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Field of the Invention

The present invention relates to a composition and a method for providing improved
20  bioavailability and enhanced delivery of a barbituric acid derivative to the central nervous
systerﬁ of a mammal. In particular, the present invention relates to methods of administering an
oral dosage form comprising a salt of 5,5-diphenyl barbituric acid selected from the group
consistihg of sodium, potassium and lithium to produce efficacious levels of 5,5-diphenyl
barbituric acid in the blood and brain of a mammal.
25

Background of the Invention

5,5-dipenyl barbituric acid (DPB) is a member of the non-sedating barbiturates and a
metabolite of 1,3-dimethoxymethyl-5,5-diphenyl-barbituric acid (DMMDPB) and
monomethoxymethyl-5,5-diphenylbarbituric acid (MMMDPB). Since DPB synthesis was first

30  reported in 19385, the therapeutic use of §,5-diphenyl barbituric acid (DPB) was overlooked, in
part because of its lack in purported hypnotic activities. (McElvain et al. *‘5,5-Diphenylbarbituric
Acid” J. Am. Chem. Soc. 1935, 57:1301-04). DPB was found to be effective only in




exceedingly | arge doses and therefore no pharnmacol ogi cal application was
suggested. DPB has the following structure, and it exists as a free acid
form To the best of the inventors' know edge, no salt fornms of DPB have
been isolated and reported. 101l HNNH OO 5 5,5-di phenyl barbituric acid
In 1945, Merritt et al. reported anong hundreds of screened conpounds DPB
for its elevation of the el ectroshock seizure thresholds in cats.
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activity in prolonging the duration of an electric current required to produce a seizure in rabbits

(“Comparative central depressant actions of some 5-phenyl-5-alkyl-barbituric acids” J.
Pharmacol., 1947, 89: 356-367).
15
In 1973, Raines et al. re-evaluated the anticonvulsant effects of DPB in a mouse model
using the maximal electroshock seizure (MES) test. (““A comparison of the anticonvulsant,
neurotoxic and lethal effects of diphenylbarbituric acid, phenobarbital and dipheylhydantoin in
the mouse” Journal of Pharmacology 1973, 186: 315-322). DPB, given by stomach tube, was

20 effective in protecting mice from seizure induced either by electroshock or pentylenetetrazole (a
chemical convulsant). However, it was not possible to give enough DPB via stomach tube to
produce neurotoxicity or death, as the poorly soluble DPB (free acid form) could not be
adequately absorbed to achieve these latter end-points. In subsequent rat studies, Raines et al.
monitored plasma and brain concentrations of DPB and speculated that DPB (free acid form) is

25  probably slowly absorbed from the gastrointestinal tract and slowly moves into the brain to

provide an anti-seizure activity. (“The effects of 5,5-diphenyl-barbituric acid on experimental



activity" Epilepsia, 1975, 16:575-581). DPB is not a viable oral therapeutic
agent, in large part because of the problens 5 associated with its poor

bi oavail ability. Water solubility of DPB is known to be exceedingly poor,

1/ 100 fold | ess soluble as conpared to phenobarbital in aqueous solution at
pH 7. (See, Epilepsia, 1973, 186, 315-22). DPB free acid has been
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20  DPB. This includes exploring alternative routes of administration. To this end, Raines e? al.

compared the intraperitoneal and oral administrations of DPB (free acid form) and correlated the
plasma DPB concentrations with the anticonvulsant activity. (“The effects of 5,5-diphenyl
barbituric acid on experimental seizures in rats: correlation between plasma and brain
concentrations and anticonvulsant activity” Epilepsia, 1975, 16, 575-81). It was found that oral

25  gavage of DPB (free acid form) is considerably less potent when compared to intraperitoneal
administration of DPB, which correlates well with the observation that oral absorption for DPB
is poor. Despite a better bioavailability, intraperitoneal administration does not represent a

practical therapeutic route.

30 To circumvent the low absorption problems associated with DPB, Raines et al. examined

the preparation of a DPB saline solution for intravenous administration. (Epilepsia, 1985, 26:



al kal i ne sol ution woul d cause significant tissue necrosis, and thus does not
represent a feasible choice for safe patient use. Qther than the known

i ntravenous and intraperitoneal adm nistrations 5 of DPB (free acid forns),
there is no other known dosage form of DPB that woul d provide good

bi oavailability in a mammal and hence permt optinmal and sustained
circulating levels of DPB. Several attenpts have been nade to provide
higher | evel s of DPB including adm ni stration of prodrugs. In humans,
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20 level of DPB. Inter- and intra-individual variability was seen in serum DPB levels when
DMMDPB was orally administered. The inter-individual variability may reflect poor and
variable bioavailability or may be attributable to the differences in the metabolism of DMMDPB
to MMMDPB and DPB by liver enzymes whose activity may varies with patients and their
health status. Poor bioavailability may lead to intra- and inter-individual variability. Variable

25  serum levels are not desirable because it may increase the incidence of break-through seizures

and adverse effects produced by excessive drug levels.

There is a continuing need to provide a composition and a method for improved
bioavailability of DPB and enhancing brain delivery of the same to the central nervous system in
30 mammals. There is no prior art disclosing an oral solid dosage form of DPB in its salt forms that

exhibits an improved bioavailability. We report herein a reliable synthesis of salt forms of DPB



and enhances brain delivery of DPB so that it can exert its effects in the
central nervous system An inproved bioavailability of DPBis believed to
contribute to its beneficial effects in the 5 treatnment of neurol ogical
conditions. Summary of the Invention It is an object of the present
invention to provide an enhanced and efficient delivery of a barbituric
acid derivative (i.e., DPB) to the central nervous systemin a mammal by 10
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| evel ;9f 5, 5-di phenyl barbituric acid. Preferably, the oral dosage form

contains an isolated sodiumsalt of DPB. _
It is another object of the present invention to provide a method whereby a salt form of

barbituric acid derivative (i.e., DPB) is utilized to deliver DPB to the central nervous system
(i.e., through the blood-brain barrier) and thus entering the central nervous system and
cerebrospinal fluid.
20
It is another object of the present invention to provide a method for treating a
neurological condition comprising the step of administering an isolated salt form of DPB so as to

deliver DPB to the central nervous system. Preferably, the isolated salt form is sodium DPB.

25 It is yet another object of the present invention to provide a composition comprising an
isolated salt form of DPB that can be used to improve irn vivo delivery of DPB. In particular, the
present oral dosage form provides the advantages of improved bioavailability and increased brain

delivery of DPB in vivo.

30 Accordingly, the present invention provides a method for treating a neurological

condition in a mammal, comprising the step of administering an oral dosage form that comprises



5 In accordance with the present invention, the inproved bioavailability may
be characterized by an AUCo. 48 of 5,5-di phenyl barbituric acid of at | east
800 g-hr/nmL. Preferably, the inproved bioavailability is characterized by
an AUCo_48 of 5,5-di phenyl barbituric acid of at |east 1,200 pghr/ni.
Preferably, the inproved bioavailability is characterized by an AUCo_48 of

5, 5-di phenyl barbituric acid of at least 1,500 g,hr/nL. 10 In accordance
with the present invention, the inproved bioavailability may further be

characterjzed b - di I Ly j t 50 sg/niL.
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present invention, a salt formof 5,5-diphenyl barbituric acid is shown to
have an inproved bioavailability when conpared to that of a free acid form
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5, 5-di phenyl barbituric acid is at |east about 3 tinmes greater than that
provied by oral administration of the same anmpbunt of a free acid form of
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Pr ef Er abfmm O&L%%@LW?B?&?}%Q%ﬁ“g]‘i’lf%ﬁgﬂmaggb‘m'i c acid is at |east about 1.5
times greater than that provided by oral adm nistration of the sanme anount

of a free acid formof 5,5-diphenyl _ o .
In accordance with the present invention, a salt form of 5,5-diphenyl barbituric acid is

shown to have an improved bioavailability when compared to that of a free acid form.
Preferably, the improved bioavailability is characterized by an AUCy.45 of 5,5-diphenyl barbituric
20  acid that is at least about 1.5 times greater than that provided by oral administration of the same

amount of a free acid form of 5,5-diphenyl barbituric acid.

More preferably, the AUCo.4s of 5,5-diphenyl barbituric acid is at least about 2 times
greater than that provided by oral administration of the same amount of a free acid form of 5,5-
25  diphenyl barbituric acid. More preferably, the AUCo4z of 5,5-diphenyl barbituric acid is at least
about 3 times greater than that provided by oral administration of the same amount of a free acid
form of 5,5-diphenyl barbituric acid. More preferably, the AUCy.4s of 5,5-diphenyl barbituric
acid is at least about 3.5 times greater than that provided by oral administration of the same
amount of a free acid form of 5,5-diphenyl barbituric acid.

30



barbituric acid. More preferably, the Cm of 5,5-diphenyl barbituric acid is
at |least about 2 tines greater than that provided by oral adm nistration of
the sane anount of a free acid formof 5,5- diphenyl barbituric acid. Mre
preferably, the Crax of 5,5-di phenyl barbituric acid is at |east 10 about
2.5 tinmes greater than that provided by oral adm nistration of the sane
amount of a free acid formof 5,5-diphenyl barbituric acid. Preferably, the

salt form of 5z di phenyl barbjturic .aci.d.is sqdiumb5, 5-di phen .
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bar bi t ur absbitderaeid A& iPstatat oyl 29 futesS@bdterltRAthetfprévideddiydranydmihigtfdoh ur i c
acid is sodium 5, 5-di phenyl barbiturate. Preferably, the salt form of

5, 5- di phepfhe %WWF%faa%‘?ecﬁcidsfoaﬂﬁfﬁﬁéiﬂ@F@d brpityrig agidi cj ent  anount to

provi de a brain concentration of 5,5-di phenyl barbituric acid that is at

| east about 1.5 tinmes greater than that provided by oral adm nistration of
t he sahe anourRrefsfably, fhedam.oufi Sb-fiphenybbarbiturs, a6idds phlersy kbdusit Hitimes igrsatecthdn Mor e
pr ef er abl t br.ai centr.ati of 5,5-di.phenyl bachituric. acid is at
Peast abotftt BORARLE) GeCaPaFRiRh f hedome ap HLBTE T elf Wlimaia S0pBFEn of *t ne
same anobabingfc adidl Neere pedfetablo)the Of.., of H5difheaylarttaribhdidis &t lcastiaouthiinges

preferably, the brain copcentrati.on of 5, 5-di phenyl barhituric¢ acid is at
Peast abodeatdr Grmibal Ripudethy ?rﬁgﬁﬂtlwatfaﬂapa@r & eslgﬁxmta?agram? gmﬁfgén of
the sane @&ER4T bRbindicldcRE M6re Prdf@ably ahie gm5bd_5,9hﬁﬂﬂéhylbﬁfﬂi’t’uﬁblﬁéi§isaaQ_le‘ﬂst_ 25 More

preferably, the brain concentration of 5, B- i phenyl” barbituric acid is at
| east 1@&boghoun2.f tiss gregice Hias that pratidedihy onst edministation ofthe saggmebritaf aficon of

t he sane Qﬁpgﬁ%(ggé?ﬁhﬁﬁﬁkgﬁhgﬁk%&ﬁlof 5,5- di phenyl barbituric acid.

Pref erably, enyl barbiturate is adnm nistered to provide a
brain 30 concentration of 5,5-di phenyl barbituric acid of at |east about 20

g/ g at 24 hour fter the .admnistration. Mre preferably, .the sodium
5, 5- di phenyl b}gﬁ‘:%f*{b _r’giees_altgorﬁb‘?'ﬁynf é‘?&?‘éﬁgg}rgﬁw&?%éSﬁflwngrséﬁhﬂhe@éﬂ centration
of 5, 5- di paibifuthteRtdRbiub S, S-dpibsl] BhrbRirale@afithi @ St dighkng! Bhrbiturd6 KoK s after
the admnistration. Mre fpr ef er abl g the sodiumb5, 5-di phenyl barbiturate is
adni ni'st ePEEEFTabLy theoiplt dermyof h3-dirhenyd hrrbiricacidys sefium So-diphenahbarbiBustsi t uri ¢
acid of at |east about 8 gg/g at 48 hours after the admnistration. 5
Preferably, the oral dosage formis a tablet, pill, capsule, caplet, powder,
granul e, suspkmérabty, thpedalt dormself %, 5-gghenyhMbarbitygrosicisl iabdpinistéred mrassuffdomage f orm
isasolidformsuc.laa%a . . o .
amount to provide a brain concentration of 5,5-diphenyl barbituric acid that is at least about 1.5
times greater than that provided by oral administration of the same amount of a free acid form of
20  5,5-diphenyl barbituric acid. More preferably, the brain concentration of §,5-diphenyl barbituric
acid is at least about 2 times greater than that provided by oral administration of the same
amount of a free acid form of 5,5-diphenyl barbituric acid. More preferably, the brain
concentration of 5,5-diphenyl barbituric acid is at least about 3 times greater than that provided
by oral administration of the same amount of a free acid form of 5,5-diphenyl barbituric acid.
25 More preferably, the brain concentration of 5,5-diphenyl barbituric acid is at least about 4 times
greater than that provided by oral administration of the same amount of a free acid form of §,5-

diphenyl barbituric acid.

Preferably, the sodium $,5-diphenyl barbiturate is administered to provide a brain
30 concentration of 5,5-diphenyl barbituric acid of at least about 20 pg/g at 24 hours after the

administration. More preferably, the sodium 5,5-diphenyl barbiturate is administered to provide a



tablet, pill, capsule, or caplet. 10 Preferably, the sodium 5, 5-di phenyl
barbiturate adm nistered is at a dosage fromabout 0.5 ng/kg to about 100
ng/ kg. More preferably, the sodium5, 5-di phenyl barbiturate admnistered is
at a dosage from about 2 ng/kg to about 25 ny/kg. More preferably, the

sodi um 5, 5-di phenyl barbiturate admnistered is at a dosage of about 3
ng/ kg to about 15 ng/kg. More preferably, the sodium 5, 5-di phenyl
barbiturate adm nistered is at a dosage fromabout 5 ng/kg 15 to about 10

ng/ kg. Preferably. t diu = di phe rbptynate, | m ni ed in
e arotta orepingior dsTHPy Bupn et b3t Bhbitaglib § BBl bl
pat i ent adnBisgatfone Mdrapreferablpeths udiiunms 5-dphedliy IHaeisukatd Bradidinistadee té provide a

adm nistered in the 1.of from 60 t o, about 1,500 per da 20 More
pr ef er aPRP coperatralipg %ﬁggghﬁ}ybgggw 1978 ftaﬂ}eéitég‘i"g jga{'l:¥23 ﬁ?‘gtl@l‘@d’ K‘h‘? he
amount  gfmigReMtonl50 ng to 900 ng per day. More preferably, the sodium

5, 5-di phenyl barbiturate is adm nistered in the anount of about 300 ng to
600 iy per day. Preferably, the neurological condition is selected fromthe
group consi sty kon . i I Qo .8, umati c brain
injury, str otfé‘%}g’égl h%? oﬁaﬁ?ééﬁd%%fo&%s g%hk?@tﬁy ,ca&%%f éhg&ei‘igbﬁlﬁgf‘ﬁragqﬁ ’ novenent

di sor derssspehsied, geldylsyft geheVoms \pesferablydhe oratidosagesfoes semsdlal fotnn erwbras a dyst oni a
or Parkiq)onﬂﬁ disqase. ﬁneferably, t he novenent disorder is selected from
the gr odp” CleBHst B A PT 6Pt enor, dystonia, chorea, athetosis, blepharospasm
hem bal | ysmus, myocl onus, torticollis, and witer's cranp. Preferably, the
manmmal is a dog, rat, nouse, primate, livestock, 30 or a pet. Preferably,
the Warmmal i referably. thesediumy e"f[')%‘P%‘lyil‘?ar‘PlﬁiéatFrﬁ stered is ah g ARs3ge HOMALBII ngl v,

the presg j ' iod Mlv.drsad I§: Mdast; salt form
of 5,5-3?%ﬁ§ﬁ§¥§g%?%??ﬁﬁgégaﬁﬁﬁégﬁgﬁaI%hgfnaggﬂ??céﬁﬁgﬂégggggﬁﬁ|e exci pi ent,

sai d saladministened s at B dosage Sioanghoubampikgie Akoubdd theikg. More praferabdy; éhessolium

sel ecte Lom.t h .o NSL.SE i f ' - di i tuyrate

e s LR B DA RS g, S SR SR B,
Pr ef er aljryferablypthe a3bdiuind, Srdipherty] bartlityrhte ngmidiaerbd iswuit b dosage drotnsabs ol mgikg

5, 5-di phenyl barbiturate. Mre preferably, the oral dosage formis selected
frothhéoﬁﬁﬁﬁﬁOEEH§isting of a tablet, pill, capsule, caplet, powder,
granul e, suspension, gel and soft gel. Accordingly, the present invention
provi des a nmethod of preparing a pharmaceutical 10 conposition.containing a
salt form of Peeferablypthe sgdiudsHiliphenykbageiturate iscadmrinisicred in Hie amoapsofdtom )

about 30 mg to about 3,000 mg per day in a 60 kg patient. More preferably, the sodium 5,5-
diphenyl barbiturate is administered in the amount of from 60 mg to about 1,500 mg per day.

20  More preferably, the sodium 5,5-diphenyl barbiturate is administered in the amount of about 150
mg to 900 mg per day. More preferably, the sodium 5,5-diphenyl barbiturate is administered in
the amount of about 300 mg to 600 mg per day.

Preferably, the neurological condition is selected from the group consisting of
25  convulsion, epilepsy, brain ischemia, traumatic brain injury, stroke, spinal cord injury, anxiety,
nervous strain and movement disorders. Preferably, the movement disorder is essential tremor,
dystonia or Parkinson’s disease. Preferably, the movement disorder is selected from the group
consisting of tremor, dystonia, chorea, athetosis, blepharospasm, hemiballysmus, myoclonus,
torticollis, and writer’s cramp. Preferably, the mammal is a dog, rat, mouse, primate, livestock

30 orapet. Preferably, the mammalis a dog. More preferably, the mammal is a human.



conbi ni ng 5, 5-di phenyl barbituric acid with an organic solvent and a base to
forma salt of 5,5- diphenyl barbituric acid; and b) isolating the salt of

5, 5-di phenyl barbituric acid. Preferably, the base is conbined in ethanol.
Preferably, the steps further conprise dissolving the base in a second

sol vent and adding the base in solution to a solution of 5,5-diphenyl
barbituric acid in 15 organic solvent. Accordingly, the present invention

provides a nethod for prepari a salt form of 5- di phenyl. .barbituric
era. conpr 1 siagordiets OB s oloyi 5 St e, B FomIRis § oA Bhei o 1 n
an or gani 6f 5oHipaetyl sabreiestid £ ghagnace@icany meﬂams ledipiogk, Sid salt form of
tetrahydrofuran, 2-nethyl-tetrahydrofuran, diet et her, . diisoprop

et hyl -t ¢ | | |
et her, ~t et v-dibeny! baditye acdd et leagtions sHbselested &iomn 9(, E&@aﬁé?SI%inéPﬁ%dé}%¥éf ycol
di nethyl g ) di - ; cdioil - Zene,
et hanol , nbmw%?ﬁg% %g’ﬁpof%sggfgﬁﬁj;felﬁgyﬂﬁf ggrgllt&%%g@gﬁltﬂgﬁggl %P@ng;lgétaﬁ{} eng gl ycol
mononet hyPreerdbdy, theNaliforimed hi-dpbenyh bartigyriachd i8 Sodinmret hgipheod barbitleate.
N- net hyl rolido N, N-.di net hyli.m dazol i ne di met hyl sul f.oxi,de, .sul f ol ane,
et on t VR arpfrP it ehe o foml s ) i e o I csBati hiefig gl ¢
sol vent , capbdlekaplet, powédr, dremeé, sadpenddas; gelsualiestt ggd. from the group consisting
of sodi um hydr oxi de, potassi um hydroxide and [|ithium hydroxide to the
di ssol ved 5, 5-di phenyl barbituric acid solution to 30 forma salt form of
5, 5-di pheny! b@éclatéwgg/ﬁh@&leggnt ARehtioh preVided hinfhddt pPcphting LpRArRAhceaticn di phenyl
barbituric acid. 9 Preferably, the organic solyenf i's tetrahydrofuran.
Pr ef et@bl §omposisiop semaiging atshk farmsefdl Srdighens] Barblitysiceaaid, coraprisina the sfepscifr)i n st ep
b) are pr - ay: i f t 1 t i td ng
step is per oélﬂgg’sgdﬁgﬁ)%n?{qag@wgﬁ .agllgr@&garlﬁa%%m ilc stoE‘ye'eﬁ{oafhrggdte](J i tlontglgrrll F%ﬁgfﬁtﬁt her
conpr i sesdiphenyl barbipurafacida aind b)gsdlitmgitbodalttof d, SstphenfOranbinkic acid- @rgbrably, the

barbituric acid. ,Preferably, the isolated b5 salt formis sodiumb5,5-di phenyl
bar bi ¢ ur a0t SRETELER T PO o P TSP Srdle D G, SUBRe R SR E b Tpse

appr oxi mageRbiyd fMWeniEIdaiddingltheas®in sofullien €ad dodflioadd 5 30diphbnyl BartTRYicREid in
substantially pure, and solid. 10 Brief Description of the Drawi ngs Figure |
i || ustt at @g2Rip&oliE™n pl asma concentrations of MWDPB and DPB after single
oral '

Accordingly, the present invention provides a method for preparing a salt form of §,5-
diphenyl barbituric acid, comprising the steps of:

a) dissolving 5,5-diphenyl barbituric acid in an organic solvent selected from the

20 group consisting of tetrahydrofuran, 2-methyl-tetrahydrofuran, diethyl ether,
diisopropyl ether, tert-butyl methyl ether, dimethoxyethane, dioxane,
diethylene glycol dimethyl! ether, benzene, toluene, xylene, chlorobenzene,
dichlorobenzene, ethanol, n-propyl alcohol, ethylene glycol, 1,3-butanediol,
ethylene glycol monomethyl ether, N,N-dimethylformamide, N,N-

25 dimethylacetamide, N-methylpyrrolidone, N,N-dimethylimidazoline,
dimethylsulfoxide, sulfolane, acetonitrile and combinations thereof;

b) adding a base to the organic solvent, said base is at least one base selected
from the group consisting of sodium hydroxide, potassium hydroxide and
lithium hydroxide to the dissolved 5,5-diphenyl barbituric acid solution to

30 form a salt form of 5,5-dipheny! barbituric acid; and

¢) isolating the salt form of 5,5-dipheny! barbituric acid.



doses of MVMDPB in Beagle dogs (30 ng/ kg, n=8) Figure 2 illustrates the nean
pl asma concentrations of MWDPB and DPB after single oral doses of NaMWDPB
in Beagl e dogs (30 ng/ kg, n=8) 15 Figure 3 illustrates the nmean pl asma
concentrations of MMVDPB and DPB after single intravenous infusions of
NaMWDPB i n Beagl e dogs (15 ng/ kg, T=15 min, n=8) Figure 4 illustrates the
mean plasna concentrations of DPB after single oral doses of DPB in Beagle
dogs (75 mg/ kg, n=8) Figure 5 illustrates the nmean plasma concentrations of

DPB after si @%f&aﬁggh% H%%El% s&ner}}%ﬁaﬂ roﬂn.%@r&lgggé%a%% Qn% lﬁ%solOe:qB

)
Figure 6 illustrat mean pla oncentrations a r single
i nt r averfgudiphenfylisarbitgicoicid iNaPB) ane pRsenflaba thotps rdtipdfabsutd; 1. TRrerabiyn then=4)

Figure 7_illustrates.the | a concentratiaons of after. single oral
doses of et R aynes SERtalof SErerRs Fhurdbh lerfin BhRe insd 69

i |1 ustr atepof Washinems ifladsiqalt danceit, 3-diphatys babitidkBicaf. tRreferbhglie islatkd doses of
NaDPB i n . Sprague-Dawl ey rats (150 ng/ kg, n=18) Figure 9 illustrates the
mean Spl &adPrEghsqsinm &¢5rdphenykbapipiirale.t or “singl e i ntravenous infusions of
NaDPB i n Sprague-Dawl ey rats (150 ng/ kg, T=30 min,.n=18) Figure 10
illustrates the mean brain concentration of DPB after single oral doses of
DPB in 30 Sghagglefonnel BYBrmaysbemam-swhstkyted rrtieappiaximatglyrequitiolarirhtipstof at es

t he nmea i sent ' f fte ingl e oral doses of NaDPB in
Spr ague?'ﬂﬁ‘\gﬁ%ga’?“ﬁ%}‘g‘?‘{]ffsﬁ‘takg?&‘gﬁmﬁ@fp“&’éﬁ%ﬁ'@z illustrates the nean brain
concentration of DPB after single intravenous infusions of NaDPB in

Spr aque- ey rats (fl 0 /kg, T=30 mn, n=18) 5 The follow ng detailed
desc iptﬁ%ﬁww ,D o which it refers, are provided for the
pur pose Ffur & fifisirRedthe Atdn blabts tsREAPGoRELSAMMMBEB ARE BPBORL RO ANt S Of
the invention onl and are not intended to exhaustively describe or show

al | posgiopsef RibintBeagle dogu(3fnegk®ym=8} he i nvention. !0
Figure 2 illustrates the mean plasma concentrations of MMMDPB and DPB after single oral

doses of NaMMMDPB in Beagle dogs (30 mg/kg, n=8)
15 Figure 3 illustrates the mean plasma concentrations of MMMDPB and DPB after single
intravenous infusions of NaMMMDPB in Beagle dogs (15 mg/kg, T=15 min, n=8)
Figure 4 illustrates the mean plasma concentrations of DPB after single oral doses of DPB in
Beagle dogs (75 mg/kg, n=8)
Figure 5 illustrates the mean plasma concentrations of DPB after single oral doses of NaDPB in
20  Beagle dogs (75 mg/kg, n=8)
Figure 6 illustrates the mean plasma concentrations of DPB after single intravenous infusions of
NaDPB in Beagle dogs (75 mg/kg, T=30 min, n=4)
Figure 7 illustrates the mean plasma concentrations of DPB after single oral doses of DPB in
Sprague-Dawley rats (150 mg/kg, n=18)
25  Figure 8 illustrates the mean plasma concentrations of DPB after single oral doses of NaDPB in
Sprague-Dawley rats (150 mg/kg, n=18)
Figure 9 illustrates the mean plasma concentrations of DPB after single intravenous infusions of
NaDPB in Sprague-Dawley rats (150 mg/kg, T=30 min,.n=18)
Figure 10 illustrates the mean brain concentration of DPB after single oral doses of DPB in

30  Sprague-Dawley rats (150 mg/kg, n=18)

10



Det ai |l ed Description of the Invention Definitions: "DVDPB" is

1, 3-di net hoxynet hyl -5, 5-di phenyl barbituric acid; "MVWDPB" is

nononet hoxynet hyl -5, 5- di phenyl barbituric acid; "DPB" is 5,5-di phenyl
barbituric acid. For the purposes of the present invention

"bi oavailability" of a drug is defined as both the relative 15 anmount of
drug from an adm ni stered dosage formwhich enters the systemc circulation
and the rate chthe dr.u ears. in ood s Jablllty
") o et §EER AN PRa ER heatie bhin ARG g O BB R e bl EiPes SRR 0™
absorpti ospm@eqhavclemawdwomgaagyaﬂ&;br lity, followed by 1ii) its tissue
re-distripution . and iii) elimnation (nmetabolic degradation plus renal and
ot her  nebigurs I2illystrates gheqneandrain senssntratign pf PPB after gipgle mprauenoupinfusions of on of

drug absoNQgﬁBlﬁpg&a gﬁ,lr?y@gl Oavgglagld@fgmﬁlh{ aki@n in conparison to the dose

Ssi ze adm ni stered, “Absolu ability" is estimated by takr ng into
consi dération tissue re-distribution and biotransformation (i.

el i m nation) i C 1San S n via jntr.av ) adm' i stration
of the arug - ion6eResFalSadBlfion faiPalicl AR ERAV o ORuReg kTS O
DPS as Coﬂipgn@)dsddi')fdeEt&IbuCgfmﬁﬁ%tr&@@eﬁ&?@mﬁﬁle%n&lﬁﬂﬁ%ﬁﬂi@tlﬁdgliﬁvémbﬁlbﬁllyl sm
and tissue distribution is atjvely unchang referably, an

i npr oved md&a?/a?trlatsﬁeritt?er*@rﬁrvg{wc{sscalbﬂebﬁww %PP%‘SIE lFMbRdimants B sramRleRaic acid
of at |eagkiBRAHgh hr/nk. "AUC' refers to the nean area under the plasm
concentration-tine curve; "AUCo ," refers to area under the
concenfration-tinme curve fromtine zero to the tinme of the |ast sanple

col l ecti Oﬁeta'illégﬁg' %ﬁ"t'o'h%ff%ﬁ 5% !ggea under the concentration- tine curve
fromtine " refers to area under the

concent r aDeGmitipnsTEDIMMORBY és 1,8 «irmctthmrrmehybs ﬁaixpr&nhldmlsguné Grid x"MMMBPR” {50
maxi mum observe a C c i . ! refer o the
(e to aBRmeyatoRarEvsf Bty ik B s s SraphS ke £ 11
is calcul arte@drpaﬁes(dfthe%{r&%aht)mvermﬁ BbilBjail G 6f 4 Arul RedHRP@ESHYth The k&htver der

elimnation rat e constant. "NaDPB" and "sodium salt of DPB" are used herein
i nt er dhangBayitef dagdronpansadmipisisesdidgrags fogm whigh erigs tsasyBemin dtcalationgiNivoPB"
and sodi upyxsalnhi@fth Maﬁ(ﬁ gh N B SHNRNGa 0

sodi um rmf?(t)rrgt h(l)xytrre E%ea%rl i pheny bar bitur atag %95 %?W' e?’\fy\?{s%é

i ndi cat edwhichesgoveinad brm at:baﬂt; érfaatcs:ii pabsorption WpiChsmrqis:)bwe\ranlamtltyofvllom:dabyus ed

L T T T L

quant it at inethanisiis}; “@lﬁsoaﬁﬁﬁyavallﬂ'blhﬂyéis&hse)Itéhtbh&a«tti’d)hroﬁ\dﬁigmbsorbrtd’lfpdﬁI on tine

(in mpautes) C)sf ugr gc{rrlfmlstr;tll_ghgcorrne;t%%g to t%e gé) %hsxze%gn?nrlstnggg e“Abs%iJulted

chr omgf ogFHpgsC p s
bioavailability” is estimated by taking into consideration tissue re-distribution and
biotransformation (i.e., elimination) which can be estimated in turn via intravenous
administration of the drug. “Improved bioavailability” refers to a higher AUC for salts of DPB as
compared to that of free acid forms of DPB (assuming the metabolism and tissue distribution is

25  relatively unchanged). Preferably, an improved bioavailability refers to a AUCy., of 5,5-dipheny.

barbituric acid of at least 800 pug-hr/mL. “AUC” refers to the mean area under the plasma
concentration-time curve; “AUC,.”" refers to area under the concentration-time curve from time
zero to the time of the last sample collection; “AUC,.24” refers to area under the concentration-
time curve from time zero to 24 hours; “AUCy.45” refers to area under the concentration-time

30  curve from time zero to 48 hours; “C,,,” refers to maximum observed plasma concentration;

“Tmax . (OF “tmax”’) refers to the time to achieve the Cp,y; “ti2” refers to the apparent half-life and

11



"pharmaceutically acceptable" refers to physiologically tolerable materials,
whi ch do not 10 typically produce an allergic or other untoward reaction,
such as gastric upset, dizziness and the |I|ike, when admnistered to a
manmal ; "manmal " refers to a class of higher vertebrates conprising man and
all other animals that nourish their young with mlk secreted by mammary

gl ands and have the skin usually nore or |ess covered with hair; and
"treating" is intended to enconpass relieving, alleviating or elimnating
at | eas lig QJ?&ua?élJ%t(H{Q/RL), h@Fe%?lje% t%QI!le gﬂxq#lttﬁrgtnordéﬁelig'n éﬁioﬁqm&nsta-ﬁr!e
present 1 nvention 'succeeds where previo efforts to e?lver opti mal bl ood

| evel s ¢NaDPBBamh\sediugi sabchf DPBE apr wseé hereinnwtenchingnatdy| and sefete sodijuors,s-

bi oavai | ahi | i robl e ated wth.t »di ssolved non-sedati ng
bar bi t urdaq‘gnﬂﬁ%ﬁ’%ﬂa. %. ,ﬁ%@@.ﬁ%‘ah@n%?oéigglﬁfal% OHW%#%ZWW%AV?%%Q a salt form
of DPB tifaichfifgealfiasd @8 td €ddamt mbheaethdameetin/-5G-dipleayCisarbihirate.C Uhleys

meani ngf ul i nprovenents in neurol ogical, conditions. The present invention

pr ovisde<Lthervrise HEialed, IReapRlaswg camnﬁraéwpaw%wa}ai copeenaliqn” g 1gd Breinppp.

Sal t s ofintbRBar a1 e nRaR BRRY cdnbUfflibP ik Pelali®nadntlafaStar@ BRdGRAGPUNd sel ect ed
fromthe 25 group consisting of sodium DPB, potassium DPB and |ithi um DPB.
Ot her phintershameahlyaBQL” rafsesctp balovequaetitationd imibpRassaye “BT wders toi the itravénops
practi ci.ng.. r Nt | ion e ' . edly

i scoverisar B bl PR P TCr TRk BRflbn pYEHRR I e iBURRR

t r eat menfphiriacutitatlyr ot epgablel| re feesrtd physivlo gicadlypslemblegndt éréalss twdichafo ridd
adninistetiQ% an isolg%gd salt formof DPB in an oral dosaae form

pr ef ¥r ayRicallyprodyre pn giszaig ar otgrynt FEREHAD, L5888 RASHIGURSE Y, FIGAPFSsBaY Bit ur at e.
The preggelwkmRAHiitbRl AN thafRianothaid £ refet2to% G4k br Bidhér velibtthegdl advant ages
over the prior art in that it provides an |nproved bioavailability and
enhancedoapfisipgman erd dbgheranimals thahpquaish Hisiryeurg wigk malln seorgtied 8y magimagy | owi ng
i nfrequ j 0l ak ' WoToIAME Ly 4« ; ' 5
conplia éedagﬁﬂﬂ?ﬁg&ﬁ%ﬁg§?ﬁpﬁg&%5§g%%?“?ﬁ@&%?@%ﬁ’%?%3?%@%?59@%?§§£mform<ﬁ
DPB sal tepcdmapasniuglieving,ialipyiatirerbrislimanating atfiedst one symatone afia séugelpgicad anodition

i ncrease_t he rehiability of each dose of the drug. The present invention

al soPendbf 88 nt enance of optimal serumand tissue |evels of DPB crucial
for its therapeutic effectiveness. Accordingly, the benefits of a higher

effective bioavailability inclyde |ower dosge, fewer pills (e.g., one a day)
wi th i npr ovedhe Bt gwegt}oynwcwé § where Pwloaﬁsf?w%a#ele%mw oty sty

DPB have failed. The present invention solves the major bioavailability problems associated

with the poorly dissolved non-sedating barbiturate drug (i.e., DPB). The present invention
20  provides a salt form of DPB that provides sufficient blood levels to produce clinically

meaningful improvements in neurological conditions.

The present invention provides a method of preparing and isolating various salt forms of
DPB. Salts of DPB in the present invention include at least one compound selected from the
25  group consisting of sodium DPB, potassium DPB and lithium DPB. Other pharmaceutically

acceptable salts of DPB are also suitable for practicing the present invention.

The present inventors have unexpectedly discovered a novel method for delivering DPB
to a patient in need of treatment for a neurological condition, comprising the step of
30  administering an isolated salt form of DPB in an oral dosage form; preferably, the oral dosage

form comprises sodium 5,5-diphenyl barbiturate. The present composition and method offer

12



The advant ageous bi oavailability of DPB salts results froman increased rate
and extent of absorption as neasured by AUC and Cnax over a defined period
of time (e.g., 8, 12, 24, 36 and 48 hours). Wthout intending to be
limted, it is presuned that the processes of tissue re 15 distribution and
bi otransformation (e.g., netabolism and excretion are probably about the
sane for DPB (free acid) as for the salt forns of DPB, and that the

advant ag es'grdﬁcmxhelixﬁ@ﬂl tdfaptages @er ihe @no:pari imahdt lityprévidem anhmpfoxsd biabwdlaiptiiyon. For

e, h her brain level of DPB. On the oth
rand, 11 6 oBEH IR ERPRAL B rtafiGie t5Rleh | S0Gi um remins wi th the

DPB noiety in the manmal, in which case the post-absorption pharnacol ogi cal
phenonena al so pl a 20 a . role in higher effective bioavailapility. The
present i nventfode fremallpwingdnfrguent afmypsiration (Huchotsa Stapicapthy m@veﬁv% of

other s DAEhhiRA G SR nPARIAPAS iAo Wik hGoBlgk Shbr BBc@bEiRlen

absorption, o not share this unique pert |rrprow ng bi oavail
( See, ThelMaquﬂlevm@bd'ay tlaamlgnﬁﬁc'ﬁh@y mpeaﬂenhe;rel?_i@lﬁﬁw qf eactixipsedfthe dmpt h Ed. )

Findi ng ¢ R PEFECESEUSR sFaR B et PEe el PR AR B yaHsBr bPb"

bi oavai | abiutial for mmferapélﬁxcfeﬂeauamd socondifgIpahé benélitshdathighes Biifsegvé o be bound
30 by a theory L\ is believed that the inprov d bi, vallablllty is at |east
in part a ‘P?Yableﬁ B ieclpds Igwer drsp-dauer Rl (98B 08B SR (Y IBHMPIEL feRiapct.eadi ng to

an i ngs eagfabing B8 pHAMdDVRY oPihefdpp. | MProved 13 bioavailability of a drug
is often reflected by an inhcrease”in an AUC (concentration-tine curve). In

sone incidence, an inproved bloavallablllty may al so be reflected by an

i ncrease in O%advgegiéggeeu@ﬁl fatficy SPPPR It 'nmgf%sgage%g&sas%gm&he

present invention TBCOR paraneters were c
st andard aberbsmpmpmzrstmmmaﬂ bym\tU(Odﬁl, C,aﬁouerrmkiﬁimdtpeﬂod of tivea(sn |8, T, 43@and. The

mean, viation (S cent coef ent (CV (% of

Dactat i on PSS, Sl bdghen) vl Bibd L Henirel bt Bont otk Big 0B or
each 5@@&ﬂsﬁﬂuﬁéﬂ@d¥&raﬁm%nﬁﬁ%ﬂ (¢. Eeﬂkﬁ%ltsm) ald ExJT@ R, ar Bzﬂﬂly ED6ul i siee €
used to cal cul ate the AUCo. t e 10 maxi mum

observed &5hEBfreaesidhis forrffl?ﬁsalé)f%am af l?Bmdtth et%V%%ﬂéﬁ@hOfmaﬁalb%aw derive
concentr abﬁrﬂ&ll}g\?@% thg‘?%?t Qﬂsgﬁm%h' ?Ar'@c&xhg'@ d Bgﬁrmﬂ‘ﬁk%“&r}lve aor{%%%ﬁuﬁ@bém? and

each anal as un € concentration<tine cur
det er m ne®P®i tOn thesthechantiat sgobsible that the metal anion (e.g., sodlum) remains with the DPB
moiety in the mammal, in which case the post-absorption pharmacological phenomena also play

20 arole in higher effective bioavailability.

The present invention is surprising in light of the observation that salts of other
barbiturates such as pentobarbital, while altering the rate of absorption, do not share this unique
property of improving bioavailability. (See, The Pharmacological Basis of Therapeutics 2001, p.

25 417, Tenth Ed.)

Bioavailability Studies

The present invention represents a surprising finding that a dosage form of DPB salts
exhibits an improved bioavailability over its free acid counterpart. Without wishing to be bound
30 by atheory, it is believed that the improved bioavailability is at least in part attributable to an

increase in DPB absorption, ultimately leading to an increase the serum level of DPB. Improved

13



animal that received oral adm nistration of either NaDPB, NaMWDPB or their
free acid 15 counterparts. AUCo.t was cal cul ated using the |inear

trapezoidal rule, which enploys an approxinate integration fornula. The
area of each trapezoid was cal cul ated, and the sumof all the areas of all
the trapezoids yielded an estinmate of the true area under the curve. (See,

G baldi et al. Pharmacokinetics. 2"d Ed. Marcel Dekker, Inc., 1982; Yeh et
al ., A conmparison of nunerical integrating algorithnms by trapezoidal,

| agr angeoio@ﬂﬁ’ab?lﬁ}' bP£ ARBRE SAnTRALRAIDY adinctbhsE hﬂn@@@%b&ﬁ&nt@ti@%ﬁ{é@m@) 79
(1978), the disclosure of which is herein incorporated by reference’) Cma.
and Trma.Ingeme incliencesan immprdyrddidayeilabdish mapalse he redlerign by an incrase Wwrofhi. | e.
Elimnation rate constant (Kei) was cal cul ated using regression anal yses on
the natural log (In) of plasma concentration values (y) versus tine (x). 25
Phar macoki netGatcuRitidns lo€ ARKC med €d.,above, the present invention resides in the
di scovery that a salt formof DPB has ap inproved pharnmacokinetic profile
that Jean si miP SSEABBIS YA BEGRSFRINEP RN, PRATIREIneRE pRMeI s Hers cal A  age. f or m
cont ai Ni \Rehedtan@irll nbRlOmPArtrh¥nih] HRtHYdS, 8 %n%leﬁelaamtwm&m’rm.oh. tine nfeel over

a tinme period of (e.g., over 48-hour) after dosing. Second, the oral dosage
form corﬁsa@ﬁﬁ‘drﬁgwe\n%ﬂ%@a@d pereent egetiipent (€¥PoXkof variatinns yeere epdqulated fprof DPB to
bl ood a At T : i r gi cal
benefi t %s%%tﬁok&fﬁgt nsgrkaer to o@ﬁlﬁﬁ(g%&g&ggﬁgﬁ?]Ig,g)dﬁ%?ggcrlﬁgg%{sng%?y to

pr epar e Ehesadah, SDand 6V (DB easusd tocadulatelths 246Cf, Gua/afL) DPR. (ig/@biibeve certain

h ki net i t : to th | f f th
Cor r B paenAg PS8 acr s mrloten e 5 lereadyBe g SRS BotPE 1 or m
of DPB, K&(tha¢linitatiodrrateRenstod) foredoh anidiaphieieath hiaatye.t urate, significantly

inproves the 5 bioavailability by increasing the blood | evels of DPB and the
bl ood I evel versus tinme profile (e.g., AUCO.1 and Cnax) for DPB. In

addi tion to ifeseRaimte tdRemBaknHER BhaethAlieyRES delerRined Whth redpbetits edcfPOr t ant
that the total amount of DPB absorbed (total” drug absorption is referred to

as AUC apimalithes rageited onahednainistratjonind eithes NeBPEN NaMIMMRP Boergheid fisaigped f or m of
th | t . It f
of 51 oBEmoR® 80 Ep thos e el feat Opoflidly B NAE LROMEI B, Tl )

i Ncr easeappoxahaté Mcpratvhdormula. STHecdrch af e teapezoidiens cabendated dnd the stnadf aflor t he
oral dosage form.of the free gcid farm of. 5,/ 5-di phenyl .barbityric.acjd. All
of the tﬁ%@aso%fé I thestrapgepids gﬁlgﬁiﬁ} esigte s thedie air%t‘@%’afpg C‘érXﬁi(gf—eP 8&??? Increase
for the QLAPhARRAEENdHRE M™ Ed. Marcel Dekker, Inc., 1982; Yeh ef al., A comparison of

numerical integrating algorithms by trapezoidal, lagrange, and spline approximations. J.

20  Pharmacokinet Biopharm. 6: 79 (1978), the disclosure of which is herein incorporated by

reference.) Cmax and Tmax Were then determined for each concentration vs. time profile.
Elimination rate constant (Kei) was calculated using regression analyses on the natural log (In) of

plasma concentration values (y) versus time (x).

25 Pharmacokinetic Profile

As noted above, the present invention resides in the discovery that a salt form of DPB
has an improved pharmacokinetic profile that can simultaneously accomplish two results. First,
the oral dosage form containing a salt form of DPB maintains therapeutic levels of the DPB over
a time period of (e.g., over 48-hour) after dosing. Second, the oral dosage form containing a salt

30 form of DPB results in optimal delivery of DPB to blood and to the central nervous system (e.g.,

brain) where neurological benefits occur.
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of the salt formof 5,5-diphenyl barbituric acid. Preferably, the oral
dosage formcontains 15 sufficient anount of the salt form of 5,5-di phenyl
barbituric acid that provides AUC of at |east about 2 fold greater, when
conpared to that for the oral dosage formof the free acid formof 5, 5-

di phenyl barbituric acid. Mre preferably, the oral dosage form contains
sufficient anount of the salt formof 5,5-diphenyl barbituric acid that

rovi des AUC e t for
Fhe or al dosagIé of!r% O?J“% ﬁ‘g&f regéﬁtgmg ?coerg{r% ‘{ge%’r%!]&ﬁefggﬁmg %a%%ll’l&?zﬁZO
acid. Mordosygedbmrer afiDPB td dfrrhmeaértaﬂmglmymado@rrmmpmmaetns whlefrfaompeareﬁ tatiewrdl of
the salt form of henyl arblt ric hat I’OVI at | east
Lhout 5 1P stRe cGrlRcne R i SHEPA( The PhLOGRE B ThRor t he
free aci obffmrsnw{;axﬁmﬁaxdh@mm5b&n&iehywaﬂnafdtéiagmrcaulypﬁ@fr@reamey, the oral

dosage formcontains sufficient amount of the salt form of 5,5-diphenyl
bar bi tiur i tioayailability by insrensingdhe biegd lgyelpef PRB and tasé@pd Tevel Yesyug tigle@aefde |~ when

conpared ¢Q tpgféobfaﬁai C22) %o%é»%r ahaﬁaé%paﬁaaém fthél{akﬁip@ebla&d réva@g@ e,

5, 5-di phen ituric acl res t he extent

absorpt i ohls impertant iat till@$<aglemfcmnmfd?ﬂ’&1a®aﬂbted ftotahdrmB aBSOﬁatmnph@fqﬁedbtaaMUGrl c
aci d of vention hou d nS| red r oaval |I|t for
DPB. Cn, '} tuﬁlgergﬁafur&ec?s aé%cr?aseaﬁﬁor °8'4 g?%ag? gr% §¥ %sa f%an @ lgl turic
acid (such as sodi um 30 5, 5-di phenyl bar biturate) increases at Ieast about

1.5 fold greater, when co are to_that_ for _the sage .form of the
froe Hbid for aF fef the erabiiongs (o8B P64 1 P 464 ke e ae P &vaN ass

concent r adoliRSs Qw%heaﬁbmhraté%&a@é toaamaéi%bwlrs foltf g?rea&al svh%mnbda}eda@

increase for the oral’ dosage formof the salt formof 5, 5-diphe

bar bi t ur i thatefer e onbdesage @F@r@mqﬁeetah@ formadf ﬁbﬂw@enylb@nbmlmmlau AR 0§ihf:f i C| ent
anount of I i

of at Ieaép gegtﬂé‘loﬁ dl@g% u15ari% 'R V\ﬁﬂwwatfsaé)&ﬁbtltégntlﬁcr se(?or tﬂ@&raﬁ&og%éqﬁ dosage
form of tdfehd sraﬁefombﬁs sdf;rhemylcbhrbﬁuﬁe mtncp hlﬁaf;ekabl;atlm drnlrdosagacfmm colviiaires

pr ef er abl

or al for in fficien sal t
Porm b sEicirg Adhg RORE Grreotacy hopsat b yiccsd et vt 4ot RS apout
2.5 fol dat@heniord greiﬂ’@ieﬂ/h@@mﬁﬁﬁéﬁ fo@hdt fdtthd 6th1 ddIBueTbRh ofiBS %@acfl@fdﬂanf stshe
free acid formof 5,5- diphenyl barbituric acid. More preferably, the oral

dosage f ofinhesghhasbifsicaaids Morepreferaliyrihe orpl dasage fomm @orﬂ@nw’;ﬁm@tmu@wé gl
bar bi t““&ué‘? é‘é‘fdlp;ﬁhxgy{gg@ﬁmgcoac%t 9# l)\%ﬂéstA?ﬁ%ll’%t 18ast B tgéorm%;?atewen to

conpared t for sage f'orm of acid
5, 5- di phewlyén dmmplaretiuo that foc ithe. oral'ﬂbsagp formtdf thee&qmeemid ftountolﬁé Sphphenpl tagntmric

bar bi fbr |t evareareErPy. PRGERFeE® B Rl shgh@h iRt albe MBRETES Frpr ove
dlphenyl barbituric acid that provides AUC of at least about 3 fold greater, when compared to
that for the oral dosage form of the free acid form of 5,5-dipheny! barbituric acid. More
preferably, the oral dosage form contains sufficient amount of the salt form of 5,5-diphenyl
barbituric acid that provides AUC of at least about 3.5 fold greater, when compared to that for
25 the oral dosage form of the free acid form of 5,5-diphenyl barbituric acid. Thus, with respect to
the extent of absorption, the oral dosage form of a salt form of 5,5-diphenyl barbituric acid of

this invention should be considered improved bioavailability for DPB.
C.ax for the oral dosage form of a salt form of 5,5-diphenyl barbituric acid (such as sodium

30 5,5-diphenyl barbiturate) increases at least about 1.5 fold greater, when compared to that for the
oral dosage form of the free acid form of §5,5-diphenyl barbituric acid. All of the plasma
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bi oavailability for DPB. 15 An inprovenment in oral bioavailability of DPBis
believed to be critical in maintaining its therapeutic efficacy, which is
reflected by an optinmal AUC. An optimal Crax may further reflect the

i nproved oral bioavailability of DPB. Adequate delivery of DPB to the
central nervous systemis believed to play a significant role inits
effects on the central nervous systemin neurological conditions in
patients. It is contenplated that a plasma |evel of at |east about 0.5 20

g/ is deshiralns OVMQ%OQF @%%apifm 48tHout Mty PIM SR iAdraHcreRRtforaRe O | Mal
pl asma | evel may be about 10 g/ to about 125 g/m of DPB. Mre

pr ef er alslogageiferm ef thosaltdapn Qf Yo dmhanyl Sarbgpri¢ srad. Mperenspigrabby die Ormyiome about 15
g/m to t g

conpri m@?goné%é %ﬁgsl%?%m%ﬁ%ﬁbﬁ oe °?§b5§5]3‘5"’é@?%“3‘§‘§1§§g“9@‘.8‘0 Vai Igago qmi‘*t y of
DPB. ThefAlUesst abaun?l fcmrgreamf viDReB compared to thatdor thowmi deshgeformradthe free acid
admnlst atl dlums .t for onpared to.t he ora

S i <P pohs Siehea SRRt B et B RO kIBRET Ha38e SPBGNRI AR 203, 1
g. hr/nL amdnﬁofz& QA8/fotm ¥65,5-Qiphbny! Bamlurid K5PBEt pry @by C L. IFat ledabsut 2)s
Accordingly, the sodium salt formof MWDPB fails to i ncrease the

bi oavai |fal8igreatey, Whengppparsd ta thatrfopthe ozl dgsage frsmeofthe fresraeidpform of
5, 5-di phﬁﬁ}%hﬁ%@lﬁx% hGd ok ﬁr@fef’a‘ﬁg megﬁﬁrd‘é‘ga Egbrﬂqu%ﬂ falifsGl e t?rﬂ&&’d%f e

provi de fain concentration o hen Ituric aci I's at
| east aleltforth. o 5,5 dipkeylbabituic acwahattprmndasé‘an OQattlast aﬁwt dfcld gedter,viletir at i on
of the sa

fafreac ituri.c acid. Mre
preferatﬂ0 ?arfeﬂpoutg? ﬁth(ef SHcentra |on°?|{ f?egcép eriyl %’(l%ﬁfb "EN%8YG i s at
| east abihus, vatlﬂeipeaﬁs tigy @Ak elasrthi eonceriadtion,akdoral dc@ﬁgdfbﬁn@fﬁilsalt fadons St rat i on
of the s nt .of a free acid formof 5, 5-di | barbi turic acid. More
preferatﬂa é}‘%nﬁﬁg fPgf ﬁ“ﬂ&ﬁ@éﬁfﬂ’%‘f‘%ﬁh"b‘m b agny ﬁﬁ%ﬁw gipprevedcid is at
| east abgiivaidibilityet sppater than that seen after the oral adm nistration of

the sane anount of a free acid formof 5,5- diphenylbarbituric acid. Mre
preferably, the brain concentration of 5,5-diphenylbarbituric acid 10 is at

| easts abollt bl cfiefiAh Sl bR DRl AR ARAL depotaleapAM b aREANLON ©f

t he Same anount acl pheny Ifuric aci
present therapeutiostfigacyf @hichdd reflectad by dnouptiraf ADRB Aot gptinake Cramaypfurthed refledt i very

g; mDEIB S tt{legﬁpgﬁv ena; aﬁﬁfaé\{ §ﬁ Ls)%%t gwﬁﬁ(tlate%ellve% %}“ B}DB th>3 Eh%fceexgt?a Ingfvous
system is believed to play a significant role in its effects on the central nervous system in
neurological conditions in patients. It is contemplated that a plasma level of at least about 0.5

20  pg/ml is desirable. More preferably, it is contemplated that an optimal plasma level may be
about 10 pg/ml to about 125 ug/ml of DPB. More preferably, it is contemplated that an optimal

plasma level may be about 15 pg/ml to about 75 pg/ml of DPB.

It is noted that an oral dosage form comprising a sodium salt of MMMDPB does not
25  increase bioavailability of DPB. The AUCy. and Crax of DPB were in fact lower after oral
administration of the sodium salt form of MMMDPB, as compared to the oral administration of
the free acid form of MMMDPB (135.10 pg.hr/mL vs. 193.18 pg.hr/mL and 7.28 pg/mL vs. 9.39
ug/mL, respectively) (See, Table 1). Accordingly, the sodium salt form of MMMDPB fails to
increase the bioavailability of DPB.
30
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15 sodi um 5, 5-di phenyl barbiturate permts a brain concentration of at | east
about 20 gglg of DPB 24 hours after the adm nistration. Preferably,

adm nistration of a single oral dose of sodiumb5,5- diphenyl barbiturate
permts a brain concentration of at |east about 20 Itg/g of DPB 36 hours
after the adm nistration. Preferably, admnistration of a single oral dose
of sodium 5, 5-di phenyl Dbarbiturate permts a brain concentration of at

| east about 8 g/ 0 fter the 20 adm nistrati.on, sed on
cuml ative. obsarly e St oot Rbhlhfndlpd0 T AibiRiufla wiRERE &

sei zur e (&ESfnt togadvidSe brairf amcentariph ef 5, Ediphapdharbih®icacidlbat3/A1&Stldbouti L5 i S
general ly _.believed thtgt brai%Fn concentratiqns fo DPB | ess tFag 1 jg({)gi are
usual |y | HEFS EEAFRAghat sgenyaiien e prapdmustipion et the Sameamontt af § e Giomp ess
protecti ophs,s-RipAbAyIeFIaRRtERAL IMELS pteferfbif eRsbrai cbRcctriiotd s, sisual |y
effective (50% or greater protection); and brain concentrations of 1-10 g/mi
wer e var i éiBhspylbartitade peid iy 4 deagieabautd) imes greatenthargheatseemajer thksdr di ngly, the
present ofal: f : } i:C] AY vi de

G Focti ver AnnfRARASARER aruiich ook Qe L5 B R ALY MEEY e
ef fects (pushabds tiertiraiioconaghativn A $-diphenglbarbitet aaidjs.at B@sthBowBttingastgreates hi ng

to be boupd an hepr it .is helieved that the.sadiumsalt qQf DPB is

et er _anla PELSRPAAIBE Sl mibBrdBof UGy ProllBnd Bor R A S 1 s

further babhaydrtitiat aéibeMoreprefriblg thui tadie ConeAFdtivon©F 8 Sediplichl/ibaritefic 4RB

| eads to a quicker drug entry into the ﬁen%r al nervous system 5 In

gener &, Brhleps) 2BRH findes gresieT thagithat srea afipTdhppiat admpipgtraiign Hikssagie apount of st

ef fici ency ge@fidd Rkl 2R15- SRR KA Eric kigyever, oral ingestion often fails to
I !

yield effective plasma |l evelS with rmany hydrophobic drugs, due to failure
of absorption. Mreover, this route of adm nistration may be problematic

when d bsarh ' ' i
mot abol | ged by IEeent i dodfisian G4 Aliao Sben bRAFIeFRE GRSV J0f,  on
V& sur pri &i thgtentral remvudis kysadm Ge. & Abrhing. OfrafecsblyDRBninistration sfukingle Srabdade phenyl

barbiturate) is better .in.achievin l.asma concengrations of DPB so as to
del i véf aﬁp%ﬁ Sﬁgﬂelpfﬁrl&'str?&lwﬁ BHEY 0GR ERRCHRUIOY ?%%b%@a%iow%& A5 evel s
W th oral 2p88r9h i et ddaniOkatRAd PHRERY tadRiniéRRoAbLa Bagalot# Hoded lbtfiim 8fs-
intravenous adm nistration. Infusion of drugs, however, has its
di sadvant @igbeny! tarhityfatg permits a brain concentration of at least about 20 pg/g of DPB 36 hours
after the administration. Preferably, administration of a single oral dose of sodium 5,5-diphenyl
barbiturate permits a brain concentration of at least about 8 nug/g of DPB 48 hours after the

20  administration.

Based on cumulative observations from animal studies using maximal electroshock
seizure (MES) test (See, for example, Epilepsia 1975, 16:575-581), it is generally believed that
brain concentrations of DPB less than 1 pg/ml are usually ineffective or marginally effective

25 (approximately 20% or less protection); brain concentrations in excess of 10 pg/ml are usually
effective (50% or greater protection); and brain concentrations of 1-10 pg/ml were variably
effective (between 30 and 40 % protection). Accordingly, the present oral dosage form of a salt
form of DPB can sufficiently provide effective amounts of DPB to the brains where it exerts its
pharmacological effects (such as anticonvulsant and neuroprotection).

30
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15 personnel are needed. Rate of admi nistration nmay be critical and requires
careful adjustnent and nonitoring. Strict sepsis nust be naintained to
avoid infection, pain may acconpany the injection, and it is usually nore
expensi ve and | ess safe than oral nedication. It is observed that the

phar macoki neti c paraneters AUCO., and Crax are greater in female 20 rats
when conpared to in male rats for DPB as well as all of the other
non-sedating barbiturates tested (See, Table 3 and Figure 5). W observed
that adminis ti00: t he

pl asma | evel éVIEh i’ﬁ\ggﬁ’ té(tr]rg %&éﬁg@%@g@érgﬁgg hFLg%gEQ%FWZS{OH%%{ Jlag &ft?%fgxgect ed
and sur ;betterlabg)rbe'ﬂomﬁrb eapldyg hnd)éommaeliyrﬁmntherixﬁéstlhemvﬁ Bdgther bhlgaved t‘mSthlaeen no
report salt of r bi e,t hat educe the,differences in
eF um barsitie andslades searersm iy g RlGes Gt dBE P bR EGh Sedat i ng
bar bi turneltvgﬁssywehhout wi shing to be bound by a theory, the present
unexpected findings are consistent with the hypothesis that the salt forns
of DBPB can lead to a better absorption of DPB, and thus reduce the
variability e RAERLLCRBPER L& t

i nvention, t%@%@%@g&?&aﬁi\?@gﬁ%%&?g\%sé@ a rre%(ﬂ% ?Wf ef%é\}g?iﬁﬁgﬁ?

bar bi t urahépa'wndcanmiuan@t |Hmve(var era m@E@)antOBen fads eyield affectbie\pbasmadgistsenith

i ncl udi ng . the br e nVvi LQRNMen onst ant by
a bl ood- ?‘é{ithTBé“ﬁ?%b ' gsrﬁ%e%) W&E E?%?W%Qr&ll%reer%ge{hzsr P ol %%l%sﬁgf%n fromthe
bl ood Cinﬂ@LHe@&élﬂﬁnﬁi&theﬁ dmgsabsoe@bdl froni the ghﬂﬂﬁﬂedtlaslltﬁhcoire ekfmsitgi@i n. The

bl ood- brain barri e g @I ood- cer ebrgspi nal _ fl ut?d barrier often preclude
or W oupeigholiestydh Bvea#e FUGSY BHR Boerido isracpelpl GieipHER: YiPstamsinghye

bl 0od- bregida tﬁﬁrarsmeforfnsofme%eelocﬁmﬁfs mbh&yﬁba@ﬁ{dwtamsatérIuks'ch%% heli al
cells, astrocytes, mcroglial cells, perivascular nacrophages, and

peri cyt @lasmaisencsairasions pf BAB sensjt@td«?éwra-n oe@mal§l4smamon¢f@trm¢rp¢fd1>%| & and
functio and the
cpi nal _oarersatt B e 8k o Ao i b Bl R SEBER b PRA S e
cer ebr odjtravahouk |admdust‘r@l’10lg Ifisginaridags, rtmadvﬁohasmsehsadvm&gei HErainbd ood brain

barri er befor the a d.their to.th er ebr ospi fluid ere
Cheyisar @SRPBIT 46 Teied Retsed SmitorrEHo e Bt GiteqferERBares Farelul AU SReTL ARG
drugs suﬁdhnaﬁn BStHbtts‘é Ji¢magibd nekerthived to\aesidiiffe&iont fin GRPLEMPARY HRUS System
is restricted by the Iood brain barrier. W surpr|5|ngly found that oral

admi ni stI?JaQtloéinar@fltHsﬁéuaé]&m%ﬁf”ﬁ%fpﬁ“’q yidisssmafptiBnast I9f-0avai |l abi | ity and
enables the DPB to enter readily into the central nervous system as

evi denced by the appearance in the brain. It is believed that the higher
rate and ext &ns olgskrved that theyhatfmaplignétictparanieters 4uCq and Gek weiseaterdn male

20 rats when compared to in male rats for DPB as well as all of the other non-sedating barbiturates

tested (See, Table 3 and Figure 5). We observed that administration of the salt form of DPB
reduces variability of the plasma levels between female and male rats. The observation is
unexpected and surprising. To the best of the inventors’ knowledge, there has been no report
regarding a salt of barbiturate that may reduce the differences in serum barbiturates between

25 males and females, let alone the non-sedating barbiturates. Without wishing to be bound by a
theory, the present unexpected findings are consistent with the hypothesis that the salt forms of
DPB can lead to a better absorption of DPB, and thus reduce the variability between the two

sexes.

30 In accordance with the present invention, the present invention provides a method of

delivering a barbituric acid derivative (i.e., DPB) to the central nervous system including the
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15 provides a rapid and effective treatnment for neurol ogical conditions by
this class of non-sedating barbituric acid derivatives. The present
invention is directed to a nethod of treating neurological conditions in a
mammal . For purposes of the present invention, the mammal enconpasses
rodents (such as 20 rats), dogs, human etc. Preferably, the mammal is a
human. Mbre particularly the present invention provides a method of

treating neur gl 9 |caI eficits.in a patient b rovidin n._ i nproye
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dystoni as, such as_w.t collis. Thes 19 abnor

i nvol unt a$e39 e\ FASRE AR © ﬁﬁifi t\??gi a?iﬂﬁﬁn:drﬁg f"}l?sﬁaﬁ(ieéne?dﬁgcﬂf’é’ﬁéflm“ptgai odicity
and  pr ogpies&bRih basw@rfbetwwaey BArSHiATBIE wa $ o {h8 c&@ﬁﬂéﬁﬂﬁzﬂ&luﬁﬁlﬁﬁér@ﬂ@z'ﬁ& free
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Par ki nson' s di sease 0 _The dosage for the sal g
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i nvent i onpWbitdricvRiddesdependi ng on several factors, including, but not limted
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The present invention is directed to a method of treating neurological conditions in a
mammal. For purposes of the present invention, the mammal encompasses rodents (such as
20  rats), dogs, human etc. Preferably, the mammal is a human. More particularly, the present
invention provides a method of treating neurological deficits in a patient by providing an
improved bioavailability with an effective amount of DPB. According to the present invention,
the term "patient” will encompass any mammal requiring treatment with DPB, particularly a
human patient suffering from a neurological disorder.
25
For the purpose of the present invention, neurological conditions include, but are not
limited to, convulsion, seizure, epilepsy, brain ischemia, traumatic brain injury, stroke, spinal
cord injury, anxiety, nervous strain, and movement disorders. Movement disorders iﬁclude a
wide variety of disease states and physiological conditions. Non-limiting examples include
30  various dyskinesias such as tremor, dystonia, chorea, athetosis, blepharospasm, as well as

hemiballysmus, myoclonus, and focal dystonias, such as writer’s cramp and torticollis. These
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synptons in neurological injury, whether the conposition is being
adm ni stered alone or in 15 conbination with other agents, the incidence of
side effects and the like. Wiile it is possible for the salt formof DPB to
be admi nistered alone, it is preferably present as a pharnmaceuti cal
conposition. Preferably, the conpositions of the present invention conprise
at | east one sodiumsalt of DPB, as defined above, together with one or nore
20 acceptable carriers thereof and optionally other therapeutic agents. The

above- mephRHALHvIRhALmIPMdAE Mdyakky 686 iDnt1gdiiand, gt @ beAbditiear@onpound
itself (e.g., salt formof DPB) in a conbination with other active
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upwar d Utwrkinsoojstdiseade. resul ts are obtained. The therapeutic nmethod of the

i nven)tl on may be used in conjunction with other therapies as determ ned by
the practitioner without undue experinentation. 5 Pharmaceutical
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re preferably, t formis a sodiumsalt form of DPB.
The pharmaceutical conposition of the pr esent |nvent| on can be adm ni stered

orally in t I al a anc. e present
i nventi on, ie ! {S pfofﬁ}lﬂ] ¥<}r hel%ﬂt %ﬁl%én?ﬁ ﬁn egeg a? ?5 p\/ghﬁaé?y of
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comprise at least one sodium salt of DPB, as defined above, together with one or more

20  acceptable carriers thereof and optionally other therapeutic agents.

The above-mentioned method may be practiced by administration of the compound itself

(e.g., salt form of DPB) in a combination with other active ingredients in a pharmaceutical
composition. Other therapeutic agents suitable for use herein are any compatible drugs that are

25  effective by the same or other mechanisms for the intended purpose, or drugs that are
complementary to those of the present agents, e.g., other barbituric acid derivatives, particularly
MMMDPB, DMMDPB or other non-sedative barbiturates. The compounds utilized in
combination therapy may be administered simultaneously, in either separate or combined
formulations, or at different times than the present compounds, e.g., sequentially, such that a

30 combined effect is achieved. The amounts and regime of administration will be adjusted by the

practitioner, by preferably initially lowering their standard doses and then titrating the dose
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t herapeutic uses, especially in the treatnent of a neurol ogi cal condition.
The pharnmaceutical conposition of the present invention can be adm ni stered
orally in the formof tablets, pills, capsules, caplets, powders, granules,
suspension, gels and the |ike, Oal conpositions can include standard

vehi cl es, excipients, and diluents. The oral dosage forns of the present 20
phar maceuti cal conposition can be prepared by techni ques known in the art
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j udgment egpermnemeatiosal practitioner. For exanple, in addition to information
provided in nmedical reference books and pharnmaceutical literature,
wel | -known in vitro or in vivo assays can 25 be used to help identify
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the carrier which itself may enconpass one or nore accessory ingredients.

I n gener dike: M%evréfemhbaﬁheoﬁaﬁ forpeis g sediumealt BMALER My and intimately
bringing into association the active ingredient with liquid carriers or
finely divided solid carriers or both, and then if necessary shaping the
product. Vari dbe pharimaceitisa camgositidn dfdhesprescotinadintion san ke aministesd @chllyampul es

and vi al used, as .S Il known .. he_art .(See eni,ngt on'.s
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of which js incorporated by reference Pre er.%bal ...t he _pharmaceut.i cal
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i ncl ude Rﬁﬁﬁ&%?ﬁﬂ&’d%h'c%és,ae%ﬁ%é%% (ﬁ‘lqg{tgl "I”ﬁsdral%gzlkeqfénns of the present
20  pharmaceutical composition can be prepared by techniques known in the art and contains a
therapeutically effective amount of an isolated salt form of DPB. A therapeutically effective oral
dosage for formulations of the invention is determined by standard clinical techniques according
to the judgment of a medical practitioner. For example, in addition to information provided in
medical reference books and pharmaceutical literature, well-known in vitro or in vivo assays can

25  be used to help identify optimal dosages.

The pharmaceutical compositions of the present invention may be used alone or under
appropriate situations, in combination with, other pharmaceutically-active compounds. For
example, other sedating barbiturates may be used in combination.

30
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excipients, carriers, diluents, stabilizers, plasticizers, binders,
glidants, disintegrants, bulking agents, lubricants, plasticizers,
colorants, filmforners, flavoring agents, preservatives, dosing vehicles,
and any conbi nation of any of the foregoing. 20 The present pharnmaceuti cal
conposition can be provided in unit dosage form wherein each dosage unit,
e.g., a tablet or capsule, contains predeterm ned anount of the drug, alone
or in conbination other pharmaceutically-active agents. The term "unit
dosage for m phahREsutA cohB¥SHGR drheraehiGhfntBh dy SHIABRE oI ary
dosages for human and ani subj ect's, each unit ) contarning a
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solution That may furthér conprising propyl ene glycol, sorbitan nonol eate,
sorbic acid, fillers and/or colorants such as titanium dioxide, a
phar maceut | ¢ 3derab i3 BhaRi bl KBbosithdh iPh LHARL R AL GRS Cploifadiy e of 2
17°¢ y make a pﬁ 7

solid pharmaceutic nposition and nma maceuti cal dosage form
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pregelitinized starch, cal cium carbonate, calciumsulfate, sugar, dextrates,

dext ri n,excipients, carners, diluents, stabilizers, plasticizers, binders, glidants, disintegrants, bulking

agents, lubricants, plasticizers, colorants, film formers, flavoring agents, preservatives, dosing
vehicles, and any combination of any of the foregoing.
20
The present pharmaceutical composition can be provided in unit dosage form, wherein
each dosage unit, e.g., a tablet or capsule, contains predetermined amount of the drug, alone or in
combination other pharmaceutically-active agents. The term “unit dosage form” refers to
physically discrete units suitable as unitary dosages for human and animal subjects, each unit
25  containing a predetermined quantity of the composition of the present invention, alone or in
combination with other pharmaceutically-active agents, calculated in an amount sufficient to
produce the desired effect, in association with a pharmaceutically acceptable excipient (e.g.,
saline). The specifications for the novel unit dosage forms of the present invention depend on
the particular effects to be achieved and the drug’s particular pharmacokinetic parameters in the

30  particular hosts.
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dextrose, dibasic cal cium phosphate di hydrate, tribasic cal ci um phosphat e,
kaol i n, magnesi um carbonate, nagnesi um oxi de, maltodextrin, mannitol,

pol ymet hacryl ates (e.g. Eudragit(r)), potassium chloride, powdered

cellul ose, sodiumchloride, sorbitol and talc. 20 Binders for solid
pharmaceutical conpositions include acacia, alginic acid, carbonmer (e.qg.
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20 Binders for solid pharmaceutical compositions include acacia, alginic acid, carbomer
(e.g. carbopol), carboxymethylcellulose sodium, dextrin, ethyl cellulose, gelatin, guar gum,
hydrogenated vegetable oil, hydroxyethyl cellulose, hydroxypropyl cellulose (e.g. KLUCEL®),
hydroxypropyl methyl cellulose (e.g. METHOCEL®), liquid glucose, magnesium aluminum
silicate, maltodextrin, methylcellulose, polymethacrylates, povidone (e.g. KOLLIDON®,

25 PLASDONE®), pregelatinized starch, sodium alginate and starch.

The dissolution rate of a compacted solid pharmaceutical composition in the patient's
stomach may be increased by the addition of a disintegrant to the composition. Disintegrants
include alginic acid, carboxymethylcellulose calcium, carboxymethylcellulose sodium (e.g. AC-

30 DI-SOL®, PRIMELLOSE®), colloidal silicon dioxide, croscarmellose sodium, crospovidone
(e.g. KOLLIDON®, POLYPLASDONE?®), guar gum, magnesium aluminum silicate, methyl
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Common flavoring agents and flavor enhancers for pharmaceutical products
that nay be included in the conposition of the present invention include
maltol, vanillin, ethyl vanillin, 20 nmenthol, citric acid, fumaric acid
ethyl maltol, and tartaric acid. Orally adm nistered fornulations of the
invention may al so optionally include one or nore sweetening agents and one
or nore flavoring agents to provide a pharmaceutically pal atabl e
preparation. Conmpositions nmay further be col ored using any pharnaceutically
accept abl,e . cal or i I3y aci | .e patient
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and reference works in the field. The solid conpositions of the present
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Common flavoring agents and flavor enhancers for pharmaceutical products that may be
included in the composition of the present invention include maltol, vanillin, ethyl vanillin,

20  menthol, citric acid, fumaric acid ethyl maltol, and tartaric acid. Orally administered
formulations of the invention may also optionally include one or more sweetening agents and
one or more flavoring agents to provide a pharmaceutically palatable preparation. Compositions
may further be colored using any pharmaceutically acceptable colorant to improve their
appearance and/or facilitate patient identification of the product and unit dosage level.

25

Selection of excipients and the amounts to use may be readily determined by formulation
scientists based upon experience and consideration of standard procedures and reference works
in the field. The solid compositions of the present invention include powders, granulates,
aggregates and compacted compositions. The preferred route of the present invention is oral.

30  The dosages may be conveniently presented in unit dosage form and prepared by any of the

methods well-known in the pharmaceutical arts. Dosage forms include solid dosage forms like
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orally at a dosage of about 5 ng/kg to about 10 ng/kg. 20 Preferably, the
sodi um 5, 5-di phenyl barbiturate is admnistered in the anmount of from about
30 ng to about 3,000 ng per day in a 60 kg patient. Mre preferably, the
sodi um 5, 5- di phenyl barbiturate is admnistered orally in the amount of
from60 ng to about 1,500 ng per day. Mre preferably, the sodium

5, 5-di phenyl barbiturate is adm nistered orally in the anmount of about 150

ng to 900 per,. day.._ Mor r ef er.abl t he sodi.u 5,5-&23 henyl, bar bi t.urate
'S 25 adAVREST L RV YR RIS HBEHES STTEbOTEN S PRE 600 R B day.
| n anot hepreferrbd dosapforafof tieeprésameamianton istahgplaal t form of DPB is admi ni stered

orally and daily in an anmount of from about 1 to about 2,000 ny, preferably
from about 50 to about 1,000 ny, nore preferably fromabout 100 to 750 ny,

and nost pref efrRbhagnfth @B ARRSPhyHRA: sanaRRtic d&Q oTR a8 fordr of DEBRA BRENt
i nventi on enconpasses a nmethod of treating a neurological condition with

t her apeut Teaineny ofaneurelpgicelfcpaditipnis tytiepdly very WitiBthe spyissbcpndrivneof neyrolpgiseher
enbodi ment. af. th i Y enti f i . D r ily in a
ovore of epbiiohs he WS pRup fne Bode LD mBT ] P PATORIBI B0E old) ¥ 1)
yet anot heeigktesphineg ahd dfe phstenddivabmttonynof the saient. SaitatieafosiDPBegiments can be
adm ni st ered, daj | in_a cycl.e .of about week e. . nce a.d .
Comsacat et Elsre kg s HEhe S mEHR Rl fud Shs Rtk sl B R Provngency
nunber, afdetee, faogaffgemﬁor_w ih ShedRErbEE HY GERMMAIEEIN thdBHRRSME Dekk Yet

anot her enbodi mgnt of the invention, DPB salts are administered for a

gr eat &t Refeisase of daily doses as well as cycles that would typically be
sufficient to treat the underlying neurological condition. 10 The dosage
anounts and frequenci es provi ded above are enconpassed by the terns

"t her apeut i cal Inpnefmbedimest, of thepnegnhiph, died Sali dotiny ofDPR €¢. &y aDPR)Nd administered

"therapeutigally.or prophyl.actically. effective" as used herein. .\Wen used
n conhectliping v RSN Be . Brighiu b el b PIpARE S i Reaiailates an
anmount  of a GRBgSARbh b&NALS hglih &eabopt B)0ang kg OMofd preferidlye tiRsodides, Saiphédygct 1S
associated wth the underlyi ng{_ neur ol ogi cal condition. According to the

i

i nvent? onbarpieatg Bsministersd o5k o 8 Bpsae Fomrbess mgks (orbakt ZxmekesMogt i on  of
a DPB sal ﬁmfe@%ywaﬁgx Y. dtighenAbhrbftliraR i8 h&@iﬂis&éréﬁaorfilgg atta s el hous 3
B salt d I

adm ni st ered as conpared to intravenous ( admni stration, is at
| east abowe/kg30sbagbds mghky, Mere @Bderably, the sodium 5,5-diphenyl barbiturate is administered

orally at a dosage of about 5 mg/kg to about 10 mg/kg.

20 Preferably, the sodium 5,5-diphenyl barbiturate is administered in the amount of from
about 30 mg to about 3,000 mg per day in a 60 kg patient. More preferably, the sodium §,5-
diphenyl barbiturate is administered orally in the amount of from 60 mg to about 1,500 mg per
day. More preferably, the sodium 5,5-diphenyl barbiturate is administered orally in the amount
of about 150 mg to 900 mg per day. More preferably, the sodium 5,5-diphenyl barbiturate is

25 administered orally in the amount of about 300 mg to 600 mg per day.

In another embodiment of the invention, the salt form of DPB is administered orally and
daily in an amount of from about 1 to about 2,000 mg, preferably from about 50 to about 1,000
mg, more preferably from about 100 to 750 mg, and most preferably from about 200 to about
30 500 mg.
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20 The pharmaceutical conposition of the present invention may be

adm nistered to a fasted human. The present conposition may al so be

adm nistered to a human after neals. The present invention enconpasses a kit
that sinplifies the adm nistration of appropriate 25 anobunts of the salt
forns of DPB to a patient. A typical kit of the present invention conprises
a dosage formof an isolated salt formof DPB, and a pharmaceutically
accept abl e excipient. In an enbodi nent, the present invention provides a

met hod of pr ] r X 1, form of
5, 5-di phenyl ’%E@ Ijﬁ%h?ﬁvg&ggl g&) ggﬁ Eée” sf&l%%ggje%tl?% (?%%'1 Q&}dﬂw% 1|Ehni ng

5, 5- di phiempeutixatlpsdfe andeffective «Mst:shofd)PB)r@mb@esdy,veammm@nﬂmbmet ofahe 26 form

a salt of 5,5-di phenyl hituric a and b) isolating t salt of

S S0l Do & F 1 B o DB b B S eble  PBReY org oD el Srkee Bdgent i on
provi degomedlivilydorl die veRP ah iyBhndther dHIdiTRG R UF ihe FveaQEMasalt foh FOPH isSi Ng
the steps of: g%jdd' ssol vi ng 5-di phenyl barbituric acid in an organic

sol vént adwinisseredidaiyanre chele gf dhopt %UH@MQ g n@nqsfa dey conmouivelUPRiVO Wweekd hy! -
tetr ahy%@irﬁmfbn fgxgﬁér'&ﬂ!)wﬂhg éit]ky AP @ flof gpprstangwsﬂ Felkdilpeet her,
I OXane | et

di met hoxyet hane ene g nzene,
t ol uene jincxgas@indn yetrinothebembxeliregnt oﬂihc hm@nmme Ei’@rﬁalts a‘c ladmalisternd fnr(apgydateal cohol ,

RO e S YR Bl B RSPl e

N, N- di mﬁte\liryslogmmﬁdmbme di net hyl sul foxi de, sulfol ane, acetonitrile and
conbi nation thereof; b) adding a basic solution to the organic sol vent,
sai d%base is at |east one base selected fromthe group consisting of sodium

hydroxi de solryt §Q8ge Mmanwﬂ gwﬂ’c%b@el&@hwue% ARembhdstl birthe RAls oxi de
solution to the di ssol ved bituric acid solution to forma

sal t of "Be@pasicallyféantive, b @nhylncn@alla@fféctlva 1@né Y therapdusicalbyportpinephytacticadly
215 O PRERMIeDRRL K. 3l sk BGRRBMH Wi 1l of BB LT BBHY ©f

5, 5-di phen bar urrc aci SSoiut 1 on

bar bi t urfmmeamodmpms aheanmpantraf@PBogalts that mauaepptsvens Cdr‘éhmﬁrﬁite dimma‘sesff@i

sol vents used . include ethers such. t.,r ahydrofuran (THF), 2-nethyl- 20

t et ridhy @9piated Hith dhendsHyipg prYRiosic °89§H8n -and di et hyl ene gl ycol di net hyl

et her; aromatic hydrocarbons such as benzene, toluene, xylene, chlorobenzene
and di chl or obenzene; al cohols such as_ ethanol, lJ)oro pyl al cohol, ethylene
glycol, 1,3- bg@ngj,lggpq)qhe my@nt&qqy]e@hg)llgp9{9@yallablhty of DPB upon oral administration

of a DPB salt, as measured by the AUC at a given time for the orally administered DPB salt as
compared to intravenous (IV) administration, is at least about 55%, 65%, 75%, or 85%.
20
The pharmaceutical composition of the present invention may be administered to a fasted

human. The present composition may also be administered to a human after meals.

The present invention encompasses a kit that simplifies the administration of appropriate
25  amounts of the salt forms of DPB to a patient. A typical kit of the present invention comprises a

dosage form of an isolated salt form of DPB, and a pharmaceutically acceptable excipient.
In an embodiment, the present invention provides a method of preparing a

pharmaceutical composition containing a salt form of 5,5-diphenyl barbituric acid, comprising

30 the steps of: a) combining 5,5-diphenyl barbituric acid with an organic solvent and a base to

26



nmononet hyl ether; am des such as N, N-di net hyl f or mam de,

N, N- di net hyl acet am de, N net hyl pyrrolidone and N, N-di net hyl i m dazol i ne;
hydr ocar bons contai ni ng sul fur such as 25 di net hyl sul f oxi de and sul f ol ane,
and water; or polar aprotic solvents such as acetonitrile and the |Iike.
Preferably, the organic solvent is tetrahydrofuran. In the above reaction,
approxinately a l:1 nolar ratio of a 5,5-diphenyl barbituric acid and a

ad; ust oa 1 &enaont oL PR it b g SR BLS o S D  ne

sol vent us@d. 27 The isolating step may be performed by filtering. O her
conveni ent nethods nmay be adopted by one skilled in the art. Optionally,
the precipitation maybe enhanced by stirring and cooling. Preferably, the

sol ution is ceplfehd emBoAentHhe pPJs@r{t%\leéh prBﬂ@esSé)lantthb@ﬁ)r E?éep%ﬁhg ged for

about 2 hours at room tenper ature by cooling t Preterably, the
presert iphemmceusitalsomposirien cmrpmgstbsstcme)fsﬁt) épsodf/mgééhdlngenwhbarbxgmap@dn sal t

of 55d| barbi turi i The at | east
about 90% %’r%"‘éw AR em& ﬁ”?e 5%F ug ‘8‘%@%'“ %@%}a" o In this
cont ext, tawhlyﬂxysﬁrraf Gfesh}ﬂ ethémellsmpquréth@,menfbu@ﬂ’&ea@l étheh, umbadmwwtrb;a total of

DPB sal t Iusfree aci tial pueDPBsaI is one that is at
| east abdtR*20RHsHuiee elXsohd &YL@F% %%wn&o wspe.gglinenfilozptenggne ppg

admi ni st efi@forbkenderRath&fl, nnﬁupy{arcxsh@leaﬁﬂ&le@ycovnoslbﬁtbs%ddﬂ%%ﬂem@fgucbp di sease
and the size of the patient. nor nal g adult may be started
1@}@@0&:@@@&%

a dos¥ge m?r@meﬁwbaberewﬁgm@ylfwan&w% NaJBPtfl}’IPYTﬁ‘éldﬁﬁ?)unt of
the sodi e S / rably,
the anount sttty fipREStena o folTR, (Ardhe R AR SCSHbnb NG BF B0

More pr efaédmblaMSIc bautanmoa tite olgammmvesodmdbsisask 4t ledst @E&amseﬁdmdtfroﬁl g/ kg to
about 10 Kk .Tabl zen es.an t her .dosa forms

ot er b1 PO st SoiwB IR st AP ER Y By FhRgE oI R ee of ¢ e
phar nmaceulydfaideGonEes id thediselvdds 5dﬂpmf@nbar@muﬁcummoan©ﬁ@afotrm a%allof :pal ient in
a single dose can be in the amounts from about 30 ng to_ about 3,000

Pr ef ePabl djphenylhartigrip peidaad o) sokprithegd! pi-? élpaﬁ‘@ﬁbarbﬂma% Prifsrably, the’

pref er abl yy id N&d Nt F8SLdibSendPoMbindRQcig"® to about 900 ng. More
pref er ably,1 fe gﬁ%y ose IFS rlgbout BOOClrrg to about 600 ng. An enbodi nent of

the invention relates to a solid oral pharnmaceutical dosage form 25
compri.sing a Skl SlulPRans QapREEAGAR o HlPod BHERHLOM AEG des 2
solvents. Examples of solvents used include ethers such as tetrahydrofuran (THF), 2-methyl-

20 tetrahydrofuran, dimethoxyethane, dioxane and diethylene glycol dimethyl ether; aromatic
hydrocarbons such as benzene, toluene, xylene, chlorobenzene and dichlorobenzene; alcohols
such as ethanol, n-propyl alcohol, ethylene glycol, 1,3-butanediol and ethylene glycol
monomethyl ether; amides such as N,N-dimethylformamide, N,N-dimethylacetamide, N-
methylpyrrolidone and N,N-dimethylimidazoline; hydrocarbons containing sulfur such as

25  dimethylsulfoxide and sulfolane, and water; or polar aprotic solvents such as acetonitrile and the

like. Preferably, the organic solvent is tetrahydrofuran.
In the above reaction, approximately a 1:1 molar ratio of a 5,5-diphenyl barbituric acid

and a base is used. The reaction is carried out at a temperature that will be adjusted by a person

30  skilled in the art to the base used and to the solvent used.
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addi ng a base to diphenyl barbituric acid to produce a salt of DPB by base
addition. The present invention relates to a nmethod of producing a
pharmaceuti cal product that conprises conpounding a DPB salt and a vehicle
to produce a solid dosage form The present invention involves a nethod
conprising admnistering a DPB salt to a manmal orally in solid dosage form
30 at a clinically acceptable dose. The dose may produce a bl ood plasma
concentration of DPB at |east about 25 g/m . The nethod of adm nistration
produces a ther Jic e t ] i t ovi de
neur opr ot ect ?@%@%ﬁﬁg&?" e%{‘f ;f/eep eéfrlrénprﬁ?\f&g@tﬁé (Qg}?reﬁgglln’t%lg%ﬁt%r%%g Serg%)ﬁtget whi ch
pr oducesddpied tdasie skitlepinatherat.oOptipnaly, tied frecipitation andydetenhadweedbypstdtingemid of t he

invention relates to a sqlid . oral phaymacgutical .dosage formb5. c rising a
o um G101 BeSsetalie £oleAonds inlse P Shoim Al e b By e RIBIR TGO LS o ngt 0
the i nysdik D ABwS AMBHIMSEBp&aEHOlIdWE BIRBoRRg forde. Redfetablo, th@?ré&ﬂidif%tﬂfn
potassiumsalt. The present invention provides a nethod of producing a

phar frac &ithereampsisecihe step ofyrshigribe Eolaisd sebipihyS-dirhembbadituriaerd.a vehicle to
produce a solid dosage form wherein the salt is a sodiumor potassium
salt. The present invention relates to a nethod of treating a neurol ogi cal
di sorder conPhd piritgoflihe P salt 3 atd¢aptpbautlNOBs. SHietpurity mayrheratdbasbatmiut 95%n sol i d

of oot " PhevrdPLbrndh RayoR SR KT s FERIENE o R Re SRidy B RGLER °

dysf uncDPBrsak phid fies aciaNWuBstaiially perie DRB&]t isoiseCth st iS hti lédsngtsonit 908 HURUS Strain
and anxiety. The conpositions nmay be used to treat epilepsy or as a
neur®prot ecti ve agent and can be adnministered to individuals undergoing

surgery or efRel&RCintinPbf $o@itni$hitd DPBKadffiniSlefed 3 a pRticht Ry bL@tdegéhding
transient ischemc attack, cerebral ischem a, head traunm,” or “other acute
neur ol ogpaethe dégrpanfitesdisepreanstthe siacefithe patientc dhporsial-wsizht (ra§0 ks adult mby et t hat

may be t r f e about
0.3, "%, BRuTEra Bl ol (3 3hde GRBY b g RE, PRRGRITARE SRt EFiRE

concent s@diurg Balodf DFABisadboltcdunp/kg wakoufl 25 mgfke. Mife pleéerddPR thadrhcunobf thee present
i nvention_ used i solid ora har maceut | cal . dosage f or may b
ohan A StiorE st of DR Boat TmE e FLSHoRE  SHEAE: Mere B et palE #RoM anthe

appr opr kgiem BASES DEB! hubodSs AB/kahk@out 1Rl ( Tablee XAPRII&, lozehey BAd AR&rassi um ,
an al kaline earth nmetal (for exanple, calcium_ rmagnesiun), ammoni um and

the |i kdosagg forps prefraakly sentein upit desageof wdivgr @B EFBoy  conventi onal neans
fromthe correspondi ng conpound by reacting the appropriate base with the 25
conpound in free form The salt forns nmay be conbined with excipients and
formed i nto e daily dose of the pharmaceutical composition of this invention administered to a

20  patient in a single dose can be in the amounts from about 30 mg to about 3,000 mg. Preferably,
the daily dose is about 60 mg to about 1,500 mg. More preferably, the daily dose is about 150
mg to about 900 mg. More preferably, the daily dose is about 300 mg to about 600 mg.

An embodiment of the invention relates to a solid oral pharmaceutical dosage form
25  comprising a salt of diphenyl barbituric acid. The invention provides a method comprising
adding a base to diphenyl barbituric acid to produce a salt of DPB by base addition. The present
invention relates to a method of producing a pharmaceutical product that comprises
compounding a DPB salt and a vehicle to produce a solid dosage form The present invention
involves a method comprising administering a DPB salt to a mammal orally in solid dosage form
30 ataclinically acceptable dose. The dose may produce a blood plasma concentration of DPB at

least about 25 pg/ml. The method of administration produces a therapeutic effect. The dose may
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dosage forns. The present inventive conpositions and nmethods allow for
treatnent of a diverse patient population (nale/female, young/old) wth
acceptable inter-patient and intra-patient variability, 30 substantially
|l ess than is present with DPB free acid. The present invention provides

| nproved effective bioavailability as neasured by serum DPB. The invention
may provide a higher serum 29 level (AUC and/or C'a,) over a short tine
(-8, 12, 18...0r. 24 hrs) than the sa se and farmulation of the free acid
Woul o pr b $elngiS bRt AP ARy ot 48 cTiRe e dmeuatat iR Sodinariigl ey BEtahor
tinme as cohpBbRMAutd tie disBEphadas®ldgical dftect ngehodci d. 5 A nethod for achi eving
a target therapeutic blood | evel of DPB according to the present invention

conprises adm nistering isolated sodiumsalt of DPB. The therapeutic bl ood

| evel may be ﬁi‘?@ﬁﬂ&gﬁilell&y G ntiSn re?at%g% aissglli?&gg(?n{m{lmﬂtiéahgos'agé/ﬁhn measur ed

f
for the DPB free aci Thoe anount of nistered to produce the
t ar get 5 bl ewaprisengel sodfunDRB otmsiunealadf dipkeny] tabmtiric adid%A Reded 83@otdingegheor 50%

| ess than. t he. anount. requir.ed B free.acid. The amount of..10 DPB salt
oo 1 e ki RTB s G A UL pioe st A ol sl s P e 3, 4
/2 of t heinvedtivupiovides RMEthddast paddubing @ @HarRdetidf] prédicseipriBing@dmbeuing alhe
nmet hods aﬁd corrpﬁlgfitions of the invention are effective.to produce a bl ood
pl asma  cBRBEAl At # vaticds tormeduse 2 splil dosags.fopm, whesein Hig salyis a9dm j/pefassiym

Havi ng nowgemehidst itlRatsd Reskstdh ?rle{h'aH%mrEaQi'ﬁg atnleﬁroﬁ)%mﬁl %érhertbgmgﬁ'&iﬁ r
understood by reference to the follow ng Exanples, which are provided

her ei A0 sordnipisteping pUHFosaétdo emaninidl azally i $odid dosrgy fermuinanamesat dfiscteveded to be
0, B 1S L0 R ENDSSL T B 650 935, Aol L
Mat er i al snerGanplysfiodctidnlsectudsaon¥idsignst sehdvbdsemusodd stiffness, ner glststrbigraadranxiety.

The compositions may be used to treat epilepsy or as a neuroprotective agent and can be

administered to individuals undergoing surgery or experiencing or having a risk of atrial

15 fibrillation, transient ischemic attack, cerebral ischemia, head trauma, or other acute neurological
injuries. The pharmaceutical compositions may be a tablet that may be coated, or a hard or soft
capsule. The dose may be at least about 0.5, 1, 5, 10, or 15 mg/kg/day, and may produce a blood

plasma concentration of DPB at least about 10 pg/ml.

20 The DPB salts of the present invention used in a solid oral pharmaceutical dosage form
may be pharmaceutically acceptable salts including salts derived from an appropriate base, such
as an alkali metal (for example, sodium, potassium), an alkaline earth metal (for example,
calcium, magnesium), ammonium, and the like. All of these salt forms may be prepared by
conventional means from the corresponding compound by reacting the appropriate base with the

25 compound in free form. The salt forms may be combined with excipients and formed into solid

dosage forms.

The present inventive compositions and methods allow for treatment of a diverse patient
population (male/female, young/old) with acceptable inter-patient and intra-patient variability,
30  substantially less than is present with DPB free acid. The present invention provides improved

effective bioavailability as measured by serum DPB. The invention may provide a higher serum
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DPB 280 46.35 166 NaOH 40 6.60 165 THE 1,500 m - + 150 mL DI water 25 niL
THF: tetrahydrofuran; DI water: deionized water 30 Procedure: DPB was

di ssolved in 1,500 nL THF. The turbid solution was filtered through fol ded
filter paper. Sodi um hydroxi de solution was prepared by dissolving in a

m xture of 150 nL THF and 25 nL water. The sodi um hydroxi de sol uti on was
added drop-wise to the DPB solution over 5 a period of 0.5 hour. The sodi um
salt of DPB formed and precipitated fromthe solution. The m xture was

stirred{giapPomlef B%rakhérgﬁﬁg K%gg?ﬁ% Y rﬁ@qhérﬂ‘ﬁg szﬁ{%ﬁh&g ah 4C and

ho
stirred at © that tegﬁgrature di tT onal ours. e product was
filter efbrrauldtiovasiiicifred acid wolld piddide. Th2 ntsthod meaysprovade the salue servvadevebtar ned.
The col |l ected salt was (%Irigd in, a Vﬁﬁﬁuég] oven at 50C to constant wei ght of
Oi qztm

40. 12 gft oKt img 35,c9mPEige o 4 Bieheidese? ‘Materials: Conpound Ml ecul ar
Wei ght Mwbl es Vol unes wei ght (grans) DPB 280 9.18 32.8 KOH 56.1 2.16 32.8
THF 300 nL + 30 nL DI _water 5 nL 15 THF: tetrahydrofuran; DI water:
dei ohi zed weh 8icthod dereashicxing apppetibesansricbipodisvelof BB spcording tathe RreseRfi d
sol ut i Oy ¥aRnchinbfles {thQ&HJg i{ ol diunl dalt& DPEP OFne (RQhARAL BRLAWAEGKE e
sol ution masnsre afégmﬁyldis 5%v%ng ih a mxture of 30 %% ﬁ
be measured by AUC or Cpay, and is higher than the level measured for the DPB free acid. The
amount of DPB salt administered to produce the target blood level of DPB may be at least about
10%, 20%, 30%, 40%, or 50% less than the amount required for DPB free acid. The amount of
10  DPB salt required for a given blood level may be less than about 1/5, 1/4, 1/3, or 1/2 of the

amount of DPB free acid required for the same blood level.

The methods and compositions of the invention are effective to produce a blood plasma
concentration of DPB of about 10-125, 25-100, or 40-80 pg/ml.
15
Having now generally described this invention, the same will be better understood by
reference to the following Examples, which are provided herein solely for purposes of
illustration only and are not intended to be limiting of the invention or any embodiment thereof,
unless so specified.
20
EXAMPLES
Example1 Preparation of Salt Forms of DPB

Sodium salt

25  Materials:

Compound Molecular Weight MMoles Volumes
weight (grams)
DPB 280 46.35 166
NaOH 40 6.60 165
THF 1,500 mL +
150 mL
DI water 25 mL

THF: tetrahydrofuran; DI water: deionized water

30



20 THF and 5 nL water. The potassi um hydroxi de sol uti on was added drop-w se
to the DPB solution over a period of 0.5 hour. The potassiumsalt of DPB
formed and precipitated fromthe solution. The m xture was stirred for
about 2 hours at roomtenperature and then cooled to 4C and stirred at that
tenperature for an additional 2 hours. The product was filtered and washed
with cold THE 10. 11 grans wet product was obtained. The collected salt was
dried in_a vacuum 25 oven at 50C to constant weight. Yield: 96.9% Lithium
Sal t thé%@§¥§: 31 Conpound Mol ecul ar Wei ght Mwbl es Vol unmes wei ght (grans)
DPB 280 0. 972 [pB3das didsOMetiaD1, 400 A6 TRIFL 4heIurBill shtutioR Va8 liftered tiFbughBbidva@t er |

mL THF: tetrahydrofuran; D water: deionized water DPB was di ssolved in 30
mL THE THutet papsi- Sodiinyhydsaxide solptian veaseuepared Sy gissolyingan a miktuesrof 180 pokHE

LiLE U g0kl 80 e O RAERAOR RN RSP bGsl B e BRKLBaRbve?

THF and | wat er . roxide solutiron was a rop-w se
t he DPB sdgietibd ofi0.6heur. Fhe pediimdalobf DPB fdrowd andiprecipitatbd fromsbd solwion DPEe f or med

and precipitated from.the salution. Th m xture S stirr f or .about 2
our 5 at DR FerERd oS reodt el e HE o b 47 o i

t enper at Uha témieraive dstdintdd@itiohal 2 HoQtsr The pRRu@rvag Yttered@sd fakie@ed c3RIdrAAS hed
with cold THE 10 0.92 grans wet product was obtai ned. The collected salt was

dried i n 4-VaannewEeiust Warediseed. ddgsplissied zalf yat dried igagacum oun a5k e 2
Further RLenalletmoffo 20ghum .38yl N Exanple 1, DPB was dissolved in THF
f ol | owed By aédiﬁ?o% é% e u#nn?ggtanéhnt of aqueous sodi um hydroxide. This
exanploe enpl oys a solution of sodi um hydroxi de in ethanol
a 10% NaQrdtassivet 8@lhol ). Procedure (Synthesis in THF):

(i.e., preparing

Materials:
Compound Molecular Weight MMoles Volumes
weight (grams)
DPB 280 9.18 32.8
KOH 56.1 2.16 32.8
THF 300 mL +
30mL
DI water 5mL

15 THF: tetrahydrofuran; DI water: deionized water

Procedure:
DPB was dissolved in 300 mL THF. The turbid solution was filtered through folded

filter paper. Potassium hydroxide solution was prepared by dissolving in a mixture of 30 mL

20  THF and 5 mL water. The potassium hydroxide solution was added drop-wise to the DPB
solution over a period of 0.5 hour. The potassium salt of DPB formed and precipitated from the
solution. The mixture was stirred for about 2 hours at room temperature and then cooled to 4°C
and stirred at that temperature for an additional 2 hours. The product was filtered and washed
with cold THF. 10.11 grams wet product was obtained. The collected salt was dried in a vacuum

25 oven at 50°C to constant weight. Yield: 96.9%.

Lithium Salt

Materials:
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In Example 1, DPB was dissolved in THF followed by addition of equimolar amount of

aqueous sodium hydroxide. This example employs a solution of sodium hydroxide in ethanol

DPB (7.0 grams) was dissolved in 70 mL THF at room temperature. To the solution was

added a solution of 1 gram NaOH (pellets) in 10 mL of absolute ethanol. The resulting solution

was stirred at room temperature. Turbidity was immediately observed and mass precipitation

was detected within a few minutes. The reaction mixture was then stirred for additional two (2)

hours at room temperature. The product was then filtered and washed with 15 mL THF. The

Fai g tgob %pd
phar macoki neti cs
constant welght Yleld 97. 2%
Example2 F
15
(i.e., preparing a 10% NaOH in ethanol).
Procedure (Synthesis in THF):
20
25

wet product was dried at 105°C under vacuum. Quantitative amounts of DPB were obtained.

The purity of the product was 99.2 % and the amount of water by Karl Fisher method was 1.26

%.
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adm ni strations of MWDPB (30 ng/kg) and sodiumsalt of MWDPB (30 ng/kg) in
dogs. Oal suspensions of MWDPB and sodi um salt of MWDPB were prepared by
suspending either MMWDPB or sodiumsalt of MWDPB in 2 % (wW v) aqueous
carobxymet hyl cellulose 30 (CMC). Eight (8) Beagle dogs were adm ni stered

t he oral suspensions of MMVDPB or sodium salt of MMVDPB by a single oral
gavage. 33 Bl ood sanpl es were obtained pre-dose and 0.25, 0.5, 1, 2, 3, 4,

6, 9, 12, IEr15id 1§§ aﬁld.24 1hom,s after dosing. Venous blood (--1 nL) were
drawn an f = heparin (anticoagul ant). Blood sanples were
spun in a ref DRE(l gdmeat sushergied andbsgluretanyene 0sI7Qrad oANaOHGR(letpiver t 0
anal ysi s. B and DPB were quantified in plasma _using HPLC wi.th 5 Tandem

Mass SpecidPethiitrPm (RIREEASN bm@@rewzsswdnfes abosa-5 PUR b SAME s lssoiBpr

obt ai ned Ap&itRE (B a‘&’@itlghil%m(sjo@ Qﬁ-)mé %ﬁffof ﬁﬁ%ﬁ{aﬁél &ds%@@ﬂorét@&(@@é h&ﬁlO@”a| ysis
of peak area rati'o (anal %t e/internal standard) versus the nom nal

concent rambftshtocmdméaf@ahlq PRiendNa@Harmdaheiproductpresipitateds il‘bﬁmlmleevagﬁtem ned by

i nt er pol g, QA 1§ 5%&5 %MH%@%& ﬁﬁ&eﬁ\a’h}% g& bv‘?l?n&%va‘éﬁedztos'ﬁg@?@gsggﬁﬁ%&gfea sma

figures were gen Cl ex Ver st on

sanpl es vpoduct. hQumnitmely&lsz;rﬂqma'cy df<9951c%mds pbiamed.extraction with 2 nL
acetonitrile prior to HPLC net hod with Tandem Mass Spectronetry Detection.
Chr omat ogr aphi ¢ conditions were perforned as foll owed: 15 Chronat ographic

node: Revexsgple Bhadgepdrafion af SA( BordslbeMiVINIDIE | socratic Mbile phase flow
rate: 1 nUmin Back-pressurer 140 bars (approxi mately) Autosanpler rising
vol . : 10, c¥mliem3alt Col um: Zorbax SBCI8 Retention time: 2.15 minutes (DPB)
3.46 mnutes ( gq) 15?&?}8@@ &0 Q_{(ﬁ eV B after
si ngl e oral dos%es ]gﬂﬂ-g% 6?@" i‘%ﬁgﬁde eagl e go S Orﬁetﬂ? IS
slightly dndgidenL bﬁmbtlhamé the sepknsion sk heavéd to MOMDRRI (ti%teg at 8ich téﬁhpz:ramaﬁorpl asna
concentr a’;d 191{}1%tesf Then, Q/Ioal?olﬁt]clcgnegf s&h%l methoxide were added drop-wise. During

the addition the suspension turned to a clear solution and after some time the product started to

15 precipitate. After the addition of the base was completed, the reaction mixture was cooled to
room temperature and stirred for further four hours. Very fine crystals of the sodium salt were

obtained after filtration.

The product (NaMMMDPB) was dried at 60°C in a vacuum oven for three hours. 18.4
20  grams of dry sodium salt were obtained of which purity by HPLC was determined to be 98.6%.
Yield: 78.4%.

Example 4

25 Sodium Salt of MMMDPB Fails to Increase Bioavailability of MMMDPB and DPB
This study compared the pharmacokinetics of MMMDPB and DPB after oral
administrations of MMMDPB (30 mg/kg) and sodium salt of MMMDPB (30 mg/kg) in dogs.
Oral suspensions of MMMDPB and sodium salt of MMMDPB were prepared by suspending
either MMMDPB or sodium salt of MMMDPB in 2 % (w/v) aqueous carobxymethyl cellulose
30 (CMC). Eight (8) Beagle dogs were administered the oral suspensions of MMMDPB or sodium
salt of MMMDPB by a single oral gavage.
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i ntravenous i nfusions of NaMWDPB in Beagl e dogs (15ng/kg) are shown in Fig.
3. Table 1 summari zes the nean pharnacoki netic paraneters of MWDPB and DPB
after 30 oral administration of MWDPB and NaMWDPB and i ntravenous

adm ni stration of NaMWDPB in Beagle dogs (30 ng/kg PO 15 ng/kg IV, n=8).
34 The AUCo-t and C. ,ax for MWDPB were | esser after oral adm nistration of
sodiumsalt of MWDPB, than after oral adm nistration of MVWDPB (29.44
g.hr/nm vs. 57.41 .tg.hr/nL and 6.45 sg/nL vs. 10.22 g/nlL) (See, Table 1).
5 The AUCo. , 1.5l M4 | r e I

adm ni str at |%§8§3?&%§i ‘IIIJ?nE oggﬁlga‘ﬁe@dﬁé mdB(?ﬁ ﬁa?nqi;zfst%e‘r1 %grbaP ggzgn?nsdt%‘iatl on of
MWDPB_lidieSafled dgsitg. / Yitnous blood 8- 1118L) werg drawnrdnd znllecredis llgglﬂmibem@n 9.39 gg/nlL)

( See, raI bi oav.ai I i nge 43
Go - 1770 Conpant 15160 BmlE S rid 0B R et e Pl AR T e A5 OF o
NaNNIVDP&O"(I: Priexith @nalyeid. dMMDRB a&bSXPIBwbe&e huanaifiad ixﬁbadmatqsn{gi HRLC whthval ue) of
fter oral adm nistration 7.. The F val ue of the
imdém Masg S Paﬁ?ﬂmﬁt@tdF%ﬁ‘%LgpQ%{n}néé dtigh SNVRDMERe Bt d60. The
data |n %My@ags d ' idoes not increase
the bi gdg/% ?g%ﬂ@lat( fi//bé) ot ufa&E Hhééi- B 15mgl'<%1w%eof :ngggﬂ)algﬁar macoki netic

Par anet @nsly@flntmwm@me tae n@nm@}c@ncen)xamwfgm eglibration StapdaulavDPB i n

T AUCH i ibpWelthpngtioa i B ffoh KppiliE i dHE ARSI X Ds 5y

2. 59 1. BZgressiphk andViAYEREY @ gbnededIREPH Scifd ABal38 VkeSor 82 4of0areny/ kg NaMVVDPB
Oral_30 MWDPB 6.45 1.04 29.44 2.71 0.60 ng/kg NaMWDPB Oral 30 DPB 11.57
7.280135.10 3.15 3. 15

Plasma samples were thawed and subjected to solid phase extraction with 2 mL
acetonitrile prior to HPLC method with Tandem Mass Spectrometry Detection.

Chromatographic conditions were performed as followed:

15 Chromatographic mode: Reversed phase
Isocratic/gradient mode: Isocratic
Mobile phase flow rate: 1 mL/min
Back-pressure: 140 bars (approximately)
Autosampler rising vol.: 1,000 pl
20 Column: Zorbax SBC18
Retention time: 2.15 minutes (DPB)
3.46 minutes (MMMDPB)

The mean plasma concentrations of MMMDPB and DPB after single oral dosages of
25  MMMDPB (Fig. 1) in Beagle dogs (30 mg/kg) is slightly higher to those of sodium salt of
MMMDPB (Fig. 2). The mean plasma concentrations of MMMDPB and DPB after single
intravenous infusions of NaMMMDPB in Beagle dogs (15mg/kg) are shown in Fig, 3.

Table 1 summarizes the mean pharmacokinetic parameters of MMMDPB and DPB after

30 oral administration of MMMDPB and NaMMMDPB and intravenous administration of
NaMMMDPB in Beagle dogs (30 mg/kg PO, 15 mg/kg IV, n=8).
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ng/ kg NaMWDPB |V 15 MWDPB 21.91 0.11 26.17 0.78 --- Infus ng/kg 3 ion
NaMVVDPB |V 15 DPB 8.60 3.13 59.43 2.26 --- Infus ng/kg ion F is the

absol ute bioavailability 20 Thus, these data show that oral adm nistration
of sodiumsalt of MMVDPB fails to increase the bioavailability of DPB. 35
Exanpl e 5 Sodium Salt of DPB I ncreases Bioavailability of DPB W exam ned
the delivery of DPB to the vascul ar conpartnent by adm nistrating directly

DPB and conpar.ed th of DP npar ed
the 5 pharmaco ﬁq(F"ds Dg‘ﬁﬁﬂl\gﬁb % efe ks erf)raéf‘?%glﬁusgfp%n %tssﬂ‘éf"é sﬁ@se of
DPB (75 ijMMmPB, tsamhﬁenmahdmmfstrm of REVIMID K J29144 |Retathle vel6gg] pg.hr/mL
Twent y- ei ght. Beagl e dq wer e a ed DPB and sodiumsalt of DPB by a
singl e orag‘B(ig“S\F&ng(’ﬁ:lg %&%?ﬂ%@gg wer e obtained pre- dose and 0.5, 1,
2, 3, 4, 6, 12, 18, 24, 36 and 48 hours after dosing. DPB was quantified in

pI asma using HPLC LLOQ:O 25 sg/nL). 10 The nean plasma concentrations of
DPB aft er si ndihe A8yGl: 2adSagder I3FB PR sirrilagly lasser after prahadreinisiation of 5o0diunkg,

n= 8) |s S | n=8)
(Fig. o) SR MATEITRY tal W Or AR rlon SEGIIIEYH (15 10 PR Ry R B8
|ntraveno,t5hr(m1v).nd7218u§/nﬂm$. B.B9Ng:1aHB(Seaz,1Bﬂﬂgl)e dogs (75 mg/ kg, T= 30 m n,
n=4)) is shown in Fig. 6. 15 Table 2 sunmari zes the nean pharnacoki netic
paranmeters of DPB after oral admnistration of DPB, NaDPB and intravenous

adni ni strat i orrheimdya BRBbioavBRBilityeo AMEBVIDFB wab U0 KD, (rdkge 8} % - 177 %) after
10 giving MMMDPB compared with 60% (range 34% - 99%) for NaMMMDPB. In other words,
the absolute bioavaliability (i.e., F value) of MMMDPB after oral administration of MMMDPB
is 1.07. The F value of the MMMDPB after oral administration of the sodium salt of MMMDPE
is 0.60. The data indicate that the salt form of MMMDI"B (i.e., sodium) does not increase the
bioavailability of MMMDPB and DPB.
1S

Table 1: Mean Pharmacokinetic Parameters of MMMDPB AND DPB after Oral
Administration of NaMMMDPB in Beagle Dogs (30 mg/kg, PO, 15 mg/kg 1V, n=8)

Drug Rout | Dose Analyte Croax Thran AUC,., tin F
e
(pg/mL) | (hr) | (pghe/mL) | (hr)
MMMDPB Oral 30 MMMDPB 10.22 | 3.25 57.41 259 1.07
mg/kg
MMMDPB Oral 30 DPB 13.91 9.39 193.18 4.59
mg/kg
NaMMMDPB | Oral 30 MMMDPB 6.45 1.04 29.44 27 0.60
mg/kg '
NaMMMDPB | Oral 30 DPB 11.57 | 7.28 135.10 3.15 3.15
mg/kg
NaMMMDPB | IV 15 MMMDPB | 2191 | 0.11 26.17 0.78 ---
Infus | mg/kg 3
ion
NaMMMDPB | IV 15 DPB 8.60 3.13 59.43 226 ---
Infus | mg/kg
ion

F is the absolute bioavailability
20
Thus, these data show that oral administration of sodium salt of MMMDPB fails to

increase the bioavailability of DPB.
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20 The AUCO_, for DPB was greater (-4 fold) after oral adm nistration of
sodiumsalt of DPB, than after oral adm nistration of DPB (882.8 pg. hr/nL
vs. 222.1 .tg.hr/nL) (See, Table 2). The C,,,a" for DPB was greater (-3
fold) after oral administration of sodiumsalt of DPB, than after oral

adm ni stration of DPB (54.2 gg/nL vs. 18.7 gg/nL) (See, Table 2). 25 Table
2: Mean Pharmacokinetic Paranmeters of DPB after Oral Adm nistration of DPB
and NaDPB i n Beagle Dogs (75 ng/ kg, n=28) Drug Route Dose Analyte C, ,, a,

t,,,,X ieg"Z m, hr (pg-hr/nmL) (hr) DPB Oal 75 ng/kg DPB 18.7 6.5
222.1 4. DPBOraI 75 ng/kg DPBS4278882859 NaDPB 1V 75 ng/ kg DPB
95. 7 0. Sodi : i P8y | ndi cate that adm n| stration of

t he sodium t of rea XY bloa a| |t
AUCD' ¢ and eexe@m'ggﬁﬁ Tt AR v

adm ni sDP dnditoMmpardid RBEth thhanin&ﬁbﬂt oftDRB m’ﬁb@h nTlsats statty esmpdrediB. The absol ute
bi oavai I b| lity of B af % i.st ratl E s _about 58% 5 Note
that 5 neb Hmagplaneling o eré’(ﬁ ag}%tfaﬂego S‘%%%lfi%ﬁ?to DFB Gp mskg)9hd DPB

(i.e., Z&tmﬁgélkgf)nmm @gﬂtg)ﬂtnsaeagleqo%s ntyn&gtme@gwdags WBleQlakirdérere@di UM i s
taken into consideration here is (more 1n no DPB as corrpared

to t hat DI andgpdimmsalt of BPBHTR, sxmwt&avm (8=24)j Bmdesw@éles mresqhtqanq qirergl y
b It 10
0P Brg o 10N 12308, o RENBTSE SRR AN GTRY 696 MBSSRMR ST

cal cul apbxdm&h&thPLSr(LDBQ%QS\;@rmb)Js times (24, 36 and 48 hour s) after oral

15 adm ni strations of DPB and sodiumsalt of DPB. The data are summari zed in
t he ol | owi ng Table 3. Table 3: AUCs at various tines (24, 36 and 48 hours)

after Oral AgR Rest pladmaddndntrations of DPB after single oral dosages of DPB (Fig. 4) in
Beagle dogs (75 mg/kg, n=8) is significantly lower to those of sodium salt of DPB (75 mg/kg,
n=8) (Fig. 5). The mean plasma concentrations of DPB and DPB after single intravenous (IV)
infusions of NaDPB in Beagle dogs (75 mg/kg, T=30 min, n=4)) is shown in Fig. 6.
15 /
Table 2 summarizes the mean pharmacokinetic parameters of DPB after oral

administration of DPB, NaDPB and intravenous administration of NaDPB in Beagle dogs (75
mg/kg, n=28).

20 The AUCy.; for DPB was greater (~4 fold) after oral administration of sodium salt of
DPB, than after oral administration of DPB (882.8 ug.hr/mL vs. 222.1 pg.hr/mL) (See, Table 2).

The Cnax for DPB was greater (~3 fold) after oral administration of sodium salt of DPB,
than after oral administration of DPB (54.2 pg/mL vs. 18.7 ug/mL) (See, Table 2).
25

Table 2: Mean Pharmacokinetic Parameters of DPB after Oral Administration of
DPB and NaDPB in Beagle Dogs (75 mg/kg, n=28)

Drug Route Dose Analyte Crrax tinax AUC,, tin

(pg/mL) | (hr) | (pghe/mL) | (hr)

DPB Oral 75 mg/kg DPB 18.7 6.5 222.1 4.0

NaDPB Oral 75 mg/kg DPB 54.2 7.8 882.8 5.9

NaDPB v 75 mg/kg DPB 95.7 0.5 1,574.0 6.0
Infusion
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DPB and NaDPB in Beagl e Dogs (75 ng/kg, n=28) 20 Drug Route Dose Anal yte
AUCO. 24 AUCO 36 AUCo48 hr/nmL -hr/mL -hr/nh DPB Oral 75 ng/ kg DPB 230.7
234.4 234.4 NaDPB Oral 75 ng/ kg DPB 882.8 962.5 962.5 NaDPB IV 75 ng/ kg
DPB 1,411.5 1,603.5 1,615.4 Infusion These data indicate that oral

adm nistration of the sodiumsalt of DPB increases the nean AUCo- 24,
AUCo_36 and AUCo-4s as corrpared to that after oral admnistration of DPB. 25
Exanpl e 7 Ad |strat| DPB.and Sodi.um Salt For DPB W exam ned t he
ol Tvery of  DRBE SR ERguStba) i L otasiah Ch oDy 0P P BB AREE W 1 act 1y Db

and conpaidadaiiability MDPBeTﬁ@ﬂhbmS@b t an@fC [2AB8r DPBivsers Lrealyr sfsmpa el t he

phar macoki netics of DPB after oral adm nistration of DPB (150 / kg) and
sodi um saNavegouppgministtionp INADRH thew aftgr eral adpgigistration of PEBs The@bsoliten ni st er ed
Bl ood sanpl es

DPB and %Mgﬁﬂ%ﬁﬁ%BfﬁBQﬁﬁala}ﬁdr‘?}%tﬁn'a%?Ngl??é WYBAR 58 g/ (n=54).

were col [ected follow ng each
treatent fromaniml via the jugular vein. Bl ood sarrpl ings fromgroups of 3
rats/sex/tinme L nt. re col |l ected at .vari pus. t
bechghim e gt { bt

to provide th&° Vpfaaljyeig fg]fp? (B)P}Wg n g,rdirz,

18, 24, vefiSadnsibiisferaa twnerdﬁ@inaaculﬁaﬁag}hlo@@@htﬁanptabem&> dnsi@drhteat ed i nto
a tube cont aj ni n&@l i thium heparin and the sanpl es were i

refriger Sheggiis Oceimgre fﬂj’@@les)'lfﬁéDPgéﬁuF‘t"&?ﬁmdptPé%ﬁfW%F%Y%JI% | BB"%@P S or to
anal ysi s.4; {28 age ﬂélif §ketvad a@igﬁﬁ%tqﬁdr%e P, AQCS Ln@e=0. f315th9 s&{lﬁﬂ'r)salt Th$

mean pl asma concentratl ons of DPB after single oral dosages of )
in 10 SpfBFBe-Dawl ey rats (150 ng/ kg, n=18) is significantly Iovver that
that of sodiumsalt of DPB (150 ng/kg, n=18) (Fig. 8). The nean plasma
concentr%‘l&ﬁ@? . §f DPB after single intravenous infusions of NaDPB in
Spr ague- y rats (150 ng/kg, T=30 mn, n=18)) is shown in Fig. 9.

4 sunmar iSDdialmEdtnﬁhﬁBﬂhe:remdlmavetlahhgﬂ_f ers of DPB after oral 15

gg?‘ agluZE ratio ecachE)I%eaa RGCI(}I?BrP PB%?gar%o% 1%%? &%u% drﬂiﬂiours I?éroorr]almc NaDPB i n

15 administrations of DPB and sodium salt of DPB. The data are summarized in the following
Table 3.

were obtain r oxi ma

Tabl e

Table 3;: AUCs at various times (24, 36 and 48 hours) after Oral Administration of
DPB and NaDPB in Beagle Dogs (75 mg/kg, n=28)
20

Drug Route Dose Analyte AUC.04 AUC.56 AUCq4s
(ug'hr/mL) | (ughr/mL) (ug-hr/mL)
DPB Oral 75 mg/kg DPB 230.7 234.4 234.4
NaDPB Oral 75 mg/kg DPB 882.8 962.5 962.5
NaDPB v 75 mg/kg DPB 1,411.5 1,603.5 1,615.4
Infusion

These data indicate that oral administration of the sodium salt of DPB increases the mean

~ AUC.24, AUCy.36 and AUC.45 as compared to that after oral administration of DPB.

25 Example7
Administration of DPB and Sodium Salt Form of DPB
We examined the delivery of DPB to the vascular compartment by administrating directly

DPB and compared it with the sodium salt of DPB. This study compared the pharmacokinetics
of DPB after oral administration of DPB (150 mg/kg) and sodium salt of DPB (150 mg/kg) in

30 rats. Fifty-four rats were administered DPB and sodium salt of DPB by a single oral gavage
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Dawl ey rats (150 ng/ kg, n=72). For DPB, AUC-, and Cm' were greater after
oral and intravenous adm nistration of NaDPB conpared to DPB. AUCO-, and
Cm" were greater in femal es conpared to males. As shown in Table 4, the 20
AUC-, for DPB was greater in male (-4.5 fold) and fenmale (-2 fold) after
oral adm nistration of sodiumsalt of DPB, than after oral adm nistration
of DPB (3,414.7 g.hr/nL vs. 775.5 gg.hr/nL and 4,037.6 g.hr/nL vs. 1,945.9
g. hr/m) (See, Table 4). The Cmax for DPB was greater in male (-2.5 fold)

and fe of DPB,
than af ooeh Bhiodsafibfil ofie fiaflaShondimil) € fi @by 3Riabatle tagng OF, 505
p. g/ mL exh trédtn{éngfyéniapin{abein, thelphler vEjn. Elbmmnpﬂmgs faarmgrmsef Slratgkﬁthyncgr eat er
after int, raveno (am ni stration c% ared to oral 0 The absol ut.e

bi oavai PBY V5E oleeled 3 VAGRYBAMER 20K SaUng i RTderP arovida b FUTplate BRF BATRAPPE | s
70.6. The-dosd/ @ ols pfz Bh@6|\|ﬁ23|?5 14036 srpdsounf ARF . FdRbR0E kamdle Mas of the
sodi um salt of 38 . hese data indicate that the salt form of
DPB fi . éollectﬁﬁmy ttgae@antpynngdﬁhlealsf@eaqwd thgrsagIplasavent epapan p sgdtigeratpd of DPB.

DPE. and b Lo T e s ko8P e AR PREEv e athd) ' o

Rout e Dpkeméfnahgy/HBLCEKLQQ=02% wg/mL)ax AUCo., t112 F (ng/ (g/nL) (hr) (ghr/m
(hr) kg) L DPB Oral 150 DPB Male 38.3 6 775.5 6.6 --- Fermale 74.0 12
1,945.9 33.2 --- NaDPB Oral 150 DPB Male 86.9 18 3,414.7 17.6 70.6 Fenul e

104.5 12 4, 03176rﬁeﬁzplasn&kozcenmmompgmemagwefaedaﬁgeslofbm@2@7&@4 2 ---
| nf usi on NaDPBIV DPB Femal e 173.8 2 4,328 8 --- Infusion reBpresents

t he '8bs SPiagws-Brwisy &ts AiS0ime/ke, ari %g%&la@ﬁcwlmé%ﬂrm that ﬂ%ﬁOémsaﬂtmit
admi ni s{yspth e k1 HQBLB). Shlelm&h phsRa 96&2htrMions of DPB after single intravenous

infusions of NaDPB in Sprague-Dawley rats (150 mg/kg, T=30 min, n=18)) is shown in Fig. 9.

Table 4 summarizes the mean pharmacokinetic parameters of DPB after oral
15 administration of DPB and NaDPB, and intravenous administration of NaDPB in Sprague-
Dawley rats (150 mg/kg, n=72). For DPB, AUCy.; and Crax Were greater after oral and

intravenous administration of NaDPB compared to DPB.

AUC,.; and Cpx Were greater in females compared to males. As shown in Table 4, the
20 AUC,. for DPB was greater in male (~4.5 fold) and female (~2 fold) after oral administration of
sodium salt of DPB, than after oral administration of DPB (3,414.7 pg.hr/mL vs. 775.5 pg.hr/mL
and 4,037.6 pg.hr/mL vs. 1,945.9 ug.hr/mL) (See, Table 4).

The Chax for DPB was greater in male (~2.5 fold) and female (~1.5 fold) after oral
25  administration of sodium salt of DPB, than after oral administration of DPB (86.9 pg/mL vs.
38.3 ug/mL and 104.5 pg/mL vs. 74.0 pg/mL) (See, Table 4).

AUC, and C,x were slightly greater after intravenous administration compared to oral.

30 The absolute bioavailability (F) of NaDPB in males after oral administration of NaDPB is
70.6. The F value of the NaDPB in females after oral administration of the sodium salt of DPB
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10 increases the bioavailability of DPB. Exanple 8 Sodium Salt of DPB

I ncreases Bioavailability of DPB W cal cul ated AUCO , for DPB at various
times (24, 36 and 48 hours) after oral 15 admi nistrations of DPB and sodi um
salt of DPB. The data are summarized in the followng Table 5. Table 5:
AUCs at various tinmes (24,36 and 48 hours) after Oral Adm nistration of DPB
and NaDPB i n Beagle Dogs (75 ng/kg, n=28) 20 Drug Rout e Dose Anal yte Sex

DPB el o t653. 11 yarana raisals e ikl o e gl oo SGDRE] Bsally berokflbule or ol ‘150
DPB Ml eagsoylmb,za‘aﬂz@gt 2fhpHl4. 7 Female 1,990.7 3,129.5 4,037.6 NaDPB |V

150 DPB Mal e 3, 158.1 4, 607 5 5,686.3 Infu5|on NaDPB | V DPB Femal e 3, 401.8
4,757.2 5.876.0 Infusion 39 These data indicate that oral adm nistrati on of

e BT i dme,

y, we rreasured the brain
concent r% Ot R "“"‘ B‘ &l X‘ﬁte "Séx Soph ﬁ@mpﬁ b & —af t er
&1

euthana5|agfr0’neaceh ey’ were Star g Cprior to
determ nation of DPB |b tl}s/sue concegn mlL? ET) %%/m i3qnatr Pzes t he
brain cc T et igays o DPBpRter e d T s i stgat Hﬁgsw B Tamd—sodi um
sal t of |DPB in| Sprague-Dawf ey rat SFemjaQ 740 | 12 | 19459 | 332 | -

NaDPB Oral 150 DPB Male 86.9 18 34147 | 17.6 | 70.6
Female | 104.5 12 | 4,037.6 | 329 | 87.7

NaDPB v 150 DPB Male 184.1 1 40283 | 242 -
Infusion

NaDPB v DPB Female 173.8 2 43280 | 26.8 -
Infusion

F represents the absolute bioavailability

Altogether, these data indicate that administration of sodium salt of DPB greatly
10 increases the bioavailability of DPB,

Example 8
Sodium Salt of DPB Increases Bioavailability of DPB
We calculated AUC,., for DPB at various times (24, 36 and 48 hours) after oral

15 administrations of DPB and sodium salt of DPB. The data are summarized in the following
Table 5.

Table 5: AUCs at various times (24, 36 and 48 hours) after Oral Administration of
DPB and NaDPB in Beagle Dogs (75 mg/kg, n=28)

20
Drug Route Dose | Analyte Sex AUC 4 AUC .36 AUC.45
(mg/ (ug'hr/mL) | (pghr/mL) | (pghr/mL)
kg)
DPB Oral 150 DPB Male 623.1 757.1. 775.5
Female 1,211.4 1,596.4 1,945 .9
NaDPB Oral 150 DPB Male 1,714.7 2,720.2 3,414.7
Female 1,990.7 3,129.5 4,037.6
NaDPB v 150 DPB Male 3,158.1 4,607.5 5,686.3
Infusion
NaDPB v DPB Female 3,401.8 4,757.2 5.876.0
Infusion
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The mean brain concentrations of DPB after single oral dosages of DPB (Fig.
10) in Sprague-Dawl ey rats (150 ng/ kg, n=18) are significantly |ower than
t hose of sodiumsalt of DPB (150 ng/kg, n=18) (Fig. 11). The mean brain
concentrations of DPB after single intravenous infusions of NaDPB in
Sprague-Dawl ey rats (150 ng/ kg, t=30 mn, n=18) (Fig. 10) are shown in 15
Fig. 12. As was the case in plasma, brain tissue nean concentrations of DPB
are general ly greater in femal e ani nal s than [ n mal e ani mal s fol |l owi ng

admi ni strati.gn concentration of
DPB was gr eaﬂlff qta Hﬁmaieﬁgatofﬂﬁnmlséﬁa\}%? %F e 5% delum iﬂpoglgp%h’&r%éesﬁhﬁngin 20 in
nmal e af A®IC, leljcglgrmna AUCAL ambnqj‘areﬂadthammbtal admiBRBatishefDPB.L er or al
adm nistration of DPB (29.91 pg/g vs. 3.09 g/g; 23.64 g9/g vs. 3.36 g/g;
9.46 gg/g vs. BQ., respectively) (See, Table 6). The brain concentration of
DPB wasgaimpledr €ater at all the tine intervals (i.e., 24, 36 and 48 hours)
mfemaleater oral admnlstratlon of sodi um salt of DPB than after oral
Be ASPY i g/g 28 40 g/ g vs, 684 o/ g;
rain

14. 94 g/g % res ectr el

Concentr at i gquéhslf f)tblﬁﬁ)weo?g%d Ifett}égmgg éieh%\%r%gr??g Part 81518 erpetﬁgyb nddas Sodi um
Sal t  of sdoiBs péssibR A enthigiabie ¥roledash (at. SOhayowdte stofbﬁ_n'ﬂ)i f30zeDat:ROPC prifiogt € Dose
Anal yte Sex .Time 18 24 36 48 DPB O al 1,%%1%?%%“ %Ie - 3.09 3,36 BQL

40 Fenmfigermination ofDER bsaip Aissugigpxsaniggtions. |bgain congeniations 64 9. 46
Fermal e 5r 3P gﬁer%galﬁgmﬂrﬁsn%ﬁon bebPB a.ha/ sd’eﬁgn E‘H{ HDOERR $fRhRieddavhiBy AR, 62 27. 51

--- Infusion Fenal e .09 40.74 21. - - Q: elowquantlflcatlonllmt
--- 1ot determ ned

The mean brain concentrations of DPB after single oral dosages of DPB (Fig. 10) in
Sprague-Dawley rats (150 mg/kg, n=18) are significantly lower than those of sodium salt of DPB
(150 mg/kg, n=18) (Fig. 11). The mean brain concentrations of DPB after single intrar/enous
infusions of NaDPB in Sprague-Dawley rats (150 mg/kg, t=30 min, n=18) (Fig. 10) are shown in
15 Fig. 12.

As was the case in plasma, brain tissue mean concentrations of DPB are generally greater
in female animals than in male animals following administration of NaDPB. As shown in Table
6, the brain concentration of DPB was greater at all the time intervals (i.e., 24, 36 and 48 hours)
20  in male after oral administration of sodium salt of DPB, than after oral administration of DPB
(29.91 pg/g vs. 3.09 pg/g; 23.64 pg/g vs. 3.36 pg/g; 9.46 pg/g vs. BQL, respectively) (See, Table
6).
The brain concentration of DPB was also greater at all the time intervals (i.e., 24, 36 and
48 hours) in female after oral administration of sodium salt of DPB, than after oral
25  administration of DPB (25.80 pg/g vs, 7.04 pg/g; 28.40 pg/g vs, 6.84 pg/g; 14.94 pg/g vs, 5.24,
respectively) (See, Table 6).

Table 6: Mean Brain Concentrations (pg/g) of DPB after Oral Administration of DPB and
Sodium Salt of DPB in Sprague-Dawley Rats (150 mg/kg, n=72)

30
Drug Route Dose Analyte Sex Time (hr)
18 24 36 48
DPB Oral 150 mg/kg DPB Male - 3.09 3.36 BQL
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These data indicate that adm nistration of the sodiumsalt of DPBis rapidly
and relatively extensively absorbed fromthe di gestive system increasing
the bioavailability of DPB to the 5 brain at |east many fold conpared to
that seen after oral administration of the free acid formof DPB. Those
skilled in the art will recognize, or be able to ascertain using no nore
than routine experinentation, many equi val ents of the specific enbodi nents
of the invention described 10 herein. The disclosures of the cited

pub|icatinnsfiﬂ t he prncnnf ap liecation rgilnnnrpglutﬁd b; gef or ence

herein i irjentiretiges by fef nce. eI"BS‘elstc‘) be (grst , ver,

t hat theq\?bgge af Othe b%e'g%‘%{ﬁ 6@‘% on Mmaie )t tTo be"i ' E’it ot 4393

specifig di men de ) I'h%\6 entjon be Jracti ot her

than as 6‘%?5? cullgril de gcbr'}’%?‘g% ]§¥}§tl| AC H]Sp he>8&ope?/of |t he

acconparnyi ng cI aims. 41 CLAIMS| 1. Use o;e s%@gtedﬁa}j‘t 051 g P- d_|__phe=nyl
i € t—as—a afttt—=econvdf sant

or

bar bi t ur4 [e" i € of—of HBUIbaHCIL as—an
in a mma H Bevw qruanyrllcaﬁﬁxglmﬂn'ed;ﬁ@anemfnw m 2. The use
of claim1, [t of rblt r|cd

Sod U B 5 i AR dhafipde? RalidifinRBbrdonlr v BalhIE B bR, Boldty
l'ithium eatensively pmmeh fioat the digestive.systéin Incrédsingubebiobvailability df, DR/Ehe,rt&e n the

salt of 5-di phen bituri cidis _to be  admnjst in anpunt at
| east 30 WA akleas Héﬁy ?ﬁ R todfat oo a&%ﬂ&ﬁ?fﬂlﬂlﬂéﬁnﬁppgmegfeaépﬁr}?@u‘afu red to
achi eve tfheg sanme therapeutic blood Ievel. 15 4. An oral dosage form
conprising an isolated salt of 5,5-diphenyl barbituric acid and a
pharmaceutically acceptabl e excipient. 5. The oral dosage form of claim4,
wherein said , i i C |t

sel ected fromSI?lhge S%leg léglgr?gpgtn ?ﬂﬁco%% Q of gg queg”*asgeéi ﬁh“%ﬁ Aoﬁrﬁ?%ltlii’iuﬁ?o@ﬁu 20
pot assi urmﬁerﬁnmtaphemhnmmﬁateutsaif dlea;pd:lfﬁa ¢rhbadiméntSefthgneentionkizsdribedir at e. 6.

A pharmageut| cal, product ComRri £ 0%can Sohebathet Saio e hodprailiRhenY!

reference herein in their entireties by reference. It is to be understood, however, that the scope of

I'S |n an oral 5 dosage fo
e ghvely

the present invention is not to be limited to the specific embodiments described above. The
invention may be practiced other than as particularly described and still be within the scope of

the accompanying claims.
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25 7. A nethod of preparing a pharnaceutical conposition, conprising the
steps of: a) conbining 5,5-di phenyl barbituric acid with an organi c sol vent
and a base to forma salt of 5,5-diphenyl barbituric acid; and b) isolating
the salt of 5,5-diphenyl barbituric acid. 30 S. The nethod of claim?7,
further conprising dissolving the base in a second solvent and adding the
base in solution to a solution of 5,5-diphenyl barbituric acid in organic
solvent. 42 9. A nmethod for preparing acgahissf ormof 5,5-di phenyl barbituric
acid, conprising the steps of: a) dissolving 5, 5-di phenyl barbituric acid
in an organic solvent selected from the group consisting of

t et rahydr of uran, . 2-net hyl -t et r ahydr ran iethyl ether, diisopro
ether.tert - buty et A LeRLeR H e Rt RaRbiNGpafe e Pt RgRunEY s

gl ycol di net hylmeaichgent danasieontuahteina, mayhgnNeherehl thé BlEBZAAR is in an oral

di chl orobenzene, ethanol, n-propyl alcohol, ethylene glycol,

1, 3- but anedPol d°BERIATBRe gl ycol nononet hyl ether, N, N-di net hyl f or mani de,
N, N- di net hyl acetam de, N nethyl pyrrolidone, N, N-di methylim dazoli ne,

di met hyl sul f oxi de, sul folane, acetonitrile and conbinations thereof; Db)

addi ng a base 2oThhesoprfiahin Isorheesit thes mboldted abiadfeS.fdiphitnyl daghituonecidais e
selected fromth roup,.consi sti.ng of sadi um r.oxi de,. potassi um hydroxide
and 11 chi um nyardufas SRESERE Shblief SARUR HERGIE Bl RE ndu

sol ution to fosm dipsadyl bhditalaef 5, 5- di phenyl barbituric acid; and c)
isolating the salt formof 5,5-diphenyl barbituric acid. 15 10. An isol ated
salt form df 5, 5-di phenyl barbituric acid prepared according to the process

whi ch conprises tiie st &1y 1,alvhsllieﬁlsmevéangoﬁs,5:&5&9%13%-1)&@{@5& il Goaki d in

an organic solvent selected fromthe group consisti of tetrahydrofuran,
2- met hyl - t et r atwpdvistdred am,andamoimy| ateledrer30 i lespphapite empant, oft & difha y |

nmet hyl ether, .dinethoxyethan di.oxane, diethylen l.ycal dinmethyl ether,
benzene, toIueﬁgPH§V?%:%fﬂﬂbﬂgﬁf%bgg% %%h‘iﬁa?gﬁﬁSEB gﬁ?@he, et hanol
n- propyl al cohol, ethylene glycol, 1,3- butanediol, ethylene glycol
nmononet hyl ether, N, N-di nethyl fornmam de, N, N- di net hyl acetam de, .
N- et hyl pyriPol fdoR&ral dores foray yariting a2 dtalated saltpf gex fphanyl bRt acidandol ane,

acetoni trile andnaanbiRblPRS:HHNE 8RfipicR) adding a base

5. The oral dosage form of claim 4, wherein said salt of 5,5-diphenyl barbituric acid is
at least one salt selected from the group consisting of sodium 5,5-diphenyl barbiturate,

20  potassium 5,5-diphenyl barbiturate and lithium 5,5-diphenyl barbiturate.

6. A pharmaceutical product comprising an isolated salt form of 5,5-diphenyl

barbituric acid.

25 7. A method of preparing a pharmaceutical composition, comprising the steps of:
a) combining 5,5-diphenyl barbituric acid with an organic solvent and a base to form a
salt of 5,5-diphenyl barbituric acid; and b) isolating the salt of 5,5-diphenyl barbituric

acid.

30 8. The method of claim 7, further comprising dissolving the base in a second solvent
and adding the base in solution to a solution of 5,5-diphenyl barbituric acid in organic

solvent.
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to the organic solvent, said base is at |east one base selected fromthe
group consisting 25 of sodi um hydroxi de, potassium hydroxide and |ithium
hydr oxi de to the di ssol ved 5,5- diphenyl barbituric acid solution to forma
salt formof 5,5-diphenyl barbituric acid; and c) isolating the salt form
of 5,5-di phenyl barbituric acid. 43

9. A method for preparing a salt form of 5,5-diphenyl barbituric acid, comprising the
steps of: a) dissolving 5,5-diphenyl barbituric acid in an organic solvent selected from
the group consisting of tetrahydrofuran, 2-methyl-tetrahydrofuran, diethyl ether,
diisopropyl ether, tert-butyl methyl ether, dimethoxyethane, dioxane, diethylene
S glycol dimethyl ether, benzene, toluene, xylene, chlorobenzene, dichlorobenzene,
ethanol, n-propyl alcohol, ethylene glycol, 1,3-butanediol, ethylene glycol
monomethyl ether, N,N-dimethylformamide, N,N- dimethylacetamide, N-
methylpyrrolidone,  N,N-dimethylimidazoline,  dimethylsulfoxide,  sulfolane,
acetonitrile and combinations thereof; b) adding a base to the organic solvent, said
10 base is at least one base selected from the group consisting of sodium hydroxide,
potassium hydroxide and lithium hydroxide to the dissolved 5,5-diphenyl barbituric
acid solution to form a salt form of 5,5-diphenyl barbituric acid; and c) isolating the

salt form of 5,5-diphenyl barbituric acid.

15 10. An isolated salt form of 5,5-diphenyl barbituric acid prepared according to the
process which comprises the steps of: a) dissolving 5,5-diphenyl barbituric acid in an
organic solvent selected from the group consisting of tetrahydrofuran, 2-methyl-
tetrahydrofuran, diethyl ether, diisopropyl ether, tert-butyl methyl ether,
dimethoxyethane, dioxane, diethylene glycol dimethyl ether, benzene, toluene, xylene,

20  chlorobenzene, dichlorobenzene, ethanol, n-propyl alcohol, ethylene glycol, 1,3-
butanediol, ethylene glycol monomethyl ether, N,N-dimethylformamide, N,N-
dimethylacetamide, N-methylpyrrolidone, N,N-dimethylimidazoline,
dimethylsulfoxide, sulfolane, acetonitrile and combinations thereof; b) adding a base
to the organic solvent, said base is at least one base selected from the group consisting

25  of sodium hydroxide, potassium hydroxide and lithium hydroxide to the dissolved 5,5-
diphenyl barbituric acid solution to form a salt form of 5,5-diphenyl barbituric acid;

and c) isolating the salt form of 5,5-diphenyl barbituric acid.
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