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Introduction

1. Epilepsy

\\// /
Epilepsy is one Q,L\.most c ases of the brain, affecting at least

50 million persons woridW| ara, -{!001 2002). Epilepsy is a chronic and

often progressive dlsordcﬁ:f(

epileptic seizures which are

the periodic and unpredictable occurrence of
normal disgharge of cerebral neurons. Many

different types of seizures ¢ ) asis of th t‘élr clinical phenomena. These

clinical characteristics, lographic EEG features, can be used
to categorize seizures. S ed into two major groups: partial
and generalized. Partial fo in which clinical or electrographic

evidence exists to suggest th thﬁ,a‘ft.'acks h@_ﬁ? calized onset in the brain, usually in a
portion of one hemisphere, while. ggnerallzeqm_mgs are those in which evidence for a
!

localized onset is Iql_king Partial seizures are

eneralized seizures, while

fwfm‘ﬁ ided into simple partial,
complex partial and paftial seizures evolvin ﬂiv

generalized seizures arefetategorizéd into absence non con\“sive myoclonic, clonic, tonic,
tonic—clonic and ﬁuﬁ ition.to ifyi s that occur in patients
with epilepsy, 3}3?45 ﬁgﬁ iéwgibjiﬁ g epilepsy or epileptic
syndromes characterized b dlﬁerent%elzure esyetiologies, ages.of onset and EEG
e ) B LA AN DDA Bl e
remarkab!y diverse collection of disorders. The first major division of epilepsy are
localization-related focal, local, partial epilepsies, which account for roughly 60% of all
epilepsies, and generalized epilepsies, which account for approximately 40% of all
epilepsies. An epilepsy or epileptic syndrome is either idiopathic, which is virtually

synonymous with genetic epilepsy, or symptomatic, i.e. due to structural lesion or major

identifiable metabolic derangements. Both type of seizure and epilepsy determine the



choice and prognosis of therapy. For instance, the most common and most difficult-to-treat
type of seizures in adult patients are complex partial seizures, while primary generalized
tonic—clonic ‘grand mal’ seizures respond in most patients to treatment with anticonvulsants.
For many of the seizure types and epilepsy syndromes there is little information about the
pathophysiological basis. Insight into how partial seizures, generalized tonic—clonic
seizures and generalized absence setzdre§ Z?e is substantial, which is fortunate since

ye/ "jOOO)

In the abse _gcea-of a _sp cmc etiological understanding in any of the

these constitute around 90% of seizures (Rina

epilepsies or epileptic sy:

proaches to drug therapy of epilepsy must necessarily

be directed at the control i.6. the suppression of seizures. In fact, all currently

4 &
Y

efficacy for specific types of seanres_and ep@’afy’ (Mattson; 1995). For instance, valproic

acid is usually the drug of c’h'mce for, the"'ge‘nérahzed Itdlopathlc epilepsies, while

adverse effects for the tieatment of partial epilepsy (Mattson 1995). In most patients with
f)a

epilepsy the prognosis for seizure control is very good. However a significant proportion of
individuals with (epilepsy: suffer from'intractable,"i.e. ‘pharmacotherapy resistant epilepsy
despite early treatment and ran optimal dos"age of an adequate anticonvulsant drug
(Forsgren; 1995). Thdsy thergisa cléar n€ed fofinew/drugs o new'strategies of therapeutic
management. Although surgical treatment  of epi‘lepsy may be an alternative if
anticonvulsant drugs fail, surgery for epilepsy might not be needed if we knew more about
ways to prevent medical intractability or if we had more effective and less toxic

anticonvulsant drugs (Léscher, 2002).

In addition to the need for new drugs for epileptic patients whose seizures

are resistant to available anticonvulsants, new drugs with benefits in terms of side effects



and tolerability are needed even if they do not demonstrate greater efficacy than
established anticonvulsants (Brodie and Dichter, 1996; Stringer, 1998; Loscher, 2002).
Furthermore, in view of the fact that the therapeutic effectiveness of the older anticonvulsant
drugs has usually been limited by their narrow therapeutic ratio, i.e. the ratio of toxic dose

against the effective dose, it is hoped that an improved therapeutic ratio may be seen with

some of the novel compounds currenq«\ '\,//eloped
\

‘.

3 f ished" antiepileptic drugs (AEDs;

ine new agents (lamotrigine (LTG),

e
=

oxcarbazepine (OXC r-)onlsamlde (ZNS) vugabam_ﬁ gabine (TGB), gabapentin
(GBP), felbamate (FB "jplra_mate (TPM) ar ' n V)) have been licensed as

add-on treatment for di
(Dichter and Br mc of the pharmacological
armamentariumﬁﬁaﬁﬁﬁﬁ oes rﬂiﬁ plicate selection of the
most suitable AED (or combination of AEDs) for individual patients@With limited clinical

oroorrth o SRR AN TTR 8o e e

important crltenon in this decision-making process (Brodie and Dichter, 1996).

It-to control épilepsy (Table1) an&till more are under evaluation



Table 1

Proposed mechanisms of antiepileptic drug action

+
Decrease Na

2+
Decrease Ca

+
Increase K

channels

Increase

inhibitory

transmission

Decrease

excitatory

transmission

i
-

o,

|

. AuLINENIwyihs

channels channels
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New AEDs
LTG +++
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VGB

TGB
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FBM

TPM
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+++, Primary action; ++, Probable action and +, Possible action

Data from Meldrum (1996) and White (1999).
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Figure 1 Molecular stru

reatment have resorted primarily to

symptom control, i.e.k ; s. Althou gh the m >chanisms of action of the

)

stood, they ultimately involve

currently marketed AE Ds, are

|l

alteration of the balance-between neuronal excitation and ‘i

cellular level, thr ﬁw ﬁf voltage-dependent ion
channels (Na ?f ﬁ) enhance ema uﬂlﬁ; ac?ijB A)-mediated inhibitory
neurotra mate-mediated
transmlsim’"] @iﬂjm ;\Lﬁuﬁ? ﬂ:ﬂblg ﬁgly recognized

that many AEDs possess multiple primary mechanisms. In addition, many less well-

ibition (White, 1999). At the

characterized mechanisms may also contribute to the anticonvulsant effect of any given
compound. Finally, to complicate the issue further, the primary mode of action of some

AEDs remains to be discovered.



2.2 Targets for antiepileptic drug action
+
2.2.1 Na channels

In the nervous system, voltage-gated ion channels control

the flow of cations across surface and i 1 (yell membranes (Barchi, 1998). Of these, the

Na' channel is arguably of pn%

responsible for the upstro eurqmal @ntlal and ultimately control the

intrinsic excitability of thﬁ(f

channel has a multi-sub

otage-dependent Na channels are

through the plasma mem

dependency (Catterall, 1992). In nali
."r".-"‘.: A :'r- "?‘3- s
auxiliary subunits des!gpated b1 and b2 ‘I’he D-Mr;:hot required for basic Na

channel activity, but ' modulate the expr ion of individual channels

(Ragsdale and Avoli, 195 At normal membrane potentlalsumost Na channels exist in a

closed, resting ?eﬁ gé , facilitating ion flux.
Thereafter, the @yannel nters gj Z]tl tﬂzje *f]oﬁj ich it is not readily re-
activate ﬁ 31‘Wﬁﬁl nnel back to a
resting gﬁjach fjm 0" subs :Jmﬂjzﬁﬁr Catterall, 1992;

Ragsdale and Avoli, 1998). Neuronal Na channels can cycle through these functional

states within a few milliseconds. This characteristic is essential for sustaining the rapid

bursts of action potentials necessary for some normal brain functions, and is implicated in

the production of epileptic discharges. The neuronal Na+ channel represents one of the



most important targets for AED action (Upton, 1994; Macdonald and Kelly, 1995; Meldrum,
1996; White, 1999; Soderpalm, 2002).

2+
2.2.2 Ca channels

Voltagq\k\* ?E a channels share key structural

elements and sequence homol 1he|r gl counterparts (Barchi, 1998). The

2 ,
at-subunit of the Ca~ ch i ho olog ie of the a=subunit of the Na + channel. It
2 A i |_I_ e
forms the Ca +-sensitive ers voltage ' .In

the mammalian brain,

(Hofmann et al., 1994). The low: I f - n ( hannel is expressed predominantly

in thalamo-cortical relay neurons, Whiste it is @ to be instrumental in the generation of

the rhythmic 3-Hz spikg‘-and-wavél&’sga’{dréé characteristic of generalized absence
(A 7 7 i

seizures (Coulter et —-—-——— -------- 8 Iare subclassified by their

pharmacological propertg into L=, N- -types (ﬂ)fmann et al., 1994; Catterall,

1995; Dolphin, 1995). These ‘gr:annels are dis{i})uted throughout the nervous system on

dendrites, cell bﬂe%ﬂ@eﬂﬁmW-Bnﬁ]ﬂp%-channels in particular,

have been mpluc&bd in the control of ‘peurotransmltter release at thquynapse (Stefani et

o, o) 57 ) ST B WA} 0 e, s o

|dent|f|catl(9n of subunit-specific genetic mutations that can alter channel structure and/or
function and that have been implicated in several human neurological diseases (Ophoff et
al., 1998). Several AEDs have been reported to block voltage-sensitive Ca2+ channels in a
subtype-specific manner, an effect that may contribute to their antiepileptic actions (Stefani

etal., 1997).



2.23 K" channels

+
Neuronal K channels are large protein complexes that form

tetrameric structures, the monomers of which are structurally and genetically related to the

a and atl-subunits of the Na+_ and Ca2+ channel, respectively (Barchi, 1998). The
association of four subunits (mor@\ ”#/e ronal membrane is required for the
formation of a K -sensitive p&he@orﬁfunctlon (Pongs, 1999). More than

'MU'-—’ r ‘%ogether with several auxiliary

subunits. Given heterologo j it is possi thavt countless populations of K+

40 distinct K channel

channels, with individual fu dist _ e ezqressed in the mammalian brain

(Pongs, 1999).

excitability. They are responsi ’ .7"" ownstroke or, more specifically,

repolarization of the plasma membr-a&m t -_f:'f" ath of Na channel activation (Pongs,
j.-:-.:‘-‘-*'; by iF

1999). Direct actlvatlo‘mof voltage—depenéent _m-j’fj perpolarises the neuronal

ski,1992). Accordingly, K"

I Q
channel activators hav anticonvulsant effects in some“€xperimental seizure models

(Rostock et al., ﬁﬂﬁeﬂg PV]:ETWD?)W Ejﬂtﬂ ﬁ\zures (Yamaguchi and

Rogawski, 1992). ‘Potentiation of voltagg,-sensmve K channel currents may prove to be an

o Q) RSO 3| S5 B e

currently uRdergoing Phase Il clinical trial, is believed to exert its effects, at least in part, by
activation of the KCNQ2/ KCNQ3 K+ channels (Rundfeldt and Netzer, 2000). Mutations in

the KCNQ2/KCNQ3 channels have been reported in benign neonatal familial convulsions, a

generalized epilepsy syndrome (Rogawski, 2000).



2.2.4 GABA-mediated inhibition

GABA is the predominant inhibitory neurotransmitter in the
mammalian CNS, where it is released at up to 40% of all synapses (Olsen and Avoli, 1997).
Impairment of GABA function is widely recognized to provoke seizures, whereas facilitation
has an anticonvulsant effect (Léscher, 1999) GABA is synthesized from glutamate,
exclusively in GABAergic neurons, by the//éoﬂon of the enzyme glutamic acid
decarboxylase (GAD; Léscher, 1999). Upon synapﬁc release, GABA acts on its three

specific receptors, GABAA./’G;A:BA
acology\ and function (Johnston, 1996). The GABA,

and tr{e newly characterized GABA.. GABA receptors

are distinguished by theit

receptor belongs to the ligand-g ted ion eh‘annel superfamily, and responds to GABA

nductance, resbltlhg in neuronal hyperpolarisation (Rabow et

&d

al., 1995). GABAg receptors are “protein: llrtk’sd (Olsen and Avoli, 1997). The activation of

¥

binding by increasing Cl ~

J

Al
GABA; receptor, as a memb of the G protmaﬁlipked superfamily, decreases ca"" and

"

2 + 0
increases K conductance in neurpnal merﬁﬁfgne_s. The effect on Ca’ conductance
-t I

appears to be prima[jﬁ associated with presynaptic P/Q ad{d_,.N-type ca’ currents and

modulation of K" condtéjiance appears to be linked primarilyﬁth postsynaptic GABA, sites
and with perhaps multid’é types of K" channels. Decrease Ca'~ conductance influences
transmitter releage and iicreased/K Tebfiductanés assdciated inéuronal hyperpolarization
(Bowery, 2000; Bowery and Enna, 2000; Bowery et al., 2002). It has recently been proposed
that GABA, "and’ GABAg receptors may have evolved from the GABA Teceptor, which is

comparatively simpler in structure and pharmacology (Johnston, 1996).

Of the three receptor subtypes, the GABA, receptor, with its
pentameric subunit array and central Cl ™ ion pore, is perhaps the best understood (Rabow

et al., 1995). GABA, receptors are composed of various combinations of 5 subunits, a (1 -

6), b(1 - 3), g(1 - 3), d, and e. Receptor physiology, pharmacology, and distribution differs,
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depending on subunit composition (Mody, 1998). Theoretically, ten thousands of different
GABA, receptors could exist, but naturally only 10 or fewer combinations of subtypes are
encountered.

Following receptor activation, GABA is removed from the
synaptic cleft into localized nerve terminals and glial cells, by specific membrane-bound
transport molecules. Currently, four \t' ort systems, GABA transporter (GAT)-1,
GAT-2, GAT-3, and betaine G % described (Borden et al., 1992).
GABA has a variable afﬁnity.mftranj)ortmly GAT-1, predominantly located

D

in the cerebral cortex an

al., 1990). After removal fro
neurotransmitter pool (
cells) to the inactive
mitochondrial enzyme G

cts, at least in part, by actions

on the GABAergic system. c;ggg;gg,(;‘- \ __ thesis, increased release, allosteric

receptor facilitation, and reduced mgc:ﬂvatto Il been implicated in the mechanisms
Wi

ileptic compounds (Léscher,

most successful targ

1998).

i
AU 8 éﬂtmtﬂmtﬁ akdaion | 10
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mammahaﬁ brain (Meldrum, 2000). Focal injection of glutamate induces seizures in animals,

and over-activation of glutamatergic transmission or abnormal glutamate receptor
properties are observed in certain experimental seizure models and human epilepsy
syndromes (Meldrum, 1995). Inhibition of the neuronal release of glutamate and blockade of
its receptor have received considerable attention in the search for novel AEDs (Meldrum,

2000).
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Glutamate is synthesized from glutamine by the action of the
enzyme glutaminase in glutamatergic neurons (Daikhin and Yudkoff, 2000). Following
synaptic release, glutamate exerts its pharmacological effects on several receptors,
classified into ionotropic and metabotropic families. Glutamate is removed from the synaptic
cleft into nerve terminals and glial cells by the action of several specific transporters
(Meldrum et al., 1999). Glial glutamate uptakp is of principal importance. Glial cells convert
glutamate into glutamine by the action of the. é/p{wae glutamine synthetase. Glutamine is
subsequently transferred to glutamatergtc neuronsy C‘Ompletung the cycle (Daikhin and

/GABA Seceptors. ionotropic glutamate receptors are

Yudkoff, 2000).

comprised of various ¢ of subupits forming tetrameric and pentameric arrays.
v ¥

They are classified into three Specific sybt:}pes, a-amino-3-hydroxy-5-methyl-isoxazole-4-

propionic acid (AMPA), k d Nﬂme}&yl-b aspartate (NMDA), which form ligand-

"io"' Na+ ’éﬁa" depending on subtype and subunit
Slla

00)= The NMDAIdo'eptor is further distinguished by having

-

gated ion channels, per

2
composition Ca * ions (Trist,

glycine as a co- agonlst The AMPA- and kamqﬂa._pbtypes of the glutamate receptor are

implicated in fast excntafory neurotransmission, whereas the éMDA receptor, quiescent at

resting membrane por/ tlal is recruited during periods_of prolonged depolarization
(Meldrum, 2000). The metébotropic family of glutamate rece?'ptors. also classified into three
distinct subtypes{Groupssl,|l;-and Hl)xare,G-protein linked-and-predominantly presynaptic,
possibly controlling néurotransmitter release (Meldrum, 2000).

Although none. of the=¢ommonly _used” AEDs exert their
pharmacological effects ‘solely tby. an @ction'on! the glutamate ‘system, blockade of
ionotropic glutamate receptors is believed to contribute to the antiepileptic activity of
" several compounds (Upton, 1994; Macdonald and Kelly, 1995; Meldrum, 1996; White,

1999). In addition, several AEDs have been reported to reduce glutamate release, although
2
this effect may be more indicative of their actions on neuronal Ca ) channels than a direct

effect on the glutamate system (Stefani et al., 1997).
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3. Strategies of antiepileptic drug development

There are at least three preclinical strategies which are used for
development of new anticonvulsant drugs: (1) random screening of newly synthesized
chemical compounds of diverse structural categories for anticonvulsant activity in animal
models, (2) structural variation of knowlr\){Want drugs and (3) mechanism-based
rational drug development, b on kno e basic pathophysiological events
involved in seizures or i%ﬁsch& and% 1994; Upton, 1994). All three
ctive antlconvulsgrﬁrugs although many scientists

strategies have generated clini
currently believe that the ati al‘ modern drug development has important

advantages over the more t

Historically, have been found by serendipity,

screening or structural variati bromtde and phenobarbital, the
anticonvulsant effect of all st tict "_ nt drugs was first determined in animal
models, such as the maximal electfeshock 3 or the pentylenetetrazole seizure tests,
demonstrating that clm_xfal act|V|ty caﬁ bef plg‘;?ed by cﬁboratory models (Léscher
and Schmidt,1994). 1.' srefore, seizure modeils in laboraton janimals are still the most

important prerequisite in geclinical search for conv{l}ant drugs.

I 'U’i i c? ectiv oduced anticonvulsant
drugs and grou@}lIEj:o Mmﬂis ﬂe&l Tﬂ ﬁ;y by which each drug
has bee ed,_ the reeni r serendipity to the deve ent of felbamate,
toplrama ‘ﬁ i i ﬁﬁlﬁcﬂﬁﬁﬁﬁlﬂgﬁg developed by

structural variation of known drugs (Léscher and Schmidt, 1994). Only three of the seven

new, second generation anticonvulsants with proven clinical efficacy have been developed
by mechanism-based rational development, namely vigabatrin, tiagabine and gabapentin
(Loscher and Schmidt,1994). Various other novel ‘third generation’ anticonvulsant drugs are

in preclinical or clinical development (Léscher and Schmidt, 1994; Bialer et al., 1996; White,
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1997). All drugs with already demonstrated clinical activity e.g. levetiracetam, remacemide,
fosphenytoin,-dezinamide, losigamone have been found by screening or structural variation
(Léscher and Schmidt, 1994). As with the old anticonvulsant drugs, the anticonvulsant
effect of the novel clinically effective compounds was determined by seizure models in

laboratory animals, substantiating that clinical activity can be predicted in this way.

The past decades ha\e\\\ ry an increase in our knowledge on the

pathophysiology of brain dlsea the basi nlsms of drug activity that is without

precedent (Dichter, 1994W, 1994). edge generated several rational

"-L
QenhWticonvulsant drugs with high

importa stiategies of rational design of

strategies for drug develo

specificity and selectivity

anticonvulsant drugs have

diminution of glutamate-me
)

2 F
particularly Ca " ion channel (

for anticonvulsant drug devel

and intrinsic, voltage- dependent cmts
..-.d -"’ a"’ LA "i'

pathophysiology of epulﬂmc processes (ch‘hter 1994).., i !

\[

i

- —

| — |
3.1 Increége of GABAergic neurotransmissiovll'J

AUEANEN NI D T 1 e o

producing new chmcally effective ahticonvulsant #drugs has beén’ pharmacological
enhance@nt f}@«ﬁgﬂ imu%ﬂ%’gtm%{l ’] @\}Al‘mmetsc drugs
produced by this strategy, i.e. inhibitors of GABA aminotransferase such as vigabatrin,
GABA uptake blockers such as tiagabine, GABA receptor agonists such as progabide and
THIP (gaboxadol), and GABA receptor modulators, e.g. novel benzodiazepine receptor
ligands such as partial agonists (e.g. bretazenil), subtype selective agonists (e.g. abecarnil)

or neurosteroids, so far only vigabatrin and tiagabine proved to be effective in epileptic
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patients. Both drugs, which act by increasing GABA levels in the synaptic cleft, are
effective treatments for partial seizures in patients with drug resistance to the old drugs
(Schmidt and Kramer, 1994; Chadwick, 1997). A third GABAmimetic drug with proven
efficacy in partial epilepsy is gabapentin (Schmidt, 2002). Gabapentin has recently been

shown to increase GABA turnover in some brain regions of laboratory animals (Léscher and

Nolting, 1991), presumably by actlvan I tamate decarboxylase (Taylor et al., 1992)
and to enhance brain GABA Iev%s m troff et al.,, 1996) but in contrast to
vigabatrin and tiagabine, gabMalso _sxe other cellular action not related to

GABA (Taylor, 1995). 7 ——
U ely, q}'e n}of potential problems with

and dependence in patients has ‘tanau
_rr"-,r"" ‘.;-' -

particularly in terms of rnonotherapy fﬁﬂrug WhICh increase (?IRBA concentrations, such as
L —

— - -
seizures, most probabngby an effect of ed GAqﬂ levels on GABA receptors

(Loscher and Nolting, 1991). As a consequenge; the spectrum of clinical efficacy of such
compounds is rﬂvﬂs&}llﬁlt%g&}i&}:@nﬁ@ e’ff}ﬁe%ainst infantile spasms,
i.e. in West synd%me (Léscher and Schmidt, 1994AAnother poter&gl disadvantage of
some nQ &ﬁﬁ‘ ﬁﬁoﬂ;i m &P%’}”ﬂewj%’] @oﬁhouc reactions
(Loscher dnd Schmidt, 1994). Indeed, a hyperactive GABA system has been involved as a

common etiological factor in both schizophrenia and affective psychosis (Schachter, 1995).
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3.2 Decrease of glutamatergic neurotransmission

Another strategy, which has been used by several drug companies
for development of anticonvulsant and neuroprotective compounds during recent years, is
drug-induced decrease of glutamatergic neurotransmission (Léscher and Schmidt, 1994).
Drugs developed by rational drug design include NMDA receptor antagonists, such as the
noncompetitive antagonist MK-801 (dlzocﬂpﬁ;f)t e competitive antagonist, D-CPPene
(3-(2-carboxypiperazin-4-yl)propenyi- 1-phosphonate‘)'l .and AMPA (a-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic __aad) recepto antagonists, such as NBQX (2,3-dihydroxy-6-

nitro-7-sulfamoylbenzo (F),aﬂﬁ/

methylendioxy-5H-2,3-be

ling) and GYKI 52466 (1-(4-aminophenyl) -4-methyl-7,8-

. As yet, clinical data are only available for NMDA

» # - “
o 4 4

receptor antagonists, in trorphan, an  active metabolite of the antitussive

dextromethorphan, which "'hqrj.co@)éﬁtive NMDA receptor antagonist (Léscher

i {dd
and Schmidt, 1994). In view of the incieasing evidence that an abnormality of glutamate-

¥ o
mediated neurotransmission m crit;c“atfy co'r'rt_@te to the pathophysiology of seizures and
epilepsy, development of glutaﬁ'&éﬁeoep&’ﬂagonists particularly drugs blocking
NMDA receptors, was_thought o be- one oF#h%*Most pro?lsmg strategies for rational

anticonvulsant drug ‘ dsfher 1993). However, both

the clinical trials and mm‘e recent data from animal modérs demonstrated a number of
severe problems assocngied with the mechanism (Loscher and Schmidt, 1994), so that
further development' of NMDA' recéptor ‘antagonists for ‘treatment of epilepsy has been
subsided. The few ¢linical trials with MK-801, D-CPPene and dextrorphan did not yield any
significantyanticonvulsant ieffect.of the drags infpatients with partial €2izures (Léscher and
Schmidt, 1994). Instead, treatment was associated with marked adverse effects, such as
psychosis, impairment of learning and memory and impairment of motor function. This was
unexpected because all these drugs had been well tolerated in phase | studies in healthy
volunteers. Interestingly, several previous experimental observations indicated that limbic

epileptogenesis enhances the adverse effect potential of NMDA receptor antagonists,

leading to induction of proconvulsant effects, motor impairment and psychotomimetic
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effects (Léscher and Honack, 1991; Léscher and Schmidt, 1994). Pre-existing susceptibility
to focal seizures was suggested to be a prerequisite for proconvulsant effects of the
noncompetitive NMDA receptor antagonist, ketamine, in rats (Léscher and Honack, 1990).
The noncompetitive NMDA receptor antagonist, memantine, induced seizures in kindled
rats at doses that were anticonvulsant in non-kindled rats (Léscher and Honack, 1990).
Kindled rats were more sensitive than no? kindled rats to the induction of behavioral
adverse effects (e.g. stereotypies) by compe Mé‘yDA antagonists (Léscher and Honack,
1991). The glycine and NMEA_receptor aqx_gtagom‘str-(*z;HA-%G ((+) -3-amino-1-hydroxy-
pyrrolid-2-one) induced paiexysmal |
kindled rats (Wlaz et al. t094)/a '}

and non-kindled rats re

stivity in limbic Brain regions of kindled but not non-

reasons for this functional difference between kindled
" daieij (Wlaz et al,, 1994) but all these data strongly

suggest that models of ¢ S Yo suc.h as the kindling model, should be added to

the preclinical assessment e eﬁecéjof NMDA receptor antagonists and probably

also other investigational drugs ir Grder fo efﬂ'lante the predlctxve value of such data for

adverse effects occurring in pa nts_erh chrohémraln disease (Wlaz et al. 1994).
H *-'_:-' d
It remains tﬁ:be seen:whether other strategies of glutamate
b ) "l‘-. =

antagonism, e.g. AMPA receptor antagomsts or Ilgands forfthe metabotropic glutamate

receptor provide advan_t?ges in terms of risk—benefit raﬁo’kTr"frgatment of epilepsy. Drugs,

| —

such as lamotrigine or juzole, which reduce glutamate release by blockade of Na

channels, clearly differ in theirspharmacology fréni selective glutamate receptor antagonists
and should not be! assighed to this' category. Recentlin vitro experiments with other Na+

channel blockers, i.e. carbamazepine and oxcarbazepine, have shown that these drugs, as
lamotrigine, i’hhibit veratrinesinduced. @litamate | rélease .from! ¥at ‘brain slices at
therapeutically relevant concentrations (Waldmeier et al., 1996). However, experiments in
conscious rats with determination of veratrine-enhanced extracellular glutamate levels by
microdialysis led to the conclusion that neither of these drugs in relevant doses inhibits

physiological glutamate release in vivo (Waldmeier et al., 1996).
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3.3 Modulation of ion channels

Similar to the glutamate directed strategy, the ion channel directed

strategy of developing new anticonvulsant drugs failed to produce any clinically effective

drugs with advantages over existing drug treatments. With respect to Na+ channels,

ralitoline was developed as a state wy locker of voltage-sensitive Na+ channels,
but both experimental and clin@l onstrate any clear advantage over
standard drugs, such as phmw carbamazepine, so that further development was

. ) — S 2+
terminated (Léscher and Sc Iel:{af . 6). With respect to Ca  channels,

2+
several Ca channel e /bl

Valproic acid ﬂ)dium valproatﬁ,_,VPA) is, at present, the most commonly

used antiepilept@%iﬂé}e%%j %e@rwﬂ%ﬁgd it is also effective in
. . : . — ' ) VDA sction i o
partial epilepsy I#'Lplte of its wide useﬁfor many year‘s:‘ the mechanusn&s action is still
e GARAR GAGRI U NIV B A2 oo
great extefit from the substituted heterocyclic ring structures characterizing the traditionally
used antiepileptic drugs. The antiepileptic action of VPA is probably due to a combination

of several effects in the central nervous system (CNS) because of its wide spectrum of

activity against different types of seizures and status epilepticus.
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CH,-CH,-CH,

CH-COOH

N\
/

CH,-CH,-CH,

re discovered serendipitously
when VPA was empl al studies’ v t for drugs under formal
v AED, with a broad spectrum
of activity and particular efficac ? ,_._F_ 4 psies (Brodie and Dichter, 1996).

reduces sustained repetﬂ ring of r -' ture (McLean and Macdonald,
1986) and reduces Na® currents in neocortical neurons (Zona and Avoli, 1990). However,

rat hippocampal ﬂ:éujﬁ ’gn%ﬂéﬂﬁ ng)qaﬂ %bamazeplne VPA has

no effect on the reﬂbvery of Na* channeés from the macttvated state (Albus and Williamson,
= ARIANN I umawma t

VPA may also block T-type ca’ " channels in a manner similar to that
reported for ethosuximide. Such an effect would explain its efficacy against generalized
absence seizures. However, the reduction of T-type Ca2+ currents observed with VPA in rat
primary afferent neurons is modest and requires relatively high drug concentrations (Kelly et
al., 1990). In addition, VPA appears to have no effect on Ca2+ channel conductance in rat

thalamic neurons (Coulter et al., 1989).
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There is evidence to suggest that VPA elevates whole brain GABA
levels and potentiates GABA responses, possibly by enhancing GAD activity and inhibiting
GABA degradation (Léscher, 1999). Some reports suggest that the drug also augments
GABA release and blocks GABA uptake (Sills et al., 1996). The reproducibility of these
effects has, however, been questioned (Rogawski and Porter, 1990). It is suggested that the
GABAergic effects of VPA exhibit a d 1 j»f egional specificity within the brain and that
inconsistent results reflect the resoLuﬂm ;‘ @@mdles (Rowley et al., 1995).

Electr glca rec hmques have reported that VPA

selectively enhanced neuula!"F"r se 0 ex H"B'U!w-applled GABA (Rogawski and

Porter, 1990; Davis et al; ' ha concmns required to potentiate GABA

responses in the electro

indicating that augmentati

acid such as aspartic acid, glutm ac:‘
..-.-_-_,.-F" ',..-'

produced absence- Ilke‘ﬁelzures in anlmalsf (Chapman etal., 3982) In amygdaloid slices

VPA suppressed the response mediated by NMD/

— i —
glycine, which is an inhiQ_ij)ry neurotransmitt o] amstemjj\d spinal cord, is not altered

by VPA (Loscher, 1999).

ﬂUEJ’JWEJWﬁWEJm‘ﬁ
Qﬁ"f'ﬂﬁﬁﬁdfﬁ'ﬁmﬁ? NYIA

The incidence of toxicity associated with the clinical use of VPA is
remarkably low compared with other AEDs. The most common adverse effects are
gastrointestinal disturbance, weight gain, thrombocytopenia, pancreatitis, neurological
effects such as tremor or sedative and transient hair loss (Davis et al., 1994; Léscher, 1999;

Greenwood, 2000). However, the drug is associated with two severe, albeit rare toxic
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effects, fatal hepatotoxicity and teratogenicity (Brodie and Dichter, 1996; Davis et al., 1994;
Loscher, 1999; Rowan, 1997).

Transient elevation of liver enzyme activity: alkaline phosphatase,
glutamic oxaloacetic transaminase (SGOT), glutamic pyruvic transaminase (SGPT) have

been observed in approximately 11% of patients receiving VPA (Jeavons, 1982).

Fatal hepatotoxicity, occurred more fr y in patients less than 2 years old receiving
polytherapy and did not appeag\o be he dose of VPA (Davis et al., 1994;
Loscher, 1999). Studies m'a:hts ha\_/ﬁ VPA exhibits teratogenic effects

(Jeavons, 1982). In humany=an_esi

predominantly spina bifi

at d nsk"‘m 2% for neural tube defects,
\\f’WA therapy has been reported

).

(Bjerkedal et al., 1982;

D and eratogenic effects of VPA in patients
this drug is considered cer‘tein precautions are dealt with

x,f

there is a substantnally:reed to d'é'velbp r-féw denvat_ﬁf IPA with higher potency but
lower toxicity (Bialer E“,, ; Bialer, SiP j

TS NN
QY1 S TR GRS e

the Depaftment of Pharmaceutical Chemistry, Faculty of Pharmaceutical Sciences,
Chulalongkorn University. The structure of HPP is shown in Figure 3. In preliminary studies,
intraperitoneally administered HPP demonstrated a higher protection than VPA in both the
maximal electroshock seizure (MES) and the pentylenetetrazole (PTZ) tests. However, HPP

could not block the effect of bicuculline and was ineffective in strychnine test. Based on

the relatively high medial lethal dose (LD,,), HPP possessed a same margin of safety
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(LD4/EDy,) as VPA (Supatchaipisit, 1995). In brain microdialysis studies, HPP significantly
increased the level of cortical inhibitory neurotransmitter GABA in anesthetized rats

(Supatchaipisit, 1995).

Figure 3 The structure of ide (HPP)

Accor dels, HPP has demonstrated a

good prospect of being ..‘ﬁ(-' ug with the same margin of
safety as VPA. Extenge studies on its precise mech%m(s) of actions have to be

accomplished before a definite,conclusion could be reached.

AUEINENINEINTG
' A'msﬁ"W"'i"ﬁ\ﬂﬂim UAIINIAY

The evidences presented above gave encouragement to extensive study on
the precise mechanism of action of HPP, especially modulation of amino acid

neurotransmission. Thus, the present study was aimed to determined:
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1. effects of HPP on the levels of excitatory and inhibitory amino acid
. neurotransmitters in cerebral cortex of freely moving rats by using

microdialysis technique,

2. effects of HPP on the GABA,, glycine and NMDA currents in acutely

dissociated rat hippoca | neurons by using the whole-cell patch clamp

technique.

AUEINENINYINS
ARIANTUUMING AT
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