PRODRUGS W TH ENHANCED PENETRATI ON INTO CELLS

FI ELD OF THE | NVENTI ON

The present invention F%’f"é‘tge%"sto a

technique for treating a condition or disease 5 in a human related to
supranormml intracellular enzyrre act i vity, and to a prodrug useful in
such techni que. BACKGROUND OF THE

| NVENTI ON' Many maj or d| seases I schem a,
st roke, epllammmmstﬁ%%“mﬁ CONpIIH @ S&eg’?@e@@ Ee reﬁﬁted to the
phenonenon offOCSHPRANDRMAL: SRERACGELLIAR T¥-used herein to denote

abnormal |y elevated | evels of certain intracell uI ar enzymes. For
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FIELD AND BACKGROUND OF THE INVENTION

The present invention relates to a technique for

' treating a condition or disease in a human related to supranormal

intracellular enzyme activity, and to a prodrug useful in such

technique.

‘Ischemia, stroke, epilepsy, asthma and allergy are

among the most frequently occurring disorders in humans.

Cerebrovascular disease, manifeeted e.g. as cerebral
insufficiency, cerebral infarction, cerebral hemorrhage, or
cerebral arteriovenous malformation, as well as stroke (ischemic
lesions}, const%tutes the most common cause of neurological

disability in developed countries.

Ebilepsy affects about 2% of the population. No single
drug controls all types of seizures, and different drugs or drug

combinations are required for different patients.

Bronchial asthma is a reversible obstructive Ilung
disorder. Asthma and allergies are very widespread diseases,

especially in developed countries..

In spite of the obvious difference between the
different diseases mentioned above,  they are believed to be
related to the phenomenon of cell hyperexcitation, in which cell

membranes are broken down due to abnormal enzyme activity.

Current - pharmacological strategies are therefore aimed at N

inhibiting this degradative activity.
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I nstance, as a result of supranormal intracellular phospholi pases
associated wth these di sease states, cell nenbrames—are—broken- down.

Current pharmacol ogi cal, strategies are. t her ef ormgis SkeBMHs Bden RéPHEQI 1 NY

this del eteri dus degradative activity. 15 I ful to
be able tae selectively target diseased cells char acterwmnumymrenzyne
hyperactivity, so as to introduce a pharmacol ogically ein
t he formof a prodrug into a cell, whereby such hyperactivity would
act on the prodrug, so that the pharmacol ogically active nol ecul e

accunul ates in the diseased cells rather than in the healthy cells.
20 A non-1im tTHy exanphugef§odtushing P 36EREGAROGHYC Bé |decanddrye

mol ecule is a cal cium chel ati ng agent, which woul d have many
advant ages over dwougshepuissiemt bnd/osethtracellular rélemse rafata®ntiond ¢Slesjom
associ ated di sorders. Intracel lular calciumis an inportant
determ nant for cadl Skdghh, Arsredpittelfarsohung, 198he | A1(3A3F i388u232).
sustained by the cell. It may be involved in cell death in |ynphocyte 25
and killer cell rméaitady, datagmoinglyx fapeary [te play @ daperiapbdelaur itAg
transpl antati_on, and in ofher types of tissue damage jincludin
i schemi ¢ i ns? t s.te8MeHHF AfapRideptic sgi”b‘F%%_kéfLEh%‘ic%lsF'g’Hﬂrﬁ%me Reabl e
forms of cal cium ¢chel ators .have been su est$d t ot ect_agai_nst
ssue injury o To HAEReRURTH cBTEmoREITEs Then inrradalilet SEirsAr e e
that the present iy !Q&eﬁﬁ'ﬁ% %8%&%% naS&a1Clith teﬁéxj%'ﬁ?éi’éﬂe%”tmaﬁmla%}é' ng a
cal cium 30 chelator) inrelatio O these Circunstdnces
anticonvulsant activity (see e.g. Meyer, 1989, Brain Res. Rev.
14: 227-243).
10 Drugs which are currently or potentially useful fdf
‘treatment of calcium associated disorders include (1) célcium
channel - blockers, (2) drugs affecting calcium economy by
modification of calcium intracellular storage ‘sites, and (3)
intracellular calcium cheiating agents. Calcium channel blockers
15 used in clinical practice. are represented by Verapamil,
Nifedipine and Diltiazem. The major toxicities associated with
the use of such compounds involve excessive vasodilation,
negative inotropy, depression of the sinus nodal rate, and A~V
nodal conduction disturbances. Drugs affecting calcium
20 mobilization/sequestration, like calcium channel blockers,
exhibit rather narrow specificity. There is no intracellular
calcium chelating agent available for clinical requirements,
Existing calcium che;ators such as EGTA-AM, EDTA-AM, and BAPTA-AM
are avallable as cdmplex molecules, the hydrophobic part of which
25 could be digested by cellular noninducible esterase, thus causing

accumulation of chelator intracellular space, which is, however,

random and uncontrolled, being unrelated to cell activity.



2 It will also be self-evident that a simlar concept can

—

be applied to the treatment———of conditions or diseases other than
those related to th’amlslhtetﬂﬁ@leénlﬂeﬁ (}evel of cal cium ions. By way of

exanple, if the acti rporated in the prodrug nolecule is a
protein kinase inhi b '!W””&m nistration of the prodrug the inhibitor
would 5 accurul ate I n hi bi ti ng abnormal proliferation, thus
potential ly providing an i nportant tool for use in antitunor therapy.
The use of prodrugs to inpart desired chargcteristics such as increased

bi oavailability or increased site-specificity on known drugs is a

recogni zed concept in th¥t would sbatuwedfl thdeanbleoto plsaiesdealy cabrget

devel opnent. The use of various lipids in the preparation 10 of

particul ar typeslisragadodeelds ¢haratesrikedhs énzynddiyperscyiviyd e as| fonone
of those I nstances are the prodrugs characterized in that they

achi eve pr ef er enttitapdusec uhuPherngrolssieldy active gyaigevdier kp rEbenkord g%aﬁled

cells of the organ, by activation with intracellular |ipases. bfa
they provide f orPTOAEYE)r 1REY 5h%é:e{1}ang5%qepgosqc5 hyrepaetivi by yopld agk t°8 be

I d fi hi fied h
el case W s egra i a0 0 AUk RARED RS BT |
anti-inflammat orge dfi0ged 56! %d di@eXQdﬁléﬁ@gZ&h‘é@ Glin in thd aE@&er ally,

protect the gastric nucosa an re ease e active princip e I'n the gut
I'n other exanpl 196, PhASRACLiMitdnd eREHd18Sor h6h fpﬂﬁmﬂc@lbéﬂa@iy t BeeReodr ugs

into |iposones
molecule dis a calcium chelating agent. which would have many
advantages over drugs presently used for the treatment of calcium
10  associated disorders.

Intracellular calcium is an impbrtant determinant for
cell death in organ hypothermic preservation for tfansplantation,l
and may .also be relevant ih organs protection (toxicology).
Additionally, calcium precipitated cell disintegration accepted

15 as a key event on lymphocyte and killer cell médiated damaging of
the target cells. Lymphocyte-target interaction leads to
sustained elevation of the intracellular calcium level and causes
a cascade of destruction. Prevention of calcium entry improved
the result of liver cold storage in UW solution {Rajab et al,

20 Transplantation, 1991, 51(5): 965-7). Myocyte injury can be
produced by sensitized cytotoxic T lymphocytes in vitro and is
calcium dependent (Woodley et al, Circulation, 1991, 83(4): 1410-
8). Studies ' illustrate reduced rejection _rates in organ
transplant patients treated with calcium channel blockers (Weir,

25 Am J, Med., 1991, 96(5A): 325-36S). Thus it will be apparent
that the present invention has potential use (in the embodiment

employing a calcium chelator) in relation to these circumstances.



or other mcellar structures is the feature that enables their preferenti al
upt ake, for instance : by macrophages or by liver cells as in the case
of the phospholipid conjugates of antiviral 20 drugs disclosed in WO
90/ 00555 and WO 93/ 00910. Generally, viral infection is not

associ ated w th supranornmal phospholipase activity and antiviral
phosphol i pi d conjugates do not teach or suggest activation of the drug
preferentially in the diseased cells, or inthe infected cells as in the
case of the phospholipid conjugatgs of antiviral nucleotides and
anti-sense ol igonucl eotides, such as those disclosed in 25 WO 90/ 00555,

in V\D _90/ 10448 and ,i n Mlvﬁfli—eﬁggilfealsei\p-tagfdenleotha%’ a%gflﬁsgoné%i élﬁ.f ield,
Virginia, US, 1984.

3 | NbDaPEY16dNES A Aol Btk | 1€ chABRToR 0B iBeabdPbfiferar gatsed 0
target the prodrugs to 5

those related tg the intramolecular level of Ca<‘ ions. By way
of example, if the active entity incorporated in the prodrug
5 molecule is a protein kinase inhibitor, after administration of
Fhe prodrug the inhibitor would be a&cumulated in a cell
exhibiting abnormal prolifération, thus providing potentially an
. important tool for use in antitumor therapy.
» SUMMARY OF THE INVENTION
In accordance with one object of tﬁe invention, there
are provided prodrugs which selectivély accunulate
pharmécologically active compounds in hyperactivated cells. 'In
‘accordance with another object of the finvention, the
. pharmacologically active combound is released from the prodrug in
° response to enzyme activity in the targeted cells. In accordance
with yet another object of the invéntion. 'the pharmacologically
active compound, selectively accumulated in.a cell characterized
by a relatively raised level of enzyme. activity therein, is
trapped in the cell and therefore exhibits an enhanced desired
2 activity therein.
The present invention acgordingly provides - in one
aspect, a prodrug which is a covalént conjugate of a
pharmacologically active compound and an. intracellular

25 transporting adjuvant, characterized by the presence of a

covalent bond which is scission-sensitive to intracellular enzyme

eet Has Been Replaced
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intracellular organelles as in the case of the antiviral and antineoplastic
nucl eosi des di scl osed in US 5,149, 794. Additional types of |ipids
have al so.been used in specific types of prodrugs . such as EP A-325160
whi ch* di sci oses glycerin esters of ACE inhibitors, which form 5 m cel | es
absorbed fromthe intestine into the |ynphatic system thereby bypassing
the liver and having increased access to the central nervous system
for use in the treatnent of hypert ensi on and cognitive dysfunction.
The ACE inhibitors undergo enzymatic cI%@vag and exert their

t herapeutic effects extracellularly. O her types of lipophilic
carriers that facilitabe wchefClbplad] !4h@NSRALL: dhbediloNbrodiddie art. 10
as in CH A-679856 which di scloses the use a I cyloyl-carnitine for the
treatment of Ratkhique for GR@tink m&%%& \Whkedsedis d a6, Pélistbed

ol i gonucl eoti de anti sense drugs, transported into cells by attachnent
of apol ar groups supeéncriapiabydcediuld@péidyne GicoiNgity, which comprises
SUMVARY OF THE | NVENTI ON 15 I n accordance with one object of

t he i nventi onaduindsbering proova dedaphadingysuch condittion h opel diskases| ya
accunul at e pharnmacol ogi cally active conpounds in hyperactivated
cel | s. | nbac®bperpseutigalhy mg@m@bl@wpébtme@brmemnwema prodruge the

phar macol ogi cal active npound is released fromthe prodrug in
response to eﬁf?fi/f"é‘ga‘?ﬁjf‘ﬁl ‘E)F%qu’i‘ltncctnﬁégét"&r @f«‘et‘il cell meghnapg impgrugable dance

h h th | | |
Sonpound, sel sﬁwg{?fﬁ%t&ec’ L1 ST oBPYE PRy o 2ol peatidRa i vel y
raised | ekeloal SN ARLI ViGN LISLEID 1o kg@p@ggsén@ef ig cgl 1 and

t heref ore exhi dnce desire erern
covalent bond which is scission-sensitive to intracellular enzyme

10 activity, such that the bond is broken in response to such
activity, whereby the pharmacologically active compound
accumulates selectively within cells having supranormal
intracellular enzyme activity, the prodrug being administered in
an amount effeétive for reducing the supranormal enzyme

15 activity.

In yet another aspect, the invention provides use for
the manufacture of & medicament for treating a condition or
disease in a human related to supranormal intracellular enzyme
activity, by selectively accumulating a cell membrane impermeable

20 pharmacologically active compound within cells having . such
activity, of. a pharmaceutically acceptable cell membrane
permeable prodrug, which is a covalent conjugate of- the
pharmacologicaily active compound and an intracellular
transporting adjuvant, and is characterized by the presence of a

25 covalent bond which is scission-sensitive to intracellular enzyme
activity, such that ~ the bond 1is broken in response to such

activity.
heet Has Been Replaced
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The present invention accordingly provides in one aspect,

a prodrug ﬁhich

In

Is a coval ent conjugate of a pharnacol ogically active conmpound and an
i ntracel lular 25 transporting adjuvant, characterized by the presence of
a coval ent bond which is scission-sensitive to intracellular enzyme
activity. 4

anot her aspect the present invention provides a techni que for
treating a condition or disease in a hunman, rel ated t o supranor mal
intracel lul ar enzynme activity, which conpsises adm nistering to a

human havi ng such condition or disease,
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BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be understood and appreciated more
fully from the detailed description below, in conjunction with
the drawings, in which:
Figure 1 is a graphical illustration of the effects of
a compound, in accordance with an embodiment of the present

invention, on intracellular free Caz+

ievel in human lymphocytes;

Figure 2 compares recovery in Global Cerebral Ischemia
in presence or absence of a compound in accordance with an
embodiment of the invention;

Figure 3 illustrates the variation with dosage of
pilocarpine induced epileptic events;

Figure 4 illustrates the protection against pilocarpine
induced epileptic events afforded by a compound in accordance
with an embodiment of the invention;

Figures 5 and 6 illustrate the protection against long-
term alteration of certain cardiac functions, or shift of
coronary vessels tone regulation, caused by pilocarpine, afforded
by a compound in accordance with an embodiment of the invention;

Figure 7 4illustrates the recovery of pilocarpine-
damaged hearts.in an Ischemia-Reperfusion model, when usiné a
compound in accordance with an embodiment of the invention;

Figure 8 1illustrates the protectiye effect in a
metrazol minimum seizures test, afforded by a compound in
accordance with an embodiment of che invention; and

Figures 9, 10 and 11 illustrate results of experiments

in hypoxia~-reperfusion cardiopathology.
This Sheet Has Been Rep
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5 pharmaceutically acceptable cell nenbrane perneable prodrug, the
prodrug being a coval ent conjugate of a cell menbrane inperneable
pharnacologlca++y’““aCFTV€"_ conmpound and an  intracellular

t ransporti-ng ng@nhstﬁRam@@terlzed by the presence of a
coval ent bond mh n-sensitive to intracellular enzyne 10
activity, such M\m m nd is broken in response to such
activity, where phar macol ogi cal |y active conpound
accunul ates selectively wthin cell§ havi ng supr anor ma

I ntracel lul ar enzyne activity, the prodrug belng adm nistered in an
anount effective for reogyging DESrCﬁf’PTI@N ENTIgﬁzyrre 15 activity.
In yet anot her aspect, the 1 nvention provi es use t he manuf acture

of a medi cament for tregRdi RHarhaeOIWHibaDY Okctive compound may be e.g. a
pharmacoldgiqally active carboxylic acid, when the adjuvant may
comprise (e.g.) at least one pharmaceutically acceptable alcohol

5 which is selected from glycerol. C3_20 fatty acid monoglycerides,
C3_20 fatty acid diglycerides, hydroxy-C,_g-alkyl esters of C3_20
fatty acids, hydroxy-cz_s-alkyl esters of lysophosphatidic acids,
lyso~-plasmalogens, lysophospholipids, lysophosphatidic acid
amides, glycerophosphoric acids, lysophophatidal-ethanolamine,

10 lyso-phosphatidylethanolamine and N-mono- and N,N-di-(Cl_u)-alkyl
and quaternated derivatives of the amines thereof. Exemplary of
pharmacologically active carboxylic acids are branchedfchain
aliphatic carboxylic acids (e.g. valproic acid), salicylic acids
(e.g. acetylsalicylic acid), steroidal carboxylic acids (e.g.

15 1lysergic and isolysergic acids), monoheterocyclic carbocylic
acids (e.g. nicotinic acid) and polyheterocyclic carboxylic acids
(e.g. penicillins and cephalosporins). While pharmacologically
active carboxylic acids are particularly described herein, as
exemplary of the active compounds which may be conjugated with an

20 intracellular transporting adjuvant, the invention is not limited
thereto. Thus, by way of further example, it is entirely within
the concept of the present invention to conjugate therapeutically

- active nucleic acids (including RNA and DNA) or fragments thereof
with an intracellular transporting adjuvant.

25 In a non-limitative ehbodiment. the prodrug according
to the invention includes a calcium chelating agent, and may thus

be of potential use for treating diseases or conditions which are



di sease in a human related to supranormal intracellular enzyne
activity, by selectively accunulating a cell nenbrane inpernmeable—20

acti vi t-y,
per meabl e

phar macol ogi_cal |y active conpound wthin cells having_ s Chmmd
of . a pharnmaceutically acceptable celThisSh Ny
pr odrug, which is a covalent conjug “

phar macol'ogical |y active conpound and an |

transporting adjuvant, and is characterized by the presence of a 25
coval ent bond which is scission-sensitive t§)intracellular enzyne
n

activity,
activity.

such
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that the bond is broken response to such
2+

related to an unduly high level of intracellular Ca“” ions. In a
particularly preferred embodiment, the prodrug contains at least
one covalent bond between the pharmacologically active compound
and the intracellular transporting adjuvant, which covalent bond
is scission-sensitive to intracellular enzyme activity, with the
consequence that the greater ﬁart of the prodrug molecules will
move freely in and out of normal cells without scission of .such
bond, whereas in the cells possessiné the supranormal enzyme
activity only, the scission-sensitive bond in a high proportion
of prodrug molecules entering the cells will break, thus
accumulating intracellularly, and trapping within the abnormal
cell, the pharmacologically active compound, since the latter is
cell membrane impermeable. Persons skilled in the art will

appreciate in what manner the concept of the invention may be

applied to conditions and diseases ﬁhich are not necessarily

related to an iﬁtracellular excess of calcium ions, 8o that in
such other cases, the prodrug will incorporate an active compound
which is not a calcium chélator but which will possess other
desired pharmacological activity. |

The prodrug which includes a caleium chelating agent -

is, e.g., @& partially or totally esterified carboxylic acid,

_which is an ester of:

{(a) a pharmaceutically acceptable chelating agent for calcium
having the formula (HOOC-CHy~),-N-A-N-(-CH,COOH}), where A is
saturated or unéaturated.. aliphatic, aromatic or heterocyclic
linking radical containing, in a direct chainlliﬁk between the

two depicted nitrogen atoms, 2-8 carbon atoms in a continuous



BRI EF DESCRI PTI ON OF THE DRAW NGS The invention wll be
under st ood and appreC|ated'hUTe-~“.w,fuIIy fromthe detail ed description
bel ow, in conjuncti on Tk Bieet Has B eenﬁ%lﬁ drawi ngs, in which: 5

Figure<l is+a graphlcal °Sf the effects of a conpound,
I n accordance with an w%ﬁ[
intracellular free Ca[er

he present I nvention, on
hunan | ynphocyt es;

Figure 2 conpares recovery in G obal Cerebral Ischem a in presence or

absence of a conpound in accordance with qy

chain which may be interrupted by 2;4 oxygen atoms, provided that

the chain members directly connected to the two depicted nitrogen

atoms are not oxygen atoms, with

(b) a 03_32 pharmaceutically acceptable alcohol containing 1-3 OH
5 radicals (e;g. such a C3-6 alcohol, or e.g. a C7_32 secondary

monohydric alcohol);

and salts with alkali metals of the partially esterified

carboxylic acids, as well as acid addition salts of such of the

esterified carboxylic acids as contain one or more potentially
10 salt-forming nitrogen atoms.

The ester of the preceding paragraph may be one in which the
linking radicai A is a membér selected from the group
consisting of -(CH,CH5) - where m = 1-4,'-in which 2-4 of the
carbon atoms not attached to nitrogen may be replaced by oxygen

15 atoms, and -CR=CR-0~CH2CH2-O-CR'=CRi-, where each of the paifs of
radicals R-R and R'~R', together with the attached -C=C~ moiety,
complete an aromatic or heterocyclic ring containing 5 or 6 ring
atoms, the ring completed by h-R Seing the same as or different

from the ring completed by R'-R'.

20 In particular embodiments, the linking radical A may .
‘be. e.g., selected from -CH,CHy~ and ~CH,CHy-0-CH,CH,~0-CHCHp = ¢
or it may be e.g. -CR=CR-0~CH,CH,~0-CR'=CR’'~, where each of the
pairs of radicals R-R and R'-R', together with the attached -

25 C=C-~ mbiety, complete an aromatic or heterocyclic ring which is

selected from the group consisting of furan, thiophene, pyrrole,

pyrazole, imidazole, 1,2,3-triazole, oxazole, isoxazole, 1,2,3-



10 enbodiment of the invention; Figure 3 illustrates the

variation wth dosage of pil ocarpine induced epileptic events;
Figure 4 illustrates the protectlon agai nst pil ocar pi ne ~ induced
epi |l eptic events affdk “ nd in accordance 15 wth an

enbodi nent of the |nv l Figures 5 and 6 illustrate the
protection agalnst Io alteration of certain cardi ac
functions, or shif coronary vessel s tone reqgul ati on, caused by
pllocarplne, afforded by a conpoundggi n accordance wi th an enbodi nent
of the invention; 20 Fi gure 7 illustrates the recovery of
pi | ocar pi ne- oxaddamged hea!$-%xhdiaa3B14 SChasdoRRepeidathit @sb1epdel, 2, 3hen
using a conpound in accordance with an enbodi ment of the |nvent|on

thiadiazole, 1,2,5-thiadiazole, benzene, pyridine, pyridazine,
pyrimidine, pyrazine, 1,2.3;triazine, 1,2,4-triazine, and 1,2-,
1,3- .and 1,4-oxazines and thiazines, the ring completed by R-R
5 being the same as or different from the ring completed by R'-~R',
In a particularly preferred embodiment, the linking radical A is
~CR=CR-0-CH,CH,-0-CR'=CR' -, whére each of the pairs of radicals
R-R and R'-R', together with the attached -C=C- moiety,
completes the same or different rings selected from unsubstituted
10 and substituted benzene rings; in which substituted benzene rings
contain 1-4 substituents selected from the group consisting of
01,3-a1ky1, C1_3-alkoxy. F, C1, Br, I .and_CF3. or a single
divalent substituent which is -0-(CH,)},-0- and n: = 1-3.
It is presently preferred that the calcium chelating
15 agent incorporated in the prodrug is selected from ethylene-1,2-
diamine-N,N,N' ,N'-tetraacetic acid, ethylene-1,2-diol~bis-(2~
aﬁinoethyl ethef)—N,N,N’,N'-tetraacetic acid and 1,2-bis-(2-
aminophenoxy)othane-N,N,N'.N‘-tetraacetic acid.
As mentioned sbove, 03_32, e.g. 03-6' alcohol referred
‘20 to above contains 1-3 OH radicals. When 2 OH radicals are
present, ono of-them may be esterified or otherwise derivatized,
and when 3 OH radicals are present, either 1 or 2 of the OH
radicals may be esterified or otherwise derivatized. Any carbon
atoms in the esterifying or otherwise derivatizing group(s) are
25 not counted for the purposo of the e.g. 3 to 6.carbon atoms which
may be contained in the pharmaceutically acceptable alcohols.

Thus, these alcohols may comprise, e.g., at least one member of



Figure 8 illustrates the protective effect in a metrazol m ni num
sei zures test, afforded by a conpound in 25 "accordance wth an enbodi nent

of the inyvention; and - Figures 9, 10 and 11 illustrate
results of+ experinments i n hypoxi a-reperfusion cardi opat hol ogy.
6 DETAI LED DESCRI PTI ON OF THE | NVENTI ON

The pharnacologlcally active conpound may be e.g. a

11
the group consisting of glycerol, C3_20 fatty acid
monoglycerides, C3_20 fatty acid diglycerides, hydpoxy-Cz_é-alkyl
esters of C3_20 fatty acids, hydroxy-C,_g-alkyl esters of
lysophosphatidic acids, lysoplasmalogens, lysophospholipids,

5 lysophosphatidic acid amides, glycerophosphoric- acids,
lysophophatidalethanolamine, lysophosphatidylethanolamine and the
N-mono-Cl_q-alkyl. N,N-di-Cl_u-alkyl and quaternary ammonium
derivatives of such of the foregbing as are amines. An exeample
of a C7_32 secqndary alcohol is 1-myristylmyristy1 alcohol.

10 The person skilled in the art will abpreciate that the
prodrug of the present invention can be tailored in such a manner
that the desired pharmacologically active entity is released by
action of the enzyme Lknown to be the gource of enzyme
ﬁyperaétivity in the condition or disease being treated. For

15 example, membrane-associated calcium-independent plasmalogen-
selective PLA, activity has been found to increase over 400%
during two minutes of global ischemia (P<0.01), was greater than
10-fold (near to the maximum) after only .five minutes of
igchemia, and remained activated throughout the entire ischemic

20 interval examined (up to 60 minutes), see Ford et al, J. Clin,
Invest., 1991, - 88(1): 331-5. These facts suggest attaching the
pharmacological active entity to the 2-position in a
glycerophosphoric acid derivative, and that wuse of a
lysoplasmalogen may possibly be more effective as the

25 intracellular transporting adjdvant. to which the active entity

is attached covalently, than a lysophospholipid.
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phar macol ogi cal |y active carboxylic acid, when the adjuvant may

conprise (e.g.) at |east one pharmaceutically acceptable al cohol 5 whi ch
i s selected Fron1g|ycero|, Cerr] fatty acid nonoglryCeéri des, derr]
fatty acid diglycerides, hydroxy-(err]-alkyl estemsis&Hfeet@peBet: Replaced fatty

acids, hydroxy-Clerr]- aIkyI esters of |ysophosphati

Iyso-plasnalogens | ysophosphol i pi ds, | ysophosp

am des, gl ycerophosphoric acids, |ysophophatidal-eth

| yso- phosphati dyl et hanol am ne and N-nono- apd N,N—di-(C[err]) al kyl

and quat ernated derivatives of the am nes thereof. Exenpl ary of

phar macol ogi cal |y active giy Boss (e 3Gi dsytatskilr alaeshsChptiydical stimuli

al i phatic carboxylic acids (e.g. valproic acid), salicylic acids

(e.g. acetylsali cafdi cirfectve Sagenes)abusingbdeaske ofachelcelk. genbrbhe  can

| ysergic and -isolysergic acids), nonoheterocyclic carbocylic
trigger a cascade leading ultimately to a condition which mimics

ischemia (Robbins et al, Pathological Basis for Disease, 1984, p.

5 10, W. B. Senders Co.). The present invention will potentially
be of use for protecting cells. in these circumstances, by
introauction of a calcium chelator intracellularly. In this
connection, it is noted that the“antitumﬁr drug Adriamycin, which
_has beeﬁ reported to inhibit Na-Ca exchange and to -overload the

10 sarcoplasm with calcium, could induce.contractile heart failure;
this would be consistent with the hypothesis that calciunm
overload, in absence of ischemia, can leave behind long-lasting
contractile dysfunction (Kusuoka et al, :J. Cardidvasc.
Pharmacol., 1991, 18(3): 437-44).

15 | As indicated above, the concept of the present
invention is not restricted to the treatment of conditions or
diseases related to the intramolecular level of Ca2* ions, so
that the mater#als used in practising the invention are not
restricted ~ to calcium chelators. Thus for example, the

20 pharmacologically active compound may be e.g. an  antiepileptic
compound such . as valproic acid. In this connection, it is
contemplated that application of the preseﬁt invention in this
embodiment would enable a much lower effective dose of valproic
acid to be used than is otherwise the case, thus potentially

25 substantially reducing the occurrence of undesired side-effects.
In principal, any of the range of alcohols, and examples thereof,

mentioned above i1in connection with esterification of calcium



acids (e.g. nicotinic acid) and pol yheterocyclic carboxylic acids
(e.g. penicillins..and _cephal osporins). VWhile pharmacol ogically
active carboxylic_acjds are articularly described herein, as
exenplary “of thejé & which may be conjugated with an 2
I ntracel | ul ar tran ant the invention is not limted
theretod. Thus, exanple, I't is entirely within
concept of the present |nvent|on to conjugate therapeutically
nucl ei ¢ acids (including RNA and DNA). orlgragnents t her eof W t

i ntracel lular transporting adjuvant.

In a non-limta

0

t he
active
h an
tive

enbodi ment,  t Qﬁeﬁ&%u%aya&fs%rgé rEa%pl:ted to ttﬂ FHM%QH&” of n%?;?zg)rica

caIC|un1cheIat|ng agent, and

potential use

treating di seasRsdGin S@é&ﬁﬁﬁ@ﬁlﬂm%ﬁ@ cdh&ept of the present invention. In.
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a non-limiting embodiment, valproic acid may be esterified with,
e.g., l-heptanoyl-sn-glycero-3-phosphorylcholine,

In another pgrticulae embodimeht, the pharmacologically
active compound incorporated in the prodrug of the invention is a
protein kinase inhibitor. Where the protein kinase inhibitor is
a carboxylic acid, the prodrug may be e.g. an ester thereof with
a pharmaceutically acceptable alcohol such as glycerol, C3_20
fatty acid monoglycerides, C3_20 fatty acid diglycerides,
hydroxy-C,_g-alkyl esters of 03_20 fatty acids, hydroxy-C,. ¢~
alkyl esters of 1lysophosphatidic acids, lysoplasmalogens,
lysophospholipids, iyso-phosphatidic acid amides,
glycerpphosphoric acids, lysophophatidalethanolamine, lyso-
phosphatidylethanolamine and N-mono- and N,N-di-(cl_u)-alkyl and
quaternated derivatives of the amines thereof. Such a carboxylic
acid is e.g. protein kinase inhibitor K252b from Nocardiopsis sp.

Where .the protein kinase inhibitor containg an amine
group with a replaceable N-linked hydrogen atom, the prodrug may
be e.g. an amide thereof with a phosphoric acid derivative
selected from glycerophosphoric acids, O-acylated or etherified
glycerophosphoric acids, and monoacylated monoetherified
glycerophosphoric acids.. Such protein inhibitors are e.g.
isoquinoline~5-sulfonamide N-substituted by an acyclic or

heterocyclic aminoalkyl radical such as NHCHZCHZNHCH3 apd 2-

methylpiperazin-i-yl. Where the protein kinase inhibitor

contains at least one phenolic hydroxy group, the prodrug may be



7 ' related to an unduly hi gh | evel of i ntracel | ul ar Ca[err] ions.

In a particularly preferred enbodi nent, the prodrug contains at
| east . one coval ent bond between the pharnacol ogically active
compound . and the intracellular transporting adjuvant, which coval ent
bond 5 is scission-sensitive to intracellular enzyme activity, wth the
consequence that the greater part of the prodrug nol ecul es will nove
freely in and out of normal cells wthout scission of such

14

e.g. an ester thereof with a phosphoric acid derivative selected

from glycerophosphoric acids, O-acylafed glycerophosphoric acids,

etherified. glycerophosphoric acids, . and monoacylated

monoetherified 'glycerophosphofic acids. Such a protein kinase
5  inhibitor is e.g. 4',5,7-trihydroxyisoflavone.

When seiecting'the intracellular transpbrting'adjuvant
for the purposes of the present igvention, the skilled person
will of course take into consideration the necessity for
avoiding such adjuvants, e.g. certain 1,2-diacylglycerols, which

10 are activators of protein kinase C (see Lapetina et al, J. Biol.
Chem., 1985, 260: 1358 and Boynton et al, Biochem. Biophys. Res.
Comm., 1983, 115: 383), or intracellular transporting adjuvant
which are likely to give rise to undesirable products such as
these in the cell.

15
DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS

Example 1: Preparation of Prodrug-l and Prodrug~2.
Introduction |
"Prodrug-1" is the name used herein to denote a 1:1
ester of 1.2fbis-(Z—aminophenoxy)ethane-N,N.N',N'-tetraacetic
* acid (BAPTA) with the choline derivative
ROCHZ-CH(OH)-CHéO-(POZ)-OCH2§(0H3)2, where R is heptanoyl. BAPTA
is a calcium chelator, to which the human cell membrane 1is
nbrmally impermeable, whereas the cell membréne is permeable to
prodrug-1, which is not a calcium chelator per se. The
% carboxylic ester links in prodrug-1 are digestible by PLA,, 80

that activated cells such as IgE lymphocytes should exhibit a

"
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bond, whereas in the cells possessing the supranornmal enzyne activity
only, the scission-sensitive bond in a high proportion 10 of prodrug

nol ecules , entering the cells wll break, TT““““*-—aecunuLatlng
intracellukarly, and trapping within the abnornallhsmmaﬂﬁh en RENE

phar macol ogi cal Iy active conpound, since the Iatter d renbr ane
I nper neabl e. Persons skilled in the art wll "ﬂH e in what
manner the concept of the invention may be 15 appl itions and
di seases which are not necessarily related to an intracellul ar
excess of calciumions, so that in 5such ot her cases,; the prodrug\MII

I ncor por ate an_acti

I hel but
which will pos8%sE %Y%eggpraceﬁ“&é&arc@ﬂ i‘?ﬁaé’g éﬁqég? cglﬂ’lfj‘%nvg G art :
The prodrug m@ﬁ&&ib@@edugglsls? Ch%'tﬁl 4 &G Latth Q9% né 98& ]; level in the

activated cells should be reduced when compared with unactivated

cells. "Prodrug-2" is the 1:2 ester of BAPTA with the depicted
5 choline derivétive.

Procedure

(a) Diheptanoyl-L-a-lecithin

In a dry 3-neck 500 ml flask equipped with oil-sealed

stirrer, CaCl, tube and aropping funnel, were placed 100 ml 5 mm

10 diameter glass beads and 11.0 g (0,01 mole) of CdCl, adduct of
synthetic L-a-glycerophosphoryl-choline. The flask was immersed

in an ice-water bath, and to the rapidly-stirred mixture there

was added a thin stream of 29.7 g (0.2 mole) freshly prepared
heptanoyl chloride dissolved in 60 ml chloroform*, followed by 11

15 ml (0.14 mole) anhydrous pyridine dissolved in iee ml
chloroform* (*anhydrous, alcohol-free). After 30 minutes, the

bath temperature was raised to 25°C and stirring continued for 2
hours. The ' reaction mixture was poured through a filter-less
Buchner, the glass beads washed with 3 x 50 ml chloroform and the

20 'combined filtrates clafified by centrifugation. The supernatant
was concentrated under reduced pressure, the residue kept for
several hours at 0.1 mm vacuum and bath temperature 30-35°C to
remove most excess pyridine, and was then stirred with 500 ml
gnhydrous acetone for 10 minutes, and centrifuged. The

25 precipitate was treated similarly witﬁ 2 x 100 ml anhydrous
acetone and 2 x 106 ml anhydrous ether. The residual solid

material was dried under reduced pressure and freed of the last



s, e.g., a'partially or totally esterified carboxylic acid, which is
an ester of: (a) a pharmaceutical ly acceptable chelating agent for
cal ci um —havi-ng-the-formuta (HOOC- CH2-) 2- N-A-N- (- CH2COOH) 2 where A is

25 “saturated g 4hBSBisWealireplaced al i phatic, - aromatic or

het er ocyclic

8

l'i nki ng radi cal 10
depi cted nit roge(rm'mmm
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] a direct chain link between the
rbon atons in a continuous

16

traces of cadmium chloride and pyridine hydrochloride, by
dissolving in 200 ml 6f a 5:4:1 by wvolume mixture of
chloroform/methanol /water, and passing the solution through a 120
cm'long x 2.5 cm diameter column containing an equivolume mixture
of Amberlites Iﬁ-45 and IRC;SG. The column was washed with 500
ml of'the éame chloroform/methanol/water mixture, the combined
effluents were concentrated to dryness under reduced pressure
from a bath at 4o-45°C, and the residue dried at 0.1 mm vacuum
and 45°C. The crude product was purified by precipitation from a
solution in 50 ml_chloroform, with 150 ml acetone, centrifugation
and recrystallizat;on of the precipitate, 2.3 g (47.6%) from
chloroform.and ether. (Dioctanoyl-L-a-lecithin can be prepared
similarly.)

(b) 1-Heptanoyl-sn~-3-glycerophosphorylcholine.

A solution of the product of part (a) (1.2 mmol) in a

mixture of ether (196 ml) and methanol (12 ml) was stirred
vigorously in presence of (HOCH2)3C-NH2.H01 (50 m1 of ©.1M, pH
8.7) containing CaCl, (0.72 mM) and 5 mg of crude rattle snake

venom (Crotalus adamanteus) as a source of phospholipase Ay, at

37°C for 3 hours. The reaction was monitored by TLC (70:25:4 by‘

volume chloroform/methanol/water). After completion of reaction,
the organic layer was separated, and the agueous layer was washed
with ether and then lyophiiized. The residue.was extracted with
2:1 by wvolume chloroform/methanol and centrifuged. On
evaporation of -the clear supernatant, the title product was
obtained in 90% yield. Thin layer chromatography using 70:25:4

by volume chloroform/methanol/water showed that it was free from

t wo



chain which may be interrupted by 2-4 oxygen atons, provided that

t he

chain nenbers directly connected to the two depicted nitrogen at ons
are not oxygen atons, with (b) a C[err] pharmaceuticatty—acceptabl e
al cohof containing 1-3 OH 5 radicals (e.g. such f;&@hekfids padnG@hikd OF
e.g. a,(ferr] secondary monohydri ¢ al cohol ); S wth
al kali netals of the partially esterified leﬂmm"lﬁ I as
well as acid addition salts of such of the esteH

acids as contain one or nore potentially 10 salt-form ng nitrogen atoms.

The ester of the precedi ng paragraph may ¥e one in which the

r adi cal A

a menber selected from the

-(CH err] CH errF)’T’éﬁif‘? naferiely andiheptaneic,aeidy 2. ‘%’g’gg‘?‘iqﬁfeacm in the
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product can however be remove by crystallization from ethanol-
ether. Note: this is a general method for scission of the
glycerol-2-ester bond. (Octanoyl-sn~-3-glycerophosphoryl-choline
can be prepared similarly.)

(c) Prodrug-1 and Prodrug-2

A solution of the product of part (b) (0.5 g, .1.04
meol) in chloroform {15 ml, freshly distilled over P205) was
added to a solution of BAPTA (0.495 g, 1.03 mmol for the
monoester Prodrug-1, or 0.248 g, 0.51 mmol for the diester
Prodrug-2), N,N'-dicyclohexyl-carbodiimide (0.214 g, 1.03 mmol)
and U-dimethylaminopyridine (0.025 g, 0.202 mmol) and HCONMe, (20
ml, freshly distilled over CaHz) under a nitrogeh atmosphere, and
the mixture was stirred at room temperature for two days. The
reaction was monitored by TLC (65:35:5 by volume
chloroform/methanol/water). The precipitate was removed by
filtration, the filtrate was concentrated by evaporation in vacuo
at 35°C and the residue was dissolved in .2:1:2 by volume
chloroform/isopropénol/ water). The organic layer was separated,
dried (NaQSOQ) and then passed through a 20 cm long x 1.8 cm
diameter column of silicic acid (Bio-Sil-HA). The column was
thoroughly washed with chloroform until frée from BAPTA (TLC) and
then eluted with a gradient of chloroforﬁ/methanol {(1:1 by
volume) to pure methanol, the elution being monitored by TLC.
The eluted 'frﬁctipns were combined and concentrated by
evaporation. The desired title product (i.e. Prodrug-l or

Prodrug-2, depending on the number of molar equivalents of BAPTA

| i nki ng
consi sting of



carbon atons not attached to nitrogen nmay be replaced by oxygen 15
atons, and - CR=ER-G6-cCH-err}€H=err]-0O CR =CR -, where each of the pairs of
radical s, R-R ang heeﬁlang&g\@&,{}@J with the attached -C=C nviety,

conpl ete.an aro ycllc ring containing 5 or 6 ring
atons, the ri ngwgul*ﬂum% m‘ R being the sanme as or different
t

the ring conple In particul ar enbod
the linking radical A may e.g., selected fron1-CH[err]CH[
and -CHerr]CH err]- C)CH[err]CH[err] OfHerr]CHerr]-; or it

e.g. -CRRCR-OCHerr]CHerr]-OCR =CR-, where each of t he

of radicals Rubed@Ndadt crPsval1i AL FRGT e%éxhaﬁch%r@éé Eiﬁhé'&:uo over P205 &F

noi ety, conplete an aromatic or heterocyclic ring which is

fromthe grougetmnsigtdlag @B fair a8e%)t hi aRheNgl W I Bparent that the
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corresponding tpiéster or tetraester may be obtained by wvarying
appropriately number of molar equivalents of BAPTA. {The

analogous octanoyl esters are prepared similarly.)

Example 2: Application of Prodrug-1 for reduction of the
intracellular calcium level in hyperactivated cells. '
Method |

Intracellular free [Ca?*]i content was monitored by
flow cytometry using the Ca2*-gensitive dye fluo-3/AM (Molecular
Probe Inc., Or.)(see Minta et al, 1989; Kao et al, 1989). Cells
obtained from donor blood and those- from the blood of an
asthmatic patient were further washed twic; in DMEM and
resuspended to a concentration of 107 cells/ml:. Fluo-3/AM (1 mM)
was prepared in DMSO augmented with the nonionic surfactant
Pluronic F-127 (Wyandotte Corp., MI). Aliquots of fluo-3/AM
stock solution were added to cell suspensions in DMEM/HEPES at a
final concentration of 3 uyM (loading buffer). Loading was
allowed to proceed for 30 min, ‘at 37°C and continued for 1 hour
at 23°C with gentle agitation. Cells were then adjusted to
desired concentrations using fresh DMEM/HEPES, supplemented with
2% horse serum. Aufofluorescence was eliminated by setting the
threshold sensitivity above the levels obtained in absence of
dye. Fluorescence intensity data was collected from. 5000 single
cells and values were expres#ed as arbitrary fluorescence units.

Prodrug-1 (1 mM) was prepared in DMSO and added when appropriate

from
i ments,
err]-
may be
pairs
C
sel ect ed



pyrazol e, imdazole, 1,2,3-triazole, oxazole, isoxazole, 1,2, 3-

9 oxadi azol e, 1, 2, 5-oxadi azole, - thiazole, isothiazole, 1,2,3-
t hi adi azol.e, 1, 2,5-thiadi azol e, benzene, pyridine, pyridazine,
pyrinfdine; pyrazine, 1,2,3-triazine, 1,2,4-triazine, and 1, 2-, 1, 3-
and 1, 4- oxazines and thiazines, the ring conpleted by R-rR 5 bei ng the
sane as or different fromthe ring conpleted by R -R. In a
particularly preferred enbodi nent, the linking radical Ais

19

in final concentration 3 M to the cells for 5 min. prior to
calcium treatment.
Results

Lymphocytes from donor blood and from the blood of an

it

asthmatic patient were exposed to prodrug-1. Accumulation of the
liberated BAPTA chelator within the cell was estimated by

measurement of [Ca2+]i.

by flow cytometry using fluo-3/AM as
described above. The results are documented in Figure 1, in
which the [Ca?+]i levels are shown in:

10 normal lymphocytes (panel A);
normal lymphocytes treated with prodrug-1 (panel B);
lymphocytes from asthmatic patient (panel C);
lymphocytes from asthmatic patient stimulated with IgE (panel D);
lymphocytes from asthmatic patient} (panel C');
treated with prodrug-1 } and

= lymphocytes from asthmatic patient stimulated with IgE} (panel D')
treated with prodrug-1 }.
It is noted that lymphocytes from an asthmatic pétient have a
double repartition according to the [CaZ*]i level (panel C).
About 50% of the cells exhibit a high [Ca2+]i level indicating

20 cell hyperactivation, while the second part of the population is
similar to the normal one (compere panel A). In the case of
panels C' and D', where the cells have been treated with prodrug-
1, the population of hyperactivated cells is back to normal ,
while the population of non-activated cells remaing intact

25 (compare panel C). The data demonstrate that prodrug-1 provides

selective accumulation of the chelator within activated, but not

in non~-activated cells.
ThlS Sheet Has Been Rep
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-CR=CR-O-CH err]CH err]

RR and R -R, t oget her

conpl etes, the sane or different

subst:i tuted benzene rings,

-O-CR =CR -,

where each of the pairs of

with the attached -C=C

radi cal s

noi ety,
rings selected fromunsubstituted 10 and

derr]

- al koxy,

i n which substituted benzene rings contain
1-4 substituents-selected fromthe group consisting of Clerr]-al kyl,
F, Ci, Br, 1 and CF[err], or a single di val ent
substituent which is -O(CHerr])[err]- and n = 1-3. I t
is presently preferred that the caIC|un1cheIat|ng 15 agent incorporated

in the prodrug is selected fromethylend®1, 2-

-tetraacetic _acid, et hyl ene- 1, 2-di th
ether)-N, N, N EemRlg 3 cBFpdruegciof p%ﬁ?f}tialla‘gl&f‘g”("? 18" the  tNating
am nophenoxy) thane N,NN,N -tetraacetic acid. - As

ment i oned abov¥

10

15

20

25

ST err], e.g. Clerr], alcohol referred

_Introduction

In this Example, there are presented a number of

‘illustrative embodiments of the present invention in which a

prodrug incorporates a protein kinase inhibitor. After,
administration of the prodrug, the inhibitor woul@ be accumulated
in a cell exhibiting abnormal proliferation, thus providing
potentiglly an important tool for use in antitumor therapy.

(1)
NHCHZCHZNHCH3, is a selective inhibitor of cAMP-dependent protein

The compound QSO,N where Q = 5-isoquinolyl and N =

kinase: Hidaka et al, Biochemistry, 1984, 23: 5036, and Tash et

al, J. Cell Biol., 1986, 103: 6U49. Similarly, the compound'QSOZN

where Q = 5-isoquinolyl and N =  2-methylpiperazin-1-yl, is a

potent inhibitor of cyclic nucleotide dependent protein kinase
and protein kinase C: Hidaka et al,

1988, 16:

loc cit, and Kikuchi et al,

Nucl., Acid Res., 10171. These compounds can be

covalently conjugated to an intracellular transporting adjuvant
by metheds known to persons of the art, e.g. illustratively:

(a)
CH,0H CHy-0 CHZ—O
| >Me2 l

)Mez {QSOzNHCHZ
CH—O ---=> CH—O0

{ ~CH,NHCH
. { tert. base
CH20P(:O)201

CHOH ®~ . ====)

CH20P(:0)20H CH20P(:O)20H

CH,~0
| = >Me,
CH—O

Tnzoﬂ
~-===>  CHOH
CH20P(:O)Z'NH(CH3)CH20H2NHSOZQ

(4)

| .
CH,OP (:0) -NH(CH3) CH,CHoNHS0,Q

This Sheet Has Been Replaced
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20 to above

contains 1-3 OH radicals.

When 2 OH radicals are

present, one of themmay be esterified or otherw se derivatized, and

when 3 (OH radicals are present,

conprise, e.g., at |east one nenber

(b)

?HZOR' ?HZOR'
-—=->

CHOA CHOA

. I
CHZOP ( :0) ZOH CH20P ( :0) 2C1

either 1 or 2 of the OH
may’.be esterified or otherw se derivatized.
esterifying or otherw se derivatizing group(s) are 25
t he purpose of the e.g. 3 to 6 carbon atons which

t he pharnaceutically acceptabl e al cohol s.

radi cal s
atons in the
not counted for
may be contained in

Thus, these al cohols nmay"

Any car bon

21

CH,—OR'

{QSO,NHCH, |
{-CHONHCH3 + CHOA
{ tert. base |

CH,0P(:0),

-NH(CH3)CHZCH2NHSOZQ

5 ~(B)

In scheme (b), R is an aliphatic hydrocarbon group such as is
found in plasmalogens (or it may be inserted in a conventional
synthetic procedure) and A is an aliphatic acyl radical, e.g.

lauroyl, myristoyl, palmitoyl, stearyl and oleyl.

10 The compound QSO,N where Q = 5-isoquinolyl and = 2-
methylpiperazin-1-yl, may be attached in a similar manner by
means of the piperazine Nu'atoﬁ. |

It would be expected that the P-N bond in prodrugs (A)
and (B) depicted above would be scission-sensitive to enzyme PLD,

15  thus protein kinase inhibitors

releasing the described

intracellularly, and accumulating these inhibitors in cells

having a supranormal level of PLD.
(ii) i 5, 7-trihydroxyflavone is an inhibitor of tyrosine
Biol. Chem., 1987,

specific protein kinase: Akiyama et al, J.

20 262: 5592. This compound can be conjugated to an intracellular
transporting adjuvant by methods (a) and (b) described in part

(1), above. The illustrative conjugates would have structures

{(C) & (D):
CH,O0H CH,—OR’
25 CHOH CHOA

This Sheet Has Been Replaced
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10 the . group consi sting of gl ycerol, Cerr] fatty

acid nmonogl ycerides, Cferr] fatty acid diglycerides,

hydr oxy- C-err] - al kyl - esters of (err] fatty acids,

hydroxy-( &rr]-al kyl esters of | ysophosphatidic acids,

| ysopl asmal ogens, | ysophosphol i pids, 5 | ysophosphatidic acid

am des, gl ycer ophosphoric aci ds, | ysophophat i dal et hanol am ne,
| ysophosphat i dyl et hanol anm ne and t he N-nono- ([ err] -al kyl '
N, Ndi-C[err]-alkyl and quaternary a ni um derivatives of such
of the foregoing as are amnes. An exagg?e of a (Jerr] secondary

aheonol 5, L IULRRY R U eantifs iy oo R S 0 1
can be tailor eg*e:ixﬂiuﬁuccl}‘ ay ‘t%r}’?-e{rihydroxyisoflavone from which one phenolic
hydrogen atom has been removed and which is thus attached to the
rest of the molecule by an 0 atom forming a P-0 bond. It would
5 be expected that this P-0 bond in prodrugs (C) and (D) depicted
above would be scission-gensitive to enzyme PLD, thus releasing
the described protein kinase inhibitors intracellularly, . and
accunulating these inhibitors in cells having a supranormal level
of PLD.
10 (iidi) Protein kinase inhibitor K252b from Nocardiopsis

sp. is a carboxylic acid believed to have the following formula:

oH
H2<|: 00H
HC—O0—CH
/ \

CH N N CH
15 y N/ N\ /NN
- HC c =L Y CH

l yf /N
PrC —C c—C CH
\\c LN N

c—<C CH
o / \
\  /
NH
20
This compound can be conjugated to an intracellular
transporting adjuvant, e.g., by the method described in Example
1, above. Exemplary conjugates are esters of the carboxylic
function in the a&bove formula, with e.g. heptanoyl-sn-3-
glycerophosphoryl-choline or octanoyl-sn-3-glycerophosphoryl-
25

choline.
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that the desired pharnmacologically active entity is rel eased by
action of the enzyne known to be the source of enzyne
hyperactivity "in the condition or disease being treated. For 15
exanple, ‘.menbrane-associ ated cal ci umindependent pl asmal ogen-

selective PLA2 activity has been found to increase over 400% .during
two m nutes of global ischema (P<0.01), was greater than 10-fol d
(near to the maximum after only five m nutes of i schem a, and

remai ned activated throughout the entlreé§uﬂmﬂnc 20 interval exam ned
(up to 60 mnutes), see Ford et al, J. “Cin, I nvest., 1991, 88(1):
331-5. These faﬁﬁéﬂ% gg:esﬁréyarz‘@%nﬂui Bfological BRGYFREN GGUSP'iB active
entity to the position gl ycerophosphorlc acid

derivative, and that »ppigre dex{bftes &erein to |d¢Betd asifl egedr ofR\BAPTA
possibly be nore effective as t he
with the choline derivative ROCHZ-CH(OH)-CHZO OCHZN(CHS)Z. where
R is hexadecanoyl. DP16 was prepared according to the method
5 described in Example 1.
Introduction to evaluation of DP16 in relation to Ischemia
Bilateral occlusion of the common carotid arteries is
the simplest and most direct approach for dinducing global
ischemia. In the rats there is élmost 64% mortality in 24 h
10 later. The causes of mortaliéy are largely brain swelling (edema)
and focal lesions (infarcts). Global ischemia is achieved by .
isolation of the common carotid artery through ana incision on
the ventral surface of the neck. The salivary: glands are moved
laterally and the carotid sheath exposed. Both the wvagus and
15 sympathefic nerves are separated from the common carotid artery,
which is then pérmanently ligated. Sprague-Dawley rats (250 -
300 g) were anesthetized with halathane or by intramuscular
injection of 0.1 ml ketamine (0.1 g/ml, Park Davis, UK) and 0.1
ml Rompun (2%, Bayef. FRG) per 300 g body weight. DP16 was
20 administered i.p., (0.001 - 0.1 mg/kg) when appropriate following
the artery leggtion. Every experimental and control group
included 14 male réts. Statistical analysis was performed
according t criteria.
Experimental details and results of Iséhemia testing

25 .
Embolic stroke: Sprague-Dawley rats (300 g) are anesthetized with

halathane. The right common carotid artery is exposed and the °

This Sheet Has Been Replaced




25 intracellular transporting adjuvant, to which the active entity
I s attached covalently,_Lhanﬁa~Lysnphospholipid.

Any events.(e.qg. tOtOXIC che cahs physi cal stimuli and infective
agents) causi ng da B nenbr ane can trigger a cascade
| eadi ng, uItlnater t mhlch m m cs I schem a (Robbi ns et
al, Pathol ogi cal [ , 1984, p.

24

external carotid and pterygopalatine arterieé are ligated with
No. 0 silk thread. The common'carotid artery is cannulated with a
plastic tube previously filled with heparinized saline. The
canula is then injected (0.5.m1 gas-tight Hamilton syringe) with
.5 suspension of the spheres, followed by push of 0.5 ml saline.
The common carotid artery is then permanently ligated. The
polystyrene 15 um spheres are prepared in 0.05% Tween-80 in
normal saline followed by 5 min. of full power sanitation. A 100
pl aliquot is taken_and immediately transferred to the syringe.

10 Ischemia fetal brain model: Sprague-Dawley pregnant rats were

used at 20 days gestation. Animals were anesthetized by
intramuscular injeétion of 0;1 nl Ketamine (0.1 g/ml, Park Davis,
UK) and 0.1 ml Rompun (2%, Bayer, FRG) per 300 g body weight. An
abdominal incision Qas performed and the two uterine horns were
15 exposed and kept moist throughouf the surgery. Intracerebral
injection of 1?2mCi/2 ml [3H]arachidonic acid (Na+, 240 mCi/mmol
from New England Nuclear, Boston, MA) and/or 1.5 mCi/2 ml
[luc]palmitic acid (Na+, 819 mCi/mmol from Amersham, Searle, UK)
in 1isotonic salt solution containing NaHCO3 (1.32 g%}, dinto the
20 embryos was gerformed throﬁgh the uterine wall into the
fontanellae. Custom made syéinges (33 gauge, 0.375" length from
Hamilton, ﬁeno. NV) were used to reduce brain edema. After
injection fetuses were returned to the abdominal cavity for
'maintegahce at physiological temperature. After 1h they were
25 subjected ﬁo blood flow restrictién for 20 min. (restriction
session) by clamping the blood vessels in the plécenta manifold.

Whenever desired, circulation was restored for 30 min. by removal



5 10, W B. Sanders Co.). The present invention will potentially
be of use for protecting cells in these circunstaﬁééS““by~—“*——--w~
introduction of a calciumchelator intracellul arlfhjéSheet}kgaBegnlk

connection, it is noted that the antitunor drug Adri has
been reported to inhibit Na-Ca exchange and to over | ,"” H arcopl asm

with calcium could induce contractile heart failur woul d be
consistent with the hypothesis that cal cium over| oad, in absence of

i schem a, can | eave behind | ong-1asting 5 contractile dysfunction
(Kusuoka et al , J. Car di ovasc. 5 Phar macol . , 1991, 18(3):

DT a5 or the clafi (oddUIbGAOR e BPAHC, At oD nBONERR, rostbicdal®

pr esent |nven ron I's restric rea ment of conditions or

di seases rel at edy30sidiCopdlat M e BEdtsMereC Y SintBinddh £ Tthe A38inA0cavity

before surgical delivery. After delivery through.a t?ansverse cut

in the uterus, viable fetuses ﬁith ho apparent edema were killed
5 without delay and excised fetal brains were immediately

homogenized in suitable organic solvents for further treatment.

Fetuses cerebral hemispheres model: Fetuses were removed .from

the wuterine horns in a viable state and their cerebral
hemispheres were dissected within 15 sec after decapitation. The
10 cerebral hemiépheres freed of blood and men;nges were separated
and each (50:2.5 mg) was placed in a well of a 24-well Falcon
culture dish. Tissue was quickly washed twice in cold Dulbecco's
Modified Eagle Medium (DMEM, Grand Island Bidl. Co) and then
incubated at 37°C in 0.6-1.2 ml DMEM flushed with oxygen and
15 supplemented with variogs additives. Aliquots of incubation
medium (0.1 ml) were taken for eicosanoid determination by a
radioimmunocasay (RIA) technique. After acidification with 5 ml
formic acid, 0.1 ml of isopropancl and 0.5 ml diethylether
were added. After mixing and low speed centrifugation (2500 x g,
20 5 min.) the organic layer was collected and dried under a gtream
of nitrogen. .The resulting residue was dissolved in 0.1 ml
sodium phosphate buffer pH 7.4, containing 0.1% bovine serum
albumin. Samples were incubated overnight at 4°C with the
appropriate polyclonal antiserﬁm, and 3H-1abe1ed tracer (4000
25 cpm/tube) in a final volume of 0.3 ml., Unbound material was
precipitated with 0.3 ml dextraﬂ-coated charcoal {Pharmacia,

Sweden) . After centrifugation at 4°C aliquots of the



that the materials used in practising the invention are not

restricted to calcium chelators. Thus for exanple, the 20

phar nacol ggi cal |y ctive conpound my be e.g. an antiepileptic

conpound such as h“@r] this connection, it s
contenplated that a he present invention in this _
enbodi ment woul d en r effective dose of val proic aci d
to be used than is otherw se the case, thus potentially 25 substantially
reduci ng the occurrence of undesired side-effects. I'n principal, any
of the range of al cohols, and exanpl es t4tereof, menti oned above in

cphnect on wit ngest.IngEHt' ?&td %E) _Ov}cerg at!r%i’xgg;red to vials and after addition
of scintillation liquid samples were counted in a Packard Tricarb
scintillation counter. [3H]Arachidonic acid (240 Ci/mmol) (New
Engiand Nuclear, Boston, MA) dissolved in isotonic NaHCO3 (;.32%
5 w/v) was injected fhrough the uterine wall and the fontanellae
into the embryonic brain. After injection fetuses were returned
to the abdominal cayity for maintenance under physiological
conditions. After 1h, fetuses were delivered and immediately
sacrificed. Cerebral hemispheres were rapidly excised for
10 subsequent ex vivo incubation or for lipid extraction.
RESULTS. Bilateral Global Cerebral Ischemia causes progressive
loss of experimental animals up-to 6-7 days after surgery. As
illustrated in Figure 2, DP16 increases postfischemic.recovery
.by 250%, compared with control using non-protected raté (p ¢«
15 0.01). This data demonstrates the potential ability of DP 16 to
treat otherwise fatal ischemic conditions.

Heart Ischemia - perfused heart model: White rats were

sacrificed by cervical dislocation and their hearts were rapidly
removed and reperfused at 60 mmHg with modified Krebs-Henselleit
20 buffer utilizing a Langendorff perfused heart model. Hearts were
perfused for . 1B-min, | preequlibration interval and were
subsequently rendered either global ischemic (zero flow) or
continuously peffused for the indicated time. Perfusion were
terminated by rapid excision of ventricular tissue and directly
25 submersion into cold homogehizatioﬁ buffer (10 mM imidazole: 10
mM KC1, .25 M sucrose [grade 1], pH 7.8) Both the activation of

phospholipase A2 and its reversibility during reperfusion were



12 chelators may al so be applied to the esterification of valproic

acid in accordance with the concept of the present invention. In a
non-limting enbodi nent, valproic acid may be esterified wth, . 9.,
1- hept dnoyl * sn- gl ycer o- 3- phosphoryl choline. 5 This Sheet Hps e 3
particul,ar enbodi nent, the pharnmacol ogically . acti &ﬂ ﬂ

i ncorporated in the prodrug of the invention is a e

i nhi bitor. Where the protein kinase inhibitor is a carboxylic acid,
the prodrug may be e.g. an ester thereof.y4th a pharmaceutically
accept abl e al cohol such as glycerol, C%er]

temporally correlated to alterations in myocytic anagerobic
metabolism and electron microscopic analyses.

Model of ventricular fibrillations causing by coronary occlusion:

Dogs (11.6 - 20.7 kg) were anesthetized and instrumented to
5 measure left circumflex coronary blood flow, 1left ventricular
- pressure, and ventricular electrogram. . The left anterior
descending artery waé ligated and an anterior wall myocardial
infarction was then produced. All leads to the cardiovascular
instrumentation were tunneled under the skin to exit on the back
10 of the animal's neck.. Appropriate medicine was given to minimize
postoperative pain and prevent inflammation. The ischemia test
was performed after 3-4 weeks.
Properties of DP 16 in relatioﬁ to the treatment of epileptic
disorders

i5 :
Pilocarpine based model of experimental epilepsy: Acetylcholine,

acetylcholinesterase inhibitors and acetylcholine anaiogues are
effective epileptogenic agents when applied intracerebrally or
systematically (see ref. in Leite et al., Neurosci. & Biobeh.
Rev., 1990, 14:511- 17). It was demonstrated in different species
2 that systemic administration of muscarinic cholinergic agonists
produced electroencephalographic and behavioral limbic seizure
accompanied by widespread brain damage resembling topographically
that produced by kainic acid and folates. and are frequently
observed in autopsied human epileptics. Systemic injections of
% the pilocarpine, a pdtenﬁ muscarinic cholinergic agonist, are

capable of producing a sequence of behavioral alterations

including stirring spells, facial automatisms and motbr 1limbic



10 fatty acid nonoglycerides, (err] fatty acid diglycerides,
hydr oxy- ( err] -arkyt eucuaﬁ—eferr] fatty acids, -hydroxy-(err]-

al kyl esters  Ofnis ShiSRRAASRIAL acids, |lysopl asmal ogens,

| ysophospHol i pi ds, osphat idic acid am des,

gl ycer pphosphori c mm H’" lm ophophat i dal et hanol am ne, | yso- 15
phosphati dyl et hano nono- and NN-di-(Cerr])-al kyl and

guat ernated derivatives of the am nes thereof. Such a carboxylic
acid is e.g. protein kinase inhibitor K2g2b from Nocardi opsis sp.
Where the protein kinase inhibitor contains an am ne group with a

repl aceabl e N-$éiziiess hy ehidigedevdlloploveRel Pr2diocuss Y vdld f@gréssdvely@dn
am de thereof with a phosphoric acid derivative sel ected from

gl ycer ophosphotnte aintde, statas \dndt fsllewingt bergehesdl status édiyeptiepbosphoric
aci ds, and nonoacyl at ed nonoet heri fi ed

RESULTS. Immediately following injection of pilocarpine,
akineéia. ataxic lufching, facial automatism and heart tremor

5 dominated the animals' behavior. Further development of
epileptic events is dose - dependent (Figure 3). Administration
of pilocarpine in doses of'300 - 350 mg/kg causes appearance of
limbic seizures with rearing,' forelimb clonus, salivation,
intense masticatory Jjaw movements and falling. Moto¥ limbic

10 seizures commenced after 20 - 30 min., recurred e§ery 2 - 8 min
and lead to sfatus epilepticus. Increase of the dose of
pilocarpine up-to 400mg/kg abolished limbic seizures and after 15
-~ 25 min of initial behavioral alterations causes fatal general
tonic - clonic convulsions. We consider this dose as LD1pg-

15 Administpation of DP16 prior to pilocarpine prevented
death in the animals and decreased epileptiform manifestations.
A§ shown in Figure I, DP16 exhibits a therapeutic at doses in the
range 10'8 to 10'5.mg/kg.'- For this particular'model of epilepsy
(pilocarpine 400 mg/gg; rats) the estimatéd therapeutic index

20 (ET) of DP16 is 0.5 mg/kg/5x10~7 mg/kg = 1x105. The data
obtained suggeét that DP16 is an extremely promising prodrug for.

the treatment of epilleptic disordefs.

Pilocarpine and cardiotoxicity.

Two types of death were found in rats treated with
25 pilocarpine, firstly due to fatal convulsions and secondly,
retarded death not immediately due to epileptic events. We

attempted to understand the actqal reason of retarded death of



gl ycer ophosphoric acids. Such protein inhibitors are e.g.

I soqui nol i ne-5-sul f onam de N-substituted by an acyclic or 25
heterocyclic amnoal kyl radical such as NHCH2CH2ZNHCH3 and 2-

met hyl pi perazi n-1-yl. Wher e the protein kinase i nhi bitor

contains at |east one phenolic hydroxy group, the prodrug nay be

13 e.g. an ester thereof with a phosphoric acid derivative selected
from gl ycer ophosphoric acids, O acyl ated gl ycerophosphoric acids,

29
rats after pilocarpine-induced convulsions. Under' macroscopic
autopsy of these animals were seen signs of cardiopulmonary
damages: lung edema and hemorrhages, dilated and in same cases
deformed hearts. Dyeing of hearfs with 0.1% Trypan blue in
5 surviving animals revealed spotted picture of myocardia with
areas of intensive dyé absorption, i.e., damaged parts, and pale
areas, 'i.e., infaerctions. Thus, we can éonsider that after
pilocarpine administration, there developed heart damage, which
we term post-pilocarpine-éeizure-cardiopathy (PSCP). Studies of
10 PSCP in relation: to DP16 eva;uation were performed in vivo and in
vitro with rats which survived after convulsive and' sup

convulsive doses of Pilocarpine.

PSCP Experiments: Adult (2-3 months) male Spr;gue-Dawley. rats

were useﬁ for all experiments. They were fed with standard
2 briquette chow -with water ad 1ibitum-and were maintained in
standard plastic cages (U4-5 individuals in each cage) under
natural illumination. A pilocarpine—scopolamine epileptic status
model (pilocarpine) was performed as described earlier. In a
) géoup of 23 rats, pilocarpine was administered i.p. in different
° doses which ranged from 100 to 400 mg/kg body weight (B/W) for
different periods of time; a second group of 17 rats was
treated with DP16 prior to pilocarpine administration, wherein
the DP16 was injected for 30 min before pilocarpine in the next
‘dose range and its effect was investigated in the ensuing

2

periods. [ —
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etherified gl ycer ophosphoric aci ds, and nonoacyl at ed

nonoet herified gl ycerophosphoric acids. Such a protein kinase 5
inhibitor is e.g. 4',5,7-trihydroxyisoflavone. ... ——— " Wien

sel ect'ing the |ntracellular transporting adjuvant heet agg&nkaﬁmaprposes of
the present invention, the skilled person t ake
into consideration the necessity for avo ﬁ uvant S,
e.g. certain 1, 2-diacylglycerols, which 10 are a rotein
kinase C (see Lapetina et al, J. Biol. 3q Chem , 1985 260 1358 and

Boynton et al, Biochem Biophys. Res.. Comm , 1983, 115: 383), or
intracel lular transport inG/i26] WEBN{Birtcher-BdHdab-Treet] Kabdell 7% VBSA) se to
undesi rabl e products such as these in the cell. 15

in three standard leads were recorded under ketamine anesthesia
(3.3 mg/kg Imalgene 100, Rhone Merieux, France and ‘7 mg/kg
Rompun, Bayer Leverkusen, Germany._ i.m.). ECG recordings were
5 made in the period before pilocarpine injections (control}, 24h
| after pilocarpine administration (acute period) and - after
relative stabilizaéion of cardiac function, on the -3-14th, day
after pilocarpine administration. Partlof the ECG recordings were
madee under nembutal anesthesia (35 mg/kg, 1.p.) in the period
10 before establishing Langendorff's pérfusion isolated heért
preparation. Perfusion-Hypoxia-Reperquion isolated heart model
(PHR) was perfo£med with the conventional Langendorff technique
(non-recirculating perfusion éystem) adjusted: to 37°C in two
modifications: 1. under constant Perfusion Pressure (PP)~-60 mm
15 Hg; or 2. under constant flow, established after the first 10-15
min perfusion with PP as above, by adjusting flow with help of
peristaltic pump (Ismatec SA, Laboratoriumstechnic, Switzerland).
In the case of constant PP the volume of effluent flow was
measured on electron balance (Precisa 10000-3000D; Switzerland).
20 In case of constant flow, established at the control éeriod, flow
did not change during subsequent experimental periods and PP was
recorded frequently. After 30 min of the control period,
perfusion was stopped fér 30 min and_ subsequent reperfusion
period lasted 30'min. Direct ECG were recorded from ventricular
25 apex {(lead 1), auriculum (lead 2) and in-between (lead 3). The
coronary vessel's perfusion resistance (CVPR) was calculated in

'arbitrary units as follows: PP/flow/heart weight. Following the



DETAI LED DESCRI PTI ON OF THE PRESENTLY PREFERRED EMBCDI MENTS Exanpl e
-1 Preparation_QLleed%ugﬂi‘éﬁHﬂProdrug 2. | nt'r oduct i on

"Prodrug-1" is th §ﬂ§§g§ﬁﬂnh@h@wn to denote a 1:1 ester of

1, 2-bi s- (2- ani nop “‘MNN N ,N -tetraacetic 20 aci d (BAPTA)
])-OCH[err]N(CH[err])[err], where Ris

mnth t he chol i ne
ROCH[ err] - CH( OH) - CH

hept anoyl . BAPTA is a calciumchelator, to which the human cel
menbr ane is' normal |y i nperneabl e, mhereas the cell nenbrane is
perneable to prodrug-1, whi ch |s not a calcium chelator per

se. The 25 protG@rSlb %&lé c hc-?a%rtg webb rgﬁ%j bdteRr e 'bugfdjsiéﬁ Gridh 0@t | Blee DY

PLA[err], so hat activated cells such as | ynphocyt es shoul d
exhibit a _ Trypan blue (0.1%), in order to evaluate cellular damage and

infarction,
RESULTS AND DISCUSSION
5 ECG results in vivo are.illustrated in Figure 5, in
which open bars reflect some ECG events, expressed as mean +SE
from indi;idual ECGs in control period. The first group of bars
demonstrates ECG changes after pilocarpine injections in an acute
stage of PSCP: statistically significent depressions of R- peak
10 are noted under leads 1 and 2 (47% & 16% of control one
respectively). DP16_ tfeatment of. PSCP normalized électriéal
activity at the acute stage in § éut of 7 treated rats. It 1is
known that the amplitude of EdG events are partly connected with
" the intensity of correspondent physioloéical processes. Thus, the
15 pilocarplne-induced change of R-wave and its normalization by
DP16 may reflect the ability of DP16 to cure ventricular
weakness, at least under PSCP. Control rats display relative
normalization of R~wave in 3 - 14 days aftef pilocarpine.
However, R normalization somehow correlated with drastically
20 increased S-wave depth under lead 3 (36%) and lead 2 (61% ).(the
last is not yet statistically significant in view of large
variability.) Increase of S-wave depth reflected dJamage of
myocardial ischemia & possibly suggesting infarction in
Pilocarpine treated control animals. As during the acute stage
25 of PSCP in the phase of .stabilization, DP 16 prévents the
-appéarance of ECG alterations noted in control rats. The

difference between animals protected with DP16 and those not



14 sel ective intracellular accumul ati on of BAPTA, conpared to the
unactivated cells, with the result that the [Ca[err]][err] level .in the
activated.cells shoul d be reduced when conpared Wi th unacti vated
cells' "Prodrug-2" is the 1:2 ester of BAPTA\MTH:&MEH@ ﬁi

chol i ne derivative. Procedure
In a dry 3-neck 500 m flask equi pped Mﬁth 0|I-seal

32

protected, is statistically significant (p<6.01). In this period

ed g
a-lecithin

PSCP there is marked elevation of Heart Rate as in control
Pilocarpine, as in DP16 treated animals. Such tachycardia
possibly connecéed with hemodynamic insufficiency, which 1is
5  characteristic for infarction pathophysiology. Thus, in
vivo ECG investigation during long-term period after Pilocarpine
injections revealed definite alteration of cardiac functions
(PSCP), which in some animals may be‘cured by DP16-treatment.
Langendorff's Heart Model. Figure 6 shows Coronary
10 Vessels Perfusion Resistance (CVPR) in isolated Langendorff's
| hearts. In the first 30 min of control isolated Langendorff's
hearts CVPR steadily increased and this elevation is
statistically significant after 20 min. In all;hearts, perfused
after pilocarpine administrations, initial perfusion flow was
15 larger then in control, and subsequent CVPR significantly
decreased (bottom line). This decrease of coronary vessels! tone
possibly connected with intracardial noradrenaline deficiency or
paralysis, evoked by hypoxia. Treatment of rats with DP 16 prior
to pilocarpine application prevents damage of CVPR regulation in
20 both the initial and final periods of perfugsion, thus providing
evidence relating to the ability of DP 16 to normalize coronary:
vessels function under hypoxic conditions. Cessation of
perfusion for 30:min and subsequent reperfusion is characterized
by the well-known broad class pf cardiac damage events, which we
25 classified with an arbitrary scale as shown in Figure 7. Control
hearts fpom non-treated rats mostly restored after stopping of

perfusion with distinct range of alterations (as impaired



stirrer, CaCl[err] tube and dropping funnel,

di ameter gl ass beads and 11.0 g (0.01 nole) of CdCl[err] adduct of

were placed 100 M 5 mm 10

synthetic L-a-glycerophosphoryl-choline. The flask was inmersed in
an i ¢e-water bath, and to the rapidly-stirred mxture there was added
a thin streamof 29.7 g (0.2 nole) freshly prepared hept anoy!| :

chl ori de dissolved in 60 m chlorofornt, followed by 11 15 mni (0. 14
nol e) anhydrous pyridine dissolved in 100 n

chl orof or n* (*anhydrous, al cohol-free). 3ffter 30 mnutes, the bat h
tenperature was raised to 25 C and stlrrlng continued for 2 hour s.
The reacti on myscardalosccieasiddty hicondietiaityf | dddecort@astility). Buddaner, the

gl ass beads washed with 3 x 50 m chloroformand the 20 conbi ned
filtrates clariddiet dfy reeavery fimgedritonl groUidssbyBzPnéit(ar?). Heartgafirom
concentrated under reduced pressure, the residue kept for

10

15

20

25

pilocarpine-treated rats on different stages of PSCP demonstrated

an increase of the gpectrum and severity of pathological events,

as the mean point of recovery was just 3.3:0.8, n=7, p<0.05.
Recovery was frequently accompanied by ventricular fibrillation.
Some of the hearts were not restored completely or restored
atrial activity only. DP 16 treatment prior to pilocarpine
administrations +increased ability of damaged hearts to restore
after reperfusiog cessation: the mean point was 6.4:0.6 (n=9). In
this group of rats we met more often with cases of complete
recovery. Thus; DP16 freatment of pilocarpiﬁe-induced heart
damage (PSCP) produced a definite improvemént in cardiac

function.

Investigation of antiepileptic effects of DP16:

Metrazol minimal  seizures test.

Method |

Trial of DP16 as a possible antiepileptic drug was
performed on 3~4 week old male BALB/c mice (18 - 27 g). Animals
were maintained on an adequate diet and allowed free access to
food and watef except briefly during the experimental period.
Animals were separately housed for one hour in transparent
plastic cages before treatment and during the experimental

period. Drugs were dissolved in normal saline with injection

volume adjusted to 0.01 ml/g of body weight. DPl6 was

administered i.p., in doses ranging from 0.1 to 300 ug/kg: (0.1

This Sheet Has Been Re; placed
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several hours at 0.1 nm vacuum and bath tenperature 30-35[err]C to
renove nost excess pyridine, and was then stirred with 500 m
anhydrous acetone for 10 mnutes, and centrifuged. The 25
precipitate was treated simlarly with 2 x 100 ml anhydrous
acetone and 2 x 100 ml anhydrous ether. The residual solid

mat erial was dried . under reduced pressure and freed of the | ast
15

34

ug/kg: n=10, 5 pg/kg: n=10, 25 pg/kg: n=20, 75 pg/keg: n=20, 150

ug/kg: n=20, and 300 pg/kg: n=10 animals respectively). Control
animals received injections i.p. of normal saline. DP16 or saline -

- administration followed in 30 minutes by Metrazol (50 ug/kg,
5 S.C.). Subsequently epileptic signs were observed for the next
30 minutes. Absence of relative delay of myoclonic jerks (MJ) in

. the experimental group was considered as indication of possible
antiepileptic activity. Data were analyzed according to method

c2 (chi-square) with the computer statistic package "StatViewII".

10 Results and Conclusions

Metrazol in a dosage of 50 ﬁg/kg. s.c. caused myoclonic

jerks (MJ) in all of control mice with a latent period of 1011

| min (n=11). The effect of DP16 on the appearance of minimal
metrazol induced seizures is shown in Figure 8. Mice treated

15 with 0.1 ug/kgr DP16 showed the same response to metrazol as
control (untreated) animals. DP16 in doses ranging from 5 to 300
ug/kg exhibited a significant protective effect (p < 0.001). The
results of the test .suggest a significant dose-dependent

antiepileptic effect of DP16 on the metrazol induced seizures.

% Investigatiﬁn of cardioprotective effect of DP16:
1. Trial on ex vivo rat heart Low-flow - Reperfusion model.
Method and Results
Broadly ‘used ex vivo Langendorff's heart Stop-flow -
25 Reperfusion and Léw-fldw models (Neely and BRovetto, 1975)

remained conventional for pharmacological trials.

Cardioprotective effect of DP16 was evaluated in a combined
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traces of cadmum chloride and pyridine hydrochloride, by

di ssolving . i

n 200 m of a 541 by Volunme mixture of

chl or of or ml net hanol / wat er, andlnpammnglstehae;ﬁdaémt ion through a 120 cm
long x 2.5 cm di aneter colurmc qui vol ume m xture 5  of
Amberlites I R-45 and | RC 50. ' washed wi th 500 m  of

t he sane chl orof or m et hanol / water he conbi ned effluents
were concentrated to dryness under reduced pressure ~ froma bath at
40-45[err] C, and the residue dried at 0.4 mm vacuum and 45[err]C. The
crude product was purified by precipitation froma 10 solution in 50 m

chl oroform w
of the preci p|
(Di oct anoyl -

10

15

20

eRpeififlealacstiratan 6£ Norhd L FRbi %rf‘usmn 9 okRC 5%:5 4kl zation

tate, 2.3 g (47.6% from . hl or of orm and et
L- fidvecibdi the@nbpe Repérfuaistl (LFR) ofi Bkl afihvy. )rat heart.

Evolution of ECG and of perfusion pressure (PP) was considered as
a criterion for the drug evaluation. Data collected in
experiments in the presence of DP16 were compared with one

without drug supplement (control no. 1). An additional set of

experiments (control no. 2) was performed with mixture of . the

components comprising DP16: '_BAPTA & 1lysophosphatidylcholine

(LPC). DP16 (1 - 100 pg/L) was dissolved in a regular perfusion’

buffer. The mixture ‘of BAPTA & LPC was dissolved in DMSO as a
stock solution; the final concentration of BAPTA, LPC and DMSO
in the perfusion buffer for control no. 2 was 100 pg/L of each
component.

A severe decrease in perfusion pressure (PP) below 20
mm Hg (low-flow period) caused a sinus bradycardia culminated by
stable AV block (Fig. 9.2, c.f. normal flow in Fig. 9.1)
frequently with ventricular arrhythmia (9 experiments, control
1). Long term (> 0.5h) low-flow conditions usually ended by
paroxyémal tachyarrhythmia and ventricular fibrillation (VF).
Reperfusion started before VF could temporary restore sinus

rhythm. However, reperfusion in most of the control experiments

caused increase of.corbnary vascular tone and arrhythmia followed

25

by irreversible VF (Fig. 9.3); After establishment of AV block
in low-flow period perfusion medium was supplemented b& the
drugs. No therapeutic effect on AVB was observed in the
experiments with mixture of BAPTA & LPC (Fig. 10.3 and 10.4, c.f.

without BAPTA and LPC - normal flow in Fig. 10.1 and low flow



(b) 1- Hept anoyl - sn- 3- gl ycer ophosphoryl choline. 15 A solution of the

product of part (a) (1.2 nmol) in a m xture of ether (196 nl) and
met hanol (12 m) was stirred vigorously- in presence of
(HOCH2) 3G NH2. HCO (50 Ml of 0.1M pH 8.7) containing CaCl[err]
(0.72 mM and 5 ng of crude rattle snake venom ( Crot al us adamant eus)
as a source of phospholipase A2, at 20 37[err] C for 3 hours. The
reaction was nonitored by TLC (70:25:4 by vol une

chl or of or m met hanol /water). After conpletjon of reaction, the organic
| ayer was separated, and the aqueous |ayer was washed wi th ether and
then |yophilizegerrudfién 1RSHUE Maa exhﬁ% g&’di%&lh of DP16 Gadsed Ebmpl¥€d UME
chl or of or mf et hanol and centrituged evaporation of the

cl ear supernat ask ,tempdi@l tdiike ofpa&%eéntﬂ@ﬁlar syn&bblﬁsﬂe(il ah@ OQ¥sed el d.
Thin | ayer chromatography using 70:25:4
respectively) (Fig. 11.3). Moreover, DP16 exhibited notable
cardioprotective effect in the reperfusibn period: full
5 restoration of the sinus rhythm was observed in .4 out of §
experiments (Fig. 11.4; c.f. without DP16 -~ normal flow in Fig.
11.1 and low flow perfusion ip Fig. 11.2). ECG analysis revealed
mainly metabolic type of DP action: enhaﬁcing of atrial (definite
increase of the heart rate) and ventricular (restoration of
10 regular sinus rhythm) excitability. However, residual delay of AV
conductivity (increased PQ interval) was observed.
Conclusions
The data obtained in this expériment suggest

significant cafdioprotective activity of DP16 in ischemia -~

15 reperfusion pathology.

Investigation of cardioprotective effect of DPi6:

2. Trial on in vivo model of myocardial damage.

Method and Results

Administration of the potent B-adrenoreceptor agonist

20 isoproterencl (ISO) is commonly accepted model of experimental
myocardial patﬁology. The cardioprotective effect of DP16 was
tested . on 82 Sprague-Dawley female rats weighing 250-350 g.
Myocardial damage was induced gin rats by two consecutive

2 injections of ISO (85 wug/kg, s.c.). When appropriate, the

injections of ISO were folldwed in 30 and 180 minutes by DP16

(0.01 pg/kg, i.p.)_. The effect of DP16 was estimated by ECG
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by vol une chl or of or m et hanol /wat er _showed that it was free from

16 starting material and heptanoic acid. Any fatty acid
product can however be renove byTT t s BeenRepload f r om et hanol -

Not 3 thi’s

10

15

20

25

is a general nethod
gl ycerol -2-ester bond. (Cctanoyl
be prepared simlarly.) (c)

of the '
hosphoryl -choline 5
rodrug-1 and Prodrug-2

37

analysis and determination of serum glutamic-oxaloacetat

- transaminase (SGOT) and lactatdehydrogenase (LDH) activity.

Mortality of control rats after ISO intervention was 17.1:5.9% (7
out of 41). The surviving animals exhibited striking hyperacute
deviation ST-segment in lead 1 and 2 ECG. Pathological signs oﬁ
ECG were aggravated during the experimental period. In 48 hours
after the second ISO injection all treated animals displayed
pathological displacement of ST-segment. Administration of DP16
decreased mortality in 2 cases (2 out of 30). Animals receiving
DP16 exhibited significantly (p < 6.05) fewer alterations in the
ECG. Pathological displacement of the ST-segment was found only
on 28 and 40% of ECG (in 24 and in 48 hours following ISO
respectively).  Biochemical determination.demohstrated alg] -
1.9 fold incpeése if SGOT end LDH in ISO treated control rats
(p<0.05). Treatment with DP16 substantially decreased the
percentage of experimental animals exhibiting abnormal level of
SGOT and LDH activity.

Conclusions

' The data above suggest a significant cardioprotective

effect of DP16 in an in vivo model of myocardial'pathology.

GENERAL CONCLﬁ$IONS. " The prodrug denoted DP16 exhibited
significant therapeutic and protective effects in experimental
modelé of stroke & ischemia as well as in models of epilepsy,
comparable with using fhe corresponding drug in conventional form
in an amount which is 105l- 166 times the amount when used in the

form of the prodrug of the invention.

in the
et her.
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A solution of the product of part (b) (0.5 g, 1.04 mmol) in

chloroform (15 m, freshly distilled over P205) was added to a

sol ution of BAPTA (0.495 g, 1.03 mol for the 10 nopnoester Prodrug-1,

or '0:248 g, 0.51 mmol for the diester Pr odr ug- 2),

N, N - di cycl ohexyl - carbodi i m de (0.214 g, 1.03 mol) and

4-di met hyl am nopyridine (0.025 g, 0.202 mmol ) and HCONMe2 (20 m,
freshly distilled over CaH err]) under a nitrogen atnosphere, and t he

mxture was stirred at roomtenperature fgg two days. The 15 reaction
was noni t or ed by TLC (65:35:5 by vol une

chl or of or nf met hai@hb V@ 6T )Prepardi€on RiFeRidActgls was renoved by
filtration, the TiTtrate was concentrated by evaporation in vacuo at

35 C and the residue was"piicdsag-38d iisn @ieln@mdysedlhenein to denote a 1:1
chl orof ornm i sopropanol/ water). The organic |ayer was separated,

ester of 1,2-bis-(2-aminophenoxy)ethane-N,N,N' ,N'-tetraacetic

acid (BAPTA) with l-myristylmyristyl aicohol and is prepared as

5 follows. A solution of BAPTA (0.5 g, 1.05 mmol) in

dimethylformamide (25 ml, freshly distilled over CaH,), 1~

myristylm&ristyl alcohol (0.451 g, 1.1 mmol), N,N'-

dicyclohexylcarbodiimide (0.216 g, 1.1 mmol) and U4-

dimethylaminopyridine {6.025 g, 0.202 mmoi) were stirred

10  together for two days at room temperature under argon, in a 50 ml

flask equipped w;th a magnetic stirrer. After two hours, WN,N'-

dicyélohexyluréa began to precipitate. The reaction was

" monitored by TLC (90:10 v/v chloroform:methandl); Rp of the

product = 0.62. The precipitate was removed by filtration and

15 the filtraﬁe was concentrated at 35°C in vacuum. The residue was

extracted with 25 ml of a 2:1:2 - v/v' mixture of

chloroform:isopropanol:water. The organic layer was separated,

washed with 1% aq. NaCl solution and dried over Na,SOy; it was

then evaporated and the residue was passed throﬁgh a 160x30 mm

20 column of Kieselgel 60 (230-400 mesh ASTM), the desired product

being eluted with a 90:10 v/v chloroform:methanol mixture. The

l1-myristylmyristyl alcohol was prepared éccording to the method

of Molotkovski, V.G; and Bergelson, L.D. (Biologicheska Chimia,

1982, 8(9): 1256-1262). The BAPTA-1-myristylmyristyl alcohol

25 ester link in Prodrug-3 is susceptible to digestion by esterases.
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20 dried (hb[errJEKIeLJ};.maﬂd_Lhen passed through a 20 cmlong x 1.8

di anet er. V\,fol of silicic acid (Bio-Sil-HA). The colum was
thorough[y washed Nﬂ@htll free from BAPTA (TLC) and
then‘elut'ed with a g oroforninethanol (1:1 by vol une) to
pure pethanol, the e nltored by TLC. 25 The el uted
fractions were conbined and concentrated by evaporation. The
desired title product (i.e. Prodrug-1 or Prodrug-2, dependi ng on

t he nunber of nolar equival ents of BAPTAg
Example 4: Preparation and biological properties of TVA16.
"TVA16" 1is the name used herein to denote a 1:1 ester
of valproic acid with the choline derivative
ROCHZ-CH(OH)-CH20-00H2§(0H3)2. where R is hexadecanoyl, and was
5 prepared as follows. A solution of 1-hexadecanoyl-sn-glycero-3-
phosphorylcholine (1.04 mmol) in chloroform (25 ml, freshly
distilled over P205). valproic acid (6.159 g, 1.1 mmol), N,N'-
.dicyclohexylcarbodiimide (0.216 g, 1.1 mmol) and U4~
dimethylaminopyridine (0.025 g, 0.202 mmol) were stirred together
_ 10 for two days at room temperature under argon, in a 50 ml flask
equipped with a magnetic stirrer and glass beads (10 g, 5 mm
.diameter). After two hours, N,N'-dicyclohexylurea began to
precipitate. The reaction was monitored by TLC (65:25:4 v/v
chldroform:methanol:water); Rp of the product = o0.11. The
15 precipitate and glase beads were removed by filtration and the
filtrate was concentrated at 35°C in vacuum. The residue was
extracted with 25 ml of ‘a 2:1:2 v/v  mixture of
chioroform:isopropanol:water. The OEganic layer was. separated,
washed with 1% aq. NaCl solution and dried over NaySOy; it was
20 then evaporated and the residue was passed threugh a 160x30 mm
column of Kieselgel 60 (230-400 mesh ASTM), the -desired product’
being eluted With a 65:25:4 v/v - chloroform:methanol:water
mixture; Re=0.4. |
A test sample of TVALl6 was administered i.p. (6.01 to
25 100 mg/kg) to a group of three mice, one hour before en s.c. dose
of metraeol (80 mg/kg). An effective dose was the amount which

prevented convulsions (scored 2 points per animal) and/or death



17 used) was crystallized fromether and dried in vacuo over P205

at 30[err] C yield 0.3 g (30%. It wll be apparent that
the . scorresponding triester or tetraester may be obtained by varying
appropriately number of nmolar equivalents of BAPTA. (The 5

anal ogqus ‘oct anoyl esters are prepared simlarly.) Exanple 2:
Application of Prodrug-1 for reduction of the I ntracel | ul ar
calciumlevel in hyperactivated cells. Met hod

Intracellular free [Ca[err]][err] contdft was nonitored by 10 flow
cytonetry using the Ca[err]-sensitive dye fluo-3/AM (Mol ecul ar Pr obe

Inc., O.)(see ksqeradetl npint1p®oeniged)cin she subgenuente|3Ps minutes. On
this basis, the EDIOG could be calculated and is compared to

k. own anticonvulsants in the following table.

Anticonvulsant activity (ED;gq, mg/kg) of known drugs and TVA16

> lordiszeporide s mscimol (L.p.) 2.5
diazepam . 2.5 nifedipine >100
diphenylhydantoin >100 nimodipine >300
flunarizine 2300 phencbarbital ho
glutethimide -150 sodium valproate 500

10 meprobamate 200 verapamil 21060
MK-801 0.5 TVAL6. 0.6

From the above data it may be seen that TVA16 ;has significant
anticonvulsant activity and appears to be more than 500x as

15 potent as sodium valproate.

While the present iﬁvention has been particularly
described, persons skilled in the art will appreciate that many
variqtions and modifications can be made. - Therefore, the

invention is not’ to be construed wsas restricted to the

20 :
particularly described embodiments, rather the scope, spirit and
concept of the invention will be more readily understcod by
reference to the claims which follow.

25
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obt ai ned from donor bl ood and those fromthe bl ood of an asthmati c

patient were further washed twice in DMVEM and resuspended to
a concentration of 10[err] cells/m . Fluo-3/AM (1 mM 15 was prepared

i n DMSO augnented with the nonionic surfactant -—-F’Jwonie—---«l:——lz?—w--
(Wandotite Corp., M). Aliquots of fluo-3/AM .r were
added to cell suspensions in DVEM HEPES at a f| lm!ﬁ ‘Hmug

3 [err]M (loading buffer). Loadi ng was cto prroc

mn. at 37[err]C and continued for 1 hour 130 at 23[err]C with gentle
agitation. Cells were then adjusted to desired concentrations

usi ng fresh DVEM HEPES, suppl enented w t¢LAIMS 2% horse serum

Aut of | uorescence was elimnated by setting the threshold sensitivity

above the | evel slobt ai nedAi rphabseecticaflly accepiyble pFodrugesddnlte isntensity
data was col |l ected from 5000 single
covalent conjugate of a pharmacologically active compound and an
intracellular transporting adjuvant, characterized by the

5 presence of a covalent bond which is scission-sensitive to

" intracellular enzyme activity.

2. A prodrug according to claim 1, whérein ‘said
pharmacologically active compound is & pharmacologically active

carboxylic acid and said adjuvant comprises at least one

10 pharmacéutically acceptable alcohol which is selected from
glycerol, C3_20 fatty acid monoglycerides, 03_20 fatty acid
diglycerides, hydroxy-C,_g-alkyl esters of C3_20 fatty acids,
hydroxy-CZ_G-alkyl esters of lysophosphatid{; acids, iyso-

5 plasmalogens, lysophospho-=lipids, lysophosphatidic acid gmidés,

glycerophosphoric acids, lyso-phophatidalethanolamine,
lysophosphatidyl-ethanolamine and N-mono- & N,N-di-(Cq.j)-alkyl

and quaternated derivatives of the amines thereof.

3. A prodrug according to claim 2; wherein said
20 pharmacologically active carboxylic écid is selected from

branched-chain . aliphatic carboxylic acids, salicylic acids;

steroidal carboxylic acids, monoheterocyclic carbocylic acids and

polyheterocyclic carboxylic acids.

4, A prodrug according to claim 1, which is a partially or
% totally esterified cafboxylic acid (a).with hydroxy compound (b),

where (a) is a pharmaceutically acceptable chelating agent for
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25 cells and _values were exgressed as arbitrary fluorescence units.

Prodrug-1 (1 a“lm l(iﬁare in DMSO and added when appropriate
I

18 . -|nf|n I’lH' rm [err]Mto the cells for 5 nin. prior to
cal ci um treat nent. Lynphocytes from donor

bl ood and fromthe bI ood of an

)
calcium having the formula (HOOC-CHZ-)Z-N-A-N—(-CHZCOOH)Z where A
is saturated or unsaturated, aliphatic, aromatic or heterocyclic
linking radical containing, in a direct chainllink between the
two depicted nitrogen atoms, 2-8 carbon atoms in .a continuous
5 éhain which may be interrupted by 2-4 oxygen atoms, provided that
the chain members directly connected to the two depicted nitrogen
atoms are not oxygen atoms, and (b) is a pharmaceufiqally
acceptable alcochol containing 3 to 32 carbon atoms and 1-3
hydroxyl radicals; and salts with alkali metals of said parfially
10 esterified carboxylic acids, as well as acid addition salté of
such of said esterified carboxylic acids as-contain one or more

potentially salt;forming nitrogen atoms.

5. A prodrug according to claim E, wherein said
) pharmaceutically acceptable alcohol is a. C7_32 secondary
> monohydric alcohol.

6. A prodrug according to claim &4, wherein said

pharmaceutically acceptable'élcohol contains 3 to 6 carbon atoms

and 1-3 hydroxyl radicals.

20
7. An e&ter according to claim 4, wherein said linking

radical A is a member selected from the group consisting of -~
(CHyCH,) - where m = 1-4, in which 2-4 of the carbon atoms not
attached to nitrogen may be reblaceﬁ by oxygen atoms, and -CR=CR-
0-CH,CH>-0-CR'=CR’~, where each of the pairs of radicals R-R and
% R'-R', together with the attached -C=C~ moiety, complete an

aromatic or heterocyclic ring containing 5 or 6 ring atoms, the
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5 asthmatic patient were exposed to prodrug-1. Accunul ation of the
| i berat ed BAPTA chelator within the cell was estimated by measur enent
of [Calerrf)][err], by flow cytonetry using fluo-3/AM as.———-——descri bed

above. The results are docunented in Figure the
[Ca[err}][err] levels are shown in: 10 nornal ]‘M‘Hmlm”mmmr

normal | ynphocytes treated with prodrug-1 (pane hocytes from
asthmatic patient (panel O; . l'ynmphocyt es fron1asthnat|c pati ent
stinmulated with 1gE (panel D); - lynpgcytes from asthmatlc pati ent)
(panel C); treated with prodrug-1 } and 15

| ynphocytes frompiagt ohblsteRatyyeRiR BbinfikRd @dn¥i dshot Wy réfenanel frbh) the
treated with prodrug-1 }. It |s not ed

t hat | ynphocyt exrihgcromphetadt byr®l' +R' .pat i ent have a
8. An ester according to claim 4, wherein said 1linking
radical A is selected from the gfoup consisting of -CH,CH,- and -

CHoCHy-0-CH,CHy-0-CH,CHy-

9. An ester accordiné to claim 4, wherein said linking
radical is -CR=CR-0-CHZCH2-0-CR’=CR'—, where each of the pairs of
radicals R-R and R'-R', together with the attached -C=C-
10 moiety, complete an aromatic or heterocyclic ring which is
selected from the group consisting of furan, thiophene, pyrrole,
pyrazole, imidazole, 1,2,3-triazole, oxazole, isoxazole, 1,2,3-
oxadiazole, 1,2,5-oxadiazole, thiazole, isothiazole, 1,2,3~
thiadiazole, 1.2,5-thiadiazole,. beniene. pyridine, pyridazine..
15 pyrimidine, pyrazine, 1,2,3-triazine, 1,2,4~triazine, and
1,2;, 1,3~ and 1,4-oxazineé and -thiazines, the ring
completed by R-R being the same'as or different from the ring
completed by R'-R’.
109. An ester according to claim 9, wherein the linking
2 radicallA is -CR=CR-0-CHZCHZ-0-CR’=CR'-, where each of the pairs
of radicals R-R and R'-ﬁ', together with the attached ~C=C-
moiety, completes the same or different rings selected from
unsubstituted and substituted benzene rings, in which substituted
benzene rings contain 1-4 substituents selected from the group
= consisting of C1_3-a1ky1, 01_3-a1koxy, .f;uorine. chlorine,

bromine, iodine and CF3. or a single divalent substituent which
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doubl e repartition according to the-{-CaferrH { err]-level (panel O.

About 50% of the cells exhibit a hi | evel indicating 20

cel | hyperactivation, while the sélﬂmmﬁmq M{ﬂﬂm popul ation is

simldr td the nornal one (conpare pane the case of -

panel s C and D, where the cells have been treated wi th prodrug- 1,

t he popul ati on of hyperactivated cells is back to nornal, whi |l e the

popul ati on of non-activated cells renai ns%l j ntact 25 (corrpare panel C).
es

The data denonstrate that prodrug-1 provi sel ective accunul atj on of
the chel ator w tfi fb-%ﬁiz)"nabedandbfﬂt= no§, in non-activated cells.

11. An ester according to claim 4, wherein said chelating:
agent is selected from ethylene-1,2-diamine~N,N,N',N'-tetraacetic
acid, ethylene~-1,2-diol-bis-(2-aminoethyl ether)-N,N,N' ,N'~
tetraacetic acid and 1,2-bis-(2-aminophenoxy)ethane-N,N,N' N'-

tetraacetic acid,

12. An ester according to any of claims 7 to 11, wherein
said pharmaceutically acceptable alcohol contains 3 to 6 carbon

10 atoms and 1-3 hydroxyl radicals.

13. An ester according to claim 12, . wherein said
pharmacéutically'acceptable alcohol comprises at least one member
of the group consisting of glycerol, 03;20 fatty acid

monoglycerides, 03_20 fatty acid diglycerides, hydroxy-C,.g-alkyl

3 esters of C3_20 fatty acids, hydroxy-C,_g-alkyl esters of
lysophosphatidic acids, lyso-plasmalogens, 1lysophospholipids,
1ysophosphatidic acid amides, glycerophosphoric acids,
lysophophatidalethanolamine, lyso-phosphatidylethanolamine and N-

20 mono- end N,N-di-(C;_j)-alkyl and quatérnated derivatives of the

amines thereof.

14, An ester according to claim 4, which is selected from
the mono-, di-, tri- and tetra- esters of 1;2-bis-(2~
aminophenoxy)ethane~N,N,N' ,N'~tetraacetic acid with heptanoyl-sn-
25 3-glycerophosphoryl~choline or. octanoyl-sn-3-glycerophosphoryl~

choline.
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19 Exanpl e 3: Prodrugs of potential application in the treating

t unors. | nt roducti on o npl e, there are
presented @ number of 5 ill usﬂlmnﬂﬂmgtﬂmiﬂ'gnts of the present
invention in which a pro s a protein kinase

i nhi bi t,or. After, admi nisiration of the prodrug, the inhibitor
woul d be accumnul at ed in a cell exhibiting abnormal proliferation, thus
provi di ng potentially an inportant tool for use in antitunor therapy.
10 (i) The conpound QSO[-err]N wiBre Q = 5-isoquinolyl and N =

10

15

20

25

15. A prodrug according to claim 1, wherein  the

pharmacologically active compound is a protein kinase inhibitor.

16. A prodrug according to claim 15, which is an ester of a
protein kinase inhibitor carboxylic acid with a pharmaceutically
acceptable alcohol ‘comprising at least one membec of the group
consisting of giycerol. C3-20 fgtty acid monoglycerides, C3_20
fatty acid diglycerides, hydroxy-C,_g-alkyl esters of C3_20 fatty
acids, hydroxy-CZ_G—alkyl esters of lyso-phogsphatidic acids,
lysoplasmalogens; lysophogpholipids, 1yso-phosphatidic acid
amides, glycerophosphoric acids, lysophophatidal—cthanolamine.
lysophosphatidyl-ethanolamine and N-mono- and N.N-di—(Cl_u)-alkyl

and quaternated derivatives of the amines thereof.

17. A prodrug according to claim 16, wherein the protein
kinagse inhibitor is protein kinase inhibitor K252b from

Nocardiopsis sp.

18. A prodrug according to claim 15, wherein the protein '

kinase inhibitor contains an amine group with a replaceable N-
linked hydrogen atom, and the prodrug is an amide thereof with a
| phosphoric - acid derivative selected from the group consisting of
glycerophosphofic acids, O-acylglycerophosphoric acids,
etherified glycerophosphoric acids, and monoacylated

monoetherified glycerophosphoric acids.

19. A prodrué according to claim 18, wherein the protein

kinaée inhibitor is isoquinoline-s-sulfonamide which 1s N-

substituted by an acyclic or heterocyclic aminoalkyl radical..
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NHCH err] CH err] NHCH[ err], is a selective inhibitor of cAWMP-dependent

protein

., al; J. Cell 1037649, Simlarly, the conmpound
®O[err] N wher e ﬁ’ﬂﬂm mem and N = 2-nethyl pi perazin-1-yl, ‘is
15 potgnt inhibitor | |de dependent protein kinase
and protein kinase C. Hi daka et aI Ioc cit, and Kikuchi et al, Nucl .
Acid Res. 1988, 16: 10171. These conpounds can be - covalently
conjugated to an intracellular transportilftg adj uvant by net hods known
to persons of the art, e.g. illustratively: :

20. A prodrug according to claim 19, wherein said

10

15

20

25

ki nase: —khdaka et _al,

aminoalkyl radical is selected from the group consisting of

NHCHZCHZNHCH3 and 2-methylpiperazin-1-yl.

21. A proarug according to claim 15, wherein .the protein
kinase inhibitor contains at least one phenolic hydroxy group,
and the prodrug is an ester thereof with a phosphoric acid
derivative selected from  the group consisting  of
glycerophosphoric acids, O-acyl- glycerophosphoric acids,
etherified glycerophosphoric acids, and monoacylated

monoetherified glycerophosphoric acids.

22. A prodrug according to claim 21, wherein the protein

kinase inhibitor is 4',5,7-trihydroxyisoflavone.:

23. A téchnique for treating a condition or disease in a
human related to supranormal intracellulﬁr enz&me activity, thch
comprises administering to a human having such condition or
disease, in an amount effective for reducing the supranormal
enzyme activity, a pharmaceutically acceptable cell membrane
permeable prodrug, said prodrug being a covalent éonjugate of a
cell membrane impermeable pharmacoldgically.active compound . and
an intracellulér transporting adjuvant, characterized by - the
presence of a ,covalent bond which is scission-sensitive to
intracellular ehzyme activity, such that the bond is broken in
response to sﬁch.activity, whereby the pharmacologically active
compound accumulates selectively within cells having supranormal
intracellular enzyﬁe activity.
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[err]

~

?)

10

15

20

25

20 (b)

Ry

b7
24, A technique according ﬁo claim 23. wherein said
pharmacologically active compound is a pharmacoiogically active
carboxylic acid and said adjuvant comprises at least one
pharmaceutically acceptable alcohol which is selected Ffrom
glycerol, 03_20 fatty acld monoglycerides, 03_20 fatty acid
diglycerides, hydroxy-Co_g-alkyl esters of C3_20 fatty acids,
hydroxy-Co_g-alkyl esters of lysophosphatidic - acids, lyso-
plasmalogens, lysophospholipids, -iysophosphatidic acid amides,
glycerophosphoric acids, lysophophatidal-thanolamine,
lysophosphatidylfethanolamine and N-mono- -and N,N-di-(Cl_u)-alkyl

and quaternated derivatives of the amines thereof.'

25. A technique according to claim ;4. whereih said
pharmacologically active carquylic acid .i; selected from
branched—chain aliphatic carboxylic écids, salicylic acids,
steroidal carboxylic acids, monoheterocyclic carbocylic acids and

polyheterocyclic carboxylic acids.

26. A technique according to claim 23, wherein said
supranormal enzyme activity is in turn related to an excess of
intracellular Ca2+ ions, and said pharmacologically active

compound is a calcium chelating agent.

27. A technique according to claim 26, wherein said prodrug
is a partial or-total ester of chelating agent (a) with alcohol
(b), where_(a) is a pharmaceutically acceptable chelating. agent
for calcium having the formula (HOOC-CHy~) 5-N-A-N- (-CH,COOH) ,

where A is saturated or unsaturated, aliphaﬁic, aromatic or
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5 [err] (B)

n scheme (b),

is an aliphatic hydrocarbon group such as is ...._found.in plasmalogens

(or |t may be inserted in a conventional e) and A
is an*aliphatic.acyl radical, e.g. . I auroyﬂ] ﬁ ﬁmﬂ toyI
stearyl. and oleyl. 10 The conpound

5-isoquinolyl and N = 2- nmet hyl pi perazin-1-yl, may be attached in a

simlar manner by means of the piperazine N[err]
It would be expected that the P-N bond iygprodrugs (A

atom

depi cted above woul d be scission-sensitive to enzyme PLD,
heterocyclic 1linking radical containing. in a direct chain link

and (B)

between the two depicted nitrogen atoms, 2-8 carbon atoms in a

continuous chain which may be interrupted by 2-4 oxygen atoms,

provided that the chain members directly connected to the two

5 depicted nitrogen atoms are not oxygen atoms,

and (b) is =a

pharmaceutically acceptable alcohol containing 3 to 32 carbon

atoms and 1-3 hyaroxyl radicals; and salts with alkali metals of

sald partially esterified carboxylic acids, as well as acid

addition salts of such of said esterified carboxylic acids as

10 contain one or more potentially salt-forming nitrogen atoms.

28. A technique according to claim 27,

pharmaceutically acceptable alcohol 1is a Q7_32

monohydric alcohol.

15 29. A technique according to claim - 27,

wherein said

secondary

wherein said

pharmaceutically acceptable alcchol contains 3 to 6 carbon atoms

and 1-3 hydroxyl radicals.

30. A technique according to claim 27,

wherein said

linking radical A is a member selected from the group consisting

20

of =(CH,CH,),- where m = 1~4, in which 2-U of the carbon atoms

not attached to nitrogen may be replaced by oxygen atoms, and -

CR=CR-0-CHZCH2-O-CR'=CR'-. where each of the pairs of radicals R-

R and R'-R', together with the attached -C=C- moiety, complete an

25

aromatic or heterocyclic ring containing 5 or 6 ring atoms, the

ring completed by R-R being the same as or different from the

——

ring completed by R'-R'. —
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15 thus rel easing the described protein ki nase inhibitors
intracellularly, and accunul ating these inhibitors in cells havi ng a
supranornpl |evel of PLD. (i) 4' |5, 7-trihydroxyflaverne—is an

i nhibi'tor of tyrosine specific protein kin g, J.
Bihol . Chem, 1987, 20 262: 5592. This compoun @‘ m‘ \ﬂ;‘med to an
I ntracel | ul ar transporting adjuvant by neth cand (%) *descri bed
in part (i). above. The illustrative conjugates woul d have

structures (O & (D): [err] yg
31. A technique according to claim 27, wherein said
linking radical A is selected from the group consisting of

‘032CH2' and 'Cﬂzcﬂz'O‘CH2CH2"O'CH20H2‘.

32. A technique according to claim 27, wherein said
linking radical is -CR=CR-O-CHZCH2-O-CR'=CR'-, whepe each of the
pairs of radicals R-R and R'-R', together with the attached -
C=C~- moiety, complete an aromatic or heterocyclic ring whiéﬁ is
selected from the group consisting of furan, thiophene, pyrrole,
pyrazole, imidazole, 1,2,3-triazole, oxazole, isoxazole, 1,2,3-
0 oxadiazole, 1,2,5-oxadiazole, thiazole, isothiazole, 1,2,3~
thiadiazole, 1,2,5-thiadiazole, benzene, pyridine, pyridazine,
pyrimidine, pyrazine, 1,2,3-triazine, 1,2.§-triazine, and
1,2-, 1,3- and 1,4-oxazines and -thiazines, tﬁe ring completed
_ by R-R being the same as or different from the ring completed by
" R'-R'.
33. | A technique accordiﬁg to claim 32, wherein the linking
radical A is ~CR=CR-0-CH,CH,-0-CR'=CR'~, where each of the pairs
of radigals R-R and R'-R', together with the attached -C=C-
20 moiety, completes the same or different rings selected from
unsubstituted and substituted benzene rings, in which substituted
benzene rings contain 1-4 substituents selected from the group
consisting of Cy_z-alkyl, 01_3-a1koxy; fluorine, chlorine,

bromine, iodine and CF3, or a single divalent substituent which

25 is -0—(CH2)n-O- and n = 1-3.
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21 where R and A have the neanings given above and Q is the
residue of 4',5 7-trihydroxyi soflavone from V\/m ch one phenol | C

hydr egen aton1has been renoved and which is at ac rest
of thé nolecule by an 0 atom forming a P—O bond”!lm' lllmuUﬂgclH"l be
expected that this P-0 bond in prodrugs (C) and above
woul d be scission-sensitive to enzyne PLD, thus reIeaS|ng

50

34, A technique according to claim 27, wherein said.
chelating agent is selected from ethylene-l,2-diamine-N,N,N',N'-
tetraacetic acid, ethylene-1,2-diol-bis-(2-aminoethyl ether)-
N,N,N* ,N'-tetraacetic acid and 1,2-bis-(2-aminophenoxy)ethane-

5 N,N,N!' ,N'-tetraacetic acid.

35. A technique according to any of claims 30 to 34,
wherein said pharmaceutically acceptable alcohol contains 3 to 6

carbon atoms and 1-3 hydroxyl radicals.

10 36. A technique according to claim 35, wherein said
pharmaceutically acceptable alcohol comprises at least one member
of the group consisting of glycerol, C3_2@ fetty acid
monoglycerides, C3_20 fatty acid diglycerides, hydroxy-CZ_G-alkyl
esters of 03_20 éatty acids, hydroxy-C,_g-alkyl esters of

15  lysophosphatidic: acidé, lyso-plasmalqgens, -lysophospholipids,
lysophosphatidic acid amides, glycerophosphoric acids,
1ysophophatida1ethanolamine, lysophosphatidyl-ethanolamine and N-
mono- and N,N-di~(C;_j)-alkyl and quaternated derivatives of the

amines thereof.

20 37. A technique according to claim 27, whereip said ester is
selected from the mono~, di-, tri- and tetra- esters of 1,2-bis-
(2-aminophenoxy)ethane-N,N,N' ,N'-tetraacetic acid with heptanoyl-
sn-3-glycerophosphoryl-choline or octanoyl-sn-3-

25 glycerophosphoryl-choline.

38. A technique according to claim 23, wherein said

pharmacologically active compound is a protein kinase inhibitor.

Sheet Has Been Replaced
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t he described protein kinase inhibitors intracellularly, and

accunul ating these inhibitors in cells having a-supranormal |evel of
PLD. 10_.(|||) _ ~ Protein kinase inhibitor f Nocar di opsi s
sp. i's a carboxylic acid believed to have the foI“ ﬁ ”f'mm,'fﬁml
CH [err] _ _ w g e AR TR
51
39. A technique accordiné to claim 38, whereiﬁ said prodrug

is an ester of a protein kinase inhibitor carboxylic acid with a
pharﬁaceutically acceptable alcohol cqmprising at least one
member of the group consisting of glycercl, C3_20 fatty acid

5 monoglycerides, C3_20 fatty acid diglycerides, hydroxy-cz_s-alkyl
| esters of C3_20 fatty acids, hydroxy-C,_g~alkyl esters of lyso-
phosphatidic acids, lysoplasmalogens, 'lysophospholipids, lyso-
phosphatidic écid amides, glycerophosphoric acids,
lysophophatidal-ethanolamine, lysophosphatidyl-ethanolamine and

10  N-mono- and N.Nfdi-(cl_q)-alkyl and quaternated derivatives of

the amines thereof.

bo. A technique according to claim 39, wherein the protein
kinase inhibitor is protein kinase inhibifor K252b from

Noéardiopsis sp.
15

41, A technique according to claiﬁ 38, wherein the protein
kinase inhibitor contains an amine group with a replaceable N-
linked hydrogen atom, and the prodrug is an amide thergof with a
phosphoric acid derivative selected from the group consisting of
20 glycerophosphoric acids,. 0O-acylglycerophosphoric acids,

etherified. .glycerophosphoric acids, and monoacylated

monoetherified glycerophosphoric acids.

L2, A technique according to claim 38, wherein the protein

kinase inhibitor is isoquinoline-5-sulfonamide which is N-
25 : :
substituted by an acyclic or heterocyclic aminoalkyl radical.
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20 Thi s conpound can be conjugated to an intracellul ar
transporting adjuvant, e.g., by the nethod descrLbed_Ln_ELaqple

above. Exenplary conjugates are esters of th _7 functlon
in the ‘4bove formula, with e.g. heptanoy ji ' I
gl ycerophosphoryl - chol i ne or octanoyl-sn-3fg

chollne

- 52
43, A technique according to claim 42, wherein said
aminoalkyl radical is selected from the group consisting of

NHCHZCHZNHCH3 and 2-methylpiperazin-1-yl,

by, A technique according to claim 38, wherein the protein
 kinase inhibitor contains at least one phenolic hydroxy group,
and the prodrug is an ester thereof with a phosphoric acid
.derivative selected from the group - consisting " of
glycerophoéphoric acids, O-acyl-glycerophosphoric aciés,
etherified gl&cerophosphoric acids, and monoacylated
10 monoetherified glycerophosphoric acids.
45, A technique according to claim 44, wherein the protein
kinase inhibitor is 4',5,7-trihydroxyisoflavone.;
_ LT Use for the manufacture of a medicament for treating a
" ‘condition or :disease in a human related to supranormal
intracelluiar.enzyme activity, by selectively accumulating a cell
membrane impermeable pharmacologically active compound within
cells having such activity, of a pharmaceutiéally acceptable
cell membrane permeable prodrug, said prodrug being a covalent
2 conjugate of said pharmacologically active compound and an
intracellular :transporting adjuvant, characterized by the
presence of a covalent bond which is scission-sensitive to

intracellular enzyme activity, such that the bond is broken in

response to such activity.

25

b7, : Use according to claim 46, wherein said prodrug is as

defined in any of claims 2 to 22.
This Sheet Has Been Re lac
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Exanpl e 4: Preparati.on and bi ol ogi cal properties of DP16.

"DP16" denotes herein to denote a 1:1 ester of-BAPTA ———wth the choline
derivative ROCH2- CH(OH)-CH err] 0- OCH err] N( CH R

i s hexadeeanoyl . DP16 was pr epar ed accordi ngﬂl“mmr“mu“mn[S

descri bed in Exanple 1. | ntroduction to evaluat4i om of DP16 in

rel ati*on to | schem a Bi | ateral occlusion of the common
carotid arteries is t he sinplest and nost direct approach for

i nduci ng gl obal ischema. In theggats there is alnost 64%
nortality in 24 h 10 later. The causésS of nortality are largely brain
swel ling (edemayg, and  jQRly lkesd@lsg (ikf Al6ld) 1, Gwhbedini sedidnia is
achi eved by i sol ati on of t%e comon carotid artery through and

i ncision on pharhdtdloyidullal agtiveacempafind He aehkrmacbhegisallwargtigleands
are noved

nucleic acid or a pharmacologically active fragment of a nucleic

acid.

5 .
kg, A technique according to claim 23, wherein said
pharmacologically aétive compound is a pharmacologically active
nucleic acid or. a pharmacologically active fragment of a r_mcleic
acid.

10

15

20
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| aterally and the carotid sheath exposed. Both the vagus and 15
synpat hetic nerves are separated fromthe common carotid artery,

which is then permanently ligated. Sprague-Dawl ey rats (250 - 300
g) Were anesthetized with hal at hane or by intranuscul ar I nj ection of
0.1 m Ketamne (0.1 g/m, Par k Davi s54UK) and 0.1 m  Ronpun {2%

Bayer,” FRG.per 300 g body wei ght . DP16 was 20 admnistered i.p.
(0.001 - 0.1 NOMNEGYNRSHEOR SFEATING A (CONPEITON\GR\BISEASE IN A HUMAN (RELATED ogat i on.
Every experi niotSHPRANORYAL ABTRACBLLUIQRINGYME ACTINIFX| uded 14 nmale rats.
Statistical analysis was perforned according t criteria.
Experinental details and results of | 8B3ERACE testing 25 Enbol i ¢ stroke:

Spr ague- Dawl ey rats (300 g) are anesthetized with
The invention relates to a pharmaceutically acceptable

prodrug which is a covalent conjugate:- of a pharmacologically
active compound and an intracellular transporting. adjuvant,
5 characterized by the presence of a covalent bond which is
scission-sensitive to intracellular enzyme activity. The prodrug
may be used in a technique for treating a condition or disease in
a human related to supranormal intracellular enzyme ({e.g.
phospholipase and/or esterase) agtivity,'whereby on administering
16 it to a human having such condition or disease, the bond is
broken in response to such activity, and the pharmacologically
active compound accumulates selectively within cells having such’

supranormal intracellular enzyme activity. i

15 FIGURE 1

20

TESSheﬂ

//lm///m/////mﬁii/““

25



hal at hane. The ri ght common carotid artery is exposed and the

23 - external carotid and pterygopalatine arteries are ligated with
No. Q sil,k thread. The common carotid artery is cannulated with a
pl astic tube previously filled with heparinized saline. The canula is

then i.njected (0.5 m gas-tight Ham|lton syringe) with 5 suspensi on of
the spheres, followed by push of 0.5 1}111 sal i ne. )

FIGURE 1: EFFECT OF PRODRUG ON CALCIUM LEVEL IN HUMAN LYMPHOCYTES

Axis:

X - Forward scattering

Y - Intracellular calcium level(au)
L- Low calcium level '
H- High calcium level

Z - Events




The comon carotid artéry is then permanently Iligated. The

pol ystyrene 15 pm spheres are prepared in 0.05% Tween-80 in
saline followed by 5 mn.

fetal brain nodel:

days ’gestati on.

injection of 0.1 m Ketamne (0.1 g%’/rﬁl

nor mal
of full power sanitation. A 100 [err]1
aliquot is taken and i Mmedi ately transferred to the syringe. 10 |Ischem a
Sprague- Daw ey pregnant rats were used at 20
Animals were anesthetized by i ntranuscul ar
, Park Davis, UK) and 0.1 m
FRG) per 300 g body weight. An abdom nal incision

Ronmpun (2% Bayer,
was performed and the two uterine horns were 15
t hroughout the surgery.

[ [ err] H aFEQRE doni RECAVARY IMNGLOBAD AERRRRALTRAHEMIA
Bost on, MA) and/ or

Recovery %

exposed and kept noi st

I ntracerebral injection of 1-2nCi/2 nm -

from New Engl and Nucl ear,

1.5nG/2 m [[err]Clpalmtic acid (Na+, 819
nCi /mol from Arersham Searl e, UK)

100

o |
8o |
70 F
60 :
50 F
40:
30 |

20 [
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10 100

100
——{}—— Control (%), n = 14

{ 20 =+=O=** 4+ DP16 (%), n = 14
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20

J
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in isotonic salt solution containing NaHCOJ err] (1.32 g%, into the 20
enbryos was performed through the wuterine wall into t he
fontanel |l ae. Custom nmade syringes (33 gauge, 0.375" length from
Ham It on,” Reno, NV) were used to reduce brain edenma. After
injection fetuses were returned to the abdom nal cavity for
mai nt énance at physi ol ogi cal tenperat Wq4 After 1h they were 25 subjected
to blood flowrestriction for 20 mn. (restriction sessi on) by
cl anpi ng the bl ood vessels in the placenta manifold. Whenever
desired, circulation was restored for 30 mn. by renoval

FIGURE 3: PILOCARPINE INDUCED EPILEPTIC EVENTS ' :

Q Control
y=1.208 * 109-0022 .2 = 0.860

0 . Normal
1 - Bchav. Alter.
2 « Limb. selz.
3 - "Limb. Status"
4 - Gen, Clonlc c. ..
5 « Gen. Tonid/Clonle c.
6 - Status Epllepticus
7 - Ex. L. .
' / Death In convultions i

Max. Epi. Event /2h

50 100 150 200 150 Joo 350 400 450

Pilocarpine, dose mg/kg



24 of the clanps (reperfusion session). At all tinmes both

restricted and sham operated fetuses were naintained in the abdom nal
cavity  +» before surgical delivery. After delivery through a transverse
cut " in the uterus, viable fetuses with no apparent edema were killed
5 w thout delay and excised fetal brains wer e I medi atel y
honogeni zed i n suitable organic sol ventgyiffior further treatnent.

Fet uses cerebral hem' spheres nodel : Fetuses were renoved from t he
uterine horns in viable state and their cerebral

corcral  nEMERHE B ish o AREn Rk B ECRE re Pl s ™

== DP16 (Smooth)

seemssme  Control .

..

Events

Non

Behay. Alteration
Limbic Convulsion
"limbic Status”
General Clonic Conv,
General Tonic-Clonic
Convulsuins

- Status Epilepticus
‘Death in Convulsion

~y NSl DI D
’

"
(-]
o

0.01
0.1

DP16, dose pglkg:



and each (50[err]2.5 ng) was placed in a well of a 24-well Fal con
culture dish. Tissue was qui ckly washed twice in cold Dul becco's

Modi fied Eagle Medium (DMEM G and | sland Biol. Co) and then
‘incubated at 37[err]Cin 0.6-1.2 m DVEM flushed with oxygen and 15
suppl ejrented wth various additives. Aliquots of incubation
medium (0.1 m) were taken for eicosaynrd determ nation by a
-radi oi nmunoasay (RIA) technique. After acidification with 5 m
formc acid, 0.1 nml of isopropanol and 0.5 m diethylether -

ver e addepiGuAEt &% PRETERG TGN dadad ﬁpsgigﬁﬁ}gé'ka 'Oqoﬁg_ggg,qx 9 20 5

mn.) the organi c |AAYEHATYES of @k rream of
nitrogen. The resulting residue was dlssolve I n 0 1nm sodi um
phosphate buffer pH 7.4, containing 0.1% bovi ne serum al bum n.
Sanpl es . were incubated over ni ght at 4[err]C wth the
700 _
[ Control H + rlo FJ +pilo +DP16
- .
500 2
J A A {j
LAV E NN !:;
PN N AR,
NN NN 5 N é
. NN ifé NN Z
3 0 0 ’\'.\’\ gk '\'\,\’\ $f
,\’\’\ i; '\’\,\’\ é;
AR 2 ATAAN ]
AN i: AR ? -
NN , NN
: ¥ ! PN
100 :\:\:\ :(; ARJAA §
| il A
=100
-300
-500
-700

i R
R1 - amplitude (V)  §3 --amplitude (V) Heart rate (beats/min.)

ECG Events



appropriate polyclonal antiserum and 3H | abeled tracer (4000 25

cpmtube) in a final volune of 0.3 m. -Unbound naterial was -
precipitated with 0.3 nl dextran-coated charcoal (Pharnmaci a, Sweden) .
After - centrifugation at 4[err]C aliquots  of t he _

25 ~ supernatant (0.4 m) were transferred to vials and after

addi tion of scintillation quuid6é5hples were counted in a Packard
Tricarb

FIGURE 6: PROTECTION AGAINST PILOCARPINE INDUCED LONG-TERM
SHIFT OF CORONARY VESSELS TONE REGULATION

—O— Control
—— +Pilo
=—{}— +Pllo +DP16

[

‘mm Hg/mUmin/g
(7.}

Coronary Vessels Resistance

3 | SN RN y 3
0 5 10 15 20 25 Jo 35

Time ' min.



scintillation counter. [3H Arachidonic acid (240 G/ mol) (New
- Engl and Nucl ear, Boston, MA) dissolved in isotonic NaHC[err] (1.32% 5
wv) was injected through the uterine wall and the fontanell ae

into-the*enbryonic brain. After injection fetuses were returned to

t he abdomi nal cavity for maintenance under physi ol ogi cal condi ti ons.
After- 1h, fetuses were delivered ang 3 mediately sacrificed.
Cerebral hem spheres were rapidly excised for 10 subsequent ex vivo
i ncubation or for |ipid extraction. RESULTS. Bilateral dd obal
Cerebral | schem r - gmfrsem)gmnsenmm—am mal s
up-to 6-7 ?t e%ﬁgﬁ% it &glb EO%LAKPINE P?ml?sEt rated in Figure 2, DP16

i ncreases post-l schéhi ¢ recovery by 250% conpared with control using
non-protected rats (p < 15 0.01). This data denonstrates the potenti al

ability of DP 16 to

Recovery
r-

Control . +Pllo +Pllo +DP16

Experiment



treat otherwi se fatal ischem c conditions. Hear t | schema -
perfused heart nodel: Wiite rats wer e sacrificed by cervica
di sl oecatikpn and their hearts were rapidly renoved and reperfused at
60 mMmHg with nodified Krebs-Henselleit 20 buffer utilizing a Langendorff
perfused heart nodel. Hearts were per fused for 10-mn.
preequlibration interval - and were g/11 subsequently rendered either
gl obal ischemc (zero flow) or continuously perfused for the
indicated tinme. Perfusion were term nated by rapid excision of

ventri cul e Y, honogeni zati on
buf fer ?WES% dﬁgbglsgjrf&qgh N&?Wimﬁ%%g%%%gog%rdgrade 1], pH 7.8)-.
Bot h the activation of phosphol i pase A2 and its reversibility during
reperfusion were

60 60
.50 ‘50 'i
Vo
g 40 40
v P
) g o 30 30
58
8;“ 20 20
S ©
| 9
AR 10 10y = 15.626LOG(x) + 13.658
. L , ©=0965
0.1 1 10 100

DP16, Dose png/kg.



26 : tenporally correlated to alterations in nyocytic

anaer obi c nmet abol i sm and el ectron mi.croscopi ¢ anal yses. Model

of ventrigular fibrillations causing by coronary occl usion: Dogs
(11.6 - :20.7 kg) were anesthetized and instrunmented to 5 measure |eft
circunfl ex coronary blood flow, left wventricular pressure, and
ventricular electrogram The left 9flterior descendi ng artery was
| igated and an anterior wall nyocardi al

FIGURE 9: HYPOXIA-REPERFUSION CARDIOPATHOLOGY (CONTROL NO. 1) °

1. Normal Flow i | ] |
i _
ECG '1 ' /.J ,,__N_,i . /,_q:‘ , o —~ ,_._ll mV
§) / it / i/ / ; /
oy
Perfusion v v Y ‘f\ ; ' v
Pressure W{J\RM /‘n/ -« . |
70 mmHg
2. Low-Flow Perfusion:
AV-Block
- _1""'""_—'—]\‘-—-—--«\ }\s\_——_.._l]k\ 4i--_-'l\- ]1 mv
/ 2 / =
v L /
PPN D AR A S RSN I P . y -—
20 mmHg

3. Reperfusion:
Ventricular Fibrillation

b A \
M IA}"AUI\MI‘ 'ﬁ;'/\t\}q, N",\l-fw}pf‘w’,\r\‘r‘)’ l‘, /{/‘ v‘ﬂ wﬂ}’\/,”{,\'ﬁ\}( 1 mv
! .

ST A U R AN e W e ~—
- 160 mmHg




I nfarction was then produced. Al |eads to the cardi ovascul ar
I nstrunentati on were tunnel ed under the skin to exit on the back 10 of
the aninml's neck. Appropriate nedicine was given to mninze

postopérative pain and prevent inflamration. The ischem a test was
perfofned after 3-4 weeks. Properties of DP 16 in relation to the
treatnent of epileptic di sor der / Pi | ocar pi ne based nodel of
experinental epilepsy: Acetylcholine,” acetyl cholinesterase inhibitors
and acet kel ione xrdRlA0BRFuRbE caroropaTiBI0GE QEdt LA [ 8Pt 0Ogeni ¢ agents when
applied intracerebrally or systematically (see ref, in leite et al.,
Neur osci | & 1@ aR¢ Flow Rev., 1990, 14:511- 17). It was denonstrated in
di ffereny species 20 tih tiemy cyagmnigsty agi gnof rmuscari phic

chol i ner ¢i ¢ agoni sts ECG [1 mv

Perfusion

SN NNNANNNNNNNNN <
Pressure : o 60 mmHg

.2. Low-Flow Perfusion:

AV-Block |
‘ |1 mv
\N«*/\..M<_
- ' ; 20 mmHg
3. Low-Flow Perfusion
with BAPTA & LPC:
| AV-Block . |1 my
M&—‘j\\ -4
20 mmHg
4, Reperfusion with
BAPTA & LPC:
Ventricular Fibrillation _
' 1 mv
N e - —~
100 mmHg




pr oduced electroencephalographic and ‘behavi oral |inbic seizure
acconpani ed by w despread brain damage resenbling topographically

t hat ., preguced by kainic acid and folates and are frequently observed
i n aut®psi ed human epil eptics. System c injections of 25 t he '
pi | ocar pi ne, a potent nuscarinic cholinergic agonist, are capabl e of
producing a sequence of behavioral alterations I ncl udi ng
stirring spells, facial automatisns and notor |inbic
27 FIGURE 11: HYPOXIA-REPERFUSION CARDIOPATHOLOGY (TREATMENT)
1. Normal Flow ' ‘
1 mv
ECG - + I
1 ,»|,- 2 l/

prtusion ,,ww\mwaw .

50 mmHg

2. Low-Flow Perfusion:
Ten min of AV-Block

| _ | 1 mV
— e A e e S ——
¥ . )
: b 15 mmHg

3. Low-Flow Perfusion

with DP16 (0.001 mg/L):
Restoration of :
AV-Synchronism l 1 mV

Tl

-¢—
15 mmHg
4

A

WMWWMWMd—

65 mmHg

4, Reperfusion

with DP-16

(0.001 mg/L):

AV synchronism /N




mfbver 1 - 2 hours and build progressi Vghyss ses into

sei zure el

Adinmbic oY on i ;V g by general status epilepticus. RESULTS.

‘~Inned|atel i njection of pilocarpine, aki nesia, ataxic
kur chin fdﬁﬁﬁﬁﬁé ﬁall mand heart tremor 5 donminated the animals
behavi or Further _.C Ve opnent of epil eptic events is dose -
depended ' nistration 1 of pilocarpine in doses of 300 -
350 g/ k e of linbic seizures wth rearing, '
forelinb clonus, salivation, i ntense masticatory jaw novenents and

falling. Mdtor linbic 10 seizures comenced after 20 - 30 mn.
recurred every 2 - (B'ibl'@UG M@mpwﬁrmﬁr@NWO@mptlcus

I ncrease of the ose | ocar pi ne up-to 400ng/ kg abol i shed
i mbic seizures and after 15

FIELD OF THE INVENTION

~ The present invention relates to a technique for treating a condition or disease
5 in a human related to supranormal intracellular enzyme activity, and to a prodrug

useful in such technique.

BACKGROUND OF THE INVENTION
Many major diseases in humans, including ischemia, stroke, epilepsy, asthma

10  and allergy are believed to be related to the phenomenon of cell hyperexcitation, a term
used herein to denote abnormally elevated levels of certain intracellular enzymes. For
instance, as a result of supranormal intracellular phospholipases associated with these
disease states, cell membranes are broken down. Current pharmacological strategies are
therefore aimed at inhibiting this deleterious degradative activity.

15 It would be useful to be able to selectivelv target diseased cells characterized
by enzyme hyperactivity, so as to introduce a pharmacologically active molecule in the
form of a prodrug into a cell, whereby such hyperactivity would act on the prodrug, so
that the pharmacologically active molecule accumulates in the diseased cells rather than
in the healthy cells.

20 A non-limiting example of such a pharmacologically active molecule is a
calcium chelating agent, which would have many advantages over drugs presently used
for the treatment of calcium associated disorders.

Intracellular calcium is an important determinant for cell death, irrespective of

the initial insult sustained by the cell. It may be involved in cell death in lvmphocyte

]
W

and killer cell mediated damage of target cells, in organ damage diring transplantation,
and in other types of tissue damage including ischemic insults. Calcium channel
blockers or cell membrane permeable forms of calcium chelators have been suggested
to protect against tissue injury or td decrease tissue damage. Thus, it will be apparent
that the present invention has potential use (in the embodiment emploving a cal]_c,ium

30  chelator) in relation to these circumstances




- 25 mn of initial behavioral alterations causes fatal general tonic
- clonic convul sions. W consider this dose as LD[err]. 15
Adm ni stration of DP16 prior to pilocarpine prevented death in the

a&ni mal s and decreased epil eptiform manifestations.
4, DP16 exhibits a therapeutic at doses in'the

As shown in Figure
range 10[err] to

| O[err] ng/kg. For this particul ar 2odel of epilepsy (pi |l ocar pi ne

400 ny/ kg; rats) the estimated therapeutic index 20 (ET) of DP16

i's

0.5 ng/ kg/5xlI0[err] mg/ kg = 1x10[err]. The data obt ai ned suggest

that DP16 is

an extrenely prom sing prodrug for the treatnent

epil eptic disorders. Pi | ocar pi ne and cardi otoxicity.

Two types of
firstly due

10

15

20

25

deat h warsofte sdikvident it 5 sifnflfrabebt it B2 apRied tqtht Gexandit ne,
oftcgndfitﬁ)tng1 Ior dige(z)xge\é LclJlthill' gxgns thosaer}glate '%Ctgen lcrixltrZéellular level of calcium
ions. By way of example, if the active entity incorporated in the prodrug molecule is a
protein kinase inhibitor, after administration of the prodrug the inhibitor would
accumulate in a cell exhibiting abnormal proliferation, thus potentially providing an
important tool for use in antitumor therapy.

The use of prodrugs to impart desired characteristics such as increased
bioavailability or increased site-specificity on known drugs is a recognized concept in the
state of the art of pharmaceutical development. The use of various lipids in the preparation
of particular types of prodrugs is also known in the background art. In none of those
instances are the prodrugs characterized i;l that they achieve preferential accumulation of the
drug within the diseased cells of the organ, by activation with intracellular lipases. Rather,
they provide for the drug to be transported to a specific site, or to be released within a
specific organ. This appraoch is exemplified in the case of the phospholipid prodrugs of
salicvlates and non-steroidal anti-inflammatory drugs disclosed in WO 91/16920 which,

taken orally, protect the gastric mucosa and release the active principle in the gut.

In other examples of phospholipid prodrugs, the formulation of the prodrugs into liposomes
or other micellar structures is the feature that enables their preferential uptake, for instance
by macrophages or by liver cells as in the case of the phospholipid conjugates of antiviral
drugs disclosed in WO 90/00555 and WO 93/00910.

Generally, viral infection is not associated with supranormal phospholipase activity and
antiviral phospholipid conjugates do not teach or suggest activation of the drug
preferentially in the diseased cells, or in the infected cells as in the case of the phospholipid
conjugates of antiviral nucleotides and anti-sense oligonucleotides, such as those disclosed in
WO 90/00553, in WO 90/10448 and in NTIS Technical Notes, no. 9, page 630, Springfield,
Virginia, US, 1984.
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retarded death not imedi ately due to epileptic events. W attenpted
to understand the actual reason of retarded death of

28 rats after pilocarpine-induced convul sions. Under

nacr oscopi ¢ aut opsy of these aninmals were seen signs of

car di opul nonary damages: |l ung edema and henorrhages, dilated and in
sane cases defornmed hearts. Dy8ing of hearts with 0.1% Trypan
btue in :

In other instances specific types of polar lipids are used to target the prodrugs to
intracellular organelles as in the case of the antiviral and antineoplastic nucleosides disclosed
in US 5,149,794, Additional types of lipids have also been used in specific types of prodrugs
such as EP A-325160 which discloses glvcerin. esters of ACE inhibitors, which form
S micelles absorbed from the intestine into the lymphatic system, thereby bypassing the liver
and having increased access to the central nervous system, for use in the treatment of
hypertension and cognitive dysfunction. The ACE inhibitors undergo enzymatic cleavage

and exert their therapeutic effects extracellularly.

Other types of lipophilic carriers that facilitate intracellular transport are known in the art,
10 as in CH A-679856 which discloses the use of salicyloyl-camitine for the treatment of pain,
and in WO 89/03358 which discloses modified oligonucleotide antisense drugs, transported

into cells by attachment of apolar groups such as phenyl or naphthyl groups.

SUMMARY OF THE INVENTION

15 In accordance with one object of the invention, there are provided prodrugs
which selectively accumulate pharmacologically active compounds in hyperactivated
cells. In accordance with another object of the invention, the pharmacologically active
compound is released from the prodrug in response to enzyme activity within the target
cells. In accordance with yet another aspect of the invention, the pharmacologically

20  active compound, selectively accumulated in a cell characterized by a relatively raised
level of enzyme activity therein, is trapped in the cell and therefore exhibits an

enhanced desired activity therein.

The present invention accordingly provides in one aspect, a prodrug which is a
covalent conjugate of a pharmacologically active compound and an intracellular
25  transporting adjuvant, characterized by the presence of a covalent bond which is

scission-sensitive to intracellular enzyme activity.

REPLACEMENT SHEET
18 AUG-1999




5 surviving animals revealed spotted picture_of rrvocardl a W th

areas of intensive dye absorption, i.e., damagé¢ G :

areas, 1i.e., infarctions. Thus, we can g()ﬁE‘Fﬁ‘a&‘ﬂ/i hl CS f.tar

pi | ocarpi ne adm nistration, there devel oped hear{ d @%1 h we

t erm post - pi | ocar pi ne-sei zur e- car di opat hy ( PSCP) . % 110 PSCP in
relation to DP16 eval uation were perfdrmed in Viyo and in vitro wth
rats which survived after convulsive and {su _ convul §i ve doses
of Pil ocar pi ne. PSCP Experinents: Aduliew(2:3.00nt-hs) |l e
Sprague-Daw ey rats were used for all experinents. e were fed
with standard 15 Iw i epasher  agprat, vﬁhehprqmtl’érmaﬁ‘qii%lﬁ dafd avere

mai ntained in standard pl astic cages (4-5 individuals in each cage)
under ndechniaue | forntresting & W“SFFHE’anlq’rée%"t?o fS’&IeaHP‘Ff’é"eﬁ?]IBé‘ﬁ&

st at us
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to supranormal intracellular enzyme activity, which comprises
administering to a human having such condition or disease, a
pharmaceutically acceptable cell membrane permeable prodrug, the
prodrug being a covalent conjugate of a cell membrane impermeable
pharmacologically active compound and an intracellular
transporting adjuvant, characterized by the presence of a
covalent bond which is scission-sensitive to intracellular enzyme
activity, such that the bond is broken in response to such
activity, whereby the pharmacologically active compound
accumulates selectively within cells having supranormal
intracellular enzyme activity, the prodrug being administered in
an amount effective for reducing the supranormal enzyme
activity.

In yet another aspect, the invention provides use for
the manufacture of a medicament for treating a condition or
disease in a human related to supranormal intracellular enzyme
activity, by selectively accumulating a cell membrane impermeable

pharmacologically active compound within cells having such

activity, of._a pharmaceutically acceptable cell membrane
permeable prodrug, which is & covalent conjugate of the
pharmacologically active compound and an intracellular

transporting adjuvant, and is characterized by the presence of a
covalent bond which is scission-sensitive to intracellular enzyme
activity, such that the bond is broken in response to such

activity.



nodel (pilocarpine) was performed as described ear|ier. In a
group of 23 rats, pilocarpine was adm nistered i.p. igas L p—
doses whi ch ranged from 100 to 400 my/kg body wei ght @EWEACE&%%? ggﬁﬁi
different periods of time; a second group of 17 ] rjafs Was
treated with DP16 prior to pi.l ocarpine adm nistratio )
DP16 was injected for 30 mn before pbBl ocarpine in the hext osF ange
and its effect was investigated in the ensuing 25 G

%
F
=)

BRIEF DESCRIPTION OF THE DRAWINGS

The invention wiil be understood and appreciated more
fully from the detailed description below, in conjunction with
the drawings, in which:

5 Figure 1 is a graphical illustration of the effects of
a compound, in accordance with an embodiment of the present
invention, on intracellular free Caz+ level in human lymphocytes;

Figure 2 compares recovery in Global Cerebral Ischemia
in presence or absence of a compound in accordance with an

10 embodiment of the invention;

Figure 3 dillustrates the variation with dosage of
pilocarpine induced epileptic events;

Figure 4 illustrates the protection against pilocarpine
induced epileptic events afforded by a compound in accordance

15 with an embodiment of the invention;

Figures 5 and 6 illustrate the protection against long-
term alteration of certain cardiac functions, or shift of
coronary vessels tone regulation, caused by pilocarpine, afforded
by a compound in accordance with an embodiment of the invention;

20 Figure 7 1illustrates the recovery of pilocarpine-
damaged hearts.in an Ischemia-Reperfusion model, when usiné a
compound in accordance with an embodiment of the invention;

Figure 8 illustrates the protective effect in a
metrazol minimum seizures test, afforded by a compound in

25 accordance with an embodiment of the invention; and H

Figures 9, 10 and 11 illustrate results of experiments

in hypoxia-reperfusion cardiopathology.
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in three standard | eads were recorded under ketam ne
ng/ kg 1 mal gene 100, Rhone Merieux, France and 7 ng/kg;

-,

In vivo ECG (Birtcher-Cardio- Trac] Tﬁﬂgﬂﬁfﬁga? S
n thﬁsraf»-*j

A BATE e | o8 oo

Lever kusen, Germany, i.m). ECG recordings were 5

bef ore pil ocarpine injections (control), 24h pi.locarpi he

adm nistration (acute period) and afder relatlve stabilizatipn of
cairdi ac function, on the 3-14th. day after pil cearptnre

adm ni stration.

Part of the ECG recordings were made under nenbutal

anesthesia (35 ng/kg, i.p.) inthe period 10 before est abl i shing
Langendorff's perfusion i SRETATBED DESCGRIPTION OF |JHEpENVENTION.
Per f usi on- Hypoxi a- Reperfusi on isol ated heart nodel

10

15

20

25

The pharmacologically active compound may be e.g. a
pharmacologically active carboxylic acid, when the adjuvant may
comprise (e.g.) at least one pharmaceutically acceptable alcohol
which is selected from glycerol, C3_20 fatty acid monoglycerides,
C3_2@ fatty acid diglycerides, hydroxy-C,_g-alkyl esters of C3_20
fatty acids, hydroxy-cz_s-alkyl esters of lysophosphatidic acids,
lyso-plasmalogens, lysophospholipids, lysophosphatidic acid
amides, glycerophosphoric acids, 1lysophophatidal-ethanolamine,
lyso-phosphatidylethanolamine'and N-mono~ and N,N-di-(Cq_p)-alkyl
and quaternated derivatives of the amines thereof. Exemplary of
pharmacologically active carboxylic acids are branched-chain
aliphatic carboxylic acids (e.g. valproic acid), salicylic acids
(e.g. acetylsalicylic acid), steroidal carboxylic acids (e.g.
lysergic and isolysergic acids), monoheterocyclic carbocylic
acids (e.g. nicotinic acid) and polyheterocyclic carboxylic acids
(e.g. penicillins and cephalosporins). While pharmacologically
active carboxylic acids are particularly described herein, as
exemplary of the active compounds which may be conjugated with an
intracellular transporting adjuvant, the invention is not limited
thereto. Thus, by way of further example, it is entirely within
the concept of the present invention to conjugate therapeutically
active nucleic acids (including RNA and DNA) or fragments thereof
with an intracellular transporting adjuvant.

In a non-limitative embodiment, the prodrug accérding
to the invention includes a calcium chelating agent, and may thus

be of potential use for treating diseases or conditions which are



(PHR) was perforned with the conventional Langend
(non-recircul ating perfusion systen) adjusted to

nodi fications: 1. under constant Perfusion Pressurel (PP)--60 mmilp Hg;

or 2. under constant flow, established after the fifstgLBG®% | in _
perfusion with PP as above, by adjusting flow w th help of egistaltic
punp (Ismatec SA, Laboratoriunstechnici Switzerla — e ¢ase of

constant PP the vol une of effluent flow was Teasured on el ectfon
bal ance (Precisa 1000C 3000D, Switzerland). 20 [In case of constant fl ow,

est abli shed at the control period, flow did not change during
subsequent expeelatedttal apamdolis hagit 18P Was intracé]ﬂﬁ!)izfjed2+ fioaguenhl y .
After 30 mn of the control period, per fusi on was stopped for 30

m n and subseqoarficuamdyfrrsiferred embodéménsd |thet Brbd8Ge montailisr ectlebOS wer e
recorded fromventricul ar

one covalent bond between the pharmacologically active compound

and the intracellular transporting adjuvant, which covalent bond

5 is scission-sensitivé to intracellular enzyme activity, with the
consequence that the greater part of the prodrug molecules will
move freely in and out of normal cells without scission of .such
bond, whereas in the cells possessing the supranorﬁal enzyme
activity only, the scission-sensitive bond in a high proportion

10 of prodrug molecules entering the cells will break, thus
accumulating intracellularly, and trapping within the abnormal
cell, the pharmacologically active compound, since the latter is
cell membrane impermesgble. Pergons skilled in the art will
appreciate in what manner the concept of the invention may be

15 applied to conditions and diseases which are not necessearily
related to an ihtracellular excess of calcium ions, so that in
such other cases, the prodrug will incorporate an active compound
which is not a calcium chelator but which will possess other
desired pharmacological activity.

20 The prodrug which includes a calcium chelating agent
is, e.g., a partially or totally esterified carboxylic acid,
which is an ester of:

(a) a pharmaceutically acceptable chelating agent for calcium
having the formula (HOOC-CHZ—)Z-N-A-N-(-CHZCOOH)Z where A is

25 saturated or unéaturated, aliphatic, aromatic or heterocyclic
linking radical containing, in a direct chain link between the

two depicted nitrogen atoms, 2-8 carbon atoms in a continuous



25 apex (lead 1), auriculum(lead 2) and in-bet weena(Lea.d..?.x)m..the
coronary vessel's perfusion resistance (CVPR) was cal @H}@f\@ﬁmi
arbitrary units as follows: PP/flow heart weight. Folj
30 prot ocol above, hearts were subjected to p
Trypan blue (0.1%, in order to evaluate cellul ar danj
infarction. RESULTS AND DI SCUSSI 8N '

S e
J PR 7 S
:

chain which may be interrupted by 2-4 oxygen atoms, provided that

the chain members directly connected to the two depicted nitrogen

atoms are not oxygen atoms, with

(b) a 03_32 pharmaceutically acceptaﬁle alcohol containing 1-3 OH
5 radicals (e.g. such a C3-6 alcohol, or e.g. a C7-32 ‘secondary

monohydric alcohol);

and salts with alkali metals of the partially esterified

carboxylic acids, &8s well as acid addition salts of such of the

esterified carboxylic acids as contain one or more potentially
10 salt-forming nitrogen atoms.

The ester of the preceding paragraph may be one in which the
linking radicai A is a member selected from the group
consisting of =-(CH,CH,),- where m = 1-4, in which 2-4 of the
carbon atoms not attached to nitrogen may be replaced by oxygen

15 atoms, and -CR=CR-0-CH,CH,-0-CR'=CR'-, where each of the paiés of
radicals R-R and R'-R', together with the attached -C=C- moiety,
complete an aromatic or heterocyclic ring containing 5 or 6 ring
atoms, the ring completed by R-R being the same as or different

from the ring completed by R'-R'.

2 In particular embodiments, the linking radical A may
be, e.g., seleéted from -CHZCHZ- and -CHZCHZ-O-CHZCHZ-O-CHZCHZ-;
or it may be e.g. -CR=CR-0-CH,CH,-0-CR'=CR'~, where each of the
pairs of radicals R-R and R'-R', together with the attached -~

25 C=C- moiety, complete an aromatic or heterocyclic ring which is

selected from the group consisting of furan, thiophene, pyrrole,

pyrazole, imidazole, 1,2,3~triazole, oxazole, isoxazole, 1,2,3-



5 ECG results in vivo are illustrated.in.Eligure..5 in

whi ch open bars reflect sone ECG events, exprﬁ?_{? ﬂCEM%ﬁ‘a@lﬁEﬁr] SE

fromindividual ECGs in control period. The firls group-ot-par
denonstrates ECG changes after pil ocarpine inj¢gctfi Ea N acjitle
stage of PSCP: statistically significant depregsijons Mea

noted under leads 1 and 2 (47% & 86% of ont.rol. one
respectively). DP16 treatnent of PSCP norrualized el ectrica
activity at the acute stage in 5 out of 7 tre
known that the anplitude of ECG events are partly connect ed with

intensity of coredispsobelentlghfsouidbgicdel prbiwsies. iFhudazelm 18,3-
pi | ocar pi ne-i nduced change of R-wave and its nornalization by

DP16 rmay ref [théadiagpke, abid.prihigfiazpbes berzengur yridines i Rynidgzine,

weakness, at |east under PSCP. Control rats display  relative
pyrimidine, pyrazine, 1,2,3-triazine, 1,2,4-triazine, and 1,2-,

1,3- and 1,4-oxazines and thiaszines, the ring completed by R-R
5 being the same as or_different from the ring completed by R'-R'.
In a particularly preferred embodiment, the linking radical A is
-CR=CR-0~CH,CH,-0-CR'=CR'~, where each of the pairs of radicals
R-R and R'-R', together with the attached -C=C~ moiety,
completes the same or different rings selected from unsubstituted
10 and substituted benzene rings, in which substituted benzene rings
contain 1-4 substituents selected from the group consisting of
01_3-a1ky1, 01-3—a1koxy. F, Cl, Br, I and_CF3, or a single
divalent substituent which is -0-(CH,),~0- and n: = 1-3.
It 4is presently preferréd that the calcium chelating
15 agent incorporated in the prodrug is selected from ethylene-1,2-
diemine-N,N,N' ,N'-tetraacetic acid, ethylene-1,2~diol-bis~-(2-
aminoethyl ether)-N,N,N' ,N'-tetraacetic acid and 1,2-bis-{(2-
aminophenoxy)ethane-N,N,N' N!'-tetraacetic acid.
As mentioned above, C3_32. e.g. C3—6' alcohol referred
20 to above contains 1-3 OH radicals. When 2 OH radicals are
present, one of them may be esterified or otherwise derivatized,
and when 3 OH radicals are present, either 1 or 2 of the OH
radicals may be esterified or otherwise derivatized. Any carbon
atoms in the esterifying or otherwise derivatizing group(s) are
25 not counted for the purpose of the e.g. 3 to 6 carbon atoms which
may be contained in the pharmaceutically acceptable alcohols.

Thus, these alcohols may comprise, e.g., at least one member of

t he



nornal i zation
nornal i zation

of R-wave in 3 - 14 days after pi Lne.. However ,
sonehow correl ated with drasti cal REPL@@hM[Fggreased S-wave

bl b

14

depth under lead 3 (3699 and lead 2 (61%).(the¢ f-ast ‘@wnct yet
I sti significant in view of |arge % ) lkncr ease of
S-wave depth refl ected .damage of nyocar dif a ﬁ%@ﬁbw E possi bly

Statistically

control rats.

and those not

suggesting infarction in Pi | d¢ar pi ne |tteated controll dni mal s.
As during the acute stage 25 of PSCP in t e phase of stabl lization,
DP 16 prevents the appearance of ECG=alt-ef-attons—pnoied in
The di fference between.animals protected with DP16
the group <consisting of glycerol, C3_20 fatty acid
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monoglycerides, Q3-20 fatty acid diglycerides, hydroxy-C,_g-alkyl
esters of 03_20 fatty acids, hydroxy-C,._g-alkyl esters of
lysophosphatidic acids, lysoplasmalogens, lysophospholipids,
lysophosphatidic acid amides, glycerophosphoric acids,
lysophophatidalethanolamine, lysophosphatidylethanolamine and the
N-mono-Cl_q-alkyl, N,N-di-Cl_u-alkyl and quaternary ammonium
derivatives of such of the foregoing as are amines. An example
of a C7_32 secondary alcohol is 1-myristylmyristyl alcohol.

The person skilled in the art will appreciate that the
prodrug of the present invention can be tailored in such a manner
that the desired pharmacologically active entity is released by
action of the enzyme known to be the source of enzyme
hyperactivity in the condition or disease being treated. For
example, membrane-associated calcium-independent plasmalogen-
selective PLA, activity has been found to increase over 4ooy
during two minutes of global ischemia (P<0.0l), was greater than
10~fold (near to the maximum) after only five minutes of
ischemia, and remained activated throughout the entire ischemic
interval examined (up to 60 minutes), see Ford et al, J. Clin.
Invest., 1991, - 88(1): 331-5. These facts suggest attaching the
pharmacological active entity to the 2-position in a
glycerophosphoric acid derivative, and that  use of a
lysoplasmalogen may possibly be more effective as the
intracellular transporting adjuvant, to which the active éntity

is attached covalently, than a lysophospholipid.

R



31 protected, is statistically S|gnlflcantgﬁiﬁﬁ}ﬁlﬁhﬁuirﬁﬂﬁgl_ peri od
PSCP there is marked elevation of Heart Rate tTrcontr ol
Pilocarpine, as in DPl6 treated aninals. Su h

péssi bly connected wi th henodynani ¢ insufficiency, ;@%Bﬂ%apgp
characteristic for infarction pathophysiol ogy. : ot

vivo ECG investigation during |ong-termperiod after Pllocarplne
|nject|ons reveal.ed definite alteration of cardi ac~fonctToNs (PSCP) ,

which in sone aninmals may be cured by DP16-treatnent.

Langendorff's Heart Model.

Figure 6 shows Coronary
Any events (e.g. cytotoxic chemicals, physical stimuli

- and infective agents) causing damage of the cell membrane can
trigger a cascade leading ultimately to a condition which mimics
ischemia (Robbins et al, Pathological Basis for Disease, 1984, p.

5 10, W. B. Sanders Co.). The present invention will potentially
be of use for protecting cells in these circumstances, by
introduction of a calcium chelator intraceliularly. In this
connection, it is noted that the antitumor drug Adriamycin, which
has been reported to inhibit Na-Ca exchange and to overload the

10 sarcoplasm with calcium, could induce contractile heart failure;
this would be consistent with the hypothesis that calcium
overload, in absence of ischemia, can leave behind long-lasting
contractile dysfunction (Kusuoka et al, :J. Cardiovasc.
Pharmacol., 1991, 18(3): 437-44).

15 As indicated aboﬁe. the concept of the present
invention 1s not restricted to the treatment of conditions or
diseases related to the intramolecular level of CaZ* ions, so
that the materials used in practising the invention are not
restricted to calcium chelators. Thus for example, the

20 pharmacologically active compound may be e.g. an antiepileptic
compound such . as valpfoic acid. In this connection, it is
contemplated that application of the present invention in this
embodiment would enable a much lower effective dose of wvalproic
acid to be used than is otherwise the case, thus potentially

25 substantially reducing the occurrence of undesired side-effects.
In principal, any of the range of alcohols, and examples thereof,

mentioned above In connection with esterification of calcium
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10 Vessels Perfusion Resistance (CVPR) in Ri‘ﬁd\@ﬂ\é&w I‘J‘ffe;fe‘rdorff' S

hearts. In the first 30 min of control isolafefi"Cangendorff'js |- hearts
CVPR steadily increased and this elevatiayci®He | |
statistically significant after 20 min. In alk hearts per fjuded

after pilocarpine admnistrations, initial pér#&s s { 15 larger
then in control, and subsequent 1evPrR ignificantly decr eased
{bottomline). This decrease of coronary vessefa tone possi bly
connected with intracardial noradrenaline deficiency or par al ysi s,
evoked by hypoxia. Treatnment of rats with DP 16 prior to pil ocarpine
appl i cati on prehedatarsdarargelast be\APRLiasy b dibeoestienifizgtignoef tvedprafict i al and
final periods of perfu5|on t hus providi ng evidence relating to the
ability of DPagddtin ﬁé??ﬁ&‘l"{‘% wi tf &gargpncept of \fbespregent rinyertisn. er

hypoxi ¢ conditions., Cessation of .
a non-llmiting embodiment. valproic acid may be esterified with,

e.g., 1-heptanoyl-sn-glycero-3-phosphorylcholine.

5 In another particular embodiment, the pharmacologically
active compound incorporated in the prodrug of. the invention is a
protein kinase inhibitor. Where the protein kinase inhibitor is
a carboxylic acid, the prodrug may be e.g. an ester thereof with
a pharmaceutically acceptable alcohol such as glycerol, 03_20

10 fatty acid monoglycerides, C3_2@ fatty acid diglycerides,
hydroxy-Cz,G-alkyl esters of 03_20 fatty acids, hydroxy-02-5-
alkyl esters of lysophosphatidic acids, lysoplasmalogens,
lysophospholipids, lyso-phosphatidic acid amides,
glycerophosphoric acids, lysophophatidalethanolamine, lyso-

15 phosphatidylethanolamine and N-mono- and N.N-di-(Cl,q)-alkyl and
quaternated derivatives of the amines thereof. Such a carboxylic
acid is e.g. protein kinase inhibitor K252b from Nocardiopsis sp.

Where the protein kinase inhibitor contains an amine
group with a replaceable N-linked hydrogen atom, the prodrug may

20 be e.g. an amide thereof with a phosphoric acid derivative
selected from glycerophosphoric acids, O-acylated or etherified
glycerophosphoric acids, and monoacylated monoetherified
glycerophosphoric acids. Such protein inhibitors are e.g.
isoquinoline-5-sulfonamide N-substituted by &n acyclic or

25 heterocyclic aminoalkyl radical such as'NHCHZCHZNHCH3 and 2-
methylpiperazin-1-yl. Where the protein kinase inhibitor

contains at least one phenolic hydroxy group, the prodrug may be



perfusion for 30 m n and subsequent reperfugion |s'eharacter|zed

the wel |l -known broad class of cardiac danaginevgﬂi
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as | ngaifred

with distinct range of alterlt'ons
myocardi al excitability, cohduct ifvity=

e.g. an ester tﬁereof with a phosphoric acid dérivative selected
from glycerophosphoric acids, O-acylated glycerophosphoric acids,
etherified glycerophosphoric acids, and monoacylated
monoetherified glycerophosphoric acids. Such a protein kinase
inhibitor is e.g. 4',5.7-trihydroxyisof1avone;

When selecting the intracellular transporting adjuvant
for the purposes of the present invention, the skilled person
will of -course take into consideration the necessity for
avoiding such adjuvants, e.g. certain 1,2-diacylglycerols, which
are activators of protein kinase C (see Lapetina et al, J. Biol.
Chem., 1985, 260: 1358 and Boynton et al, Biochem. Biophys. Res.
Comm., 1983, 115: 383), or intracellular transporting adjuvant
which are likely to give rise to undesirable pfoducts such as

these in the cell.

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS

Example 1: Preparation of Prodrug~l1 and Prodrug-2.
Introduction

"Prodrug-1* is the name used herein to denote a 1:1
ester of 1,2-bis-{2-aminophenoxy)ethane-N,N,N' N'-tetraacetic
acid (BAPTA) with the <choline derivative
ROCHZ-CH(OH)-CHéO—(POZ)-OCHZﬁ(CH3)2, where R is heptanoyl. BAPTA
is a calcium chelator, to which the human cell membrane is
normally impermeable, whereas the cell membréne is permeable to
prodrug-1, which is not a calcium chelator per se. 5 The
carboxylic ester linké in prodrug-1 are digestible by PLAZ; so

that activated cells such as IgE lymphocytes should exhibit a

agtility).

by
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recovery in control group is 6.30.6 (n
pil ocarpine-treated rats on different stages of s
i ncrease of the spectrum and severity of pathol pgfcal events, {5 as
mean point of [

Recovery was frequently acconpani ed by ventricuf &
of the hearts were not restored conpl elély or rgeskored—

s:from
: ’fﬁﬂ#\su at ed

recovery was just 3.3[err]0.8, |nF748 RFQ1GH
F tibrillation.
rigal

only. DP 16 treatnent prior to pilfpgcarpine

i ncreased ability of damaged héarts to restore 10
after reperfusion cessation: the mean point was 6.4[err]0.6 (n=9). In
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activated cells should be reduced when compared with unactivated
cells. "Prodrug-2" 1is the 1:2 ester of BAPTA with the depicted
choline derivative.

Procedure

{a) Diheptanoyl-L-a~lecithin

In a dry 3-neck 500 ml flask equipped with oil-sealed
stirrer, CaClZ tube and dropping funnel, were placed 100 ml 5 mm
diameter glass beads and 11.0 g (0f01 mole) of CdCl, adduct of
synthetic L-a-glycerophosphoryl-choline. The flask was immersed
in an ice-water bath, and to the rapidly-stirred mixture there
was added a thin stream of 29.7 g (0.2 mole) freshly prepared
heptanoyl chloride dissolved in 60 ml chloroform®*, followed by 11
ml (0.14 mole) anhydrous pyridine dissolved in 100 ml
chloroform®* (*anhydrous, alcohol-free). After 30 minutes, the
bath temperature was raised to 25°C and stirring continued for 2
hours. The reaction mixture was poured through a filter-less
Buchner, the glass beads washed with 3 x 50 ml chloroform and the
combined filtrates clarified by centrifugation. The supernatant
was concentrated under reduced pressure, the residue kept for
several hours at 0.1 mm vacuum and bath temperature 30-35°C to
remove most excess pyridine, and was then stirred with 500 ml
gnhydrous acetone for 10 minutes, and centrifuged. The
precipitate was treated similarly with 2 x 1060 ml anhydrous
acetone and 2 x 100 ml anhydrous ether. The residual solid

material was dried under reduced pressure and freed of the last

( PSCP)
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15 I nvestigation of antiepileptic - effecg

Metrazol mnimal seizures test. Met hod st LAl RN T SHEE T bt Dp16
as a possible antiepileptic drug was per f or on 3-4 week oId mal e
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pl astic cages before treatnent_ _and during the

period. Drugs were dissolved in normal saline with

h 16
tr ac\égl X c&ﬂﬂiﬂxﬁ‘t g:glorti%e Oangl gpyfrlég'neoollyd[rog% i %.Ir ?] %3, K gDP

adn1n|stere

oses randli n rom
dlssolv1ng in 200 ml of a 5:4:1 by volume mixture of

chloroform/methanol/water, and passing the solution through a 120
cm long x 2.5 cm diameter column containing an equivolume mixture
of Amberlites IR-45 and IRC-50. The column was washed with 500
ml of the same chloroform/methanol/water mixture, the combined
effluents were concentrated to dryness under reduced pressure
from a bath at 40-45°C, and the residue dried at 0.1 mm vacuum
and 45°C. The crude product was purified by precipitation from a
solution in 50 ml chloroform, with 150 ml acetone, centrifugation
and recrystallization of the precipitate, 2.3 g (47.6%) from
chloroform and ether. (Dioctanoyl-L-a-lecithin can be prepared
similarly.)

{b) 1-Heptanoyl-sn-3-glycerophosphorylcholine.

A solution of the product of part (a) (1.2 mmol) in a

mixture of ether (196 ml) and methanol (12 ml) was stirred
vigorously in presence of (HOCHZ)SC-NHZ.HCI (50 m1 of 0O.1M, pH
8.7) containing CaCl, (0.72 mwM) and 5 mg of crude rattle snake

venom (Crotalus adamanteus) as a source of phospholipase AZ' at

37°C for 3 hours. The reaction was monitored by TLC (70:25:4 by
volume chloroform/methanol/water). After completion of reaction,
the organic layer was separated, and the aqueous layer was washed
with ether and then lyophilized. The residue was extracted with
2:1 by wvolume chloroform/methanol and centrifuged. On
evaporation of the clear supernatant, the title product; was
obtained in 90% yield. Thin layer chromatography using 70:25:4

by volume chloroform/methanol/water showed that it was free from
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r.relative dellay of

starting material and heptanoic acid. Any fatty acid in the
product can however be remove by crystallization from ethanol-
ether. Note: this is a general method for scission of the
glycerol-2-ester bond. (Octanoyl-sn-3-glycerophosphoryl-choline
can be prepared similarly.)

(c) Prodrug-1 and Prodrug-2

A solution of the product of part (b) (6.5 g, .1.04
mmol) in chloroform {15 ml, freshly distilled over PZOS) was
added to a solution of BAPTA (0.495 g, 1.03 mmol for the
monoester Prodrug-1, or 0.248 g, 0.51 mmol for the diester
Prodrug-2), N,N'~dicyclohexyl-carbodiimide (0.214 g, 1.03 mmol)
and 4-dimethylaminopyridine (0.025 g, ©.202 mmol) and HCONMe, (20
ml, freshly distilled over CaHz) under a nitrogeh atmosphere, and
the mixture was stirred at room temperature for two days. The
reaction was monitored by TLC (65:35:5 by volume
chloroform/methanol /water). The precipitate was removed by
filtration, the filtrate was concentrated by evaporation in vacuo
at 35°C and the residue was dissolved in 2:1:2 by volume
chloroform/isopropanol/ water). The organic layer was separated,
dried (Na2804) and then passed through a 20 cm long x 1.8 cm
diameter column of silicic acid (Bio-Sil-HA). The column was
thoroughly washed with chloroform until free from BAPTA {TLC) and
then eluted with a gradient of chloroforﬁ/methanol (1:1 by
volume) to pure methanol, the elution being monitored by TLC.
The eluted fractions were combined and concentrated by
evaporation. The desired title product {(i.e. Prodrug-1 or

Prodrug-2, depending on the number of molar equivalents of BAPTA
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Jfect qof <¥)PE96 on t@f" ced sei zyre 2
ﬁ Céar di8Ht oPedt Bve ECt g E)ka’{l] e apparen% Bhat “the
corresponding triester or tetraester may be obtained by varying
appropriately number of molar equivalents of  BAPTA. {The

analogous octanoyl esters are prepared similarly.)

Example 2: Application of Prodrug-1 for reduction of the
intracellular calcium level in hyperactivated cells. .
Method

Intracellular free [Ca2+]i content was wmonitored by
flow cytometry using the Ca?*-gensitive dye fluo-3/AM (Molecular
Probe Inc., Or.)(see Minta et al, 1989; Kao et al, 1989). Cells
obtained from donor blood and those from the blood of an
asthmatic patient were Cfurther washed twicé in DMEM and
resuspended to a concentration of 107 cells/ml. Fluo-3/AM (1 mM)
was prepared in DMSO augmented with the nonionic surfactant
Pluronic F-127 (Wyandotte Corp., MI). Aliquots of fluo-3/AM
stock solution were added to cell suspensions in DMEM/HEPES at a
final concentration of 3 uM (loading buffer). Loading was
allowed to proceed for 30 min. at 37°C and continued for 1 hour
at 23°C with gentle agitation. Cells were then adjusted to
desired concentrations using fresh DMEM/HEPES, supplemented with
2% horse serum. Autofluorescence was eliminated by setting the
threshold sensitivity above the levels obtained in absence of
dye. Fluorescence intensity date was collected from 5000 single
cells and values were expressed as arbitrary fluorescence u;its.

Prodrug-1 (1 mM) was prepared in DMSO and added when appropriate

c2
Resul ts
g, S.cC.
nt
rance
M ce
trazol
o 300
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in final concentration 3 uM to the_cells for 5 min. prior
calcium treatment.
Results

Lymphocytes from donor blood and from the blood of
asthmatic patient were exposed to prodrug-1. Accumulation of
liberated BAPTA chelator within the cell was estimated
measurement of [C52+]i. by flow cytometry using fluo-3/AM
described above. The results are documented in Figure 1,
which the [CaZ+]i levels are shown in:
normal lymphocytes (panel A);
normal lymphocytes treated with prodrug-1 (panel B);

lymphocytes from asthmatic patient (panel C);

to

the

by

in

lymphocytes from asthmatic patient stimulated with IgE (panel D);

lymphocytes from asthmatic patient} (panel C');
treated with prodrug-1 } and

lymphocytes from asthmatic patient stimulated with IgE} (panel D')

treated with prodrug-1 }.

It is noted that lymphocytes from an asthmatic patient have a

double repartition according to the [Ca2+]i level (panel C).

About 50% of the cells exhibit a high [Ca2+]i level indicating

cell hyperactivation, while the second part of the population is

similar to the normal one {(compare panel A). In the csase

of

panels C' and D', where the cells have been treated with prodrug-

1, the population of hyperactivated cells is back to normal,

while the population of non-activated cells remains intact

{compare panel C). The data demonstrate that prodrug-l provides

selective accumulation of the chelator within activated, but not

in non-activated cells.



experinmental paradi gmof Normal flow_ perfusion fcdvl_cmved by-L@w ------- . fl ow
and then by Reperfusion (LFR) of ex vivo rat hearlRyPLA Fil EMOLHMQ of ECG
and of perfusion pressure (PP) was considered as aCTTTer for
t:-he drug evaluation. Data collected in 5 ax ﬁg rﬁﬁ"ﬁ ’l I the
presence of. DP16 were conpared W|th one . Wit Lﬁ 8 suppl ement
(control no. 1). An additional set ofl exper|i neat-s:foonttold n 2) was
performed with m xture of the corrponents cdonprising DP16: BAPTA &
| ysophosphat i dyl chol i ne (LPC). DP16 (1 - 188« I ssol ved

in a regular perfusion 10 buffer. The mxture of BAPTA & LPC was

di ssol ved i n Bymples 3a Prodrugst ofkpatehtitdloappliipationnin &hecémestingon of
BAPTA, LPC and DVBO in the perfusion buffer for control no. 2 was 100
[err]g/L of ed¥pors. conmponent .

Introduction
In this Example, there are presented a number of

5 - illustrative embodiments of the present invention in which =a
prodrug incorporates a protein kinase inhibitor. After,
administration of the prodrug, the inhibitor would be accumulated
in a cell exhibiting abnormal proliferation, thus providing
potentially an important tool for use in antitumor therapy.

10 (1) The compound QSO,N where Q = 5-isoquinolyl and N =
NHCHZCHZNHCH3, is a selective inhibitor of cAMP-dependent protein
kinase: Hidaka et al, Biochemistry, 1984, 23: 5036, and Tash et
al, J. Cell Biol., 1986, 103: 649. Similarly, the compound QSO,N
where Q = S-isoquinolyl and N = 2-methylpiperazin-i-yl, is a

15 potent inhibitor of cyclic nucleotide dependent protein kinase
and protein kipase C: Hidaka et al, loc cit, and Kikuchi et al,
Nucl., Acid Res., 1988, 16: 10171. These compounds can be
covalently conjugated to an intracellular transporting adjuvant

by methods known to persons of the art, e.g. illustratively:

20 (a)
CH,OH CH,—0 CH,~0
2 2 2
: |~ >Me, | = >Me, {QSO,NHCH,
CHOH -—==> CH—O ---=> CH—0 {-CH,NHCH3 +
{ tert. base
CH,0P (:0) ,0H CH,0P(:0) ,0H CH,0P(:0),C1  =-=--- >
CH,~0 CH,0H
' >M62
25 CH—O ~--->  CHOH

CH20P(:O)Z'NH(CH3)0H2CH2NHSOZQ CHzop(30)2'NH(CH3)CH20H2NHSOZQ
(A)



A severe decrease in perfusion pressure (PP) bel ow 20{,Z5 " A Ko (170WET |
period) caused a sinus bradycardia cul mnated by }‘égﬁf gk iﬂb’ﬁ&ik
(Fig. 9.2, c.f. normal flowin Fig. 9.1) frequehtly with ventriicyl

ar+ hythnia (9 experinents, control 1). Long tern {> 18 AGE 19gv fil qw

conditions usually ended by par oxysmal tachyarrhyihm a and

ow

ar

ventricular fibrillation (VF). 20 Repggfusion starjed peftore —VF cquld

tenporary restore sinus rhythm However, repeffusion in nost of
control experinents caused increase of coronary vascul ar tone and
arrhythm a foll owed by irreversible VF (Fig. 9.3). After

est abl i shnent db)AV bl ock in lowflow period perfusion nedi um was
suppl enent ed byCHxAR' 25 dFER' No therapeut |C§2—Qﬁfect on AVB was
observed in the ===¥X pérl ment s MQSQQPWG&Q

and 10.4, c.f. CHOA HoNHCH3
| l { tert. base I

CH20P(20)20H CH20P({O)201 """ > CH20P(30)2
~NH (CH3 ) CH,CH,NHS0,Q
5 | (B)

In scheme (b), R is an aliphatic hydrocarbon group such as is

found in plasmalogens {or it may be inserted in a conventional
synthetic procedure) and A is an aliphatic acyl radical, e.g.
lauroyl, myristoyl, palmitoyl, stearyl and oleyl.

10 The compound QSOZN where Q = 5~isoquinolyl and § = 2-
methylpiperazin-l1-yl, may be attached in a similar manner by
means of the piperazine Nu atom.

It would be expected that the P-N bond in prodrugs (A)
and (B) depicted above would be scission-sensitive to enzyme PLD,

15 thus releasing the described protein kinase inhibitors
intracellularly, and accumulating these inhibitors in cells
having a supranormal level of PLD.

(ii) 4 5,7-trihydroxyflavone is an inhibitor of tyrosine
specific protein kinase: Akiyama et al, J. Biol. Chem., 1987,

20 262: 5592. This compound can be conjugated to an intracellular

transporting adjuvant by methods (a) and (b) described in part

(i), above. The i1llustrative conjugates would have structures

(C) & (D):
THZOH THZ—OR'

25 CHOH CHOA
CH20P(:0)2‘Q' CHZOP(:O)Z-Q‘

(c) (D)

ur e of BAPTA & LPC (Fig. 10.

t he

3



wi t hout BAPTA and LPC - normal flowin Fig. 10.1 Vi ;;‘ﬁn@g' 7
35 perfusion in Fig. 10.2). Wile additiph Ams Mo 4 "1corrp|ete
or tenporal relief of atreoventricular synchronijsn (a and 1 cas st
respectively) (Fig. 11.3). Moreover, DP16 exhi bijt dd #8tAlB €D l
cardioprotective effect in the reperfusion JpdLi od fuI I
restoration of the sinus rhythmwas @dservedjin- 4 y

~where R' and A have the meanings given above and Q' is the
residue of 4',5,7-trihydroxyisoflavone from which one phenolic
hydrogen atom has been removed and which is thus attached to the
rest of the molecule by an 0 atom forming a P-0 bond. It would
5 be expected that this P-0 bond in prodrugs (C) and (D) depicted
“above would be sgission—sensitive to enzyme PLD, thus releasing
the described protein kinase inhibitors intracellularly, . and
accumulating these inhibitors in cells having a supranormal level

of PLD.
10 (1ii) Protein kinase inhibitor K252b from Nocardiopsis

sp. is a carboxylic acid believed to have the following formula:

OH
HyC —COOH
HC—O0—CH
/ \
15 //\/\ /\/\\
C.
c| \I[ I
PrC -—C c—C CH
\\/ N/ Ny
c—<C CH
/ 0\
0sC CH,
N/
NH -
20
This compound can be conjugated to an intracellular
transporting adjuvant, e.g., by the method described in Example
1, above. Exemplary conjugates are esters of the carboxylic
function in the above formula, with e.g. heptanoyl-sn-3-
glycerophosphoryl-choline or octanoyl-sn-3-glycerophosphoryl-
25 ;

choline.



P —————
experinments (Fig. 11.4; c.f. without DP16 - normal fl ogmkicgiaNT SHEF11. 1
and low flow perfusion in Fig. 11.2). ECG anal ysis revjeal ed mai nl
nmetabolic type of DP action: enhancing of atrial (defipnite]8 Ayg 9g9cr

5

of the heart rate) and ventricul ar (restoration aof | 10 regular §ihus
rhythm) excitability. However, residual delay of AV | “=Cordtettvitdy |
(increased PQ interval) was observed. 22 Concl usi ors..._ 'The
data obtained in this experi ment suggest signifrcant '
cardioprotective activity of DP16 in ischema - 15 reperfusion pathol ogy.

Imr;\é:iSt l)? a:riygg amgxggé&g&fﬁ gxfxc; ‘%‘)igloogficﬂD ]bgé)perties o%' DI;I-J.I‘6i.aI on in vivo
"DP16" denotes herein to denote a 1:1 ester of BAPTA
with the choline derivative ROCHZ-CH(OH)-CHZO-OCHZE(CH3)2, where
R is hexadecanoyl. DP16 was prepared according to the method
5 described in Example 1.
Introduction to evaluation of DP16 in relation to Ischemia
Bilateral occlusion of the common carotid arteries is
the simplest and most direct approach for- inducing global
ischemia. In the rats there is almost 64% mortality in 24 h
10 later. The causes of mortality are largely brain swelling (edema)
and focal 1lesions (infarcts). Global ischemia is achieved by
isolation of the common carotid artery through and incision on
the ventral surface of the neck. The salivary: glands are moved
laterally and the carotid sheath exposed. Both the wvagus and
15 sympathetic nerves are separated from the common carotid artery,
which is then permanently ligated. Sprague-Dawley rats (250 -
300 g) were anesthetized with halathane or by intramuscular
injection of 0.1 ml Ketamine (0.1 g/ml, Park Davis, UK) and 0.1
ml Rompun (2%, Bayer, FRG) per 300 g body weight. DP16 was
20 administered i.p., (6.001 - 0.1 mg/kg) when appropriate following
the artery leggtion. Every experimental and control group
included 14 male rats. Statistical analysis was performed

according t criteria.

Experimental details and results of Ischemia testing

25 :
Embolic stroke: Sprague-Dawley rats (300 g) are anesthetized with

halathane, The right common carotid artery is exposed and the
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[err]-adrenoreceptor agonist 20 isoproteren<REEﬂE@hbﬁﬁ§iQQﬁﬂPW'y
accept ed nodel of experinmental nyocardi al |pfthorogy: }
cardioprotective effect of DP16 was tested onlc?gé §Wacue- Dawl ey
female rats weighing 250-350 g. Myocar di a a 86 I nduced
in rats by two consecutive I29 ections g/ikg,

s.ct.). \Wien appropriate, the 25 injectiongp of [1SO were fgllowed in
30 and 180 m nutes by DP16 (0.01 [err]lg/Kg,—TTp Th ef f ect

of DP16 was estimated by ECG
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external carotid and pterygopalatine arteries are ligated with
No. O silk thread. The common carotid artery is cannulated with a
plastic tube previously filled with heparinized saline. The
canula is then injected {0.5 ml gas-tight Hamilton syringe) with
suspension of the spheres, followed by push of 0.5 ml saline.
The common carotid artery is then permanently ligated. The
polystyrene 15 um spheres are prepared in 0.05% Tween-80 in
normal saline followed by 5 min. of full power sanitation. A 108
pl aliquot is taken and immediately transferred to the syringe.

Ischemia fetal brain model: Sprague-Dawley pregnant rats were

used at 20 days gestation. Animals were anesthetized Dby
intramuscular injection of 0.1 ml Ketamine (0.1 g/ml, Park Davis,
UK) and ©.1 ml Rompun (27. Bayer, FRG) per 300 g body weight. An
abdominal incision was performed and the two uterine horns were
exposed and kept moist throughout the surgery. Intracerebral
injection of 1-2mCi/2 ml {3H]arachidonic acid (Na+, 240 mCi/mmol
from New England Nuclear, Boston, MA) and/or 1.5 mCi/2 ml
[1uC]pa1mitic acid (Na+, 819 mCi/mmol from Amersham, Searle, UK)
in isotonic salt solution containing NaHCO; (1.32 gX), into the
embryos was performed through the uterine wall into the
fontanellae. Custom made syringes (33 gauge, 0.375" length from
Hamilton, Reno, NV) were used to reduce brain edema. After
injection fetuses were returned to the abdominal cavity for
paintenance at physiological temperature. After 1h they were
subjected to blood flow restriction for 20 min. (restriction
session) by clamping the blood vessels in the placenta manifold.

Whenever desired, circulation was restored for 30 min. by removal
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Mrtality of control rats after SO intervention . 1}5M996(7

out of 41). The surviving animals exhibited strikin i%@fute 5

devi ation ST-segnent in lead 1 and 2 ECG PathoLo_lc 1 ’ ECG
wer e aggravated during the experinental 2period. | hours fter the

setond SO injection all treated animals displaye
di spl acenent of ST-segnent. Adm ni stration of

pat hol ogi
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and sham-operated fetuses were maintained in the abdominal cavity
before surgical delivery. After delivery through a transverse cut
in the uterus, viable fetuses with no apparent edema were killed
without delay and excised fetal brains were immediately
homogenized in suitable prganic solvents for further treatment.

Fetuses cerebral hemispheres-model: Fetuses were removed .from

the uterine horns in a visble state and their cerebral
hemispheres were dissected within 15 sec after decapitation. The
cerebral hemiépheres freed of blood and meninges were separated
and each (50+2.5 mg) was placed in a well of a 24-well Falcon
culture dish. Tissue was quickly washed twice in cold Dulbecco's
Modified Eagle Medium (DMEM, Grand Island Biol. Co} and then
incubated at 37°C in 0.6-1.2 ml DMEM flushed with oxygen and
supplemented with wvarious additives. Aliquots of incubation
medium (0.1 ml) were taken for eicosanoid determination by a
radioimmunocasay (RIA) technique. After acidification with & ml
formic acid, 0.1 ml of isopropancl and 0.5 ml diethylether
were added. After mixing and low speed centrifugation (2500 x g,
5 min.) the organic layer was collected and dried under a stream
of nitrogen. .The resulting residue was dissolved in 0.1 ml
sodium phosphate buffer pH 7.4, containing 0.1 bovine serum
albumin. Samples were incubated overnight at 4°c with the
appropriate polyclonal antiserum, and 3H-labeled tracer (40O0OO
cpm/tube) in a final volume of 0.3 ml. Unbound materigl was
precipitated with 0.3 ml dextran-coated charcoal (Pharmacia,

Sweden). After centrifugation at U4°C aliquots of the



on 28 and 40% of ECG (in 24 and .in 48 hours fgq LSO :
respectively). Biochem cal determ nation deno ) ﬂgggggn- 1.9
fold increase if SGOT and LDH in |ISO treated (¢ 1% ](p<0.05).
Tr-eat ment with DP16 substantially decrea; ericent age of
experinmental animals exhibiting abnormal |eve aidd LDH
activity. Concl usi ons 25 Th& ey gdst a

signi ficant cardioprotective 20 effect of DP16 in an in vivo{nodel of
nyocar di al pat hol ogy. GENERAL CONCLUSI . prodrug denoted
DP16 exhibited significant therapeutic and protective effects in

experi nent al
epi | epsy,
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superitiadeits (0f4 all) olete &rafsfeaped tasvisdk| amal af ternmaddl tdonf
of scintillation liquid samples were counted in a Packard Tricarb
scintillation counter. [3H]Arachidonic acid (240 Ci/mmol) (New
England Nuclear, Boston, MA) dissolved in isotonié NaHCO3 (1.32%
w/v) was injected through the uterine wall and the fontanellae
into the embryonic brain. After injection fetuses were returned
to the abdominal cavity for maintenance under physiological
conditions. After 1h, fetuses were delivered and immediately
sacrificed. Cerebral hemispheres were rapidly excised for
subsequent ex vivo incubation or for lipid extraction.

RESULTS. Bilateral Global Cerebral Ischemia causes progressive
loss of experimental animals up-to 6-7 days after surgery. As
illustrated in Figﬁre 2, DP16 increases post-ischemic recovery
by 250%, compared with control using non-protected rats (p <
0.01). This data demonstrates the potential ability of DP 16 to
treat otherwise fatal ischemic conditions.

Heart Ischemia -~ perfused heart model: White rats were

sacrificed by cervical dislocation and their hearts were rapidly
removed and reperfused at 60 mmHg with modified Krebs-Henselleit
buffer utilizing a Langendorff perfused heart model. Hearts were
perfused - for . 10-min. preequlibration intervai and were
subsequently rendered either global ischemic (zero flow) or
continuously perfused for the indicated time. Perfusion were
terminated by rapid excision of ventricular tissue and directly
submersion into cold homogenization buffer (10 mM imidazole: 10
mM KC1, .25 M sucrose [grade 1], pH 7.8) Both the activation of

phospholipase A2 and its reversibility during reperfusion were



conpar able with using the corresponding drug in connggpjwﬁéLéﬁﬁF-éggf

in an amount which is 10[err] - 10[err] times the andoymé—her—-tsed- N the
formof the prodrug of the invention. a

3% Exanpl e 5: Preparation of Prodrug-3. 18 AUG 1999 pr odfr ug- 3".
I's the nane used herein to denote a 1:1 ester of

1, 2- bi s- (2- am nophenoxy) et hane-N, N, N , ¥6-t et r aacet i

temporally correlated to alterations in myocytic anaerobic

metabolism and electron microscopic analyses.

Model of ventricular fibrillations causing by coronary occlusion:
Dogs (11.6 - 20.7 kg) were anesthetized and instrumented to
5 measure left circumflex coronary blood flow, 1left wventricular
pressure, and ventricular electrogram. The left anterior
descending artery was ligated and an anterior wall myocardial
infarction was then produced. All leads to the - cardiovascular
instrumentation were tunneled under the skin to exit on the back
10 of the animal's neck. Appropriate medicine was given to minimize
postoperative pain and prevent inflammation. The ischemia test
was performed after 3-U4 weeks.
Properties of DP 16 in relation to the treatment of epileptic
disorders

15
Pilocarpine based model of experimental epilepsy: Acetylcholine,

acetylcholinesterase inhibitors and acetylcholine anaiogues are
effective epileptogenic agents when applied intracerebrally or
systematically (see ref. in Leite et al., Neurosci. & Biobeh.
Rev., 1990, 14:511- 17). It was demonstrated in different species
% that systemic administration of muscarinic cholinergic agonists
produced electroencephalographic and behavioral limbic seizure
accompanied by widespread brain damage resembling topographically
that produced by kainic acid and folates and are frequently
observed in autopsied human epileptics. Systemic injections of
® the pilocarpine, a potent muscarinic cholinergic agonist, are

capable of producing a sequence of behavioral alterations

including stirring spells, facial automatisms and motor limbic



acid (BAPTA) with 1-nyristylnyristyl alcohol and is prepared as 5.

fol | ows. A solution of BAPTA (0.5 : O e PR ke d s

di ret hyl formam de (25 m, freshly di s'gi | edgovexh&l«m&f%)f%mh
myristyl nyristyl al cohol (0.451 g, 1.4} { rmol), N, Nj -

di cycl ohexyl carbodiimde (0.216 g, 1.1 immisyAHE: e

di nmet hyl am nopyri di ne (0.025 g, 2202 i) were stir 10
t oget her for two days at roomtenperature undeq goTT—Tmra

flask equi pped with a magnetic stirrer. Afterl two hours, N N

di cycl ohexyl ur ea began to precipitate. The reaction wa

S
noni tored by sEienres(: 1¢hay/ \devekor PBendnt ebAwrfopyd buRld prosressivelye
product = 0.62. The precipitate was renmpved by filtrati nd 15 t he
filtrate was comtentimhieftatusgpd folovine, by 675 alwtp%squggp%g&

extracted Wt h 25 m f 1 '
: RESULTS. Immedié%ely afolf%w%héz injgg¥ion HEFtljgflocaggine,

akinesia, ataxic lurching, facial automatism and heart tremor
5 dominated the animals' behavior. Further development of
epileptic events is dose - dependent (Figure 3). Administration
of pilocarpine in doses of 300 - 350 mg/kg causes appearance, of
limbic seizures with rearing, forelimb clonus, salivation,
intense masticatory jaw movements and falling. Motor limbic
10 selzures commenced after 20 - 30 min., recurred every 2 - 8 min
and lead to s£atus epilepticus. Increase of the dose of
pilocarpine up-to 400mg/kg abolished limbic seizures and after 15
- 25 min of initial behavioral alterations causes fatal general
tonic - clonic convulsions. We consider this dose as LDypg-
15 Administration of DP16 prior to pilocarpine prevented
death in the animals and decreased epileptiform manifestations.
As shown in Figure 4, DP16 exhibits a therapeutic at doses in the
range 19"8 to 10'5 ng/kg. For this particular model of epillepsy
(pilocarpine U400 mg/kg: rats) the estimated therapeutic index
20 (ET) of DP16 is 0.5 mg/kg/5x10-7 ng/kg = 1x16%. The data
obtained suggest that DP16 is an extremely promising prodrug for
the treatment of epileptic disorders.

Pilocarpine and cardiotoxicity.

Two types of death were found in rats treated with
25 pilocarpine, firstly due to fatal convulsions and secondly,
retarded death not immediately due to epileptic events. We

attempted to understand the actual reason of Eetarded death of



chl or of orm i sopropanol : wat er. The organic | ayefi

washed with 1% agq. NaC solution and dried over was

t hen evaporated and the residue was passed thro col um
of Kieselgel 60 (230-400 nesh ASTM, the desir i ng
eluted with a 90:10 v/v chl orof orm net hanol m ES Ihe
1-nyristylnmyristyl al cohol was prepared8according to the nethod of

Mol ot kovski, V.G and Bergel son, L.D. (Biol agicht ; =Fr : 1982,

8(9): 1256-1262). The BAPTA-1-nyristylnyristyl al cohol 25 ester link
I n Prodrug-3 isa%gsgﬁetiblfbto di gestion by esterases,
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20
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T er pilocarpine=induced convulsions. Under macroséopic
autopsy of these animals were seen signs of cardiopulmonary
damages: lung edema and hemorrhages, dilated and in same cases
deformed . hearts. Dyeing of hearts with 0.1% Trypan blue in
surviving animals revealed spotted picture of myocardia with
areas of intensive dye absorption, i.e., damaged parts, and pale
areas, 4i.e., infarctions. Thus, -we can consider that after
pilocarpine administration, there developed heart damage, which
we term post-pilocarpine-seizure-cardiopathy (PSCP). Studies of
PSCP in relation to DP16 evaluation were performed in vivo and in

vitro with rats which survived after convulsive and sub

convulsive doses of Pilocarpine.

PSCP Experiments: Adult (2-3 months) male Sprague-Dawley rats

were used for all experiments. They were fed with standard
briquette chow -with .water ad libitum and were maintained in
standard plastic cages (U4-5 individuals in each cage) under
natuQal illumination. A pilocarpine-scopolamine epileptic status
model (pilocarpine) was performed as described earlier. In a
group of 23 rats, pilocarpine was administered i.p. in different

doses which ranged from 100 to 400 mg/kg body weight (B/W) for

_different periods of time; a second group of 17 rats was

treated with DP16 prior to pilocarpine administration, wherein
the DP16 was injected for 30 min before pilocarpine in the next
dose range and its effect was investigated in the ensuing

periods.



38 Exanpl e 4: Preparation and bi ol ogigaEs prapaniy esnef| TVALG.
"TVAL6" is the nanme used herein to denote a 1:$@%§E§Bgﬁﬁ% Sﬂh‘ val proic

acid with the choline derivative
ROCH2- CH(OH) - CH err] 0- OCH err] N(CH[ err]) [err],| |whitBAUS 1999 hekaldecanoy!

and was 5 prepared as foll ows. A sol ution of

1- hexadecanoyl - sn- gl ycer o- 3- phogBhoryl ¢gholine (1.04 mol)) in
chloroform (25 m, freshly distilled ovér—Rlerr]Qlerr]) ., fval proic
acid (0.159 g, 1.1 mmol ), N/ N - di cycl ohexyl car bodi i m de (0.216

91y oo oMoy 20 o 1500 e SR LU e 50 G 207
g;ggg’ ( 1|0ng<1’:1 gojrfm thrteleagtlfandard 1e§ UIWBPee q'eg\éztdlgdaunggg r]ceett;an(fi_nset | gr{eesrthgﬁ% glass
(3.3 mg/kg Imalgene 100, Rhone Merieux, France and 7 mg/kg
Rompun, Bayer Leverkusen, Germany, i.m.). ECG recordings were

5 made in the period before pilocarpine injections (control), 2hh
after pilocarpine administration (acute period) and after
relative stabilization of cardiac function, on the 3-14th . day
after pilocarpine administration. Part of the ECG recordings were
‘made under nembutal anesthesia (35 mg/kg, i.p.) in the period

10 before establishing Langendorff's perfusion isolated heart
preparation. Perfusion-Hypoxia-Reperquion isolated heart model
(PHR) was perfo;med with the conventional Langendorff technique
(non-recirculating perfusion system) adjusted:to 37°C in ¢two
modifications: 1. under constant Perfusion Pressure (PP)--60 mm

15 Hg; or 2. under constant flow, established after the first 10-15
min perfusion with PP as above, by adjusting flow with help of
peristaltic pump (Ismatec SA, Laboratoriumstechnic, Switzerland).

In the case of constant PP the volume of effluent flow was
measured on electron balance (Precisa 1000C-3000D, Switzerland).

20 In case of constant flow, established at the control period, flow
did not change ﬂuring_subsequent experimental periods and PP was
recorded frequently. After 30 min of the control period,
perfusion was stopped for 30 min and subsequent reperfusion
period lasted 30'min. Direct ECG were recorded from ventricular

25 apex (lead 1), auriculum (lead 2) and in-between (lead 3)., The
coronary vessel's perfusion resistance (CVPR) was calculated in

arbitrary units as follows: PP/flow/heart weight. Following the



diameter). After two hours, N, N -dicycl ohexytmnea;
precipitate. The reaction was nonitored by
chl orof orm nmet hanol : water); Rf of the prodqudgt = 0.41
precipitate and gl ass beads were renoved by fi 1t r &8 iAlg
filtrate was concentrated at 35[err]C in vagugm The resijdye was
extracted wth 25 m of a 2:302 v{vVv -
chl orof orm i sopropanol : water. The organic |
washed with 1% ag. NaC solution and dried over Na[err] SO€ it was 20
then evaporated and the residue was passed through a 160x30 mm

col um of Ki es&FgECobrhey80- hotrtfedsreasivectet o Resfugionpyifdyushe dye  pejng
eluted wth - 65:25: 4 chl, or of or m net hanol : wat er m xt ure;
Rlerr] = O 4. Boypan “blus w\i%h (R rden o) evadtat/AeEliaE AaAPeR sPBYed i . p.

(0.01 to

infarction.
RESULTS AND DISCUSSION
5 ECG results in vivo are illustrated in Figure 5, in
which open bars reflect some ECG events, ekpressed as mean =SE
from individual ECGs in control period. The first group of bars
demonstrates ECG changes after pilocarpine injections in an acute
stage of PSCP: statistically significant depressions of R- peak
10 are noted under leads 1 and 2 (U7% & 16% of control one
respectively). DP16 treatment of PSCP normalized electrical
activity at the acute stage in § out of 7 treated rats. It is
known that the amplitude of ECG events are partly connected with
the intensity of correspondent physiological processes. Thus, the
15 pilocarpine-induced change of R-wave and its normalization by
DP16 may reflect the ability of DP16 to cure ventricular
weakness, at least under PSCP. Control rats display relative
normalization of R-wave in 3 - 14 days after pilocarpine.
However, R norpalization somehow correlated with drastically
20 increased S-wave depth under lead 3 (36%) and lead 2 (61% ).(the
last is not yet statistically significant in  view of large
variability.) 1Increase of S-wave depth reflected damage of
myocardial ischemia & possibly suggesting infarction in
Pilocarpine treated control animals. As during the acute stage
25 of PSCP in the phase of stabilization, DP 16 prevents : the
appearance of ECG alterations noted in control rats. The

difference between animals protected with DP16 and those not



25 100 ng/kg) to a group of three mice, onejly
of metrazol (80 ng/kg). An effective dose waed

prevented convul sions (scored 2 points per ani ' :
supg ﬁb
Iategﬂgﬁ ?s

' m nut es.

39 (scored 1 point per animal) in the
onpared to

On this basis, the EDerr] could be caljcy
knomn antlconvulsants in the foIIOMAng3tabIe

protected, is statistically significant (p<0.01). In this period
PSCP there is marked elevation of Heart Rate as in control
Pilocarpine, as in DP16 treated animals. Such tachycardia
possibly connecéed with hemodynamic insufficiency, which is
5 characteristic for infarction pathophysiology. Thus, in
vivo ECG investigation during long-term period after Pilocarpine
injections revealed definite alteration of -cardiac functions
(PSCP), which in some animals may be -cured by DP16-treatment.
Langendorff's Heart Model. Figure 6 shows Coronary
10 Vessels Perfusion Resistance (CVPR) in isolated Langendorff‘s
hearts. In the first 30 min of control isolated Langendorff's
hearts CVPR steadily . increased and this elevation is
statistically significant after 20 min. In all;hearts, perfused
after pilocarpige administrations, initial perfusion flow was
15 larger then in control, and subsequent CVPR significantly
decreased (bottom line). This decrease of coronary vessels' tone
possibly connected with intracardial noradrenaline deficiency or
paralysis, evoked by hypoxia. Treatment of rats with DP 16 prior
to pillocarpine application prevents damage of CVPR regulation in
20 both the initial and final periods of perfusion, thus providing
evidence relating to the ability of DP 16 to normalize coronary
vessels function under hypoxic conditions. Cessation of
perfusion for 30:min and subsequent reperfusion is characterized
by the well-known broad class of cardiac damage events, which we
25 classified with an arbitrary scale as shown in Figure 7. Control
hearts from non-treated rats mostly restored after stopping of

perfusion with distinct range of alterations (as impaired



Anti convul sant activity (ED[err] ng/kg) of kn:

and TVA16 5

chl or di azepoxi de 25 nusci ol (i . olREPLACENENT 2% di azepam
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anti convul sant activit% and appears to _be nore than 500x as 15 potent as
dl excitability, conductivity and contractility). ean

sodi um val pr oat Byocardi

point of recovery in control group is 6.3:0.6 (n=7). Hearts from

pilpcarpine-treated rats on different stages of PSCP demonstrated

an increase of the gpectrum and severity of pathological events,

as the mean point of recovery was just 3.3:0.8, n=7, p<0.05.

Recovery was frequently accompanied by ventricular fibrillation.
Some of the hearts were not restored completely or restored

atrial activity only. DP 16 treatment prior to pilocarpine

administrations : increased ability of damaged hearts to restore

10  after reperfusion cessation: the mean point was 6.4:0.6 (n=9). In

this group of rats we met more often with cases of complete

recovery. Thus, DP16 treatment of pilocarpine-induced heart

damage (PSCP) produced a definite improvemént in cardiac

function.

15

Investigation of antiepileptic effects of DPi16:

Metrazol minimal seizures test.

Method

Trial of DP16 as a possible antiepileptic drug was
performed on 3-4 week old male BALB/c mice (18 - 27 g). Animals
2 were maintained on an adequate diet and allowed free access to
food and water.except briefly during the experimental period.
Animals were separately housed for one hour in transparent
plastic cages before treatment and during the experimental

period. Drugs were dissolved in normal saline with injection

25

volume adjusted to 0.01 ml/g of body weight. DP16 was

administered i.p., in doses ranging from 0.1 to 300 pg/kg: (0.1



VWiile the present invention has been parti é‘éﬂi‘aﬁk&:{‘-“fﬁ};i__}ﬁd%{:l i bed,
persons skilled in the art will appreciate thdgt jmany var ions and
nmodi fi cati ons can be made. Therefore, the! 18 AUGv99ion|is not to
be construed as restricted to the 20 particul arly |dgscribed
enbodi nents, rather the scope, spirit and . conceptr—of~—tHe invention
will be nore readily wunderstood by 33 reference to the cl di ns which

foll ow 25

pg/kg: n=10, 5 ug/kg: n=10, 25 pg/kg: n=20, 75 ug/kg: n=20, 150
veg/kg: n=20, and 300 pg/kg: n=10 animals respectively). Control
animals received injections i.p. of normal saline. DP16 or saline
administration followed in 30 minutes by Metrazol (50 pg/kg,
5 s.c.). Subsequently epileptic signs were observed for the next
30 minutes. Absence or relative delay of myoclonic jerks (MJ) in
the experimental group was considered as indication of possible
antiepileptic activity. Data were analyzed according to method
c2 (chi-square) with the computer statistic package "StatViewII".

10 Results and Conclusions

Metrézol in a dosage of 50 ng/kg, s.c. caused myoclonic

jerks (MJ) in all of control mice with a latent period of 1011

min (n=11). The effect of DP16 on the appearance of minimal
metrazol induced seizures is shown in Figure 8. Mice treated

15 with 0.1 pg/kg_ DP16 showed the same response to metrazol as
control (untreated) animals. DP16 in doses ranging from 5 to 300
pg/kg exhibited a significant protective effect (p < 0.001). The
results of the test suggest a significant dose-dependent

antiepileptic effect of DP16 on the metrazol induced seizures.

% Investigation of cardioprotective effect of DP16:
1. Trial on ex vivo rat heart Low-flow - Reperfusion model.
Method and Results
Broadly "used ex vivo Langendorff's heart Stop-flow -
2 Reperfusion and Low-flow models (Neely and Rovetto, 1975)

remained conventional for pharmacological trials.

Cardioprotective effect of DP16 was evaluated in a combined



40 ' CLAIMS 1. A pharmaceutically

acceptabl e cell menbrane perneabl e prodrug comDT-lﬁﬁ".’ -i"ﬂ%;‘;?‘lﬁhﬂ‘ - | ogi cal ly
active compound coval ently bonded to an intrac E\*ff-‘" }Hy Jikr,.iéﬁsﬁﬁiﬁﬁﬂ: ng

adj uvant, said pharmacol ogi cally active conpoupd] being effecTiive to treat a
di sease or disorder related to supranormal enzy 48t AlG boyeand

aid
coval ent bond bei ng scission-sensitive 8@ suprfanormal I ntracell ul ar enzyne
activity, such that the bond is cleaved in thg p

Ch} supr anor mal
activity. 2. A prodrug as clained in claijml, wherein said __
phar macol ogi cal |y active conpound is a pharnmacol ogi cal Ty acttwve' car boxylic
aci d and sai d iedpeptfintel apatddlas sl Noftihlash dwv perrus o0 FbERWedlbyl €B&I- One
pharmaceutically acceptabl e al cohol selected from glycerol, Cerr] fatty
aci d nonogl ycerfldes, ard etheh figt t Remeaifdsidng{)FREr iddesex hyivoXxya€] deajt.al kyl
esters of CJerr] fatty acids, hydroxy-(err]-alkyl esters of

| ysophosphat i dikvodutibn, of FE6-gridashmleofjmion nrgsopieoéRiowhs wodsidered as

| ysophosphatidic acid am des, gl ycer ophosphoric aci ds,

| yso- phophat i da et fedgrien néor | $he pHoedhavalpptian. harfsitanicedlegt@dN- fmno- and

N, N-di - r])-al kyl and quaternmary derivatives of the am nes thereof.
' (CI§¥ ])experfhents iﬂ the pregence of DP16 were compared with one

without drug supplement (control no. 1). An additional sét of
experiments. (control no. 2) was performed with mixture of. the
components comprising DP16: BAPTA & lysophosphatidylcholine
(LPC). DP16 (1 - 100 pg/L) was dissolved in a regular perfusion’
10 buffer. The mixture of BAPTA & LPC was dissolved in DMSO as a
stock solution; :the final concentration of BAPTA, LPC and DMSO
in the perfusion buffer for control no. 2 was 100 pg/L of each
component.
A severe decrease in perfusion pressure (PP) below 20
15 mm Hg (low-flow period) caused a sinus bradycardia culminated by
stable AV block (Fig. 9.2, c.f. normal flow in Fig. 9.1)
frequently with ventricular arrhythmia (9 experiménts. control
1). Long term (> 0.5h) low-flow conditions wusually ended by
paroxysmal tachyarrhythmia and ventricular fibrillation (VF).
20 Reperfusion started before VF could temporary restore sinus
rhythm. However, reperfusion in most of the control experiments
caused increase of coronary vascular tone and arrhythmia followed
by irreversible VF (Fig. 9.3). After establishment of AV block
in low-flow period perfusion medium was supplemented by the
25 drugs. No therapeutic effect on AVB was observed in the
experiments with mixture of BAPTA & LPC (Fig. 10.3 and 10.4, c.f.

without BAPTA and LPC - normal flow in Fig. 10.1 and low flow



cologically
carboxylic
clic

A prodrug as
xylic acid

3. A prodrug as clained in claim2, wherei
active carboxylic acid is selected from branchée k) :
acids, salicylic acids, steroidal carboxylic ac¥ds,Tmoreh

carbocylic acids and pol yhet erocyclic carboxyfi ' 4,
claimed in claim?2, wherein said pharnmacol ogi QQ%gﬁﬁJ@%barb
wherein Ais a

conpri ses a conpound of the general foggul a:
(HOOC-CH err]-)[err]-NNA-N-(-CH err] COOH) [ err i nki ng

radi cal selected froman aliphatic, aromatic or of gani c

radi cal conprising from2-8 carbon atons interrupted by n non-adjacent
oxygen atons, weefesionnin Fig. nuobzy. skHideteiditicmod,DP26 chuaad obmphatet hat
sai d carboxylic acid conpound is an ester when n ranges from2 to 4, and
sai d car boxyl i ®ratémporehprelhef of atreaventriguller rdyachronism fHaembhdectesesal | y
accept abl e al cohol containing 3 to 32 carbon atons and 1-3 hydroxyl

radi cal s; and pleapectdeely)calFis.ackepl abMerenyers DREY cethibitedi metahlgat when
sai d carboxylic acid conpound is an ester the nitrogens flanking A _are not
linked to any &®Rréignroteqidie adehifent ooygthe arepesfusion  replegiodriglas
claimed in _claim4, wherein said pharmaceutically acceptable alcohol is a
err] Secéndar’%?smpl%r PE dibeo us rhythm was observed in out of 5

experiments (Fig. 11.4; c.f. without DP16 - normal flow in Fig.

11.1 and low flow perfusion in Fig. 11.2). ECG analysis revealed
mainly metabolic type of DP action: enhancing of atrial (definite
increase of the heart rate) and ventricular (restoration of
10 regular sinus rhythm) excitability. However, residual delay of AV
conductivity (increased PQ interval) was observed.
Conclusions
The data obtained in this expériment suggest
significant cardioprotective activity of DP16 in ischemia -

15 reperfusion pathology.

Investigation of cardioprotective effect of DP16:

2. Trial on in vivo model of myocardial damage.

Method and Results

Administration of the potent B-adrenoreceptor agonist

% isoproterenol (ISO) is commonly accepted model of experimental
myocardial patﬁology. The cardioprotective effect of DP16 was
tested on 82 Sprague-Dawley female rats weighing 250-350 g.
Myocardial damage was induced in rats by two consecutive

- injections of IS0 (85 upg/kg, s.c.). When appropriate! the

injections of ISO were followed in 30 and 180 minutes by DP16

(0.01 ug/kg, i.p.). The effect of DP16 was estimated by ECG



41 6. A prodrug as clained in claim4, wherej-f-satd-phatmaceutically
accept abl e al cohol contains 3 to 6 carbon atons. ERﬁPL&CEHﬁﬁdféﬁﬂﬁﬂﬁadicals.
7. A prodrug as clained in claim4, wherein sa IIHKIHg radrgall Ais
selected from-(CH err]CH err])[err]- where misa @b gi gifromlto
4, and -CR=CR-OCH err]CH err]-OCR =CR -, wherg dach d&“ﬁ%@ dicals R R
and R -R, together with the attached 36=C- noi €y hronmat i c

of heterocyclic ring containing 5 or 6 ring atons, the ring conpl gted by
R-R being the sanme as or different fromthe rin By—-R-~-R ;

wherein p carbons of -(CHerr]CHerr])m are repl

aced by oxygen and p is a

nunber sel ect edafalgaid), &nd 3 deferdinatién of A jseowir ugghgamimombbacnt@ﬂ aim 4,

wherein said linking radical Ais selected from -

- CH er r ] CH| er r] txneapinest CHEEPT)] - CHLegtatdpysdrpgenase d]

claimed in claim4, wherein said |inking radi_cal

CH errLCH[err and
DH) A pedgitiy as

IS
Mortality of control rats after ISO intervention was 17.1:5.9% (7

out of 41). The surviving animals exhibited striking hyperacute

5 deviation ST-gsegment in lead 1 and 2 ECG. Pathological signs on

ECG were aggravated during the experimental period. In 48 hours

after the second ISO injection all treated animals displayed

pathological displacement of ST-segment.

decreased mortality in 2 cases (2 out of

Administration of DP16

30). Animals receiving

10 DP16 exhibited significantly (p < 0.05) fewer alterations in the

15

20

25

ECG. Pathological displacement of the ST-segment was found only
on 28 and uox. of ECG (in 24 and in 48 hours following ISO
respectively). Biochemical determination demohstrated a 1.7 -
1.9 fold increase if SGOT and LDH in 1ISO treated control rats
(p<0.065). Treatment with DP16 substantially decreased the
percentage of experimental animals exhibiting abnormal level of
SGOT and LDH activity.
Conclusions

The data above suggest a signifiéant cardioprotective

effect of DP16 in an in vivo model of myocardial pathology.

GENERAL CONCLﬁSIONS. The prodrug denoted DP16 exhibited
significant therapeutic and protective effects in experimental
models of stroke & ischemia as well as in models of epilepsy,
comparable with using the corresponding drug in conventional form
in an amount which is 105 - 106 times the amount when used ;n the

form of the prodrug of the invention.



-CR=CR-OCHerr]CHerr]-OCR =CR -, where each of the pairs of radicals R-R
and R -R, together with the attached -C=C- nviety, conplete an aromatic or
het erocyclic ring which is selected fromthe group
t hi ophene, pyrrole, pyrazole, imdazole, 1,2, 3-trijaselaly
i soxazol e, 1,2, 3-oxadi azole, 1,2,5-oxadiazole, thifajol¢e,”
1,2,3-thiadiazole, 1,2,5-thiadiazole, 3genzene, AVA: Ao,
pyrimdine, pyrazine, 1,2,3-triazine, 1,2,4-tri
and 1, 4-oxazines and -thiazines, the ring conpl ef etby
as or different fromthe ring conpleted by R-R .
clai med in cl ai Bx@pleh®y ePrendretidonkf Myodeudi-dal A is ]
-CRECR-OCHerr]CH err]-OCR CR' , Where each of the pairs of radicals R-R
and R -R, together witHPradrugrahched thesmmenysedt herednna deratet he dake or
different ri ngs sel ected from unsubstituted and substituted benzene rings.

whi ch substi t ut &8teenz@he ?‘1%16%5 deneuinerhengxy hethgnerNa Nt N{ Tfstraacsdiect ed
GRS, of a5 ngl Botd VAR Jnsd: VinvertuprcieerL sleshad pad 3%%'%%?6% %8nd n
'm;e?e{‘ﬁ”‘izfarzé‘?aﬂ%s%a;ﬂ es Sg§%%8Pat% O A R SR e
Lol b o (ot RRBRRER, | Lo ergindy) Mftuies over, &aH?-"ané

1, 2-bis-(2-am ngﬁrﬁlggm@,ggmne N - N ¢d.a5f aaget I cqaCi dmmol), N,N'-

dicyclohexylcarbodiimide (0.216 g, 1.1 mmol) and U4~

dimethylaminopyridine (0.025 g, 0.202 mmoi) were stirred
10 together for two days at room temperature under.argon. in a 50 ml
flask equipped with a magnetic stirrer. After two hours, N,N'-
dicyclohexylurea began to precipitate. The reaction was
monitored by TLC (90:10 v/v chloroform:methanol); Rp of the
product = 0.62. The precipitate was removed by filtration and
15 the filtrate was concentrated at 35°C in vacuum. The residue was
extracted with 25 ml of a 2:1:2 v/v mixture of
chloroform:isopropanol iwater. The organic layer was separated,
washed with 1% ag. NaCl solution and dried over NaySOy; it was
then evaporated and the residue was passed through a 160x30 mm
20 column of Kieselgel 60 (230-400 mesh ASTM), the_desired product
being eluted with a 90:10 v/v chloroform:methanocl mixture. The
l-myristylmyristyl alcohol was prepared according to the method
of Molotkovski, V.G. and Bergelson, L.D. (Biologicheska Chimia,
1982, 8(9): 1256-1262). The BAPTA-1-myristylmyristyl alcohol

25 ester link in Prodrug-3 is susceptible to digestion by esterases.



42 12. A prodrug as clained in any one of clains 7 to 11, wherein said
phar maceutical |l y acceptabl e al cohol contains 3 tjg,- carbon-atens..and 1-3
hydr oxyl radicals. 13. A prodrug as claineiﬁﬁaiﬁga i [

: _ MENT $PERT
sai d pharmaceutically acceptable al cohol conprijsgqs at [éast—om
selected fromglycerol, Cerr] fatty acid nonoglyce{8g i
di gl ycerides, hydroxy-(lerr]-alkyl est@s of Cjeqr] fatty acid
hydroxy-Cl err]-al kyl esters of |ysophosphati di c|actdsm— S
| ysophosphol i pids, |ysophosphatidic acid am des, gl yceroph
aci ds, | ysophophat i dal et hanol am ne, -
| yso- phosphat i Exespleafteo| Freprragier Rpdoiielogisal mrreentiee ad FY416I kyl and

guat ernary derivatives of the am nes thereof :
"TVA16" 1s the name used herein to denote a 1:1 ester

mal ogens,
sphoric

of valproic acid with the choline derivative
ROCHZ-CH(OH)-CHZO-OCHZﬁ(CH3)2, where R is hexadecanoyl, and was
5 prepared as follows. A solution of 1l-hexadecanoyl-sn-glycero-3-
phosphorylcholine (1.04 mmol) in chloroform (25 ml, freshly
distilled over PZOS)’ valproic acid (0.159 g, 1.1 mmol), N,N'-
. dicyclohexylcarbodiimide (6.216 g, 1.1 mmol) and 4~
dimethylaminopyridine (0.025 g, 0.202 mmol) were stirred together
10 for two days at room temperature under argon, in a 50 ml flask
equipped with a magnetic stirrer and glass beads (10 g, 5 mm
diameter). After two hours, N,N'-dicyclohexylurea began ¢to
precipitate. The reaction was monitored by TLC (65:25:4 v/v
chloroform:methanol:water); Re of the product = 0.41, The
15 precipitate and glass beads were removed by filtration and the
filtrate was concentrated at 35°C in vacuum. The residue was
extracted with 25 ﬁl of a 2:1:2 v/v mixture of
chloroform:isopropanol :water. The organic layer was separated,
washed with 1% ag. NaCl solutioﬂ and dried over Na,SOy; it was
20 then evaporated and the residue was passed through a 160x30 mm
column of Kieselgel 60 (230-400 mesh ASTM), the desired product
being eluted .with a 65:25:4 v/v chloroform:methanol:water
mixture; Rf=0.4.‘
A test sample of TVA16 was administered i.p. (0.01 to
25 100 mg/kg) to a group of three mice, one hour before an s.c.:dose
of metrazol (80 mg/kg). An effective dose was the amount which

prevented convulsions (scored 2 points per animal) and/or death



14. A prodrug as clained in claim4, wherein said prodrug is an ester
selected from
of 1, 2-bis-(2-am nophenoxy)ethane-N, N, N , N -t ¢
hept anoyl - sn- 3- gl ycer ophosphoryl - chol i ne or f

t he nono-, di -, tri- tﬁﬁﬂﬁm\/ﬁm%ﬁg’? est \(/amr tsh

oct anoyl - sn- 3- gl ycer ophosphor yl - chol i ne. 15.{ | ABAURITNY as £lained in
S ..PJ' 0

claim 1, wherein the pharmacol ogically agtive jcdnpound is a [ ei n ki nase

i mhi bi tor.

16. A prodrug as clained in cllaim 15, wherern the prodrug
is an ester of a protein kinase inhibitor carBexylic. acid wih

pharmaceutically acceptable alcohol selected fromglycerol, érr] fatty

aci d nonogl ycer i(g8eredc] bmoiint peryanippl) 1 eyedhsegeant n3Rr Bikguteper r Pral kyl
t f ' t ids, hydroxy-Clerr]-alkyl _esters of
ySo- phosphat | ciitac Phsrs y Bisl Hiseer LatHebs o5 LoRbeh ROt 48 qtompared to

| yso- phosphat i dilgf,‘ﬂ%r?g?icdmwl%geﬁ, the ﬁgﬂ%’ﬂ% é@ﬁ{eophosphori C aci ds,

anol am ne and N nono-

N, N-di - - i vati - £
ORI - Lo T R Sy g R L

| ysophophati dal -¢€

am ne, SOphosp

inhibitor earbaxylic.acid-ls protein kinase-inhibitor-K252b. from----

Nocar di opsi s sp.chlordiazepoxide 25 nuscimol (i.p.) 2.5
diazepam 2.5 nifedipine 2100
diphenylhydantoin 2100 nimodipine >300
flunarizine >300 phenobarbital 50
glutethimide 150 sodium valproate 500

10 méprobamate 200 verapamil >100
MK-801 0.5 TVA16 0.6

15

20

25

From the above data it may be seen that TVA16 :has significant
anticonvulsant activity and appears to be more than &§00x as

potent as sodium valproate.

While the present iﬁvention has been particularly
described, persons skilled in the art will appreciate that many
variations and modifications can be made. Therefore, the
invention 1is not to be construed as restricted to the
particularly described embodiments, rather the scope, spirit and
concept of the invention will be more readily understood by

reference to the claims which follow.

and



18. A prodrug as claimed in claim15, wherein the proteln ki nase

i nhi bitor contains an amne group with a replaceable.

en

atom and the prodrug is an anide thereof with a PR §rﬁ? @fivative
sel ected from gl ycerophosphoric aci ds, 0-acyl ¢l'y . ; {{ acids,
etherified i

gl ycer ophosphori c acids, and nonoacyl atsgd nonoeth r‘flﬁ%Wo 14 phori c

aci ds. 19. A prodrug as clained in cI ai m 18, greln.t ._=Qr0t'u',' ki nase
i nhibitor is isoquinoline-5-sulfonam depgivMh is substi t ut ed by

acyclic or heterocyclic am noal kyl radical. 20. Moot e Gkl G | ai ned

in claim19, wherei n said am noal kyl radical is NHCHZCHZNHCHS or

2- met hyl pi per(fm n-

A ;}ﬁarrnaceutlcally acceptable cell membrane permeable prodrug
comprising a pharmacologically active compound covalently bonded to an
intracellular transporting adjuvant, said pharmacologically active compound
being effective to treat a disease or disorder related to supranormal enzyme
activity and said covalent bond being scission-sensitive to supranormal
intracellular enzyme activity, such that the bond is cleaved in the presence of such
supranormal activity.

2. A prodrug as claimed in claim 1, wherein said pharmacologically active
compound is a pharmacologically active carboxylic acid and said intracellular
transporting adjuvant comprises at least one pharmaceutically acceptable alcohol
selected from glycerol, C;p fatty acid monoglycerides, Csy fatty acid
diglycerides, hydroxy-C,¢-alkyl esters of C;y fatty acids, hydroxy-C,.¢-alkyl
esters of lysophosphatidic acids, lyso-plasmalogens, lysophospho-lipids,
lysophosphatidic acid amides, glycerophosphoric acids,
lyso-phophatidalethanolamine, lysophosphatidyl-ethanolamine and N-mono- and
N,N-di<(C,4)-alkyl and quaternary derivatives of the amines thereof.

3. A prodrug as claimed in claim 2, wherein said pharmacologically active
carboxylic acid is selected from branched-chain aliphatic carboxylic acids,
salicylic acids, steroidal carboxylic acids, monoheterocyclic carbocylic acids and
polyheterocyclic carboxylic acids.

4. A prodrug as claimed in claim 2, wherein said pharmacologically active
carboxylic acid comprises a compound of the general formula:
(HOOC-CH,-);-N-A-N-(-CH,COOH),

wherein A is a linking radical selected from an aliphatic, aromatic or heterocyclic
organic radical comprising from 2-8 carbon atoms interrupted by n non-adjacent
oxygen atoms, wherein n is a number selected from 0, 2, 3 and 4, so that said
carboxylic acid compound is an ester when n ranges from 2 to 4, and said
carboxylic acid compound is covalently linked to a pharmaceutically acceptable
alcohol containing 3 to 32 carbon atoms and 1-3 hydroxyl radicals; and
pharmaceutically acceptable salts thereof;, provided that when said carboxylic
acid compound is an ester the nitrogens flanking A are not linked to any of said n
non-adjacent oxygen atoms.

5. A prodrug as claimed in claim 4, wherein said pharmaceutically acceptable

alcohol is a C.3; secondary monohydric alcohol. L
A I
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21. A prodrug as clained in claim15, wherei rjlﬂtfﬁ)éASEM@f\'gée

I nhi bi tor contains-at—teast-one phenolic hydrox roup,;

an ester the ' horic acid derivative s ram

glsycer ophospmﬂmmﬂ]:mmlmnmyl - gl ycerophosphofi agk g@be@?ieri fli ed
gl-ycerophosphéri € aci ds, Sani nonoacyl at ed nonoe} her+fi cedophosphori c
aci ds. 22. A prodrug as clained in aiaim2 L, wherein the pre¢tein
ki'nase inhibitor is 4',5,7-trihydroxyisofl avone. ug as

claimed in claim1l, wherein the pharnmacol ogically active conpound is an
ant :j epi It epti Ic 6.COFYDRlp?6Hm%§ilafaélaimeﬂ iR lcRihUg whreit @didtpﬂarmacsﬁtedlany %&ﬁplvﬁw ein
said anti epi i pﬁ?([ col ogical'ly
accept abl e dergll%g ié\(}@fﬁ?ﬁereg@ﬂﬁé@{iﬂk%@?&ﬁ?ﬁgxﬂ o élaig?red in claim?24,

wherein said antiepil eptic compound is covalently bonded to a
phar maceutical |y acceptabl e al cohol selected fromglycerol, Cferr] fatty
aci d nonogl ycéri ded projirugap claimed/inalaith 4iwhepein said diskingyradiealyA @ saledtedal ky|
esters of ([ efroln f-§CHyCHg)dswhenedmoxis- @ arunjbeal kanginpstfeora df to 4, and
| yso- phosphat iOR€CROOAH,(HSORCRSTRI-OG@REe chdhs pRP@FRAGICABI RIR and R'-R,
| yso- phosphat {gHfher with the attached -C=C- moiety, completes an aromatic or heterocyclic

ring containing 5 or 6 ring atoms, the ring completed by R-R being the same as

or different from the ring completed by R'-R'; wherein p carbons of -(CH,CHj)p-

are replaced by oxygen and p is a number selected from 0, 2, 3 and 4.

8. A prodrug as claimed in claim 4, wherein said linking radical A is selected
from -CH,CH,- and -CH,CH,-O-CH,CH,-O-CH,CH;-.

9. A prodrug as claimed in claim 4, wherein said linking radical is
-CR=CR-0-CH,CH,-0O-CR'=CR'-, where each of the pairs of radicals R-R and
R-R!, together with the attached -C=C- moiety, complete an aromatic or
heterocyclic ring which is selected from the group consisting of furan, thiophene,
pyrrole, pyrazole, imidazole, 1,2,3-triazole, oxazole, isoxazole, 1,2,3-oxadiazole,
1,2,5-oxadiazole, thiazole, isothiazole, 1,2,3-thiadiazole, 1,2,5-thiadiazole,
benzene, pyridine, pyridazine, pyrimidine, pyrazine, [,2,3-triazine,
1,2,4-triazine, and 1,2-, 1,3- and l4-oxazines and -thiazines, the ring
completed by R-R being the same as or different from the ring completed by
R'-R'.

10. A prodrug as claimed in claim 9, wherein the linking radical A is
-CR=CR-0-CH,CH,-O-CR'=CR'-, where each of the pairs of radicals R-R and
R'-R!, together with the attached -C=C- moiety, completes thc same or different
rings selected from unsubstituted and substituted benzene rings. which substituted
benzene rings contain from 1 to 4 substituents selected from Cj;-alkyl,
C,s-alkoxy, fluorine, chlorine, bromine, iodine and CF;, or a single divalent
substituent which is -O-(CH,),-O- and n is a number ranging from 1 to 3.

11. A prodrug as claimed in claim 4, wherein said ester comprises a chelating
agent selected from ethylene-1,2-diamine-N,N,N',N'-tetraacetic acid,

ethylene-1,2-diol-bis-(2-aminoethylether)-N,N,N',N'-tetraacetic acid and
[.2-bis~(2-aminophenoxy)ethane-N.N.N'.N'-tetraacetic acid.



acid am des, gl ycerophosphoric acids, 1lys Mpﬁngﬁemm | am ne,
Iysophosphaﬁ-dw-&e,t_hanol am ne and N-nmono- and NN-dr™= “8?9 ¥ and
quat er nar f ‘t he ami nes thereof. odrug @as} cl ai mred
ineclaim Im antiepileptic conmpoung i s \6\2{5&9 P?y (bgnded to
1- hexadecdhoyl-sn 3-phosphory|cho|ine.

44 27. Use of a phar macol ogi cal ly acceptable nmenbr ane per freabl e

prodrug, for the manufacture of a nedicanent fo ondftion or
di sease in a mamal associ at ed wi th supranormal intracellular enzyrre

activity, saidaprodl geodi @ PR TBEO P A ts! y fi'JCtl'IV%v Qj'%n ot
bond bei né sc%ﬂg&l%‘g% gg le ?(ghoi %’Pgaﬁ[g{ ?%aﬂ’ql +r§§%|e}9ﬁn§ ;
activity, 1adfdde of sai d coval ent bond results in selective
activation of therapeut I ¢ anmobunts of the pharnmacol ogically active conpound
within cells having supranormal intracellular
13. A prodrug as claimed in claim 12, wherein said pharmaceutically
acceptable alcohol comprises at least one member selected from glycerol, Cs.
fatty acid monoglycerides, C,.59 fatty acid diglycerides, hydroxy-C, ¢-alkyl esters
of Ciy fatty acids, hydroxy-C,¢-alkyl esters of lysophosphatidic acids,
lyso-plasmalogens,  lysophospholipids, lysophosphatidic acid  amides,
glycerophosphoric acids, lysophophatidalethanolamine,
lyso-phosphatidylethanolamine and N-mono- and N,N-di-(C;.)-alkyl and
quaternary derivatives of the amines thereof.

14. A prodrug as claimed in claim 4, wherein said prodrug is an ester selected
from the mono-, di-, tri- and tetra- esters of
1,2-bis-(2-aminophenoxy)ethane-N,N,N',N'-tetraacetic acid with
heptanoyl-sn-3-glycerophosphoryl-choline or
octanoyl-sn-3-glycerophosphoryl-choline.

15. A prodrug as claimed in claim 1, wherein the pharmacologically active
compound is a protein kinase inhibitor.

16. A prodrug as claimed in claim 15, wherein the prodrug is an ester of a
protein kinase inhibitor carboxylic acid with a pharmaceutically acceptable
alcohol selected from glycerol, C;5 fatty acid monoglycerides, C;.5 fatty acid
diglycerides, hydroxy-C,¢-alkyl esters of Csi., fatty acids, hydroxy-C,s-alkyl
csters of lyso-phosphatidic acids, lvsoplasmalogens, lysophospholipids,
lyso-phosphatidic acid amides, glycerophosphoric acids,
lysophophatidal-ethanolamine, lysophosphatidyl-ethanolamine and N-mono- and
N,N-di-(C,4)-alkyl and quaternary derivatives of the amines thereof.

17. A prodrug as claimed in claim 16, wherein the protein kinase inhibitor
carboxylic acid is protein kinase inhibitor K252b from Nocardiopsis sp.

18. A prodrug as claimed in claim 15, wherein the protein kinase inhibitor
contains an amine group with a replaceable N-linked hydrogen atom, and the
prodrug is an amide thereof with a phosphoric acid derivative selected from
glycerophosphoric  acids,  O-acvlglycerophosphoric  acids,  etherified
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lipase activity. Use according to claim LREPMQE&IBN_FSQFIEF d' carrent

conpri Ses- a*pfedrr—ugrﬁs__gl_al med in claim2 or 3.
caI;C| um

claim 27H,m armacol ogi cal ly activejc ﬁgg

chelatin m'”'"mmﬂ W‘Se according to claim ’9 wher el n’sai di canent
conpri ses*a prodrug a aimed in any one of cl gi Al 3 Use
according to claim?29, wherein said prddrug is gn ester sel ect ed from t he

nono- , di -, tri- and tetra- esters of
1, 2- bi s- (1 2- am glpgdreptosphaicacids, Ny, Monbdhcylaéd ammettherified igllycerophosphoric

hept anoyl - sn- Zgdsycer ophosphoryl -chol i ne or

oct anoyl - sn- 3- gl ycer ophosphoryl - chol i nc. 32. Use according to claim 27,
wherein said pharnacol ogically active conpound is a protein kiinase

i nhi bitor.
19. A prodrug as claimed in claim 18, wherein the protein kinase inhibitor is

isoquinoline-5-sulfonamide which is N-substituted by an acyclic or heterocyclic
aminoalkyl radical.

20. A prodrug as claimed in claim 19, wherein said aminoalkyl radical is
NHCH,CH,NHCHj; or 2-methylpiperazin-1-yl.

21. A prodrug as claimed in claim 15, wherein the protein kinase inhibitor
contains at least one phenolic hydroxy group, and the prodrug is an ester thereof
with a phosphoric acid derivative selected from glycerophosphoric acids, O-acyl-
glycerophosphoric acids, etherified glycerophosphoric acids, and monoacylated
monoetherified glycerophosphoric acids.

22, A prodrug as claimed in claim 21, wherein the protein kinase inhibitor is
4'5,7-trihydroxyisoflavone.

23. A prodrug as claimed in claim 1, wherein the pharmacologically active
compound is an antiepileptic compound.

24. A prodrug as claimed in claim 23. wherein said antiepileptic compound is
valproic acid or a pharmacologically acceptable derivative thereof.

25. A prodrug as claimed in claim 24, wherein said antiepileptic compound is
covalently bonded to a pharmaceutically acceptable alcohol selected from
glycerol, C;5 fatty acid monoglycerides, Cs,o fatty acid diglycerides,
hydroxy-C,.¢-alkyl esters of Cs.pp fatty acids, hydroxy-C,¢-alkyl esters of
Iyso-phosphatidic acids, lysoplasmalogens, lysophospholipids, lyso-phosphatidic
acid amides, glycerophosphoric  acids, lysophophatidal-ethanolamine,
lysophosphatidyl-ethanolamine and N-mono- and N,N-di-(C;.4)-alkyl and
quaternary derivatives of the amines thereof.

26. A prodrug as claimed in claim 24, wherein said antiepileptic compound
is covalently bonded to 1-hexadecanoyl-sn-glycero-3-phosphorylcholine.



IREPL RN ENESS AR flbar g

33. Use according to claim 32, wherein said nedica

as clainmed.in any _one of clainms 16 to 22. 34. UselladCordrig=ro u,ru_m 27,
wher ei n sald y active compound is an’a t| ngis@@@%
campound. ﬂ@’,@;jﬂ &I Mng to claim34, wherein] s i d 'ca

CO-ITDI’I ses a p# dinclaim?24, 25 or 26} "=

45 Use according to claim 27, wperel n said 'Hhar rracol ogically

acti ve corrpound i s a pharnmacol ogically active nucl ei cactdora«

phar macol ogi cagl7ly agkiofa phbagdmBgicly Acsuptdbid Eellabibsibrane permeable prodrug,
for the manufacture of a medicament for treating a condition or disease in a
mammal associated with supranormal intracellular enzyme activity, said prodrug
comprising a pharmacologically active compound covalently bonded to an
intracellular transporting adjuvant, said covalent bond being scission-sensitive to
said supranormal intracellular enzyme activity, whereby cleavage of said covalent
bond results in selective activation of therapeutic amounts of the
pharmacologically active compound within cells having supranormal intracellular
lipase activity.

28.  Use according to claim 27, wherein said medicament comprises a prodrug
as claimed in claim 2 or 3.

29. Use according to claim 27, wherein said pharmacologically active
compound is a calcium chelating agent.

30.  Use according to claim 29, wherein said medicament comprises a prodrug
as claimed in any one of claims 4 to 13.

31.  Use according to claim 29, wherein said prodrug is an ester selected from
the " mono-, di-, tri- and tetra- esters of
1,2-bis-(2-aminophenoxy)ethane-N,N,N',N'-tetraacetic acid with
heptanoyl-sn-3-glycerophosphoryl-choline or
octanoyl-sn-3-glycerophosphoryl-choline.

32. Use according to claim 27, wherein said pharmacologically active
compound is a protein kinasc inhibitor.

33.  Use according to claim 32, wherein said medicament comprises a prodrug
as claimed in any one of claims 16 to 22.

34. Use according to claim 27, wherein said pharmacologically active
compound is an antiepileptic compound.

35.  Use according to claim 34, wherein said medicament comprises a prodrug
as claimed in claim 24, 25 or 26.



37. Use according to any one of clains 27 to 36, wherein said condition
or disease is localized tissue ischem a, stroke, epilepsy;-asthra—or.

i LT

45

36. Use according to claim 27, wherein said pharmacologically gctive
compound is a pharmacologically active nucleic acid or a pharmacologically

active fragment of a nucleic acid.

37.  Use according to any one of claims 27 to 36, wherein said condition or
disease is localized tissue ischemia, stroke, epilepsy, asthma or allergy.
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PRODRUGS WITH ENHANCED PENETRATION INTO CELLS
ABSTRACT
The invention relates to a pharmaceutically acceptable
prodrug which i1s a covalent conjugate: of a pharmacologically
active compound and an intracellular transporting adjuvant,
characterized by the presence of a covalent bond which is
scission-sensitive to intracellular enzyme activity. The prodrug
may be used in a technique for_treating a condition or disease in
a human related to supranormal intracellular enzyme (e.g.
phospholipase and/or esterase) activity, whereby on administering
it to a human having such condition or disease, the bond is
broken in response to such activity, and the pharmacologically
active compound accumulates selectively within cells having such

supranormal intracellular enzyme activity.

15 FIGURE 1
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