Chapter I
Introduction

\ 2abylonians and was described by
Hippocrates, v = NN brain. In 1890, John Hughlings
Jackson concise’ [ =" Mcasional excessive and disordered
discharge of ficr g Iy a cusease but a syndrome of many

different cereld e Wi M recurrent seizures, the clinical

manifestration o r f et of neurons in the brain, due to
excessive fluctuati s JEaas’ - M emical balance (Hauser, Annegers,
and Anderson, 19832275774 2/ mi, 1991). More recently, epilepsy has

been defineli4: a oL jpive seizures caused by partial
or generaliz’ ¥ £ .rum (Menkes, 1990).
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Epilepymsfflicts at least@l-2 million people in the United States and

about ﬂ u ﬂjg ﬂ:ﬂ mlﬁnw&lﬂ:ﬂsﬁleﬂer, 1990). It is more

commo m the children thag in adults, w a pre'.rale 5.2-8.1 per 1,000

iﬁqﬁ“ﬂﬂ‘iﬂfﬁdﬂﬂ%ﬁﬂ’}&ﬂ ool %

nsiderable number of epidemiological studies from many countries its
prevalence and incidence range from 0.15-1.95 % and from 0.02-0.05 %,
respectively. Males tend to predominate in both prevalence and incidence
(Fukuzako and Izumi, 1991).



2. Classification

The classification of epilepsy is complex, and can be based on the
etiology, pathology, age of onset, clinical seizure, electroencephalogram (EEG)
findings, and prognosis (Fukuzako and Izumi, 1991). The etiologic category is
J J-bsence of an antecedent neurologic

. have been classified into two

generally subdivided by the

insult. From the mid-sg
major groups. Patiens nce of any history of prior
neurologic insult are™u~ nw. zaiy or idiopathic epilepsy.” If
historical informatiZh - u Ny sing factor, the epilepsy is
2400 > ™ Annegers, and Anderson,
Sut and Zifkin, 1992)

A W\ \ure types was accepted in
1981 by the General Jf: JlAGS /a0 pal League Against Epilepsy
(ILAE) and has been w, ¥l -' " ment of epilepsy (Commission
on Classification and Tenni:_i = oE, 1981). However, this dose not
accurately reflect 4 Y = W e Fch is characterized by a
cluster of signs ar V—” ~:' “Jier. These include such
items as type of se [ jre, T—. pm—ccip ) ing factors, age of onset,
chronicity, diumal awl circadian cyc , and sometimes prognosis. The

classificatio aﬂlﬁﬂﬁ § wﬁq ﬂaﬁﬂlerefnre revised in

1985. R Y, & new classﬁcitmn of eptlepsms and epileptic syndromes has

e 4 logy of the
mfﬁzﬂ) d is still
undergoing evaluation, although several of the epileptic syndromes are quite well
defined. (Fukuzako and Izumi, 1991)

The 1981 classification of epileptic seizures is considered pragmatic

for clinical use , and serves as a useful tool for guiding decisions about when to



treat epilepsy and how to choose among the antiepileptic drugs (Rall and
Schleifer, 1990; Fukuzako and Izumi, 1991). For propose of drug treatment, it
is more useful to classify patients according to the type of seizure they
experience. A simplified form of the proposal from the Commission on
Classification and Terminology of ILAE (1981), based on the clinical

manifestrations of the attacks of the EEG, is presented in term of

seizure types and charact ' and Schleifer, 1990).

MO a genetic predisposition,

underlying neuropi #%)- J : 3‘ pP™lsiologic alterations in the

Epilepsy ha Bl ) Nljiscase for centuries. As early
as 450 B.C. in his tre e, !.— is\ e, Hippocrates concluded that

i B

epilepsy was inherited (Hau* — and Anderson, 1983). Numerous
pilepsy T ,

studies suggest th- : R1r 1 normally distributed in
the general popul™% RY Jove with the condition

becomes clinically ({fjdeni™ (™ pesene | factors appear to be most
significant in patients wi gvanous pnmaﬁ ep:le:pmcs (Menkes, 1990; Hopkins,

v AUEINUNINEINT

#hres can occur in I?m:nts with almost any pathnlogw process that

DTN IS
diseas giler Kins, 3). Several

areas of the brain, especially the hippocampus, appear to be particularly
vulnerable to the homeostatic alterations produceed by recurrent and prolonged
seizures. Cellular changes are also seen in the cerebellum and to a lesser extent
in the cerebral hemispheres. (Menkes, 1990)



Table 1. Classification of Epileptic Seizures * (From Rall and Schleifer, 1990)

SEIZURE TYPE t

CHARACTERISTICS

I. Partial Seizures
(Focal, Local
Seizures)

A. Simple partial seizures

II. Generalized
Seizures
(Convulsive or
Nonconvulsive)

Various manifestations, without impairment
of consciousness, including convulsions
confined to a single limb or muscle group
(Jacksonian motor epilepsy), specific and
localized sensory disturbances (Jackson-

ian sensory epilepsy), and other limited

P pons and symptoms depending upon the

icular cortical area producing the ab-
al discharge

sks of confused behavior, with impair-

: f consciousness, with a wide vari-~
00 clinical manifestations, associated
izarre generalized EEG activity

e seizure but with evidence of
paior temporal lobe focal abnormalities
: the interseizure period in many

' nd abrupt loss of consciousness asso-
Watcd with high-voltage, bilaterally syn-
ronous, 3-per-second spike-and-wave
pattern in the EEG, usually with some
symmetrical clonic motor activity varying
from eyelid blinking to jerking of the
e i'v. sometimes with no motor

-
k’ ‘ slower onset and cessation i
w1 == 1sual for absence seizures, associ-
ated i1 a more heterogeneous EEG

B. Myaa Ec seizures

Isolated clonic jerks associated with brief
bursts of multiple spikes in the EEG

Ignigcontractions of all muscles,
055 ol consciousness, and marked auto-

Aumic manifestnt;w.

M

ANTO IR AR B —

E. Tonic-clonic )
(grand mal) seizures

Major convulsions, usually a sequence of
maximal tonic spasm of all body muscula-
ture followed by synchronous clonic jerk-

ing and a prolonged depression of all cen-
tral functions

F. Atonic seizures

Loss of postural tone, with sageing of the
head or Falling

* Modified from the proposal from the Commission on Classification and Terminology of the International League Against
Epilepsy (1981).

t Additional seizure types are presently unclassified owing to incomplete data.



From a neurophysiologic point of view, an epileptic seizure has been
defined as an alteration of central nervous system (CNS) function resulting from
spontaneous electrical discharge in a disease population of cortical gray matter or
the brainstem (Menkes, 1990). Although a major seizure may involve nearly

the entire CNS, in its simplest for i b Mfocal seizure represents an abnormality of

function in only a small 5 # 4in, the epileptic focus that John
Hughlings Jackson estis s many years ago (Ayala et al.,

1973). Epileptogenes a sft o/ gaurons and circuitry to permit

Seurons within an epileptic
focus undergo a sudd 4 | f [ - = S N\ coincident with the cortical
\epoiarizing shift” (PDS) by
\ N 973). The synchronous
~‘ i focus e associated with a
¥ Menkes, 1990; Crill, 1991;

paroxysm. This *
Matsumoto and Aj
depolarization of a lar,
burst of action potentia, ‘
Hopkins, 1993). The stk A
“interictal spike”4 } surface of the brain or
from the skull. Td¥

T

= action potentials produces an

!
i

. t.-r.:lI:Ell'iir.ﬂl.i.«::trl potential and

neuronal inhibition Zit corresponas 10 the slow wa%d seen on the EEG (Figure

1) (Ayala ). Studies of th
mﬂchar:smsﬁ u&gﬁ ﬂﬁiﬁﬁﬁsﬁe have im::ated ﬂ'l-:

there are derlymg procesgts which intggact with one aggther and lead to
Wﬂﬁﬂﬁ%ﬂa&lﬁﬂ%ﬂﬂﬂﬁ Burst acivy,
(b) ibition, and (c) excitatory synaptic coupling. Intrinsic membrane

excitability may be altered by neuromodulators, injury, genetic, and other factors.
Disinhibition releases intrinsic burst generating capacities in population of
neurons, and may become an important factor following cortical injury or
repetitive activation of inhibitory circuits. Excitatory synaptic coupling is required

for evoking intrinsic burst discharges , as well as synchonizing population of

T __. - -
non: T. i 174 11]“'[!111'"11
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Figure 1. Schematic diagram of relations between cortical discharges and both
intracellular and extracellular activity in an epileptic focus. The extracellular
recording is through a high pass filter. Isolated interictal discharges and tonic-

clonic ictal activity are shown. (From Ayala et al., 1973)
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The contribution of each of these factors to epileptogenesis presumably

varies with the type of pathological process and properties of the involved
neuronal population (Prince, 1983). The most important unanswered quesion is
what is the change in the epileptic focus that periodically releases these “intrinsic
epileptic mechanisms” and causes intermittent local spontaneous synchronized
firing (Crill, 1991).



4. Treatment of epilepsy by antiepileptic drugs
In order to have a complete control of epilepsy, the appropriate
treatment must be selected on the basis of the type of epilepsy and the cause of
seizures (Fukuzako and Isumi, 1991). Absence seizure responds well to one

group of drugs, and generalized ¢o i § hrjonic convulsions are usually adequately

g°s tend to be refractory to therapy
Infantile spasms and akinetic,

controlled by a second. Cog

which therapy is generally
N onotherapy should be
because polytherapy does
g toxicity and interactions
become increasingly r ; A MANirugs administered increases

% nt drugs considered to be

g ako and Izumi, 1991)
- JrE——

Table 2. Approprij il

Seizure tySdl

Partial seizure |
Simple partial ‘a Ca.rbamwpine Phenytoin
o G0 TN HNTWE TG oo
Secondarily @neralized Carbamazepine Phenytoin,  Valproate

.U' |

Typilal absence Ethosuximide Valproate

Atypical absence Valproate Clonazepam

Myoclonic Valproate Clonazepam

Clonic Carbamazepine Valproate

Tonic Carbamazepine Valproate

Tonic-clonic Carbamazepine Valproate,  Phenytoin




Amino acid neurotransmitters in epilepsy

Over the years, several amino acids have gained recognition as major
neurotransmitter candidates in the mammalian CNS. On the basis of

neurophysiological studies, aminc neid neurotransmitters are classified into two

general classes: excitatory a ic acid, aspartic acid, cysteic acid,

and homocysteic acid) :cids (gamma aminobutylic acid
(GABA), glycine, tatm t ones depolarize whereas the

latter ones hyperpola=: CNS. (Cooper, Bloom, and

Roth, 1991)

1. Exci : =7 Sutamate and aspartate
The excity L N W partate on cerebral cortical
cells were first demc U i"WW 1 and Hayashi in 1952 and

later on being confirme uﬂz ! ¥ of Curtis and Watkins in 1960
and 1963. However glly '-W gale were not seriously regarded as

neurotransmitter =i kL jf Kmjevic and Phillis in

1963 in which S
glutamate and asp: e (Mcaoen ey

B Jitter action were met by
1988).
Glutamate dsgyproduced frogy o-ketoglutarate by gtutamu: acid

s 48 TR o o o

ammotransfe e via g[utmnate‘scmmfdehyd and from lma by proline

AROAGERTBIINAIRY AR oo
acid cGeer, Eccle, and McGeer, 1988; Browning, 1992). In addition,
transamination of o-ketoglutarate and oxaloacetate to glutamate and aspartate
respectively can also be achieved with the help of the enzyme aspartate
aminotransferase (Asp-T), also known as glutamic-oxaloacetic transaminase
(GOT) and glutamic-aspartic transaminase (McGeer, Eccle, and McGeer,
1988).



Receptors for glutamate and aspartate have been actively investigated.
Five distrinct receptor subtypes have been identified. These include the NMDA
(N-methyl-D-aspartate) receptor, the kainate receptor, the quisqualate receptor
(now called AMPA (o-amino-3-hydroxy-5-methyl-4-isoxazole propionic
acid) receptor), The ACPD (traz.
receptor, and L-AP4 (L-
be a presynaptic autore: — S (McGeer, Eccle, and McGeer,

rjinocyclopentane-I- 3-dicarboxylic acid)

rric acid) receptor which seems to
1988; Collingridge . 985w Bloom, and Roth, 1991;

N e eptor) are believed to be
M\-term potentiation (LTP),

developmental plasuci / xic effects of brain ischemia

2. Inhibitory am®o a%
AT & I |
Once (oS :5 vere identified as major

§

,Ite.s : GABA and glycine

1

inhibitory amino f_'-‘ = = any studies were initiated

to determine their & in seizures. It is now well re¢*gnized that the convulsions
induced in

i Bm the central nervous
synapses usi Hﬂ ﬂm avidoff, 1983).
qmmmm UR1INYIRY
The presence of a large amount of GABA in the brain was reported
by Roberts and Frankel in 1950. Subsequently GABA was proved to be an

inhibitory neurotransmitter in mammalian brain by Roberts team in 1974
(McGeer, Eccle, and McGeer, 1988).
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GABA is synthesized from glutamic acid by the enzyme glutamic
acid decarboxylase (L-glutamate decarboxylase, GAD) and degraded to succinic
semialdehyde by enzyme GABA transaminase (GABA-T), and then to succinic
acid by succinic semialdehyde dehydrogenase (SSADH) (McGeer, Eccle, and
McGeer, 1988; Cooper, Bloom o i} B3th, 1991; Browning, 1992).

i i\ Fses can be achieved by either
. fclease or by reducing the
Two subtypes of GABA
The two subtypes differ

presynaptic inhibitior -
excitability of poste.

receptor, GABA, -
greatly not only in th g , but also in a very basic

respect (Kmjevic,
GABA , #% iABA, muscimol, progabide,
SL 75102, 3-aminoprc/ . - 1d . woguvacine and are inhibited by
lin, and pentylcnctetraz.ole (PTZ)
y McGeer, Eccle, and
__ .hey appear to exist in a

the convulsants h:cuculhn
(Macdonald andie:
McGeer, 1988; Rl

macromolecular cosdlex consisting or the GABA ®ognition site, the chloride

channel, pi the benzodiazepine
(BDZ) bﬂ"ﬁ ilﬁﬁ‘ﬁlﬂﬁ mﬁﬁlﬂg receptor causes an
increase in ch onde conductancegWhich usuallg results in h yigspolarization and
ﬂﬂﬁﬁ%ﬂm AR RE VR B, 100
Coo Bloom, and Roth, 1991; Kmjevic, 1991; Browning, 1992). A wide
variety of psychoactive drugs, notably barbiturate and benzodiazepine can
potentiate the inhibitory action of GABA by a modulation through their
respective binding sites on the GABA , receptor complex (Kmjevic, 1991).
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Figure 2. Model of GABA, receptor complex (from Cooper, Bloom, and Roth, 1991)

B2 anengonin BDZ. agonin
(Fluneenil) (LHarepaum Barbiturate
- " Shie

BDZ inverse agonist
(FI3-T142)

GABA recezelbi/ 2 be insensitive to bicuculline, 3-

aminopropane 5‘ —————— 'r weakly sensitive to
L

muscimol and stm = Cemoien. Most of the early

“ily presynaptic receptors
involved in gi as noradrenaline,
glutamate, d ﬂlﬂ’ Mﬁ\mpj ﬁieﬂ:atc postsynaptic
inhibition as well (Browning, ¥92). Unie the GAB eptor, these

%ﬁ%ﬁgﬁﬂa‘é’ ARG < o

ndary messenger system. Basically, two membr:me effects have been

studies suggested tisf GABAj receptor were prm

attributed to the GABA_, receptors : (1) a decrease in Ca " conductance (usually
a presynaptic effect leading to decreased neurotransmitter release) and (2) an
increase in K conductance (resulting in a postsynaptic hyperpolarization)
(McGeer, Eccle, and McGeer, 1988; Cooper, Bloom, and Roth, 1991,
Kmjevic, 1991; Browning, 1992).



12

2.1 Glycine

Glycine is a nonessential amino acid which has the simplest
chemical structure found in substantial amounts in all mammalian body fluids and

tissue proteins. It is believed to as a neurotransmitter in the spinal cord

—~ via glycolytic pathway to
produce 3-phospho-Z 7AR\ B SN hich is then converted to
, oW vsed by the enzyme serine
hydroxymethyltransfe, - A DR RN o be formed from glyoxylate
by transamination. I ‘ 1588; Cooper, Bloom, and
Roth, 1991; Brow#h- 2 1.4 radioactive tracer studies

suggested that the fo "-,\ Mt in the brain (Browning,

1992). Though glyci.n' a ,.-' -'I it in the CNS, it is not clear
whether the neurons utilizir SIRIN gpotransmitter must synthesize it de
novo or they acc ,+_,, ig2d e, and McGeer, 1988;
Cooper, Bloom, a%4s 'h J

. b | - . - -
Glycine receptors ¢=# be classitied mio two subty®s according to strychnine

sensitivity. ﬁlﬁ ne-sepsitiv i cgplor gppears to exist in a
macmmnlecﬁ‘ SMﬁMAiﬂﬁfﬁgniﬁm site, chloride
channel, and gltrychniﬂe binding eite (Davidoffs, 1983; Browigpg, 1992). The
QRN TUHAIL REIRD- o
binding!¥ sites is greatest in the grey matter of lhe spinal cord and decreases
progressively in regions more gostral in the neuroaxis (McGeer, Eccle, and
McGeer, 1988). Activation of strychnine-sensitive glycine receptor, like the
GABA, receptor, causes an increase in chloride conductance which usually
results in hyperpolarization and inhibition of postsynaptic membrane, and this
effect can be antagonised by strychnine (Davidoff, 1983 ; McGeer, Eccle, and
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McGeer, 1988; Browning, 1992). The strychnine-insensitive glycine receptors
are linked to the NMDA excitatory amino acid receptor. This is a high affinity
site that appears to increase the action of glutamate at its NMDA receptor. The
main effect of glycine is to prevent desensitization of the NMDA receptor during
videspread distribution of strychnine-
insensitive glycine bindin n is similar to that of NMDA
receptors. Their endog™ PO s be the tryptophan metabolite,

prolonged exposture to agoris

clatively more selective and

more potent. (Coop; | ing, 1992)

Amino acid neurotr- gfp’ = N ic brain

Since GABA & A Wosmitter in the mammalian
CNS, pharmacological LAG LN \ \\pdiated neurotransmission has
profound effects upor o e | ormal laboratory animals; a
reduction in GABA fundtioldaes 'ith lowered seizure threshold and
Z ' 2 A -mediated inhibition is often
associated with v I ;g 1991). Many studies

have revealed the :'
models of cpﬂepsy. ln some experimentally induced epileptic animals, GABA

concentratio ﬁmmﬂp ly decreased and

thus pmbabm '1 arges (Ribak, et al.,

1979 Ri m ) ‘(gthe. contrary,
mgm ﬁz‘lvmziﬁ: increased in

GAB
epileptic chicken, gerbils, and epileptic prone rats (Rall and Schleifer, 1990;

spontaneous convulsion

= jated inhibition in animal

Horton, 1991). An adaptive response to the decrease in efficacy of GABA
receptor and/or an abnormal neuronal circuitry such that GABA neurons inhibit
other GABAergic neurons thus causing disinhibition were postulated to be an
underlying cause of the increment observed (Rall and Schleifer, 1990; Horton,
1991). In human epileptic brain , there were controversial results on GABA
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alteration in epileptic human. Some studies reported that there were significant
decrease in GABA concentration, GAD activity, and GABA binding (Lloyd et
al., 1981; Lloyd et al., 1985; Tunnicliff and Raess, 1991) whereas no
significant differences in all parameters ubser-.reld were noted by the others
(Schmidt and Loscher, 1981; 1989; Tunnicliff and Raess, 1991).
Moreover, other inhibito: g/cine, was slightly elevated in
987; Menkes, 1990).

gismitters also appeared to

epileptogenic foci (McGw

Additionally, _
take part in pathoge_ s : o K -stimulated release of
preloaded [sl-l]— glut: ‘ |

prone rat (Horton, 1

N N ted in genetically epilepsy
: | o%. aspargine but not that of
aspartate was marked] \aboon Papio papio seizures
(Lloyd et al., 19864 ~eported that glutamate and
aspartatte levels wer I‘ ic in comparison to the

- - | T " .f.,. ‘
nonepileptogenic tempor# lo «-_rh ~ However, only glutamate but

not aspartate level was
cortex (McGeer, =

epileptic foci than in control

:,’ ninotransferase is also

uw' J

elevated in the eph -

J " ¥

e UEANENTNENT
RARIATUNBAIN YA Y

VPA), ¥Figure 3, 4), was first synthesized in the United State by Burton and
used as an organic solvent. In 1963, its anticonvulsant activity was fortuitously
discovered when it was used as a solvent in a drug screening program by
Meunier and coworkers in France. After its first clinical trial in Europe in 1964,
VPA was introduced into armamentarium of antiepileptic therapy. Sodium

valproate was introduced as a new antiepileptic drug in France in 1967, in
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Holland and Germany in 1968, in United Kingdom in 1973. VPA became
available in the United State in 1978. Unlike the other antiepileptic drugs,
which are heterocyclic compounds containing nitrogen, VPA is a simple branch
carboxylic chain acid and therefore radically different from the other antiepileptic
drugs. (Kupferberg, 1982; Penry. & §§8; Penry and Dean, 1989; Rogawski and
Porter, 1990)

PTZ seizures, valproat=___ [t] S ated to have a broad spectrum
of anticonvulsant acti ‘ L seizure models (Rogawski
Monic seizures induced by a
variety of chemocor #fis - \ including to bicuculline,
picrotoxin, penici . c. Furthermore it is also
active in the maximz#) i . v o pﬂepsy prone animals and
kinding model (Swiny #J ‘E ﬁip 15 ‘, ‘ogawski and Porter, 1990;
Davis, Peters, and McTa #Shif sr '

Despites an ;_!fj,:','}&_‘

on the metabolic and

neurophysiologic{ A4 A=J1 of its action remains
)

obscure. Three ma\, Timental studies exist for

the mechanisms of a4y n of VPA.

The ﬂ u&legmmﬁ Wﬂmim level in -the

brain, thereby exerting its anticonwgilsant actiondyy increasing nggronal inhibition.
Mﬂ:ﬁ'}ﬁ'ﬁ AN AFIBR Y FNL v b
and syflptosomal GABA (Simler et al., 1973; Loscher and Vetter, 1985;
Rogawski and Porter, 1990). There is an increase in plasma and cerebrospinal
fluid (CSF) levels of GABA in long-term drug treatment of epileptic patients
and healthy volunteers (Rogawski and Porter,1990; Tunnicliff, 1991). The
mechanism by which VPA increases GABA levels is not well understood. The

drug has been shown to inhibit several enzymes involved in GABA degradation
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including GABA aminotransferase (weakly inhibit), succinic semialdehyde
dehydrogenase, and aldehyde reductase. However, on the contrary, several
studies have failed to demonstrate that VPA administration lead to inhibition of
GABA aminotransferase. In addition, VPA increases the activity of glutamic
) ) jble for GABA synthesis (Rogawski and
P and McTavish, 1994). Although
a1 brain GABA levels, no real

acid decarboxylase, the enzyme
porter, 1990; Tunnicliff, 33

correlation between = [, S " PA and the elevation in

cerebral GABA corg® £ NN SSnd Slater, 1982; Fromm,

The second 4 M\ ootentiates GABA action.
Several investigators #fs Jff S X M\ recording techniques have
reported that VPA #e’ I ;.' al" responses to exogenously
applied GABA (Johns SR R A -"ki and porter, 1990; Davis,
L = ! hll.'e concentrations required to
potentiate GABA Tesponse studies are far higher than the
normal therapeut. .gmentation of GABA-
mediated ilﬂlibitim
anticonvulsant actics

" BuAnandwanna. ..... ...

raducmg axmtahﬂ;ty of neurons.® VPA a gTﬁ to reduce s@lained repetitive

rins @ NN SR A rkrd FLELA ok e o,

Peters, "and McTavish, 1994). When high concentrations of the drug were

,Fd
= unlikely to account for the

2of the drug under normal cil¥umstances (Rogawski and

applied to isolated Aplasia neurons, an increase in membrane potassium
conductance developed, leading to an increase in membrane potential (Johnston
and Slater, 1982; Davis, Peters, and McTavish, 1994). At concentrations
equivalent to therapeutic CSF levels in man, VPA diminished SRF of sodium-

dependent action potentials in mouse spinal cord and cortical neurons in culture,
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similar to the effects of phenytoin and carbamazepine (McLean and Macdonald,
1986). The relevance of these actions on neuronal potassium and sodium
conductance to clinically important anticonvulsant mechanism is unclear (Davis,

Peters, and McTavish, 1994).

Because VPA has of anticonvulsant activity, it is
®.nical activity may relate to a
990, Tunnicliff, 1991).

attractive to accept th!

combination of meck

N-(2-Propylpentanc g E e \ AL\ de analogue of valproic acid

the treatment of epilepsy” ha'¥ & ‘ ent years, two major side effects,

teratogenicity and hepateada Azt 24 ociated with valproic acid

. 4
Y ]

therapy. :-

Transient e ation of liver enzyme actiy (alkaline phosphatase,
glutamic o : ‘:ﬂ i ﬁ‘ ; vic transaminase
(SGPT)) hﬁlﬁ:ﬂs m:c e ﬂ:']vﬂj;?m receiving VPA
(Jeavons, 1982; Davis, Peters,%nd McTay 994) T8¢ siudies in rats

TRPRERLIETL lal Vi1 AV

(Su
that VPA was a dose-related hepatotoxin. Fatal hepatotoxicity, one of the major

idiosyncratic effects associated with VPA therapy, seems to occure in correlation
with age of the patient and the presence of polytherapy. It is most common in
children who are under 2 years of age and receiving multiple drugs but it is rare
in older age groups receiving VPA alone (Leppik, 1992; Davis, Peters, and
McTavish, 1994).
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Studies in animals have shown that VPA exhibits teratogenic effects
(Jeavons, 1982). An estimate risk of 1-2 % for neural tube defects,
predominatly spina bifida aperta, with matemal use of VPA therapy has been
reported (Dreifuss and Langer. o B} }:yDavis, Peters, and McTavish, 1994).

Although the precise biocl /‘fnr the teratogenic effects of VPA
and other antiepileptic s lics suggest that alter folate

metabolism and/or = lism by antiepileptic drugs

may be partly resp: T\ e rved (Davis, Peters, and
McTavish, 1994). i 4 | N

i
s
-

L

Together willl 17 Jh (MM than other three established
antiepileptic drugs; = ,;:;: 0 ’, warbamazepine. There is
substantially need to #2: fHp = 2 \ i PA with higher potency but
lower toxicity (Bialer e. .aI. v rots derivatives and analogues of
VPA have been tested andZedBd/sZh aticonvulsant activity in rodents

(Mergen et al., (o @93, Liu and Pollack,

V. )

1994), some of =uate (valpromide) and its

isomers and analogy ‘E the active metabolites of valfoate (i.e. 2-n-propyl-2-

" AT

In an attempt to design actife cpmiunmodclled m:ﬁu’ artial structure

o R NN IS M3 ot )

o
analogués of VPA, n-(2-propylpentanoyl) urea and n—(2-propylpentanoyl)

monoureide

thiourea were synthesized by Boonardt Saisom and co-worker (Boonardt
Saison, Chamnan Pantarapanich, and Wichamn Janwitayanuchit, 1992). The
synthetic pathways of monoureide and thioureide analogues of VPA are shown in

Figure 3., and the proposed structure of VPU is shown in Figure 4.



Figure 3. The synthetic pathways of n-(2-propylpentanoyl) urea and
n-(2-propylpentanoyl) thiourea (from Boonardt Saisorn,
Chamnan Pantarapanich, and Wicharn Janwitayanuchit, 1992).
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Figure 4. The structures of valproic acid, barbiturates, and propose structure of
n-(2-propylpentanoyl) urea showing intramolecular hydrogen bonding
(modified from Boonardt Saisorn, Chamna Pantarapanich, Wicharn
Janwitayanuchit, 1992.)
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Preliminary studies of these compounds in this laboratory demonstrated
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that both of them exhibit anticonvulsant activity which were more potent than
VPA. However, the fact that in pararell with its anticonvulsant activity, n-(2-
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