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Abstract

SYNTHESIS AND SOME PHARMACOLOGICAL
PROFPERTIES OF SOME N-SUBSTITUTED CYCLIC IMIDES

by

Ivan Qgheneochuke Edafiogho

1980
Major Area: Pharmaceutical Chemistry

Aminooxyacetic acid (ADAA) is a potent unti=-
convuisant agent but it has convulsivgwproperties at
high doses, However, an analogue of AQAA, ethyl
N-phthalimidoxyacetate (ENPA) has been reported to lack
the convulsant property of AOAA at high dores but to ba lazs
potent than AOAA in its anti-convulsant activities. It
was decided to prepare other cyclic imides, in particular
hybrid compounds consisting of a cyclic imide assgoclated
with anti-convulsant properties such as the succinimides
énd AOAA with the hope of obtaining some potent anti-

convulsant agents which are devoid of the convulsant tendency at

¥iii



high doses. Other properties which would enhance the
lipophilicity of AOAA were also considered, Therefore,
ethyl N~phthalimidoxy=-2-propionate (ENP-2-P) and three
new compounds, ethyl N-succinimidoxyacetate (ENSA),
methyl N-phthalimidoxyacetate (MNPA), and methyl N-succi-
nimidoxyacetate (MNSA) were synthesized and screened for
behavioural and anti-convulsant effects in l~-day cld
chicks., The results showed that whereas ENP=2-P and

MNPA were excitatory and convulsant resgpectively at

high doses, ENSA and MNSA did not produce any noticeablec
effects on the behavioural activity, ' All the compounds
possessed some degree of anti-convulsant activity but
none of them was as potent as AOAA, However, ENSA and 5.
lacked the convulsant property of AOAA at high doses.
wWhen compared with standard anti-convulsant drugs, the
N-substituted cyclic imides were inferior to phenytoin
and trimethadione in protecting against electroshock =nd
chemical seizures respectively, Since ENSA particularly
shows activities against electrically- and chemically-in
seizures which resemble clinical grand-mal and petit-mcl
epilepsies, it is being recommended for further investi “tiom

towards the management of both disorders.

xiv




CHAPTER T
INTRODUCTION

Epllepsy is a relatively common disease im the
world today, and despite increased medical knowledge
which_had reduced the mortality of meny otherwlise
fetal disease, the problem of epilepsy still remains
with us, Other diseases, like meningitis, encephalitis
and brain tumours have also contributed to the problem
of epilepsy. This is because, these diseases often
leave behind irreversible changes in some patiehts'
which predispose them to developing epilepsy.1

The term 'seizure! is the modern expression for
epilepsy and the definition is a tribute tu many workers.
It is often stated as follows: WSeizures are occasionald,
paroxysmal, excessive rapid and local neuronal discharjecs
of the grey matterz usually accompanied by paroxysmal
dysrhythmia of EEG and hypersynchrony, They are
‘characterised by recurrent parexysmal aberrétions of
brain functions and.are usually brief and zelf-limifing.
These discharges which resuit iﬁ seizures usually
originate from normal nerve cells surrounding a scar er

other pathologiecal lesions in the brain, Jischsrges

from abnormal units contribute very little to the

1



2
seizure proceséiB’h’ Although it is claimed that
seizure originates from the grey matter, any functional
part of the brain can initiste seirure, an< the
characterization of seizure depcnding on tiie basis
of its focus in the brain e.g. temporal louLezs seizure,
and cortical seizure, implies this fact. .(owever, some
parts of the brain are more susceptible t» seizure than
others, This is because the abundance of cucitatory and
inhibitery neurons respectively increases or decreases
susceptibility of various areas of the brain to excessive

5

discharges.

Early Concepts of Causes and Treatment of Liilepsy

In those days, epilepsy was looked upon as an
evil curse, and believed to be inflictea on the victim
by unseen spirits. It was not surprising th~t its
trcatment was always sought with witch doctor's and was
full of magical procedurces and incantations, The witch
doctor must recommend the placation of the offended
spirit or he must expel, mostly with purgstives, the
evil spirits from the patient.

Due to the influence of ancient belicf on epilepsy,
the term 'aura' which is now known as a feeling of the

approach of an attack of cerebral origin was thought by
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those wiie lived in the days of Pelops, tiic m=ster of
Galen (130-210 AD) to be the cause of epil-optlic attacks
and the point &t which any pain was felt tiien was
regarded as the location of the pathological process.
Thus at thet time, it was common to rcad {rom physicirns
records that epilepsy was of liver, spleen or kidney
origin.5
Before the acceptance of the fact thab epilepsy
is a disease of the brain, one reads of ati upts to
treat epilepsy by application of local lipstures or
local surpical treatment (cautery) of the p:rts where
an aura originated - obviously still assuming a peripheral
origin of epilepsy. It is not surprising, therefore,
that no success was recaded except in a few cases where
pathological causes, removable by surgery, were
encountered.
The best that could possibly be said in favour of
early therapeutic attenpts at treating epilopoy is
that it was recognised, perhaps accidentally of course
that some factors like diet and alcohol coulc affect
the disorder, and there were recommendations regarding

diet, purgatives, and advice against alcoholic excesses.

Now, it is known that the failure of the early
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physician could be traced to their inability to explain

or interpret accuratcly the basic mechanisn:: of epilepsy.

The first report that epilepsies are of brain
origin was probably by Charles le Pois (15h3-1636),6 but
the modern concept of epilepsy is often credited to
Hughlings Jackson (183&-1911)7 who gave th: icdea of
focal seizures being a starting point for tho study of

all seizures.

Y ar i ¢ T e &
Exp..r‘r; LA V=0T ue. d Scizures

In the laboratory, seizures can be in'uced in a

number of ways.,
The common ones are:

(1) Use of chemical convulsants sucheas Picrotoxin
Pentylenetetrazol and Strychnine™, which simulate
clinical petit-mal epilepsy.

(ii) Electroshock me thod”
grand-mal epilepsy.

s which simulates clinicel
(iii) Producing acoustic stimulus (in the case of
susceptible audiogenic mice).10

iv) Flickering light at a certain wavelen,th (%5 the
case of susceptible photogenic speci;a;.1'

Anticonvulsants

Anticonvulsants are chemical substancos which are

used to prevent, control or diminish the ceverity of
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epileptic attecks. Anticonvulsants employcd clinically

are known as anti-epileptics. The first effective
anti-epileptics were bromides.13 This gave the idea

that seizure was an abnormality of the neuruvnal activity
which could be contrelled without interferring with ether
functions of the central nervous system (C N S ). The

main drawback ¢f the bromides was their undecirable side
effect known as bromism manifest by skin rash, irritability,
"and hallucination. Phenobvarbitones was introcuced into

- therapy in 1912 as the first synthetic compound which was

: effective in the trestment of grand-mal epilepsyﬂu. It
therefore opened way for a deliberate synthetic search

for anti-epileptic agents. This yielded dividends in

1638 with Merritt ard Putnam's discovery of Plienytoin,

. another drug of great importance which was cffective not
only in grand-mal but also in psychomotor epilepsy which
vas refractory to the previously existing drugs. Phenytoin,
in addition, lacked the sedative action of Phenobarbitone.15
Trimethadione was discévered in 19&6.16’17 The importance
of the discovery of anti-convulsant action of

_LTrimethadione lay not ‘only in providing a new pharmeacolo;lcal
~tool for researeh into the physiclogical mechenisms of the

petit mal epilepsies, but mére in emphasizing the value



of a systematic search for new selective ainti-convulsants.
It established the principle that clinical gpecificity
may reside in verious haptophoric moieties (groups
involved in binding the drug molecule to thc receptor).1?

This principle stimulated the search for new chemical

classes of anti-convulsants.

Synthetic approach over the years hag led to the

production of new anti-epileptic agents.

Modern Approach to Seizure Mechanisms

All nmeurons. are potentially epileptic because ~f
their properties which include their excitability, the
explosive nature of their response in genesrating action
potentials, and their tendency to repetitive discharge.qb
However, there are natural inhibitory mechanisms in the
central nervous system (C.N.S.) which prevent epilepsy
from heppening in normal states. All normal neurons
are constantly under the influence of excitatory and
inhibitury mechanisms, and an appropriate bilance is
maintained for the normal state to persist. Therefore,

seizures occur as a result of gross inbalance in

central excitatory and inhibitory states within an
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intercormccted assembly of neurons; this may mean the
possible reduction in inhibitory input or an increase

in excitatory control,

The cure-rate of epilepsy is about 2,5 of the afflicted
populatiun.5 Complete control (not cure) with convention 1
therapcutic approi-ch is in 33%, and perhaps zome improver: nt

in another 334 of epileptic patients.

The modern aproach to seizure mechanicmn is
directed a2t finding the physiolojicel, psthological
and biochemical factors which make tissues at epilepto;enic
foci different from those at non-epileptogcnic sites.
The physiological factor is involved in the way in whicn
the brain depends on glucose for its supply of energy;19'zo
but the involvement of a defective energy metabolism

in seirures has not been demonstrated.z1

Pathological factors are involved in scizure mechanis:o
since depressed skull fracture, hypoxia at birth, tumour
of the brain, and vascular ecclusion can cauce seizures.
Once identified, a surgical op<ration can bc used to
effect 2 cure. Infact, this accounts for wost of the
earlicr successes in epileptic cure, and thercfore this

area doec not form a new study in seizure mi-chanism,



Biochemical Approach to Secizure Mechanism

Advancement in the understanding of scizure
mechanisms has been slow, It is only recently that
attention has been focused on the biochemical factors

22 The concept of bicchumical

whieh cause epilepsy.
bazis of seizures emerged because the visible histological
changes, such as almost always occur with p:ithological

and physiolegical factors of seizure were not zlways

23

prezent in epileptogenic foci.

On bioehemical basis, the causes of scizures have
been attributed to ehanges in the level of important
transmitters such as acetylcholine, gamma-amincbutyrie

aeid (GABA) and S<hydmgxytryptamine (5-HT) in the brain,

Acetylcholine

Acetylcholine (ACH) level in the brain is highly
increased during seizures because of the inability of
epileptogenic tissues to bind ACH. Direct mecasurements
of ACH levels in epileptic and non epileptic foci
substsntiate the fact that cholinesterase activity is
Increased in epileptogenic cortical :t‘::nnc:j...zj“’:z5 This 1is
explained as a compensatory phenomenon for the increased
levels of ACH at such foci. Since epilepto jenic tissues

eannot store AC the leyel soon reaches cxcitatory
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threshold values which cause seizures., Todaay, it iz
known that ACH is an excitatory transmitter substance
in a aumber of brain arcas and it is invoivcd in seizure

activities.

Antichelinergic effect has been implicated in the
mechsnism of action o! drugs that counteract zseizures
initisted by the excitation of cholinergic ncurons.
This could be supperted by the fact that Trimeothadione
and Phenytoin have atropine~like action by recucing
high cortical acetylcholine oﬁ%put and suppressing the

o
convulsive symptoms in epileptic guinea pig.“7

S-Hydroxytryptamine (S5-HT)

5-Hydroxytryptamine (5~HT) is involved in seizure
mechanism; but there are conflicting reports on the
cffects of clectrochock en steady-state concentrationc

28
of 5-HT.“ Hewever, two reports have shown an increas.

€Y
e L

in 5-HT synthesis following electreconvulsive shock.
These reports differed in their explanation of the
mechanicms iamvolved, Tagliamonte et al,(1972) sugpested
that the mechanism was via the increase in brrein trypton's
that they observed, Shields (1972), while finding the
increased 5-HT synthesis, as suggested by o rise in 5-HI/.

concentrations, found no change in ®rain uir »tophan
concentratiod. It hiss not deen determined whether

e
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electroconvulsive shock causes a true increase in
synthesis rate, and whether this is produced by changes
in tryptophan concentrations or by a shift in 5-HT

30

available for release at the nerve ending,

Systemic Electrolytes

Seizures are a frequent and well-known complications
of systemic disorders but the possible significance of
such disorders is undetermined. Therefore, Gordon Millichap
tried to elucidate this significance.lL However, leng
before Millichap's review, the importance of potassium
in neurconal a®normalities in convulsed brain had been
reported.gh' The ratio of intraneuronal sodium to
extraneuronal potassium is controlled within fixed limits
by sodium-potassium Atpase for normal activity, During
seizure, the neuronal concentration of sodium ion is
increased greatly while that of potassium is decreased.
To stabilise the membrane, sodium-potassium Atpase is
stimulated to enhance eutflow of sodium and inflow of

potassium intc the cell,
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Potassium and Sodium, The stabilization of the cell,

membrane by maintaining the ionic distribution of sodium

and potassium within certain limits leads to inhibition,

An Interference with the mechanism responsible for
maintsining adequate levels of intracellular potassium

would render the neurons concerned more liable to depolari-
zation which is characteristic of neurons in epileptogenic
brain areas. A fall in the level of potassium is accompanied
by a build up of sodium, and such a state of hypernatraemia
is known to lead to increased neuronal excitability and

hence seizure.SA* ;
Calcium, Calcium is needed as a pre-requisite for selective

permeablliity of cell membranes to scdium and potassium,

hence hypocalcaemia has the same effect as hypokalagemia nr
hypernatraemia.gx+32’33 Hypocalcaemia (low level ef calcium)
both in the serum and cerebrospinal fluid following
electreoconvulsive therapy of severe depressive illness has
3L |

been reported recently.

Amino Acids

The inability of epileptogenic tissues to biyd ACH
2L

can be reversed by glutamine, and this suggested some
interference with amino-acid systems, Glutamic acid is the

most abundant damino acid in the brain, This high*brain
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concentration has ®reen used to argue that _lutamic acid
must have a specis1l function, morec than catzlytic to
perform, and in 1954 Meister reviewed its involvement

in transamination reactlans.35 Epileptogenic tissues
show a defect in glutamic acid met:sbolism &z evidenced

by a marked drop in the level of this amino ccid during
incubation of cortical slices from an epiloytic corte.v..36
These findings make the exact role of giutaumic acid in
seizures difficult to rationalize, especi ily when it cven
became known that this amino acid could L. an excitatory

transmitter in the CNS.37

According to Tower (19956) there are Lloree most likely
routes for metabolism of glutamic acid nancly to glutzmine,
to ©f - oxoglutarate, or via gamma aminobucyric acid

(GABA) to succinate.

There is some evidence to suggest th2t _jlutamine
has anti-convulsant action. For example, it sometimes
suppresscs seizures in epileptic patients aixl may also
be used to correct the inability of slices of epileptogenic
cortex to accumulate glutamic acid.JB Further, glutamine
synthetase inhibitors e.g. methionine sulphiozide and

methionine sulphoximine have convulsant actions on the



13
39 .

cerebral cortex, herefore a decrease in bLrain lovel
of glutamine and hence a fall in glutamate wnd GABA levels
would cause seizures.,

i

Gamma-aminobutyric acid (GABA)

GABA oszurs aaturally as a constituent of the

o, 41,42

mammalian brain, and its distribucion suggests

inhibithry functions since high levels are found in areas

of the brein associnted with inhibitory functions; i.e.

L3,k

the grey matter, Since G4BA is produced fraom L-Glutanic

aecid by the action of GADD=1 in the presence of vitamin B6’

eonvulsant hydrazides caused a decrease of nyridoxal

L5

phosphate, GABr, and a reduction in glutamic acid

L6

decarloxylase (GAD=1) activity. Topically applied or

intraventricularly administered GABA effectively counteraeter
the convulsive activity of thiosemicarbazide, one of the *
most potent hydrazides.uT Parenterel administration of
various forms of vitamin B6 also preventsd tine seisures.
It was suggcested that the hydrazides mipht be producing
seizures as a result of induced fall in hrain GABA levels,
This was most probably as a result of inhibition of GAL-
activity arising from vitamin B6 deficiency cpncurrently

L7 !

induced by these compounds,
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GABA can be obtained in a very pure form, but when it
is administered to epileptic subjects, it does not penetr-t
the normzl blood-~brain perrier due to the Hivesence of
tight endothelial Jjunctions, and tler absence of pinocytoris.;°’4q
¥Foilowing the discovery of the inhibitory role for GabA
in the CHNS and the report that high brain levels of it

; : : 50,51
protect animal sprcies against seizures,” ?

many
researchers directed attention to ways of obtaining
high levels of GABA ig an attempt to control seizures.
Since GABA itself does not penetrate the normel Blood
brain barrier to any significant extent, attention wss
focused on drug induced elevation of brain GiBf levels,

Experiments have shown thqt the steady state
concentrations of GABA in various areas of thc brain
depend on GiD-1 activity and not on GABA-=X -oxoglutaric
52

acid Transaminase (GABA-T) activity.

Altering the intracellular pH of neurons in th:
CilE over a marrow range towaras acidic pH, c.2. by
increasing the extrscellulsr carbon dioxide (302)
concentration is a physiological means of increasing

53

intrrscelluler acidity, which increases G.D=1 agtivity
and hence GABA production. However, the activity of
carbonic anhydrase nermally prevents such increase in
intracellular CO5. Antsgonism of this enzyme forms the

) 1
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basis of anti-convulgant activity of acetazolamide
against some forms of seizures including myoclonic,
akinetic, and menstrual seizures,

ﬂ The transamination reaction responsible for the
bréakdown of GABA is the only trul? revergible reaction
in the whole gystem and probably represents the step which
might appear feasible to be displaced in one direction or th-
other. Attention has therefore been concentrated on
inhibition of the GABA-T activity so as to reduce the
rate of breakdown of GABA, and hence achieve high brain
GABA levels.,

A few compounds tested on this bhasis inhibited

GABA~T by complexing with its co=enzyme, pyridoxal
phosphate.su These include hydroxylamine, tlhe hydrazides,
GABA analogues, hydrazinopropionic acid, ethanolamine=0-
sulphate, sodium di-nzpropylacetate, and auinooxyacetic acit,

Hydroxyl amine

Although hydroxylamine is a potent GABA-T inhibitor

arnd causes a profound rise in brain GABA levels in

50,55

experimental animals, it is non-specific, and it
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produces some methaemoglobinzemia, This therefore
calls for a better GABA-T inhibitor for use {8 an

anti-convulsant,

The Hydrazides

Isonicotinic acid hydrazide (INH) in low doses
elevated brain GABA levels but at high doscs caused

convulsiocns associated with a slow fall in GALy levels

and thgn a rise.sﬁ’57 Further, it has been reported that
the dose of INH which produced a 25 to 50% inrease in
brain GAEA was two to three times higher thon the maximal
therapcutic dose in Man.‘*s’56 Hence its uge is unjustificd.

GABA analogues,

Capvijal, Russek, Tapia, and Massieu (1964) postulated

some requirements for GABA analogues which might e
expected to inhibit the transaminase enzymes, The

hydrogen on the gamma carbon atom of GABA must be
substituted to avoic formation of the Schiff bese

necessary for the transamination. The substituent,

in addition, must confer enough hydrophobicity on the
substance to enable it to bind to the enzymc but it

must still retain a small degree of polaritiy to aid

easy penetration of the blood=-brain barrier.ba
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Based.on these postulates, Carvajal and his co-wbrkcrs
prepared three compounds namely, S-methyl=5-phenyl-Z-~iyrro-
~lidinone (MPP); S5=ethyl-B-phenyl-2-pyryolidi..are (ZFF)

and Y-ethyl-Y -phenyl- Y - amino butyric acid (EPGLBA).

All three compounds protected rats against chegicalhrinouc d
seizures, Hewever, they have certain disadvantages

such &s production of narcosis, er anaezthosia, lemg -

onset of action, and poor penetrstion through blood-birain

.barrier. .

Hydrazinopropicnic Acid (HPA).

HPA is a clese structural analogue of GABA the mnly
difference Being that the gamma carwon tom is replacad
by a nitrogen atom. HPA and GABA are 'bioizosteres!
and hecause both compounds are simila in terms ef
moleculayr size, spatial configuration and molecular
charge distribution, they can assume identical
conformations.59 HPA was found to be very potent as an
anticonvulsant, and its actions on GABA-T uctivity could
not be reversed by pyridoxal phosphate.ée llowover, HPA
causes seizures at high doses, and it is non specific

on its inhibitory action on GMZ}-‘I.G,|
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Ethanolamine-0-Sulphate (EOS)ﬂ

Ethanolamine-0-sulphate (EOS) is claimed to We' thr
most specific GABA-T inhibitor available.62 It has be:in
used as an anti-convulsant against audiogenic seizures
in genetically surceptible mico.1o Its dizadvamt age is
that it does not cross the blood=brain barriir since

the route of administration employed has always

been intracerebroventricular.

Sodium di-n-propylacetate (DPA).

Th: parent compound of DPa is dipropylacctic acid,
and it has ®een known since 1818 when it was synthesis d
by Burton although there was no reported investigation
into its anti-cenvulsant propertiecs until 1963 whe; these
were accidentally discovered.63 DPA wa: morely being
used as a solvent for some substances beinyg screemed for
possible pharmacological activities when in zn attempt te
establish the incrtness of their solvent - 2 routinc
step in drug screening - lMeunier c¢t al, disccvered to
their astonishment that the anti-convulsant actiom cobtain
with the solution of their compounds in DFi was infact

due to the s@®lvent rather than the solutes.63



19

6l
The first clinical trial of DPA was in 19Cl, + and sinc

then publications have attested to its anti-convulsant
efficacy in both experimental and clinical cnilepsy.
The compound is now available on the mark:t in many
parts of the world, including Nigeria, undcr various
trade names like Epilim, Depakine, Depakene, Burekene,
Ergeyl, Labazine and Atemperator,

The mode of action of DPA was thought to be by

65,66 but now it is imown to be a

inhibition of GABA-T,
potent inhibitor of succinic semialdehyde dchydrogenase
(ssapi)®7,

The adverse effects of DPA inc’'ude treuor,
thrombocytophenia, alopecia, isomnia, anxicty, headach:,

68,69 Inspite of

weakness of the limb, and sedation,
these adverse effects, DPa still enjoys wicc usage in

the treatment of photeconvulsive responses, temporal lobe
attacks, and focal epilcpsy.11

Aminooxyacetic acid (AOQAA).

Aminooxyacetic acid (AUKA) is a very polont GABA-T

62,71 and hence a potent anti-convulsant agent,

inhibitor,
It is a much more potent inhibitor of GABA-T than

hydroxylamine, DPA and 306.72’73 AOAA proticts chicks,
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and mrny mama2lian cspecies including rats, mice, and
guinea pigs against various forms ef experimuntally-incrc: ¢
seizures including thiosemicarbazide-,picrotoxin-,

strychnine-,pentylenetetrazol-,hyperbaric o:ygen- and

51,74,75

electrically-induced ones. It aluc preyents

76 It hes been testec

®Parbiturate abstinence convulsions.
75,76

clinically in Man and in dogs with good rosults,
However, AOALA convulses many animal speciz=s in high
doses,ﬂ"’?7 and therefore, there is a necd for better
anti-convulsant agents,

General Survey ef Anti-cogvulsant Agents Triod im the
Therapy of bPilepEz

The anti-convulsant agents which have b:ien applied

in the treatment of epilepsy include substances with the

general famula:78



The substituents at X are: | '
- COHN~ as in Barbiturates e.g. Phenobarbitone

- CHZ-NH- as in Deoxybarbiturates e.g, Priumiione
-~ NH- as in Hydantoins e.g. Phenytoin _

-0=~ as in Oxazolidinediones e.g. Trimethadione
-NHz- as in scetyl ureas e.g. Phenscomide:

~CH,~ as in the Succinimides e.g. Bthosuximide.

However, there are miscellancous chenicol substances
which do not fall under the general formula glven above.
These compounds include carpemates and other aleccholic
esters e.g. Meprobamate; the derivétives of benzodiszenine
e.g. diazepam; Garious chemical compounds including
sulphonamides e.g. acetazolamide, local aneesthetics e.g.
1iQOca1ne, steroids e.g. progesterone, adrenocorticotropic
hof&one (ACTH), and anti-malarials e.g. quinacrine. Oticr
anti-convulsant agents include gamma-amino butyric acid

! #analoguES such as hydrazinopropionic acid (IiPa), dipropyl-
acutic acid = (DPA), anirrexyacetic acid (AOAA), and
ethyl N-phthalimidoxyacetate (ENPA).79

i?.A saérch coLducted through an extensivelscreeniig

for anti-eonvulsant activity among aliphatic and

:iﬁ heterocyclic mides roevealed the high activity within a
v ‘

R o
i
[ :
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series of N-substituted suCCinimides.Bo Thus, the

succinimides evolved from systematic search for effcctive
anti-convulsant agents with less toxicity. The compourxis
include phensuximide (milantoin), methsuximide, ethosuximie,

and diphenyl succinimide.

Testing of Anti-cAnvulsant Agents,

Compounds are evaluated for anti-convulsant activity
in two seizure medels: the maximal electroshock seizurc
(ES) test; and the subcutaneous pentylenetetrazole
metrazol (R) seizure thresheld (ScMet) test., Thesc two
tests have heen shown to identify all compounds known to

2

demonstrate anti-convulsant activity.

Purpose of this Research,

Epilepsy is a commom heidlth hazard in the¢ world vodezy,
and the cure-rate has been quite 1ow.5 The epileétic
patient has many preblems which include the fear -of an
attack, social rejection, and limited Jjob opportunjitics.

To alleviate these problems, it is important to apply th
principles of drug ésign to produce ®etfor anti-convulsom
agents which would have less side-effects, long duratio.
of action, and provide an effective control if not curc.
The modern approach to finding anti-convulsan: dru:

is based on biochemical factors; increased brain GABA levels




. have been accepted as useful for protection against

62,71

seizures, On biochemical basis, AOAA hag been found

to be very potent as en anti-convulsant agent, but at

nigh doses it has a convulsant property.71'7h
‘ It is also known that the free aminoc group of ACAA

is a very reactive group and so might react with a number

of other groupings of very vital substances like the

aldehyde group &f pyridoxal phosphate, Such reactions

might create a low level of the vitamin which, as known

may lead te seizures, The Iac£ that concurrent administratio

of this vitamin in equimolar amounts with ACAA prevents

LOAA convulsinn7hﬂand enhances AQAA's anti-convulsant action

in hynen patients75 would appsar ‘o be In support of

this possibility, - } |

i
8

1
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Substitution at that end was therefore thought to be a
worthwhile exercise which might produce better anti-

convulsant agents.

Lipophilic Substituents

For the N-substituted cyclic imides, the starting
materials were N-hydroxyphthalimide (NHP) and N-hydroxy-
succinimide (NHS)., Further, AOAA penetrated the blood-brain

[y
barrier in sufficient ameunts to cause inhibition of GABA=TZ(: /3
and in postulating criteria for inhibition of GABA-T, Carvajel

et al. (196[;)58 indicated that the GABA analogue being
designed for this function should carry lipophilic
substituent and retain some degree of polarity, Based on
those findings N-hydroxyphthalimide and N-hydroxysuccinimide
were congidered suitable substituents at the amino end of
ADAA. Morever, an analogue of AOAA Known as ENPA was
‘recently reported to be protective in most types of seizures
induced in chicks but deveid of the convulsant property

of AOAA.79 Since it appears advisable to derivatize the
free amino group of ACAA and sgince ENPA has shown good
results, it was thought that the formation of hybrid
compounds based on ACAA and such moieties like succinimides

and glutarimides which are associated with anti-convulsant




properties might produce better anti-convulsant ago..

E.c‘gl
: H\
NH N-0-CHz~ COOR
H |
0 - [R=H Amlnooxyaceltic aiid
Succinimide :
0 Aminocoxyacetic acid end.
c
N70-CH2 - COOR ‘
0
Succinimide
end
g

Accordingly, it was decided to synthesize soae derive: o~
of phthalimide and succinimide, Though it ig krown tla’
the unsubstituted succinimide does not possess any s -
convulsant;property,81 the substituted succinimides siv i
as diphenyl succinimide, ethosuximide and phensuccir:usl «
are effective anti»convﬁlsant agents but not meck i

known about cyclic imides whose nitrogen atom carrlec oo

oxygen function.



CHAPTER 2
CHEMICAL SYNTHESES

Choice of Compounds

As stated at the close of Chapter 1, it was
decided to synthesize hybrid compounds made up of AOsA
and moieties known to have anti-convulsant properties
like succinimide and glutarimide e.g. ethyl Nesuccinimi-
doxyacetate (ENSA) and methyl N-succinimidoxyacetate
(MNSA). It will be recalled that the free amino group
of AOAA is a very reactive group which could possibly
play a significant role in the convulsant property of
AOAA, It was felt that suitable substituents at this
end might yield better anti-convulsant agents, Therefore,
both the phthalimide and succinimide derivatives described
here can also be considered as N-derivatives of ACAA.
In addition, other properties ol AOAA which might enhance
penetration of the blood=-brain barrier were used as
criteria for synthesizing the new compounds. These
included esterification of the carboxylic group (e.g. ethyl
N-phthalimidoxyacetate (ENPA), ethyl N-phthalimidoxy-2-
propionate (ENP-2-P), ENSA, methyl N-phthalimidoxyacetatle
(MNPA), and MNSA) and the introduction of other

26
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lipophilic groups (e.g. ENP-2-P). With these hybrid
compounds in the form of N-substituted cyclic imides
it was hoped that better anti-convulsant ajcnts would

be obtained.

The chemical structures of AOAA, succinimide,

phthalimide and the hybrid products are shown below:

HeN-0=CH.,=COOH
P 2
H

Aminooxyacetic acid (AOAA)

o
o 0
thhalimide Succinimide

N -o-i:n-cooa"
R

Hybrid products
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i
i
i
i
1
P
|
1
I

85

Suresh and Malkanl™, and the method described by the

latter has been used in this resezrch.
P

i Apart from the herbicidal effect reported by
Neighbor, ENPA has been reported to protect chicks
against experimentally-induced seizures and to be

devoid of the convulsant property of AQAA at high doses79

Hence, it was chosen as a reference compound in the
screening exercise for the anti-convulsant properties of
the other Nesubstituted cyclic imides.

Mechanism of Reaction

In the reaction of N-hydroxyimides ana halogenated
eéters in suitable solvents, there is the substitution
of the imide group for the halogen atom and the mechanism
of reaction is likely to be nuclecphilic gubstitution
(SN). The reagent required for the removal of what
amounts to a molecule of acid (HBr) is a base such as
triethylamine. It is feasible to suggest two types of
SN mechanism for the reaction; the SN1 mechanism and SN2

mechanism-86
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The SN1 mechanism takes place in twe steps; the
slow step which is the »ste-determining step and the
fast step, Either the free hydroxyl group of the
N-hydroxyimide or the ionized form following the
removal of a proton by triethylamine could attack the

carbonium ion formed from the &X+halcgenated ester.

SN1 = Nuclecphilic substitution unimolecular,

Et () Et
e | e
(e
i Q
N +
CH, Br € H, H—0 —N
2= Lo
QOQR COOR &
Q

— 0 —CHy COOR’

F

Scheme I
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However, a primary carbonium ion is usually expected not
to be very stable., Secondly, the presence of a carbonyl
function - a good electron withdrawing group - further
destabilizes the carbonium ion, If the reaction proceeds
by SN1, one would expect that the rate of reaction should
be the same whether N-hydroxyphthalimide or N-hydroxy-
succinimide is the nucleophile, On the contirary, the
rate of reactions using the same medium were found to be
different as described on page 33 . So the SN1 mechanism
is not likely to be the principal reaction path,

The SNZ mechanism takes place in one step and it
follows second order kinetics. Like in the SN1 mechanism,
free or ionized hydroxyl group of the N-hydroxyimide
could attack the halogenated ester. However, the reaction
would be expected to be faster when the attacking
nucleophile is a negatively-charged specie rather than its
conjugate acid. The SNZ mechanism is generally better
with primery halogens since steric factors are minimal,
Accordingly, the SNZ reaction shown below is being proposed
as the major mechanism of the reaction of these N-hydroxyimicc.

with primary & =-haloesters.




SN2-Nuc1eophilic substitution bimolecular

1 4 ~

| o ]
0 H_H H, A
N-+D-T NG -Br  — N—-0-CBr
o COOR ) COOR
|_ .

 Pransitiocn state

0
N—0 -CH, -COOR

9]
Scheme 11

In the case_of ENP~2-P where a secondary <X-haloestcr

is involved, a mixture of SN1 and 5.2 may be operating.

| |
2 Lo

;
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General Method

A method similar to that for the preparation of
ENPA85 was thought to be feasible, This involves
dissolving N-=hydroxyphthalimide in N,N-dimethyl formamide
(DMF) and mixing it with the solution of the halogenated
ester in triethylamine (TEA) and after about 30 mins. of
reaction, pouring the filtrate from the reaction mixture
onto crushed ice and allowing the product to separate out.

N-hydroxyphthalimide (NHP) and the products obtained
from it e.g. ENPA, and MNPA are insoluble in water where:as
N-hydroxysuccinimide (NHS) is hygroscopic and moisture-
sensitive, The products obtained using NHS and DMF after
12 h. of reaction could not be separated by pouring the
corresponding filtrate onto crushed ice thus indicating
their high solubility in water. Preparative thin layer
chromatography (TLC) did not give good results because
of interference by DMF. Partitioning the reaction mixture
with ether gave crystals of the desired product but this
still contained triethylamine hydrobromide crystals (TLC).
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Accordingly, an alternative procedure was developed to
obtain the desired compounds. Instead of DI, tetrahy-
drofuran (THF) was used since THF like DMF is a polar
and aprotic solvent but with reasonably low boiling
point,

Thus the phthalimide series of compounds were prepared
using IMI® while the succinimide series involved THF and
consequent concentration in vacuo to cbtain the crude
product followed by recrystallization from suitable solvents.
. The by-product from the reaction was triethylamine
hydrobromide which was insoluble in the organic solvents
used, hence it was easily filtered off. 3Jome of the desired
preduct was also removed along with the by=-product and in
some cases such a loss was substantial e,g. MNSA., Thus
using preferential solubility of the by-product in cold
ethanol, most of it was removed and the desired product
was retained,

The advantages of the reaction include the following:
(a) it provides a one-step synthesis which ensures a
greater percentage yield of product than when several

steps are involved.



(2)

(c)
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the reaction is carried out at room temperaturec

and this igs very convenient and econorical, Besgldes,
it would have been impossible to prepare ENSA if
heating were involved; the starting material, NHS

is normally decompesed by warm water67. -

the reaction acts as a self-~indicator Since a

colour normally develops at the beginning of the

reaction and disappears when the reaction is completau,

N~0H + By, 5:}1-00012’
0 R
DME or THF TEA
N-o-?H-COOR’
o R

Scheme II1I
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Eﬂg&. ENPA was ﬁrepared by reacfing N=-hydroxyphthalimide
(NHP) and ethyl bromeacetate in the presence of N,N=dimethyl
formamide (DMF) and triethylamine (TEA) and pouring the
filtrate from the reaction mixture onto crushed ice
whereupon the product separated ocut and was obtained as
colourless fluffy shiny flakes mp 94° (Lit. 95-97° 52y

hRf = 65,9 - fig. 2(ix).

ENP-2-~-P., Ethyl N-phthalimidoxy~2-propionate (ENP-2-P)

was prepared by treating NHP in DMF with ethyl 2-bromo-
propionate in TEA. The product was separsted out from

water and recrystallized to give white shiny crystals

mp 76-770 (Lit. 79-80° C5). The num.r. spectrum - £1g.2(i)-
gave & values for a singlet at 7.62 for four aromatic
protons, the ethyl group being represented at 4.16 (CH,,
quadruplet) and 1.26 (CHB,'triplet),the side chain CHj'ét

1,59 {doublet) and the C-H at L,77 (quadruplet) - thus
confirming the structure of ENP-2-P, The i,r., speectrum

showed presence of ester group (C=0 str. at 1790, and C-O—C?H;

str. at 1050) and the lack of absorptien at 3100 indicating
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absence of hydroxyl group of the starting material, and
C-H str, at 2850, C = C def. of benzene ring at 1460,

C~H def, at 1230, and other peaks at 880, and 700 cm“1 o

fig, 2(i1). BRE = 68,0 - fig. 2(ix).

Eﬂgﬁ. Methyl N-phthalimidoxyacetate (MNPA) was prepared
by reacting a solution of NHP in DMF with a nmixture of
methyl bromoacetate in TEA and the product separated out
from water to obtain white fluffy flakes mp 13L-136°.
It's nem.r, spectrum - fig, 2(iii) - gave CS values

for a singlet at 7.57 for aromatic protons, singlet at
L.73 for CH,, and a singlet at 3,73 for the methyl group.
The i.r. spectrum showed lack of absorption at 3100 cm-l
which indicated the absence of a hydroxyl group; presence of
ester group, Y max C=0 str. at 1790, and 0-0-CH, str,

at 1050 , Other peaks included C-H str, at 2900, C=C def.
of benzene ring at 1460, C-H def, at 1230, and the peaks

at 88C and 700 em™t - fig. 2{iv). hRf = 65.9 - fig.2(ix).

ENSA, Ethyl N-suceinimidoxyacetate (ENSA) was prepared
by reacting a solution of N~hydroxysuccinimide (NHS) in THF
with ethyl bromoacetate in TEA and the filtirate concertrated
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to yield white fluffy flakes mp 80-81°. The n.m.r.
spectrum -~ fig. 2(v) - gave Cf.value for a singlet

at 2,70 for the cyclic protons, singlet at 4,50 for the
methylene protong, and the ethyl group belng represented

at 4,17 (CH,, quadruplet) and 1,27 (CH3, triplet) - thus
confirming the structure of ENSA, The i,r, spectrum showed
¥ max for an ester group (C=0 str. at 1730, C=0-CoHg at
1110), C-H str. at 2850, C-H def., at 1380, and others at

1225 and 820 cm™'. The absence of absorption at 3200 cm”

1
indicated the absence of a hydroxyl group of the starting
material - fig.2(vi). hRf = 56.8 - fig. 2(ix).

MNSA. Methyl N-succinimidoxyacetate (MNSA) was prepared

by reacting a solution of NHS in THF with methyl bromoacetatc
in TEA and the filtrate concentrated to yield the first crop.
The precipitate was washed several times with aliquets of
cold ethanol until the white crystals did not gseem to dissolvce

any further. The remaining crystals yielded the second crop

of the product as white crystals mp 128 - 1300. The n.m.r,
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Fig. 2(ix) Thin layer chromatography (TLC) of the
N-substituted cyclic imides and their
starting materials (N-hydroxyphthalimide,
NHP and N-hydroxysuccinimide, NHS3) in
methanol: chloroform (1:9),
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spectrum - fig. 2{(vii) - gave c{ values for three
singlets; at 2.63 for protons on heterocycle, .60 for
methylene protons and 3.63 for methyl protons respectively,
The i.r. spectrum - fig. 2(viii) - showed ¥ max for an

ester function (€=0 str. at 1720, C-0-CH, str. at 1110},

3
C-H str. at 2950, C-H def. at 1380 and others at 1460,
1205, and 820 cm™L, The lack of absorption at 3200cm™L

indicated the absence of hydroxyl group in the starting

material, hRf = 53.7 - fig. 2(ix).

Experimental

General, The N-substituted cyclic imide was prepared by
adding a mixture of TEA and the halogenated ester to a
solution of the N-hydroxyimide in a suitable solvent
such as DMF or THF. The reaction mixture was allowed to
stand at room temperature during which a c¢olour developed
and gradually changed to almost colourless, White
crystalline precipitate was filtered off, and the product
cbtained from the filtrate,

Infra red (i.r.) and Nuclear Magnetic Rescnance (n,m.r.)

spectra were determined with Perkin Elmer CI¥ 700, and
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varian A-60A instruments respectively. The i.r. spectra
¢f the solids were obitained from nujol mulls, and n.m.r.
spectra were run in deuterochloroform, The internal
reference for the n.m,r. spectra was tetramethylsilane (TiiI)
| Melting points were determined by an electrothermal

melting point spparstus - a Gallenkamp apparatus or kofler
hot stage microscope - and are uncorrected, |

Elemental analyses were carried cut by Scandinavian
Microanalytical lLaboratories, Denmark.

All Chemicals were obtained from Aldrich Chemical Co,
Ltd; Gillingham.

The thin layer chromatography (TLC) of the compounds
were run on precoated sheets - Polygram SIL G/UVESA
(Camlab Cambridge) - in a solvent system of 10% methanol
in chloreform at room temperature.

Ethyl N-phthalimidoxyacetate (ENPA)

_ ENPA was prepared by adding a mixture of iriethylamine
(1.50 g, 0,015 mole) and ethyl bromoacetate (2,10 g,
0.0125 mole) to a scluticn of N-hydroxyphthalimide (1.63 g,
0.01 mole) in N,N-dimethyl formamide (10 ml, 0,713 mole)
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and allowing to stand for 15 min. during which its coleur
changed from red to very light yellow and a white crystellir
precipitate was filtered off. The filtrate was poured on
crushed ice (80 g) whereupon 4,7l g of the product was
obtained as clean colourless fluffy shiny flakes in 70
yield, mp 94° (1it. 95-97°8%),

Ethyl N-phthalimidoxy-2-propionate (ENP=2-P)

A mixture of triethylamine (2.7 ml, 0,015 mole) anu
ethyl 2-bromopropionate (1,62 ml, 0.0125 mole) was added
to a solution of N-hydroxyphthalimide (1,63 g, 0.0 1 mole),
in N,N-dimethylformamide (10 ml, 0.13 mole), The resction
mixture was allowed to stand at room temperature for 30 min.
during which its colour changed from blood-red to very
light yellow. A white crystalline precipitate was filter:d
off and the filtrate was poured on crushed ice (80 g).

The crude product separated out as a white solid, and it
was collected on buchner funnel and dried in a vacuum
desiccator, The product was recrystallized from petroleun
ether (100-120%) to obtain 2.12 g of white shiny cryst:1ls
in 80% yield, mp 76-77° (1it. 79-80° 8%y,
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Methyl Nephthalimidoxyacetate (MNPA)

| A mixture of triethylamine (2.1 ml, 0.015 mole) ani
mefhyl bromoacetate (1.1 ml, 0,0125 mole) was added to a
solution of Nehydroxyphthalimide (1.63 g, 0.01 mole) in
N,N-dimethyl formamide (10 ml, 0.13 mole), The reaction
mixture was allowed to stand at room temperature for

30 min. during which its colour changed from blood-red

to very light yellow, A white crystalline precipitate
was filtered off, and the filtrate was poured on crushed
ice (80 g.). The crude preduct separated out as a white
s50lid, and 1t was collected on a buchner funnel and dried
in a vacuum desiccator. The product was recrystallized
from ethanol to obtain 1.82 g of white fluffy flakes

in 77% yield, mp 134-136°.

Anal, Calgd. for C11H9N05: C,56.17, H,3.,82; N,5.95

{ : . Found : C,56.26, H,3.94; N,6.11..

Ethyl N-succinimidoxyacetate (ENSA)

A mixture ef triethylamine (2.1 ml, 0.0 15 mole) and

ethyl bromoacetate (1.4 ml, 0.0125 mole) was added to a
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solution of freshly recrystallized N-hydroxysuccinimide
(1.15 g, 0.01 mole) in tetrahydrofuran (12 ml, 0.15 mole).
Thé reaction mixture was allowed to proceed at réom
temperature fdr 12 h. during which its colour changed from
light blue to colourless., After filtering the reaction
mixture, both the filtrate and precipitate were kept,
The filtrate was concentrated and ccoled to obtain . the
first crop of1,51. g of ENSA in 75% yield. The white
precipitate was extracted five times with 20 ml portions of
ether‘to give the second crop which increased the total yield
to 41,715 (B5%). ENSA was recrystallized from ethanol to
obtain white fluffy flakes mp 80-81°.
Anal, Caled. for CaH,I,]NOS‘ C,47.76; H,5.57; N,6.96

: E

} . . Found . C!u7082; H,S.SO; N,?.Cﬂ

Methyl MN-succinimidoxyacetate (MNSA)

LA mixture of triethylamine (2.1 ml, 0,015 mole) and

methyl bromoacetate (1.1 ml, 0,0125 mole) was added to a
| solution of freshly recrystallized N-hydroxysuccinimide
(1.15 g, 0,01 mole) in tetrahydrofuran (12 wul, 0.15 mclc).

The resction mixture was allowed to proceed at room

i
.

;
i

?




i

fempefature for 8 h. during which its colour changed from

light blue to colourless, After filtering the reaction
mixture, both the filtrate and precipitate were kept.
The filtrate was concentrated and cooled to obtain the Jir-t
crop of MNSA in 7% yield, The precipitate was washed
several times with 10 ml. aliquots of cold ethanol until the
white crystals did not seem to dissolve any further.
The remaining crystals were recrystallized from gthangl
to obtain the second crop which increased the total yield
to 77%, {1.44g) wp 128-130°%,
gnal. Calcd., for C7H9N05: C,4h.,92; H,4,85; N,7.48

“ | Found :  C,45.03; H,4.08; N,7.47
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, CHAPTFR 3
| PHARMACOLOGICAL SCREENTNG

t Behavioural Studies

Most screening programmes often begin with behaviourcl
studies, In these studies, the investigator is expected to
adopt aﬁ open mind towards the experiment even when the
investigation has a particular aim from itsg onset.
Conventionally referred tc as a blind screening pfocedure,
such approach tells the investigator whether his compound
has some desired effects or not. It may also reveal some
properties which might even be more useful than that for
which the compound has been produced originally, For
example, Pethidine was originally studied for atropine-like
activity but was found during behavioural studies to produce
the Straub reaction characteristic of morphine, Subsequent
tests for analpesic actions showed it to be a potent morphine-
like analgesic,

It is obviﬁus immediately that behavioural
kparmacology is not a new concept. What is relatively
n;w is the systematic and open minded approach to the

study. This is a consequence of increasin’; knowledge

on general pharmacology.

Ny | b5
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In general, the aim of using centrally acting drugs

is to alter behaviour, since by definition these influence
the function of the nervous system and therefore
inevitably affect behaviour., 8ince this research
aims at developing compounds with central action, it
is feasible to expect that the compounds may influence
behaviour, This in addition to the possibility of
discovering other possible activitlies of the compounds
and gaining an insight into the possible toxicological
aspects of the compounds formed the basis of making
behavioural studies on the compounds.

Materials and Methods. Male Warren chicks aged L days

(35-40 gm) were used for the experiments. The chicks
were kept singly in the apartments of a spccially
constructed multi-purpose observation box which congists
of fifteen apartments, each measuring 25 x 25 x 15 cm

and has a hinged cover on tep. The cover is made of wire
mesh so that activitieg inside the apartments can be
obgserved egasily and alsc to prevent animals from Jumping
from onegpartment to the other., In addition, this cover

can be opened or closed quietly without causing any
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disturbance to the animals inside the cage, Observation

time was 2 h. unless effects persisted for longer time

wiien observation was continued till chicks recovered,

All experiments were performed in as quiet a condition

as possible and during these experiments <*he chicks

were allowed free access to food and water placed in

separate small receptacles inside the apartuents,

With the exception- of bicuculline, the phth_l1i:.ilje
derivatives \EMTS, ENP-2-P °nd MNP..) ~nd refercacc
grué'phenytoin which were formulated in 5,4 acacia in

normal saline, all other compounds were made in normal

saline, In all cases, control experiments were run
concurrently for ease of direct comparison, Animals used

in these control experiments received 0,2 ml of the aprropriztie
solvents; this volume representing the maximum volume injected
into any of the chicks used in the whole study. The rrutc

of administration was intraperitoneal and doses were chosen
arbitrarily in the first instance using the dose of
aminooxyacetic acid (AOAA) which had been reported to procuace
seizures (8.5 mg/kg - Osuide, 1972)7h as a working guidc.
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Observations from these initial works dictated direction
of change of dose,

Three experiments were performed under identical
conditions., Five chicks were used per experiment, making

a total of 15,

Results of Behavioural Studies

No statistical evaluation of the results expressed
in this section was performed -~ because they represented
results from screening exerclses aimed at developing
new compounds and it was felt that such results should
not require significance test calculations or probability
values to show their effecis.

AQAA. When as a preliminary measure and for reference
purpose AOAS. was used, obgervations with the compound
confirmed earlier reports. Doses below 2 mg/kg produced
no obhservable change in behaviour of the l-day old chicks.
Above this dose the observed effect was dose~dependent,

Low doses produced behavioural signs of CNS depression,
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while higher doses produced excitatory signs. For

example, in the l-day old chicks, intraperitoneal

. administration of 5 mg/kg of AOAA produced signs of

behavioural depression with chicks being inactive,
stationary and dezing. At times, they even

appeared to sleep but they were easily aroused from

such sleep. However, 10 mg/kg produced signs of
excitation characterised by mygclonic convulsions

and loss of righting reflex but certainly no tonic seizwre.
;Such behaviour usually followed an initial rlepressive

state and was generally preceded by hyperkinetic activities
which consisted mainly ef. increased crying and attempils

to get out of the cage. The chicks generally became caln

| and very depressed after the excitatory aciivities.
Recovery was usually marked by a regain of righting reflex.
Higher doses (12,5 mg/kg and above) showed greater

degree of excitation as the myoclonic seizures were

_always followed by tonic attacks and in some cases

death. The incidence of death feollowing such 100%
’\ .
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tonic seizures was 60-70%. Doses of 15 mg/k; and above
nearly always produced 100% lethality. During the
seizures that followed high doses of AOAA, there was
increased salivation characterised by freothing and
excessive flow of saliva,

Ethyl N-phthalimidoxy-2-propionate (ENP-2-P), Doses belcw

100 mg/kg ENP-2-P produced a general calming effect, but
there were intermittent signs of normal activity like walkain:
around and crying for a few minutes before returning to th
quiescent state. When high doses such as 200 mg/kg - fig.3(i)-
and above were used one out of 15 chicks showed some form

of 'starting' behaviour which consisted of much crying,
running around for a short time, remaining in one position
and showing frequent wing spreading and trembling. There
were some signs of fear in the chicks before losing their
righting reflexes. There was no tonic seizure, the
occasional stretching of the limbs observed being an attemv.t

by the chicks to regain their righting reflexes.
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Methyl N-phthal imidoxyacetate (MNPA)., Doses below

50 mg/kg of MNPA had no noticeable effect on the normal
activities of the chicks. With 50 mg/kg MNPA, the chicks
appeared normal although some were in crouching position,
However doses above 100 mg/kg of MNPA were convulsant and
lethal in 7% of chicks used. MNPA (200 mg/kg) gave about
20% lethality -~ fig., 3{(i) - while 500 mg/ks gave 100%
lethality, About 15 mins., after injecting the chicks with
200 mg/kg MNPA they started to make high-pitched noise as
if in pain, rumning around furiously, Jjumping up, and
appearing excited. The chicks then logst their righting
reflexes and one out of fifteen chicks convulsed and died 2z L,
later,

Ethyl N-succinimidoxyacetate (ENSA). ENSA was apparently

without any noticeable effect on the normal activities of
the chicks. Doses used ranged from 10 mg/kg to 500 mg/kg
and neither depression even in form of drowsiness nor
excitation in any form was observed - fig. 3(ii),

Methyl N-succinimidoxyacetate (MNSA). MNSA, like ENSA

did not impart any noticeable effect on the normal activities

of the chicks at the same dose range.,
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Experimentally-induced Seizures

Some substituted imides have been known to be good
anti-convulsant compoundsao. Widely recognised too, is
the high potency of aminooxyacetic acid (AO:A) in protecting
many species against various forms of seizures, This effcct
is thought to be ¢t least in part due to the ability of this
compound to cause elevation of brain GABA lcVQlS61. However,
at high doses, AOA/ has convulsant action which is a major

71.7h‘

disadvantage Therefore, as described at the beginning
of Chapter 2, various derivatives of AO.AA were synthesized
with the hope of producing better anti-convulsant agents,

Materials and Methods

The investipgations were carried out using young male
Warren chicks aged lj days and weighing between 35 and L0 -,

Electrically~-induced seizures. Maximal electroshock was

delivered using the Ugo Basile ECT unit model 7800 set
permanently at a pulse width of 0.6 ms, frecuency of 100
pulses/sec. and shock duration of 0,8 sec. Steel electrnc:«

were used, these being placed on the upper c¢yelids of the eni
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The seizure parameter was clonic and tonic flexion of the
legs. Abolition of the tonic extension phasc only or

the entire tonic phases by any of the compounds was

regarded as protection. The electroshock experiments

were done in three groups; the first one consisting of
control animals which were treated with normal saline and
used to establish the susceptibility of the chicks being

used at any time to electroshock seizures., They were

shocked with a current value already established in earlier
preliminary experiments as being required to produce a
desired level of seizure. The second group consisted of
animals treated with various doses of the coupounds under
test and left for varying periods before te: ting with the
game current value as used fer control animals, The third -
group of experiments consisted of animals receiving an
appropriate amount of the solvent used in foimulating the
compound and left for a length of time which had been identiiied
in the second group of experiments as being most adequate for

activity of the test compound. This was to egtabllish whether
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the observed effect in the second group of experiments

was due to the compound or the solvent. Fifteen animals

in three groups of five were used for cach dose and each
pretreatment time. The doses of the test compounds were
arbitrarily chosen initially and results of the preliminary
experiments dictated the direction of further changes;
Phenytoin (Sigma Chemical Co.), amincoxyacetic acid (Sigma
Chemical Co.) and ethyl N-phthalimidoxyacetote (ENZA) were
used as reference drugs in evaluating the potencies of the
test compounds in the electroshock experiments,

Chemically~induced seizures, Chemically=-iniuced seizures

were accomplished with aminocoxyacetic acid (Sigma Chemical
Co.), bicuculline (Sigma Chemical Co.), leptazol (Sigma
Chemical Co.), picrotoxin (Sigma Chemical Co.), and strychnine
(Sigma Chemical Co.) injected intraperitoneally and an "all

or ncne® type of observation was made for both incide?ce

of seizure and lethality in the chicks over a period #f 1 h,
fq}leing drug administration; Seizure parumeter was the tonic
exféﬂgion of the neck and legs with or without initial

hyperkinetic activity. Chicks which had convulsed ®mce
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were.carefully taken out of theif compartments in the
observation cage to prevent them from inducing selzure in
others as a result of post-seizwure disturbances which
usually accompanied their atfempts to regain their righting
reflexes. All surviving chicks at the end of the experiment
were kept for a period of 24 h, to determine the percentape
lethality over this period., Reduction in the percentage
convulsed or dead in the chicks previously treated with
any of the Nesubstituted cyclic imides when compared with
the figures in the control population was regarded as
protection by the compound. No chick was used more than
once and all experiments were completed within the
same'periods of the day to avoid influence of diurnal
varistion in natural susceptibllity to seizures.

The experiments were done in three parts as follows:
(a) Control group which received normal saline before
the doge of the convulsant drug which had been established
in preliminary experiments as being necessary to produce a
desired percentage of seizure in the chicks, This group

provided the information on the susceptibility of the batch
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of chicks being used at any time to the action of the
chemical convulsants. (b) Treated groups which consisted
of chicks previously treated with the imide derivatives
before being injected with the same dose of the convulsant
druy:s as used in (a) above. The dose of thc imide
derivatives and the pretreatment time used were those which
had been established from the study on electroshock.
(c) The solvent control group which received the solvent
used in formulating the imide derivatives for the same
length of time as used for the compounds before being injecct.d
with the convulsant drug, This was to establish whether
the effects observed in (b) above were due to the solvent
itself,
Results

Results obtained with both saline and all solvent-troate
groups showed that these did not influence zusceptibility to
the seizures.

Influence of AOAA on experimentally-induced seizures.,

5-6 mg/kg AOAA offered complete protection against both
incidence of seizure #nd death when i,p, administered 6 h.

before electroshock and doses of AOAA, bicuculline,leptazol
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picrotoxin and strychnine. These chemicals and electroclt..ck

produced 60% seizure and up to 60% lethality in control
chicks, Thus this compound proved just as potent
against chemically-induced selzures as it was against
electroeshock,

Influence of_gNPA on experimentally-induced seizures.

100 mg/kg ENPA effered complete protection against both
incidence of seizure and death when i.p. administered 6 h.
before electroshock or doses of either AOAA or stirychnine whi-
vroduced 60% seizures, and up to 60% lethality in control ch’. .-.
However, ENPA re-duced the incidence of seizure to 13% in
leptazol experiment, to 33% in picrotoxin experiment, but

did not affect the incidence of seizure induced by bicucullin.
ENPA reduced incidence of lethality from 600 to 53% in wicucuil -
ine experiment, from 33% to 0% in leptazol experiment and

from 0% to 13% in picrotoxin experiment - figs. 3(xi) -

3(xv),

Influence of Phenytoin (DPH) on electroshocl; seizures.

10 mg/kg Phenytoin (DPH) offered complete protection against
 ihcidence of seizure when i.p, administercd 3 h. before

electroshock current producing 60% scizures in conirol chicks.
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Influence of Trimethadione (TMO)} on chemical seizures.

300 mg/kg Trimethadione (TMO) offered complete protection
against both incidence of seizure and death when i,p.
administered 1 h. before doses of AOAA, bicuculline,
leptazol, picrotoxin and strychnine which produced 60%
seizures and up to 60% lethality in control chicks -

figs. 3(xi) - 3(xv).

Ethyl N-phthalimidoxy=2-propionate (ENP=2-P), 50-150 mg/kg

of ENP-2-P offered some protections against electroshock
seizures - fig ., 3(ii1i). 150 mg/kg was chosen for routinec
study and the latency to peak effect was found to be 7 h.
The degree of protection was about 80% - fig.(iv)., At

the pretreatment time of 7 h. 150 mg/kg of ENP=-2-P offered
20% protection against AOAA seizure, and 45 protection
against AOCAA lethality - fig, 3(xi); L45% protection againct
both bicuculline seizure and lethality - fig, 3(xii); 22%
protection against .lept:zol- seizure, and 60% protection
against leptazol lethality fig, 3(xiii); 90 protection
against picrotoxin seizure and complete protecction against

picrotoxin lethality -~ fig. 3(xiv); but poicntiated
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strychnine seizure to 87% without affecting strychnine
lethality - fig. 3(xv).
Methyl Nephthalimidoxyacetate {(MNPA). MNPA produced

anti-convulsant activity in the chicks after 3 hours of
administration., The test dose was 50 mg/¥g and the effect
was maximal at 6 h., following drug administrstion. It
gave complete protection against electroshock seizures.
Fig. 3{(v) shows the effect of using 10,20 and 50 mg/kg

of MNPA at 2,4, and 6 h. Fig. 3(vi) shows the €fect

of using the optimal dose cf the compound over a wider
period than covered in the initial studies, It produced
a time-dependent increase in protection starting from 3 h.
after administration and reaching a maximal level 6 h.
later, The effect had started to decline by 8 h, after
drug administration.

At the pretreatment time of 6 h; 10 mg/kg MNPA
offered B80% protection against both the incidence of
seizure and lethality induced by AOAA - fig. 3(xi); 33%
protection against bicuculline seizures, and 66% protecltion
against bicuculline lethality - fig, 3(xii); potentiated

leptazol seizwes to 100%, but offered complete protection
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against leptazol lethality - fig. 3{xiii). MNPA did not
affect the incidence of seizurg and lethality caused by
picrotoxin - fig. 3{(xiv) but offered 66% protection
against strychnine seizure, and complete protection
against strychnine lethality -~ fig. 3{xv).

Ethyl N~succinimidoxvacetate (ENSA). ENSA produced a

time~dependent anti-convulsant activity in chicks.

Fig, 3{vii) shows the effect of using 5,10 and 50 mg/kg

of ENSA at 2, and 6 h, Tlg. 3{viii) shows the effect

of using the best dose (10 mg/kg) of the compound over

a wider period thian that covered in the initial studies.
The effect was maximal at I} h. and the degree of protection
was 80%. At the pretreatment time of L h. 10 mg/kg of

ENSA offered good protections against the chemically-
induced seizures and lethality; 33% protection against both
AOAA seizure and lethality - fig. 3(xi); 55% protection
against bicuculline seizure, and £6% protection against
bicuculline lethelity = fig. 3{xii); 33% protection

against leptazol seizure, md I¥ protocetion ~goinug. lortrvol
lethality ~ fig. 3(xiil); L5% protection against picrotoxin

seizure, and 68% protection against picrotoxin lethality -
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fig. 3{xiv); and €6% protection against strychnine
seizure, and complete protection against strychnine
lethality - fig. 3(xv).

Methyl N-succinimidoxyacetate (MNSA), MNSA offered some

protection against electroshock seizures, The test dose
was 5 mg/kg and the anti-convulsant effect was maximal

at 2 h. following drug administration. Fig, 3(ix) shows
the e¢ffect of using 5, 10 and 20 mg/kg of MNSA at 1,3, and
5 h, Fig., 3(x) shows the effect of using the optimal dose
of the compound over a wider period than that covered in
the initial studies. The latency to peak effect was 2 h
and the degree of protection was 66%., At the pretreatmert
time of 2 h. © mg/kg of MNSA did not affect ACAA seimures.
but offered L5% protection against AOAA lethality ~ fig., = -
MNSA offered 33% protection against both bilcuculline seizur.
and lethality - fig, 3(xii); 11% protection against lepts-~
lethality ~ fig.3(xiii); potentiated both picrotoxin
seizure and lethality to 67% - fig. 3{xiv), and offered

L5% protection against strychnine seizure, and complete

protection against strychnine lethality = fig. 3(xv).
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CHAPTER L

DISCUSSION

A few points may be worth explaining from the onset,
These include the use of chicks as experimental animals
in a research which aims at developing drugs for eventual

human consumption, and the use of cages.

Use of Chicks

The ease of handling, availability, cost of
maintenance, and the nearness to man on evolutionary
scale are some factors gulding the choice of experimental
animals in a drug development exercise, Therefore mast
workers usually employ animals such as rats, mice, cats,
dogs, guinea-pigs, rabbits etc., the choice Dbeing
dictated largely by availability in any locality. 1In
Nigeria, domestic fowl chicks are available in large
numbers so that it is easy to obtain two hundred of them
every week for the fuse once and discard' types of
experiments. Perhaps the most relevant point in
Justifying the use of chicks for the weork reported in
this thesis was the finding by Osuide88 that results

obtained from his investigations on the effects of some

62
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centrally acting drugs in chicks were gimilar to those
obtained by other workers in mammalian speciles.
Besidesg, more information may be obtained from chick
experiment because postural and behavioural effects
of some centrally acting drugs have been reported
to he more apparent in chicks than in mammalian

89

However, similarities in results.obtained
51,71,74

species.
witli AGAA in chicks and mammalian specles
as well as the finding that the chick is the most
sensitive specie to ADAA-induced seizures,88 would
Justify the use of chicks., Since the aim of this work
is to develop compounds which lack the convulsive
tendency of ACAA, it is reasonable to use the specie

most sensltive to the unwanted property.

Use of Cages

Cages were found to be very useful not only'for
ease of observation but also for a more complete
revelation of drug effects. Experience showed that
when left unrestricted most animals would either hide

away from human beings and open spaces thereby making
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observation difficult, or be so involved in the process
of space exploration that some drug effects might be
masked.61 Therefore the cage serves as a resgtricting
. envircnment which allows a wide range of obgervations
to be made,

As reported earlier, results from salinc-treated
chicks and those treated with Jjust the solvents used
~in formulating the compounds indicated that the solvents,
did not contribute to the observed effects., Apparently,
. ‘there are some limitations in trying to draw a structure-
activity relationship between members of the N=substituted
cyclic imides. These include the types and fewness
of compounds cbtained. More emphatic relationship
would only be drawn with more compounds in which some
have the amino end of AOAA substituted by the cyclic
imides and the carboxylic end free, and the others have
the carboxylic end esterified and the amino end
unsubstituted, However the success with ENPA in
protecting against experimentally-induced seizures,

as well as the hypothesis suggested at the close of
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Chapter 1 may give one some basis for drawing certain

structure-activity reiationships as discussed below.

N-Suabstituted Phnthalimides

Qur results appear to suggest that the replacement
of the ethyl ester group in ENPA with a methyl ester
group e.g. MNPA, or the substitution of a methyl group
on number 2 carbon atom of ENPA, e.g. ENP-Z-I’ may
confer excitatory property on the compounds only at
high doses. For example, MNPA was convulsant while
ENP-2-P was excitatory at high doses. A dose of 100
mg/kg of MNPA produced some behavioural convulsant actions
in 7% of h-day old chicks. This was surprising
in view of itsclose structural similarity to ENPA -
one of the reference compounds - which was not convulsant
even at doses as high as 500 mg/kg in a similar set of
experimental animals and conditions. It is possible to
hydrolyse MNPA under cenditions gimilar to those reported
useful for ENPA85 since the conditions required are easily

attainable within the body (enzymatic activity and body
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temperature) and the end product is likely to be an ester
of AOAA, Therefore it is fegsible to suggest that the
rate of metabolism is fast enough to result in appreciabl
amounts of the 'active' compound - which like AOCAA could
cause a fall in brain GABA levels by inhititing GAD-1 acti
to result in seizures. Similarly, the excitatory
action of ENP-2-P at high dose may be explained on the
basis r~f 1its rate of metabolism but in this case the
level of the 'active'! compound is only high enough to
cause stimulant effects, but not convulsion,

Other factors may be responsible for the excitatory
effects of MNPA and ENP-2-P. For example, they may have
a direct excitatory action of their own quite unrelated
to brain GABA levels or they may be affecting some other
inhibitory substances. It is to be realised that the
GABA system is only one of the many inhibitory factors
controlling CNS activity, and alter ations in any of
them can affect neuronal stability.

MNPA offered complete protection against the

electric current that induced seizures in 60% of control
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chicks - fig., 3(v). This was accomplished at half
the corresponding dose of ENPA needed for complete
protection, This result suggests that the anti-convulsant
potency of ENPA is increased by esterification with a
methyl instead of an ethyl group. On the contrary, the
substitution of a methyl group at the number 2 carbon
atom of ENPA appears to reduce the potency of ENPA becausze
only 80% protection was offered - fig. 3(iv) - at one
and a half times the dose of ENPA needed for complete
protection.

One may suggest that the protective abilities of
MNPA and ENP-2-P against electroshock seizures may be
due to the elevation of brain GABA levels as a result
of their inhibition of GABA-T. However, MNPA may be
offering a higher degree of protection than ENP-2-P
because the ‘active' metabolites of the former are
probably being formed at a faster rate than those of
the latter compound. In addition the branching of
the alkyl chain of ENP-2-P may prevert the molecules of

the 'active! metabolites - compared to those of MNPA -
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from fitting onto the receptors well enough to
elicit anti-convulsant action,

Like AQAA, DPH and ENPA, MNPA provided complete
protection against electrically-induced selizures but
of the reference anti-convulsant drugs it resembled only
ACAA in being convulsant at high doses and hence MNPA
was considered inferior to DPH and ENPA, ENP-2-P
was also considered inferior to the reference compounds
because of its inability to previde complete protection
against electroshock seizures. |
. In chemical seizures, MNPA had the greatest
anti~convulsant effect, of all the compounds tested
against AOAA-induced selzure and lethality by giving 80%
protection against both percentage seizure and lethality.
There seems to be a general opinion that the exact
mechanism of action of AOAA is not known. The convulsant
action of AOAA is thought to be due to either its direct
L

action on brain excitabiilty or as a result of the
inhibition of GAD-1 consequent to their ebility to deprive

the enzyme a supply of vitamin B6 which is an essential
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co-enzyme for its activity. The result of this is a
fall in GABA level and occurrence of seizures.u7
Therefore the protective ability against AOAA-seizure
and lethality by MNPA may probably be due to its
occupation of AUAA receptors thereby making it difficult
for AOAA to gain access to its receptors, and thus
reducing AOAA seizures considerably, Perhaps, MNPA
may be elevating brain GABA levels by inhibiting the
activity of GABA-T to afford this high degree of
protection against AOAA seizures,

Of all the compounds tested, ENP=2-P offered the
best protection against leptazol and picrotoxin-induced
seizures. It reduced the leptazol-induced seizure to 33%
and picrotoxin-induced seizure to 10% (about 90% protection’
while eliminating picrotoxin lethality. The leptazol
seizure is claimed to be due to excitation of cerebral
structures by decreasing the neuronal recovery time to
make the neurones responsive to repetitive stimuli.
Such seizures are relatively unopposed by inhibitions.go
As regards the protection offered by ENP-Z2-P against
picrotoxin seizure and lethality, one may suggest that
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it is elevating brain GABA levels to effect this
inhibitory process since picrotoxin is knowvii Lo cause

its convulsive action by blocking CGABA - mediated
oL

and strychnine-resistant

post-synaptic inhibition in CNS.92

pre~synaptic inhibition

MNPA reduced to a great extent the percentage
seizure induced by bicuculline and strychnine, and
offered complete protection against strychnine
lethality but had no effect on picrotoxin-induced
seizure and lethality. The results seem to suggest that
MNPA is more potent than ENPA in protecting against
bicuculline seizures but is inferior to AOA. and TMO
in protecting against chemical seizures- figs,3(xi) -
3(xv)., In addition, MNPA potentiated leptazol-induced
seizure from 60% to 100%, although it offered complete
protection against the leptazoel lethality; and electroshoc:
g~ ilzures, Since leptazol convulsions have heen reported
to resemble electroghock seizures8 one would normally
have expected the compound to behave identically towards

leptazol-and electrically-induced selzures,
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G
The difference would tend to suggest that although the
convulsive patterns and manifestation in leptazol and
electroshock seizures may be similar, there may be
significant differences in their controls,

ENP-2-P afforded some protections against the
incidence of seizure and lethality induced by AOAA and
bicuculline, while it potentiated strychnine-~induced
seizure and lethality. ENP~2-FP protected against
leptazol~and bicuculline-induced seizures which are
usually more difficult to protect than strychnine-induced
seizures, One would not attempt to gpeculate any mode
of action on the basis of this finding until more |
biochemical work is done., Since ENP-2-P c¢ould not
offer complete protection against chemical seizures
it was considered inferior to AOCAA and TMO, However,
it was superior to ENPA in providing a higher degree
of protection against picrotoxin-induced seizure and
lethality. | j _

The N-substituted cyclic 1mides"ENP;2—P.and MNPA-

have afforded various modifications of AOAA which are
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not as potent as AOAA itself but in which the
convulsive tendency of ACAA at high doses has been
drastically reduced. 1

|
N-Substituted Succinimides

The same limitations (types and fewness of dompounds)

as explained above would make it difficult to categorically
state the structure-activity relationship between members
of the N-substituted succinimides, However, the results
show that none of the N-substituted succinimides had any
noticeable effect on the behaviour of the iL-day old chicks
at any of the doses administered. This may be explained
on the bagis of their rates of metabolism, Since ENSA

and MNSA have more hydrophilic properties than ENP-2-P

and MNPA, it would not be quite easy for them to cross thoe
lipoidal membranes to have suflicient guantity hydrolysed
into appreciable amounts of the 'active!' metabolites to
cause selizures. In addition ENSA and MNSA had remarkable
protective abilitjies hy affording 90% and 70% protection

respectively against electroshock seizures; thus probably
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suggesting that as for MNPA above, the compounds at
optimum doses become metabolised into such levels of the
corresponding esters of ACAA which may probably show
anti-~convulsant effects, ENSA had a wide-spectrum
anti-convulsant activity agazinst +#he chemically-induced
seizures, Of all the compounds used, it had the highest
protective ability against the incidence of seizure and
lethality induced by bicuculline and strychnine. It
reduced the percentage seizure to 27% and 20/ respectively
for bicuculliﬁe - and strychnine-induced geizures. It
reduced bicuculline lethality from 60% to 205 and provided
complete protection against strychnine l:thality., The

result of the bicuculline experiment probably strengthens

the suggestion that ENSA may be eliciting its anti-convulsnnt

action by elevating brain GABA levels since bicuculline
is a GABA antagonist. It is well known that presynaptic
and some post-synaptic inhibitory processes are GABA-

91,93 However the result of the strychnine

mediated,
experiment leads one to suggest that stablizetion of

neurones by ENSA may probably be mainly responsible for
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its anti-convulsant action although strychnine is
believed to owe its convulsive action to blockade

of post-synaptic inhibitory processes notably thosc
utilizing glycine as transmitter, by competing with

the inhibitory transmitter for the post-synaptlic receptior

93 It is therefore possible to classify inhibitory

sites.
substances as M"GABA-like" (antagonized by bicuculline)

and "glycine-like" (antagonized by strychnine), Like
ENSA, MNSA offered marked protection against strychnine-
induced seizures; and its mode of action against strychnine
seizures may be explained ¢ s above, However, both ENIA

and MNS.. were still considered inferior to DPH and ENP/

for failing to provide complete protection ajainst
electroshock seizures. Also, ENSA and MN3A were inferior
to TMO since they did not provide complete protection
against the chemically-induced seizures. The advanta e

the N-substituted succinimides had over AOAA is that thev
were devoid of any convulsant tendency. ENSA and MICA 1
an edge over ENPA in offering a higher degree of protecticon

against bicuculline-induced seizure and lethality.
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This suggests that the substitution of the succinimido
group for the free amino end and the simultaneous
esterification of the carboxylic end of AO.. tend to
produce compounds which lack the convulsani tendency
at high doses, Further more, this modification has
converted the inactive succinimides to potent anti-
convulsant agents and it is feasible to suggest that the
succinimido group may be acting as a fixed carrier
roiety which forms an intrinsic part of the 'active!
molecule which could be acting like substituted
succinimides.

Possibility of Using N-Substituted Cyclic Imides as Leads

Among the N-substituted phthalimides, ENP-2-P apd
MNPA have undesirable side effects in being excitatory
and convulsant respectively at high doses. However, the
reference compound ENPA is deveoid of this convulsant
property. Also, the N-substituted succinimices, ENSA
and MNSA lack any convulsant tendency at high doses,
Infact, there was no noticeable behavioural effects

when high doses such as 500 mg/kg of ENSA and MN!. A were



76

administered. These N~gubstituted succinimideg

elicited anti-convulsant activity at much lower doses
than the N=substituted phthalimides. For example

the optimum anti-convulsant doses of ENSA and MNSA were

10 and 5 mg/kg respectively, while those of INP=-2-P

and MNPA were 150 and 50 mg/kg respectively, Compared

to the phthalimide derivatives, the succinimide
derivatives are easily soluble in water and therefore
their formulatlon 1s easier than that of the former

which are inscluble in water. In addition, LNSA and

MNSA had quicker onset of action (4 and 2 h, respectively)
than ENP=-2-P and MNPA (7 and 6 h. respectively). This
therefore suggests quicker ongset of action with increased
hydrophilicity. Nevertheless a delicate balance between
lipophilic and hydrophilic moieties is probably necessary
for a quicker onset of action., Due to thelr water
solubility, ENSA and MNSA have quick onset of action

and probably rapid elimination of the 'active'! compound
(metabolised or unmetabolised form) via the kidney. In

this way, the brain level of the 'active'! compound will
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not be high enough to cause excitatory and cuhvulsive
actions, On the basis of the factors enumerated above,
it would appear that the N-substituted succinimides are
generally superior to the N-gubstituted phthal imides ard
therefore the former would make better leads for further
investigation of compounds possessing desirable anti-
convul sant properties,

There appears to be some structure-activity
relationship between the phthalimlide derivatives and
the succinimide derivatives., MNPA is convulsant at
high doses while MNSA is not. The only diffuorence
in their chemical structures lles between the phthal imido
group of MNPA and the succinimido group of MNSA. However,
ENPA is not convulsant and it is difficult {to meke any
definite structure-~activity relationship on the basis of
MNPA and MNSA alcne, In general, these modifications of
AUAA appear to result in a reduction of iis convulsant
rropetty although a substantial amount of its anti-convulsant
property 1s also lost., This may be due to the overall

physico-chemical property of the compounds,



\ 78

Considering the methyl and ethyl esters, it would
appear that the methyl analogues (MNPA and MNSA) have
higher potencies than their correspoending ethyl analogues
(ENPA and ENSA)} in their protective ability against
glectroshock seizures. For example, 100 mglkg of ENPA
offered complete protection against electroshiock
seizures whereas 50 mg/kg MNPA also offered moximum
protection under similar conditions., This is further
substantiated by the results of the succinimide
derivatives where percentage seizure in the electroshock
experiment was reduced to 10% by 10 mg/kg of ENSA and
20% by 5 mg/kg of MNSA. |

The advantage of the compounds =- ENP=Z-F ENSA,
MNFPA and MNSA - over AOAA ig that they allow the
safe administration of doses otherwise impossible for
" AOAA without lethal effects. For example, 50 mg/kg of
any of the compounds was anti-convulsant to some
extent. This is approximately 20 mg/kg of AOAA on molecul:nr

basis and such a dose was prohibited with AUAA realising
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that even 15 mg/kg was 100% lethal to the li=day old
chicks under similar conditions. |

The results appear to indicate that none of the
compounds offered complete protection against percentage
seizure induced by any of the chemical convulsants
administered., S0 the compounds were considered inferior
to TMO. However, all the compounds were superiocr to
ENPA in reducing percentage seizure and lethality induced
by bicuculline. Also, ENP-2-P was superior to ENPA in
" affording a better protection against the incidence of
seizure and lethality caused by picrotoxin, Like the

- reference compounds - AUAA, ENPA and TMO - ENSA, MNPA

" and MNSA provided complete protection against lethality

caused by strychnine. Furthermore, MNSA and MNPA, provided
" complete protection against leptazol lethality while

~ only ENP-2-P provided maximum protection against lethality
caused by picrotoxin., 1Irn these isolated cases, the

. compounds compared favourably with the reference drugs -

AOAA and TMO.
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The compounds which have shown high protective
ability against electroshock seizures may be useful in
clinical grand-mal epilepsy since electroshock seizures
simulate clinical grand-mal epilepsy. In this regard
one would suggest the use of ENSA, and MNPA, However, if
MNPA finds its way into clinical usage especially with
peychotic patients, caution should be exercised in
view of its convulsant tendency at high doses, ENSA
would also be useful in the management of petit-mal
epilepsy since it possesses some protective ability
against chenmically=-induced seizures which resemble clinical
petit-mal epilupsy. Since ENSA has shown a wide-spectrum
activity against electrically-and chemically-induced
seizures, it is recommended for further investigations

towards the management of grand-mal and petit-mal disorders.

Coriclusion

The results from the pharmacological screening
supported the hypothesis proposed in the irtroduction; th-t

2 hybrid compound consisting of a cyclic imide moiety such
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as the succinimido group and aminocoxyacetic acid (AOAA)
would possess anti-convulsant properties, [ENSA and MNSA
possessed some degree of anti-convulsant activity but
none of them was as potent as AOAA in protecting the
young chicks against experimentally-induced seizures.
However, they were superior to AOAA in lacking the
convulsant tendency at high doses. Also, ENCA and MNSA
are improvements over unsubstituted succinimides which
are known to be inactive as anti-convulsant agents.
Thus ENSA and MNSA have led to better anti-convulsant
properties of AOAA, and enhanced activity of succinimides.
For the purpose of a more detailed structure-activity
relationship it will be of interest to synthesize more
compounds which would enable one elucidate the functions
of the amino and carboxylic acid ends of AOAA as regards
convulsant and anti-convulsant properties, These
compounds should include those in which some anti-convul-
sant moieties such as Ethosuximide, Methsuximide and
Phensuximide are used for replacing the amino end 'of

AOAA, Also, biochemical assays can possibly be carried
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out in order to investigate the effects of the
N-substituted cyclic imides on the level of the
naturally-occuring inhibitory transmitter, G.BA and
compare them with the effects of AOAA with a view to
gaining an insight into their possible mode of action.
On the other hand, more information on these compounds
may also be obtained by monitoring their effects on
EEG of young chicks in order to find out states of
seizures and other changes not easily correlated with
behaviour. From these suggested works, one would
probably identify and preserve the moieties in AOAA
having anti-convulsant properties and replace those
groups having convulsant property in order to obtain
highly potent anti-convulsant agents which will be

devoid of the convulsant property.
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