s WEaRqTc atiesh & OahH eIt ok 1 Figt 'CP BUPT ek fparaliG pompounds,
neur opr ot okl %oﬁ’i‘ﬁtcatg&lgtaﬂé%&a@gé thal BEBHQHS] Y, ﬁmﬁﬁl%gwréc%n HNEHRY GERM ot
invention is a netho or provitdi ng neuroprotection to a mannal, preferably
a human. gheidmwhhedogergar i ses adnini stering to the mammal a non-sedating
barbiturate in _a dose effective to provide a neuroprotection effect.

Non- sedat i ng bdhbinraseat egverfign igse meihehdoi preamdig meurmpreideianéo ér mawnel,

selected fromithe grou nsi st i of 1,3 10. di met hoxyt net hyl -
552 i pheRVTCBaY S TUREL oot BRRDERY "t HORVEE BB EEH) a2 nomsedeting
di phenyl babirtsitd 5, 263 okl WREDRB) e AN uBRIB I dREDI K L6 a8k SabBRB)es The

precursors, derivatives and anal ogs of the foregoing conpounds, as well as
t he sal t sfasfusal v thhenvertegoinstpdeaane ol 5OTS aéleeibd erdrothg grpi ednagtinhef 1,3-

i nventjon,. The effectivye neuroprotective.do e non-sedative <
bar bi K afE gherEranyYy SoreeT b e eV BRI ol BoeE o ethal v
bar bi t ur atigpePRRSBALNE 207 oo f b dgechy?batiieric nBRuD), 1Tiheydossn9f

t he non-sedative barbiturate may eXxceed a dose that would be lethal wth a

sedati ve Bemwittves ardandibgsolthetpeetiod camgosedsningkl apdreadbx o€ all thef foragoingf

t he present almet ht%? ei-fsff urgher tlree.fnlvecttotaﬂd in the relative dosage | evels that
are possi 1% Wt heoh@iaﬁdaus"gof RS nvention. 20 Also, the

neur opr ot ect i verhdesRcwie ddi€oftoitc s edadde e thaidi-{ddeal ehavtaatdSprefRebl edeean
anti convul sant dosage of the barhiturate. In sone enbodi nents of the present
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dose of t hethnosedagdabarkewhs. biuisnadeetsdiand séeninglygeraioxfcabaffedd ofithe present
method is further reflected in the relative dosage levels that are possible with the methods of
this invention.
20 . Also, the neuroprotective dose of the non-sedative barbiturate exceeds the minimum
anticonvulsant dosage of the barbiturate. In some embodiments of the present invention the
effective dose of the non-sedative barbiturate is in the range of from about 2 times to zbout 5
times the anticonvulsant dosage. In yet other contexts where the need of the mammal
requires, the effective dose of the non-sedative barbiturate is in the range of from about 5
25  times to about 10 times the antuiconvulsant dosage of the non-sedative, or even higher so
long as the dose is chinically acceptable.

Advantageously, the neuroprotective effect of the present methods can be used to
mitigate the effect of cerebral 1schemic. The non-sedating barbiturate can be administered
orally, intravenously, transdermally, in combination with an adjuvant, or transpulmonarily

30 by means of a particulate or aercsol inhalant. Moreover, within the scope of the invention,
the non-sedating barbiturate can be admunistered preventively, prophylactically or
therapeutically, at a clinically accepteble dose. The compound may be administered

prophylactically before evident neuronal damage, or therapeutically after onset of neuronal



25 tines to about 10 tines the anticonvul sant dosage of the non-sedative, or
even higher so long as the dose is clinically acceptable. Advantageously,
the neuroprotective effect of the present nethods can be used to 7 FijpNgélse
the effect of cerebral ischem c. The non-sedating barbiturate can be

adm nistered orally, intravenously, transdermally, in conbination with an
adj uvant , dapfagkr ans piurdRBRLGIVY 3R bYiniBRNS, Ofr Arofedid e lsabjectofoagr f80bnal
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adm ni stered jin.conjunction with cardlt%Fsur gery. or_carotid endarterectony.
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bl ood concentratiqons of at | east gbout g/ M of barbiturate, preferably
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| evel s ( GboulThuS0, ﬁbébeﬂ@thOﬁhﬂBSrEMBughﬂor above about 25, 30, 50, 75,
100, 200, 250,_or 300 g/ nl. The invention includes a pharnaceuti cal
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barbiturate is admnistered in oral doses in the ra ge o rom about
15 about m¢5@ﬁsmgﬁhgﬂﬁwynb@dyswéhghvmeﬁneb&rabhy;thmedamgaoﬁﬁgneakﬁmzﬁhan

bout. 25 at th t 100 day, t t
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sufficient “indi vidually or in nultiple doses to prOV|de a dose equal to or
above aborrefer®d ¢@e R5ong(hat7@s phemacolbgicaBpoquiGdoit or 2180¢ oPrbey! Ki@0body

wei ght pef gﬁ\%,yday in the rat. Thus, dosage forms may be sufficient individually or i multiple doses
1o provide a dose equal to or above zbout 15, 20, 25, 50, 70, 100, 250, 500, 1000, or 1500
20  mg/kg body weight per day.

In human tdals it has been unexpectedly found that DMMDPB, one of the
neuroprotectant compounds, 1s much better absorbed in humans than in rats or dogs. It has
further been found that the half life of DMMDPB, as well as the half life of MMMDPB and
DPB are greater than the half-lives found in rats or dogs. Specifically, with dosages of 20

25  mgkeg/day, the half-lives of DMMDPB, MMMDPRB, and DPB are approximately 20hrs,
20hrs, and 50hrs respectively after a two week exposure in humans. Sumilarly, the
maximum concentration (Cmax) of the drug in the blood following 7 days of dosing in the
range of 20 mg/kg/day are 1.2 pg/ml, 36 pg/ml and 43 pg/m) respectively.

The unexpectedly high absorption and prolonged half-life in humans makes it

L)
o

possible to achieve substantial blood levels with lower than expected oral dosages. Thus, for
example, it is possible to obtain total barbiturate blood levels (i.e., DMMDPB + MMMDPB
+ DPB) > 53 pg/ml with dosages of about 15 mg/kg/day; and total barbiturate levels > 72

ng/ml with dosages in the range of 20 mg/kg/day. Blood levels of non-sedating barbiturates
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In hurman trials it has been unexpectedly found that DVWDPB, one of the

neur opr ot ect ant conpounds, is much better absorbed in humans than Zg\&@Fﬁmor
dogs. It has further been found that the half |ife of DNr7VI DPB, | 9"“as
the half life of MMVDPB and DPB are greater than the half-lives found in
rats or dogs. Specifically, wth dosages of 20 25 ng/kg/day, the half-Ilives
of DNI NI DEtBate VRCVDPB, | cttind DPB aaifievappi@xddmtel Ye2@BhSaboulAbi &1 200d J0OLlus
respectively after a two week exposure in humans. Simlarly, the maxi mum
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the range of 20 mg/kg/day are. 1.2 ug/nil; 36 g/nil and 43.pg/ '
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t ot al Zbar petar &t2e 2Blogttgl evels (i.e., DMVWPB + | - \4DPB + DPB) > 53
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non- sedat | ' . - OF 62 . .
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may St | | aDeL I RlEL Al 099808300 coReOhGAL AR AN 25 MO/ kg, The [ nventi on
provi des an article o nufdcturé conprisi'ng a container conprising a

phar maceut i cal Aseedsdrhibalinend ia al aleelod Wiok hprionidiiigatieoreprdtedtious €odpridng (2)
neuroprotectant, the pharmaceutical conposition 'Co%i Si ncg_ a non-sedating
bar bi t ur af éSReMFoEn@21iFN e DERDURL CCEPFRCITNPTPEFUpRuFIpFEEeEe BrnupsHatve
admi ni St 1 6 Rkt afd JLPLBCLi D EE DAL NHIORE AILHL Olacivd Sa AR e susficient
phar maceuti ca ﬁy acceptabl e carrier or excipient. Another enbodinent is a
met hod f oro prowi thengoneentopront eéct ihen pedapisi $ray (@)a divelgredsciige aopatavede ' s
need for cerebral .neuroprotection, (b) selecting a non-sedative
barb!]t%ra?é{ro%rﬁffcfle)l‘ providing to the patient a dose of the non-sedative
barbi turate sufrfiigdestjecttvsal $8viiLseONARESAL lapPark it £H8 PahistRfaienRiraln to

a level effective to provide 15 neuroprotection.
description and examples.

DETAJILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20
In describing preferred embodiments of the present invention, specific terminology is
employed for the sake of clanty. However, the invention is not intended to be limited to the
specific terminology so selected. It is to be understood that each specific element includes
all technical equivalents which operate 1n a similar manner to accomplish'a sinular purpose.
25  Each reference cited here 1s incorporated by reference as if each were individually

Incorporated by reference.

The term “non-sedative barbiturate” encompasses the family of 5,5-diphenyl
barbitunic acid anticonvulsant compounds described in Levitt et al., U.S. 4,628,056, and
metabolic precursors and metabolites, and denvatives and structural analogs (including

30  addition salts thereof) having a non-sedative neuroprotectant activity. Other barbituric acid
derivatives that are non-sedating are also within the scope of the invention.

Derivatives, precursors, and analogs of barbituric acid include barbitunc acids of the

formula:



Further objectives and advantages w || beconme apparent from a consi deration
of the description and exanpl es. DETAILED DESCRI PTI ON OF THE PRE FERRED
EMBODDI TENTS 20 In describing preferred enbodi nents of the pres?BUAN2m5
invention, specific termnology is enployed for the sake of clarity.
However, the invention is not intended to be limted to the specific
term nol ogy so selected. It is to be understood that each specific el enent
includes all technical equivalents which opgrate in a simlar nanner to
acconplish a simlar purpose. 25 Each reference cited here is incorporated
by reference as if each were individually ijncorporated by reference. The
term "non-sedative barbiturate" enconpasses the famly of 5, 5-diphenyl
barbi turic acid anticonvul sant conppunds \gescri inRbevitt et al., U S
4,628,056, and netabolic precursors and‘netabo,ites, and derivatives and
structural analogs (including 30 addition salts|thereof) having a

non- sedati ve neuroprotectant activity. rboturic acid derivatives
that are non-sedating are also wthi ®the 0 of fhe invention.
Derivatives, precursors, and anal ogs ofRbarbiturRd acid include barbituric
acids of the formula: -5 2 5 JAN 2005 R2 - N -N R wherein one or nore
nitrogen is substituted with lower allcyl, or a | ower al koxy substituted
trogen. ot OB oangiu g snohu s BT s B Bl i g ivea
derivati vgowkr &llyR gr@bpR3r i:$ 1662 Rne GIRRS 08 RH( QRkder Matinyhetltedoedl Goips ar e
preferred R and R2 groups and nethoxynethyl is ‘nore preferred. Methyl is
al so a pr eRermaie.\val ageideoer R agphal/od ihRiomepkes dgsriyatisy & Bk b4k (iR

one.or © bart-BORE oM eRE! fferd piRhRAR SR RTHIEDs IR RERLT R IIRST

or benzyl ;m&@ReferidengtByRE bso | 0pRferaddl ehe 86r & ydnd/d2QR ., OB e fatREs io$
hydrogen, lower alkyl or aryl; or 10 CH(ORS)2, wherein R8 is a | ower alkyl
group. PreRehifue araluasordng [Bihgigvarionre a@ryimaisheanyifes yeitglalsyBeie w§toed

with a halmﬁr’bfoln\l and R? is CH;ORj, wherein R° is lower alkyl, alkylaryl or benzyl; COzRé,

wherein R® is lower alloyl or aryl; COR’, wherein R is hydrogen, lower alkyl or aryl; or
10 CH(ORS)Z, wherein R® is a lower alicyl group. .
Preferred values for R” and R” are aryl, phenyl, phenyl substituted with a halogen or
lower alkyl group, benzyl, benzyl wherein the aromatic ning is substituted with a halogen or
lower alkyl group, lower alkyl or lower alkyl substituted with an aromatic moiety. Aryl
represents any carbocyclic ring, such as phenyl, naphthyl and higher analogues, as well as
15 heteroaromatic rings substituted with one or more heteroatoms such as sulfur, oxygen and
nitrogen.  According to the mvention, nonsedating barbituric acid derivatives are those
where at least one of R? and R? is an aromatic ring or an aromatic ring containing moiety
e.g. aryl, phenyl, substituted phenyl, benzyl, substituted benzyl or arylalkyl. Preferred
substituents on the aromatic rings are methyl, ethyl, and fluonne. Phenyl and substituted
20 phenyl are preferred for R’ and R’. Embodiments where R? and R* are both phenyl are most
preferred.
In preferred compounds, one of R' and R? is hydrogen, or one or both of R! and R?is
methyl or alkoxymethyl, preferably methoxymethyl. At least one and preferably both of R?
and R” is preferably phenyl or substituted phenyl, tolyl, fluorophenyl, ethylphenyl.
25 As can be readily understood, salts of the above compounds are also contemplated,

including organic salts, such as acid addition and base addition salts.
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| ower allcyl group, benzyl, benzyl wherein the aromatic ring is substituted
with a hal ogen or |ower alkyl group, |ower alkyl or Iower allcyl
substituted with an aromatic noiety. Aryl represents any carbocyd d ¢AN 108,
such as phenyl, naphthyl and hi gher anal ogues, as well as 15 heteroaromatic
rings substituted with one or nore heteroatons such as sul fur, oxygen and

ni trogen. Accordion@:itte fhineviibny Rt oNBRsashat, lmgc@ag hidAhb&, (1964 8barbituric
derivatives are those where at |east one of R3 and is an aromatic ring or
an ar omat racldrqhngn@dmlﬁawtmg(31)u1oeby<ec@tlg iarthg senshémy the sslmgftﬂlmréowmlféﬁw? :

b I tit t b k d ubstit t n.th
oot | ¢ Al e BT RS et & B dieRni¥esc a0 LA P Bt DT B s Ptk 3p
phenyl ar %nil?ﬁﬁfr%cfé’?q z&{bﬂ%@@moﬂ% 2 IRIRAOLNENS RS St E{;%M@Mh%%leléva@n Q%ﬁ

phenyl are nost 75 preferred I'n preferred conpounds, one of IS
hydr ogén; oprcxmer sliob at fiviof iR and:;rR2sd2y moet kyydwiopr Ekde agonedrhy Ithat m:efcepta(bl y
met hoxynet hyl | east one and preferably both of R and R4 is preferably

phenyl oraéﬁﬁ%@q RTed BIRSMAOPIEEY- £ 1 uor ophenyl , et hyl phenyl . As can be
readily understmgeng%ﬁc% d 885ADO%ENCOIP AU IS0 A8 AEONLEIRI AL the

i ncluding organic sa such as aci i'tion and Lase additi salts. -6 2
5 JAN 2005utjactoridarcontbifialsl towirddich tidéesiied phawefiacblisange refi®ct dffveucopnectih.
must (1) %ﬁ a batbituric acid chemcal derivative, (2) not be sedating, in
the sense SUHAINCAHEY Ly Biederd herhiriRgd HHAIECAFRMPAHTESt at useful doses, t hat

|'s, ngp anest hel‘lhéegeléﬁﬂ%a{kﬁ}uré’t@Q'oﬂu%%ﬁuh&efﬂf\}%p&%et%%l%ﬁeﬁﬁﬁd KLY ad o Rl lsant

anlnal nodel descri erein or 1n"a human at a dose I'S not toxic
the rel evantvianwitkbubbspgceésingmves howegdtiglv btayn con@ntrationsi (tira0 waakalye le
] mown or | ater dlscovered that is accepted .as a nodel for in vivo

neur opr ot 6t gHber- ?ﬁ%@&aBﬁrbv%ﬂPﬂB“%de“Héﬂ?V%¥@9e§“ﬂhymﬁ@oﬁﬁphah%6@?5@%
and acti vejRgradient snihfl) D88 BRI £ Ghffe i S oGPPI Bl ngr&t %clﬁ)ern?i@ ?%oﬁ&esﬁﬁ%k red

phat macodynam ¢ effect of neuroprotection. Sustained |levels are read
obt ai ned mhmhnsmﬁhibmnp@dhdsndn@lJhﬂsocdembaJwhbambxtuompeuubnbomndBUhav

been gevelopC n (gave cq_nvuV ant Cact|V|t oMt OUEebEI ng sedq%hgg gven
at vers hiGHeYArT oHEenTrHERaNS RN SRR dBLT EERaT e Eh TBLRel
barbiturag§§¢nn£@g@ﬁgmﬂgg&o the |nvent|on, such conpounds are used to
As descnbed herein, non-sedative barbiturate drugs lessen or prevent 1schemic brain
damage 1n a rat model of focal cerebral ischenua produced by middle cerebral artery
occlusion. This demonstrates utility in humans.
20 In a reproducible, predictive model of cerebral ischemia known in the art, seleciive
neuronal damage 1s produced in the stnatum and cerebral cortex by bilateral carofid
occlusion accompanied by systemic hypotension. The resulting cerebral ischemia causes a
release of excitotoxic neurotransmitters and dopamine 1n striatam. Pentobarbital inhibited
tlus 1schemia-induced release, pointing to one possible mechanismai of barbiturate
25  neuroprotection. (5) A neuroprotective dose of pentobarbital was found to be 70 mg/kg.
Inhibition of newotransmitter release by several neuroproteétive anesthetic agents
(isoflurane, etomidate, propofol) was also known.

The above and similar animal models (see Examples) can be used

(1) to analyze whether a non-sedative barbiturate with anticonvulsant properties but little

30 or no anesthetic activity can provide neuroprotection in the striatum or lippocampus,
and

2) to determine 1f the agent prevents or reduces release of neurotransmitters m response

to 1schemia. Uncontrolled or unmodulated neurctransmitter release is one of the



neuroprotect an animal at risk for or suffering fromone or nore ischemc
epi sodes such as that nodeled by mddl e cerebral artery occl usi o[?, V\Qﬁm

t hese conpounds do not cause the 15 toxic effects of other barbit rséltJ en
present at concentrations required for prevention of ischemc brain danage.
As described herein, non-sedative barbiturate drugs | essen or prevent

i scheni ¢ brai npodalmge niaehautat ofimdbtmof dineal cenebsabedasohearanpreduted by
m ddl e cerebral artery occlusion. This denonstrates utility in humans. 20
In a reproduci BHBDI pelsefecfinparqisaaniters, dup aprapch §ahedia 2k AdWACeRuEHer et |

sel ective 25 NeLr 1{%3!&%%2\'}?%@( io? apcrogg)%ﬁﬁ&i .a-&g)r%igg Rt 1@1&3 %}%igﬁ,d e {h%bi'il@laurtﬁoglr tex

by bilateral caro oh "acconpani e y“syst'em ¢ hypot ensi on.

resul ting ceret@ﬁ@ﬂmﬁ@@m@nﬁ;@mﬁgs a release of excitotoxic
neurotransmtters and dopamne in striatum Pentobarbital inhibited this

i scher a- i nducéd nealaueiscliyroieHestnecocnling do pibis s imieatiore clianbs rAcofonbazte t 4rdat e

neuroprotection. (5) A neuroprotective dose of pentobarbital . f.ou to be
701 kg, CATHIFBHED B PoTCHER Br ot SeHPror LPLI eheB By Gevap ety sgiah
neur opr ot 8atd Y& caNEgSidiedlf RIEBL Bt thd 2RI @es &t @8I HakeDoR-RRR6RE) c WS
al so known. T he above and sinilar aninmal nodels (see Exanpl es) can be used

(1) to angénzeehirethdr stadinoranstedated Ve chyapbiE the vl & iwi delgreemtfincoropudtsetmn and
prOpertieSecha:flt li.ttl e 30 or no anesthetic activity can provide
neur opr ot SEET6R OF A LEREOSPPY%t um or hi ppocanpus, and (2) to determine if the

agent jprevent s (Qrey8dUEESnTClseRafcRl iNBHY BT QRBIE & 8F Shé Init8RPENEE a] LRery
i schem a. Uncontrolled or unnodul ated neurdtransmrter release is one of the

2 5 JAN 2008CH3s{UPat &te nedirami sam lof parfoohed i en dagwargeble Po revsombls egtaimiengln

bai "oiturate hat inhibit release.o eurotra itters, this or oach can
serve as gleb?%&ehe‘}ﬁsﬁ’alaggs§_a§’/e“9do!m porbé{ﬂ‘@tofﬂ-nghmﬁfﬁ% If)flegoﬁegrrpoﬂ% © SEWBFdi ng
to the inyenktAdns aRGMLOEHABYENRE kPR odENGEBRABSES 08 YEHl:ddBE NOGEns Bnd\o permit
neuroprotective effect according to the invention can be denonstrated and

char act er fgletninptiperfor #iuay weudaseterespaion. stwdymaAds measlirdbagyvation of the

statiglic f%' Y, 84,00} ol cant o, AL LI LRENCER 4 ) NEHE GRA)s JATRYSsBh KIS %
doses’ of the &rug. Bose-resbonse curves © N

are at nsk for ischemic stroke for reduction of subsequent brain damage induced by an

1schemia event. Because they prevent brain damage in models of irreversible 1schemia and

reversible ischemia with restoration of blood flow, the compounds of the invention are also

useful for treating acute ischemic stroke either alone or in combination with other agents, for

20  example, thrombolysins such as tissue plasminogen activator that reduce the extent of brain

infarction when circulation 1s restored.
The term “treatment” is intended to encompass administration of compounds

according to the mvention prophylactically to prevent or suppress an undesired condition,

and therapeutically to eliminate or reduce the extent or symptoms of the condition.

to
W

Treatinent according to the invention i1s given to a human or other mammal having a disease
or condition creating a need of such treatment. Treatment also includes application of the
compound to cells or organs in vin-o. Treatment may be by systemic or local administration.

The non—sedative barbiturate compositions of the present invention, may be
formulated 1into “pharmaceutical compositions” with appropriale pharmaceutically
30 acceptable carriers, excipients or diluents. If appropriate, pharmaceutical compositions may
be formulated into preparations includwg, but not limited to, solid, semi-solid, liquid, or

gaseous forms, such as tablets, capsules, powders, granules, ointments, solutions,

[s%e]



generated in such studies can be used to conpare the relative degree of
neuroprotection and sedation of a, test conpound. 10 Cerebral |schen1a IS
i nduced in rats by occlusion of the mddle cerebral artery ("NCAS)MN? @b
The occlusion can be performed in an irreversible or reversible manner. In
the latter case, after a period of obstruction, blood flowis restored.
These ani @Elhposﬂbﬁ@ﬁﬁl EdiRA8, BhAatBUsdaRRIBR! bl dsQalMSR! foY &ldiOus) doyiPE S0
strokes in humans and to pernmt determnation of a drug's neuroprotective
action. Sefhdmpdgtasiopernit observation of the 15 preventlon of brai n damage
and the eval uatio i useful for mans are .at risk

f t he drugs as hein
for ischenic st¥eka ?bW“Y%Hh@%@Hﬁ”Bfe§58§€ﬁﬁéﬁ?“%?%?ﬁ ENppziel Fﬁﬂﬁ@@ﬁ“ﬁ@ohn
i schem a g , h ey.ent. J l e
| Schem o Snd B e e e D P G T o A i Rl
conpoufds natnddietarger ene.i of phnenaksicallysetedtaflodfotmeatiomghaddtte émghpnd tat

stroke either alone or in conmbination with other agents, for 20 exanple,

i hr onbol ySPasnEUBHtiyateths agivesiras fl e §ETTCRIGRYSPA8r t hat reduce the extent of
brain i nfarct i, wheRc Gl ALLAN il b A fhocliths! 1D HLI eaMERb: LS 1

i ntended to enconpass mnistration of conpoun ds accofdlng to

i nvention app@@hydea@isbmahbly, B0 vllevernh @d’nﬂSiU@lﬁb’ueSﬁt];a,notﬂmﬂ@&aﬁﬁ@teﬁﬁdfmﬂrytacone
and therapeutically to elimnate or reduce the extent or synptons of the
condi t i onCoPHOTREt nent according to the invention is given to a human or

ot her mal di r , ed o :
Croat hnt . Tr oa KRk n sa RAC paleetaRE PR SHESH! PRt tha WE et 1 or

or gans i n witiBu®rouldsealdnme Maribwysitee 1D yin S)5hArvody @6 atmeaé tl&d{ﬁsﬁb@héx&bpl@mctﬁhe
non- sedati ve barbiturate conpositions of the present invention, nay be
f or nul at edtieAt oL@Cﬁhalr nacsus idela\lerbsﬁbb%mommhw Pinigssiosprifiatien, apphcation or

phar ”ﬁceuhhﬁﬂiaﬁ *l?é:%gﬂfpgg i6n C3Ed 'o%'ésm %&Epfx? %a@f’tleg' lo!t"e@}; Sandidtion or

approprlate ar naceuti c conpositions ma rmul at €d i nt'o preparations
ncl udi ng, bntfﬂmmtn bf an tecwbstlo Pacotaral, acmMsmmbn dan lbedui thtraoruscgas enius/ehorss,

such as tablets sul es, powder anules ntnents, solutions, 2 5 JAN
2005 g&ppd%?@ﬁ??3§aPst%E?Fgﬁgﬂﬁ ﬁF§HH§H68% MSLHIL: in the usual ways

for their respegtd VempQiishs &ffth%qmegulﬁtuﬁ\%he@ caBS QAN i KNOW wRiti ddshdre rant
can be used to achieve tinme-rel ease of the conposition or to prevent

met abol i swharelheeask drsaabsoripeigana dkasphen,c@hizasbaluoen,uat iskpidsithays coakaiied

its
_ predetermined amount of the active drug or prodiug, alone or in appropriate combination

with other pharmaceutically-active agents. The term “unat dosage form” refers to physically

20 discrete umits suitable as unitary dosages for human and ammal subjects, each unit
contaiiung a predetermined quantity of the composition of the present invention, alone or in
combination with other active agents, calculated m an amount sufficient to produce the
desired effect, in association with a pharmaceutically-acceptable diluent, carrier (e.g., hiquid
carrier such as a saline solution, a buffer solution, or other physiological aqueous solution),

25  or vehicle, where appropriatz. The épeciﬁcations for the novel unit dosage forms of the
present invention depend on the particular effect to be achieved and the drug’s particular
phamlacodynamics In the particular host.

33

“effective amount” of the composition is that required to produce the desired

pharmacclogic effect in a host. This can be moenitored using any of a number of end-points

)
O

known to those skilled in the art.  The “effective dose™ will depend on the bioavailability of
specific dosage forms delivered by one or another route of administration. The
neuroprotective dosage and blood level of the present compounds is at least 2-fold and

preierably at least about 5 to 10-fold the anticonvulsant dosage of a sedating barbiturate.

-9



5 intended target site- A pharmaceutically-acceptable fornulation should be
enpl oyed that does not inactivate the active drug of the present invention.
I n pharnaceutical dosage forms, the conpositions may be used al onel dJAN 2005
appropriate association, as well as in conbination with, other
pharmaceutical l y-active conpounds. 10 The pharmaceutical conpositions of

t he presemtastdivenili dim, canabeodellsye 8, for ahenchritows iy avnes0-a00 nokyari ouws
sites in an _animal_ body to achi eve the desired neuroprotective effect. .
Local or sydiiei Rarbeminlre¢qpecan B2 EndISF JHES BYOIEH; d8menc e Helisk e m
applicatiqg, 9% SIIQLEIEL\[ l’)l Al Qio?és. .0e i?’%@ﬂﬁhﬁﬁﬂ N B PP ﬁ{%] af Hpgdealg(c?g)?ﬁon m
cavities, or by i1nhalation or iRSuff1at ron of an aefrosol - Pafent er

adm ni st r atungms @asrubedhyovait ramuscul ar, intravenous, 15 intraperitoneal
subcut aneous intradermal, or topical adm nistration. The conpositions of the
presenf invent i bt apwbeoiprasliceled igsnuamplodetagde fformpleslre eimoadehsdsshge

unit, e.g.,.a teaspoon, tahlet ol uti rs asitory, contains

or edet o AR Corm e nbohet b6 vt or B RPG s G ok kR afe derac o
conbi nati ofd WethSd LSNBE PPORNMBCEMdrC altb¥o gt bud REEMrTes BPSIot BfduddRist of a
dosage fornt refers to physically 20 discrete units suitable as unitary
dosages f drglmurpano werddaniodal cosyioped! &, mezit he wiaitanted ame giartiqwder a2 pph edisrne i ned
gquantity of the co sition o he present invention, alone or in_ ..

Gonbi nat | AL (ot HOrLSeeT 60 SERY S P A BLP A BE b B URE CUPPFEPEHES o
produge themidreréed efhs@hiol ViRSHRG &hgOBr Wetdhdfhg on inter-individual differences
pharmaceutical | y-acceptabl e diluent, carrier (e.qg., liquid carrier such as
a sal i ne solphrimprrokaehos.fdeng dobatiiion,andmasttodiemp Rysiletlpgirsaintagueyousy for i
sol ution), .25 or..vehicle, .where appropriate. The ecifications.for the
novel | unl 10 SRBEYRIRs This PRES BRRLENK RhentierthoRbny Br BRE hardia
effect to DeLapHeVasiaM alf2ei @431 18atRAN et 8 dueRh@EAReadyBam cs in the
particul ar host. An "effective anmount” of the conposition is that required
to produce the desingeew pteacralocleghbekefiiestvenion Hyssamahyvdl banmgee readily
moni t gred Usi NG, f a8 I r of. endrpoipts, . ! 0Se . sKi in
the ane. Thotraryant b f s BImET P o RARRbR bl on B Py Sort st Fi ¢
dosage f oritssteelony eficatebyt Gnended t@bolifgting cuhepateraditentish natléRnpecthed.

neur opr ot ecti ve dosage and bl ood | evel of the present conpounds is at |east
2-fold and preferably at |east aboutg$anppd@4fol d the anticonvul sant dosage
of a sedating barbiturate. -9

General Design

The non-sedative barbiturate. (NSB) drug 1s tested in rats exposed to either reversible
20 orirreversible ischemia. Varying doses of drug are admunistered. The neuroprotective effect
1s compared to a negative control (placebo) and a positive control, pentobarbital, 2 lcnown
neuroprotective but sedative barbiturate, given at doses known to reduce infarct volume in
cerebral 1schemia (1-4). |
Animals are sacnficed several days after the onset of the 1schemic msult and the
25  brans examined to determine the volume of brain infarction as an outcome measure of the
drug’s reduction of 1schenuc brain damage. The animals are examined clinically and graded
prior to sacrifice to detemune 1f the drug has conferred any beneficial effect on relevant
functions following ischemic “stroke.”
Four expenmental models are preferred for testing the neurcprotective effects of the
30 NSB drug. See Ginsberg, M.D., “Animal Models of Global and Focal Cerebral Ischemia,”
Chapter 34 in Welsh, K.M.A et al., Primer on Cerebrovascular Diseases, Acadenuc Press,
New York, 1997; and Pulsinelli WA, Bnerley JB. A new model of biléteral henuisphenc

1schemia in the unanesthetized ret, Stroke 1979 May — June 10(3): 267-72.

-10 -



2 5 JAN 2005 Based on rat data, the anticonvul sant ED50 for phenobarbitol is
about 50-100 ng/kg_ A non- sedating barbiturate dose of 1 g/kg given over 7
days protects against cerebral ischemia in the rat. Simlar or | chedAdd¥es
are suitable in humans based on the enhanced absorption in humans di scussed
above. 5 The anpbunt of each active agent enployed in the Exanpl es bel ow
provi des general guidance for the range that can be utilized by the skilled
practitioner to optim ze the doses and nethods of the present invention.

Mor eover, such doéeJﬂan@@@kdécwnuapﬂé@b@ﬁ@yugéi@ﬁ@abﬁmﬁ@ﬁéﬂﬂﬁfﬁP@N@@ﬂﬁbse of
a conponent nted in art appl i cation- For

exanpl e, the actualq%%kglﬁa E RBRIPS 55 @y@é é‘ﬁ@ Elfdt ng on whet her the
conposi tions are 10 Bdnif @LeHchdnGYPTOLRRE bR ¥ IhrRiNE kndEdigStor Aldefined
depending on inter-individual differe ces in pharnacoklnetlcs drug

di sposhtion, and metrablphadsm Similarly, anounts may vary for in vino

applications. It is wthin the skill in the an to readily %ﬁt t he. dogf in
accordance with fhel/ARREEHIebEChINR p@%ﬁhtqeéGr/&@u@w&m%wﬁtﬁf AT S Al
experinmentation I invention, the same wll
be nore readily F%%%Qﬂyg?g@gﬁgﬁ%ﬁ;&ﬁdﬂﬁ§&§%§§%@%ﬂ$0 t he follomnng exanpl es
whi ch are provided by way of illustration, and are not intended to be
limting of the present .inventiagn, unless specified. EXAMPLE 1 GCeneral

Desi gn The nonl8&ag: Pwsriperl Madsh erqursef ra&we tieated y¢ifleditheR rats exposed to
ei thefgreversible 20 or irreversible ischem a. Varying doses of drug are
adm ni stered. The neuroprotective effect is conpared to a negative control
(pl acebo) and a p@sﬂﬂ@yﬁveomnﬂoKMap&mbohaﬁ@bg&nnc@Ndbnomm neur oprot ective

but sedative barblturate A%lven at doses % 3mn to.reduce infarct. volune in
cerebral ischem a* (1<&ywe I §tpenoRedit) case Sk (s et i ¥'he onset

of the ischem c iBSulle 388 bhifousd® DVURCIS ;&?%moﬂ%uhg LIRLAEAEA $orli e MR& Wire

of brain infarcti on as an out cone neasure drug's “reducti on of
i schem ¢ brai n danagée prisentamiveriis:) ane NX dwhengddasks hievedehy>Enchegraaded 1500 i or

to sacrifice to detergb g if.the dr#? has. conie%re any beneficial effect on
rel evant functions T&tEW aaysé%}?é PPEOEYBIee EHGYS exper i ment al  nodel s
are preferred for testing the neuroprotective effects of the

The results are compared.

EXAMPLE 2

(]
o

Irreversible Cerebral Ischemia

Lreversible MCA occlusion was produced by ligating the carotid artery and then
mserting a filament into the ongin of the MCA with the animal maintained under halothane
anesthesia. Blood flow i the MCA was measured by laser doppler and those animals

which a sigmficant drop 1n blood flow occurred were considered to have experienced

[R]
L

cerebral 1schemia, and to be at risk for subsequent damage (i.e., a stroke). Indeed, no
clinical strokes occurred 1 amimals that did not experience a precipitous drop i MCA blood
flow. All the asumals showing with a drop in MCA blood flow experienced strokes.

Amimals at nisk were then followed behaviorally and scored by chnical findings
using the Bederson grading scale as either:

30 0 no evidence of stroke
nuld stroke

moderate stroke
severe stroke

LY D

-11-



30 NSB drug. See G nsberg, MD., "Animal Mdels of G obal and Focal Cerebral
| schem a," Chapter 34 in Wlsh, KMA et of, Prinmer on Cerebrovascul ar

Di seases, Acadenic Press, New York, 1997; and Pulsinelli WA, Brieér é@’NZJ@ﬁ A
new nodel of bilateral hem spheric 1ischema in the unanesthetized rat,
Stroke 1979 May - June 10(3): 267-72. -10 2 5 JAN 2005 1. irreversible

i schem a produced by mddle cerebral artery (MCA) occluysion ; . 2. Reversible
i scheni a pr oduce8otAWPAlSdae sYE b 108 thrys dheiveate SYTAISAE 2P S EREnTTanD FHUHEEY by
cross-cl anp)j he \aortast fj.ne i Nt ervak : i gnt_gl.obal
schert o praduRedt b EERRCHL R B TR R bIER Gy PR M P PP

cl anpi ng thged OMRREA0RE] gerafsir eS8 . hdpbrigaed 0expatiine it idwdtobel 0% hadpsdof
rats are treated with either: 10 1. Negative control (placebo) via )
nasoga$t r i ®roRty. {lisdraps s rehyed Tontthotranishvrdpeitintgren lepyPpedoranet 70

nmg/ kg pentobarbital: or 3. The NSB conpoung of a conpound bei ng,
o6t od" or ARG W 16 R Ao bR ES SR Ent 1) ARG HEE HPE o bag C.
bet ween 50 5 : ) j.ar:_to ri Ly -
infarcti ong‘?{g%ﬁgsggg&%’fg%ﬂ éé %k%%r%lg.gt Mﬁ%ﬁﬁgyagdnh?g%}g%sﬁlb (gu%edpé ral

I scherni a &7 gMer i dUce, MeAaagaloys cano¥esr Roodueed MY ddigad Wie Kdieusanatind
artery and then inserting a filanment into the origin of the MCA with the
ani mal mai sasas (8d Jufudered badiotihpale compast e ticasst Bif dodbrlnow henarhhet MO fam sd
measured by laser (gao l.er %nd those animals in wh'hch a si %ni fi cag_lt dropfj n
bl ood A owP'GEE B etF HEPRE SHSTHETEEPE g THATECE RSN BfERGCSEE drlhikielaton o

i schem a, ggct OB atn gk for subsequent damage (i.e., a stroke). indeed,
no clinical strokes occurred in animals that did not experience a

preci pi tous droghiermrebA ok sbevn fh dwbleAll| 2udhebelnivrdlbs sy sNeRIIbE T egn diroypsi n
MCA Dbl ood Llcc%V\YSf:e)r(\gggfl eagllg:r%glsstatxlingxli(gnstbd %Odfop i MCA blood flow with the procedure. All

animals were treated with DMMDPB dosages of 1000 mg/kg/day for 7 days.

15
TABLE 1
Effect of DMMDDPE on Death due to Cerebral Ischrmia
20
* Treatment::| " Behavior, || . m_-. | 2Deathii | Survivakars|sSuryvival at|)

Group™ = U T T within 24 T 24 B {48
e e T | s (%) b %) B
Contol Sedated 12 5 (75%) 3 (25%) 2 (17%) 1(8%)
{males)

Pentobarbital | Secdated 9 6 (67%) 3 (33%) 3 (33%) 3 (33%)
{males) ' ' '
DMMDPB | Notsedated | 17 2 (12%) 15 (38%) 10 (59%) 8 {47%)
Males , 14 2 (24%) 12 (76%) 7 (50%) 5 (36%) |
Females 3 0 (0% 3 (100%) 3 (100%) 3 (100%) |

Other dose ranging studiss in rais treated with DMMDPB for 7 days established that
female rats have substantially higher blood levels than male rats. Specifically, at a dosage of
25 DMMDPE of 500 mg/kg the total berbiturate level] in males was 59 pg/ml and females 170
pg/ml. At a dosage of 1000 mg/ke the total barbiturate level in males was 77 pg/ml and
femnales 227 pg/ml; 2nd at a dosage of 2000 my/kg the total barbiturate level in males was

110 pg/ml and females 328 pg/ml. Thus females consistently had blood levels 250%-300% |

that of males at the same desage. This data shows 5 type of “dose response effect” or “blood
-12-



Animal s at risk were then foll owed behaviorally and scored by clinical
findings wusing the Bederson grading scale as either 0 no evidence of stroke
1 nild stroke 2 noderate stroke 3 severe stroke - 1 2 5 JAN 2005 THAN&005
animals that survived for three days were sacrificed and their brains

exam ned. Animals to be sacrificed were given chloral hydrate (35 ing/icg

| F, and theid rbhghfsRpew Eed nel Rbbacatai ecRet {HSLRA s\(\Hl\ahﬁQ@ﬂhbl@hé@d
0.9% saline followed by 10% buffered 5 formalin. The brains were renpved
from t he, 1wrtlanicajitsvaulibtedicbbveare to Ieave the arachnoid intact with the
intracrani al vessels underneath. The fixed brains were frozen at 80C

Coronal sections 20 rn thick were cut at 400 pmintervals in a cryostat at
-20C, dried on a hot plate at 60C, fik&BLEN290% ethanol for 10 minutes and
stained with hematoxylin and eosin (7). Infarcted brain is pale conpared to
the rest of the brain. Thavanunitands of 0 @fick @culithaly @ Tawag det erm ned by

m croscopi ¢ i nspection of the brain sections and cal cuI ation of infarct

vol unes i mmB—The Tesutts arg ShowT 1 Tahtes 1 and befow—The mumbers
vary bet weelicgfipscibedausgynat 4FEMani mal @@%B@@i%ﬁé‘é‘é} a dijop iyl bl oop
flow with the procedured Al anints derseneeding 1chleVIDPB dosages™ of
1000 ng/ kigiday Tor 7 daysS. 15 TABLE 1 20 Effect of [DDPB on_ Death due to
Cerebral |l schraia Treatijuepi;,:|. ., $eha~7@rayn. .|, .Sy e eik@tai/aSi G oup"
-lwiithijn24:'" 24 fir'4S hr ' 72 hr. Qonaol Sedat ed12|9 (75%3
(2599 2(17 7.)T {8,0) (males)
1 260 3 X Died 24 hrs
Placebo
2 260 3 X Died 24 hrs
3 240 3 X Died 24 hrs
Pentobarbitol 1 260 0 1 1 SAH (autopsy)
2 250 2 2 2 Brain collected
1 270 | 1 1 1 Brain collected
DMMDPB 2 230 3 3 X Died 48 hrs
3 240 2-3 3 X Died 48 hrs
4 260 2-3 3 3 Brain collected
10 Pathology (visual and microscopic examination) shows smaller infarct volumes in

animals pretreated with pentobarbitol and DMMDPB.
Thus, DMMDPR proved to protect the animals against death. Other data indicated
that DMMDPB treated anunals did not meanifest sedation compared to placebo group. In

contract, the pentobarbital animals were anesthetized and 1mmobile. The neuroprotective

—
n

effects at non-sedating doses were comparable to or better than the effects of the sedative

pentobarbital but without the side effects-of sedation, particularly at day two.

(9%}
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Pentobarbital |Sedated9 6 (67% 3 (33%9 3 (3393 (33% (nmal es DNNDPBNot
sedated17 2 (12% 15 (88% 10 (59% 8 (47% mal esld 2(24% 12(76%9 7 (50995 (36%
Fermal es3 0 (03 (1009 3 (1009 3 (100% O her dose ranging srudies {13 JANt205
treated with DNITLIDPB for 7 days established that fenale rats have
substantially higher blood levels than male rats. Specifically, at a dosage

of 25 Dni t PBToksH0ELaB K thaeriotall IhanbbrBrat @rd@Melk bnmbesheasmedy
jig/nM and females 170 o-r nl. At a dosage of 1000 ng/ kg the total ,
bar bi t ur ad®lhreviebajiintumsl asidndyIVPIIRE hlandnthe Pesraimpsive2manngtaidgicahd aatva
dosage of 2000 mlkg the total barbiturate | in males was ,.110 ig/rnl.and
el os ase el ikt BhEieT Qe PhauPslosa Pharut 2P enisbont
that of nehesTHtp! NedsANE, Qﬁﬁﬁg‘é’mdfgg"o$eid]?etﬁ%d§QﬂYﬁné‘ﬁ%Mupﬁ3@fd&%§BW@£§e
effect” or "blood -12 25 JAN 2005 | evel response effect” er eby hi gher

bl ood I evelpsdlyonctebadizedtto MiVWEP Bsud eiveigthallyntof2PBi al e rats in the results

t abul at ed above. TA J]ogic status of the first 9 a

| LE 2 5. Neur ni mal s of

Tabl e 1 Treat mérfuid é@mﬂ@ﬁ@'\'ﬁ%ﬁwgw d@iﬂ&igelaf%éewap%raaﬁd( BEUEPTOR g»%aéiws
R 3 DB e Pl R Aot S

col | ect edshown m that blood levels of DMMDPB were minimal, while MMMDPB and DPB

concentration was higher. This animal model of neuroprotection is predictive for humans

10 because: (a) the metabolic behavior of this compound in amimals is predictive of human

metabolism, and (b) the anticonvulsant activity in animals correlates with anticonvulsant

activity in humans.

- Although several sedative barbituric compounds previously found to be

neuroprotective in such animal models provided some benefit in human studies, their use

15 over even relatively short time periods is precluded by their sedative and other neurological

and psychological side-effects. These side effects make prophylactic treatment infeasible

for patients 1dentified as being at high risk of stroke. According to the present invention, m

contrast, the NSBs have minimal side effects in humans. Thus, it is now established that

diphenyl barbituric acid and its precusors, anélogues and denivatives constitute a class or

20  family of compounds suitable for neuroprotection of humans.

Example 3
Reversible Cerebral Ischemia Model

Rats are pretreated as 1 Example 1 (above) and a2 similar procedure is performed

25  except that the filament occluding the MCA is removed after 30 to 60 minutes, restonng
blood flow through the MCA. Rats are then followed chnically for three days, graded for
their degree of stroke and then sacrificed as in Example. The brains are removed and
examined as described above.

The NSB compounds are shown to be neuroprotective under these conditions.

30

Example 4
Rats are pretreated as in Example 1 (above) and then, during ether anesthesia, the

rats’ vertebral arteries are electrocauterized through ihe zlar foramina of the furst cervicel

A
- 14 -



1270111Brain coll ected DM VI DPB23033Xf Died 4S |v s 32402- 33XDi ed 48 hrs
43602- 333Brain col | ected 10 Pathol ogy (visual and m croscopic exagloﬂh &E
shows smaller infarct volunmes in animals pretreated with pentoba dMand
DWMVDPB. Thus, DIiv2, PB proved to protect the aninmals against death. O her
data indicated that DACvIDPB treated animals did not manifest sedation
conmpar ed t,0:48); ?C?&QLQL@HQ@# s arf L Bkked Eﬁ%el@%%ﬁ%f‘p' { @8R TRNS WRL s
anest heti zed and 1 mo e neuroprotective 13 effects at non-sedat nng
doses wer éfeoppavall eotion@witheitaie rithane thenethentse abhthed sedatinasei-vessel
pent obarbital but w thout the side effects-of sedation partlcularly at day
two. -13 2CHUJAN ﬁebwm&%a%@uwﬁ? @f dotessid 06t lpEER sSSPy R IOPE VA @ud 72
predi cti V& LRr 1a‘61hglgen;2ﬁ)ﬁ¥ﬂn% 1ced ¥p\|“/&eé‘%| otllarl ! ox%JI Ce(?(\tregte%MrMyDF@Lmely

the presunptive oglca y act enlca

bar bi tgiri @e@@mrawﬁ’@hem\mIr@hro@me dERhadalfi£ Jor e BOt srigbtes Blfvi Wés@PBcc Leigged,

in ani mal studies over periods ranglng from1l-30 days DVNIDPB was 5 rapidly

met abol i z&éhltple WBDRE @ﬁdfoeqbemluaucltﬁlngotlw amésvaramsedﬁaﬂbmp@mm‘u@ét sraidies

wi t h humans dennnstrated Eatt | evel.s that seen in
%

ani mal s ERBSPO TN GRSy T DR “/%e i nl;}lhf"h1 IS %Fr?%“‘bcatbta%’#‘r‘fl\%%ss T 16%‘\71“ “hat

bl ood | evebsopfordetive ik BERBh YR @ c0iBiai®s, while iv12vlviDPB and DPB
concentration was higher. This animal nodel of neuroprotection is predlctlve

for hurrans 10 Hécauév@du@a)ts tlhstratet abdldiscussehavilos sprcifidaiion @m@@ﬁdd ioply to

ani ma ictiv unan met abol i and (b)_the an tlc ant
Sot ol e b MTBE i BRAR e REv e aht i o R HS AT e
Al't hough %%)éﬁﬁ@l seAghb 8 tmrstélﬂédti%ncsnamq&d&rﬁf&wdowh]ylnmum@ dcBpd8T the
neuroprotective in such ani mal nodel s provi ded some benefit hunan

st udi es, PsEr lnyetions Byerbeegasserdkdtembelimativet theireenpeninasbi sgskiesd eided

by thelr sedative and oth neur o Lcal side-eff
These side® e?%an Gﬁﬁr§53§%8ﬁ99§8%|c\??%gﬁﬁéhg“ﬁhggggg e qumapmemé%d

by those slalled in the art mn light of the above teachings. It is therefore to be understood
15 that, within the scope of the claims and their equivalents, the nvention may be practiced

otherwise than as specifically described.



for patients identified as being at high risk of stroke. According to the
present invention, in contrast, the NSBs have m ninmal side effects in
humans. Thus, it is now established that diphenyl barbituric acid agdNilis
precusors, anal ogues and derivatives constitute a class or 20 famly of
conpounds suitable for neuroprotection of humans. Exanple 3 Reversible
Cerebral EFs¢hemica Mbdel Rats are pretreated as in Exanple 1 (above) and a
simlar procedure is performed 25 except that_ the fil ament occluding.th?
MCA is reroved 3¢ & 5@1&1@”—\166{%1%@9@@«» Nagkser Phg BaphBEe P OGE #HY Bergrehe
MCA. Rats are t fal: kLAl Ly. for, three days, graded for their
degree of stro&gﬁgﬁﬁgfhg%E§%§+FpnggyZ%C$%3 anple. The brains are renoved
and exanizned gsvgasEl BbedealByebeilhed NoBosaBRAUARSHANe] S oMt BcHnia brain
neuroprotective under these conditions. 30 Exanple 4 Rats are preheated in
Exanpl® 1 (abovnagped geieds. during et her anesthesia, the rats' vertebral

arteries are electrocauterized through the alar rapi na of .the fast :
cervical < 14 Iiggnﬁiﬁ é“v&?ﬁ@ﬁ?a&gRe E?%iﬁWeE@%§ %“ﬁr8ffﬁéﬁ”%|ﬁégﬁ“a

| oosel 'y around 4,18 06 ByIRBstR@rQL iStoRE 1O 7.68627-64 er 24 hours, working with
awake rats, the carotid clasps are tightened to produce 4-vessel occlusion.

Fol | owi ng410- 30 arkniuCGe LClokodan €3 eMdosiiugi MeDonhld EMgshewames fRnoletnand 72

horns later the anpinal.s. sacri.ficed b erfusion fixation. Untreated rats
Foutinely 5 derSHEPratE! FOERKHE CHGY BAa) PG ol PEF TR0 5P g0 ri N BL by
4-vess@l occlusiogp. 14Mikgiple areas of the forebrain, including the HL and

par anmedi an hi ppocanpus,. striatum and posterior neocortex are eval uated.
The non- seédat i Mghadvéw i AuBenesn ar Weiongertlo Reatobasuted plhdtiscrinvecllnmeelersed e

ci rcunst ances. The-gnbog'nen S iIIustratgg and._di scu ? Ln . thi
speci fi cation adfoé’alinrﬁee‘ﬁ‘ L,\%I“S PR AR e 5‘%%0“&?? &4 |1ﬁ1{]tlﬁé art the
best way known wasddaey i e 08 BirdiohiMBKE AR I EY bdheda KNY@RtibOM. ROkRbMBipk N
this specification should he considered as limting the scope of the
present i nvent itaiveehdagboyendesenirsef dprodivémiginophetebaitiipereitemantinbe
modi f 'l?d or and 3-sulfmoylmethyl-1,2-benzisoxazole (AD-810), a new anticonvulsant agent, and
their anticonvulsant or neurotoxic effects in experimental animals. Epilepsia 1979;
20:623-633
7. Brnt SB,-Jacewicz M, Kiessling M, Tanabe J, Pulsinelll W. Foca!l brain 1schemia 1n
the rat: Methods for reproducible neocortical infarction using tandem occlusion of
20 the distal nuddle cerebral and ipsilateral common carotid arteries. J Cerebral Blood
Flow Metab 1988§; 8:474-485
8. Garcia JH, Wagner S, Liu K-F, Hu X-j. Neurological deficit and extent of neuronal

necrosis attributable to middle cerebral artery occlusion in rats. Statistical vaiidation.

Stroke 1995; 26:627-634

25 9 Garcia JH, Liv K-F, Ho K-L. Neuronal necrosis after middle cerebral artery
occlusion in Wistar rats progresses at different time intervals in the caudoputamen
and the cortex. Stroke 1995-26:636-643.

10. Strcke Therapy: Basic clinical and pre-clinical directions, Leonard P. Miller, ed.

(Wiley 1999).

30 11, Ginsberg, M.D., Animal Models of Global and Focal Cerebral Ischemia, Chapter 34
1n Eds. Welsh, K.M.A, Caplan, L.R., Reis, P.J., et al, Primer on Cerebrovascular
Diseases, Academic Press 1997.

12, Pulsinell: WA, Bnerley JB. A new model of bilateral henuspheric 1schenia n the
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varied, and elenents added or omtted, w thout departing fromthe invention,
as appreciated by those skilled in the art in |ight of the above teachings.
It is therefore to be understood 15 that, within the scope of thszﬁﬁﬁimﬁ and
their equivalents, the invention may be practiced otherw se tha
specifically described. 2 5 JAN 2005 References |. Koff IT, Smth AL,

Hanki nsonuidnesiNe@lesien Skok8ag i turat gnpn ot:gctdom from cer ebr al infar ctl on in
primates. Stroke 197516: 2S-33 2. Levy DE, Brierley JB. Del ayed pent obar bi t al
admi ni strad.i oancmeils Wde B@ﬁﬁydethlmF Beldmralglémﬁﬂﬁ @femébmcbml dgmagd glmrmomﬂ(

VEE I I, nari . G- ase TN. Modif] rebr sc

anest het | Bt ragsicok e Iof8HRn gsgsnip) 21?1“" sCo‘?fklchfur Ogbh L) n%bleaé(al 1I\»gle"l’
McDonal d LW Youmans, JR Timng of pentobarbital adnlnlstratlon for braln
protection in experinental stroke. Surg Neural 1.0 1976;147-149 5. Bhardwaj
A, Bran-pan T, Weinberger J. Pentobarbital inhibits extracellular rel ease of
dopamne in the ischema stiatum J Neural Transom 1990; 82: 111-117 6.
Masuda Y, Utsui Y, Shiraishi Y, Karasawa T, Yoshida K, Shimzu M

Rel ati onshi ps between plasnma concentrations of di phenyl hydant oi n,
phenobarbi tal, carbarnapezine, 15 and 3-sulfinioyl nethyl-1.2-benzi soxazol e
(AD-810), a new anticonvul sant agent, and 7. 20 8. 259. 10. 3011. 12. their
anticonvul sant or neurotoxic effects in experinmental animals. Epilepsia
1979; 20:623-633 Brint SB,-Jacewicz M Kiessling M Tanabe J, Pulsinelli W
Focal brain ischema in
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the rat: Methods for reproducible neocortical infarction using tandem
occlusion of the distal mddle cerebral and ipsilateral common carotid
arteries. J Cerebral Blood Flow Metab 1988; 8:474-455 Garcia JHZMQMéBUSS
Liu K-F, Hu X-j. Neurological deficit and extent of neuronal necrosis
attributable to mddle cerebral artery occlusion in rats. Statistical

val i dati ogvAS 19ka AQ9pp R6: 627-634 Garcia Jl-1, Liu K-F, Ho K-L. Neuronal
necrosis after mddle cerebral artery occlusion in Wstar rats progresses
at different tine intervals in the caudoputanen and the cortex Stroke

1995- 26: 636- 643. St rokp % sic clinical and pre-cl ca,l directipns,
Leonard P. M1 I'er, metp Igﬂ/ i@@‘g’}]o Dé‘“r?é?i)‘(‘:}ch1Onl\/lnDa TG I‘i ot dP’s CgFbre

d obal andsc!:é]%?zl c@ﬁ J%bfn%l adﬁﬁt&@éﬂj%’ toieRh AR 3ftay bR ﬁé{ﬁ%ﬁrbtzec%%&e of a
Caplan. L.R, Réis, P. rimer on 86 })rovascu ar ~ D seases

Acadeni c Bosssaal&%bmlﬁuirsuenel i WA, Brierley JB. A new nodel of bilateral
hem spheric ischema in the -16 2 5 JAN 2005 unanest heti zed rat, Stroke 1979

May -June 10(3): 267-72 13. Pulsinelli, WA, Brierly JB, PlumF. Tenporal

Profil e of neuryponal ' .

Annal s of Neur ol ogy,ﬂ%gggﬁo%}f;,%hﬁd% hfggil g{ealg)%Sgg %\Nq?g%g%{%hﬁ&fégg‘%{aﬁ%NED
1S 1. A et Eﬂ@d}pf@lﬁm@flﬂg/Ioﬂll[@dﬂﬁ&lh@;pﬁ@it&ﬂtﬂ ordiphengl-babiwlic atidr(DSMRVIDRB), 1-
cerebral ischem a, nmprising admnistering to the mamal an effective

net uopr ot @é‘tﬁ%éﬁt%\é’éw@ﬁyla5 iR g PR D aF B ﬂ\ﬁr\@t’@PB? dpenire CRGHEE 9% m

consi 201 G or 1 S e Rery e by b e esh A IRk Bt 5 Bl o e

1- m)nomat boxymet hyl 5, 5-di phenyl bar bi tvv-l c acid (h3/Evl DPB), d| phenyl
barbituric acid 10 (DPB), e’{%(xeecur sor thereof, a derivative thereof, an
anal og t her eof ,3-and “alt&hetetosoprovading H@FHH@@BPH pFoVE dP%%ﬁm??éuPbprﬁf’@fleéfl on

to a mm@eufo@r&@@tg)n, comprising administering to the mammal a non-sedating barbiturate mn 2
dose sufficient to provide a neuroprotective effect, the non-sedating barbiturate having the

15 structure:

N———Rl

/

wherein R' and R? ma.y be the same or different and are independently
hydrogen; lower alkyl, optionally subsiituted by lower alkoxy; CH,OR®, wherein R’
is lower 2lkyl, allkcylaryl or benzyl; CO,R®, wherein R® is lower alky] or aryl; COR’,
20 wherein R’ is hydrogen, lower alkyl or aryl; or CH(OR®),, wherein R® is 2 Jower
allcyl group; and
wherein R” and R* may be the same or different and are jndependently
hydrogen; aryl optionally containing one or more heteroatoms selected from the

group consisting of N, S and O; phenyl; phenyl substituted with a halogen or lower

(B8]
wn

alkyl group; benzyl; ring substituted benzyl having one or more halogens, lower

allcyl groups or both; lower alkyl; or lower alkyl substituted with an aromatic moiety;

218 -



neur oprotection, conprising adm isteing to the manmal a non-sedating
barbiturate in a dose sufficient to provide a neuroprotective ef,f.em hﬁg
non-sedating barbiturate having the 15 structure: O- RI R 2 NZ@ 10
wherein R and R2 may be the sane or different and are independently
hydrogen; |lower allcyl, optionally substituted by | ower al koxy; CH20R5,
wherein RS is lower alleyl, allcylaryl or benzvl; CO2R6, wherein R6 is

|l ower alleyl or aryl; COR7, 20 wherein R. is hydrogen,  lawer.all>yl or aryl;
or CH(OR8)2, wherRspAdmRghitat g2 atpet & &% 1 ‘rb%%?““gﬁd wherein RByand R may
be the sane or diffesent-rayid are i ndependently hydrogen; aryl optionally
contai ning one or nore heteroatons selected fromthe group consisting of N,
S and 0; phenyl; phenyl substituted w th a,halogen or .|ower 25 1, group;
benzyl : ring substitn ©¢ WeRAyE <Ra #gERe" 6re ﬁop‘éyﬁéf“(%gaenﬁ%?@%%}g{rﬁﬂdal kyl
groups or both; | ower. Y oiQhyi B el We¥ |l ke Bb&t detib edliwWl Elbugnearybmat | ¢
noi ety; -18 é“%%ﬁ%ziﬁ‘g}égf 1.}'Ppnr o%isaed tehat at least one,, n z* P.a is an
aromatic bi ngrgoutsanmidgnaybhaetng;ons bt morahdogsal ey FBPEEPUPSLT *THe *WEt hod of
claim3, wherein ' zndmay be .the satire or dit [c:caiqands @Eekodepandently
phenyl ; phenﬁﬁ‘&ﬁb?ﬁfg‘?é‘d’“vﬁ”ﬁ‘ﬁeal“aqnc?gern"or' Ofccvil\i\go al kyl group; ben2yl, 5

ri ng substit et edpieaylaykuthamicdghone or nore hal ogens, | ower al kyl getups or
both; lower alkyl; or lower alkyl substituted with an aromatic nviety;
provided that at |east one of P. and R- is phenyl or substituted phenyl. 5.
The met hod of anysof ciiad dmBhdd & enpbietfinl S aiiterdosad dssehd lgzior trhareualfout 50

10 ma/kg body weight.

6. The method of claim 1, wherein said dose s tugher than about 70 mg/kg body

15 7. The method of claim 1, wherein said dosc is higher than about 100 mg/kg
body weight
8. The method of claim 1, wherein said dose is higher than about 250 mg/kg
body weight. ’
20
9. The method of claim {, wherein said dosc is higher than about 500 mg/kg.
10.  The method of claim 1, wherein the compound is administered at a dose of at
lcast about 1000 mg/kg body weight.
25
11. The method of any of claims 1-4, wherein the compound is administered in a
dose sufficient to produce blood concentations of at lcast about 30 pg/ml of said compound
or an active metabolite thereof.
30 12, The method of claim |, whergin the compound is administered in a dose

sufficicnt to achieve blood levels of at least about 30 pg/ml of barbiturate of said compound

or an active metabolite thereof,

.15 -



10 ngkg body weight. 6. The method of claim 1, wherein said dose is hi gher

t han about 70 ngy/ kg body weigh 15 7. The nethod of claim1, Wnere

dose is higher than about 100 ma/ kg body wei ght 8. The net hod of cI a| m
wherein said dose is higher than about 250 ng/leg body weight. 20 9. The
met hod of claim 11, wherein said dosc is higher than about 500 m]kg. 10. The
nmet hod of claiml. wherein the conpound is adm nistered at a dose of at

| east about 1000 ng/ kg body wei7 t. 25 11. The nethod ofany of clainms 1-4,
wherein the conpound is admnistered in a  dose SLéflfICC"Iuetl:[crth(i)q pr.oduce bl ood
concencations of &t | dastmedldaf 13 gIRF i <aAMg ESnpotng  or ‘an active

nmet abolite thereof. 30,12 1 Qf- . ckat Mot 1 mﬁp_@rrﬁlorﬁsimemmnmund IS
admi ni steredsﬁffﬁc‘ﬁ“d%%ré’duceb#??é?%@atilﬁgmachl eve t; olod ' evel s of at | east about

50 gJm of barbiiturate.et tgabd conpound or an active netabolite thereof.
-19 2 5 JAN 2005 13. The nethod of claim1, wherein the conpound is
adm nistered in dusts sufficient to produce bl ood concentrations of at

| eas[ about 100 giml Ofy,SALELCHIRBUNGHRFIn @B cagioureis rbhalkclidi doseer eof . 5
14. The nethod of claim 1, wherein the co ound |s1g§iim ni s erded in _doses
suffici ent toutiﬁlcadue@mﬂue@dowe@ﬁw'afw i oo 2aqt | QAL BhENE BBV "GP M of
sai d conpound or,. Iq}cg Ietgﬂg{;t abolite thereof. 15 The nethod of any of
clainms 1-4, \ﬁ;ﬂé?é‘“r{“? tre 'Conpound is adninistered 16 orally. 16. The method
of any of clains 1-4, wherein the conpound is adm nistered intravenously.

15.  The method of any of claims 1-4, whercin the compound is administered

10 crally.

16.  The method of any of claims 1-4, whercin the comnpound is adminisiered

intravenously.

15 17. The method of any of claims 1-4, wherein the compound is administered in

combination with an zdjuvant.

18. The method of any of claims 1-4, wherein the compound is administered
prophylactically before svident neuronal damage.
20 '

19. The method of any of claims 1-4, wherein the compound is admimistered

therapeutically after onsct of newrone! damage.

20. The method of claim 3, wherein the neuroprotcctive effect diminishes, or

25  protects the subject from, newonal damege caused by head traumsz ot cerebral ischemia.

21. A methad according to claim 1, whercin the compound-is zdministered in

conjunction with cardiac surgery or carolid endartcrectomy.
30 22. A wmethod according to claim 1, wherein the mammal bas ec is at risk for

ztnez] fibnllaticn, a tansient ischemic attack (T1A), bacterial endocarditis, a swoke, head

trauma, or subarachneid hemorrhage.

-20-



15 17. The nethod of any of clainms 1-4, wherein the conpound is adm nistered
in conbination with an adjuvant. 15. The nethod of any of clains 1-4,
wherein the conpound is adninistered prophylactically before evi @ngAN 2005
neuronal damage. 20 19. The nethod of any of claims 1-4, wherein the

conmpound } adi“rﬁis?RS&egg bh%rﬁ%‘?%ta' cally-atter quset. jsShcal O%I . damage.

20. The nethod" cl am “t he nehro rotective ni shes, or
25 protecty) t he; genpj etz #@oglSﬂ%g%emahqdagg@eOqau%QQigﬁlhead trauma or
cerebral 1schema. 21. A nethod according to claim 1, wherein the conpound
IS adn1nlstereﬂethpCQnFGhépPon wi th cardiac surgery or carotid

endartete 5 0 22. A net hod ccordlg ho claim1l, wherein the mammal has
or is at Pisk FOrECRiPRal PPPriSELELISR, g RS et r§@ﬁ§ﬂ¥¥§attack (TLA),

bacteri al endogé;é%iésofanéh%%m*e%%qmgr%@ﬁ@ @ s34kai aghnoi d henor hage.
-20 2 5 JAN 200 . method of providing neuroprotectlon conprising (a)
identifyi@y a sdbjectteningedookzder ebbak ctneur egrfei@dtiecn, (U) sel ecting a

non- sedati ve barbiturate conpound capabl e of neuroprotecting said subject,
and (c) adnlnﬂ%¥%?Ph@tF6téaﬁdd§éﬁjéétséhdeFP@EPP6 méledisivt ect i ve dose of

sai d conpound, ,Ehergbyg BEOW dngopaidepeurgpr ot ection.
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