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The present invention relates to compounds, which are phospholipid

15  derivatives of valproic acid, to compositions comprising said compounds and

their use for treating epilepsy, migraine, bipolar disorders and pain.

BACKGROUND OF THE INVENTION
Epilepsy is a neurological disease that is characterized by paroxysmal

20 transient disturbances of the electrical activity of the brain. Epileptic seizures
may be partial or focal seizures that are restricted to a particular locus within
the brain, or generalized seizures which can result in abnormal activity
throughout the brain. The disturbances of brain function during an epileptic
attack may be manifested as psychic or sensory incidents such as amnesia,

25  hallucinations, déja vu states etc., as abnormal motor phenomenon such as
spasms or whole body convulsions or as loss of consciousness. In extreme
cases, epilepsy can degenerate into status epilepticus which may be fatal
(DeLorenzo et al.- J. Clin. Neurophysiol. (1995) 12: 316-325).

Valproic acid (VPA) and its sodium salt (sodium valproate, NaVPA) are

30 among the most prescribed anti-epileptic drugs. These drugs are also effective
in the treatment of bipolar disorders and in prophylaxis of migraines.

Although the clinical usefulness of valproic acid is well established, this

compound suffers major drawbacks. Treatment with VPA is associated with



suppression (especially manifested as aplastic anem a and

t hronbocyt openi a), and hepatic dysfunction. VPA has al so been reported to
have t er alvegenigseo ef fects and patients treated with VPA may¢ctaxpgidsence
nausea, vomting, 5 dizziness, confusion or sedation. Another drawback of

val proic acid is. its short half-life due ta rapi cl earance of the drug.
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effects and the disadvantageous physical and pharmacokinetic properties of the

drug. Most approaches that have been taken involve modification of the VPA
15 molecule. However, although some of the modified drugs were devoid of
adverse side effects, in many cases they also lost the therapeutic effect or were

much less potent.

Mergen et al (J. Pharm. Pharmacol. (1991), 43: 815-816) describe conjugates of

20  valproic acid with 1,3-dipalmitoylglycerol, 1,2-dipalmitoylglycerol or 1,3-
diaminopalmitoyl-propan-2-ol. According to the Mergen et al.’s publication,
only the latter compound was found to have antiepileptic activity, while both
conjugates of VPA with the diglycerides were inactive.

25 Hadad et al. (Biopharmaceutics & Drug Disposition (1993), 14: 51-59)
investigated the anticonvulsant activity of 1,4-butanediol divalproate, glyceryl
trivalproate and valpromide in comparison to valproic acid. Their study
demonstrated that only 1,4-butanediol divalproate, in one of the model systems
tested, had a better protective index value than VPA.

30
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phosp%atidic acids and phosphogl ycerides. Mre preferred are conpounds,
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N-ono- ( G4 pakdh¥ No. M,% iﬂb7(§ {d B4her and Shada discloses a stable complex

between valproic acid and potassium, cesium or rubidium which may be

formed by combining four moles of valproic acid with one mole of the alkali
metal ion. The alkali metal salts of valproic acid were reported to have

15 improved stability.

Despite continuous efforts in the field, it is still an unmet need to
provide an anti-epileptic medication with improved pharmacokinetic properties
and overall superior therapeutic index.

20
SUMMARY OF THE INVENTION

The present invention provides pharmaceutical compositions

comprising, as an active ingredient, a compound comprising valproic acid or a
pharmaceutically acceptable derivative thereof which is covalently bonded to a

25  phospholipid moiety. In preferred embodiments of the invention, the
phospholipid moiety is selected from plasmalogens, phosphatidic acids and
phosphoglycerides. More preferred are compounds, wherein said phospholipid
moiety is lysophosphatidyl-ethanolamine, N-mono-(C;.4)-alkyl, N,N-di-(C;.4)-
alkyl and quaternary derivatives of the amines thereof.

30 Most preferred embodiments, in accordance with the invention, are

compositions comprising phospholipid derivatives of valproic acid (hereinafter



al kyl and quaternary derivatives of the am nes thereof. 30 Myst preferred
enbodi nents, in accordance with the invention, are conpositions conprising

phosphol i pigh2deédovat i ves of val proic acid (hereinafter 3 pi®n9a{/606669
PCT/ 1L01/ 00629 referred to as DP-VPA) wherein valproic acid is covalently
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C16- DP- VPA)  antyrentlye feribst{préfirRidomP- B PAX orisdund3 aph 9 siikaditogitbe hol i ne,
also referred to as ™ 1-octadecanoyl -sn-gl ycero- 3- phosphoryl chol i ne

( her ei nafvatprogtkamighyetcas-3cpiBospbetidfaholive adsodiefigrredtopaset dexadecanbyldi ment s of
the present .invention, the _10 pharmaceutical conpositions conprise a

mi xt ube cn-gpcsreA-phagphmricholine (kerginafier dengted apGisinles VHA DP- VPA and
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to aroundR-VPM).w (equival ent to 155% C16- DP- VPA:  855% C18- DP- VPA (W w)) .

The conmpounds and conpositions of the invention are useful for the
treat nent of cenordingrferprefesredyembodinients efcthe presentidiviegtionuthenot 1 nit ed
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denoted as C,¢/C;3-DP-VPA).
In one preferred embodiment the ratio of C,5-DP-VPA to C,;5-DP-VPA
in the C,6/C3-DP-VPA mixture is from around 1:20 to around 1:2 by weight.
15  Most preferred are mixtures wherein the ratio of C,4-DP-VPA to C,5-DP-VPA
is from around 1:5 to around 1:7 w/w (equivalent to 15+5% C,s-DP-VPA:
8545% C,3-DP-VPA (w/w)).

The compounds and compositions of the invention are useful for the

treatment of central nervous system disorders including, but not limited to,
20  epilepsy, migraines, chronic pain and bipolar disorders.

Thus, according to yet another embodiment of the present invention,
there is provided a method for the treatment of a central nervous system
disorder in a subject, comprising the step of administering to a patient in need
thereof a therapeutically effective amount of a compound or a pharmaceutical

25  composition in accordance with the invention.

Further objects of the present invention will become apparent to those

skilled in the art upon further reviev& of the following disclosure, including the

detailed descriptions of specific embodiments of the invention.



thereof a therapeutically effective anount of a conpound or a

phar maceuti cal 25 conposition in accordance with the invention. Further
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Speci fi cat ljyoidiggel ag@q i n the abovenenti oned applications is a nol ecul e,

referred to as "TVA 16", which is a 1:1 ester of valproic acid with
1- hexadecanoyl - sn- gl ycer o- 3- phosphoryl choline. TVA 16 was shown to have 20

significant anticonvul sant activity and to be nore potent than sodium
val plfat DETAILER mewﬂl ester of valproic acid with
1- hexadecanoy |y, S gLy SR\ GrefbrPRIRBNR MARRbIPR adtlvakifed bEvatfLCal name

1- Pahni t oyl - 2
acid, to pharmaceutical compositions comprising these compounds and

mixtures thereof, and to their use in the treatment of neurological disorders.

DP-VPA molecules are disclosed in US Patent Application No.

15 08/479,959 and International Patent Publication WO 94/22483, the disclosure
of which is herein incorporated by reference.

Specifically disclosed in the abovementioned applications is a molecule,
referred to as “TVA 16”, which is a 1:1 ester of valproic acid with
1-hexadecanoyl-sn-glycero-3-phosphorylcholine. TVA 16 was shown to have

20  significant anticonvulsant activity and to be more potent than sodium valproate.
In the present application, the 1:1 ester of valproic acid with 1-hexadecanoyl-
sn-glycero-3-phosphorylcholine, or in its chemical name 1-Palmitoyl-2-~
valproyl-sn-glycero-3-phosphatidylcholine, is hereinafter referred to as Cy6-DP-
VPA.

25 Another embodiment, disclosed in the present application, is a 1:1 ester
of valproic acid with 1-octadecanoyl-sn-glycero-3-phosphorylcholine, or in its
chemical name 1-Stearoyl-2-valproyl-sn-glycero-3-phosphatidylcholine. This
molecule is hereinafter referred to as C;3-DP-VPA.

The DP-VPA compounds of the invention include conjugates of valproic

30 acid, or a pharmaceutically acceptable derivative thereof, with any

phospholipid, preferably a phosphoglyceride. Suitable phospholipids include,
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the phospholipid head group at position sn-3. Accordingly, it is possible that

VPA or its derivative is released by cleavage by the respective phospholipases,
PLA,;, PLA,, PLC and PLD as depicted in the following scheme 1.
15

X= H or a polar head group.
20
In preferred embodiments of the invention, VPA, or its pharmaceutically
acceptable derivative, is joined to the phospholipid via an ester linkage at

position sn-2, thus enabling release of VPA by phospholipases A;. In
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joined to the phospholipid via an ester |inkage at position sn-2, thus
enabl i ng rel ease of VPA by phospholipases A2, In 6 WO _ 02/ 07669
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VPA and i¥8Tatsdramsaaaied crhaborhen bk OBmOE dAEb R et he
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phar maceubwenhlkyl googstanmiseg {5 ofrbohatddis. VRAidesqfodPdsandTite t er m

10  analogs as mentioned above are also included within the scope of the invention.

Furthermore, for those compounds having a chiral centre of asymmetry, the
compoundé of the present invention include optically active isomers, racemates
or preferred mixtures thereof.
It should be appreciated that within the scope of the invention are also
15 pharmaceutically acceptable salts of the DP-VPA compounds. The term
“pharmaceutically acceptable salts” means non-toxic salts of the compounds of
the invention including, but not limited to, sodium, potassium, calciurﬁ,

magnesium, ammonium, alkyl ammonium or amine derived salts.

20 Although both C,s-DP-VPA and C,s-DP-VPA are potent anticonvulsant
agents having similar efficacies, it has now been unexpectedly found that the
two compounds differ in their pharmacokinetic profiles. The C;s-DP-VPA
compound, following a single oral administration, exhibits a significantly
prolonged half-life in plasma in comparison to the half-life of C,s-DP-VPA.

25  However, the plasma concentrations of C;3-DP-VPA were found to reach peak
levels at a later time point in comparison to the peak levels of the C,,-DP-VPA
molecule.

It is now disclosed, for the fist time, that mixtures of C;s-DP-VPA and
C13-DP-VPA (herein referred to as C;¢/C;3-DP-VPA) offer an advantage by
30 exhibiting higher neuroprotective values and prolonged therapeutic effect in



"pharmaceutical |l y acceptable salts" neans non-toxic salts of the conpounds
of the invention including, but not limted to, sodium potassium
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having simlar, efficacigs, it has now been unexpectedly. that the two
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Preferre ositions, in accordance with the invention, are those
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wherein the ratio of C16-DP-VPA to C18-DP-VPA is around 155% 855% (ww).
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AlternatiV agal mted to a single nmechani sm
Alternatively, again without wishing to be limited to a single mechanism

or theory, the fatty acid residue at position sn-1 may determine the properties of
the DP-VPA conjugate as a substrate for phospholipases, thus affecting the

15 regulated release of valproic acid, for example, by elevated activity of
phospholipase A, (PLA,) at the diseased site. Phospholipases A, are a family of
esterases that hydrolyze the sn-2 ester bonds in phosphoglyceride molecules. It
has been shown that in disorders such as epilepsy, PLA; activation coincides
with epileptic seizures (Flynn and Wecker (1987) J. Neurochem. 48: 1178-84;

20 Bazan, et al. (1986) Adv. Neurol. 44: 879-902).

Also associated with elevated phospholipase A, activity, are bipolar
disorders and some types of pain and migraine that are associated with
inflammatory processes (Horrobin and Bennett (1999) Prostaglandins Leukot
Essent Fatty Acids 60: 141-167).

25 The compounds according to the invention, being hydrophobic in nature,
may penetrate biological membranes and barriers, thus facilitating the transport
of the drug into cells or organs, for example, into the brain where their effect is
needed.

It may be envisaged that regulated release of the valproic acid moiety at

30  the diseased target site may even further improve the therapeutic index of the

drug, as the efficacy the drug is expected to increase while potential side effects
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accor 8 nghemiclegrpupls) beimg repwivad ffopa oo padast to ithstegtureswhilgdgingenet r at e

bi ol ogi cal db ' t facilitati t t f th
dr g ¢ nt gClEBRRCaR By afacebls SabangiPhE adfint hESRaeWRor o thel r offect

S needeigiIy rﬁ% liSRS9R regul ated rel ease of the val proic acid
noi ety at g%&l(t)%igéﬂ sesggégﬁtar gté‘twg%?'e may even further inprove the

therapeutic i ngéxingfortdie to dotesthatthetdoajgfatd cBthe ibbentibn)dahkletpect ed to
i ncrease while potential side effects 8 02/ 07669 PCT/1L01/ 00629 and
t oxi ci ty ‘elproicaciden its\pliapmacentxally agesptallerderivativel covalentlalinked tf t he DP-

VPA d_at -2 qf the phospholipid by phosphol i A2
any d0nert phesRpid Biae ¥ may ks Aser Por S nayematvel: BRCE AR iRad « he

ti : Lf £ i Qi N le, VPA
wih e e TR ARLONFERS b, ARIEDECrBin PebfinREES b IR ST! L) e
whi | e beirgfkasé HeomeRmMalbRIFidally dcfive Ae@d THItRE 1dtferRARO Tt BSmPLiMYaNt or as a

result of physiological phospholipid netabolism
the invention may be regarded as a prodrug, in the sense that the therapeutic

agent is released from its transporting adjuvant.

15 Irrespective of the exact mechanism of action, it is evident that the
compounds of the invention have an improved therapeutic profile and are more
effective comparing to VPA in at least two aspects: (1) increased efficacy, and
(1) decreased side effects.

The DP-VPA compounds were found to be effective at much lower

20  equivalent molar doses compared to the doses currently used for VPA. The
reduced therapeutic doses in turn reduce the toxicological risk, accompanying
side effects and also reduce the risk of undesirable interactions with other
drugs. In addition, the DP-VPA molecules have been found to exhibit
significantly improved pharmacokinetic properties compared to VPA (e.g.

25  substantially increased half-life in serum and in brain tissue). Thus, the DP-
VPA molecules represent a class of superior anti-epileptic drugs.

Furthermore, the preferred pharmaceutical compositions in accordance
with the invention, i.e. compositions comprising a mixture of both C;¢-DP-
VPA and C5-DP-VPA, may conveniently be prepared from natural sources.
30 It would be highly advantageous to have DP-VPA molecules that can be

obtained from starting material which can be derived from natural sources by a



It is inportant to note that the conjugate of the invention, nanmely the
val proic acid or its pharmaceutically acceptable derivative covalently

| i nked t owol@/wéye phospholipid noiety, nmay be active per sermbieispatively,
t he coval ent bond of the |ipid-drug conjugate may, under certain

circunstances, be cleaved to _re|lease the pharnacol ogicall ctjve drug. In
the | att dFlagiysly simple pErgsdurd Syeh stapiang ARSIl o BiaRy S Hea ljeygévagl@%h?aés a

prodrug, 4 NRE.: he the | G- e [ e fromits
transpor tlj?'ﬂ%'i%gﬁl%@8&%@@?@re@p%cs{o§§§ﬁ%¥e%%@é@;118tsgﬁlé%klaﬁgﬁl%ao#&gnct ion, it
IS evi deninihhR§odrBe is ERTPREES S bfeYRD i 82 gieyarafibniofpr oved

t herapeutic proofi I e’lzsind are nore e I(Ialctive corrpIg??ng tg VPA in at | east
two aspeatiedictngnisrfor hamad vséf T gpicaldiydrogeaniajeddemrepamsiods dedeccdfibact s. The
DP- VPA conpounds were found to be_ effective at nmuch | ower = 20 equi val ent

mol ar Sdos®¥beamtheremtens of Hepalgytoyl-dysolesithiy iy aioynd & 18 pandmhe copteaticed
t herapeuti,c doses,i.n tur.pn.reduce t ¥ gol oqi ri sk, acconpanying side
effects a‘?f(:jl'ﬁ'ie'é‘{?ytléﬁpa%m 1§ ?@Png:%%ﬁﬁﬁg%ﬁyaﬁ@ﬁnt eractions with other

drugs. In addition, the DP-VPA nol ecul es have been found to exhibit
significantly inproved pharnmacokinetic properties conpared to VPA (e.g. 25

substanti al | y Puier@aR- VA fanlid - DP-\3EA wioladdes magyrss ¢henvissliye) . Thus, the
DP- VPA nol ecul es represent a class of superior anti-e il%g;tic drugs.

Fur t her noyathesiredpfestasior ddtepiretivels; gure Eas-DFoVPds ied 6hs DB VEA or dance with

e L e
woul d be Dl ghi YoRtan A8 eauSo I Qifhd ST YERoMRLAGH ity bBHoleRE A8 OP! ai ned

fromstarting faterral can erl from na sources by a 9 WO

02/ 07669 fifeificd. 98¢ SfrSe fr@hﬁég'%wmoybms,emm Rty tateBbVBAar ti ng
material, which is readily available, is |yso-lecithin obtained from egg
or soybedr dendindtiras préffasatimybean, being a non- :

15 Ci6-DP-VPA and C;3-DP-VPA, in particular when used as mixtures
within a preferred range of ratios in accordance with the present invention,
have been shown, to exhibit significantly improved therapeutic properties. The
advantageous properties were exemplified by the substantially increased half-
life of DP-VPA in serum and the high efficacy df the drug. The improved

20  residency time in the serum may facilitate the attainment of steady-state drug
levels with reduced fluctuation around the therapeutic blood level and

reduction in the frequency of drug administration to once or twice per day.

The compositions of the invention can be administered orally,

25  parenterally, (for example by intravenous drip or intraperitoneal, subcutaneous,
or intramuscular injection), topically, (for example by nasal application or
inhalation) or rectally. Oral administration is a currently more preferred route
of administration.

Suitable formulations for administration of the compounds of the

30 invention, whether used separately or as a mixture, include, but are not limited
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ani mal source, is the preferred starting material in the preparation of
medi canents for hunman use. In typical hydrogenated preparations derived
from 5 seyppansdohe content of 1-palmtoyl-Ilysol ecithin i ecEamnmunehedr 18% and
the content of 1-stearoyl-lysolecithin is around 80- 90% (by weight). Pure
C16- DP- VPA and C18- DP- VPA nol ecul es may, be chem cally synthesized de novo.
Al t er nat i19ePQWdefisy STABURSDRIVISIONE, SUPEHSiops YPAoluHions SFETRL 19y be prepar ed

by using starting,materiaks qbt.ai ro u . e

o yoo Bt MR G088 FORT AP it Dhns IR oS B S804 £ e, o
exanple, from AR EEAD I Jeghat ur al
pr eparation). I?gq?ﬁ%é DP- VPA anﬂ%gl-lif)dg-g@gﬁﬁ t?éi (ﬁtﬁgéa#lﬁ)b g}fng'rs {v(\}j%(f]&l%l%g; as

m xt ur es bodytweightpar édyearcagefidppefatblyal to8 ngkgbody desight partdayt he present
invention, _have been shown, to exhibit significantly_ inproved therapeutic
pr opebt i d3osimgavilldgdapeadension hesgrertly sEmpianp pnd oadhey t he

e the
e SERERE bl WS B\ AT s
oL el BRI AL S g e Do Slslathige o ound (he
admi ni st rfapiR Well 89186sapk ropingd ARY méays offidntasmatin. i ons of the invention

can be administered orally, 25 parenterally, (for exanple by intravenous
drip or intraperitoneal, subcutaneous, or intranuscular injection),

topically, (for exanpl.e by nasa plication o i nhal ati.on). or rectall

O al Wdnmi ni st r B9 Byepdon vall moay, ?@B#ﬁﬁggg&éag? VWB&PQHJHP&QBninistrat?on
Suitableé%gl%%aiions for adm nistration of the conpounds of the 30

i nvention, her used separately or as a m xture, include, but are not
limted 10 WO 02/07669 PCT/ 1L01/00629 to, powders, granules, enul sions,
suspensions or solutions in water or non-

EXAMPLES:

15 EXAMPLE 1: Synthesis of DP-VPA
The synthesis of DP-VPA is a two-stage process. The first stage is

aimed at obtaining valproic anhydride by heating of valproic acid in a solution
of acetic anhydride under catalysis of pyridine. In the second stage, DP-VPA is
prepared by interaction of valproic anhydride with lyso-lecithin. This reaction

20 is conducted in a solution of valproic anhydride by catalysis of
4-dimethylaminopyridine at 90-100°C.

Extraction and purification of the product obtained are carried out in
four stages. The first stage of purification is performed by extraction of the un-
reacted valproic anhydride, valproic acid and catalyst (4-aminopyridine) in

25 acetone. The crude product obtained is precipitated and separated from solution
at the second stage. The solid product obtained is washed from the remaining
compounds at the third stage. Finally, the product is re-crystallized several
times from an acetone/ethanol solution and the residual solvents are removed
under vacuum. Yield of the product is around 80%.

30
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aqueous nedia, in the dosage formof tablets, capsules, syrups or
solutions. For oral adm nistration, DP-VPA anounts of from about 0.5 to 20

ng/ kg bogy omeizget per day are useful, preferably 1 to 8 mygagobedys wei ght
per day. 5 Dosing will be dependent on the severity of the synptons and on

the responsiveness qQf the_ subject to the DP-VPA drug. A physician or other
persons of ordi narmw_m&iﬂigltgi‘é%‘il y determ ne opti num dosages
and dosage formas well as dosage regi men and neans of adm nistration. 10
The invention will now be illustrated by the followi ng non-limting

exanpl es. EXAVPLES: 15 EXAWVPLE 1: Synthesis of DP-VPA The synthesis of

DP- VPA i - s. The first stage is ainmed at obtaining

val pr §i cs(%tﬁ%qgg y}lﬁg%

g of valproic acid in a solution of acetic
anhydri de under cat

prepared by interac
reaction 20 is con
of 4-di met hyl am nop
prodygt obtai ned ar
purification is per
anhydri de, val proic

| ysi s_of ridine. In the second stage, DP-VPA is

i on (QHaf%LB%EbiPMIéJMWdride with lyso-lTecithin. This

uct €20 ?@, 4heatsut i on of val proi c anhydri de by catal ysis
ridine at 90-100C. Extraction and purification of the
carried out in four stages. The first stage of

ormed by extraction of the un- reacted val proic

acid and catal yst (4-am nopyridine) in 25 acetone. The
crude product obtaihed is precipitated and separated fromsolution at the
second stage. The | id product obtained is washed fromthe renaining

corrpounds«_ﬁ{ﬂ}m%mt[m@p[%age. Finally, @H@.@J@@(@E{QH@H@- crystallized

severlgl times from an et one/ et hanol olution and the residual sol vents
are renoved under vacuumgnYield of the-grQquct is around 80% 30 11 WO
02/ 07669 PCT/ 1L01/ 00629 |

+

(CH;CH,CH,),CHCO CH,0-P(0)- OCH,CH,N(CH;)s
|

20 -0

25 l
CH,-0-CO-(CH,),6CHs
l

30 CH-0-CO-CH(CH,CH,CH,),
l s

CH,-0-P(0)-OCH,CH,N(CH;);
|

-0
35
Yield = 85%

40 The 1-Palmitoyl-2-valproyl-sn-glycero-3-phosphatidylcholine (C;s-DP-
VPA) and 1-Stearoyl-2-valproyl-sn-glycero-3-phosphatidylcholine (C;3-DP-
VPA) compounds were prepared using, respectively, lyso-stearic- and lyso-

palmitic- phophatidylcholines.

12



Schene of synthesis of C18-DP-VPA 5 (CH3CH2CH2) 2CH COOH ( CH3CO) 20,
Pyridine 90 C, 4 hours 10 (CH3CH2CH2)2CH O CH2-O-CO(CH2)16CH3 151 / O
CH OH + (gileH2) 2CHCO CH2O- P(O) - OCH2CH2N(CH3) 3 20 - ®CTAR01/00629
CH2-O CO (CH2)16CH3 1 30 CH O CO CH(CH2CH2CH3) 2 CH2- O P( O - OCH2CH2N( CH3) 3
| -O 35 Yield = 85%40 The

1- Pahni t oyl - 2- Y44 lyseyreasic- l@w“?&?%P@Bﬁ%@&ﬁﬁh@%@ﬁlﬁhf?meﬁén'@CI?L%PBﬁﬁe@’PA) and
1-S -2 - - 3 ' ' - Dp-
compounaail At XouRR (Eer €86 87 Sotianp by et Gl riSedufelll | T

pahni ti c-knRaPhtthe i @GN Tudiesne (1999PF Rty ALHS IndCipid (CHRREY Opp. AR
| yso-stearic- and | yso-pal mmtic-phophatidyl choli'nes may be purified froma
nat ur al 9yAspef @ubliskegy, Imc.)soybean) by nmeans and procedures wel |

5 Alternatively these starting materials may be obtained by chemical

synthesis procedures as known in the art.

EXAMPLE 2: Synthesis of C;¢/Cis-DP-VPA
Mixtures of C;4/C13-DP-VPA were prepared by the same procedure as
10  described in Example 1 for the preparation of DP-VPA. The difference was

that in the case of the mixture compositions the interaction of valproic
anhydride was with lyso-lecithin, which was obtained from soybean and
saturated by hydrogenation (S VPC-3 from Lipoid GmbH, Ludwigshafen,
Germany).
15
EXAMPLE 3: Analysis of DP-VPA compounds
C16/C13-DP-VPA mixtures synthesized as described above in Example 2

were subjected to analytical assays for characterization and proof of structure.
Analytical results of a product containing 1-Palmitoyl-2-valproyl-sn-glycero-3-
20  phosphatidylcholine (C;,-DP-VPA) and 1-Stearoyl-2-valproyl-sn-glycero-3-
phosphatidylcholine (C,5-DP-VPA), at a ratio of 13%:87% (by weight) are
given below.
Mass spectroscopy
The mass of the protonated DP-VPA molecules as determined by ESI (+) is
25  622.4 to 622.8 for C;c-DP-VPA, and 650.4 to 650.8 for C;3-DP-VPA.

This agrees well with the calculated molecular weight values.

Elementary analysis
Calculated for M.H,O: C 60.93%, H 10.25%, N 2.11%, P 4.66% (M is
corrected for the content of 1-palmitoyl-2-valproyl-sn-glycero-3-
30 phosphatidylcholine).
The average values found were C 60.72%, H 10.58%, N 2.09%, P 4.56%.

13



known in the art (F. Gunstone (1999) Fatty Acid and Lipid Chem stry, pp.
87- 99, Aspen Publishers, Inc.). 5 Alternatively these starting nmaterials

may be obfw aedsdoy chem cal synthesis procedures as knowpdparLhhievesy t .
EXAMPLE 2: Synthesis of Cl16/Cl18-DP-VPA M xtures of C16/ C18-DP-VPA were

repared by the same procedure _as 10 descyribed in Exanple 1 for the
Bregar atiH%lﬁswvalypsvgm% V‘éthﬂ’@r%’gafﬁgé’a{qeﬁat in them(::)ase of the mixture
conposi ti-gnst.he knteraction al proj. anhydride was with |lyso-1lecithin,
whi ch vvaﬂ“%ii%r‘ﬁ%ec\h}ﬂ.’r 3.‘.’%‘}’3333@%’@..‘Jpai‘éé§cur ated by hydrogenation (S VPC 3

fromLi pog L@t&*%elﬁi%{@dgahé&iiéﬂ el 66 FIBW) alushinif $ReEwdth £nal ysi s of DP- VPA
conpounds C16/ C18- DP- VPA m xt ures syinthesi zed as descri bed above in Exanpl e

2 were shijrefsradnicthawdiwdgtéc@s:HsS5ay/s) flaentc Theaprarieagéntdior and pr oof of
structure, Analytical results of a product containi

n . .

| - Pal Ai t dlgtectionb prmyqturs';rpfgﬂ;m@thexsbwamby%éimby|S@H§1mweaqut?é= DP- VPA) and
1- St ear oyl 2-valprqyl - sn-gl v.cer 0- 3- . phosphat.i.dyl I n 18-DP- V\PA), at a
rati o of o%(%‘?i)y Fﬁm&éﬂﬁﬁﬁpg gf’a&’ﬂ@@ﬁeﬁ%ﬁg@%ﬁﬁgg@pg@% BSPEFThe mass
of the pr 2 I . el nhpe ESI (+) is 25 622.4 to
622.8 for&%@gﬁ%ﬁg% Mi@ﬁ%%ﬁéf%l%%qghf%ﬁb&%dgp VPA. This agrees wel |
Wi th the Ol PHCAIRARIPIRAHS Showehattheéds URS sgoﬁt%ﬁg}@f()’j%@b}’@ls
Cal cul ated for M H20: C 60.93% H 10.25% N 2.11% 4.66% (Mis corrected
for the cumiletital MMR dadani t oyl - 2-val proyl -sn-gl ycero-3 30
phosphati dyl choline). The avera?e val yues found were C 60.72% H 10.58% N
2. 09%) p Thesiypical NMR data given below are for proton, carbon-13 and phosphorus-31.

'H NMR(CDCL), & (ppm): 0.84-0.90 (m, 9H), 1.24-1.27 (broad s) + 1.31-1.41

(m) (both 34H), 1.50-1.59 (m, 4H), 2.21-2.28 (t, 2H), 2.29-2.37 (m, 1H), 3.35

(s, 9H), 3.77-3.78 (broad s, 2H), 3.88-3.96 (m,2H), 4.06-4.14 (m, 1H), 4.30

(broad s, 2H), 4.40-4.46 (d, 1H), 5.18 (m, 1H).

15 *C NMR(CDCls), & (ppm): 8.62 (CHs), 22.65 (CHs), 62.99 [(CHs);N], 29.17,
30.93, 33.15, 39.92, 43.07, 53.86, 67.97, 71.89, 74.99, 78.91 (CH; and CH),
182.21 (CO), 184.43 (CO).

3'P NMR(CDCL), 8 (ppm): -0.29 (respectively to HsPO, in D,0).

(

20 HPLC analysis

DP-VPA is analysed by HPLC using the following conditions:

Instrument: Liquid chromatograph equipped with integrating device
Column: Zorbax Eclipse XDB C18, 5u, 4.6 x 250 mm

Mobile phase: Methanol — Acetonitrile — Water (85:15:5 v/v)

Flow rate: 1.0 mL/min

Detection: UV @ 220 nm

Injection volume 20 uL.

25 Typicai retention times are given in the following table:

Name of the compound Typical Retention time, min
1-Palmitoyl-lysolecithine (potential impurity) 6
1-Stearoyl-lysolecithine (potential impurity) 8
1-Palmitoyl-DP-VPA 12
1-Stearoyl-DP-VPA 18

14



13 WD 02/07669 PCT/1L01/00629 These values agree well with the calcul ated
val ues. Thin layer chromatography (TLC) analysis A TLC is perforned on
silica gelwda/Féd4 on al um nium sheet with a chloroform rpttm.pb%mt er
(65:35:5, v/v) fluent. The spray reagent for 5 detection is a m xture of
4- met hoxybenzal dehyde (5nml), sul phuric acid 95- 98% (5m ), ethanol (100m)
and glacial acetic acid (Im). The sheet is sprayed wth this reagent and

t hen heatftynicalHRbE dirematogram- @%@-DRMAIZ@ YBAsmix@ie #2 show t hat
there is one Rf of 8 1to 0.6 al al, NVMR data 10 The

t ypi cal @iqg&b%% gvipgl}waﬁapg]ﬂsecf g%s(?n%gd QVphosphorus-3 1.
1H NVR( 084090(m 9H), 1.24-1.27 (broad s) + 1.31-1.41
(m (bo%ﬁ%qﬁ’lﬁ%;w (m 4H), 2.21-2.28 (t, 2H), 2.29-2.37 (m 1H),
3.35 s, 9H), 3.77-3.78 (broad s, 2H), 3.88-3.96 (m2H), 4.06-4.14 (m 1H),
4.30 (broad s, 2H), 4.40-4.46 (d, 1H), 5.18 (m 1H). 15 13C NMR(CDC13), S
(ppm : 8.JFERAMPRE 42Tosivologyiind &MetOstud@sinIman®. 17, 30.93, 33. 15,
39.92, 43.07, 53.86, 67.97, 71.89, 74 99, 78.91 (CH2 and CH), 182.21 (CO),
184.43 (CO). 34 PhR GRER3Ind BI@BIly clificaPtrd] 2apBesh ¥girkd suthiRR4 i n D20) .
20 HPLC anal ysis DP-VPA i's anal ysed by HPLC using the foll ow ng conditions:

| nstr uner(fm/CLdeRd/Mnmidealeb&’ﬂMpﬂé@-M{\ﬂ’Am agato DrﬁdS&/eﬂﬁ%a Col um:
Zor bax Ecljpse XDB, C18, _5, x 250 nm Mbobi | e phase %et han

Acet oni t rWwe in spltign Qﬁﬁ/‘&@lgxﬁmﬁljF 1750 0r e d:weenpS Grandithe @@&é‘é‘@‘?on W @
220 g Orya ct.i 0 ;Enraﬁol.urre 20 L

The design of this study was double blind, placebo randomized. It was

divided into a single administration part and a part in which there was repeated
daily administration for 7 consecutive days. In each part the doses were

increased at intervals of 7 days if the previous dose was well tolerated.

15  Five doses ranging form 0.3125 g to 5 g of DP-VPA were administered as
single doses in the first part of the study and 3 doses (0.3125 g, 0.625 g and
1.25 g) were administered as repeated doses in the second part of the study.
Fifty six subjects in total were enrolled in this study: 29 in the first part and 27
in the second part.

20 In the first part, nausea and vomiting were the most commonly reported
adverse effects, the incidence of which was highest in the highest dose group
(DP-VPA 5 g) with 3 of the 6 subjects reporting it. Two of the 6 subjects in the
second highest dose group (DP-VPA 2.5 g) reported nausea and vomiting.
Headache, diarrhoea, abdominal pain and dizziness were also reported but in

25 the investigator’s opinion they were probably not study drug related.

With regard to the laboratory results, vital signs and ECG parameters, no trends
were seen and all results remained within acceptable parameters for all

subjects.

In the second part, fewer adverse effects occurred and only 3 (burning

30 stomach and abdominal pain) were considered to be probably related to the

15



25 Typical retention tines are given in the follow ng table: Nane of the
conpound Typical Retention tine, mn 1-Palmtoyl-lysolecithine (potential

I mpurity)w® chiorégdoear oyl -1 ysol ecithine (potential inpurity)pd/iLo1/00629
1-Pal mtoyl -DP-VPA 12 1-Stearoyl-DP-VPA 18 14 WO 02/ 07669 PCT/ 1L01/ 00629

A typical HPLC chromato am of , C16- DP- VPA / DP-VPA mi xture at.a ratio of
15% 85% (B8 A8l 9ohmy aﬁ%@aﬁagmai@rpmeasdv@dﬁgce%%. cted in

Fi 1. A Ph I
ST e R S
CL6/ C18- CRnHRAish Wl LAoR1aiEfvd GE&nfR, AR at a ratio of 15%85% w/w

in solution of 5% Pol oxaner F-127 0.5% Tween-80 and the oral route 10 of

Fandom » 4o el t%ﬁne%”%fﬁlﬁ%ﬂéﬁﬁdﬁ%&%%lﬁ%ﬂﬁ#%%& Broniafy A, Lo i
whi ch st h%}?SY@Feiﬁﬁﬁﬁh%ﬁs t}g@tdlégaggﬁg,wagtvre?}t, p@&d.for 7 consecuti ve days. In

each part” the doses were increased at intervals of 7 days if the previous
dose was well tolerated. 15 Five doses ranging formO0.3125 g to 5 g of
DP- VPA were administered as  single doses in the first part of the study

3nd 3 dos@%nqlusmzshgbo thfgsmgl@md fjepem dguyigistrationiparts o tia stalyr epeat ed
t bj e |
enrorl eq A clifical afa Bifiosiel foldiaBy as thimd Yo it Ve Bh sRPRRALG part 2

In the fi " I @‘ER%? dp1reported
adverse e Of%ecpg{lﬁ{t%g eﬁ %?g o?ﬂ: d?g%tge?%hest int | ghest dose
groug0 profile is signiﬁcantly improved compared to that for the parent drug VPA.

EXAMPLE 5: Pharmacokinetics studies in humans
In order to assess the pharmacokinetic properties of the C;s-DP-VPA

and C;3-DP-VPA compounds, the plasma levels of these compounds were
15 monitored in human subjects.

Healthy male volunteers, 18-40 year old, (7 individuals for each dose
tested) received, by a single oral administration, 0.3125 g, 0.625 g or 1.25 g of
Cis / C15-DP-VPA mixture at a ratio of C;5/ C13 =13% : 87% (w/w). Blood
samples, 10 ml each, were drawn from each individual at the time points after

20  the administration of the drug, as indicated. The samples were centrifuged at
4° C at 1100 g for 10 minutes immediately after collection. Plasma levels of
C16-DP-VPA and C;3-DP-VPA were determined using a LC-MS/MS technique.
The plasma concentration profiles of C,¢-DP-VPA and C,3-DP-VPA as
monitored for 24 hours following a single oral administration 0.625 g of

25  Cy¢/C13-DP-VPA are shown, respectively, in Figures 2A and 2B.

As can be seen from the results of the human study, the C;,-DP-VPA
and C;3-DP-VPA compounds have different kinetic profiles. While the peak
concentration of C,s-DP-VPA in the plasma was reached at 6 hours after the
administering of the drug, the peak of C;3-DP-VPA was reached two hours

30 later, at 8 hours post administration.
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(DP-VPA' 5 g) with 3 of the 6 subjects reporting it. Two of the 6 subjects
in the second highest dose group (DP-VPA 2.5 g) reported nausea and

vom ti ng. woieadéphe, di arrhoea, abdom nal pain and di zzi nagy/Mve{/6e68 SO
reported but in 25 the investigator's opinion they were probably not study

par Aot L?Z?dhavﬁ%r%néﬁa?&ia&%éﬁﬁﬁ'g%&? ot e G D Ykt sniCo DR ggﬂeﬁfﬁm e
becurrea W oA e 0 RE BT e R BRBGRE '

consi der gflyfaQ fhenPHRR MY YalbGlaiddad, {alukE for tiaé_tw@&%#}iﬁa@?v?&y 1101/ 00629

drug as they occurred soon after ‘admnistration. There were no incidences
of nauseigmfidanthe differpnts age faf CycDP+VRY was 14.0£0 6rhoues torampazd th af t er

adm nistration and was not related to the study drug. Fromthe point of
view 8f thEEN3 henrsiogiss-HEMPA] aboratory tests, urinalysis and 5 physical

exam nations the tol erabili s, ve Concl| usions: In _both the

si ngl e and re;;ﬂ?ftfé@ %ﬁ%?é%&ﬁ&f’%ﬁ@%mszl%s#g]d%ﬂoﬁ‘?ea F'fur‘?i cal and

bi ol ogi c ahj Ll atpPR7p/ ses of up to
2.5 g. I@%%%@%ﬁg%{@gg@ﬁ%@p@@@%_@ﬁbgﬂg@g%ll%gi ca”?ﬁ?gqg‘?ofi le is

si gni fi capplypPArgengredsonpared to that for the parent drug VPA. EXAMPLE
5: Pharmacoki netics studies in humans In order to assess the

phar macoki net iRlagmapentémmatioh (g ToE-HRDIPAP Aadd f €, pPRAR Aonpounds, t he

pl asma | evel s of these conpounds were 15 nonitored in human subjects.
Heal iRy rragasuvesl imsaseples caldected glegariansdime pointgifallawing single®szgh dose

tested) received,. by { hal a jnistration . , 0.625 g or
1.25 g ofa%?ft%?@%/a“&%’-@&ﬁCﬁf@{lﬁbﬁgﬂ%a‘i@aﬁﬂ%‘nﬁﬂzﬁggﬁg@ig- =13% 87%
(ww). Blood sanples, 10 ml each, were drawn from each individual at the
time points after

Table 1: C;,-DP-VPA and of C;5-DP-VPA concentrations in humans

plasma following a single oral administration of C;¢/C;3-DP-VPA.

15
Time C1s-DP-VPA Ci1s-DP-VPA ' Ratio
(hours) (pg/ml) (ng/ml) Cis/ Cis

1 0.013 +£0.034 0.000 +0.000
3 0.167 £0.094 0.058 +£0.043 0.35
6 0.397+0.172 0.818+0.292 2.1
8 0.385 £0.140 1.175+0.137 3.1
10 0.368 £0.182 0.949 +£0.254 2.6
12 0.318 £0.150 0.698 +£0.163 2.2

As can be seen from the results in Table 1, the observed ratios of Cis-
20 DP-VPA /C,c-DP-VPA were different from the expected ratio of 6.7 (Cyg-DP-
VPA : C;4-DP-VPA ratio 87%: 13% (by weight)).
Surprisingly, the presentation of the C;s-DP-VPA compound in the
plasma was found to be higher than its proportion in the administered mixture.
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20 the adm nistration of the drug, as indicated. The sanples were
centrifuged at 40 C at 1100 g for 10 mnutes inmediately after collection.
Pl asma | ewe) ®/0@éco CL6- DP- VPA and C18- DP- VPA wer e det er m ng@tushiehe

LG M5/ M5 technique. The plasma concentration pr ofil es of Cl16-DP-VPA and
C18- DP- VPA .as. nonitored for 24 hours follo a.S|n

adni ni st r &t BREROIGOBOI, W %3@1‘6‘}‘@1@3@)? s gmfse ai?ﬁﬂhﬁny in

Fi gures i of the human study, the
C16- DP- V@@gﬁ@@ﬁ%ﬁ%&ﬁﬁgﬁ 0% 16@3’?@% kinetic profiles. Wile
the peak concegyd pghb@taftb o@tﬁg/QE’mVPé\a M(wmlpﬂsasﬁmmm@@ﬁﬁaﬁe@t 6 hours
after the admnistering of the drug, the peak of C18-DP-VPA was reached
two hour gati8@fleel lewas reacBedat8 homssbllevm gttt admindsirativd O QA7-18169

PCT/ 1L01/ 00629 The term nal plasma half-life (t112) for the C16-:DP-VPA and
C18- DP vﬁ@éoﬁﬁé@ﬁd@mﬁbe deveduribt edDPoY R 1each thmnpeak ciceatation itbn- ti me
profiles j was found that the calculated t1/2 values for the two
conpoundsthW? Mg gnificantly different; t112 for C16-DP-VPA was 14.00.6
hour s conpar edrg 3 ol Sid o 9468@ tl/-ppropaured for the
gl obal DP- VPA Mé§e16) %I%%Eéﬂours \?g l'ue F%lta{?at con%f‘dne#the phar macoki netic
profiles d@)&nﬂtﬁmldstdémoﬁ%ﬁa@%ﬁ@f&mpﬁm@i&okwﬁﬂtoﬁmoundS Pl asma
concentration (gg/m) of Cl16-DP-VPA and of C18-DP-VPA 10 neasured in

sanpl es collected at various time points following a single oral

adm 4 Tabl.,.e 1. Table
' .ﬁlﬁé&e’m}a fol | owi ng

1: C

a single r VPA 15 Ti me C16- DP- VPA
asinge ﬁgl i!ﬁi WA nﬁﬁén?&s%ﬂﬁ]a% %?dﬁp

The anti-epileptic efficacies of C;6-DP-VPA, C;3-DP-VPA and mixtures
comprising both C,,-DP-VPA and C,5-DP-VPA were evaluated in mice. The

protective effect of the compounds was compared at different time points

15 following chemical seizure induction by pentylenetetrazol (PTZ).

The pentylenetetrazol (PTZ) induced seizure model in mice is an
established animal model system for epilepsy. Subcutaneous injection of PTZ
into control animals results in the following sequence of events: myoclonic
jerks within 1-2 mins, followed by clonic and clonic-tonic seizures each lasting

20  approximately 5-10 secs with the severity of seizures increasing with time for
up to 30 mins. 80% of the first seizures are observed within 5 mins, and 100%
within 20 mins. The second seizures usually follow within 6-10 mins and
subsequent seizures (if any) every 6 mins.

CD-1 mice (25-30 g) were pre-treated by subcutaneous (s.c.) injection of

25  either C;s-DP-VPA or C;3-DP-VPA or a mixture thereof. The amounts used
were equivalent to 40 mg/kg VPA. After different times as indicated, 1, 2 or 4
hours, a convulsive dose of pentylenetetrazol (85-100 mg/kg ) was
subcutaneously injected into the mice. The animals were monitored for one
hour following the PTZ administration for the occﬁrrence of episodes of clonic

30  spasms persisting for at least 5 sec. The protection effect was calculated as the
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(hours) (g/m) (gg/m) C18/ Ci6 1 0.013 0.034 0.000 0.000 3 0.167 0.094
0.058 0.043 0.35 6 0.397 0.172 0.8180.292 2.1 8 0.385 0.140 1.175 0.137
3.1 10 OwdHP/P6ch82 0.949 0.254 2.6 12 0.318 0.150 0. 698 F&1h®81/80620 AS can
be seen fromthe results in Table 1, the observed rati os of C18- 20 DP-VPA

[ C16- DP- VP, differen fromthe expected.ratio qQf 7 18- VPA:
16 D VNI, O Asnpls ihgt Gig ARaKhEisoe oo Setrurs, Arvigha bt BREtoml: i on of

the C16- P by the plasma was found to be higher than its
proporti on N tﬁe ag%ﬁﬁféstlegr ed mxture. 17 WO 02/07669 PCT/1L01/ 00629

Thi's phenonmendn Peed®eIPiRNAdRGEMcaESHIROIITE ifduded RiRPEIHeSt ad - €. | €ss
than 6 hours follow ng the adm nistration of Cl6/Cl18-DP-VPA. The hi ghest
rati o of desmb@lﬁbove, avhesein thewdstdd compositionbwieomas fodlosvpected ratio of

6.7) was relgcggd at hours follow ng the adm nistration of C16/Cl18-DP- 5
VPA. At thable gor ke ﬂ?evﬂ)é\/é@%/%f C18-DP- VPA reach their peak concentration

cis. Eﬁevgha%ﬁgi%npé b2 SeRThuebie e MRS tRENAE R et r pror i1 e

inetic profiles. 10
EXANPLE 65aA0(c - eonmpl sPICELHReypal nghord Vel DP- VPA and  C16/

C18- DP- VPA m xtures (efficacy study) The anti -ep| I | c efficacies of

C16- DP- VPRablEIB- OIPWWVQMIM% ures conprising both C16- DP- VPA and

C18- DP- VPA were evaluated in mce. The protective effect of the conpounds
was conpdretheaumbertefranimals expepeneing alwizwe] owi ng chemi cal sei zure

i ndudOi orNbythpeotay handtee of anmhal§ BT #)e assay.

Tables 2 A-D: PTZ-~induced seizures test in mice

15
A) Cy-DP-VPA -100%
Time (h) Second seizure (n//N) | % Protection
1 4/8 50
2 6/8 25
4 5/8 38
20
B) Cis-DP-VPA/C,53-DP-VPA :50/50
Time (h) Second seizure (n//N) | % Protection
1 6/7 14
2 6/7 14
4 5/8 38
25 C) ClG-DP-VPA/ Cls-DP-VPA :10/90
Time (h) Second seizure (n//N) | % Protection
1 5/7 29
2 6/7 14
L4 2/8 75
30
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The pentyl enetetrazol (PTZ) induced seizure nodel in mce is an

est abl i shed ani mal nodel system for epilepsy. Subcutaneous injection of PTZ
into contwe o2anégeal s results in the foll owi ng sequence of pevianhEooeddy OC| oOni c
jerks within 1-2 mns, followed by clonic and clonic-tonic seizures each

| asting 20 approximately 5-10 secs with the severity of seizures increasing
with tinme for D)Jpplsbngo Ard 008005 of the first seizures are observed within
5 mns, and 100% wthin 20 m ns. The second sei zures usually follow w thin
6-10 ni ns anfTimeflEequerBecont seizasge (i/MNANY Yo Preteptibn ni ps. CD-1 nice (25-30
g) were pre-tfeated by [sgygcut aneous (s.c.) jnjection o 25 either

C16- DP- VPA o 2618- LDJI-'D-VF/-‘%T a mxture—ther tiﬂf The—anmount s used were

equi val ent t =40 gl kg {VRA_After differenttimes as—i-hdi cat ed, 1, 2 or 4
hours, a conufilsive dodel/df pentyl enetetraB8l (85-100 fg/kg) was-

subcut aneously injected into the mce. The aninmals were nonitored for one
hour followi ng the PTZ adm nistration for the occurrence of episodes of
clonic 30 spasns persisting for at least 5 sec. The protection effect was

| cul d h / f i I
Grd nt oxper 1o B stTb T AR 2 e bRy Rl S8 IO i
tested. 'ipt})gg@é@%oﬁe%ﬂd §ei%{i§@@sﬁdﬁng%%% ?ot@éticﬁl-rgdl;i,l\gﬂ‘éﬂ%g aS€izures test

as descr a wher el n e tested conpositions re as follows: 5

Tabl e A -m&tignd2k-0¥YBOYd pitedidl ebtBined G610\ ENDBR-I/ER- VPA ratio 50/ 50 (by
wei ght) Table C - Cl6-DP- VPA/ C18-DP-VPA ratio 10/90 (by weight) Table D -
C18- DP- VPA 1005h:€14-PE-MBMders-DP- HRAnaiisuesstemansriateg interalediate; 10 N= the
Lol PRl ST ehlod SFnd T 2bp VBAS, DAVEA STE S SE Flope! 20 s

10  (Table C) being closer to that obtained with the pure C;3-DP-VPA compound.

However, protection was more apparent at 1 hour with the 10/90 mixture than
with 100% C,3-DP-VPA.
It is also important to note the different kinetics of the protective effects
by the two DP-VPA compounds. The peak activity of C,3-DP-VPA was
15 obtained 4 hours after the administration of PTZ, while the pure C,,-DP-VPA
reached its maximal therapeutic effect already within 1 hour.

Conclusion: although C;s-DP-VPA and C;3-DP-VPA have similar potency as
anti-convulsant (i.e. similar EDs, values), their therapeutic profiles are

20  different. The C,5-DP-VPA compound is more effective in preventing seizures
in the first hour after induction of seizures by subcutaneous administration of
PTZ. The C,3-DP-VPA compound, on the other hand, shows maximal anti-
convulsant activity at the later times, i.e. at four hours after the injection of PTZ
(see Table A in comparison to Table D).

25 It is important to note that the tested C;s~-DP-VPA/C;3-DP-VPA mixtures, in
particular the C;¢/C,3 mixture at a ratio of 10:90, behave in a similar way to the
100% C,3-DP-VPA compound, namely demonstrating high maximal seizure

protection, but over a more prolonged time.
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15 A) C16-DP-VPA -100% Tinme (h) Second seizure (n//N) % Protection 1 4/8
50 2 6/8 25 4 5/8 38 20 B) Cl6-DP-VPA/ C18-DP-VPA :50/50 Time (h) Second
sei zure (Wo Mo78wProtection 1 6/7 14 2 6/7 14 4 5/ 8 38 ptaith1/00629

C16- DP- VPA/ C18- DP- VPA :10/90 Tinme (h) Second seizure n//N % Protection 1
5/729 2.6/7 14 4 2/8 75 30 19 V\002/07669 PCT/ 1L01/ 00629 D) C18- DP- VPA
-100% Ti deAAMELE itableformulations for gdminjstration el BP1YPA 6/7 14 4 1/ 7

865 As_ can bayadsn v Tafhe fusblf En%o%ggoféfr%@{*g&g&%%ﬁ%& fect i ve

I n prevention ctron conpared to a

mexi mim qfe ME&E&% h%ﬁbj%lé’é 2l A BHmbYr é@@%i&%hl@ﬁ a¥&4vell known in the
art. For example, administration may be done orally, parenterally, (for example

5 by intravenous drip or intraperitoneal, subcutaneous, or intramuscular
injection), topically, (for example by nasal application or inhalation) or rectally.

Formulations for topical administration may include, but are not limited
to drops, liquids, sprays, powders, suppositories, creams, gels and ointments.
Conventional bharmaceutical carriers, aqueous, powder or oily bases,

10  thickeners and the like may be necessary or desirable.

Formulations for parenteral administration may include, but are not
limited to, sterile aqueous solutions which may also contain buffers, diluents
and other suitable additives.

Compositions for oral administration may be formulated as powders or

15  gramules, suspensions or solutions in water or non-aqueous media, in the
dosage form of tablets, capsules, syrups or solutions. The formulation may be
designed so to enable modified controlled release of the active agent. The t

- capsules and tablets may be coated so to afford site-specific delivery to
different parts of the gastrointestinal tract. Thickeners, diluents, flavorings,

20  dispersing aids, emulsifiers or binders may be desirable.

Suitable pharmaceutical excipients that may be included in the
formulations include, but are not limited to, phospholipids, triglycerides,
propylene glycols, polyethylene glycols, poloxamers, surfactant and co-
surfactants.

25 Dosing is dependent on the severity of the symptoms and on the
responsiveness of the subject to the DP-VPA drug. Persons of ordinary skill in
the art can easily determine optimum dosages and dosage form as well as

dosage regimen and means of administration.

30
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The C16- DP- VPA/ C18- DP- VPA m xtures denonstrated internediate behaviour,
with the effect of the C1l6-DP-VPA/ C18-DP-VPA at a ratio of 10/90 10 (Table
C) bei ng wlgoparedeo that obtained with the pure C18- DP- VPA paimpou6ud29
However, protection was nore apparent at 1 hour with the 10/90 m xture than

wi th 100% C18-DP-VPA. It is also jnportant, to nofe the differen i netics
of the protectWhile themsesent myentigph e@mﬁf@&réﬁé%ﬁhfélz quﬁ@mpg‘g]ie‘ﬁcti vity
of C18-DP- VP, [ i St j of PTZ,

whi |l e thgngﬁﬁgw@ﬁkéggggéii&ﬁg%%ﬁgggéﬁg&%égpﬁg$&$ﬁg&%§%®#%%hg#$ect al ready

Wi thin 1 Therfore RGhWSHHOR is Abiltd BeEBnsthftd R rd8tAcRa ¢o BbSrabiutinty have simi | ar

potency as anti-convulsant (i.e. simlar ED50 values), their therapeutic
prof i | es desceib2@ ediboflanents, ratheethek6oil spEfand opmeptiof the mveatief fvalt i ve in
preventing seizures 1in the first hour after inductigon of seizures by
subcu? andemeorg deadilysindgrstand Byt refquence tyitke dagnpphighfoleWpound, on the ot her
hand, shows naxi mal anti- convul sant activity at the later tines, i.e. at
four hours after the injection of PTZ (see Table A in conparison to Table
D). 25 It is inportant to note that the tested Cl6-DP-VPA/ C18- DP-VPA

m xtures, in particular the Cl6/Cl8 m xture at a ratio of 10:90, behave in
a simlar way to the 100% C18-DP-VPA conpound, nanely denonstrating high
maxi mal seizure protection, but over a nore prolonged tine. 20 WD 02/ 07669
PCT/ 1L01/ 00629 EXAMPLE 7: Suitable formnulations for adm nistration of

DP- VPA The DP-VPA conpounds and conpositions of the present invention can
be adm nistered to a subject in a nunber of ways, which are well known in
the art. For exanple, administration may be done orally, parenterally,

(for exanple 5 by intravenous drip or intraperitoneal, subcutaneous, or

i ntranmuscul ar injection), topically, (for exanple by nasal application or

i nhal ation) or rectally.
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Forrmul ations for topical adm nistration may include, but are not limted
to drops, liquids, sprays, powders, suppositories, creans, gels and

oi nt ment swo @@Asgent i onal pharnmaceutical carriers, aqueous,pABWEHe® Oi ly
bases, 10 hf ?ﬂfr e like may be necessary or desirable.

For mul a¥YHasld3Cha, 28> admini stration may include, but are not
limted to, sterile aqueous solutions which may al so contain buffers,
diluents and other suitable additives. Conpositions for oral

adm ni stratign may Mé@ﬁii@él%rﬁﬁr%sglﬁ’%ﬂ%ﬁpﬁﬁigg%@h@fa%@ﬂﬁ@aﬂ% &TRSBYRSI ons or

sol utions in"water ©Or non-aqueous Int dosage form of tablets,
capsul egmominf HP’@al@Eoi%Qﬂ.cliﬂ bPpRarmidtRutieslfhcepbladetinrivedbsieoneshalenttyo

enabl e nodified controlled rel ease of the active agent. The capsul es and
t abl et sbonged® & phosphddipid meittfyrddw plenspenitically de¢dpiably camierdi f f er ent
parts of the gastrointestinal tract. Thickeners, diluents, flavorings, 20
di spersing aids, enulsifiers or binders nay be desirable. Suitable

phar maceuticgl exgipients that be incl ude .int%‘g- f.or ations

i ncl ude, but 3are ﬁ%‘?ﬂ%ﬁﬁmagﬁ?w,q%éﬁ&?ﬁﬁ’%aﬁm@“ﬂq %ér?@&etﬁ S?Jl:aopyl ene
gl ycol s ) | : : -. surfactants.
35" bos; RECHCHRL WG S $Eteted BOLIHRRD ooitich (thlaailonths, 0

r esponsj s : 19sbhd-RsteRedERy RS fHewshf. Per sons of ordinary skill
in theblé§t carq?‘fe%%?%?ﬁgghemlnesopti rrur% dosages and dosage formas well as
dosage regi men and neans of adm nistration. 30 21 WD 02/ 07669
PCT/ 1L01/ 00629 While the present invention has been particularly
descri bed, p@tsonThekiHaramceuti¢dleonpositionl acapsling taaclerm Aawheraiy saidr i at i ons

and nodifications can be nmade. Therefore, the jnvention is no& to be
const r upHosphalipid majetydstselectrsd fam thegreyp gonsisting of lysophosphatidyl-

ethanolamine, N-mono-(C, ,)-alkyl, N,N-di-(C,_)-alkyl and quaternary derivatives of

the amines thereof.

4, The pharmaceutical composition according to claim 3, wherein said

quaternary derivative of lysophosphatidyl-ethanolamine is lysophosphatidylcholine.

5. The pharmaceutical composition according to claim 1, wherein said
valproic acid or pharmaceutically acceptable derivative thereof covalently bonded to
said phospholipid moiety is 1-palmitoyl-2-valproyl-sn- glycero—3-phosphatidyl—

choline.

6. The pharmaceutical composition according to claim 1, wherein said
valproic acid or pharmaceutically acceptable derivative thereof covalently bonded to

said phospholipid moiety is 1-stearoyl-2-valproyl-sn-glycero-3-phosphatidyl-choline.
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descri bed enbodi nents, rather the scope, spirit and concept of the
invention will 5 be nore readily understood by reference to the clains
whi ch f ol Ivoeu02/089 WO 02/ 07669 PCT/ 1L01/ 00629 WHAT | S CLAI MEDILIG00429 A

phar maceutic conppsition conpry Sin .t her a [ . fhect] anmount
b val proi o aki d_of g RarElEPUL Rt FBRENG oS Aaith ChbERY) 450

coval ent oY ' : ] i

Coval Nt fproh OB iy RLBRRAM Bl dpBleCioivaB 00 il RO B o
wher ei N $ad PhodPHOHPI@ mhdib ) 1R fsitidrd seledted oth tHeFolip Comigtinl 60481 Sd-ng of
pl asmal ogens, “phoSphatidi'c aci ds and phospho-esters derivatives ther eof .
3'. The Qmadrsme®uti cal conposition according to claim1, wherein said
phosphol ipid noiety is selected fromthe group consisting of

| ysophosphati dyl - et hanol am ne, N-nono-(Cl4)-al kyl, NN-di-(Cl11})-al kyl and
guaternary derivatives of the amnes thereof. 4. The pharnaceuti.cal
conposi ti on abcor dTAgPharmacsutical capppesiiion ageogdingjac yheeein §3idi ve of

S ks K e B ol S RBR R R MR Rovalban B, aci o
O B IRl RSB AR LIRSyl bve ther eof coval ently bonded to

Yy F's
1- pal m t oyl - 2-val proyl - sn- gl ycer o- 3- phosphati dyl - choline. 6. The
pharmaceutical conposition according to claim 1, wherein said valproic

aci d or phar mceut Théph¥rmassasitaldamplssitiorpidcoedinges ebim@wakmin katdbonded to
sai d phospholipid noiety is 1 -stearoyl-2-val proyl-sn-glycero-3

- phos phatalpisdie atid omgharg@cedi@lyereeptabiedetivative taeeofis relbased haraleryvage i cal
conposi tion according to claiml wherein said valproic acid or

phar nac dut phesphyplipase A, absaid$erd padition- t hereof is covalently linked to

O

10.  The pharmaceutical composition according to claim 1, wherein said
composition is in a form selected from the group consisting of solutions, suspensions,

emulsions, syrups, capsules, tablets and suppositories.

11.  The pharmaceutical composition of claim 1, which is suitable for oral

administration, intravenous administration, or rectal administration.

12.  The pharmaceutical composition of claim 1, further comprising a
second valproic acid or pharmaceutically acceptable derivative thereof covalently
bonded to a different phospholipid moiety;

wherein said valprbic acid or pharmaceutically acceptable derivative thereof
covalently bonded to said phospholipid moiety and said second valproic acid or
pharmaceutically acceptable derivative thereof covalently bonded to said different

phospholipid moiety are in a ratio of from about 1:20 to about 1:2 by weight.
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sai d phospholipid noiety at a position selected fromthe group consisting
of sn-1, sn- 2, and sn-3. 8. The pharnaceutical conposition according to
claiml1l whereinmémai d val proic acid or pharnmaceutical |y accapiabos29

posi 1 on sn- 45 5 TpR PGPkl ol Biahce Bk, AUBBR IR ™ °
Fher cof 0nd FeUFoRt A all Bl R o RO R AT BT o

10. Th%&%&%@&ﬁf&@htﬁl%@%ﬁ@@ﬁm@ayprdi ng to claimil, wherein said
conposition is in a formsélected fromthe group consisting of solutions,

suspensi ons, whereih shithealpsoic apk ocplpsmaesuticalip heteptabld dsripptined therdofs. 11.
The pharnaceutical conposition of claim1, which is suitable for oral
admi ni scoalently bomdedateeseid phasplialipid maietyrend srid-second valproisiasid o i on. 12.

The pharpnaceutical conposition of claiml, further c rising., second
val pr oi pharsnasesticglhy perspiahle éﬁﬂ]"?tl‘éﬁ:@éﬁﬁoiﬁpléaliﬁ’é&y E%&Eﬁ%&?&ﬁ?ﬁr%\,m ently
bonded to a.different, phosphal j.pi d i - wherein sabd val.proi c acid or
phar nacBﬁ?ﬁP@éﬂll’Pﬁg}%ﬁ ] ad’@ﬁ&?ﬁl&%%%&#ﬁ%% g‘%%;?zﬁywelg%tnded to said
phosphol i pid noiety and said second val proic acid or pharmaceutically
accept abl e derivative thereof covalently bonded to said different

phosphol | pi dy 0l ety alipridlodl EompbsiibAsr B, Furftler Quifidsihg b 2 by

wei ght. 24 9 13. The pharnmaceuti cal conposition of

cl ai m 1gedondtwiproi® abid 6 fph@mageatsddlysiicppiable degivatios tivaesf covalently

phar maceutical 'y acceptable derivative thereof covalently bonded to a

di f f er ebongdbtpd dififeredt phosghplipidarceéty. sai d val proic acid or
pharmaceutical ly acceptabl e derivative thereof covalently bonded to said
phosphol i pid noi ety and said second val proic acid or - pharnmaceutically

acceptabl e d?rSI va \éepﬁarrlg{agglgticca \ég{n%ggilti%n%?@?a%% ltéﬁ Wsl%rg'm%'aH %18?&1«:

acid or pharmaceutically acceptable derivative thereof covalently bonded to said

phospholipid moiety is 1-palmitoyl-2-valproyl-sn-glycero-3-phosphatidyl-choline.

16. The pharmaceutical composition. of claim 14, wherein said second
valproic acid or pharmaceutically acceptable derivative thereof covalently bonded to
said different phospholipid moiety is 1-stearoyl-2-valproyl-sn-glycero-3-
phosphatidyl-choline.

17. The pharmaceutical composition of claim 14, wherein the total amount
of said first valproic acid or said pharmaceutically acceptable derivative thereof
covalently bonded to said phospholipid moiety and said second valproic acid or said
pharmaceutically acceptable derivative thereof covalently bonded to said different

phospholipid moiety is from about 35 mg to about 2500 mg.

18. The pharmaiceutical composition of claim 14, wherein the total amount
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phospholipid noiety are in a ratio of fromabout 1:5 to about 1:7 by
wei ght. 14. The pharmaceutical conposition of claim1, further conprising a
second vawr@igesci d or a pharmaceutically acceptabl e deripa@atiLygodeber eof

coval ent . bon t O y fferant _ph | {101 ' 15, T,

phar mac 85%?@&%%%%@5%0%% og?@p&ﬁﬁtp%ﬁ&@ﬁ@?g?%eﬂﬂaﬁéﬁsgﬂ%}%q t@gregg id or
Bﬂg; Tac ﬁ%?lﬁﬁﬂ%?bg??&@ B 88 HRph b idRotolPARPlaid QYRR AIYrdRORLE b Shiasal

1- pal m phstmacetRicRIIP Mbcitable)degivative BinResh@ivatbhtlyimded o sdifl diffeent _
phar maceutical conposition of claim14, wherein said second valproic acid
or phar phosphoiligitl yoiatycrfrerl abode 70 wmag tovebati&66ahg.coval ent|y bonded to
said different phospholipid nmoiety is 1 -stearoyl-2-val proyl-sn-glycero-3 -
phosphati dyl -choline. 17. The pharmaceutical conposition of claim 14,

wherein the total gmount of said first. val praic ciﬁor said . .. .
pEar mﬁc?aut i gdl9l- y piasewacal cemppsitionpialam 1:‘&/‘5{ R V@Sﬂ@@@a@@nsai d
i Di i et d i d d I ' i.d i d h i call
P ccopt aBEBTSEToSET HTRRis ep dreliebd fosasite stieel chiordiang
- hol i o . o b . _ N
P har g RiPeHePR ioedtic SRR G benita foridhs 300Uh dIRSdethad dcobosision,
02/ 0766%&5&%&@%@%@?& 161! A&id bf?hameac@ﬁ@éamy%be'p@m&@rﬂaﬁve thereof -

pharmaceutical 'y acceptable derivative thereof ™ covalently bonded to said
phosphokopaldntlpibehdedbsl a%bé;gh@l’i}ﬁddn@i@typ 0P bﬁlyesaﬁdiswonﬂaiag)mwwdmﬁeut ically
accept abl e derivative thereof covalently bonded to sai-d different

phos phophgimaceitienily iascéptable alecivative thayeeficoviatemtlydemdad to said different

phar maceuti cal  conmposition of claim 14, wherein said conbination exhibits
gr eat erPhﬁ&lzﬂﬁmldimO@Nect s, prolonged therapeutic effects, or greater and
prol onged therapeutic effects, on central nervous systemdi sorders than a
conposition conprising only said val proic acid or-pharmaceutically

acceptabl e dog vatiE I ABLRaL e SKAAoh AUIRE1E N RRIPSRERhiRES 1 €Y,

acid or pharmaceutically acceptable derivative thereof covalently bonded to said

D

phospholipid moiety is 1-palmitoyl-2-valproyl-sn-glycero-3-phosphatidyl-choline and
said second valproic acid or phérmaceutically acceptable derivative thereof covalently
bonded to said different phospholipid moiety is 1-stearoyl-2-valproyl-sn-glycero-3-
phosphatidyl-choline. '

21.  The pharmaceutical composition of claim 20, wherein 1-palmitoyl-2-
valproyl-sn-glycero-3-phosphatidyl-choline and 1-stearoyl-2-valproyl-sn-glycero-3-
| phosphatidyl-choline are in a ratio of from about 1:20 to about 1:2 by weight.

22.  The pharmaceutical composition of claim 20, wherein 1-palmitoyl-2-

valproyl-sn-glycero-3-phosphatidyl-choline and 1-stearoyl-2-valproyl-sn-glycero-3-
phosphatidyl-choline are in a ratio of from about 1:5 to about 1:7 by weight.
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pharmaceutical ly acceptabl e derivative thereof covalently bonded to said
different phospholipid noiety. 20. The pharnmaceutical conposition of claim
14, whereiwossvdeyal proic acid or pharnmaceutically accept porgLd®oévati ve

t hereof coval ently bonded to said phospholipid noiety is

1- pal m toyl - 2-val proyl -sn-gl ycer o- 3- phosphati dyl -chol i ne and said second

val proi c aci d, or arnpceuti cal l.y accept abl g .deri,xative .t hereqf covalently
bonded to sai%é‘-dif gﬁﬂm?ﬁ%kl ﬁ%hqoﬁlmPsﬁtb‘?Ib?ﬁdP’én 26, which is Sutible for el

1- st earoy, -.2: val.pr oyl - sn- gl [ Q-:3- I - ine. 21. The

phar nac mﬁaggﬁpﬁgf%%ﬁu%%W%?W@%g%@%%@%aﬁgﬁbyI - 2-

val proyl -sn-gl ycero-3 -phosphati dyl -choline and 1 -

-stearoyl - 2-val proyl -sn-gl ycero-3 - phosphatidyl-choline are in a ratio- of
from about 1:520 tOAaﬁaabdbﬁe@ucmgismaeff&& of veprii@asides whaaniceutiopidsi t i on
of claim 20, wherein 1-palmtoyl-2- o

val pr oylacseptgblecdsrivativeithersod bydydmiaistdringesaahstalproic acid or pharmaceutically
1-stearoyl -2-val proyl -sn-gl ycero-3- phosphatidyl-choline are in a ratio of

f r om abaeceptable deriative in:the fgrnnef gleompositinn sxlarsgdnpdmlo1/ 00629 23.
The pharnmaceutical conposition of claim20, which is suitable for oral

adm ni stration, intravenous adm nistration, rectal adm nistration. 24. A

or
nmet hod of re ing,sid ffects .of .val proi c acid_or c '

accept abl e d 'vatAJEeiﬂarﬁPaﬁﬁ/‘ngdeem%@B? Pﬁ&alg’ﬁ?lﬁ a@ﬂf%a@%é@%%ﬁy

phar maceut i t i I I ; drfin %S =g on as

cl ai med %cﬁeﬁﬁgi%qqﬁ%g@% tggkng)tf ﬂ@éﬂ éﬁfeﬁl@e&%ﬁbﬁ%ﬁ %ﬁ%ﬁs?ﬁ onsfsg a%é;pl)drioi c acid
or phar r@ﬂ@gﬁ | ot pIREAR ;,da(% levderivafiv e o tHel fofm@faaiontihusitégeut i ¢
agents by n?ﬁlagtdefrq ng sgélgtmasl I prg%yt?bgc?éclif or pharnmaceuti calol yﬂ%asccept abl e
deri vat i gseclhimdd@ dlamniof a conposition as clainmed in claiml1l. 26. A

met hod of increasing val proic acid or pharnaceutically acceptable

derivative thereof efficacy by adm nistering said val proic acid or

har naceuti cal | acceptabl e derivative in the formof a ositjpn as
(F:)l ainmed in cl%ﬁ-)r/n 1A method of increasing valproic acid or pgarmaceutlczﬁgfn;)cceptatﬁa

derivative thereof efficacy by administering said valproic acid or pharmaceutically

acceptable derivative in the form of a composition as claimed in claim 1.

27. A compound comprising valproic acid or pharmaceutically acceptable

derivative thereof covalently bonded to a phospholipid moiety.

28.  The compound of claim 27 wherein said phophoslipid moiety is
1-stearoyl-sn-glycero-3-phosphorylcholine.

29.  The compound of claim 27 wherein said phophoslipid moiety is
1-palmitoyl-sn- glycero-3Qphosphorylcholine.

30. A method for the treatment of a central nervous system disorder in a
mammal comprising administering to a mammal in need of treatment, a

pharmaceutical composition comprising a therapeutically effective amount of valproic
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27. A conpound conprising val proic acid or pharmaceutically acceptable
derivative thereof covalently bonded to a phospholipid noiety. 28. The
conpound w0 @lodaéan 27 wherein sai d phophoslipid noiety is PCT/IL01/00629

1- st earoyl -sn-gl ycero-3 -phosphoryl choline. 29. The conpound of claim 27
wher ei nacidicd niaophosutigslly assepteble derivative thereof covalently bonded to a

1-pal m toyl -sn- gl ycero- 3- phosphoryl choline... 30.. A nethod for. the treatment
of a ceﬁh?@hm@%eg’yﬁﬁ&%?%ﬁéﬁyiaﬁc‘? Frfre P%IPHgS@aHi ni stering
to a mamal. .in nged of .treat . ceutical conposition conprising
a t her aBEiSS 4 eé?Reé‘&%‘?ﬁecgﬁﬂ%E?&Eﬁ% bic 27 WD 02/ 07669

PCT/ 1L01/ 00629 acid or pharnaceutically acceptabl e derivative thereof
covalently bonded to a° phospholipid noiety; a pharnaceutically acceptable
carrier; sai d1ConMmesl friefiod RERYHRgS lait B0, apteéinche bemtedl Rivs system

adm ni stration. 31. The nethod according to claim 30, wherein the central
ner vousdkyed&ts seliesteddeom epikepbganigaine dipelar disosders andpaime, bi pol ar

di sorders and pain. 32. The nethod according to claim30, wherein the
central nervous system disorder is epilepsy. 33. The nethod according to
cl aim 30, wherein _said said phophoslipid_noiety is

1- st ear oyl - sA2g| yd&egnsthedassaring & slaima0, where the antighngvoys aysier: o

cl ai m 3Q, V\Qer.ei n..sai d said phophoslipid noiety is

1- pal ni deris GPUERS%- 3- phosphor yl chol i ne. 28

-

33.  The method according to claim 30, wherein said said phophoslipid
moiety is 1-stearoyl-sn-glycero-3-phosphorylcholine. ’

34. The method according to claim 30, wherein said said phophoslipid
moiety is 1-palmitoyl-sn-glycero-3-phosphorylcholine.
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