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MOLECULES 5 AND USES THERECF FI ELD OF THE | NVENTI ON The present invention
rel at es twonovehé phospho-derivatives of branched- chain | pooplutlodT3

mol ecul es, to pharmaceutical conpositions thereof and to use 10 thereof
for increasing pernmeability of biological barriers in a reversible and

sel ective manner and for inhibiting tunor growth. BACKGROUND OF THE

| NVENTION A major limtation in the use of many drugs and therapeutic
agents is 15 their inadequate ability to pass through biological barriers.
This presents a serious problemespecially for the treatnent of diseases
and disorders in privileged sites such as the central nervous system
(CNS) . ThOERDYATIVES GIBRANCHEED-CHAN LIPQPHIBLEC MIOLECWLESovascul ar
endot helial cells connected tight junctions, is normally responsible for
20 ne? nt ai ni ng the honeost at %@&EE%EM@E he brain and protecting it
from toxic agents and degradation products present in the circulatory
system However, in certain pathological situations, the presence of the
BBB may wimIay i TR MNVRRTIIONgsport of therapeutic substances into the
brain, tRATS anpering treatnent of central nervous system |l esions,

i ncl udi ng t umdite, prégent nfventionnelatestte aeyskshasptodiegentves of/bradelssehses. In a
simlar y, the presence of the blood tunor barrier, (BTB) _interferes with
the del i \\ggmy lerondwlagrmotesulgse ta Pharmpcsutcal wosposiions tereot ad to vsecr easi ng

s ool amERshotefie R b ol Bt RS Puf ¢ agent a0
to the dk@g@ﬁwn{aﬁﬁﬁe&dﬁr%@ﬂg,ﬁ%ﬁﬂn&? i in the case of CNS tunors, and

patients aring malignant braln"tunor e poor prognoses. 1 WD 02/11666
PCT/ 1L01/ 00713 In order to achieve clinically useful concentrations of

certain drugs at restricted sites, it is often required to adm nister these
conpound BACKGROUND OF THE INVENTION .

A major limitation in the use of many drugs and therapeutic agents is

15  their inadequate ability to pass through biological barriers. This presents a
serious problem especially for the treatment of diseases and disorders in
privileged sites such as the central nervous system (CNS).

The blood brain barrier (BBB), made up of specialized microvascular
endothelial cells connected by tight junctions, is normally responsible for

20  maintaining the homeostatic environment of the brain and protecting it from
tofdc agents and degradation products present in the circulatory system.
However, in certain pathological situations, the presence of the BBB may
interfere with the transport of therapeutic substances into the brain, thus
hampering treatment of central nervous system lesions, including tumors,

25 infections, abscesses and degenerative diseases.

In a similar way, the presence of the blood tumor barrier (BTB)
interferes with the delivery of chemotherapeutic agents into the tumor, thus
decreasing drug bioavailability and preventing efficient therapeutic effect
where it is needed. The problem of insufficient access of the therapeutic agent

30 to the diseased target is especially severe in the case of CNS tumors, and

patients bearing malignant brain tumors have poor prognoses.



system ¢ dosages. The high system c concentrations, in turn, are associ ated
with adverse side effects and high levels of toxicity. 5 One strategy for
at t acki ngvo hz1ws®©bl em i nvol ves altering the biophysical Ppoelaaerdstics of
hydrophilic drug nol ecul es, for exanple, by linking these drugs to a
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5,827,819 to Yatvin et al. Another approach to circunvent the BBB
i mper meaith advarse sige efieptsaypidryghatpseisof toaicityr ansi ent |y open the BBB and
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orain tulBReCeEEE: hEbkaBpifl ditdpou R IR RERSRIH AR eS| 20" o) e

use of 1t GhgskonAipbpHikeearRITSAEe BRI pelingdaBRity ARrds3 sRERbILIbLIERI therapy
has, however, beeh ‘controversial since, in 20°addition to the drug crossing

t he BBB, nmmileane® Hepands onstclipaphihety, ohereasing thelipaphabc pature of €k ent ry.
This may account for.  the high_incidence qof st[okﬁ, saLzures, i mmunol ogi cal
r eact i on§ompauad shawld; heossticallyspproxe aig bipavrilapdty #8d dncigaseng osnoti c
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pepti des use of bacterial céll fragnents
(WD 91/ 1epPgi4 of the Rockefeller Univ.) or the use of antibody to
Bordetell a pertussis filanmentous haemaggl utinin or brain endotheli al

x- mol ecul e (WOiBghergpgoash mwercgmwantﬂ@rggBBelmmwablhtsc@rmi n fatty acids

such as ol eic .acid hav | so. been 2 11666 .PCT/ 1L01/ 00713 reported
o r ever ST B aeR R b sArT RIS OnshAHG Fibge 20 J9RHe BGTHORAGE 356!
15  particular drug or agent into the brain. Agents such as mannitol have been

shown to exert this desirable effect and have been employed in the delivery of
chemotherapeutic agents to malignant brain tumors (Hiesinger et al. (1986),
Annals of Neurology, 19:50-59). The use of this kind of hyperosmolar BBB
disruption in brain tumor therapy has, however, been controversial since, in

20 addition to the drug crossing the BBB, other molecules such as neurotoxins are

| also permitted entry. This may account for the high incidence of stroke,
seizures, immunological reactions and ocular toxicity associated with treatment
using osmotic opening methods.

A variety of other treatments have also been disclosed that increase

25  permeability of the blood brain barrier including: the use of bradykinin agonists
(W0 91/16355 of Alkermes) and certain other peptides (WO 92/18529 of
Alkermes); use of bacterial cell wall fragments (WO 91/16064 of the
Rockefeller Univ.) or the use of antibody to Bordetella pertussis filamentous
haemagglutinin or brain endothelial x-molecule (WO 92/19269 of the

30 Rockefeller Univ.). Certain fatty acids such as oleic acid have also been



257-262). The useful ness of nethods for reversibly increasing the
pernmeability of the blood brain barrier prior to adm nistration of

di agnost iwonvagents (U. S. Patent 5 5,059,415 of the O egparT/Haalooh3Sci. U.)
or therapeutic reagents (WD 89/11299 of the Oregon Health Sci. U.) have

been dlsclose It wasg .previqus sed nto he present
.nvem.oﬁepqrrr: T tpeuiamil] onsh DR BE (SHUT Gad b (381D SR Ron e v
99/02120 branched fatty acids and certain lipophilic derivatives

t her eof are us ful for 10 reversibly perneabilizing bi onenbranes. However,

conpounds whi qihe lﬁ@fﬁlﬁéﬁ%ﬁn&ﬂééﬁﬂﬂt@véf@lw indiéaseng e RepRabiilisg bpsed.
Furthernore, it has not been disclosed that by m)dlfyl ng the branched

fatty ac rthtsb]lopddnimbmenpnar tthmpmmaonmfehgrgndshcgqumm @J.8. Patenbdul at e
of . bi caI rriers speci fic and di manner .
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Nuner ous corrposrtlgns have been proposed for use 1h treating various 20

cancers, mmmamdﬁdlpmngapmmaumpubhmmdanbmm §P10g 120 thelt ocar bon chai n
and a phosphochol i ne noi ety Pat ents 4,837,023 and 5, 049, 552, both to

Ei bl , di bsanshed amypa@risraad@eam lmnhdérs derdatiyes itherepkateiusgfl d0cer . The

acti mat er. I n a:t} ses | nown subst anc h
Fbxaﬁ@cyff?)‘f%%lbﬁb% gl %em §/ OW%EE(OF%IPHE?]“?% Vhie d| sclosure in
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useful anti -turm I on honol ogues with shorter "a radi cal s

possesse@emdgbldmdmham inodifyaiptthe ﬂammhedﬁ”aﬂtyaacld@@ymaldﬁicﬁguié@ wi th | onger
al kyl radicals were nuch too toxic. The prior art neither discloses nor

suggest s phogphate modetydhisquassibledn mhdulatethetapesing elchiotngicad bagiers iie pr esent
' nvent| 021 spgc?lﬁ% V\Q (ﬁ%fe%eln%% mFa%Tn{arlLOU 00713
15 Clearly, the compositions developed so far for permeabilizing biological
membranes and barriers produce severe side-effects. Therefore, there is an
unmet need for providing effective and safe means for delivering adequate
quantities of therapeutic and diagnostic agents into restricted sites.
Numerous compositions have been proposed for use in treating various
20  cancers, included among them are compounds comprising a hydrocarbon chain
and a phosphocholine moiety. U.S. Patents 4,837,023 and 5,049,552, both to
Eibl, disclose compositions and methods useful in treating cancer. The active
material in these cases is the known substance Hexadecylphosphocholine
(HePC). However, according to the disclosure in those patents, of all
25  compounds tested only HePC possessed a practically useful anti-tumor action,
while homologues with shorter alkyl radicals possessed no or much too low
anti-tumor action and homologues with longer alkyl radicals were much too
toxic. The prior art neither discloses nor suggests any of the compounds which

are the subject matter of the present invention.
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SUMVARY OF THE | NVENTI ON The present invention provides, in one aspect, a
conpound of the general formulal: 5 (1) R /CHR3Oi O-Zi R20O-22
or a phaweorutsh€al | y acceptabl e salt thereof, wherein: ReCuENd1R271are the
same or di ffer ent, satur at ed or unsaturated al i phatic chain 10 conprising
from2 t CH2lmB-[CH2]ri C[CH2]P D, wherein m
n and p G &8 or an integer from1 to 12, and A, B,
C and D are each i ndependent |y selected froma coval ent bond, am no,

am do, oxygen,thio carb r baxyl ar bon arbonyl,
Phosphat e, CantHis BSRUEISAVEIDY HrRTGes R ot ARDRe: & SrrkeunhaL Bt o g oup wi th
t he provi H]%P oilfla {0 oxygen atoms are directly connected to each other;
Z1 and Z are the sane or different, each nay be absent or independently
sel ecfed froma) hydrogen, sodium I|thiun1 potassium a ni um nono-,

di-, tri- and tet al kyl amroni um or b) together with the 20 phospho group
forma phospho es i& of gl ycerol i ne, ethanolanlne i nositol, serine,
nmono- or ol igosacch e. I% oneﬁgreférre odi nent, the conpound of the
general fornula I IZ' n a-Bfanc tty“~no cule wherein RL and R2 are
hydr ocar bon cha|Q§ 5 having, respect|vely, 3 and from 12 to 16 carbon
atons. Accordi ng t% anot her preferredenBodi ment, R3 of the conpound of the
general formula | conprises nono- or di-ethylene glycol noiety. Currently
preferred conpounds according to the invention are: 4 WD 02/11666

PCT/ 1L01/ 00713 4- Hexadecyl phosphate (3,12-PO4), 4-Ccadecyl phosphate

(3,14-POj} 4 pharmaceutically acceptable salt thereof, wherein:

R1 and R2 are the same or different, saturated or unsaturated aliphatic chain
10  comprising from 2 to 30 carbon atoms; ‘

R3 is A-[CH;]-B-[CH,],-C-[CH,],-D , wherein m, n énd p are each

independently zero or an integer from 1 to 12, and A, B, C and D are each

independently selected from a covalent bond, amino, amido, oxygen, thio,

carbonyl, carboxyl, oxycarbonyl, thiocarbonyl, phosphate, amino phosphate
15  mono- di- and tri-amino phosphate group with the proviso that no two oxygen

atoms are directly connected to each other;

Z, and Z, are the same or different, each may be absent or
independently selected from a) hydrogen, sodium, lithium, potassium,
ammonium, mono-, di-, tri- and tetra-alkylammonium, or b) together with the

20  phospho group form a phospho ester of glycerol, choline, ethanolamine,

nositol, serine, mono- or oligosaccharide.

In one preferred embodiment, the compound of the general formula I is
an a-branched fatty molecule wherein R1 and R2 are hydrocarbon chains
25  having, respectively, 3 and from 12 to 16 carbon atoms.
According to another preferred embodiment, R3 of the compound of the
general formula I comprises mono- or di-ethylene glycol moiety.

Currently preferred compounds according to the invention are:



4- Ei cosanyl phosphate (3,16-PO4), 8-Pentadecyl phosphate (7,7-PO4), 5
4- Hexadecanoyl oxyet hyl phosphate (3, 12- MEG PO4),

2- (4" - Hevederarsos/ | oxy) et hoxyet hyl phosphate (3, 12- DEG PO4PCT/IL01/00713

4- Hexadecanyl oxyet hyl phosphate (3, 12- (et her)-MeG PO4),

4 Hexadotyl  pROLEROEKD] PROEHSIE(: BEPOMG 2. (4. Hoxadecanyl oxy) ot hy
phosphochol i ng ?gm%l% %&g‘%@me (§1Q14dee)xadecanoyl oxy) et hoxyet hyl

phosphochol i ne

2-{2'-[10"- (qugﬁggaﬁy] @gpﬁgﬂ@@ﬂﬁlp@&y] et hoxy} et hyl phosphate (3, 12-
0-C o-DEG P04), 2-{2'- - (Hexadecyl - 4- oxy) decyl - | - oxy] et hoxy}
et hyl phosphocBePéntede phe$pit@t€{)€1:ﬁ7d’(flﬁ,(} PC), 4-Cctadecanoyl oxyet hyl

(3, 145 kG %&%‘-‘H&ﬁéﬁé@m PR OO G 054 (et her ) - VEG PO
2-(4'-Cc PO4 , 20
4- (Ocadec';/fi ec?n%lh%% Wagégw%%?g&g%ﬁo@a%dgéangﬁ%x thyl)
phosphochol i ng_f13x é&c@%@mﬂl@h&ﬁm@ﬁé @dIEradt HM?MEKF—PKD;} xyet hyl

phosphochol i ne (3,14 4- Ei cosanoyl oxyef hyl phosphat e

(3, 16- NEG POAR-(4’ ﬁ{éyéudeaugdsnybeﬂimﬂ@’ﬂ pbasptaby (3, pzmﬁsthbn)ﬂaECaP@a) DEG POY4) ,

25 4- Ei cosanyl oxyet hyl osphate. (3,1 her) - MEG POY) ,
2-(4' - Ei cosanyh 'HﬁW(&CHBRWP%?P ‘?Jﬁbf‘s '%QSB 16- (et her) - DEG POY4)

onoslocnol i ne (arssraiie % iyl s EhdcdiapE SPMIBER
phosBlocho | ne (A by Ml pmdtgn prpsamy | phosphate
2-{2'-[10"-(Hexadecyl-4-oxy)decyl-1-oxy]ethoxy} ethylphosphate (3,12~
0-C;0-DEG-PO,),
2-{2'-[10"-(Hexadecyl-4-oxy)decyl-1-oxy]ethoxy} ethylphosphocholine

15 (3,12-0-C;(-DEG-PC),
4-Octadecanoyloxyethyl phosphate (3,14-MEG-POy,),
2-(4’-Octadecanoyloxy)ethoxyethyl phosphate (3,14-DEG-PO,),
4-Octadecanyloxyethyl phosphate (3,14-(ether)-MEG-POy,),
2-(4’-Octadecanyloxy)ethoxyethyl phosphate (3,14-(ether)-DEG-POy),

20 4-Octadecyl phosphocholine (3,14-PC),
2-(4-Octadecanoyloxy)ethyl phosphocholine (3,14-MEG-PC),
2-(4-Octadecanoyloxy)ethoxyethyl phosphocholine (3,14-DEG-PC),
4-Ficosanoyloxyethyl phosphate (3,16-MEG-POy),
2-(4’-Eicosanoyloxy)ethoxyethyl phosphate (3,16-DEG-POy),

25 4-Eicosanyloxyethyl phosphate (3,16-(ether)-MEG-POy),
2-(4’-Eicosanyloxy)ethoxyethyl phosphate (3,16-(ether)-DEG-PO,),
4-Eicosanyl phosphocholine (3,16-PC),
2-(4-Eicosanoyloxy)ethyl phosphocholine (3,16-MEG-PC),
2-(4-Eicosanoyloxy)ethoxyethyl phosphocholine (3,16-DEG-PC),

30 10-(4’-Hexadecanoyloxy)decanyl phosphate,
10-(8’-Pentadecanoyloxy)decanyl phosphate,



2-[2'-(2"-Propyl ei cosanoyl oxy) - et hoxy] ethyl Phosphate (3, 18-DEG POX4), and
2-(2' - Propyl ei cosanoyl oxy) et hoxy et hyl phosphochol i ne (3, 18- DEG PC).

Current | ywooztieps ef erred conpounds are: 5 2-(4'-Hexadecanpgl/apetinoxyet hyl
phosphat e, nonosodi um salt, 2-(4'-Hexadecanoyl oxy)ethoxyethyl phosphate,

2 (i voxadecard By e RTESH Sy oo D bDec-po.),

2- (4- Hexadecangyl oxy) et hoxyet hyl phosphocholine. 10 Conpounds of the
i nvention are useful for increasing perneability of biological barriers.

Thus, in anot @(Z'Wleicddaﬁo#llﬂmﬂéth@@ Rt pESHhopheline ¢8 UBLDEG-PC).
conpositions conprising an eftfective anount of a conpound of the general
formul a IClumtb{mdsmgm‘redocromp@hElsmc:eut ically acceptable salt 15 thereof,

and a_pharnmaceutjcally acceptahl e carrier, The pharnmaceutical conpositions
of the invent izdéf1 ;ﬁ?‘ﬂﬁ?@ﬂ*@fqo ’%x’éthyipbﬁﬁ’r%ﬁ‘géﬁ%%s& Wnéglﬁect i ve anount
of a biologic | ' , the
bi ol ogical ly ?&ﬁ%@&é@é%&%@@%ﬂeh@&%@ﬁ&)@Bg}%@nﬁq_ﬁ%ﬁﬂ‘ég}rtapeut i c agent
may be sel ect ed 4 [98adebhny1SxPRindyeHHyE $hbSphatd)t | - tunor, 20 anti-viral,
anti-m crobi al ,(ant i -%‘ unga}l} , Xg)r%t I - 1" nf I}E%mag%ry,’ neur oprotective agents and
bi oacti ve pept2-@ieHeaadeqanoyiexyicthylplrsphoarolimecied r ed enbodi ment, the
pharmaceutical conpositions of the invention further conprise a diagnostic
2r-{fobe

agent. The ph mdmnozl@wwh@mhylamsnh@qwmﬁor facilitating 25

adm ri'gst ration of biologically active nol ecules, for exanple therapeutic
and I agnostic agents, into tissues and organs, in particular at

privileged si t%‘ﬁ?w ofacﬁ@ilﬁfe%i%ﬁta?@u Pf&'iﬁ&ieﬁﬁh%g)ghhéﬁdiﬁtsy &1 one

particul ar enb t he pharnmaceutical conpositi are useful for
i ncr easi goldpitgl Badrieve Phusg irasothdcadpeon the @ivemiddn pesvidey (BRB), bl ood
brain 30 barrier (BBB) and bl ood tunor barrier (BTB). The pharmaceuti cal
conposi t ipbasma¢antisgelenmaperiond eomprising ansffactive amepnapEa compevad of f or
the general formula I depicted above, or a pharmaceutically acceptable salt
15  thereof, and a pharmaceutically acceptable carrier.
The pharmaceutical compositions of the invention may further comprise
a pharmaceutically effective amount of a biologically active agent.
In one preferred embodiment, the biologically active agent is a therapeutic agent.
The therapeutic agent may be selected from, but is not limited to, anti-tumor,
20  anti-viral, anti-microbial, anti-fungal, anti-inflammatory, neuroprotective agents
and bioactive peptides and proteins.
In another preferred embodiment, the pharmaceutical compositions of
the invention further comprise a diagnostic agent.
The pharmaceutical compositions are useful for facilitating
25  administration of biologically active molecules, for example therapeutic and
diagnostic agents, into tissues and organs, in particular at privileged sites which
are protected by biological barriers.
In one particular embodiment, the pharmaceutical compositions are useful for
increasing drug delivery across the blood retinal barrier (BRB), blood brain
30  barrier (BBB) and blood tumor barrier (BTB). The pharmaceutical

compositions, in accordance with the invention, may also be useful for



6 WO 02/11666 PCT/1L01/00713 increasing perneability of other biological
barriers, thus, for exanple, facilitating absorption through the skin,
cornea, owOpuNGHé val, nasal, bronchial, buccal, vagi nal POUILNMB0713
gastrointestinal epithelium and across the bI ood testis barrier and bl ood

oral . paAPEPRREpeBReABERba OB P EHtay M. T SRR per  usi on. - enena
or | nt a0t AKBAT o PSR KD S oRAT g@@ﬁyéﬁ%ﬁgﬁg@e}aﬁgﬁaﬂs of the

i nvention are “arteri y or ritra-th fn yet

anot her asjeeslt va%lﬂﬁl BiEERMasiroMREtinale T%ﬂfb\lmﬁﬁfanﬁ&ich@s%&hé bloodlestigicr easi ng
permeability of | ol ogi cal barriers. ese nethods conprise exposing said

bar ri er s haoriemansk fleod kidnegnimierphasfe. a conpound of the general formula I, or

pharmaceuti cal ly acceptable salt thereof, thu nabl I ncreasi ng
perrrengbl lity offie %qaéapm@aﬁ#tlpasmawbes@ ﬁg/roréépect t he

present i

bi ol ogi céﬁrl %ﬂéﬂ@? dr ngqédlq‘tmsg% Qgﬁgr@ g l%g ﬂ?{ﬁlﬁ'ﬁﬁ e?ltgegl% r?%ﬁ%rl si ng
exposi ng o‘?} %@ FREfRABIFthe 9h§ﬁhébeﬁh@él%xﬁﬁisit¥oxﬁcdﬂ tHe idEfioniafe t he
presence o an effective anount of a conpound in accordance with the

| nvent i onntrafaigrieliplor imga-thecally mdasnisterehie penetration and/ or accumul ation

of the b|olo%@cally active agent in the privileged su%e or, organ. 20 The
privileged si tiB Y&F 2ot ﬁlhaSrP&9t praseRt iagentrnproyidesimetagts forni ted to, the
spingb cord, brain anot her

|
2opedD,  Bhtrepibg antmaiitin Shhofie aRE T Rl eGPt Podbbsent of ' ¢ umor
conpri si ef&gagiﬂg@hﬂtlﬁ‘dmg trooalﬁeff@éﬁv%%ndlﬂlt @?ﬁ%ohﬂﬁﬁﬁ ofdhe %Qﬁérﬁpeu'[ ically

effectiv of a pharmaceutical conpositio onprising 25 as an active
i ngr edi erforrauladipophaineicetiticaliyenseptablosaitiherdof] thuseaablignoe with the

I nvention. Said tunor may be selected from but not limted to, carcinom
(e.g. brdaerasivgpermestilityaof thedivlogitabbagigrci nonas) gI ioma (e.g.

astrocytoma), robI ast oma et i nobl ast o I nt.raocul | i gnancy,
| ynphonm, Ieull%rﬂeig nreteRh ghe ggﬂ@r?\ﬂfjrﬁa ‘bg? primry or

secongar y, fiiifRfration of a blologlcally active agent into a privileged site or organ
comprising exposing said site or organ to said biologically active agent in the
presence of an effective amount of a compound in accordance with the
invention, thus enabling or increasing the penetration and/or accumulation of
the biologically active agent in the privileged site or organ.
20  The privileged site or organ may be selected from, but is not limited to, the
spinal cord, brain, eye, testis, glands and tumors.
In still another aspect, the present invention provides a method for
treatment of a tumor comprising administering to a patient in need thereof a
therapeutically effective amount of a pharmaceutical composition comprising
25  as an active ingredient a compound of the general formula I in accordance with
the invention. Said tumor may be selected from, but not limited to, carcinoma
(e.g. breast, colon, rectal and bladder carcinomas), glioma (e.g. astrocytoma),
neuroblastoma, retinoblastoma, intraocular malignancy, lymphoma, leukemia,
sarcoma and melanoma. The tumor may be a primary or secondary tumor.
30 The invention further provides a method for treatment of a central

nervous system disease or disorder comprising administering to a patient in



30 The invention further provides a nethod for treatnent of a central
nervous system di sease or disorder conprising admnistering to a patient in
7 WO 02/ M@6511865T/ 1L.01/ 00713 need thereof a therapeuti cal PgT/@ifimetIBve
anount of a pharmaceutical conposition conprising a conpound of the
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of the ge a separa conpositi’on. In a preferred

enbodi mephatigcdutieallp dcekfatis Qalt thdrbef, ¢ bdmblnatioh Wil a théapewdd s a brain
tunor and the therapeutic agent is an anti-cancer drug. In another

pr ef er r edigentb dbic therapeitic agardmeny b wshrlediin thersapaphatmadesticd di sease 10 or
di sorder, for exanple, .cystoids nacul at  edema ) ., Age-rel ated macul ar

degengr {COBIPOS IR mprisiAg ok, PFARDP IOk ﬁhsr&@;lelfai%?aéa Hef! 10 $EPRHAIE | ons and
I nt raoculcza{Il %?i]dognanci es. In still a further aspect, the present invention
provi des a BePhod for i ncreasi ng accunul ation of a diagnostic agent in an

organ protect ?ﬂagﬁeﬁzrﬂ&l GhBd AfichfthRédEhiseAEInIthe Ben@slMeri&iser i ng to an
I ndi vi dual said diagnostic agent in conbination with an effective anount

of a conpgstan isfa brhm tyemarald the dherapeutic apentief amaati-abosez drogda i ncr easi ng
accurrul ati on of the diagnostic _agent in the. organ protected by a

bi ol ogi c &ROWgF Predprredigal dygﬁ%fstbﬁgrea 15GA§¢ 1s %Ophg’laﬁﬂ@d’gl%dlﬁwesarre

phar ggceut.ical . cORPOSI tiQn conpri si.n he_ co g}ﬁgﬂ 0 of t ener al
PormiPa. or dirac INQoh 0 SORRL BlePish R TRREE e Rt dRusiMon . sai o
organ pr %(g@ﬂ&gn&i/ @RMDBHEtrﬁé‘éulalbﬁ‘ﬁédu%hs,' BitrabSula MARmMARSNCHMR] SYst em

BRI EF DESCRI PTI ON THE 'DRAW NGS 25 Fig.1 depicts a graph correlating the
various dieacvulengilignamkies: branched fatty acids of the 3,n-type, with the
pot ency of these conpounds in extravasation of Evans bl ue-al bum n conpl ex

into rat brai Ao sidlgsh esneshithe prsapisinyenfeopnydass methadiobr ai n secti ons

for : . . . . .
of rats increasing accumulation of a diagnostic agent in an organ protected by a

15 biological barrier comprising administering to an individual said diagnostic
agent in combination with an effective amount of a compound of the general
formula I as defined above, thus increasing accumulation of the diagnostic
agent in the organ protected by a biological barrier. The diagnostic agent may
be included in the same pharmaceutical composition comprising the compound

20  of the general formula I, or in a separate composition.

In one preferred embodiment, said organ protected by a biological

barrier is the central nervous system.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Fig. 1 depicts a graph correlating the various chain lengths of o~
branched fatty acids of the 3,n-type, with the potency of these compounds in
extravasation of Evans blue-albumin complex into rat brain.
Figs. 2A-C depict Evans blue accumulation in brain sections of rats
bearing bilateral gliomas following uni-lateral administration of a compound as
30 follows: 10 uM 3,12-DEG-HPO,Na (Fig. 2A), 40 uM 3,12-Na (Fig. 2B) or
mannitol 25% (Fig. 2C).



bearing bilateral gliomas follow ng uni-lateral admnistration of a
conpound as 30 follows: 10 M 3, 12-DEG HPO4Na (Fig. 2A), 40 pM 3, 12-Na
(Fig. 2Bwon2iwesnitol 25% (Fig. 2C). 8 WO 02/11666 PCT/ 1pOWAI@/MIB3 Fi gs.
3A-C depict fluorescein sodiumsalt (F-Na) angi ography of the posterior

part of a rat e.a corded at 30 second 0 mnutes follow ng

admi ni strati oﬁéﬁ' ﬁ@a@“@ HOLES ¢l Sf’&’l“&‘ S%‘J@?’% apﬁloc%?ﬁ’ryn%f' 8n with 3, 12-
DEG HPO4 ' 0 ' | | O ; = 164145 Na

accumul a |(S)t(r?ﬁg?p?ﬁ?f aanl{aér%§€? %egcro %fég?a tt%?egggdgg&frl gg@?ﬁtggﬁg%@ut es after
F- Na admfhshisahiien of FCRERMAELH oNE (Fige BANLsr i combiREToR@ANR 12 g. 4A) or
vehicle (Fig. 4B) follow ng the procedure described in Exanple 26. 10

DETAI LEDDIRSGRPOTNaNFGE 3B vabdela (K. 36 present invention relates to
conmpounds, cogposi tions and for increasing bility of
bad

t hods er
bi ol o8 cal g%@%éew@mmmm%ﬂ%% € iR .ar%gﬁ&ieb’ﬁ e agent for
facilitat] hV f .di i G {41t O
restrict 5#@9&%@(@?@%@%&%@%&%& Pge}fét% ?g&gﬁ)éﬁfd %@ﬂgﬁg%ﬁajffi s capabl e
of per reaipGLEPOING RIS, A dr@hiRiIO|Pig! 4BY fOIGWIrR the ife¥&dars deceibed r ed
perneabi li zati on hag %éo be acconpl it]!g%ed ?n a differential fashion w thout
pr oduci ngn BxampbpPébl e degree of side effects. For exanple, in the case of
treating a brain tunor, it would be advantageous to use an agent that 20
perneabilizes the BTB to a nuch greater extent than the BBB in the intact
nei ghhour| 3 | oci {.i # A ion, in this case, enables
pr ef éBentd:Ig?A ,?ﬂfﬁéﬁl’uﬁ ﬁu,dﬁ\,‘iﬂﬁﬁgmwwﬁpat hol ogi cal tissue while
causing m ni NMgie re@&tqﬁ@.iﬁ)ntﬁla&&eto%ﬁﬂ@%@ﬁb,n&)rﬂﬁé’éiﬁMs R PhBilodgsue. _
Simlar considerdations apply for other biological barriers. For exanple, it
i s 25 dedbr alt@sing paveabilitg@€diolbpiehl barieapail forahhibitingcasiorg del i very of
drugs or other beneficial nolecules across skin and intestine barriers in
a transi g@wtnd specific fashion.

A desirable agent for facilitating delivery of therapeutic or diagnostic
15 agents into restricted sites (e.g. the brain, eye, testis etc.) is one that is capable
of permeabilizing the limiting biological barrier. However, preferred
permeabilization has to be accomplished in a differential fashion without
producing unacceptable degree of side effects. For example, in the case of
treating a brain tumor, it would be advantageous to use an agent that
20 permeabilizes the BTB to a much greater extent than the BBB in the intact
neighbouring brain tissue. Specific permeabilization, in this case, enables
preferential accumulation of toxic drugs in the pathological tissue while
causing minimal or no damage to the surrounding healthy brain tissue.
Similar considerations apply for other biological barriers. For example, it 1s
25  desirable to have an agent that is capable of increasing delivery of drugs or
other beneficial molecules across skin and intestine barriers in a transient and
specific fashion.
The present invention concerns novel compounds and is based on the
unexpected finding that these compounds may increase permeability of

30 Dbiological barriers in a reversible and selective manner. According to the



The present invention concerns novel conmpounds and is based on the
unexpected finding that these conpounds nay increase perneability of 30

bi ol ogi cavObztwsers in a reversi bl e and sel ecti ve manner. P&rgian@mg to the
9 WD 02/11666 PCT/1L01/00713 teaching of the present invention, the novel

conmpounds are of.the genetral .forpula |,as definhed herei nabove or
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branched chai fin ke gpfifiéioMDRCidngsomAd dfithé herdral formBEA wilBbanched chain
| i pophilic nolecules not bearing a Qhosphate noiety wll be referred to as
r

"BFA" or collestinelBEeferredio en&DPrBF Ast od iatabdngeably byidhdg@rasl ranac
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to 12, tRUB YeSfeBkdd ) 4OBPARPLRPENBE-BFROPHi | ic nol ecul es branched, for
: ( g

exanple, at position a (nrl), y (nm2) etc. Specific DP-BFAs wll be

referred to, Mheoatmpaéfeercd dmbddiment thaR-BEMl seare Rhosilio-derdvatites bfit represent,
respectively, the nunber of carbon atons on the side- and main-chain of the

br anched ocbiginehed Bippphiliconelsteles bé thegamsoalsimicarre RiéRGeAdTal Infashel a 1,
ﬁ“di?m RSTROACCSRUPED o FERGRE oS I FEAS ATFRISMO-cases, e
R N T ase
s spec AFRSFTES i ARSI ol o PR el EORAGARY REEDES®) O

3, 12- (et g YCPEE PPhetéifi-m i§ﬁ6§91’?@§2,?63g§ E‘@feﬁ‘ﬁﬁ?fcﬁ&-ﬁr%dﬂé‘dﬂiﬂotp\lﬁlﬁf ein Z1 is

choline wll" be"referred to as R1,R2 I n accordance with the teaching

of the phasefiles buichedfor ekamplepaspodition B @5=DyyY@=2) 8.t he vari ous
conponents in the structure of the conpounds of the general formula I, to

achi eve fi ne- Spacifiy DR-BF Abiwilltbe referradetopbexsindftes, bintheihpdrticular R1

15 and R2 that represent, respectively, the number of carbon atoms on the side-

and main-chain of the branched chain lipophilic molecule.

Compounds of the general formula I, wherein R3 is mono-
ethyleneglycol or di- ethyleneglycol will be referred to as R1,R2-MEG-PO,
and R1,R2-DEG-PO,, respectively. In some cases, the bond linking the

20  branched chain moiety and the adjacent chemical group is specifically
indicated as, for example, in 3,12-0-C,p-DEG-PO, , 3,12-(ether)-DEG-PO; etc.
Compounds of the general formula I wherein Z, is choline will be referred to as
R1,R2-PC.

In accordance with the teaching of the present invention, it is possible,

25 by varying the various components in the structure of the compounds of the
general formula I, to achieve fine-tuning in stability of the molecules and their
permeabilization effect on biological barriers. For example, varying the number
of the carbon atoms in the alkyl groups R1 and R2 and the level of saturation
affect the overall hydrophobicity of the molecule, thus enabling optimization of

30 its ability to cross specific biological membranes.

10



permeabi |l i zation effect on biological barriers. For exanple, varying the
nunber of the carbon atons in the al kyl groups R1L and R2 and the | evel of
saturati omoozifeect the overall hydrophobicity of the nol eeai/go1tobus
enabling optim zation of 30 its ability to cross specific biological
menbranes. 10V 02/11666 PCT/ 1L01/ Q0713 rrently. preferred conpounds in
accordance Wit ‘?fg%ﬂ’ﬂ‘? GHtS W%P@méﬁp@ﬁ%’f%%%m g%Ye@inﬁnt%‘é | engt h of

the car b%-%%egﬁés' eferjﬂgﬁ ¢ m&f%leggfbmammpmym 295 carbon

atons in oget her ro Currently nore preferred

conpoundd 4aafd ghdtoplaiiegbe viicarbopnmoninds B yhkReitogdthet & fBorwad #026.at ons and
R2 is from12 to 16 carbon atons. Preferred conpounds of the general

f or nul a ICuroenilyi mereprediérrgthedrnpowdids are orbranched phdin catpoanden at ons in
| ength counted fromthe phosphat e&pg to the branching point of the
br anched WheseimnR | it 3 warhomatems pri Kb tstiromt atonlmeatbon gforasr bon atons in the

For " of f e P B IHERBBaS oF R Beer O oy B BR AT B ha hus for
el L1 1 g0l e 99 LiABh RS TPRAGH Cali a8 nSf{ A!phokbhatanb e not ed

that the above-nentio aln may be a contlinu ocar bon

chai n, onthébyanRhingnpEint umled)rmmaelipvé)hﬂw eohule dthagrestishted ndehifei om t he
group of oxygen, sul phur, nitrogen and phosphorus atoms, as included in the

15 def i nioficarbasf atpdis intho RS meietyeof the gomorad fomomlailas slsboedahove, bt h t he

i nvention, R3 of . the | ecul e of the genperal, far i nc] udes a carbonyl
o oolbl ¥ et suftime F aifeeBe Tprmbrae et b by idEiBEAGGIER. mor oty v a
an ester r hadi: i al ent
bond- | 1 nendatins tot IR ARG R ELEANIE beATBAPRYy e RShUARELEGRNS B
via an ethfrtheabeve-nidndioned ANpha Oiab@nagbedd toiifuosdiyidescbogls are

general ly less susceptible to enzymatic cleavage, therefore are expected
to be norchaiy, abheyt bemtasuged by s . orAnoteHetroatmnoseledtad fromy thaf f ect t he

ability of DP-BFA conpounds to per i1ize various biologi.c barriers is
the pol aifPYP BF OXYEENd SEIp %ﬁ%ﬂ%@hﬁﬁgosyhog%scﬁm@smmﬁﬁmgw e. This
al S0, gmy d%ﬁﬂ}t{cixpgfﬁf o the fine tuning of the

In one preferred embodiment in accordance with the invention, R3 of

the molecule of the general formula I includes a carbonyl group linking the
branched chain moiety and at least one glycol moiety via an ester bond. In
another preferred embodiment, R3 includes a covalent bond linking the

20  branched chain moiety and at least one glycol moiety via an ether bond.
Under physiological conditions, ether bonds are generally less susceptible to
enzymatic cleavage, therefore are expected to be more stable than ester bonds.

Another factor that may affect the ability of DP-BFA. compounds to
permeabilize various biological barriers is the polarity of the different chemical

25  groups in the molecule. This also may contribute to the fine tuning of the
differential permeabilization effect.

Preferred compounds of the invention are in salt forms, being either
mono- or di- salt compounds of the general formula I. Suitable salts may
include any pharmaceutically acceptable salt comprising a monovalent or

30 divalent counter ion which may be selected from, but is not limited to, Na', Li",
K', NH,", Ca™, Mg"", Mn"™, mono-, di-, tri- and tetra-alkylammonium. More

11



differential perneabilization effect. Preferred conpounds of the invention
are in salt forns, being either nono- or di- salt conpounds of the general
fornmul a wWoBuitsabl e salts may include any pharmaceuti cal PgT/@gamptiabl e sal t
conprising a nonoval ent or 30 dival ent counter ion which may be sel ected

from but i limted to, Na', Li+ K+ + ++ ++, Mh++, nono-,
i o PRt somponds CRRERE armonalent palty st Hor i aeEReES1 ) 00713
preferre t I ferred are
el SRS ARTRY SRR o8 ot Eihe A R T i
salts. Thgltgonpounds of the invention may be prepared by chem cal synthetic

5 methods well known in the art. Sone of these nethods are illustrated
herei nafter i ﬁhemmm@fthmwnnanmwlpﬁpmpmddwkhm at synthetge skil | ed

o be 552%115%@@@@ I%EIB' g Somsait GPREoRs AR Gng | n | nor easi ng

per meabi hj I i BT, t he

pr esent |hr61:\€eg1 on |SQ§9§U ‘Ail%)e unexﬂ@é?ddéestfgg)rd rt]gﬂi(%gfs ce e]gl n

deri vati YRS afmRhASOHR K Byétgd chain I i pophi lic nol ecul es have
differential effects on opening of the BBB and BTB barriers. Accordingly,

the various P-IrAcoppmdsdds the itveation wene famdiaybdesefisleiudisiuptinger t i ng
perneabi |l j zati on of biological barriers while prodycing mnipal toxicity
and 15 ﬂg@é @lﬂﬂm@nsg@w@m@mmw@wa @éﬂ%p%b@plpaw@ rms of being

capa 0 dlfferen | 8 er geabi nol ecul es
of dﬂ)f erb@ﬁ':[1 1814 £80- % ‘ﬁrgr gﬁet}érlﬁfegft %Pg&?%é?g#‘%{ﬁ%a{ uﬁ{xéﬁéﬁ%dsaf ety

| evel s Oflﬁdﬁ%ﬁﬁ tion of
their ef ffect | g%&qr%??e:eﬁg aﬁgﬁ%ﬁ%h&?ﬁgry%%feeb%ggg IICIE(IS aIPH? gl('i:kfl(e)éfiﬂ?% certain
t her apeuthave diffeentilosféess vhepening dfithe BBB tnd B8TR banerpeAcmadimigly at i on of
alimting barrier is desirable. The conpounds of the invention and

phar macedh¢ vatiowoR3dA compounds apthesinrenticiemaydp Usafid i@ egertingei | it at e

delivery p%hngél%il(z) iocnacl)% ‘5/10 Cgtul;a Datilets v?hlle producing minimal toxicity and

15  side effects.

Some DP-BFA compounds are selective in terms of being capable to
differentially permeabilizing biological barriers to molecules of different sizes.
This characteristic may attribute to higher safety levels of the phospho-BFA
agents. Some DP-BFAs differ in the duration of their effect which may be

20  proven as another beneficial factor in certain therapeutic circumstances wherein
transient selective permeabilization of a limiting barrier is desirable.

The compounds of the invention and pharmaceutical compositions
comprising them may enable or facilitate delivery of biologically active agents
across biological barriers.

25 The term “biologically active agents™ is intended to encompass all
naturally occurring and synthetic compounds capable of eliciting a biological
response, having an effect on biological systems or serving as indicative tools.
The biologically active agents may be therapeutic or diagnostic agents.

Therapeutic agents may include, but are not limited to, anti-neoplastic,

30 anti-proliferative, anti-inflammatory, neurological, antibacterial, anti-mycotic

and antiviral agents. These compounds in combination with the compounds of

12



across biological barriers. 25 The term"biologically active agents" is
I ntended to enconpass all naturally occurring and synthetic conpounds
capabl e ofoer/iwhé i ng a bi ol ogi cal response, having an efPetaLwmObBol ogi ca
systens or serving as indicative tools. The biologically active agents may
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treatnent of pathol ogical conditions, diseases and disorders in restricted

sites. Folegerempvedisondarhe treatment of central nervous system and | esions
i ncluding tumyrs, infections, abscesses and  degenerative disorders. 5
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conpounds of the invention may be useful, for exanple, in nmethods for

di agnosi rpntrast apentshsaachais eaidelinigpnbbased doaspcomss. The coinpoundeof theconpound of
lity, may be co-introduced

the invention.used for jncyeasing, BBB pe abi

(ei ther iIAVERIHIONSHAY bgruse &?@m@mgaﬁ%fb%mwsmdcm agent that is
| abelilhed hn.such. [ n.bhe .t orad.. Ih hem cal ent to be
noni tll())r ecf'hﬁ’ﬁagﬁ%'%ﬁg W%i%ﬁéﬁse?ﬁgﬁgcgﬁ%i’ 3%%@%11@&%&? gr}&etn@%‘grugﬁ% ell's or
struct ur §fere@éin® BBB gﬁhn@aﬁlﬁ%{,%ayﬁﬁé Hmﬁ@écﬁﬁ:ed%_ﬁﬁéﬁ inGak kymang exclusively
in certain brain areas or brdin I'esions. The brain, then, may be anal yzed

t o det er meparatheomppestomewith d cleaticalrggeatthat is labelddd/ 71 sucheay whe thetr f or med
usi ng scanni ng and i Frr%(::;i ng neans known in the art (e.g. nagnetic resonance
i magi ng tlEeHhPYUWIITOREY.) | positron enission 20 tonography (PET) and

Comput e TomogLaREN D dgent i B i SRR RLTEE For rabl}fe L3S he

15 indicator to brain cells or structures, or one that binds or accumulates

specifically and exclusively in certain brain areas or brain lesions.
The brain, then, may be analyzed to determine the presence of labelling agent.
Analysis may be performed using scanning and imaging means known in the
art (e.g. magnetic resonance imaging techniques (MRI), positron emission
20  tomography (PET) and Computed Tomography (CT)).
In other embodiments of the invention, the DP-BFA compounds may be
useful for enhancement of drug absorption in the intestines or through the skin.
The biological barriers in the intestines and skin prevent passive diffusion of a
number of substances across the gastrointestinal or skin epithelium thus
25  preventing effective absorption of certain useful chemicals, nutrients and drugs.
This obstacle may be overcome by applying the desirable useful chemicals,
nutrients and drugs in combination with a DP-BFA compound.
It will be readily apparent to those of ordinary skill in the art that a wide
range of biologically active compounds are appropriate for use in combination
30  with the branched lipophilic molecules of the general formula I, therefore are

included within the scope of the invention as compounds useful in
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useful for enhancenent of drug absorption in the intestines or through the
skin. The biological barriers in the intestines and skin prevent passive
di f f usi owoeb2/meshrunber of substances across the gastroi nt BeT/AIAI0TIB SKin
epitheliumthus 25 preventing effective absorption of certain useful
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t he passapePIBFAh theddiologidal dgaidrds suffeideo faslitate tiecbaskdge ofithei s al so
possi bl e that the desirable biologically active agent is not 15
admi ni st eckevaniragents mbetheaestrictedesitst t he P-BFA adninistration, but is
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ant i bodi es etc. S case requirenment | at t’he perneabilization
ef fect ofprédeat irp@eblobd (béiag eibettigurally generated in the body or produced

as a slow release drug). Some examples include bioactive peptides and proteins
such as neurotransmitters, growth factors, hormones, antibodies etc. In this case
the requirement is that the permeabilization effect of the target barrier occurs

20  while sufficient amount of the desirable biologically active agent is present to
exert its biological effect.

The improved activity of the compounds of the invention in
permeabilization of biological barriers results in increased bioavailability of
administered drugs, thus extending the therapeutic usefulness of these drugs to

25  conditions that do not respond to lower doses of drugs. This is especially
relevant in treatment of diseases and disorders in restricted sites, e.g. brain and
the eye.

In addition, the compounds of the invention are advantageous inasmuch
as they enable decrease in the useful dosage of drugs and consequently

30 reduction in undesirable systemic side effects. Furthermore, since the

molecules of the invention enable selective permeabilization of barriers, they
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20 while sufficient amount of the desirable biologically active agent is
present to exert its biological effect. The inproved activity of the
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15 ° in a differential manner in opening the BBB and BTB barriers. In this case the
permeabilization of the BTB by certain DP-BFAs is to a greater extent
comparing to the effect on the BBB. Another advantageous characteristics of
the effect of some DP-BFA molecules, is the preservation of certain levels of
discrimination as to the compounds permitted to cross. Thus the DP-BFAs

20  affect barrier permeabilization in a more selective manner comparing to carbo-
BFAs or hyperosmotic agents, such as mannitol. As a result, the P-BFA
compounds are expected to cause less toxic side effect in comparison to other
permeabilizers known in the art. Furthermore, as their permeabilization effect
was found to be reversible, the compounds of the invention may also be useful

25  for chronic administration of drugs.

As mentioned in the specification and claims, an “effective amount™ of
P-BFA refers to that amount of a compound of the invention which exerts the
desirable beneficial effect in accordance with the invention. According to one
aspect of the invention, it is the amount of P-BFA that significantly increases

30 the permeability of a relevant barrier to a molecule of interest. Namely, the

amount of P-BFA which increases the permeability of the relevant barrier to

15



discrimnation as to the conpounds permtted to cross. Thus the DP-BFAs 20
af fect barrier perneabilization in a nore selective nmanner conparing to
car bo- BMQoprichey per osnoti c agents, such as mannitol. As BCT/@I00713t he

P- BFA conpounds are expected to cause less toxic side effect in conparison
to other _per bilizers.kno in, th t. Furthermore,.gs their

per meabi |3111§§i§ CW@B@“@\%?S&W&F%@ ?@W@G%ﬂ&%ﬁ’%,t{‘?i’?@%&% unds of the
i nventi of, By & | 'Cf?&tp' i | drugs. As
mantioneg) Int eﬁ%ﬁ%&ﬁ@fgﬁpgﬁlagr?d%?%}gf}%ﬂca% 'ef()?gg??v\a/delh%sgifﬁt " of P-BFA
refers t @rédedureTtordihg 3o ansbetashedt of the ihpsititn, dniswhé sioaxesiB- t he
desirabl e beneficial effect in accordance with the invention. According to
one aspdifiA thatiih tharapentically effective as meti-gancartagent. Neproly: that amioynii fi cant | y

i ncreases .30 e erms%gi.lit{ of el evant barrier to a nol ecul e of

i nt er ést .Of%aﬁglt&y‘,"'ﬁ% COBFOﬁ‘?‘&iPﬂT&FﬁW-i ncreases the perneability of
the rel evant rri . . / . . ficient
guantities of qglenéofféeccu?em%cﬁmmlgyeeﬁe ?%@@%@5@%8@@35?@5%@% er soto

exert it petfaSsRRRUEAsE iPpait) P by stddrhfoe bf fifed indiviahdIQWiA Ashgslific
procedures. According to another aspect of the invention, it is the anount

of P- BFAligchst, the s¢veritgpdihé syahptpnes theet trested setarfhuss dreceffecdyent . Nanel y,
that amount 5 of  P-BFA which jnhibits unco tglird&!'l ed cell }gr owt h. The
ef fect i vAMOWHGAEN RErPadily arceepimed &y aperaen phakill ig e apsmploging sieh)  be

base at, |.east in.part, on nsideration of the individual's size, the
spec??i cfa%P]%e%@e?S]ﬁg@og%&grtﬁ%%% ' %egpg%&%%onm be treated, etc. Thus,

the effective ?e?}'rh ' skill in
the art enpl oleﬁégTHgﬂgc%ag%g afﬁgcﬂti%r aﬁg%ﬁ&?ﬁ%&lﬂ@ﬂ%??eﬁ%@gﬁtﬁe

exper i nempwtei ddradministaosn, tharge, soxdhtdi¢h aedweighteftheyeipient dnden dependent
on the route of administration, the age, sex, health and wei ght of the

reci pi enthexpeteaey of Hee partientay DIt-BEideapdthei relgvant wrelwirugrog aggat r el evant
useful dryg.or,k a dmi ni stered,. .The_ skil lLed arti i1l be able to

adj ust t & Sﬁ#‘%ﬁf%‘%gﬂ%@msawlm %%@dﬂ‘ﬁt&eﬁfﬂo&mobt ain the desired
dur af 5 on gathokind 8AieRsafd itBGdLR obtain the desired duration and the degree

of action.

ot

The pharmaceutical compositions may be in a liquid, aerosol or solid
dosage form, and may be formulated into any suitable formulation including,
but is not limited to, solutions, suspensions, micelles, emulsions,

20  microemulsions, aerosols, ointments, gels, suppositories, capsules, tablets, and
the like, as will be requiréd for the appropriate route of administration.

Any suitable route of administration is encompassed by the invention
including, but not being limited to, oral, intravenous, intramuscular,
subcutaneous, inhalation, intranasal, topical, rectal or other known routes.

25  In preferred embodiments for the permeabilization effect on the CNS, the
pharmaceutical composition of the invention is intra-arterially or intra-thecally
administered. For use as an anti-cancer medication, the relevant pharmaceutical
“composition of the invention is preferably administered orally or intravenously
or applied topically or by regional perfusion, enema or intra-organ lavage.

30

The invention will now be illustrated by the following non-limiting examples.
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The pharnmaceutical conpositions may be in a liquid, aerosol or solid
dosage form and may be fornulated into any suitable fornulation including,
but is nowOb¥mésed to, solutions, suspensions, mcelles, paDRIONE3 20

m croenul si ons, aerosols, ointnments, gels, suppositories, capsules,
tablets, and the like, as will be required for the appropriate route of
adm nistration. Any suitable route of admnistration is enconpassed by the

i nvention including, blﬁXﬂMPl g limted to, oral, intravenous,
i ntranuscul ar, subcut aneous—-‘n#al ation, intranasal, topical, rectal or

ot her kngwn rQ]HEMI@}&[J EXAMPMIESd enbodi ments for the penneabilization
effect on the CNS, the pharmaceutical conposition of the invention is

intra-arteri alﬂoythfr sdketofalarityc prdcpdued fonsgtteesssiof paticukis PaBFAn anti - cancer
di t | h t t f t t
T ot o abRPleHEnIa SABENGRDE T ST RS, BFISTL HPWENeT AAOEbE on cal |y or by
i | [ 1
e ona LSO, SRR e R AR S Sl B s 2, L o
PCT/ | LO1R¥Y ddle&etVbERe &velfﬂdﬁ%@ﬁdu@(%hgﬁhﬁﬂedttbesa%@ﬁ@edoin@' arity,

procedures for synthesis of particul ar P- BFA nol ecul es and salts thereof
are exenphsdtiexdedbiamchediohsinanoletulshand doh@oundnjwhstmﬂltami/msRm | ar
procedures are al so applicable for ynﬁw?m s of ot her P- BFA nol ecul es of
the i nvedtd aﬁphaﬁl@m@mﬁgconmsm&@ cw gEoupé Rk \Yastons PRAENAGENESENY at ed

char 19 carmRaRguEs B R ERh A PGS o 1T B RRadhalbdud) Buf ,"" 10 ©
accept abl, ﬁt ﬁﬁﬁfeg 8] sédsiglgfpg%éslﬁﬁll ‘é‘ﬁﬂﬁ&ﬁuﬁpéﬂdja]ﬁk] andﬁ)tﬁ’lﬁhas'al’@@nﬂm' udi ng,

but not imte m pot assi um anmoni al kyl -anmmoni um sal ts

and sal ssltsvvith divalehecdumtauioher -i ons Al l synt hesi zed conpounds were
characterized bi/ NVR, mass spectrosco%y and_el enent anal yses. 15
synthesized compounds were characterized by NMR, mass

spectroscopy and element analyses.
15
EXAMPLE 1: Synthesis of Alkyl Phosphates
Phosphates of the general formula RO-P(O)(OH), were prepared. R represents
a branched-chain alkyl moiety of the R;(R,)-CH structure where R; indicates

the number of carbons in the side alkyl chain and R, indicates the number of
20 carbons in the main alkyl chain.
The synthesis of RO-P(O)(OH), molecules is a three-stage procedure.
In the first stage the corresponding alcohol (R-OH) was prepared from
aldehyde and alkyl bromide using the Grignard reaction (Vogel's, "Textbook of
practical organic chemistry”, Wiley, New York, pg. 531, (1996).)
25 Inthe second stage diphenyl phosphate ester was prepared from the alcohol and
diphenyl phospochloridate:
ROH + CIP(O)}(OCgHs), + CsHsN — RO-P(0)(OC¢Hs), + CsHsN-HCl
In the third stage alkanyl dihydrogen phosphate was obtained by hydrogenation
of the diphenyl ester.
30 RO-P(0)(OCsHs), + 2H, — RO-P(O)(OH), + 2C¢Hg
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EXAMPLE 1: Synthesis of Al kyl Phosphates Phosphates of the general fornula
RO-P(O(OH) 2 were prepared. R represents a branched-chain al kyl noiety of
the R (R¥}oatisté ucture where R indicates the nunber of PCHIlZONS7IBN t he
side al kyl chain and R2 i ndi cates the nunber of 20 carbons in the main

al kyl chai The O (OH) 2 nolecules is a three- stage
procedur -He ﬂd? B e@f’%&vsphé &or respondi ng al cohol (R-QH)

p {/ epalr ed Dlpbmylgm?@?r@cblmdate«(ﬁ 0By QlQllééan?x) wgs ﬂﬂée@lp?ﬂﬁhﬁﬂkeact i on
Text k .
:53296( ﬁgé%ﬁlﬂielxéggfwhfw it %ﬁ OBt BYHERRNE: br epared
t H5) 2
cgﬂ?N - S%%E%T%ﬂgﬁgﬂgegwﬁé]@%% Héaaéhﬁ S(?Bgtjggg&l%any di hi/dr:)rgen

phosphat ehavasntehisaiéredoyedivis dgersiti mhydafochhmochom €100 méstRre. 30
RO-P(O) (OC6H5) 2 + 2H2 - RO-P(O)(OH)2 + 2C6H6 17 WD 02/ 11666 PCT/1L01/00713

4- I—|exade?b§a‘]§’ ofhi wﬂmh,/sepmebms extriptier avith ethlan siieostberenblayeamas (4. 0 g,
0. 015 whi J h t | ti
evaderatt Sbm@m?ﬁlﬁqg Starc 0, Sy IS s

t enper at T, en 5 the
contentslﬂﬁvxlg? %gdu%%% %}[ﬁgﬁel e- coﬁﬁﬁ&%ﬁggiﬂﬁﬁﬁ) eaeg}i[i%rzkﬁ?[%oemrﬁ‘g Ia > The

heavy oi landwhé @émaep@aepaqﬁwby%ldraﬁbﬁﬂmmb PetralhEth%ir (g5 sel |ayer was
washed with 1IN hydrochloric acid (3 tines), |um hydr ogen carbonate (5

ti med), &AChdither,(19: 1).meidr. exkpbmﬁdmeofragsqiwmdi ﬁg\/gﬁmp)u,d whagobtained. was
renoved, &d the residue was purified by columm chromat ography (Petrol
Et her (b ighl 1474 %60C): Ether, 10: 1). After evaporation of .a solvent 3.5g

of liquid was t ai 4% decanyl Phosphate. (3,12-PO4 ) A
suspensi on of S‘ﬁ %WS&?@@"?‘&& 3@%\ t) (0.32 g) in glacial acetic

?—ﬁied (2Q %s)peﬂa%n%f%*faﬁuﬂﬂeﬁider(mmgseéhtﬁ%@whgrgg iHMddialaReqE Akidon ceased.

(20 ml) was shaken under hydrogen atmosphere until absorption ceased. The
15  Adams catalyst was then washed well with 2N hydrochloric acid, water, and
finally glacial acetic acid, by decantation. Solution of 4-Hexadecanyl diphenyl
phosphate (3.2 g) in glacial acetic acid (40 ml) was added to the catalyst, and
the solution was shaken under hydrogen until absorption ceased. The catalyst
was filtered off and washed with chloroform. The solvents were removed from
20 the filtrate in vacuo. The residue was crystallized from petroleum ether (bp 30-
60°C) and dried at 65°C. 2.01 g of final product was obtained. Yield 92%.
4-Hexadecanyl Disodium Phosphate. ( 3,12-PO4Na; )
4-Hexadecanyl phosphate (1 g, 0.0031 mol) was dissolved in ethanol (100 ml).
NaOH (0.25 g, 0.0062 mol) was added and the mixture was stirred for 1 hr. and
25  then evaporated. Ethanol (2 x 100 ml) was added and evaporated. Ether (100
ml) was added and evaporated. The residue was crystallized from acetone (30
ml) and dried at 65°C (15 mm. Hg). 0.9 g of final product was obtained. Yield
79%.

"H-NMR (CD;0D): & 0.89 (m, 6H), 1.27 (s, 22H), 1.58 (m, 4H), 4.22 (m, 1H).
30 MS (FAB): m/z 367.06 (M + H)".
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15 Adans catal yst was then washed well wth 2N hydrochloric acid, water,
and finally glacial acetic acid, by decantation. Sol ution of 4-Hexadecanyl
di phenyl wohosphate (3.2 g) in glacial acetic acid (40 m pCwad1mdded to the
catal yst, and the solution was shaken under hydrogen until absorption

ol vents wer o ¥ Biesadecatod MonosEm Rhosiate | SEERPOME] oci cue vas
Fival - pr oHeE E‘%@sﬂlgﬁ’ﬁ&f?ﬁ%f@(@f% 3 g AER S R ol 30 ocpnare.

3,12- meﬁlgo m%amowhﬁﬁp{waé 8ddéd nd HeQRBdurdolas Wagedlfcis® ved in

et hanol (0.25 0. 0062 nol) was added and the m xture was
stirred f samd enamboreﬁédtlfthanelv(@poﬂé@ od) wias ladded a(lee)(apgﬁatem Fthesis added

s B3 of vl kb vy S B S 8005 1%
157 (8 %ﬁ%e“@é%ﬁﬁ} e Y801 ol g ORI 230k Mo i+
H) +. WA D RS WS obtAihEd/ PRTd 8794 - Hexadecanyl Monosodi um Phosphat e.

(3,12- HPO4Na 4- Hexadecanyl phosphate (3.13 g, 0.0097 nol) was dissol ved

i n et handH NMR (OD;0DNSBIST i3 6HY, 125Q022HY11).5 Was, 4H)edl 1ar(h, tIFD. m xt ure
was stirngd (FaB)A8/z e 5 r(thmHg* evaporated. Ethanol (2 x 150 nl) was added
and apor ated. "Et her m ) was added and evaporated. The obtai ned
solid was triturated W|th acetone (100 n1) and dried under 1 mm

l_lg
at nosphere ovefctddecasn pﬁlg)d@ﬁm pll,(;bzyha ; p@l Zt ai ned. Y| eld 87%
eca

1H NVR (GRB g@[ g%gtg ﬁ ) - (m 1H).
V5 ( FAB) : ‘A%i spha
3, 14- PO4 089 6 127 s 26 1.58 4
4.17 (m 1H) 4-Qxtadesanyl Monogodium Phos ( rn H?r( 3,14-HPO4Na ) H) ( rn K
15 'H-NMR (CD;OD): & 0.90 (m, 6H) 1.28 (s 26H) 1.56 (m, 4H) 4.14 (m, 1H).
MS (FAB): m/z 373.29 (M + H)".
8-Pentadecanyl Disodium Phosphate. ( 7,7-PO4Na;)
"H-NMR (CD;0D): & 0.90 (m, 6H), 1.30 (s, 20H), 1.60 (m, 4H), 4.12 (m, 1H).
MS (FAB): m/z 352.93 (M + H)".
20 8-Pentadecanyl Monosodium Phosphate. ( 7,7-HPO4Na )
'H-NMR (CD;0D): & 0.90 (m, 6H), 1.30 (s, 20H), 1.60 (m, 4H), 4.12 (m, 1H).
MS (FAB): m/z 353.05 (M + Na)".

EXAMPLE 2: Synthesis of 2-(2'-Propyltetradecanoyloxy) ethyl Phosphate

25  This compound was prepared by the same procedures as described above in
Example 1 using the alcohol: C3H;-C(C,H,5)H-C(0)-O-CH,-CH,-O-. This
alcohol was obtained from chloride anhydride of 2-Propyl pentanoic acid and
ethylene glycol (Vogel's, "Textbook of practical organic chemistry"”, Wiley,
New York, pg. 698, (1996)).

30 2-(2'-Propyltetradecanoyloxy) ethyl Disodium Phosphate (3,12-
MEG-PO4Na,)
'H-NMR (CDCLs): 8 0.87 (m, 6H), 1.24 (s, 22H), 1.54 (m, 4H), 2.33 (m, 1H).
3.87 (m, 2H), 4.26 (m, 2H). MS (FAB): m/z 439.19 (M + H)".

35 2-(2'-Propyltetradecanoyloxy) ethyl Monosodium Phosphate (3,12-
MEG-HPO,Na)
"H-NMR (CDCls): & 0.87 (t, 6H), 1.24 (s, 20H), 1.42(m, 2H), 1.56 (m, 2H),
2.34 (m, 1H). 4.02 (m, 2H), 4.28 (m, 2H). MS (FAB): m/z 417.19(M + H)".

19



4- Cct adecanyl Monosodi um Phosphate. ( 3,14-HPO4Na ) 15 1H NWR (CD30OD): S
0.90 (m 6H), 1.28 (s, 26H), 1.56 (m 4H), 4.14 (m 1H). WM (FAB): mz
373.29 (MWeot)ts66 8- Pent adecanyl Di sodi um Phosphate. (7, 7- FROVNa2/09712H NVR
(CD30D): 6 0.90 (m 6H), 1.30 (s, 20H), 1.60 (m 4H), 4.12 (m 1H. M
(FAB): mz 352.93 (M + H)+. 20 8-Pentadecanyl Mnosodi um Phosphat e.

(7, 7-HPO4Na ) 1H-NI\/R(CD3CD) 6090(m 6H) 130(s 20H), 1.60 (m 4H),
4.12 (m ]@Mm(ﬁ i€ 0$33292> b 2 eti¥p\hesi s of

2-(2'-PI‘ i < ormpourtd was

pr epar ed dilivlk PRo eprocedures as descri bed above in Exanple 1 using the
al cohol : _@1!!7@%25) HC(O-0CH-CH2-O. This alcohol was obtained from
chl ori de Enkydmpoendiwa-Repppt bydhe asme procsdureses desctipedaboyg ncol

éggjzélgg%ﬁn?ﬁ%%%&éihﬁl‘é‘%%f Bty PO DI s k-G : Wolgkgzepg
4ty 2. 33 wo 1 s GOy St fogl ffor B getShpiapicip Phepdihs 197w T

H + 35 2- tidr W ) n i batagid 3. 12-

MEG Hpméét?ﬁﬁﬁgwgh(a%géﬁs cfélge‘;m((?%tgew ,ngﬁg IﬁﬁgH) 1.%42(m 2H),

1.56 (m chdmistry?, WlléYﬂN&\h‘i)YOﬂ(, P2. 698, (2996))4. 28 (m 2H). M5 (FAB): niz
417.19(M + H) +. 9 WO 02/11666 PCT/|1L01/00713 EXAMPLE 3: Synthesis of
2-[2'-(2"-Pr op%r[%'e(?- 'aRecraltsgradeepneyioax) pthossy pthyl ddisediven Thi s conpound was
pr epdPed lHyosphates@r;]aZ—tleGeBOQNaz)as descri bed above in 5 Exanple 1 using

obt a?LZSHH‘N“@RW 2’590*?'95@1 ) 0% OO A6 O @50 G 343 cohol s
gl ycol 9 a\k}}mﬁ%q?éodk f4gjr§ 4%mfﬁ 1\91@0('1:%3?\)0'119/2 y

2-[2'-(2""-Propyltetradecanoyloxy)-ethoxy] ethyl Monosodium
15  Phosphate (3,12-DEG-HPO Na)
'"H-NMR (CDs0D):8 0.90 (m, 6H), 1.30 (s, 20H), 1.44 (m, 2H), 1.59 (m, 2H)
2.39 (m, 1H). 3.72 (m, 4H), 4.09 (m, 2H), 4.24 (m, 2H). MS (FAB): m/z
46131 M +H)".

20  Additional compounds were prepared in an analogous way. For Example, the
compound 2-[2'-(2"-Propyleicosanoyloxy)-ethoxy] ethyl Phosphate was
prepared by using the alcohol: C3H;-C(C,;3H37)H-C(O)-O-CH,-CH,-O-CH,-
CH,-O-. This alcohol was obtained from chloride anhydride of 2-Propyl
eicosanoic acid and diethylene glycol.

25 2-[2'-(2"'-Propyleicosanoyloxy)-ethoxy] ethyl Monosodium
Phosphate (3,18-DEG-HPO,Na)
"H-NMR (CD30D):8 0.90 (m, 6H), 1.30 (s, 34H), 1.44 (m, 2H), 1.59 (m, 2H)
2.39 (m, 1H). 3.72 (m, 4H), 4.09 (m, 2H), 4.24 (m, 2H). MS (FAB): m/z
54431 (M +H)".

30

EXAMPLE 4: Synthesis of 2-{2'-[10"-(Hexadecyl-4-oxy)decyl-1-
oxy|ethoxylethylphosphate monosodium salt (3,12-O-C;,-DEG-HPO,Na)
This compound was prepared by the same procedures as described above in
Example 1 using the alcohol: C3H;-C(C1,H,5)H-O-(CH,);0-O-CH,CH,-O-CH,-
35 CH,-OH -. This alcohol was obtained in a two-step procedure: First, reacting

4- Hexadecanol tosylate (Vogel's, "Textbook of practical organic chemistry”,

20



chem stry", Wley, New York, pg. 698, (1996)).

2-[2'-(2"-Propyl tetradecanoyl oxy) - et hoxy] ethyl Di sodium 10 Phosphate
(3,12- DE&/OP@INxaRZ) ' H- NVR (CD3CD):8 0.90 (m 6H), 1.30 (s,PCDH)01/007144 (m
2H) , 1.59(m 2H) 2.39 (m 1H). 372(m 4H) , 409(m 2H), 4.24 (m 2H).

Zts h§|FA§?Jn i VAP Yoriings GR 0998 st mnangeedien THPARRRPEBAE) L 6 0. 90" (m
4 0 o ( %fa)ératgﬁ)gﬂé}l(&aé%% @E&%ﬂ ?9}% @se s:gép 3he 6%%@ 6"7§| 'Elmong:_l)

conpoundyHeehéedyl ApakPidetyl-aliyRAgLManviswierephtsd lb‘ymhﬁg 1ohe conpound
2-[2'-(2"- Propyl ei cosanoyl oxy) - ethoxy| ethyl Phosphate was prepared by

usi ng t he(Ihmdmdl A-G8p)fle e 8o 1teH(Gérerated @sizn clep- -z sodikm O-2- Thi s

al coh ta| ne fro hI or| de anhydri de of 2-Propyl eicosanoic acid
and di et (2 Pr opyl ei cosanoyl oxy) - et hoxy] et hyI
Monosodi u G 1.30
(s, 34, % PE g;’ggg&ﬁg&%@%&f 2hY o b (m
2H), 4. 2@ LB/Z4: * Synt hesi s
of 2-{2 5’[6ﬁ045( hljecyl 4- oxy) decyl - oxyl et hoxyl et hyl phosphat e

nonosodi um salt (3,12- 0O C10- DEG HPO4Na This compound was prepared by the
same procedures as descri bed above |n Exanpl e 1 usi ng t he al cohol :
C3H7-16( CIEXAMIPLE (Scigytt ] : met hyliphesphatohol was

obt ai ned t WO- S oced First, re ecanol tosylate
(Vogel ' 5 Tlﬂ%gszmaewé Hasg alearﬁléiw By o r s STy Acscribes BES6IR1 1666

PCT/ 1L01/ e 1\/1‘15111?%&\9%11@ &HQ@(@%@I& Jc?%ﬁ) CH,LO-cRnesedoum 1,

10- decanedi ol'e
This alcohol was obtained from sodium 2-(2-hydroxyethyloxy)ethylate and

4-Hexadecanol tosylate. (Vogel's, "Textbook of practical organic chemistry”,
15 Wiley, New York, pg. 698, (1996)).
4-Hexadecanesulfonyl chloride.
4-Hexadecanol (12.29 g 0.051mol) and p-Toluenesulfonyl chloride (12 g 0.063
mol) were dissolved Pyridine (100 ml) and stirred overnight at room
temperature. Dichloromethane (400 ml) was added. Dichloromethane solution
20  was then washed well with water, H,SO, (3%), water, NaHCO; (3%) and
water, dried with anhydrous magnesium sulphate (10 g). After evaporation of
the solvent 20 g of crude 4-Hexadecanesulfonyl chloride was obtained.
2(4-Hexadecanoxy) ethoxyethanesulfonyl chloride.
Sodium (3.5g 0.15 mol) was added to Di(ethylene glycol) (140 ml 1.5 mol) at
25  60°C in small pieces. To obtained solution 4-Hexadecanol tosylate (crude 20 g)
in THF (300 ml) was added at same temperature. Solution was stirred at reflux
for 6 hrs. Water (100 ml) was added to the mixture at room temperature. The
mixture was extracted with ethyl acetate (300 ml). After evaporation of the
solvent the residue was purified by column chromatography (Petrol Ether (bp
30  30-60°C) : Ether, 1: 1). 4 g of 2(4-Hexadecanoyl) ethoxyethyl was obtained.
Yield 24% starting from 4-Hexadecanol.
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generate 10-(Hexadecyl - 4-oxy)decanol. At a second step, the al cohol 2'-

| O"- (Hexadec 1lloxy)decyl-eth xyethanol was prepared by reacting 10-
(Hexadecwo 42/o0699 decanol tosylate (generated as in step lpCwWith/osndi um 2 5
(2- hydr oxyet hyl oxy) et hyl at e. 1H— NVR (CD30D): S 0.90 (m 6H), 1.30 (s, 38H),
1

.44 (m 2H) 3,62 (6H),
3,95(m 2 cﬁ?l_g"Y) &%ﬁ\l’lﬁspﬁl‘mﬂé h&g(h I'-_(SSI.SL'%\?them s of
2(4- Hexa ae)t hoxyet hyl Phosphate Thi s conmpound was prepared by the
same pr oCHANMR (€D3d)33)cr8| hequpbelel28 (s 2k le43l (ms4HY 3.8€ (ml ¢Bhol

C3H7- C(%%(Pﬁﬁ'ﬁ% 296 a7 ¢h2 28): MS glh )ahep sk 4581 Py ned from
sodi ug} 2-(2-hydro yeth oxy)et hyI ate and Hekadecanol tosyl ate. (Vogel'
o]

"Textbook of practical organic chem stry", 15 WIley, New York, pg. 698,

(1996) ) . EXARKPLEC 80 SyuthQivef onaPrdpyitdarhy etfax -0.05 | nol)
and p- To[GenesulTonyT chloride §] nol ) were dissolved Pyridine
(100 M) phospluicholied. over ni ght at room tenperature. Dichl oronet hane (400
m) was adde chl or.omet han ol ution 20 was th with water,
2504 30hosHiacBpnK ORI TBHNA G o ) O Cho Ay Y k- mmgnes, um
sul phat e th of crude

4- ngadeéﬁ?égg%?é@))r é(ﬁﬁ6¢ﬁg§mgb&a§imgﬁaég(ag-%%%ggeganoxy)

et hoxyet hanesulfonyl chl ori de. Sodl um (3.5g 0.15 nol) was added to

o (e Eﬁhfgi h&f@a’?@‘s%% oxJB) b ieih o B dRInG EE 500 ) was

added at ature Sol utlon vvas stirred at reflux for 6 hrs. Water

(100 m) 1eap @(51@&‘3 fdi @) &t 22 FopyREFAdRERGHIBY) &hoXfi&haddIxt ure was
extracted WIS[:h et h?/l acre(t@)ate 360 I?ﬂjbfy Af ter evap%%tlgn of the solvent

t he resi 1&8wn¥. mmnmmlmlmeqnommo@?my) ihRbyretherf2h@ml) bp 30
30-60C) : Ether, X of 2(4-Hexadecanoyl ) ethoxyethyl was_ obtai ned.
Vi e 45 bavgsiadeed Agelilpni2aackadedionaphosphoped 1 Q6 1ePDIheOIgBY 13

of dry ether. The mixture was stirred at room temperature for 2 hrs. The

crystalline (C,Hs);N-HCI that precipitated was filtered off, and the solvent was
removed in vacuum. The residue was dissolved in 500 ml solution of
trimethylamine (0.27M) in anhydrous acetonitrile and transferred to a pressure

20 bottle. The pressure bottle was kept for 48 hrs in an oil bath at 60-65 °C. The
bottle was then cooled and opened. The solvent was removed, and the residue
was purified by column chromatography (CHCI; : CH;0H : H;0, 1:9: 1). The
oil obtained after evaporation of the solvent was lyophilized during 72 hrs at 65
°C. 17.4 g of slight yellow wax was obtained. Yield 75%.

25 'H-NMR (CD;OD): § 0.9 (t, 6H), 1.29 (s, 22H), 1.46 (m, 2H), 1.59 (m, 2H),
2.38 (m, 1H), 3.25 (S, 9H), 3.69 (m, 6H), 3.99 (m, 2H), 4.29 (m, 4H). MS
(FAB): m/z 524.6 (M + H)".

The following compounds were synthesized by a process analogous
30 to the above-described procedure.

2-(2'- Propyleicosanoyloxy)ethoxy ethylphosphocholine (3,18-DEG-PC)
'H-NMR (CD;0D): § 0.9 (t, 6H), 1.29 (s, 34H), 1.46 (m, 2H), 1.59 (m, 2H),
2.38 (m, 1H), 3.25 (S, 9H), 3.69 (m, 6H), 3.99 (m, 2H), 4.29 (m, 4H). MS
(FAB): m/z 608.6 (M + H)".

35
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2( 4- Hexadecanoxy) et hoxyethyl Di sodi um Phosphate (3, 12-ether- DEG PO4Na2)
1H-NWVR (CD3OD): S 0.9 (m 6H), 1.28 (s, 22H), 1.43 (m 4H), 3.30 (m 1H),
3.60 (m wWop2/18669 (m 2H), 4.07 (m 2H). M5 (FAB): mz 4B6STAEMNDA3IH) +. 5
EXAMPLE 6: Synthesis of 2-(2'-Propyltetradecanoyl oxy) ethoxyethyl -

phosphoclhol,, w Phosphochol i ne of +the fornul .
C3H7- [ 022 gﬂ &%@&@Mﬂéﬂ@@&i}.ox&fﬁﬂ‘éﬁ@tb&msmm( CH3) 3 was
pr epar ed(3421@tCorBEG®Q- (2' - Propyl t et r adecanoyl oxy)

et hoxyet I’\HI-NMR]Q@@%@@): 060.9 (8 6H); DES-(RG4HY 1246 (u| 2H) shbai(impAH)PC) of

2- (2" - promg @kl 1Esecas oy orr) 3.6 (18 X6H), o9 (m, O ,-$.29,(n94@g)4Mml) and
triethyl @Bjﬁ%? (%6 Qjﬁyﬁml) in dry ether (250 m) " 15 was added

2- chl or 0-2- 0Xx0- g - oxap%()sphol ane (7m , 0.075 nol) in 200 m of dry
ether. The m xture was stirred at roomtenperature for 2 hrs. The

cryst al | iea hERHR) stndsAbe BIoCPRbhERaBGloid)ed of f, and the

sol vent ' | ved in 500 mi

sol ut i onegiylphésphrichwliaei ne (0.27M in anhydrous acetonitrile and
transferred to a Ejrlessure 20 bottle. The pressure bottle was kept for 48

hrs in aRhosphashptinawof g B8mgla Cild;-(461 He ) QHrCHo b OCak® opened. The
o R IPYA 0 AU S e B 0Bk SOy Ot ot by
v, obt afides HOPRINEEE XEb Mt the i Sooifing fgodl 4920051 1 901 el Ol vex

1.46 (m . 1 : 8 Po(3- 9H), 3.69 (m 611),
3.99 (m pg(%y,ltegaggca?fgy (%lég)-eth'\%oﬁ( F&dgls;eﬂﬁgteg%g 6((?M +H)H) +. The( foll ovvi) ng

conpoundproptetmyataneyleed ethoxyetianobss anal ogous 30 to the
above-descri bed_procedure. 2-(2'- ProByI ej cosangyl. ox

h
et hyl phosphoc%??ﬁé%ﬂﬁ%@@ﬁ‘@mﬂﬂxﬂ 9 llngi%ﬁ-ﬁﬁ‘;ﬁ@), 1.29 (s,
34H) 15 1. 0-XMR 26D;0D)58 Q.9(t, BH), 1.29 (s, 22H), 1.46 (m, 2H), 1.59 (m, 2H),

2.39 (m, 1H), 3.24 (S, 9H), 3.66 (m, 2H), 4.07 (m, 2H), 4.28 (m, 4H). MS

(FAB): m/z 480.7 (M + H)".

EXAMPLE 8: Svnthesis of Alkylphosphocholines.
20  Phosphocholine compounds of the formula RO-PO"(0)-O-CH,CH,N"(CHs);

were prepared by the same procedure as described above in Example 6, except

that R-OH was used as the alcohol in the initial step. R represents branched
chain alkyls of the R;-C(R;)H- type.

4-Hexadecanyl phosphocholine (3,12-PC)
25 'H-NMR (CD;OD): § 0.91 (t, 6H), 1.28 (s, 22H), 1.57 (m, 4H), 3.21 (S, 9H),
3.62 (m, 2H), 4.25 (m, 3H). MS (FAB): m/z 408.68 (M + H)".
4-Octadecanyl phosphocholine (3,14-PC)
'H-NMR (CD;0D): § 0.9 (t, 6H), 1.28 (s, 26H), 1.57 (m, 4H), 3.21 (S, 9H),
3.61 (m, 2H), 4.23 (m, 3H). MS (FAB): m/z 436.91 (M + H)",
30 8-Pentadecanyl phosphocholine (7,7-PC)
"H-NMR (CD;OD): § 0.92 (t, 6H), 1.32 (s, 20H), 1.59 (m, 4H), 3.23 (S, 9H),
3.63 (m, 2H), 4.26 (m, 3H). MS (FAB): m/z 394.35 (M + H)".

35 EXAMPLE 9: Synthesis of @-branched P-BFA

o-branched P-BFA compounds are prepared by the same procedures described

above in Examples 1 and 6 using the relevant w-alcohols.

23



2.38 (m 1H), 3.25 (S, 9H), 3.69 (m 6H), 3.99 (m 2H), 4.29 (m 4H). M
(FAB): mz 608.6 (M+ H+. 35 22 WD 02/11666 PCT/1L01/00713

2-[2' -[ 1o (Heeddecyl - 4- oxy) decyl - | - oxy] et hoxy} et hyl phospﬁn’ﬂhnm'rle

(3 12- OClO DEGPC) 1H NMR (CD3CD): S 0.9 t, 6H) 129 (s, 34H), 1.46 (m

1 3.99 2H) ,
4 29 (m m%regg)a@ogpi%-bgqﬁ@egﬁgls( W,Sl(i( Iél(hF" St%‘g‘?’i‘lghem s E)][n K
2-(2'-P hochol f th
For mui & G é%zﬁz%ﬁbﬁff%?f@@%w%}%@%%@&?%%paﬂ%a‘lz'NE?aig> 3 vas
prepar ed The filke sBIgeBs PrRCRIHN 6f the hfas®hl p 8P PBYoid-BXA6PhA 1 except
that the correspondi ng al cohol, i. 2-( propyl t et radecanoyl oxy) et hanol,

was used Dibydeepyran (RHP)' follq»wuygytﬂ]eqnoemthmaamﬂbmgb)edéxy%&menﬁano|

2-(2' -Pr op Itetrad cang)yl oxy hyl pho chol i n 5 "H NWR
(coaoh) : (Protectng , geg (ﬁuﬂm er % Pg %@ 8(1n§1)92f1=bj) 2. 39
(m 1H), 3. 24 (S 9H), 3. 66 (m 2H) , 407 (m 2H) 4.28 (m 4H. M5 (FAB):
m z 480. H)+ t hesi hosphochol i nes. 20
Phosphoc E@ﬁ B AR ﬁ@@&%‘po CH2CH2NH(CHB) 3 wer e
prepared by the sarre ocedure as describell above in Exanpl e 6, except

that R-OH was used as the alcohol in the initial step. R represents
brandfled chaiTHRHendtes afetrahpdmpy@o@iher. t ype. 4- Hexadecanyl phosphocholine
(3,12-PC) 25 "HHNMR (CD3OD): b 0.91 (t, 6H), 1.28 (s, 22H), 1.57 (m 4H),
3.21 (S, 9H), 3.62.(m .2H), 4.25 (m .3H). MS (FAB).: niz 408. 68(M+ H) +.
4- Oct adeddwysecpnd apd stages g, standagy Grignaktksyuthesippf tegtiaryoalceholgH) | 1. 28

(s, 26H) ’(V%‘gglzs, ('"T‘exﬁ)@ok 0% practl(csl org'é'.)tﬂc chemistry", Wiley, New York, pgs.
475, 538, (1996)) as follows.

15
Stage 2: Mg + Br(CH),OTHP — BrMg(CH,),OTHP
il
Stage 3: BrMg(CH,),OTHP + RR-CO — RR'C(OH)-(CH,),OTHP
20 \Y

R' - denote alkyl groups.

The fourth stage is reduction of tertiary hydroxy group of compound (IV) by
1onic hydrogenation reaction following the procedure as described by Carey
25 and Tremper. (JACS, v. 91, p. 2967, (1969))

Stage 4: RR'C(OH)-(CH,),OTHP + SiHEt; — RR'CH(CH,),OTHP
A%
The fifth stage is cleavage of the protection group off the obtained w-branched

30 alcohol (V) (“Protecting Group”; Georg. Thieme Verlag Stuttgart. N-Y. pg.
83-84 (1994)).
The final stage, stage 6, is oxidation of the @-branched alcohol to the
corresponded w-branched BFA. This was carried out following the procedure
as described by Manger and Lee (Tetrachedron letters, v.22, N.18, p.1655,
35 (1981)).
Stage 6: RR'CH(CH,),OH + [0O] — RR'CH(CH,), COOH
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3.61 (m 2H), 4.23 (m 3H). M5 (FAB): mz 436.91 (M+ H+. 30

8- Pent adecanyl phosphocholine (7,7-PC) 1H NMR (CD30OD): 8 0.92 (t, 6H), 1.32
(s, 20H) waostiepen 4H), 3.23 (S, 9H), 3.63 (m 2H), 4.26PCTLBINH7I3NG
(FAB): mz 394.35 (M + H)+ 35 EXAMPLE 9: Synthesis of (o-branched P-BFA

0) - branched P- QU] =Tal he sanme procedures descri bed
above inrﬁx rrpﬁﬁ& w Mféngi{ 12 83 %S—tw- al cohols. 23 WD 02/ 11666

oo == ALl ] \. ol IIH

\'4

PCT/ 1 LO1/ DS §~3s|x st age

synt hesi 2 Hf\eqltégg nd

n- Al kyl - m al kyTleelipsghilidite vhlues bf shAGEs d&iwitiveeof bamchéd t4igy hoids oxyl group
of 1-Brono-co-al cohol by " D hydropyran (DHP) foll ow ng_ the procedure as
$

descri bedww el&bmaeenhky compamng thecsolnbility oﬁﬂlese Gempgun me«mgamr | ag
Stuttgart. : 84 (1994)) St.age 2) u, DHP -f
Br ( CHg) , ,VG@I‘HF“Q“G WS S BUW](%%%RI@ I‘Vg%orl%f& S@g; AYRFF “é?‘il}er The second

and thir

(Vogel " o eAEATEIRE G QMg | RALE,IRRESIR, Pﬁ*ﬂﬁ%%@fﬂ%@ﬂ%r k. pgs.
475, 538,vAddI%) ihea&tﬁﬁﬂlysﬁlﬁﬁe dﬂs@n@&ﬁ&?wﬁs ni\&sd'reﬁrb( @shaké)ﬁHEk f
BrMy(CH2) (,, OTHP 111 Stage 3: BrMy( CH2) | -C0 -->

RR qw-teﬂmﬁqwm 26ults/ i.eRmgRnl sokﬂlbﬂﬂyenabtambl gndwager afidghéourth stage is
reduction of terti ary hydr oxy group of conmpound (IV) by ionic

hydr ogen i @gHated dogP onafecioss Wglahle lor ocedure as described by Carey 25
and enper. (JACS, v. 91, p. 2967, (1969)) Stage 4: RR C(OH)-(CH2) WOTHP +
SiHEt3 -f RR CH(CH2).OTHP V

Table 1: Octanol-saline partition coefficients (P.)

Molecule* (l)rfgrl:l)l fnvgalﬁll‘ LogP.
7,7 >50 >25 1.33
3,12 >20 >10 0.99
3,14 >20 >10 1.26
3,16 >20 9.4 1.26
7,7-POy >10 >10 <5
3.12- PO, % 95 19
3,14- PO, >10 <05 1.1
3,12-MEG-PQO, >10 >10 1.09
3,12-DEG-PO, >5 8 1.31
3,12~(ether)-DEG-PO, >5 >5 0.83
3,12-PC >10 >10
3,12-MEG-PC >10 >10 1.22
3,12-DEG-PC >50 >10 0.73

* sodium salts of the branched fatty acids and their PO, derivatives
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The fifth stage is cleavage of the protection group off the obtained

co- branched 30 al cohol (V) ("Protecting Goup"; CGeorg. Thiene Verl ag

St utt gar woB/Meepg. 83-84 (1994)). The final stage, stagkCHILO1®0TIRI dation
of the co-branched al cohol to the corresponded co-branched BFA. This was
carried qu 0 the pr ocedur,e as oescrlbed by Manger and Lee
(Tet r achddre : HON GO FEAMAONS3 o 1981)) St age 6:

T LoD %ka@%@%%m%%ﬁ B Rscpsn g el 0072 1

neasur emehd BradchéPciBlifindleeulel RAS it Biongwﬁldfﬁ%tmayaése@mi dptid vatives of
branched fatty acids were estinmated by conparing the solubility of these

conpoundstidy wagaimed % find euswhetheo thers o a,ucwlmclatloxi)d‘)eamﬂn thedhpiny si ol ogi cal
as the organic an

I : I h
8, el o S SO BEU R 6L e
t ke- f h I | ubi I'i
B ety
T 1: & - * Q: I
fare Log SR VAP MU R AR AL 100,

1.26 3, oarxd@dRhdinlisF T cdrbiontatoth® and@h&&coﬁdh&drmbeﬁ)ckﬂnmhw 3, 14-

PO4 >10 <0.5 1.11 3,12-MEG PO >10 >10 1.09
from 7 to 16 carbon atoms, were used. The results are graphically depicted in

10  Figure 1.
As can be seen in Figure 1, BFAs 3,12, 3,14 and 3,16 were found to be
active in permeabilization of the BBB. Under the experimental conditions

employed, the most potent compound among the tested molecules is BFA-3,12.

15 HI. BIOLOGICAL EXAMPLES:
111-a) In vitro studies
EXAMPLE 12: Comparative in vitro toxicity study

Various DP-BFA molecules were screened in cultured Chinese hamster

ovary (CHO) AAS8 cell line in order to establish their toxicity. LCs, values, i.e.
20 the concentrations causing death in 50% of cell population, were calculated

from dose response curves. LCs values of phospho-BFAs were compared to

those of the corresponding branched fatty acids (= carbo-BFAs).

Method

Lactate dehydrogenase (LDH) release was used as an assay for the integrity of
25  the cells membrane and, thus, for estimation of toxicity. Cells (2x10°/ml) were

seeded (150ul/well) in 96 well plates, in RPMI-1640 medium containing 10%

FCS. After two days, tested DP-BFA compounds or the control compound

myristic acid were added to the plates in declining concentrations ranging from

500 to 1 ug/ml. Cells were harvested after one hour. Forty-five minutes before
30 harvesting, 16.5 pl of lysis solution was added to the first 6 wells in order to

demonstrate complete lysis and maximum lactate dehydrogenase release which
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3,12-DEG P04 >5 8 1.31 3,12-(ether)-DEG PO >5 >5 0.83 3,12-PC >10 >10
3,12-MEG PC >10 >10 1.22 3,12-DEG PC >50 >10 0.73 * sodiumsalts of the
branched Wwabnvyiéaci ds and their P04 derivatives 15 25 WO ORPCT/1GGE6H0713

PCT/ 1L01/ 00713 EXAMPLE 11: Structure- Function correl ations In this study

chain nol BRI GEAn PBERER A Ewpﬁble@? ” @é”avt " St udy vas
of " br anchOVAREE cell P ho Bl orpdfhes KON LRSI ([R0°RYY © 1 ool

ext r avasas ini), 78ul f ther suiperdatae v@safmisﬁerﬂéﬂ floc né\bqﬂﬁé@@lﬁﬂ usgel oM in
nmeasurin 50 val ues). Various branched fatty acids of the 3, n-type,

wher ei n assannme(ﬂom kit,i SigmR). Mwﬂbaomn‘@smdowméemewﬁuehydr ocar bon

chain from7 to 16 carbon 0 used. The results are

graphlscalq o@gg?%wggmqgsuqqgl%%%ils%a@% %)ém%een in Figure 1, BFAs

3,12, 3,14 an V: ' of the
Sty MRS AME rhfobtie PRGBS AT ARt

BBB. Under the exp potent conpound
anong t heglr &8 {sesmihAsed 85 Thble B £adh %ﬁpenﬂl@nﬂ b pEHELER £ igRSAMPLES:

I1l1-a) In vitro studies EXAMPLE 12: Conparative |n vitro toxicity study
Vari ous DP-BFA nol ecul es were screened in cultured Chinese hanster ovary
(CHO AA8 cell line in order to establish their toxicity. LC50 values, i.e.

20 the cokaldna: diaxigity ebBEAspnd their phospdmy 6¢Y1¥%ﬂlYeﬁoQib8¢l&FPEHres\Aer e

cal cdPat ed from dose response curves. LC50 val ues of phospho-BFAs were

conpared to hose of the corres in anched fatty acids (=
ca?ﬁo- BF@M&B@Q p(ﬂﬁso %”R&) ’ (

'(D

7,7-Na 65
7,7-PO4N&2 320
3,12-Na 165
15 3,12-PO,Na, 320
3,12-DEG-PO,Na, 320

In general, the cells were found to be more sensitive to carbo-BFA and
20 less sensitive to the tested phospo-BFA derivatives. Sub-toxic doses for carbo-
BFA were estimated at between 30-100 uM following incubation for 1 hour.
Under the same conditions, sub-toxic doses for the tested phospho-BFA
derivatives were estimated to range from 160 uM to more than 640 pM.
Conclusion: In general, the phospho-BFAs were found to be around 2 to 5

25  times less toxic than the corresponding carbo-BFAs molecules.

EXAMPLE 13: Effects of DP-BFA on epithelial cell junctions

Effects of the various BFA derivatives on cell-cell junctions were
investigated using the human adenocarcinoma cell line (A431). These cells
30 have a polarized structure characteristic of intestinal cells.
In this study, quantitative changes in the subcellular distribution of ZO,,
a protein associated with tight junction complexes (Anderson et al. (1993)
Current Opinion in Cell Biology 5: 772-778) was monitored.
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Lact ate dehydrogenase (LDH) rel ease was used as an assay for the integrity
of 25 the cells nenbrane and, thus, for estimation of toxicity. Cells (2x
105/ M) weoezswesdled (150i/well) in 96 well plates, in RPMPET/E40/0nadi um

containing 10% FCS. After two days, tested DP-BFA conpounds or the control

d | StJ id . to t.h | at I n decli.ni
concent ra ond st culfEien iRV Rl sl BasSEPEUse BEE af ter one
. For; ' I nut | . [ | uti
added to TRUAPLE Sy 35 frosth e AbAQ L e e T S ana.

maxi mum IBEA aTRe Y HeRIARES Gnd PEAASEDINSEdCdr 23RinMROR th H6@6kti¥eTdfl LO1/ 00713

i ndicate cell death. G her controls included, two blank wells and five
wel |'s  c@% piardfognaldehgdennd 01586 Juton-36A00, ahdiyen fEdhenfikedyfadk ri f ugati on

(1500 _rpm, 5, ) 751 of the supernﬁ:a
S

mn), t s.transferred to a new plate
wi th 45] min with 3Vpperadeayaldehyderalone. etﬁX@i/\gﬂlf)Wﬂ;é?f%&edféldzo m nut es at

ot ci ty et ion SaAREry By RBERRH ST 08 il AnlBERY b B

i s su mmrz'@eckc;%lﬁedf E?ﬂ)&a?oriéé?m:. XPLY, WRAE] Bain QW IRIPEY ahd ifdubaiddcat e.

Tabl e 2: Toxicity of BFAs and their”phospho-derivatives on cell cultures
10 Test edoc ¢smpoiurwith Cubfescpily labeNedlacEmdaik; antitodie? S3difled 8oted-dips 165 15
3,12-PO4Na2 320 3,12-DEG PO4Na2 320 In general, the cells were found to be

more sens¥ ereveoyHed & Biapph(Moaviobd-88e locehsisiankiurt, (ienmanya bekge phospo- BFA
o SRR oS30 O el g U MG oo e
Fange T o BEAOPprobR M ERRGRAC O DS Leton: in general . the
phospho- BFAs w43 dellgnttlat wefeindubated f&r é1e Bour with pervanadate, which

inhibits phosphotyrosine phosphatases and thus disrupts cell junctions, were

used as a positive control.
15 The fluorescent imaging of ZO, indicated that DP-BF A has clear effects
on disruption tight junctions of A431 cells.

EXAMPLE 14 ; Effects of DP-BFA on permeability of epithelial cell

monolayer
20 The aim of this study was to assess the kinetics and overall effect of the

DP-BFA compounds in modifying the permeability of an epithelial cell
monolayer, which served as an in vitro model system for biological barriers and
particularly for the intestinal barrier.
Two approaches were taken in order to determine the effect of DP-BFA
25  on permeabilization of biological barriers. One approach was to follow
transport of a radioactive labelled compound across the epithelial cell
monolayer. A second approach was to monitor changes in electrical resistance
as a measurement indicating the permeability level of the cell layer.
Epithelial cells are cultured on a membrane filter (0.4 micron, 1 cm?®).
30 The membrane with the epithelial cell monolayer is placed between two

compartments, a donor and a receiver chamber. The tested P-BFA compound,
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25 tinmes less toxic than the correspondi ng carbo-BFAs nol ecul es. EXAMPLE
13. Effects of DP-BFA on epithelial cell junctions Effects of the various
BFA deri wadbvesoo©n cell-cell junctions were investigated peT/mgihA3human
adenocarci noma cell line (A431). These cells 30 have a polarized structure
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cul t ur ed dath BNt fohtReWasaladms (1RoxREr)Siddat 10'BiiRutes mbdaRdot or one
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i ncubat e%m@gglg%ﬁnérp&ﬁﬂ Thisfis A ALl 1o ket dthnt @6ACHRFYiod Wfithedi es.

St ai ned cov lipss were nounted in Elvanol" (Mow ol 4-88, Hoechst,
Fr ankf ur ttracGeimtheapidad fchambed Andrimadablediquié vahimes indroth Thembest ri but i on of
t he i mmuno-fl uorescentl bel | ed Z02 protein was nonitored. A431 cells

t Eat wer Jher@mmtﬁ@q?&( ﬁ{dgomyg tigeeningae waHgelsd sampiiscae esimatsds s

i ne.. dj 11, i d
aSOZ gtSI I‘ﬁfglez{l 6‘ 0S 'r% ases an o shu Zi gr Ct:O S, _We eth;tse
P a0 M Ty SRCOban huti Vel Biec R RltihG ThE e SSiceh Bnsntel

DR, Bra_has cAbBlePhiChies @l HIRiMBLbIAR EogflcibpnCtions of 43l cells.
EXAVPLE 14: Effects of DP-BFA on pernedbility of epithelial cell nonolayer

20 The ai m of IhiRigitysbiithe spithelial monekyet isedkinrtht egperamentoisenalitored f ect of
t he DP-BFA conpounds in nodifying the perneability of an epithelial cell
nonol ayerat thehbeginniag\aad end efrintwbarionty measiringthe dranswpitbebtlogi cal barriers

and electrical resistance (TEER) using millicell-ERC (Millipore).

15 A parallel set of experiments is conducted using the same experimental
system as described above but without the addition of the radioactive tracer.
Trans-epithelial electrical resistance (TEER) was monitored every 10 minutes
for a period of 90 minutes.

Conclusion: the fact that 1) P-BFAs significantly increase the passage of

20  sucrose across the epithelial cell monolayer, and ii) decrease the TEER of the

monolayer, support the conclusion that P-BFA compounds permeabilize

biological barrier.

EXAMPLE 15: Cytotoxic activity of various DP-BFAs on normal and

25 malignant cell types

The cytotoxic activity of various phospho-derivatives of branched-chain
fatty acids (DP-BFAs) was assayed in vitro in cell cultures that include normal
and malignant cell types. The following cell systems were used:

Primary fibroblasts (human)
30  Normal bone marrow (BM) cells (mouse)

Primary bronchial epithelial cells (human, from Clonetics, cat. no. CC-2541)
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particularly for the intestinal barrier. Two approaches were taken in order
to determne the effect of DP-BFA 25 on perneabilization of biol ogical
barri er swonrimppr oach was to follow transport of a radi patain@otiabel | ed
conmpound across the epithelial cell nonolayer. A second approach was to

nmoni t or anges in electri . resistan surenent indicating the

per neabi ﬁ%?%é\?grmb?an‘coﬁéc@ﬂme ﬁi{*@?@ ‘Eﬁ??ﬁiﬁ% ells are cultured on a

menbr ane dqg %ﬁ@rﬁangll‘hr{@@étoﬁiTéC C@&'—Zl The menbrane with the epithelial
a bet ween two

cell nono er 1s place conpartments, a donor and a receiver

chanber . Ndwgo2#£s tredrdbltoma @l thed(moiBe WOTCRZ, JGBS6I 33§ T/ 1L01/ 00713 at

predeterm ned non-toxic concentration, and 14C- sucrose radi oactive tracer

(1 G inSKBRA —buedse cancer ecB dive dhvwanhA T8, FTBtHYnor) side. Sanpl es of
0.5 ch are col]ected fr t he basol.aeral (r | ver) side at 10

m nu{%s_ ﬁﬁt@'\}%@o}@e&?w @@P%%&%ﬁﬁépeﬁng'iﬁﬁ)a experi nent .

| ncubat i %93'7@ Hgéléi(ﬁlelg‘ﬁ%%ﬁlh&lﬁﬁes %mSaéﬁul ture nmedi um contai ni ng 1% FCS

whi | e shaki'ng at € api ca anber and nenbrane are transferred
Into a new re(%'lbé%e&@@@&?finaémﬁﬁﬁ’ﬁterm'ﬂlMEM H&ltﬁﬁnﬁﬂ% 2mMIis is done in
order to keep constant concentration of the tracer in the apical chanber
and i nvaghamnend, i 190udity/oll pearillin, HOdke/uhatrbptosaycid hed d6YeEQSrait i on of

radi oactiye tracer in

e e i S o B B e B2 7
I t d P bid.it. Gl ent.. .l h t th

L

27 S0, S St 8 O HREE N By TREDAD Ot o,

exper i metisendof theductietticnsparivd; hdhiclawas gxpataystor thle bodgshamwsetlescri bed
above but without the addition of the radioactive tracer. Trans-epithelial

el ect ri cand tlae stayp fer rterythopesliings; theceytotoxig effectafiihe eddedBr a peri od
f 90 m . ion: .the fact .that i) P-BFAs, si.gnifi t '

Che. pass et O 9B Cell PaS EsunEd o¥ it e dlorme b oMt Faayad s MR 1 by

decr gase Lo VrbRndin £1983) J. Immunol Methods 65: 55-63) measures

mitochondrial reductase activity and serves for quantitative assessment of

cellular viability. Drug concentration that causes 50% reduction in cell viability
in comparison to the control group, is defined as ECsy. The ECs, values of the
tested DP-BFA compounds were calculated from dose response curves

20 established for each of the different assayed cell lines.
The results are summarized in Table 3. Each ECs, value is an average of ECs,
values derived from 1-5 independent experiments.

As can be seen from the results in Table 3, the various DP-BFAs

molecules were active to a different degree in their cytotoxic effect on the

25  different cells. Among the tested compounds, the most potent cytotoxic agents
for malignant cells were 3,12-DEG-POy, 3,12-(ether)-DEG-PO;, 3,12-MEG-
PC, 3,12-DEG-PC, 3,18-DEG-PC and 3,14-PC. Two of these compounds,
3,12-DEG- PO, and 3,12-(ether)-DEG-PO., were found to have the lowest
cytotoxic activity on normal epithelial cells. Another compound, 3,12-DEG-PC,

30 was found to have the lowest cytotoxic activity on normal fibroblasts and

normal bone marrow cells.
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Conclusions: Phospho-BFA compounds have demonstrated cell-type specific

cytotoxic effects. Few of these compounds were shown as most potent cytotoxic

agents when tested on malignant cell lines, while being much less toxic when

tested on normal cells from different tissues. These data suggest that these

compounds may be efficient anti-cancer agents with low cytotoxic side effects.

EXAMPLE 16: 3,12-DEG-PC induces activation of caspase-3 and DNA

fragmentation in a neuroblastoma cell line

In order to further explore the possible mechanism underlying the

cytotoxic effect exerted by the various DP-BFAs, two established markers for

apoptosis, caspase-3 activity and DNA fragmentation (Lincz (1998) Immunol.
Cell Biol. 76: 1-19), were studied.
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20 established for each of the different assayed cell lines. The results
are summari zed in Table 3. Each EC50 value is an average of EC50 val ues
derived fwom/itsb6 i ndependent experinments. As can be seen PeDmle71Besul ts
in Table 3, the various DP-BFAs nolecules were active to a different

degree in their cytotoxic, effect .on .t 2 [ rent cells. t he

t est ed corrpouhi?%‘,r&ar@e‘ﬁcﬂg]tas aeﬂ?lf)sc(ﬁﬂ?{'}xgﬁﬁéjé %fefer%?FdﬁiP}Q@W cells
were 3,1 E@E&{j 112 @E‘ﬁt it MESo = DEC PC,

3, 18- DEG-% an g?nﬁlpélﬁ%%mt esée?&]ggrerglo%%gé, %Q%S%E@HB}(? and

3, 12- (et bad 1ODEBORQR, 3 el e24 buns lherhwien thlls Werehit loéaﬁﬂmﬁi@@r@w&st ivity on
normal epithelial cells. Another conmpound, 3,12-DEG PC, 30 was found to
have t he phasee §t 1 2R G-PC wvaaatded toya finahoosmeentration ob2agd, &0@gM wor nal bone
marrow cells. 30 WO 02/11666 PCT/1L01/00713 Table 3: Toxicity of DP-BFAs
on vabi od§0¢N Cellsegromarimethe Noasante olvehitle andy servied @s caslobgigupona Neur 02a

SKBR HL60 W937 prinmary bone primary fibrohlasts marrow epithel , Conpound
EC50 (M 3, 12A52)0tPr £esRase-Jpaetivity and Qﬁﬁ%&@%@o‘ﬁe@ gpeds 12. VEG

;200 50, G DR 05, 0t O Rk 000 A ERIE?,
SO 12;\@?&%&1&1\%.03%5 : eé% a%t(i)&’i@DWQSS a$dyePudidpth&SAnbrockdidsubbfdtec-11 6 170 166
DEVD-AMC (Pharmingen, Becton Dickinson, cat. no. 66081U) and following
10  the manufacture’s instructions. DNA-fragmentation was quantified by using the
Cell Death Detection Elisa plus kit (Roche, cat. no. 1774 425) and following the
manufacture’s instructions.
The results are summarized in Table 4. The measured caspase activity is
expressed as percentage of the activity in the control plates normalized to

15  protein content. DNA-fragmentation is expressed as OD values at A=405nm and

is an average of readings from duplicate cell culture lysates.

Table 4: Apoptosis markers in Neuro2a cells treated with 3,12-DEG-PC

20
Caspase DNA
Added drug activity fragmentation
(% of control) (ODyo51m)

None (Control) 100% 0.030
3,12-DEG-PC, 25 uM 210% 0.036
3,12-DEG-PC, 50 uM 540% 0.153
3,12-DEG-PC, 100 uM - 0.389

As can be seen from the results in Table 4, incubation of Neuro2a cells
with the compound 3,12-DEG-PC, caused about 5-fold increase in caspase-3

25  activity, and a significant increase in DNA fragmentation. Similar results were

32



3,14-PC 7 4 160 72 5 Concl usions: Phospho-BFA conpounds have denonstrated
cell-type specific cytotoxic effects. Few of these conpounds were shown as
nost pot avid ozyteed oxi ¢ agents when tested on malignant cePCTALM@8713Whi | e
bei ng nmuch |l ess toxic when tested on normal cells fromdifferent tissues.

agent s wEPHIGRIRgR SRS EPE LA ftreth g gt s FHeeeaisd | nauces

activati |@A fragnentation in a neurobl astona cell |ine
In or der‘&?g%d e?g@xgﬁ or e 1 he possi bl e mechani sm underlying the 15

cyt ot oxi C(ﬂfcfl@ﬁbneAﬁbbﬁﬁls%ay e avpédsiile mdthBinA, for'wReftiiigaitel GAgdximr ker s

for apoptosis, caspase-3 activity and DNA fragnentation (Lincz (1998)

| mmunol . effeet ofﬁnmﬁphomolnmdmvaums of BFddiindertain maligeant tels PCT/ 1L01/ 00713
Neur o2a neurobl astoma cells (ATCC, CCL-131) were seeded in MEM cont ai ni ng
2mM L2 gl utam ne, 100units/m penicillin, 100ug/m streptonycin and 10% FCS
at 37C. 24 hours later, when cells were in logarithmc growh phase,
3,12-DEG PC was added to a final concentration of 25 M 50 gMor 5 100 M
Cel | s gr qp) Mntisp g@z&nce of vehicle only served as control group.

Assays chr_&%m?&?_s—aC‘ﬁvity and DNA-fragnentation were perfornmed on cell
| ysat es ®XAMPBLE UI:| hbawing moded mmﬁmeﬁmm%ﬁMSfMUbat ion with

t he drug. Caspase 3 activity was assayed using the fluorogenic substrate
Ac- A BBBpermeabilizatio Di cki nson, cat. no. 66081U) and fol | owi ng

0 f d by
asi il . a‘i*e%@ﬁn' S s 3R, IO HEATE B atBl RN 27, s
and foll @%t@_ﬂigh@hﬁmn%ﬁﬂ aebihlatioh N the'6Edi® BF twd Iﬁ?ark&*%”b} Evaiolaemar i zed

in Table %4 nmeasured caspase activity Is expressed ‘as percentage of

t he acti diytYEB), Whithaepidlpbimsahesvoraithedlbaath (MW F0 kDK @idiscant ent .
DNA-fragnmentation is ex&r essed as OD val ues at X=405nm and_ 1S an average

of readi medicttosiouppshée] e waispodupnd ry Hlypergseain sodium salt (F-Na),
MW 376 D, which is transported via the cellular space, and enables monitoring

15  transcellular transport. Upon BBB disruption the Evans blue-albumin complex
irreversibly accumulates in the intercellular space of the brain. The much
smaller tracer fluorescein may be transported intracellularly to occupy both
inter and intracellular space in the brain.

Blood brain barrier permeabilization in Sprague-Dawley rats was

20 induced by brief exposure to DP-BFA. The animals were anesthetized with
Rampun-Imalgen and DP-BFA test compounds were administered via the
external carotid artery retrograde to the brain (Smith, O.R. Methods of study. In:
Physiology and Pharmacology of the Blood-Brain Barrier. Ed. Bradbury
M.W.B. Spinger-Verlag. Berlin-Heidelberg-NY; 1992: 24-52). The pterygo-

25  palathina artery was ligated to avoid escape of infused solutions towards the
external head vasculature. DP-BFA solutions were infused over a period of 30
seconds or half an hour, using a Harvard Apparatus Syringe Pump. Blood flow
through carotid communis artery was interrupted only at the time of infusion.

All tested DP-BFA molecules were prepared from stock solutions in

30 either water or ethanol by diluting 200-1000 fold into solution of isosmotic

mannitol (5%) in Tromethamine buffer (Sigma) or PBS (pH 7.4)
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Tabl e 4: Apoptosis markers in Neuro2a cells treated with 3,12-DEG PC 20
Caspase DNA Added drug activity fragnentation of control) OD405,, None
(Control Wao0p#e6s 030 3, 12-DEG PC, 25 M 210% 0. 036 3, 12- BEGIRT00608 M 540%
0.153 3,12-DEG PC, 100 M- 0.389 As can be seen fromthe results in Table

4, incubation ., gf Neuyro2a cel ] he, c d 3, 12- P aused about
5-fol d increaseS® %%&@%bf%ﬁ%&m{}“ﬁgﬁg%ﬁm&%ﬁﬁ {f’ﬁﬁ’?? crease in
DNA frag :on. S| i1 156,“1"[13' ‘%)EFP% k6 %00713

obt ai nedrH? e_nj’t]ﬁgl I(I:]josﬁr(g'(l)ltl%’ ‘\&gs i}%%ttéé%ﬁlﬁrr?%g%ot er naa?dgenlgﬁfylée l'i ne,

caco- 2, adefihiéadtibh oMtisoleoied PP BFRANG: affencipesifivntiméporivsdiit my be a

possi bl e mechani sm for exerting the cytotoxic effect of phosphocholine
deri vat i veeersibilBAS action evasdinwvestigatagh Snppetéive 4.v. Brfnsioninf HpiN 126 st udi es
EXAMPLE 17: I.n vivo npdel system for neasuring the effect_ of DP- BFA on BBB
per medbi Mg/ai-okP0u0/1pEY) Feasderformadsior SrmimtesgBrainy vigee praghed 3iithyest i gat ed

naMNk;:“Sﬁh@@ﬁ o im0 i1 ¢ EHRA A 1o R NG 1"t b
I(:I uorescelal}ﬂgac'szj)g)1 |Ed;[n&ggﬁﬁ%hﬁﬁtg?ranﬁ%wg%%%%m@#aﬂéﬁﬁgg|toor?gg \?I) a the
cel | ul ar wpaseniddepaatle svittohyorichiprddceticaoit€CA).dFhd madsport . Upon BBB

di sruption the Evans Dbl ue-al bumin conplex irreversibly accunulates in the
i nt er cel lcoheenteaimne intha ¢artdsr andhin thmwrsuehere apalicahles watsedetemygedscei n nay

b LSRRGS @hlahnd LS APY IR RS B0 By SE!
8, 282-284: Abraham et al., (1996) Neurosci. Lett. 208, 85-88). The markers

content was calculated as g marker per one-gram brain tissue. Standard error

and Student's test for statistical significance were used.

15 EXAMPLE 18: Effect of branched chain fatty acids of various chain

lengths on BBB permeability
At the first stage of the study, BFA molecules of different chain lengths

were screened for their effect in permeabilizing the blood brain barrier (BBB).
The experiment was carried out on male Sprague-Dawley rats weighing
20  250-320g. The procedure described above in Example 17 was followed.
The effect of the tested compounds on the BBB opening was evaluated
by two parameters:
a) efficacy- The degree of BBB opening estimated in terms of
accumulation of Evans Blue albumin (ug EB/g brain tissue); and
25 b) potency- measured in terms of ECs and minimal effective
concentration (MEC) values. ECs, is the concentration of a tested compound
producing 50% of the maximal effect of Evans Blue extravasation. MEC is
defined as the concentration which enables accumulation of three times the
amount of Evans blue accumulated in control animals, in our case a total of
30 3ug EB/g brain. The lower the EC5y and MEC values are, the higher the

potency of the tested compound.
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Bl ood brain barrier perneabilization in Sprague-Dawl ey rats was 20 i nduced
by brief exposure to DP-BFA. The aninmals were anesthetized with

Ranpun- | mad gemead DP- BFA t est conpounds were adm ni st er eBCVila10bA3
external carotid artery retrograde to the brain (Smth, QR Mthods of

B adhury M WIS SRR SRR olegr ot pn R B FAGon BB ) The

pt erygo i at ed to avoid escape of infused
sol uti Onﬁ@@%lﬁ&%@&)&éﬂ?@’ﬁlﬁéﬂé% vascul ature. DP-BFA sol utions were

i nfused over a perl od of 30 seconds or half an hour, using a Harvard
Appar at us Sy P hdiR e r Wiyt ery was

i ntergupted g?l y at etstﬁlkge o§ usllﬂon 9ﬁlcﬁﬁtde]£ (?Bgﬁggi lrrlg*ecul es were
prepared from stock soI utions in 30 either water or ethanol by diluting
200- 1000 fold into solution of isgsnotic mannitgl (5% in Tronet ham ne
buffer (Sigma) or PBS (pH 7.4) 33 WD 02/11666 PCT/1L01/00713 The markers,

Evans bl ue (EBMgdlecule/ Nl JE@QApNYqr esceMECF- Na 1%%3]3 m«ﬁm | nlm
solution, were injected|intravenoysly imedi at el y dm nistration

of the tested DP-BFA, or after a dpecific tine |nter reversi bility
of acti on was—nvestigated—Supportive—+—v—+nfuston—of F Na—(342.5 5 ng/ m
- 100 pl/mn) wag-Narformed-450r 8 |m nutes. Brains were 0/\&shed with saline
sol ution (60— )—20—mnraftter—thetintracaroti-d—flash~—Brain—+Hpsil ateral

and contral at ernloMem spheremand [t unors, - where applicabBe, werle
honpgeni zed [separat-ely—w-t-h-50%-tri-chloroacetic—acid{(FGA)—Tthe markers
concentrati gns 3 N cortegsapd ijn tugsrsp. mhere¢ applpcail e, vere
determ ned 10 cnm*f rof lborometricglly (Uyama—0tet al (19881 J. Cereb.

Bl ood Fl ow I‘/Etaj)141\$a 282- 384 5Abrlahampgti alo. , (1996)¢Meuposci .| Lett. 208,
85- 88) The Lhar Kers content was dalculated._as glmar ker per_ong- gram brai n

tissue. Standargliemgr aqg Stydent's tegt A or stati siycak significance
were used. 15 FXANPIF 18: Fffprt of hranrhpd chailn fatty acids |of various

chain lengths em QBB perneahibity At §he figst stage ph it hg stjudy, BFA
mol ecul es of_different chain | engtlhs ) '

As can be seen from the results in Table 5, there is substantial variation
10  in the degree of Evans Blue extravasation depending on the DP-BFA chain
length. Those molecules with the shortest chain length are almost completely
ineffective in this model system. The molecules with the highest efficacy were
BFAs 3,12-Na and 3,16-Na, each elicits accumulation of more than 30 ug EB/g
brain. In the experimental system used, 3,12-Na is the most potent
15 permeabilizing agent, having the lowest ECso and MEC values among the
tested compounds.
Conclusion: Under the conditions of the experimental system employed, BFA
3/12-Na was found to be the most effective permeability enhancer in terms of
both potency and efficacy. Therefore, DP-BFA derivatives based on BFA-3,12

20  were studied in more details.
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were screened for their effect in perneabilizing the blood brain barrier
(BBB). The experinment was carried out on mal e Sprague-Dawl ey rats wei ghi ng
20 250- 3300 92/THees procedur e described above in Exanple 17 mapifwlobmsed. The
effect of the tested conpounds on the BBB openi ng was evaluated by two

par anet er.s ed in terns of
accumul at-84 U¥%nd 25 b)

pot ency- ”easug&ttomﬁo% D%ﬁ m ﬁB@ g@me%ﬂgwage@sﬁg%% ration

(MEC) val ues he concentrati on o est ed” conpoun produci ng 50%
of the maxbdelsysibinesf rabbrdiiang dBstigbaikaionédn Exaatple VECEKfcacgef i ned as the
concentration V\/m ch enabl es ‘accumul ation of three times the  anount of

Evans bl wenzaly timileseleef tha %Btmhu@wmemreswd@eﬁheawuat obEsnsof 30 3g

EB/ g brain. The | agwer the ECR0 and MEC val ues are, her the potency
of thé tddvueacqwmiaigddn the brem dng Eiedrany Patencyoef stcm molequles of

eval uati on_ of th ct.s of dif ent .DP:- BFE BBB_ per bility are

or esent ed" 3 ESHIH %‘Féy%q%f’@ gflt% EQ Aﬁgﬁn%t%eh%qrﬁ:epﬁeﬁgp aci ds on BBB
per nmeabi '(%E @a]_vgg ecul e EC50 (pM I\/EC g EB/g brain (at EC50) 3,7-Na >450
- 0.8 3 % 0 - 0.8 3,12-Na 203 6.50.7 324 3,14-Na 405 9.1 1.2
16.5 2.5 3,16-Na 13717 18+2 345 7,7-Na 184 21 132 19 4.20.6 As can be
seen fromthe results in Table 5, there is substantial variation 10 in the
degree of Elable BIEftecs of differcat i IDt-Blehe an BBB permeabibityKnratbiains) engt h.
Thosé@0nol ecules with the shortest chain |length are al nost conpletely

ng EB/g
Molecule ECso (uM) MEC brain

(at ECsp)
3,12- PO4-Na, 55+1 33+£05 20+3
3,14- HPO,4-Na 67+11 6.2+0.9 101

7,7-HPO4-Na 150 - 1

3,12-MEG-PO,Na, 18+ 3 11+2 5+1
3,12-DEG-PO4Na, 20+2 3.3+0.5 18 +3

3,12-(ether)-DEG-PO4Na, 54+5 73+14 26 +£5.2
3,12-PC 76 + 14 23+4 10£1
3,12-MEG-PC 19.5+1.5 10+1 15£2
3,12-DEG-PC 70 & 12 15+2 14 £2
Mannitol 25% - 10+2

As can be seen in Table 6, various DP-BFAs molecules promote the
passage of the albumin bound to the Evans Blue tracer across the BBB. The
15  tested compounds differ in their potency and efficacy.

Under the conditions of this experiment, the most potent derivative of
3,12-BFA was 3,12-DEG-PO,Na;, having an EDs, value of 20 uM and minimal
effective concentration (MEC) of 3.3 pM. The most effective compounds in
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ineffective in this nodel system The nolecules with the highest efficacy
were BFAs 3,12-Na and 3, 16-Na, each elicits accunul ation of nore than 30 ¢
EB/ g braveo2iwes he experinmental system used, 3,12-Na is papIimmgv7ipot ent 15
perneabi |l i zi ng agent, having the | owest EC50 and MEC val ues anong the

Syt om orrapues B Pesnean Ry WAL PoliriBe me o0t Soir BERe ™

er meabi | ef ore
DP- BFA dea?l?%?%"vweﬁﬁf‘a%ﬂa THEaehmy Bl JPRCOF K ARCBEIC dReMEa: BREE) O
WO 02/ 116fr Bedinddt W0 B3, coxdMitlabioddof fHef SQQ-%théfDJUEG&'@ ,N&B; BFAs on BBB
per neabi | i {j{- The effect of various DP-BFAs on per nmeabi | | ty was tested

in the ﬂ’Oa;Namcbﬁ 12aDEGI-B0aN 7, eemplewndsi wers, atrpectively 2GR0 e 17.
Efficacy, _ nanel |. evel of the BBB openi ng was expressed as the anount
of Evans ad l:llgdgﬁ iBted in the brain (tg EB/g brain). Potency of the
tested nol ecules was estinmated by their cal cul ated EC50 and m ni nal
effective concentration (I\/EC) vaI ues. Table 6: Effect of different DP-BFAs

on BBB pq;lj KR A ', :( ob " o Zvans § u_x_ a

=P

-Na 67 11

6.20.9 1GalBumYn an‘"?%rbbcel@@cros% tBeBZBB/EG PO4Na2 18 311 25 1
3,12-DEG POANa2 20 2 3.3 0.5 18+3 3, 12-(ether)-DEG POMNa2 54 5 7.3+1.4
26 5.2 3,12- Aberdliect pExanious DP- BEAwmwgmrmeabﬁlz_aoqn temagecules

10  of different sizes was examined in vivo in the model system of normal rat
brains.

The transport of two markers was followed: a) Evans blue bound to
albumin (MW 70 kD) as an indicator for paracellular transport; and b)
Fluorescein sodium salt (MW 376 D) that represents small size molecules.

15 The Evans blue dye (EB) and Fluorescein sodium salt (F-Na) were
mfused into the artery carotis externa over 30 seconds according to the
protocol described above in Example 17. The test compounds were used at
their ECso concentrations. Control animals were treated with vehicle solution.

Evans blue extravasation is expressed as the percentage of the total

20  amount of EB accumulated per one gram of brain tissue. The transport of
fluorescein into the brain, which is dependent on the serum concentration of
this molecule, is presented as percentage of the F-Na level in the serum.

The ratio of accumulation in the brain of F-Na to EB was calculated and
the results are presented in Table 7.
25
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* - mean of individual ratios

As can be seen in Table 7, normal BBB (= control) is about 10 times

more permeable to Fluorescein than to EB-albumin complex. The

hyperosmotic permeabilizer, mannitol, increased BBB permeability to EB to a
greater extent than to F-Na ( F-Na/ EB ratio equals 4). Similarly the tested
branched fatty acids 3,14-Na and 3,12-Na showed F-Na/ EB ratios of 4.7 and

4.9, respectively.
The different phospho-derivatives of BFA affect BBB permeability to
the two markers in a differential fashion. It was found that 3,12-PO, increased

15

permeability of the BBB to EB-albumin complex about 1.5 times more than the

increase in permeability to Fluorescein. On the other hand, it was found that

3,12-DEG-PO, increased permeability of the BBB in a more physiological
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The ratio of accunulation in the brain of F-Na to EB was cal cul ated and
the results are presented in Table 7. 25 30 37 WO 02/11666 PCT/1L01/00713
Tabl e 7: vEDbEcteo®©f di fferent DP-BFAs on BBB perneability por/EB1@bTIANM n and
to Fluorescein Molecule % F-Na/ % EB/ Ratio g brain brain F-Na / EB

control 0.3 0.08.0.04 .01 9.5 6., Ma tal -, 2 4.0.6 0.21
4.00.5 3D§Y0GE,18. 131063@66%81% ”@#SHPT%W Flleﬁa?lg efl\?aa%/% eXEfaYanﬁgno 2 4.90.9

0’9 5, 100 pEEBORR LT e Jatiriny Rgischich 13 BRGEG, Wil ardnt d, s

4.4+0. 9 €onBhiohsi Viots HDEBFA com ouﬁ’dd@ia@ecﬁ B@B efm8abilitydin 3, 12- MEG PC 5. 2

0.8 0.90.26.90.1 3,12-DEGPC 2.9 0.5 0.6 0.1 80. 8 * - nmean of
i ndi vi du@llffelrawmanmas SombOPsBEAS] .2TaRe(ether) HOF Gl 0.BRB qnd 3,3:RQ1 ) is
about_ 10 times perrre le to F 2SC than to .EB-al bum n
conplex. (TRBCCtiFIoR R T Pl nleﬁsnﬁi éey .S?lsptlvq ARSTEAS &F thshp

oy "o i PR Rt Bapstpft ﬁfqﬁfe%%‘bg@‘yﬂeg?’?’a‘t R‘ﬁ’fi@?‘?ﬁa‘g‘dﬁé‘éﬁzr N hoved
F Na/ EBmofdcdu®s whicht. Tnd0Bftradt: Sthef BRP&&H 8o/ 3, LADHG PO f f

phospho-deri vativeS of BFA affect BBB perneability to the wo markers in a
di f f er entnicedaséd stansport bf buthssof allimslédudes Sich2s PN ai andrlergee dnolecules

such as EB-albumin.

10
EXAMPLE 21: Duration of the effect of DP-BFA on BBB opening
The effects of DP-BFA on Evans Blue and Fluoroscein extravasation in
rat brain were examined at various time points following DP-BFA
administration.
15 Various DP-BFA compounds were infused, over a period of 30 seconds,

into the external carotid artery of Sprague Dawley rats, following the procedure
described above in Example 17. The tested compounds were used at their ECs
concentrations. Evans Blue and Fluoroscein extravasation in the brain was
determined 10, 30, 60, 120 and 240 minutes following DP-BFA administration.

20  The content of Evans Blue (ug/g) and Fluoroscein (% of serum) in rat brain
was calculated using an average of 2-3 individual animals per time point.

The results obtained in the experimental system as described above
demonstrate that the DP-BFA effect on the BBB permeabilization is reversible.
Moreover, it is suggested that the BBB opening effects of DP-BFA are

25  relatively short lived. Most tested derivatives of DP-BFA-3,12 maintain BBB
permeability for less than one hour, having Dy, of around 30 minutes. D, 1s
defined as the duration of at least 50% opening of the BBB using ECs
concentrations of the tested compounds. Two compounds, 3,12-PC and 3,12-
MEG-PC, both comprising a phosphocholine moiety, have shown D, which

30  was 4 times longer than the other tested 3,12-BFA derivatives, i.e. D1y of

around 120 min.
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perneability of the BBB to EB-al bum n conplex about 1.5 tinmes nore than the
increase in perneability to Fluorescein. On the other hand, it was found
that 3, WODEG6RD) i ncreased perneability of the BBB i n aP@DIg1/00713

physi ol ogi cal 38 WD 02/ 11666 PCT/1L01/00713 nmanner, i.e. increased F-Na
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of both sgp m| ecul es ,such as F-Na and | arger nol ecules such as

EB- al buniXA S logy,and safety studies of f ect of DP- BFA on BBB openi ng

L% = sl BIIED 2la
The effect s oDPoREF AR RN S AR RO RAE LG TARGGon 10 Tt
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adm ni st gadels OF thd RshRT EHPokRYs Birdre GAMRRISRGS WRE L attBifialle( . PM@S rats Peri od of
30 seconds, into the external carotid artery of Sprague Dawl ey rats,
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240 i nuges fal | owi n -.BF dmnistration. 20 The content of Evans Bl ue
(g/9g an@emgﬁﬁ%n%n8pﬁéﬁrcﬂ}ﬁqu# t brain was cal cul ated using an
average of 2-3 individual aninmals per tinme point. The results obtained in
t he experinental system as described above denonstrate that the DP-BFA

ef fect on t heldbie 8p €@orapirdtiveasalfety datarof\differrcnit DP-BEAe(wearats)it is
suggested that the BBB opening effects of DP-BFA are 25 relatively short

| ived. Most tested derivatives of DP-BFA-3,12 maintain BBB perneability
for | ess than jone hour, having| D1/2 of around 30 m nutSafetyD112| i s
Molecule* LC (uM) MEC LC /MEC
3,12 40+ 10 6.5+0.7 6.1
3,14 78 £ 11 91+12 8.6
3,16 431 +£55 18 +2 23.9
7,7 360 + 67 132+ 19 2.7
3,12-POy4 63 £ 12 33+0.5 19.1
3,14-POy4 134+ 18 | 6.2+£0.9 21.6
3,12-MEG-PO, 80+ 15 11+2 7.5
3,12-DEG-POq4 305 3.0+£0.5 10
3,12-PC 80+ 16 23+4 3.5
3,12-MEG-PC 15+2 101 1.5
3,12-DEG-PC 300 = 60 15+£2 20
15 * sodium salt

40



defined as the duration of at |east 50% opening of the BBB using EC50
concentrations of the tested conpounds. Two conpounds, 3,12-PC and 3, 12-
MEG PC, oo 2/cwspri sing a phosphocholine noiety, have shomar/Dii®omhi ch 30
was 4 tinmes |longer than the other tested 3, 12-BFA derivatives, i.e. D1/2 of
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to evaluate | ethal concentrations (LC). LCis defiped as 10 the m ni mal
conceht r ¥ithorehiglgonba de totalaachmulafineo3 vediBatbe h\ggeg &%Q}ME@ of

di fferent DPBElAﬁgé n atsi) Safety Ml eculex LC (M MC LC /MEC 3,12 40
10 6.5 BUP I, e ,fi%tii‘%safb’@.%fx- 1.2 8.6 3,16 431155 18+2 23.9 7,7 36067
3. 12- NeCop TS i gouckon 4% pifbsphddd ghpygtinfedsit sly ke 37, 0ot

16 23 Afcdd® withob® sivhihiddetl¥ hambetidg pbtdncy. 3, 12- DEG PC 300 60 15 2 20 15

* sodi um sal t

10 EXAMPLE 23: In vivo model system for measuring the effect of DP-BFA

on BTB permeabilization (tumor-bearing rats)

In order to study the ability of DP-BFA compounds to modulate blood

tumor barrier (BTB), a model system of C6 glioma-bearing rats, was employed.
Sprague Dawley (SD) rats were inoculated with C6 gliosarcoma cells
15 following the procedure described by Bartus et al. (Exp Neurol (1996);142:14-
28). A small burr-hole was made in the frontal scalp bone of the rat fixed in a
stereotaxis apparatus. Using a Hamilton syringe, 10 pl or 5pl of media,
containing 2.5x10°> C6 gliosarcoma cells were inoculated into the frontal
cortex. Coordinates were 1 mm posterior of bregma, 2.5 mm - lateral, and 3
20 mm - depth. The needle remained in the place for 5 min. After removal of the
needle, fascia and scalp were sutured. The rats were checked 6-8 days after
inoculation, when tumors of sufficient size (20-60 mg) had developed.
The tumor was weighed after F-Na visualization and dissection. Parts of the
rats’ brains were subject to histological examinations and monitored for Evans
25  Blue and Fluorescein uptake into ipsilateral tumour tissue, peritumoural tissue
and contralateral tissue.

Results (not shown) obtained from experiments conducted on control
tumor-bearing rats (not treated with the compounds of the invention)
demonstrated that permeability of the blood tumor barrier (BTB) for EB and

30 fluorescein is, respectively, about 2-fold and 4-fold higher than that found for
the intact BBB.
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40 WD 02/11666 PCT/1L01/00713 Safety index is defined as the rati o between
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wer e 1 mratpoedre findherafedte®omth, DP-BF AniThe testat edmpaeundis3afOonoentratienst h. The
needle remained in the place for 5 mn. After renpval of the _needle,

fascia agowkbihsr e @Emsr were ypidaterplly ingysed dpfe dhe gxsral fayetisateay

i ti t f sufficient .size.(20-60 .had.devel pped. Th
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peri t unoucakmilasion &1 atgn@iund Byvaisdilué dgs uetunRasd)tverusaionsta@yer) obt ai ned
from experinents conducted on control tunor-bearing rats (not treated with

t he conpdMdddissgiest he i nvention) denpnstrated that permeability of the
bl ood t unor bi(rﬂr%ﬁr BE% for EB ar&i 30.fl.uorescein is, res gctively, about
2-fold and 4- faleplpfedrdhicayyplpesgng speqHiqityyindices are surhmarized in

15  Table 9. Specificity index is defined as the ratio between the levels of EB

accumulated in tumor and those accumulated in non-tumor brain tissues (T/NT).

Table 9: Comparison of the BBB and BTB opening by various DP-BFAs

ECs * BTB BBB Specificity
Molecule (uM) EB ng/g EB ng/g Tumor/
Tumor Non-tumor | Non-tumor
brain
3,12-Na 22+4 44 + 8 43+ 9 1.1+03
3,12-P0Oy4 10+£2 144+6 25+1.5 63+13
3,12-MEG-PO, 22+3 25+3 21+ 4 124+02
3,12-DEG-POq, T2 34+8 20+£02 2245
3,12-PC 527 172 102 1.8+05
3,12-MEG-PC 20 12 6 2
3,12-DEG-PC 60 11 5 2
Mannitol 25% 12+2 742 21+05

* ECsp values for tumor-bearing rats
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the intact BBB. 41 WD 02/ 11666 PCT/1L01/00713 EXAMPLE 24: Effects of

vari ous BFAs nol ecul es on BBB and BTB opening (study in tunor-bearing rats)
The bi | atveo at/1te66r0r nodel system of C6 gl i ona-bearing rat BCO®EIandbad in
Exanpl e 23 above was enpl oyed for screening of various derivatives of DP 5
BFA for their ability to pernmeabilize the blood brain barrier (BBB) in
conparison to their effect on the blood tunor barrier (BTB). The

experi mental ragqgur e, deehidednbl EETRLASANIERTOUREdrRKePt that

t he tunor-bearing s WEr e ur’t er treat tested

conpound$gvedd oiCEBCa@eﬁmlatﬁms]n tafe Add if Qbhi-tiekoP bikdh YsueyMe e eTNT | ateral |y
I nfused into the external carotis artery 10 over 30 seconds as described in

Exanpl e 1atiosArfi abeit 1 tto 8aVéidh manmitok (R opthety acewnulation in thommal  gr oup.
Perrre biliza |on effect was quantit ted b ggurl accumul ati.on of
al bu n BERsHQOoRL S g ac ARoR E‘%ﬂ%%ﬂerm% 1 tlssues

Cal cul at f C e I zed in

Tabl e 9. %g?)tg%i“is%@’iﬁlﬁ C%Hﬁ)ojm gtﬁfglﬁﬁgjpgjé %}he ra@%ﬁ Sglé&mf%%e | evel s of EB
accumul a*ogémhg thefiRhoPMBol Haige ahiFsstbd aH BB AdtiiulRiich th ti ssues
(T/NT). Table™9: Conparison of the BBB and BTB openi ng by vari ous DP-BFAs
EC50 * BTinGB@hidhewas D2 itinyes Iphecthhe tipEB)letts gn thy fdh-gumgr fisswer / Tunor
Non-tunor_Non-tunor _brain 3,12-Na 224 448 4319 1.10.3 3,12-PO4 102 14 6
2 5 1.5 §IANT 12t 322)- MEG PO4 223 253 214 1.20.2 3,12-DEGPO4 7 2 34 8

12-1%EG %gbsuﬂ]iglg-&‘)ééﬁéz Zshbwed the S5s? spécﬂf2 % MGG c2>8en11121g e
BTB in C6 glioma tumors. This compound permeabilizes the blood tumor
barrier (BTB) of C6 gliomas to a greater extend than the normal blood brain
barrier (BBB). DP-BFA derivatives may, thus, serve as agents capable of
specific and selective opening of the BTB.

15
EXAMPLE 25: Unilateral DP-BFA administration in SD tumor-bearing

rats
Evans Blue and Fluoroscein penetration into gliomas tumors was
examined following unilateral infusion into the external carotis artery of either
20 10 uM 3,12-DEG-HPO,Na (Fig. 2A), 40 uM 3,12-Na BFA (Fig. 2B) or 25%
mannitol (Fig. 2C). The relevant compound was infused into rat brains at 9 to
12 days following inoculation of C6 glioma cells as described in Example 23.
It may be clearly seen from Figure 2A that the Evans Blue staining
following 3,12-DEG-PO, administration to rats with bilateral gliomas is only in
25  the tumor tissue in the ipsilateral hemisphere. On the other hand, the carbo
counterpart of the DP-BFA, i.e. BFA 3,12, and the hyperosmotic agent,

mannitol, equally permeabilized tumor and non-tumor brain tissues.

30
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Manni tol 25% 122 72 2.10.5 * EC50 values for tunor-bearing rats 42 WO
02/ 11666 PCT/ 1L01/00713 As can be seen in Table 9, nost tested conpounds
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2A), 40 hhjdcted-aNa. IBHAl (0g bod2Beight. Pidanstimtized agfhals vty injéttedr el evant
conmpound was infused into rat brains at

\ r to, 12 days fol | Qwi ng. i | ati
of C6 gl vat0.2emlid-he (desung/pymtin thsmgslas V%m- Taqraeﬁagl @eoa%gﬁgel%/ngggﬁ Ir 8nm
Fi 2A that the, E tai ni f ol o 2+ DEG PO4
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detection. After 10 min the retina was cleared from the F-Na. At this point,

1.5ml of 3,12-DEG-HPONa (12.5ug/ml) was intra-arterially injected over a

15  period of 30 seconds, accompanied with a second i.v. injection of F-Na.
Pictures of the blood vessels were taken at t=0 and 0.25, 0.5, 1, 2, 4, 8 and 10
minutes following administration of the drug. The same experiment was
repeated in a second group of control rats, where 1.5ml of vehicle (Tab-
mannitol 5%) was intra arterially injected instead of 3,12-DEG-HPO4Na.

20 By monitoring the distribution of F-Na in the blood vessels at the
posterior part of the animal eye, at the retina level, it was demonstrated that by
10 minutes following administration of F-Na alone, all the fluorescent dye was
completely cleared from the area surrounding the retinal blood vessels.
However, i.v. injection of F-Na in combination with i.a. injection of 3,12-DEG-

25 HPO4Na, results in F-Na accumulation around the blood vessels at the retinal
level. This leakage of F-Na from the blood vessels, in the presence of 3,12-
DEG-HPO4Na, is an indication for the permeabilization of the blood retinal
barrier. In the control animals, where only vehicle was administrated instead of
the DP-BFA drug, the results were similar to those in the animals injected with

30 F-Na alone, namely by 10 minutes following administration, no fluorescence

could be detected in the blood vessels or at the area surrounding them at the
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43 WD 02/11666 PCT/ 1L01/00713 EXAMPLE 26: Effect of DP-BFA on Bl ood
Retinal Barrier (BRB) perneabilization Perneabilization of the bl ood
retinal aootersed BRB) by DP-BFA was investigated in rat sPOVILMDITIGKi nNg
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opht hal nFeNs eitheralonT(Eig. fA)r asiomembisateuivptbel 1DHGEHPOgNe (Eigur ce and an
appropri efilt,e{ &;pr F-Na detection. After 10 mn the retina was cl eared
from3 he3B) R veliele (51g el nt, 1.5ml of 3, 12- DEG HPO4Na (12.5g/m) was

e LS POl . . S i th
L seoond 1 v I dodoRUARkSHiR IR oBschiaRif W dohindfls fiBNAR, aRIEAIPAT B4 1L
at t=0 ap@inthigPatidh, higher atnouhts & PNk ddhld Werdbi&sted &l heWift8owdsd thest rat i on

of the drug. The sane experinment was repeated in a second group of control
rats, whemiendls fredtedfwitke Bj 1QHREGIAPO Neg imirt iml the Mitrems dfithe @ontroleri al |y

i njected instead of 3, 12-DEG HPO4Na._ 20 By nonitoring the distribution of
F-Na in amiaaly theg wese seestedwithythe %&&@KP mhlsl&rqrﬁﬁé{FlngHEeSa{’eﬁwﬁél Tb e, at the

aam 17t reronietot B G IRORAC ALl o e AU UL et
cl ear ed oM iAo RtR AL (R HE bR vakade URSREhL lowever i .v.

injectio In combinatio wih 1.a. I1njection of 3,12-DEG 25
HPO4Na, Ceandhistori:'3, 2-BEGEIPOIMNG @hables pexmncabilibation efttle bbsskbtesinat t he
retinal level. This |eakage of F-Na fromthe blood vessels, in the

pr esencebarries, gl repets P acquanulationm il thetriebina avd VitlROUSer neabi | i zati on of
the blood retinal barrier. In the control animls, where only vehicle was
adm nistrated instead of the DP-BFA drug, the results were simlar to

thosgs | nphenasy FA AitGhfod aivity of DP-BFA

The anti-tumor effects of various P-BFAs were studied in the in vivo

model system described above in Example 17. Tested P-BFAs were intra-
arterially administered at the concentrations previously determined as being
effective in permeabilization of the BBB and BTB for Evans blue and

20  Fluorescein extravasation. The experimental procedure for tumor inoculation,
as described in Example 23, was followed.

On Day 3-4 following inoculation of the C6 gliosarcoma cells, rat were
cannulated through external carotid artery and the tested P-BFAs were infused
over 30 seconds, as described in Example 17, except that in this experiment no

25 markers were administered. The treated rats were maintained until Day 7- 9, and
then sacrificed. Coronal sections were obtained, stained by eosin-hematoxylin,
and reviewed histologically to determine tumor volume. Animals treated with
vehicle only serve as control. Standard error and Student's test for statistical
significance were used. The results are summarized in Table 10.

30 As can be seen from the results in Table 10, P-BFA compounds exhibit

cytostatic effect on glioma tumor growth in vivo. Under the experimental
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30 F-Na al one, nanely by 10 m nutes follow ng adm nistration, no
fluorescence could be detected in the blood vessels or at the area
surroundiwgovhwse at the 44 WO 02/ 11666 PCT/1L01/ 00713 repChaloiloemal . The
results depicted in Figures 3A-C represent angi ographia of the eye, nanely

Pecor nese bt B SRR bR A o
. . ' | DA R £B. 3, Fig. 5 3B
o1 eny ShRuAEL S Pk, RS R LD BORBRBRENR (Flo. 99

at 10 m nutes
f ol I owi ngermbastiatbi a stehifiohstanditfuaior detighte) theuphins & lesseiddfaeeoul d be
detected in the vitreous of the animals treated with 3, 12- DEG HPO4ANa, than
in the viConelusiorsfP-BRACmmtarasteriadlyi admisisterad inforo glipmetkaaringtratst he F- Na
and \;ﬁehi cle onCI\Y¥ (Figures 4A-B). The 10 accunul ation of the fluorescent
signal afxihE Gytete foct ogfhe fYNPhe BRB perneabilization and F-Na | eakage
fromthe blood vessels at the retinal level. Conclusion: 3,12-DEG HPO4Na
enabl es perneabilization of the blood retina barrier, and results in F-Na
accunul ation RKIAL0s RtidAdelfédts 8PVRriohS PEBRMELdn Aino\BFdwihinDr activity
of DP-BFA The anti-tunor effects of various P-BFAs were studied in the in

vivo nodel system described above in Exanple 17. Tested P-BFAs were intra-

arterially admnistered-at the concentrati-ons—previoushly—determ-nred, as
being effective in perneabil|zatPdHdf the B'Pﬁm%?d BIB for Evans b|ue and
20 Fl uoresclein exl%@vaslati on. | TRisnerp@ai nent a r%ced ur ﬁcﬁgr H,@r
i nocul ation, as EBed i n| Btaml@MB. \/vaqul3 Néﬁm. IS&@I 4
foll owi ng ijnocul ation of the 6 gli osar cora (B8} D§, at were cannul pted
t hrough externat——carotidartery and—the tested P-BFASTwere Tnfused | over 30
seconds, as| descri(@draoln Exanpl e 170 except 8Hat2i28 this experinment| no 25
mar kers wer 1ni s were pai-ntail-ned—until y 7- 9,
and then s@acgi Lm-lgf% | | sectigns werne qbjaingd, | st ai nggy by
eosi n- hemat ox%fllifzn, an rﬁ?e/\ed hist ol ogi{cal ['y to deternmi ne tunor yol une.
Animal s trejated w,t ehiclejonly serve as rol. ptandard.error|and
Student's tgest fo?’»&' i stica 5?) %Oé]; O'é a>(£11
3,12-MEG-PC 10 2.88+0.6 <0.05*
3,12-DEG-PC 60 3.9+1.0 >0.1
3,12-DEG-HPO4Na 5 1.5+0.3 <0.01%*
3,12-DEG-PO,Na, 30 1.6+0.4 <0.01*
10

SE — standard error of the mean,
* - statistically significant difference.

EXAMPLE 28: Anti-tumor effect of DP-BFA
The anti-tumor effect of DP-BFA was evaluated by monitoring tumor

15

volume and appearance in a model system of C6 glioma-bearing rats.
Sprague Dawley (SD) rats were inoculated with 2.5x10° C6 glioma cells in 5ul
PBS as follows. Rats were mounted into a stereotactic head holder in a flat-
20  skull position. After reflection of the periosteum, a burr hole was preformed
with a Imm drill in the following coordinates: bregma —1.0, 3.50mm lateral

from the midline on the left side, and at a depth of 3.50mm. The cell
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significance were used. The results are summarized in Table 10. 30 As can
be seen fromthe results in Table 10, P-BFA conpounds exhibit cytostatic
ef fect ow@b/owwes t unor grow h in vivo. Under the experi meRCEALMUBHIND

02/ 11666 PCT/1L01/00713 conditions enployed, the 3,12- DEG PO4 conpound

3 o MEGREn S8 oA BABHA BT MGGt AR ot O RE ORLCRHIOY, ¢ hough
 12- , R GAGR GRR T Cant R 1 Y, ¢ houg
o gl 1 onar il IS o B KAF s Bt ZhaRiS oSG R R MR e 16 ©

Anti-tu ] [ - _an I ;. Mol ecul e
Concent rbs& nfihg ﬁ%gﬁgr@ﬁwoﬁ %gﬂftﬁ}wﬁ#@ op ghospiiaicn TimG- Mol S5
3, 12- MEGPERO4bdiugk sélt)or ﬂeh@clé@isé-os&dt&:lﬁﬁfé&@gﬂﬂ@l)ﬁnﬁﬁed istolthe MEG PC 10

2.88+0. 6 <0.05* 31 12-DEG PC 60 3.9 11.0 >O0. 3,12-DEG HPO4Na 5 1.5 0.3
<0. 015 sxtedbea@ciatayIor 306ec.qit4 vedodty of ImlBEn. st andard error of the

mean, * - _statistically significant difference. 15 E 28. Anti-tunor
ef fect ofl DOPIEHZP- ﬁ@t%% EHUWE? fe@a;eéglang WW“\/@E@%‘%W@ by

nonitori . .appearance in a nodel system of C6

gl i oma- bg%ﬁ& n?%té?é%%pr&a]gﬁglﬁw ey (SD) rats were inoculated with 2.5x105

6 glioma cel lFgyd dayalaftelBe ARCHRELAWT thE@ESuMRIr @clIBURE 24ts Wdre a _
stereotactic head holder in a flat 20 skull position. After reflection of

t he peri as¢sthietized viith K etarhin/xydazipr(df OrOrial/ 100gtanms Bady wieight, i n t he
follow ng coordinates: bregma _-1.0, 3.50 | ateral . )
10 %erfused with saline ang %xed with 4% Formn;]]dehy e solution. Brains were

removed and cryoprotected in a sucrose solution for 48h. The brains were then
sliced in coronal section, stained with Haematoxylin-Eosine and underwent
pathology evaluation.
A significant decrease in the tumor size was observed in the treated

15  animals in comparison to the non-treated animals. Tumor volume was 8.1£2.2
mm’ (N=7) in the vehicle-treated animals and 1.6+0.2 mm® (N=12) in the
animals treated with 3,12-DEG-PO,. In addition, the microenvironment and the
nature of the tumor growth were different. Vehicle treated tumor-bearing rats
exhibited a remarkable local cell expansion in the cortex, white matter and

20 meninges. The C6 gliomas appeared irregular and highly infiltrative and
showed a high tendency to invade through the perivascular lymphatic spaces.
In contrast, the treatment with DP-BFA, given once on the 3rd day after cells
inoculation, significantly changed the character of the tumor growth. The C6
glioma invasiveness through the perivascular spaces was diminished and a

25  solid tumor with defined border was observed. Some limited invasion was
found into the meninges around the inoculation area and sub-ependima.
Conclusion: 3,12-DEG-PQO, showed a significant anti-tumor effect as
inhibiting tumor invasiveness and rate of growth. Thus, DP-BFA compounds
may be useful in inhibiting spreading and invasiveness of tumors.

30
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fromthe mdline on the left side, and at a depth of 3.50mm The cell 46 WO
02/ 11666 PCT/ 1L01/00713 suspension was nmanually injected at a depth of

3. 50mm uwegv/aet®l Ham | ton syringe. The tunor bearing rBCEFIMR0Q7IBr eat ed
72h post inoculation with a single dose, ranging from5 to 20 M of

3, 12-di - et hyl I |, phosphate (3, 12-DEG. PO4 ;. sodi.um salt) or vehicle
(i so-osnotic ﬁﬁgﬁéﬁﬁdpﬁ%gﬁlﬁwaﬁﬁpé@ Hie ﬂ{eri%“%c@f‘??é’if f PERFYtid artery for
30 sec. i LM | g0 Pal '&_amg - was | egat ed,
and the gésr%?%\éféc%r%o i %g;fg)%aﬁgmb-épgnn%{etg%%{i’%ﬁgﬁﬁém 0 H%fg({aégﬁ%n. Five
days aft @ dfivehichafdvathirPtheQicopb of @R nveMiort SfHeSoxaliifted ateSinvénided to
anesthetized with Ketam n/xylazin (1:1) 0.1nm/100grans body wei ght, 10

per f used beicbhstsedd asencamtnfifativd, and thesvopoofitiedemgnteonsis totbeadefinBdai ns wer e
renoved %nd cryoprotected in a sucrose solution for 48h. The brains were

t hen 5 sl Py dhe clags vaweh Iallawi on, stained with Haemat oxyl i n- Eosi ne and
underwent pat hol ogy eval uation. A significant decrease in the tunor size
was observed in the treated 15 animals in conparison to the non-treated
animals. Tunor volunme was 8.12.2 mmB (N=7) in the vehicle-treated ani nmals
and 1.60.2 mmB (N=12) in the animals treated wwth 3,12-DEG PO4. In
addition, the mcroenvironnent and the nature of the tunor growh were
different. Vehicle treated tunor-bearing rats exhibited a remarkabl e | ocal
cell expansion in the cortex, white matter and 20 neni nges. The C6 gli onas
appeared irregular and highly infiltrative and showed a high tendency to

i nvade through the perivascul ar |ynphatic spaces. |In contrast, the
treatment with DP-BFA, given once on the 3rd day after cells inoculation,
significantly changed the character of the tunmor growth. The C6 gliom

i nvasi veness through the perivascul ar spaces was di m nished and a 25 solid
tunor with defined border was observed. Sone l[imted invasion was found
into the neninges around the inocul ation area and sub-ependi na.

Concl usion: 3,12-DEG PO4 showed a significant anti-tunor effect as

i nhibiting tunor invasiveness and rate of growth. Thus, DP-BFA conpounds
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may be useful in inhibiting spreading and invasiveness of tunors. 30 47 WO
02/ 11666 PCT/1L01/00713 The skilled artisan wll appreciate that the

princi pl @0ot/1t6he present di scl osure are anenabl e to nanyPeniadionaat s and
variations or nodifications, all of which are within the scope of the
inventio e exanples are intended to be construed as non-limtative,

and the : the invention is to be defined 5 by the clains which
follow. 48 WO 02/11666 PCT/1L01/00713 CLAIMS: 1. A conpound of the general
formulal: 5 (1) RIO /CHR3Oi O-Z1 RR 0 -Z or a pharmaceutically

acceptabl e saljt they gohpowh@oeity gdReraATemiRAadrl € the same or different,
saturated or unsaturated aliphatic chain 10 conprising from2 to 30 carbon

atons; R3is A[CH2ImB-[CH]ri C[CH2]p D, wherein m n and p are each
i ndependently zero or an integer from1 to 12, and A, B, C and D are each
i ndep@ndent |y selected froma coval ent bond, anino, anino, (8xygen, thio,
carbonyl, carboxykq oxycarbonyl, thia®arbonyl, phosphate, am no phosphate
15 nmono- di- and tr\-am no phosphate [group with the proviso that no two
oxygen atons are digeptly gonnegjed po egachother; ZI and Z2 are the sane
or different, each pay be absent or iPdependeﬁtIy selected from a)
hydrogen, sodi umRpithium potassiumaAanmgoni um nono-, di-, tri- and
tetra-al kyl ammoni um or b) together WPth the phospho group forma 20
phospho ester of glycerol, choline, ethanolam ne, inositol, serine, nono-
or oligosaccharide.

or a pharmaceutically acceptable salt thereof, wherein:

R1 and R2 are the same or different, saturated or unsaturated aliphatic chain
10  comprising from 2 to 30 carbon atoms;

R3 is A-[CH,],-B-[CH,],-C-[CH.],-D , wherein m, n and p are each

independently zero or an integer from 1 to 12, and A, B, C and D are each

independently selected from a covalent bond, amino, amido, oxygen, thio,

carbonyl, carboxyl, oxycarbonyl, thiocarbonyl, phosphate, amino phosphate
15 mono- di- and tri-amino phosphate group with the proviso that no two oxygen

atoms are directly connected to each other;

Z, and Z, are the same or different, each may be absent or independently

selected from a) hydrogen, sodium, lithium, potassium, ammonium, mono-, di-,

tri- and tetra-alkylammonium, or b) together with the phospho group form a
20  phospho ester of glycerol, choline, ethanolamine, inositol, serine, mono- or

oligosaccharide.

2. The compound according to claim 1, wherein R1 is 3 carbon atoms in
length and R2 is from 12 to 16 carbon atoms in length.

25
3. The compound according to claim 1, wherein R1 is propyl and R2 is
dodecyl.
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2. The conpound according to claim1l, wherein RL is 3 carbon atons in
length and R2 is from12 to 16 carbon atons in length. 25 3. The conpound
accordi ngvooz/cieaé m 1, wherein RL is propyl and R2 is dodrCyiLo14871%9\0
02/ 11666 PCT/ 1L01/00713 4. The conpound according to claim1l, wherein R3

conprises nong- ethyl en | ycol or .di -ethylene._glycol .noiety. 5. The
corrpoundiaccoﬁll}i3 ﬁ@%@%ﬁﬁgﬁgr%}“&me"rlm?t elfeb?gr% %HWPE?GS(WO irbon 5 atons
in R2 an -S4 . +B. The compound according to claim
1, wher e?%l%tg%qg‘%%ﬁﬁndﬁ%btﬁglgg% gle'tgr&b%lnle toms in R2 and R3 together is from
16 to 22. 10 7. The compound according to claim1, wherein Z1 is choline.
8. The conpound according to claim1l, wherein ZI is sodiumand Z2 is

sel ect ed5f r onThy dovyennd rdcerditigdm cldimn 9, whibeein dhrptotal dmekssrodicatpbano ¢l ai m 1
selected fromthe group consisting of._ _4-Hexadecyl phosphate (3, 12-PX4),
4- Cct adedipmsgndyd and ‘@g@ﬁl@p@ Qmét@@osanyl phosphat e (3, 16- PO4),

8- Pent adecyl phosphate (7,7-PO4), 20 4- Hexadecanoyl oxyet hyl phosphate
(3,12-MEG POM), 2-(4'-Hexadecanoyl oxy) et hoxyet hyl phosphate

(3, 12- DEg- POA) e céfr{;i%ﬁé%@mhfgwlm 1 PRAERIR IR fofal IMmitRirEchiddaG PO4)
2- (4' - Hexadecanyl oxy) et hoxyet hyl phosphate (3, 12- (et her)-DEG PO4),
4- Hexadeatpmspinddd hnd RA fogethes islftoQ6 ta2k2.2- (4- Hexadecanoyl oxy) et hyl

phosphochol i ne (3, 12-MEG PC), 2-(4-Hexadecanoyl oxy) et hoxyet hyl
phosphochol i ne (3, 12- DEG PC),

2-{2: [ 10"-( adecyl - 4-0x ecyl - l;-.oxy] et hox th hosphate (3, 12-0 d o-
e By 7 2 { 3he pomporplderdBgR ooy fuibg R 7o FhHBSY )
et hyl phosphochol i ne (3, 12-

8. The compound according to claim 1, wherein Z; is sodium and 7, is

selected from hydrogen and sodium.

15 9. The compound according to claim 1 selected from the group consisting of:
4-Hexadecyl phosphate (3,12-POy,),
4-Octadecyl phosphate (3,14-PO,),
4-Eicosanyl phosphate (3,16-PO,),
8-Pentadecyl phosphate (7,7-POy),

20  4-Hexadecanoyloxyethyl phosphate (3,12-MEG-POy,),
2-(4’-Hexadecanoyloxy)ethoxyethyl phosphate (3,12-DEG-POy),
4-Hexadecanyloxyethyl phosphate (3,12-(ether)-MEG-PO,),
2-(4’-Hexadecanyloxy)ethoxyethyl phosphate (3,12~(ether)-DEG-POy),
4-Hexadecyl phosphocholine (3,12-PC),

25  2-(4-Hexadecanoyloxy)ethyl phosphocholine (3,12-MEG-PC),
2-(4-Hexadecanoyloxy)ethoxyethyl phosphocholine (3,12-DEG-PC),
2-{2'-[10"-(Hexadecyl-4-oxy)decyl-1-oxy]ethoxy } ethylphosphate (3,12-O-C;o-
DEG-POy),
2-{2'-[10"~(Hexadecyl-4-oxy)decyl-1-oxy]ethoxy} ethylphosphocholine (3,12-

30 O-Cyo-DEG-PC),
4-Octadecanoyloxyethyl phosphate (3,14-MEG-PO,),

50



30 O G ODEG PC), 4-Cctadecanoyl oxyet hyl phosphate (3, 14-MEG POX4), 50 WO
02/ 11666 PCT/1L01/00713 2-(4'-CQctadecanoyl oxy) et hoxyet hyl phosphate

(3, 14- DE®&®02)1666 4- Cct adecanyl oxyet hyl phosphate (3, 14- ( ePORIHHNEGIPOY) ,
2- (4" -Cct adecanyl oxy) et hoxyet hyl phosphate (3, 14-(ether)-DEG PO4),

bl R b b L T T

h h h hat

(3. 16 Vet %%?eé@%?a‘?ﬁﬁli%a%h&ﬁ? B R G P S phat o (3, 16- DEG POR).
4- E oo RS -M:‘(@ﬂ{%gl

2- (IélcosE?c%)(ganyI%%)hg hokxyet hﬁ%é@ﬁhﬁ%@g 116 (et her)G%’EOG POA4) ,

4- Ei cosafyQctptesiphobphiacheling (3,84M)), 2- (4- Ei cosanoyl oxy) et hyl
phosphochol i ne (3, 16- PC) 4- Fi cos hoxyet hyl
phosp%oc%t(ﬂr(ﬁétagigc@@YbE@)ﬁg)’lPhQLS(P @@Qll@x@d%&ﬁé&}&% dgcanzl phosphate, 15

%0[ (28 En@a@ 8?%‘8%%’3%@ éth?ﬂ@i@spﬁé?%%‘eﬁﬁ&s%?&%%: 18- DEG PO4), and

2-(2' - Pmm%% gﬂc,bglt,ﬁ;@( @ngEp}hp@%ochol ine (3,18-DEG PC). 10.

The conpound acc rd| ng °t l'ai m V\:hl chis

2-(4' - FbXa(dé&amhoylpkdethxm@tHBﬁlphpbp]mb@ d6-DBoeBOg),um salt. 11. The
conmpound according to cla - (4' - Hexadecanoyl oxy) et hoxyet hyl
phosphat é- IGD%%WJW%WltPhOQBhaIQ@ Tﬁéeﬂ’@ﬁbm@?&fe@m ding to claim1 which is

ol o M 1 srdcraran e e e BR R Lo o sl one. 30 51

4-Eicosanyl phosphocholine (3,16-PC),
2-(4-Eicosanoyloxy)ethyl phosphocholine (3,16-MEG-PC),
2-(4-Eicosanoyloxy)ethoxyethyl phosphocholine (3,16-DEG-PC),
10-(4’-Hexadecanoyloxy)decanyl phosphate,

15  10-(8’-Pentadecanoyloxy)decanyl phosphate,
2-[2'-(2"-Propyleicosanoyloxy)-ethoxy] ethyl Phosphate (3,18-DEG-POy), and
2~(2'- Propyleicosanoyloxy)ethoxy ethylphosphocholine (3,18-DEG-PC).

10.  The compound according to claim 1 which is
20 2-(4’-Hexadecanoyloxy)ethoxyethyl phosphate, monosodium salt.

11.  The compound according to claim 1 which is

2-(4’-Hexadecanoyloxy)ethoxyethyl phosphate, disodium salt.

25 12.  The compound according to claim 1 which is

2-(4’-Hexadecanyloxy)ethoxyethyl phosphate.
13.  The compound according to claim 1 which is

2-(4-Hexadecanoyloxy)ethyl phosphocholine.
30
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WO 02/ 11666 PCT/ 1L01/00713 14. The conpound according to claim1 which is
2- (4- Hexadecanoyl oxy) et hoxyet hyl phosphochol i ne. 15. A pharmaceuti cal
conposi t ivodozorspé | Si ng a pharmaceutically 5 acceptabl e ceeTiem/oand a
conpound of the general formula I, or a pharnaceutically acceptable salt

t hereof, (I \ /ICHR3 0i,..0-71 . -z2 10 wherein: R and R2 are

t he samelé‘r)dFﬁ%&P@WPW@&F?RrQ{%tOO#&a%RiéﬁHFéﬂ%d al i phatic chain conprising
from2 te_3C . ' 6%(}%!0 2ln CG[CH2] p-D, wherein m
n and p gr@%iﬁ@?%@ﬁ%@%@%ﬁ%@ﬁ%r ofﬁgl;luﬁﬁt ]eger 1[rom]g to 12, and A

B, Cand D are each independently selected froma coval ent bond, am no,

am do, oxygen, thio, carbonyl, carboxyl, oxycarbonyl, thiocarbonyl,
phosphat &5. anAnphgrimseltivad compositiodi comprtbing & phainmaceptioalhat e group wi th
the proviso that no, two _oxygen to are djrect connected to each other;
20 I3 andcceeptable camier gada Wmuﬂgé%fgﬁﬁﬁ ge’éﬁé’n II%E A¥sent or independently
sel ected _from a)..hydro odi it hi um potassi um amoni um nono-,

di -, trpﬁa%%e%lgﬁig(%&%&agmf%{éoﬁ b) together with the phospho group
forma phospho ester of glycerol, choline, ethanolam ne, inositol, serine,
mono- or ol igosaccharide. 25 16. The pharnmaceutical conposition according
to claim15, wherein the conpound of the general fornmula (I)is as defined

in any one of cl al 2 to 14. 52 WO@®2/11666 PCT/1L01/00713 17. The
phar maceut i cal cmsi tion according ltlo claim 15 further

/CH R3—0 0—z,

|
R2 @) —22

10
wherein:
R1 and R2 are the same or different, saturated or unsaturated aliphatic chain
comprising from 2 to 30 carbon atoms;
R3 is A-[CH,],,-B-[CH,],-C-[CH],-D , wherein m, n and p are each

15  independently zero or an integer from 1 to 12, and A, B, C and D are each
independently selected from a covalent bond, amino, amido, oxygen, thio,
carbonyl, carboxyl, oxycarbonyl, thiocarbonyl, phosphate, amino phosphate
mono- di- and tri-amino phosphate group with the proviso that no two oxygen
atoms are directly connected to each other;

20 Zy and Z, are the same or different, each may be absent or independently
selected from a) hydrogen, sodium, lithium, potassium, ammonium, mono-, di-,
tri- and tetra-alkylammonium, or b) together with the phospho group form a
phospho ester of glycerol, choline, ethanolamine, inositol, serine, mono- or
oligosaccharide.

25
16.  The pharmaceutical composition according to claim 15, wherein the

compound of the general formula I is as defined in any one of claims 2 to 14.
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conprising a biologically active agent. 18. The pharnaceutical conposition
according to claim 17, wherein the 5 biologically active agent is a

t her apeutwa oagené . 19. The pharnmaceutical conposition accpedimg/odn3cl ai m
17, wherein the biologically active agent is an anti-cancer drug. 10 20.
The pharngceutj cal conpositjon according to claim1 rein the

bi ol ogi cgﬁl y Ea@'@ipi‘éng%ﬁlc? C%HH?%B%QWQQ?&&@&H&%ZS @\géﬁf&ﬁ a conmpound of
any one i . . . nuf acture of a nedicanent. 15 22. A
met hod fgg)mi)#g]r a@sﬂlr?%é%éé%%{ﬂ\ﬁhﬁ?ﬁgf a biological barrier conprising
exposing said barrier to an effective amount of a conpound of the general
formula | as defined in any one of clains 1 to 14. 20 23. The net hod

accor di nd8t o dhaiphafAacenitieakbéomposition atenyiding toledaim &Y, wheresethect ed from t he
group_consi.sting of skin, c¢ornea, conjunctival, nasal, bronchial, buccal,
vagi nal Sdogisally aptiyeagant iy a@mr@mn%ﬁenm ood retinal barrier, blood
brain barrier, blood testis barrier, blood tunor barrier and bl ood ki dney
i nterphase. 25 24. A nethod for adm nistration of a biologically active
agent int9 a TheighahREGMHtRAF SotbosfieR AcsRiii i dMinf¥POShe@isiied Site or
organ to said Dbiologically actfve agent inthe presence of an effective
amount obidlogighlly reesigantlis awapshahcardrag. cl ai m 15, thus enabling or

i ncreasing the 30 penetration and/or accurul ation of the biologically
active agent in the privileged site or organ. 53 WD 02/ 11666

ori vi¥eqell o) dueapapieincrbeoREogoh dedirk S 17 JEEHEES" 2 g1 ane
or tunor iﬁoé@gl%a@&%‘%&g&%ahifg?ibgﬁ@ﬁ%éﬁt. a central nervous system di sease

or disorder rrsin mnistering to a subject in need thereof an
effective anmount of a

21.  Use of a compound of any one of claims 1 to 14 for the manufacture of a
medicament.

15
22. A method for increasing permeability of a biological barrier comprising
exposing said barrier to an effective amount of a compound of the general

formula I as defined in any one of claims 1 to 14.

20 23. The method according to claim 22, wherein the biological barrier is
selected from the group consisting of skin, cornea, conjunctival, nasal,
bronchial, buccal, vaginal and gastrointestinal epithelium, blood retinal barrier,
blood brain barrier, blood testis barrier, blood tumor barrier and blood kidney
interphase.

25
24. A method for administration of a biologically active agent into a
privileged site or organ comprising exposing said site or organ to said
biologically active agent in the presence of an effective amount of a
pharmaceutical composition of claim 15, thus enabling or increasing the

30 penetration and/or accumulation of the biologically active agent in the

privileged site or organ.
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phar maceuti cal conposition of claim15 in conbination with a therapeutic
agent. 10 27. The nethod according to claim 26, wherein said therapeutic
agent i swa@etewsed fromthe group consisting of anti-tunoPCT/amioousr al ,
anti-mcrobial, anti-fungal, anti-inflamuatory, neuroprotective agents and
bi oactive peptides and proteins. 15 28. A nethod for treatnment of a tunor
conprising admnistering to a patient in need thereof an effective anount
of a phargaceyd,| it . i . 1k rding to
claim ZBQEEH %Fggéghn%@?g?%&dagg%(ﬁ%@ﬁg?i ‘&gélt%gl §eﬁgpﬁ1§?§§§¥gﬁcﬁg¥]e t hereof an
ef fecti ves menpital ebrdbraifl by& abaR! a®ldi@ or tdtho30. The nethod according to
claim?29, wherein said anti-cancer drug is admnistered in a separate
pharmaceutical conposition. 31. The nethod according to claim28, wherein
the tunor is in the central 25 nervous system 32. The nmethod according to

cl ai m? 28 26wheAemsthoddlor Giegtment ofip ¢emirabpegvaus sysiemdiscase of §is0sdetor di ng to

claim 28, wherein the.tumor, | lec I 0 isting of
carci nong?mﬁrliswdmf'ﬁff&%méa%ﬁ%s@e&é%li%%%lt%%% %ﬁ%l Eﬁgcﬁp eoér‘:rlg? eukem a,

sar coma aRghRlaRGBomRAINR 0241hHHAS iREHbIRHAOTIR Sherapeatget hod
according to claim 28, erein sald tunor 1s a primary or = secondary tunor.
5 35. A aptidtod for treatnment of an ophthal nol ogi ¢ di sease or disorder

conprising adm nistering to a subject in need thereof an effective anount
of a pharnmaceutical conposition of claim15. 36. The nethod according to

claim35 . fturther c Lising.admnpistering to 1 he subject in need

t her eof g& ef 558@%8%%%9}%%@ a%zgﬂ"ﬂﬁrﬂn vims] ‘fgtlaBS‘thageﬁﬁ ve agent.

37. The i t i WIBI0E! _ : ‘api ¢ di sease

or disor etrea'%g sei ﬁ?ggﬁpr%#éﬁggﬁagumcg ’aéhﬁeggerlr%%%ﬂé%%%gg- rel ated
anti-fungal, anti-inflammatory, neuroprotective agents and bioactive peptides

and proteins.

15 28. A method for treatment of a tumor comprising administering to a patient

in need thereof an effective amount of a pharmaceutical composition of claim 15.

29.  The method according to claim 28 further comprising administering to
the patient in need thereof an effective amount of an anti-cancer drug.

20
30.  The method according to claim 29, wherein said anti-cancer drug is

administered in a separate pharmaceutical composition.

31.  The method according to claim 28, wherein the tumor is in the central

25 mnervous system.
32.  The method according to claim 28, wherein the tumor is in the brain.
33.  The method according to claim 28, wherein the tumor is selected from

30 the group consisting of carcinoma, glioma, neuroblastoma, retinoblastoma,

lymphoma, leukemia, sarcoma and melanoma.
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15 macul ar degeneration (ARVD), intraocular infections, intraocular

I nfl ammati ons and i ntraocul ar nmalignancies. 38. The nethod according to any
one of civedny1®d46to 37, wherein the pharnmaceutical conmpoBCTAIGNM/0DE3

adm ni stered by oral, parenteral or topical 20 adm nistration or by

regi onal perfusion, enema or intra-organ |avage. 39. The nethod according
to any one-of clains 24 to 37, wherein the pharmaceutical conposition is
intra-argeria gl £ 40 'ﬁﬂnﬁﬁ' one of
clainms 2 E’to g‘i}?!nm?r@??l&ﬁﬁe tgﬁ%?%%%&?lﬁ%lgﬁ %Hggrpt%glsﬂsgdn 'S 1 n?%-t hecal | y
adm ni st ggRAdaddtuntdriret hod for increasing accunul ation of a diagnostic
agent in an organ protected by a biological barrier conprising

adm nistering to an individual said 30 diagnostic agent in conbination

ith ff [ f i cal . L.
Sonpod t Ban o BEdION 108 reAHUG Gl P AU R RIS ORSETORT WFORRE. i agnostic
t .0 0 .he .bi ' ' hod
2ocor di ng REEEHRERICE RYPG B L E Ao BPbhbalve dtuETT 0
barrier hRakfiReGROARMMRINAHSE S¥ihgs 56

36. The method according to claim 35 further comprising administering to
10  the subject in need thereof an effective amount of an additional biologically

active agent.

37.  The method according to claim 35, wherein the ophthalmologic disease
or disorder is selected from cystoids macular edema (CME), Age-related
15 macular degeneration (ARMD), intraocular infections, intraocular

inflammations and intraocular malignancies.

38.  The method according to any one of claims 24 to 37, wherein the
pharmaceutical composition is administered by oral, parenteral or topical

20  administration or by regional perfusion, enema or intra-organ lavage.

39.  The method according to any one of claims 24 to 37, wherein the

pharmaceutical composition is intra-arterially administered.

25 40. The method according to any one of claims 24 to 37, wherein the
pharmaceutical composition is intra-thecally administered.

41. A method for increasing accumulation of a diagnostic agent in an organ

protected by a biological barrier comprising administering to an individual said

30  diagnostic agent in combination with an effective amount of a pharmaceutical
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composition of claim 15, thus increasing accumulation of the diagnostic agent

in the organ protected by the biological barrier.

42.  The method according to claim 41, wherein said organ protected by a

biological barrier is the central nervous system.

56



