CHAPTERI

INTRODUCTION
1. Epilepsy

Epilepsy is a chronic condition whose major clinical manifestation is the

occurrence of epileptic seizure characterlzed by sudden and usually

unprovoked attacks of xperiential ~phenomena, altered
consciousness, or involuntary 1 amara, 2001). Seizures result

" cerebral neuron and are a

from paroxysmal an
common sign o
manifestations of AV letermined by the function normally served by

the cortical site at zure arises. The causes of seizures are many

2001).

Fi ﬁ‘ﬁfwﬂﬁ mllllons worldw1de (Doherty and
Dingledine, 12 ﬁp efinci ﬁ ‘img children and the

elder en are affected slfiii’ more often than womed (1.5: 1) (Griggs,
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States, about 30% of all people living to the age of so will be diagnosed with
epilepsy (Kandel, Schwartz and Jessell, 2000).

1.2 Etiology

Epilepsy results from many conditions and mechanisms. It is not

possible to identify a specific cause, although focal seizures imply a cerebral



injury or lesion. The most common specific lesions are hippocampal sclerosis,

gangliomas and glial tumors, cavernous malformations, neuronal migrational
defects (cortical dysplasia) and encephalitis, cerebral trauma and hemorrhage
(Griggs, 2001). Not all patients with cerebral lesion becomes epileptogenic is

poorly understood (Griggs, 2001).

1.3 Classification of Selzures and Epilepsies

@veral ways: according to their
supposed etiology .,. acr— : %m of their clinical form,
frequency, or eletrophVsie corr and Ropper, 1997). The

most widely used

and was then refingd rgpeatedly. Dy [ ion on Classification and
Terminology of the Ig oria L % pilepsy (Comission, 1981)
This classification, baged 611‘11 form of the seizure and its
electroencephalogram ( lopted worldwide and is generally
referred to as the InternatIS)W , on of Epileptic Seizure.

Sei can be clas o categorized: Partial

Seizure, those that g;llgmates in a small group of rmlrons limited to part of the
cerebral he ﬁrﬁfﬂl se th t involve the cerebral
cortex dlffu‘Edi\/ﬁ m n 1999; McNamara,
2000
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Numerous factors that affect the type and severity of seizures are
ignored in the seizure classification (Kandel, Schwartz and Jessell, 2000).
Such factors as the underlying etiology of the seizures, the age of onset, and
family history all contribute to the clinical characteristics of epileptic
syndromes (Commission, 1989). More than 40 distinct epileptic syndromes

have been identified.



2. Mechanism of Epileptogenesis

Epileptic seizures result from excessive discharge in a population of
hyperexcitable neurons. Most epileptic seizures are due to discharges
generated in cortical and hippocampal structures (Avanzini and Franceschetti,
2003). The clinical expression of a seizure depends on its site of origin, time

course, and discharge propagation (Avanzini and Franceschetti 2003). The

charges in neuronal exmtablk ye lie epileptogenesis not only induce

abnormal activity in 1n also recruit a critical mass of

;

hyperexcitable cells ‘ Wtivities that are propagate
through normal or ' 'a\ﬂg&echanisms of epilepsy and

normal brain functi Ying and Janigro, 2001;

neuronal hypereffltablhty (T\i’ajn'f & - 2001): ;(1) intrinsic membrane

properties of nelfpns and ratio of ini y Versu: ex01tatory synapes; (2)
extracellular levelgf membrar
neurotransmission plays,a role. Thus;sthe control of neuronal excitability

depends. of mppardusd 4R i b praperties and voltage-

dependancy ?)‘{D ion channels, density of fungtional synapseéJconcentratlons of
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from t?le extracellular space (Najm et al., 2001; Avanzini and Franceschetti,

2003).

ons,@ld molecules available for

The observation that neurons in an epileptic neuronal aggregate
consistently discharge in the form of protracted bursts of action potentials has
been central to the investigation of epileptogenic cell mechanism (Medvedev,

2002). These bursts were called “paroxysmal depolarization shifts”, initially



described by Matsumoto and Ajmone-Marsan (1964). In focal epilepsies,
paroxysmal depolarization shifts are a reliable marker of an established
epileptogenic ~ condition  (Prince, 1985). Experimental epileptogenic
procedures, such as the blockade of GABA-mediated inhibitory
neurotransmission, or the potentiation of transmission by excitatory amino
acids with selective agonists such as kainate, ibothenate, or NMDA can induce
generalised phasic activity resembling paroxysmal depolarization shifts in
cortical cells (Avanzini and Fr 2003). Similar effects are seen with
epileptogenic agents th@ %nsm mechanisms underlying
membrane exc1tab11@ ease sodium or calcium

0 arlslng potassium currents

depolarizing currents

(Avanzini and Franc

The reley £ thest 'to human epilepsies is

discussed in relation t differe 3 : ge-gated and ligand-gated

In thei‘}efv = -‘gateB ion channels control the
flow of cations acrosg surface and integna | cell membranes (Barchi, 1998). Of

these, the NE dpbinbi i %@@Q’}ﬁ rifdiff Stot@hce (Kwan, Sills, and

Brodie, 2001%I The neuronal Na" channel gs a multi- su@mt structure that
oroy RO BRI B fpipnino.
protem structure undergoes conformational alterations in response to changes
in membrane potential, regulating conductance through the intrinsic pore
(Ragsdale and Avoli, 1998).

The transient, fast-inactivating ionic current that flows through
sodium channels, which causes the rising phase of the action potential, is
associated with a slow-inactivating component that also has an important role

in membrane excitability (Avanzini and Franceschetti, 2003).



A pathophysiological role of sodium channel in human epilepsies
was originally suggested on the basis of indirect observations, such as the
inhibitory effect of clinically effective antiepileptic drugs on sodium currents
(Avanzini and Franceschetti, 2003). Phenytoin, the first generation

antiepileptic drugs and newer agents have been found to inhibit sodium

channels (Ragdale and Avoli, 1998), some of which seem to act preferentially

on the persistent of the SOdlu“l‘Q‘ ”})0 and Alzhelmer 1995; Taverna et

al., 1999).
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Neuronal K N channels arg large protein complex that form

tetrametric ﬂuﬂﬂrﬂtﬂa monomets ﬁxﬁcﬂ:ﬂ sfrhciirally and genetically

related to the o-and ol-subunits of the N& and Ca’ channel, respectively
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membrane is required for the formation of a K'-sensitive pore and, therefore,

channel function. More than 40 distinct K+ channel subunits have been
identified, together with several auxillary subunits (Cosford et al., 2002).
Given heterologous arrangement, it is possible that countless populations of K"
channels, with individual functions and distributions, are expressed in the
mammalian brain (Pongs, 1999). To date, 80 or more K+ channel related genes

have been identified in the human genome, and genetic, molecular,



physiological and pharmacological evidence now exists to support a role for
some of these K+ channels in the control of neuronal excitability and

epileptogenesis (Wickenden, 2002).

At the neuronal level, K™ channels are responsible for the action
potential down stroke or, more specifically, repolarisation of the plasma

membrane in the aftermath of Na" channel activation (Pongs 1999).

Epileptifo isct l@@e easily induced in tissue

preparations in vit @hannel blockers, such as

extracellular tetracthylafmeénium | O ‘intrace lulflr caesium ions, or by

increasing the extracghittiag potassiu \centration, thus reducing the strength

of the outward aséiufm/ “curre result of the decrease

.p;; e

1992). Accordingly, K cﬁéﬁiﬂs activatots have anticonvulasant effects in
some exper1mentﬂ selzure n‘io’delllr , 1989, Rostock et al
1996), whereas el sgizures (Yamaguchi and

Rogawski, 1992). D ‘

ﬁaﬂ@l %W‘ﬂaﬁ $blideb €1 B channels expressed

predomlnatly in the central negvous system.( (CNS). They Spn be found both
pre- adwg]saaﬂ1ﬂlﬁlm N Wq @uﬂe&l]'}na Ej: important for
the co?xtrol of neuronal network oscillations and synchronization (Cooper et
al., 2001). Several lines of evidence suggest that KCNQ2/Q3-based M-currents
play an important role in the control of neuronal excitability and
epileptogenesis. Mutation in the KCNQ2/KCNQ3 channels have been reported
in benign neonatal familial convulsions, a generalized epilepsy syndrome

(Rogawski, 2000).



Potentiation of voltage-gated K+ channel currents may prove to
be an important target for future antiepileptic drug development (Wickenden,

2002).
2.4 Calcium Channels

Voltage-dependent Ca** channels (VDCCs) are critical for nerve

function (Catterall, 2000). B ” nges in the membranc potential to
the influx of the pivot P Ca2+, VDCCs represent the

primary route for transle ‘ 1nt0 the biochemical events
underlying key proce faury fran: » elease, cell excitability and

gene expression (Jo

subclassified by their
R- types (Catterall, 1995).

expressed predominantly i a re@' neurones, where it is

believed to be instruniental in the genegation of the rhythmic 3-Hz spike-and-

wave dxscha@euﬁls Dathdebiistd of seieralizeifabsgnee seizures (Coulter

et al., 1989). Some experiments'have shown,that over expression of the low
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spike- wave discharge in the genetic absence rats (Avanzini et al., 1989).

Finally, calcium-dependent currents in intrinsically bursting
neurons of the CA3 contributed these neurons to epileptic synchronization

(Avanzini and Franceschetti, 2003)



2.5 GABA receptors

The two main types of ionotropic GABA receptors (GABA, and
GABAgR) are coupled to chloride and potassium ionophores, respectively
(Princivalle, 2000). A third receptor subtype, GABA(, has also been reported
but its physiological function in unclear at present. The inflow of chloride ions

and out flow of potassium ions prompted by binding of GABA to its receptors

leads to membrane hyperpolari inhibitory postsynaptlc potentials

ergic system causes neuronal

(IPSPs). In general, acfi

Consi

can cause seizures

expression of G A PLOE. S utiits occur in granule cells and in the
molecular layer of rats during e ‘ sment of Chronic epilepsy after kainic-
acid-induced status eplleptll’.. £Sp ., 1998). Studies on tissue resected

from patients wﬂ mesml’teﬁilpo'f . and. neocortical epilepsies show

reductions in the, WABA, receptor ., 1991; Johnson et al.,
1992).

ﬂ%éi&l&niﬁ&rﬂlﬂaﬁ the hypothesis that

impaired GABA transmission leads to, epileptic ~ discharges is not

uneq’élvﬁl’] Gievdnl “dof bpman)/epiephidh] b bate? hnstances, - the

orgamzatlon of the underlying circuitry enables GABA neurotranssmission to
be proepileptogenic rather than antiepileptogenic (Avanzini and Franceschetti,
2003).

Several antiepileptic drugs exert their effects, at least in part, by
actions on the GABAergic system. Increased GABA synthesis, increased
releases, allosteric receptor facilitation, and induced inactivation have all been

implicated in the mechanisms of action of commonly used agents (Sills et al.,



1999). The GABA system also represents the most successful target for the

rational design of novel antiepileptic compounds (Loscher, 1998).
2.6 Excitatory Amino Acid (EAA) Receptors

Glutamate and aspartate, the two major EAA neurotransmitters in

the cerebral cortex, act through various receptor subtypes the subunit
composition of which dete elective ionic permeablhty and the
kinetics of the related den 2002). Based on their

pharmacologic and EW

are organised into tw,

euronal glutamate receptors

metabotroplc The ionotropic

: those that respond to -

, ‘;Q\chid (AMPA) or kainic acid

receptors can be diy

(KA) and those that thyl-D-aspatate (NMDA) (Meldrum,
2000) o)

Because “the sfil  influence of glutamatergic
neurotransmmsmwnd the quasf-uUiqu tous e ss'fn of glutamate receptors

foposed that glutamatergic
neurotransmission Bay play an'i ole in @ pathogenesis of a variety
of CNS disorder(Najmi gtal., 2001). Aliered EAA neurotransmission, mediated

primarily bﬂglurﬁajt + o ) il kauisd $£fthe Irabalahce of excitation and

inhibition Wthh characterizes ¢both early development and epileptogenesis

k] RALBOHRTU 391111816

The cellular mechanisms underlying cortical dysplasia (CD)
epileptogenesis and, in particular, the role of AMPA/NMDA receptors in
seizure expression, have been recently investigated in dysplasia cortex resected
from patients suffering from medically intractable epilepsy. A correlation was
found between cytoarchitectural abnormalities and specific NMDA-(NR1 and
NR2A/B) and AMPA-(Glu2-3) receptor subunits (Ying et al., 1998). These
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studies offer indirect evidence of a differential expression of some
NMDA/AMPA-receptor subunits in the dysplastic neurons. The degree of
NR1 and NR2A/B receptor in focal epileptogenesis was assayed. The densities
of NR2A/B, but not NR1A subunits, are higher in resected cortical areas with
EEG-proven epileptogenesis compared with neighboring nonepileptic cortex.
NR2 subunit is co-localized with with NR1 protein, thus providing evidence of

a potential functional substrate for a hyperexcitable NMDA receptor (Najm et

al., 2000, Doi et al., 2001). S " ,//
Experinﬁlou! an@ls have shown that sprouted
napti C

ocation, and thus from an

). In general the information
sy supports the concept that
lar structure of receptors
nic progression (Avanzini

use-effect relation between

3. NMDA Receptors
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Glutanidte acts postsynapt‘;cally at several receptor tygjs that are named
QRGN PR Y. - o
major suibtype is the N-methyl-D-aspartate (NMDA) receptor. This receptor is
crucial to many forms of a process known as excitatotoxicity, during which the
inability to respond properly to elevations in synaptic concentrations of
glutamate overexcited neurons, leading to neuronal death (Lynch and

Guttmann, 2002).
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Glutamate is synthesized from glutamine by the action of the enzyme
glutaminase in glutamatergic neurones (Daikin 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

uptake is of principal importance. Glial cells convert glutamate into glutamine
by the action of glutamine synt W ;1 tamine is subsequently transferred to
glutamatergic neurons, c @alkm and Yudkoft, 2000).

Glutamate b1n S 7 \ sociated (ionotropic) and G-

protein-coupled (meta I r ypes, which mediate fast excitatory

and second messen | ission. -«{espectlvely (Cartmell and

‘%re comprised of various

The AMPA ang kainate subtype&lof glutamate receptor are implicated

to fast exclt%eﬁljofa 9'61 %ﬂv@ewﬁm receptor, quiescent

at resting mébrane potential, s rescrulted during perlgjs of prolonged
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receptofs, also classified into three distinct subtypes (Group I, II, III), and G-

protein linked and predominantly presynaptic, possibly controlling

neurotransmitter release (Meldrum, 2000).

The NMDA receptor is an important target for drug development, with
agents from many different classes acting on this receptor (Lynch and

Guttmann, 2001). While the severe side effects associated with complete
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NMDA receptor blockade have limited clinical usefulness of most antagonists,
the understanding of the multiple forms of NMDA receptors pfovides an

opportunity for development of subtype specific agents with potentially fewer

side effects.

The N-methyl-D-Aspartate (NMDA) receptor is a heteromeric ligand-
gated ion channel that interacts with multiple intracellular proteins by way of
different subunits (Loftis an

Q) / 3). NMDA receptors (NMDARs)
are concentrated at pos _some appear to be presynaptic

(Liu et al., 1994). Ne

MDA receptors has been
implicated in a vagi [DA receptors activation
associated with lo trength (Ali and Salter,
2001), (2) organizati v ot "1-?‘: ith respect to target neurons during

development (Collingfid ng _and (3) participation in

The number of subun h heteroueric glutamate receptor

channel is still uxﬂmwn Shir@ji, 1999). However, the

glutamate r?i)tor cHannels_are ﬁp&éd to be composed of four or five

TS NEAT S,
QAR DDLU AN Ehrrsr

least six gene families as defined by sequence homology: a single family for

subunits (Fe

AMPA receptors, two for kainate, and three for NMDA (Dingledine et al.,
1999; Stephenson, 2001).



f
Modulatory
LIVBP-like

Tl Zn2* (NRZA)

[fenprodil (NR2B)

Agonist
binding
GinBP-like
Domain L

ARIAINITUURIINYIA Y

Figure i1 NMDA receptor model showing potential sites for drug action
(Kemp and McKernan, 2002)

13
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Over the past decade, a variety of NMDAR subunits have been
identified: the ubiquitously express NR1 subunit; a family of four distinct NR2
subunits (A, B, C and D); and two NR3 subunit (A and B) (Cull-Candy,
Brickley and Ferrant, 2001; Chatterton et al., 2002)

NR1 and NR2A-NR2D subunits are composed of 938 (main
isoform among splice variants), 1464, 1482, 1250 and 1323 amino acids,

between the NR1 and
NR2 families are as 4

)
”3...4"

(exon 5, 21 and 22) un ergd-caitcm ‘cing to generate eight NR1 splice

. although the functional

relevance of the different spli : alnsalncertam (Yamakura and
Shimoji, 1999; Foucaud gf al., 2003).
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The primary structures of NMDA receptor channel subunits were

deduced from their cDNA sequences (Mori and Mishina, 1995). NMDA

receptor channel subunits have putative amino-terminal signal peptide and four
hydrophobic segments (M1-M4) within their central regions (Stephenson,
2001). The NR2 subunits, especially the NR2A and NR2B subunits, have
notably larger carboxyl-terminal domains compared to other glutamate

receptor channel subunits (Yamakura and Shimoji, 1999). According to three



15

transmembrane segment model, segmant M2 forms a reentrant membrane loop
with both ends facing the cytoplasm as proposed for the channel-forming pore

of voltage-gated ion channels (Wood et al., 1995).

The pattern of water-accessible, exposed residues of the
ascending limb of segment M2 is compatible with an alpha-helical
conformation which would align exposed residues on one side of the helix
(Wood et al., 1995). In contrast, scending limb may form an extended
structure or random coil @!@ ino acid residues exposed to the
lumen of the channelﬁé al¢19@ and Guttmann, 2001). The

narrow constriction 0

the middle of the ide o result from a cluster of

ment with organic cations of

different sizes to map th dl% of' he ebnstriction in wild-type and mutant
channels, the asparagine rcsidt'ié"at;z he N'site_of the NR1 subunit and the

tream of the carboxyl-
em identified as being major

determinants of the naJ;row constrlctlon of the channel which serves as an ion

ety Oy (e ‘V?‘EJ NINYINT
wwmwumq NYIRE

Functional homomeric receptors can be formed with in the
AMPA and kainate subunit families but probably not for NMDA receptors
(Dingledine et al., 1999). The NR1 subunit forms homomeric channels
responsive to L-glutamate plus glycine when expressed in Xenopus oocytes,
although the current responses are very small (Moriyoshi et al., 1991). When

the NR1 subunit is expressed in mammalian expression systems, however, no
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functional channels are formed, although specific binding of channels blockers

and glycine site antagonists can be detected (Yamamura and Shimoji, 1999).

The involvement of an endogenous X. /aevis protein would also
explain why the NR1 “homomer” are seen in X. laevis oocytes and not in
mammalian cells (Monyer at al., 1992). The endogenous subunit hypothesis
seems to have been generally accepted after it was reported that the mRNA for
XenUl, a X. laevis glutamate te
oocytes (Soloviev and ﬁ%

found that XenU1 do cratd w1 suburut because coinjection

of NRI did not inor Pl

alone; similarly, in H ' ressionof XenUl and NR2 did not

unit, was expressed at low levels in

ever the current investigation

0 pared with injection of NR1

P o

responses of the heteromteri¢/reeepts s inoteas by several orders (Dingledine
et al., 1999). Since recﬁﬁdnp" ieteromeric NMDA receptors display
different properti ""**'":*‘_“""f‘f"‘_ ‘ or the two of NR3
subunits are assem-; d with NR1, 2 © subrlnits can be regarded

as modulatory subunsz whereas NRl serves as a fundamental subunits to

form hetemﬁwg)ﬁ}%%%%’*ﬂﬁwzm 1998).
’ﬂ*ﬂ“]ﬁﬂ?ﬂ%ﬂuﬂ’n NYIRY

Premkumar and Auerbach (1997) inferred a pentameric
stoichiometry for NMDA receptors consisting of three NR1 and two NR2
subunits. An analogous experimental design by Behe found fewer single-
channel patterns, however, and concluded there are only two copies of NRI.
Concluded that the most parsimonius model involved a tetrameric protein

consisting of two NR1 and two NR2 subunits (Behe at al., 1995).
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Thus, the conclusion of receptor subunits mixtures are exactly

split between a tetramer and a pentamer. Rosenmund et al. and Laube et al.
argue that although their data flavor a tetrameric protein, the posibility of a
pentameric structure could not be entirely ruled out (Laube, Kuhse and Betz,
1998; Rosenmund, Stern-bach and Steven, 1998). Although the functional
results are provocative, an unequivocal determination of the number of

subunits in a functional glutamate receptor awaits physical methods that probe

the structure of the protein 1@\\}@%}‘@ et al., 1999; Stephenson, 2001,
Vissel et al., 2002).
| H

_e\wunit composition of native

g@g ies have shown that NR2A
NR1 in native NMDA

Little is
NMDA receptors, b

receptors gently solubiliz I 1 ain by sodium deoxycholate at

[DA receptor channel
subunit mRNAs weg exami yrldﬁtlon analyses (Yamakura
and Shimoji, 1999).¢In, the adult redent, the NR1 mRNA distributed

ubiquitously ﬁi’ Wt’@ %&J Icm:@tw &%ﬂﬁz transcripts display
distinct reglonqgl patterns. The NR2A subunit.mRNA is widely distributed in
the biain [Nk} Vil NR2E bbohe %ﬁ}@ ¥ pfeliomiihdy found in the
granule‘!:ell layer of the cerebellum, while the NR2D subunit mRNA is weakly
expressed in the diencephalon and the brain stem (Ozawa et al., 1998; Kemp

and McKernan, 2002).

From in situ and immunocytochemical analyses, NR3B is
expressed predominantly in motor neurons, whereas NR3A is more widely

distributed (Chatterton et al., 2002). NR3A is expressed ubiquitously during



18

development and its expression level reaches a maximum at approximately the

first postnatal week. Thereafter, the level gradually decreases, and in adult
animals, NR3A is confined to limited nuclei in the thalamus amygdala, and

nucleus of the lateral olfactory tract (Nishi et al., 2001).

Expression patterns of the NR2 subunits are also regulated

developmentally in rodent brains (Monyer et al., 1992).‘NR2B and NR2D

f d NR2C mRNAs are first detected
around birth. The most nt ch&hp switch from NR2B to NR2C

expression which occur cer"bel ar-grant IQ cells (Ozawa et al., 1998).
Since the functional pi ; MDA “regeptor channels such as the

degree of the volta ‘M ock and deactivation kinetics depend

mRNAs occur prenatally, w

on which of the four : " . conceivable that different spatial

etal., 1998).

NR1 subunr)}nRNA is ublqu the brain throughout
the different developmental oji, 1999). The NR1
splice variants also aplay and de@lopmental expression

patterns (Laurle and Sé’ehr%]l994

plgInENIweng

3.7 Channel Properties ¢
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371 Ca* permeability

The NMDA receptor channel has characteristic ion
permeation properties. The alkali-metal cations, Na', K', and Cs® ions,
permeate though the channel with a low selectivity, but major differences from
non-NMDA receptor channels exist in the permeation properties for Ca** and

Mg, Ca" is highly permeant, whereas Mg”" is a potent blocker of the NMDA
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channel (Ozawa et al., 1998). The resulting Ca’" influx can trigger a variety of
intracellular signaling cascades, which can ultimately charge neuronal function

though activation of various kinases and phosphatase (Dingledine et al., 1999).

Ca®* ions not only readily pass though NMDA receptor
channels but also markedly reduced single channel conductance when the

external Ca*" concentration is increased (Jahr and Stevens, 1993). Since this
‘ ’ff potential, the Ca®* block site is
a& of the channel pore (Prekumar

and Auerbach, 1996). e W ; 1 and NR2A subunit also
increases the Ca”" bloek! effects o mutation seem to be stronger

for the NR1 subunit ppersberg et al., 1993).

Ca*" block is independent

i
T
)

from channel block by sut

A ) § o L
M IN DL
o ~ ~ . .
nce of c ;:nonal changes (Qian and

S e

rather than from tlig voltage depen

Johnson, 2002). Binding of €

voltage-dependent, gnd this prope
NMDA rece] Oﬂ%)i dine at al.,21999). The block by Mg2+ may be
ﬁs g 4
U

Y mmatesmhe physiological role of

m&mcﬁm&% msj wide mouth located

near the extracellular space infwhich hydrated cations emger easily, and a
narroaq ﬁl;]lﬁ)ﬂ maﬁ(gugj Ma’}mb&l‘a a‘-‘Eﬂ which only

dehydrated Mg®" ions can pass (Dingledine at al., 1999). Since the speed of the

explained b

replacement of water molecules immediately surrounding the ion is much
slower for Mg®" than for other physiological ions (Na®, K, and Ca®"), the
permeant ions. This notion is supported by the fact that Ni?* and Co*", around
which water molecules are replaced as slowly as Mg2+, mimic the effect of
Me?*, but not Cd**, Sr**, and Ba>* around which the rate of water exchange is

1000 times faster than Mg2+ (Ozawa et al., 1998). More membrane
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hyperpolarization would increase the probability that Mg®* occupies the

entrance of the constriction region, thereby increasing the degree of the Mg**

block (Dingledine et al., 1999).

NMDA receptor channels are also blocked by
physiological concentration of intracellular Mg2+ in voltage-dependent

manner. The block by intracellular and extracellular Mg2+ are suggested to be

mediated by different sites of 'f constriction in the channel (Li-
Smerin and Johnson, 19963 Woolmuth, nd Sakmann, 1998).

‘!—'

J’l_‘;-u‘f:- P
candidate, L-aspartate, ap poe

» ;15999)

(Dingledine et al.

@nonstrated that NMDA
response is markedly’ potentiated bygglycine in cultured central neuron

otnson anfPhgd) BV BEY Rt &) Def Lsine s not simply o

strong potenth{or of the NMDAs response, but is absolutely required for the
D) d8itbephndrd ) e hd )l pbll o s  co-
agonist. Although NMDA responses are detectable in nominally glycine-free
solution in various preparation, this is due to background contamination of the
experimental solutions by glycine (Ozawa, Kamiya and Tsuzuki, 1998). D-
serine and D-alanine are activate at the glycine-binding site, and act as co-
agonist at the NMDA receptor (Kemp and Leeson, 1993). The EDs, value and

the extracellular concentration of free D-serine suggest that D-serine also act
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as an endogenous co-agonist of the NMDA receptor in the rodent brain

(Ozawa et al., 1998).

Binding sites for agonist and co-agonist

Site-directed mutagenesis has identified determinants of

glycine binding in distinct regions of the NR1 subunit. The glycine binding

’ segment M1 and the loop region
‘)bumt (Yamakura and Shimoji,

as shown to reside in the

site is formed by the region

between segment M3 and M

1999). In contrast, w

homologous regions o R2A B subunits (Anson et al., 1998).
Thus, agonist and c#d ites. are. located on corresponding
‘ channels (Yamakura and

Shimoji, 1999). In fhapuafia:cells. I and NR2 subunits is

essential for formingTun€tignal receptots : al., 1998).

but can co-assembﬁ wi
distinct triheteromeric}\lMDA receptor al}annel (Cull-Candy et al.,2001).
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Agonist  affinities antagomst Qjensmvmes of
e G VTRV B e o
NR2 subunit. The EDs values for L-glutamte are 1.7, 0.8, 0.7 and 0.4 uM for
the NR1/NR2A, NR1/NR2B, NR1/NR2C and NR1/NR2D subunit channels,
respectively (Yamakura and Shimoji, 1999). Diheteromeric NMDARs

xes,@) produce a functionally

containing NR2A or NR2B subunits generate “high-conductance” channel
openings with a high sensitivity to block by Mg”*, whereas NR2C- or NR2D-
containing receptors give rise to “low-conductance” openings with a lower

sensitivity to extracellular Mg2+ (Misra et al., 2000). Although the
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characteristic Ca’" permeability of NMDARs channels is not greatly affected

by their NR2 subunit composition (fractional Ca®" current varies between 8-
14%), it seems likely that the marked difference in Mg2+ sensitivity would
affect the Ca®" influx generated by synaptic activation of the different
NMDAR subtypes. Recent experiments have shown that the NR3 subunit can
also give rise to low-conductance channel opening when co-assembled with
NR2A (i.e. NR1A/NR2A/NR3) and these channels shown a roughly five fold
reduction in relative Ca®' /' as compared with NRI1/NR2A
assemblies (Cull- Candy € /

is known about the NR3
and NR2 and acts in a

In.e6

class of subunits. Th

dominant negative tor to reduce whole-cell

current as well as single-gha tance (Das at al., 1998), suggesting
that the NR3A subunit i§ inpg * development and plasticity of the CNS

*‘"‘J“J‘ !

\ or f) nct on (NlShl et al., 2001).

through a modulation of NI

-.‘_;lﬂ‘",‘

3.8.2 Allgsterlc modulﬁ on si :

D‘ !
ﬂ u ﬂe’aﬂmeﬂlmpﬁ W &mﬂaﬁlc mammalian brain

and 1nﬂuences the function of¢a multitude~of biochemieal processes and

prote. {Abiudifl NN Adrieebrdel tcibnd i icainela . 1999). e

NMDAqreceptor channels are inhibited by protons, with an ICs, valure close to

Proton (pH)

physiological pH, implying that NMDA channels are tonically inhibited under
normal conditions (Dingledine et al., 1999). The N1 insert of the NR1 subunit
controls the proton sensitivities of both the homomeric and heteromeric
NMDA receptor channels (Yamakura and Shimoji, 1999). This inhibition

occurs primarily through a voltage- and agonist-independent reduction in the
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single-channel opening frequency rather than through changes in the single-

channel open time or single-channel conductance (Dingledine et al., 71999).

Polyamines

The endogenous polyamines spermidine and spermine are
present in high concentration in CNS and uptake and depolarization induced

If/ as been reported (Yamakura and
se block and modulation of a

release of polyamines from

Shimoji, 1999). Spermine

number of types of ion
receptor channels to !

four distinct mechani

summerized in figure
. $rA!

presence of saturating #conee;
L

stimulation), an effect that inve :
,.--iI '.-"'r"‘:pl" -'_.I‘

opening and decrgsse in the deserlg."

1997). A second efféct involves in in:

for glycine (glycme&penen garas!.ﬁ and Kashiwaki, 2000). A
third effect (ﬁermmi ,@xdecrease in affini ﬁ for glutamate, has been observed

mm&m gj(l hiwaki, 2000). The

mechanism uneﬂerlymg this effect’is not knowa, but it any reflect an increased

ot oYKkl o ko] rbeptl e b o spermine

E 1na11y, inhibition by spermine is strongly voltage-dependent and may be due

at some rec

to a fast open-channel block, similar to that by Mg*". However, the
NR1/NR2B channels are not inhibited, but are stimulated by spermine in the

presence of extracellular Mg2+. Thus, the voltage-dependent block by spermine



leromeric receptors

i Ve W NS
NP\ R2/ 2
Effect of spermine ﬁ: /il
1. “Glycine-independent” stimulatic . % '," . no no no
2. “Glycine-dependent" stimulation Jod no no o
(inygease affinity for giycine) ¢ ’ J/:' ¥
3. Voltage-dependent inhibition P b ‘TF‘ no no yes
4. Decrease affinity for agonists = yes no no 4
5. pHICso 6.2 73 6.7

-

g}

2
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Four macroscopic effects of siefmine have been described®hat may involve

three %Jme AL

n%rt}ﬂm Eﬁl:;gtﬁ &l’ne effects of

spermine are differentially controlled by alternative splicing of exon 5 in the

NR1 subunit and by the various NR2 subunits. The effects of protons, which

inhibit NMDA receptors, are also controlled in a subunit-dependent manner

(Williams, 1997
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is likely to be negligible under physiological conditions (Williams, 1997;
Igarashi and Kashiwaki, 2000). ‘

Stimulation by spermine is dependent on the type of NR1
splice variant and the type of NR2 subunit present in NMDA receptors. Only
receptors expressed from splice variants, such as NR1a, that lack a 21-amino-

acid insert encoded by exon 5 show glycine-independent stimulation by

\ - ;
NMDA rectors in ind neonatal ' ay be particularly sensitive
to the stimulation eﬁcts of p 1S t@ developmental period of
cell proliferation ands migration in €NS, and a period when levels of

el ﬂjutﬁy’}%r&juw Qecdfdxyladel dre highly than in adult

brain. It is posoﬁble that polyamine acting on NMDA receptors could influence
e R TEAR SAFOLH R HE) et
Excessﬁ'e activation of NMDA receptor leads to neurodegeneration, and it is
conceivable that excessive release of polyamines, for example from injured
cells, could exacerbate neuronal injury by potentiating the activity of NMDA
receptors (Wiliams, 1997).



26

Redox agents

Reducing agents such as dithiothreitol (DTT) can
potentiate NMDA receptor channels, while oxidizing such as 5-5-dithiobis-2-
nitrobenzoic acid (DTNB) are inhibitory (Sucher et al, 1996). The fact that
both reducing and oxidizing agent modify native NMDA receptor channels

suggests that the redox modulato

iiltes of the NMDA receptor channel exists

in an equilibrium between\\ thiol, R-SH) and fully oxidized

imoji, 1999). The persistent

potentiation by DTT reli v cine-iesidues (cysteine-744 and -798)

A' ompounds that support

receptors, perhaps:iArougk
mal., 1997). However, the

- = s

S-nitrosylation of tﬂ N A rece]

e B3 1D 113 WEPTHTS™
2 ANAINTUNRIINYIAE

It has been known that group IIB transition metals such as Zn** and
Cd** inhibit NMDA receptors by both a voltage-dependent and voltage-
independent mechanism (Dingledine, et al., 1999). Zn>* also inhibits glutamate
uptake and potentiate AMPA receptors, suggesting release of Zn>* might flavor
synaptic non-NMDA receptor activation (Johnson, 1998; Dingledine et al.,
1999).
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Zn*" accumulates at some nerve terminals in specific brain
regions and is released into synaptic cleft in Ca’*-dependent manner during
neuronal activity (Smart et al., 1994). In cultured neurons, the main effect of
Zn** on the NMDA receptor channels at concentrations as low as 1-10 pM is
voltage-independent inhibition (Dingledine et al., 1999). At higher
concentrations of 10-100 uM Zn** additionally produces voltage-dependent

inhibition (Yamakura and Shimoji,

I'Qi . :
' 1n(‘1£:pe&2+-binding site appears to be

e —
i ing influenced by NR2 subunit

son, 1998). Although the

strongly dependent o
as well as NR1 spli

concentration of Zn? synaptic cleft remains a

multitude of effects on

E‘ne classical competitive anta'm)nist of glutamate site on

NMDA re m ain (five to seven
carbons) auﬁ ﬁgj ﬁm gl ﬂ ,:j:ﬁﬁ: ereas halogenated
quino m t competitive
glyci ﬁﬁi@?&ﬁ ﬁ Mﬁi@ﬂ ‘ﬁrﬁ]ﬁ{ ore recently,
certain  phthalazinedione derivatives (Parsons al., 1997) and

benzazepinedione derivatives (Guzikowski et al., 1996) were found highly

potent, selective, and systemically active glycine site antagonist.
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3.9.2 Noncompetitive antagonists

Several classes of antagonist block NMDA receptors ina
voltage-independent manner without causing significantly reduction in agonist
potency. Among these, ifenprodil and its analogs have received the most
attention (Dingledine et al., 1999). A number of potent and selective NR2B
subunit antgonist have since been described, most of which are
neuroprotective in animal u \’&/ duce minimal side effects at

maximally neuroprotecti or exar -101606, Ro 25-6981 and Ro
— T —

63-1908) (Kemp and

J -
speculated that open-chann
ST

and chronic neuno]!)gical insults, " rf€pilepsy, by limiting the

(Dingledine et al.,|| 999). Early hopes for opelahannel blockers such as

e g A e
AAHAAININNRINYINY

With the introduction of new and improved therapies, the goal of
epilepsy therapy will evolve from achieving seizure control to achieving
epilepsy control and enabling the patient to lead a life style consistent with his
or her capabilities (Steinhoff et al., 2003). The ultimate goal of therapy will be

to target the fundamental cause of the epilepsy syndrome. The success of
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epilepsy therapy is dependent on seizure type and the severity of the epilepsy

syndrome.

The treatment of epilepsy of all types can be divided into two part:
pharmacotherapy and non-pharmacotherapy (Alldredge, 2000).

4.1 Pharmacotherapy

The use of ticpile 1c // s) is the most important facet

of treatment. Drug therap: 'de seizure.C ""f ol in the majority of patients
(Decker et al., 200 : k %of patients, monotherapy will

provide fairly goodgSciz of ontrol 10% will be adequately
managed with a couibiy j : z up to 30% of patients
continuing to experiegce timal treatment a rational

relied upon a com@natwn 0 CX perlenca personal preference and

serendipity. Once the diagnosis of e iy has been made, the choice of AEDs
is guided bﬂclil&l ﬁm ﬂlﬁ m%;l alﬂtﬁlclty of each agent

(Decker et al 2003). Proper classification sf the patient?s/seizure type or

cier®) PPN Orbredlhich  hEhehiBldihoriae aen

(Alldregge, 2000). However, current seizure classification does not define

homogenous populations of patients (Decker et al., 2003).

Mechanism of action of antiepileptic drugs

At the cellular level, three major mechanisms of action are

recognized; modulation of voltage-gated ion channels, enhancement of y-
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Phenobarbital

! g / | \L \ - ‘
Drugs S ol ahnnvcll / j’ w l\‘l BA receptors: GABA synapse Glutamate receptors
i o

Phenytoin R

Lthosuximide

Carbamazepine +++

Sodium valproate + g

Benzodiazepines

Vigabatrin +++

Lamotrigine +++

Felbamate ++ ot
Gabapentin + =t

lopiramate ++ + ek
Tiagabine =t

Oxcarbazepine i

| eveliracetam 2 2

Koy 4. primary target; 44, pr sabls
..I
.y

AULINENINEINg
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aminobutyric acid (GABA) mediated inhibitory neurotransmission and

attenuation of glutamate mediated excitatory transmission (Kwan and Brodie,

2001).

With the exception of VPA, The established AEDs tend to have
clearly defined, single mechanism of action (table 1.1) which facilitates the
prediction of effectiveness on the basis of pharmacology (Kwan and Brodie,

‘{Wl | seizures and primary generalised
't0 %
n

2001). It is possible to speculate

channel blocking drugs (i.e.
_.,‘

| tr@m channel blockers (i.e.

agents (i.e. Phenobatbi | enzodia e ines) and AEDs with multiple

tonic-clonic seizure res
phenytoin, carbamazepir

ethosuximide) amy

reasons for this. F i@ly, hat matter irﬂndividual patients remain

unclear. Secondly, tredtment of epilepsy.targets the symptoms rather than the
cause of the&]s Siﬁl?ﬂr&ﬁmg rﬂcaaﬁ} ﬁﬁned anticonvulsant

mechanism of action, it appears to be an ovegsimplificationgte suggest that all

maj oﬂfm’;} al‘& m"ﬁbmdllaﬂra Qt%&l& al%]

In conclusion, it is easy to be dismissive in response to the
question of whether mechanisms of action of AEDs can predict success of
treatment. However, current evidence suggests that AED pharmacology is of
limited utility in the selection of individual drugs for individual patients

(Deckers et al., 2003; Steinhoff et al., 2003).
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4.2 Non-pharmacotherapy
4.2.1 Vagus nerve stimulation

Vagus nerve stimulation (VNS) is a relatively novel
method of treatment for medically intractable epilepsy, introduce in 1988, an

used increasingly widely since efficacy and safety were established by clinical

trials in the mid-1990s (Binni ‘was approved in 1997 (Alldredge,
2000).

1 on method for treatment of
epilepsy by repeatéd nerve through implanted
electrodes (Alldredge for patients whose partial
seizures are poorly ¢ Cramer, Menachem and

i~ ~ .
Experience has sho@ that surgi val o an_ﬁ)ileptogenic lesion in one
or other temporal lobegs.highly effectivg (Hopkins, 1993; Jacobs et al., 2001).

Patients whﬂ%&l fikely}§ b&AbTE oM shrdefy) ate those with partial-

onset seizures whose symptomsyremain intractable despitg optimal medical

s RAIRINITU NR1INE1AE

The optimum treatment for temporal lobe epilepsy, one of
the most common forms of drug resistant epilepsy, is no longer controversial.
In the first randomized controlled trial comparing surgery with medical
treatment. At one year, 58% of surgically treated patients and 8% of medically
treated patients were free from seizures, with a number needed to treat of two

(Wiebe and Nicolle, 2002).
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Surgery is approving with advances in localizing epilepsy
substrates by integrated functional and structural mapping prior to, or during,
surgery. Sterotactic radiosurgery (gamma knife surgery) has been developed to

decrease invasiveness (Jacob et al., 2001).

4.2.3 Alternative ther

’7165 _
n/yﬁsing interest in behavioral and

other psychological me

Ketogenic diet

i D), introduce in the 1920s, is a high-
fat, low carbohydrate, rotgin’ d et ( ldredge, 2000). The KD was used
widely before the develgpment*of thes hdern anticonvulsant drugs. As the
modern anticonvulsants app : ser, the KD was used less and less

frequently. Recent lear that the KD is often

effective against ‘}r g-resistan : tanathan et al., 2003). The
KD has, therefore, E»game popula
in infancy and childhdods.

ﬂumwﬂmwmm

Behavioral thera

’QW’mﬂﬂiﬂJ UAIAINYA Y

Psychological techniques for control of epileptic seizures

: reat@nt for intractable epilepsy

are often successful for patients with seizures triggered by flashing lights or
visual patterns, reading, or listening to music therapies (Alldedge, 2000). In
these patients, behavioral therapies in other types of epilepsy remains limited,;

however, some patients report benefit from relaxation and biofeedback .
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5. The development of antiepileptic drugs

Despite over the last two decades, drug therapy for epilepsy has
improved substantially (Perucca, 2003), the cellular basis of human epilepsy
remains a mystery. In the absence of a specific etiological understanding,

approaches to drug therapy of epilepsy must necessarily be directed at the

control of symptoms, i. e. the suppression of seizures by chronic
administration of antiepileptie (¢ “’# nt) drugs (Loscher and Schmidt,
2002; Perucca, 2002). : é_o ! Ds appears to represent a

“cure” for epilepsy or : i 7 for preventing epilepsy or its

Indeed, the i c.d be truly antiepileptic, in
addition to being anti-i %, wellsolerated, convenient to take, devoid of

significant drug interactiong, and ‘effe n administered for a reasonably

_,,r— .
Current AE(& although eff’ Live ing seizures for major of
cs (Doherty and Dingledine,

2002). In about 30@0f pate W
choice of an ﬁe quate’ AED and carefully monitored treatment (Regesta and

hd hrmlabcrdsiiek dptepss sl bmdior heatt problem,

associated w1th increased morbldliland mortality, and accounting the much

econoﬂ m&@f\gﬁlﬁ’ m}ggmeﬁlj f}@ &Lere is a need

for new drugs designed to block the process of epileptogenesis and to reduce

cpilepsy thd]elzure persist despite the

Tanganelli,

the problem of intractable or difficult-to-treat seizures.
Experimental models for antiepileptic drug developments

A diversity of animal models, in vivo and in vitro, are available

for the study of epilepsy and these models have a proven history in advancing
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our understanding of basic mechanisms underlying epileptogenesis and have

been instrumental in the screening of novel antiepileptic drugs.

The oocytes of the South African clawed frog X. laevis are
widely used for the expression of heterologous proteins. The functional
characterization of membrane proteins related to over excitation in seizure has

significantly profited from the use of this expression system.

Oocytes and egg : ved frog Xenopus laevis have
been extensively usedgfl biblegi¢al-and pha 1ca1 research. These cells
are excellently suitedf fof An¥éstigations ot que estions of developmental

biology, intracellular signa > “eadcades’ biock cal pathways and transport

related phenomena (Weber /! : ghermore, the use of Xenopus oocytes
S .

for translation of exogengus mRNA was first described by Gurdon and his

¥

colleagues in 1971 (Gurdon etal. 28 Although the X. laevis oocyte is

endogenously eqlf-f&r)g@ i n channels,transporter systems and

0logous expression system
for the 1nvest1gatlorgn coun’]}ss transport proteins and

receptors (Sigel, 1990)¢ o,

AUIINYNINYINT

Xenopu?laevzs is typified by the presence of up to thrge,claws on each

oris @4 % B REFIU HIAA DY e o

are end&nic in South Afruica, Boswana, and Southwest Zimbabwe.

10172602}
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6.1 The biology of the oocyte

6.1.1 Oogenesis and development

Oogenesis in different species is varying, although the
functional stages are similar. In X. laevis oogenesis, namely growth from stage

I to stage VI (Dumont, 1972), is asynchronous, meaning that all stages of

growth are usually found in. the ﬁ Ea given time. ‘The most obvious

differences between ooc ( tgge VI are their size (100 pm
and 1300 pm, respectiv. i ation. which ranges from colorless to
marked polarizatior;i’ A Liea isphere and beige vegetative
hemisphere. In sta s~ ' nispheres are divided by an

al, pharmacological and

1 sqd. These cells have a

biochemical purpds és

diameter of 1.0- lanm and
(Weber, 199Fj MemBrane potentials ( 5% es from a given batch have
t

u ﬂl’l m(‘is between different

batches ranging from —30 to —70‘mV, rarely #£90 mV can bewseen. The oocyte
ﬁ:mngs B QL) BB vt

ranges from several 100 kQ to 2 MQ and sometimes even more (Fraser and

casily handled with Pasteur pipettes
been shown

memb

Djamgoz, 1992). U,, is mainly a K" diffusion potential, yet the Na'/K*-ATPase
contributes significantly to U, (Lafaire and Schwarz, 1986).
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6.1.3 Recording

The oocytes system allows performing a whole plethora of
different techniques for the investigation of ion channels and transporter.
Electrophysiological techniques comprises two-electrode voltage-clamp
(TEVC), cut-open technique, patch-clamp in several modes including giant
patch, continuous capacitance measurements to study exocytotic and

W//)Jrements with 'selective and other
=

endocytotic process, intracell

techniques (Wagner et al.

currents through ion els cor ielectrogenic (ransporters expressed in

C allows the control of the

¢ l_z‘u by

membrane potential (clamp?@w

_LTMIA T
channels or electro§mc transporter 6r P

In TE\BI record micro&ctrodes are impaled into
the oocyte (Weber, ¢ m&i One imfracellular electrode measures the

membrane pﬁi b b oubek | b dbhic) Wfine béchnd ccurrent etectrode)

passes sufﬁc1ent current to maintain the desired voltage clamp, using a feed
back Sl T kot 3 b ] o e ] oo s
determlned by the discrepancy between the membrane potential and the
clamping potential. All electrogenic ion or substrate fluxes across the

membrane are now measured as a deflection from the base line current.

For the experiments, glass capillaries with a thin filament (to
ensure that the filling solution reaches the electrode tip) are pulled, filled with

3M KCl and connected to the feedback amplifier. The resistance of the
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Figure 1.3 T or Xenopus
oocytes. TE e gle eeded to clamp the

oocyte to the (ﬂlred membrane p tentlal E Wthh is measured through the

katioreta mﬁmﬁfﬂmﬁ” i
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electrodes should be around 0.5-5 MQ. Because of their low resistances, the
microelectodes do not clog frequently and hence can be used for several

oocytes.

6.3 Advantages and Disadvantages of the oocyte system (Weber,
1999b; Wagner et al., 2000)

egiticable drugs.

'NA that has been injected
3 i

(5) The pocytes’ hés onl w ‘enidogenous channels (the major one
being a Ca** ﬁﬁﬂﬁﬂﬁﬂlﬁ%ﬁﬂ jrﬁ]oﬁy a small fraction of
the current ex ‘rt!assed. This §rmi§ i])articulalhchannel to béistudied in virtual

soaid] W1ANTIIEUARTINE IR Y

(6) Macropatch recording are possible in oocytes. These enable low-

(4) The oodyits faithfully ex

into them.

noise, fast-clamp patch recordings of many channels that can not be obtained
using other expression systems.

(7) Expression cloning into into oocytes greatly speeds up the
purification and isolation of RNA for a desired protein. Separating total brain

RNA, for example, in fractions on the basis of size followed by injection of



40

each fraction enables the rapid location of the protein’s RNA to a particular

band size.

Disadvantages of the Oocyte Expression System

(1) Because of its large size, whole-cell patch-clamp experiments, where

one can control the intracellular ionic composition by dialysis across the patch

Wgh few, can interfere with current

rge or mutants having little

pipettte, are not possible.

(2) The endogenous chy

measurements if they

. T—
expression).

(3) Posttranslati saions may t different in oocyte compared
with the native cells. : net  actually function differently in their

(4) In some la asonal variation such that
channel expression and more difficult in the summer
months.

(5) It should be borne s enopus is an amphibian, and the
cells should only"_:be studtsd i€ (18-22°C). At higher
temperatuires, the ;:  rapidly dete st cha inels and receptors that

are expressed in the. ocyte are ol mammalian on@n Since certain processes
depend critic m ¢ free Ca’, rates of
activation anéﬁniil ﬁ;ﬂ:ﬁ g‘ﬂ ﬂﬁ,ﬁﬁoocytes may not be
physiological 51gn1ﬁcance with réspe i]ct to thé'ﬂaell om whi€h the protein is

v W TONTIIEUNATIVIE TN E

7. Valproic acid

Valproic acid (VPA) or valproate is the trivial name for 2-
propylpentanoic acid. Since its first marketing as an antiepileptic drug (AED)

35 years ago in France, valproate has become established worldwide as one of
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the most widely used AEDs in the treatment of both generalized and partial

seizures in adults and children (Loscher, 2002).
7.1 Mechanism of action

Because of its wide spectrum of anticonvulsant activity against

different seizure types, valproate has repeatedly been suggested that it acts

'Wsms (Perrucca, 2002). Valproate
e ﬂhereby potentlate GABAergic

through a combination of sev

increases GABA synthesi

culture indicated that

0 exci stolutamate, as not altered
by valproate at rel@ant conc scherml998). However, several
studies showed direct attions on NMDAgreceptors:

) Biffkibd mw&m ndbckd by NNIDA) receptor activation

(Loscher, 1995?}l

REARIN TN IBE 2 hion 1
neocom%al pyramidal cells (Zeise, Kasparaow and Zeiglgansberger, 1991).
VPA has no effects on membrane responses mediated by kainate- or
quisqualate-sensitive receptors.

(3) Decrease in NMDA receptor mediated synaptic responses in rat
amygdala slices (Gean et al., 1994).

(4) Decrease in NMDA induced excitatory post-synaptic potentials in rat
hippocampus (Ko, Brown-Croyts and Teyler, 1997).
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Figurel.4 Molecular structure of glutamate, NMDA, APS5, spermine, valproic
acid and VPU
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(5) Effects on neuronal conductance when fiber/synapes are functioning
abnormally. In vitro VPA limits high frequency sustained repetitive firing of
Na* dependent action potentials through blockade of voltage dependent Na"
channels (McLean and McDonald, 1986).

(6) VPA suppresses spontaneous epileptiform activity in hippocampal

slices by activation of Ca®" dependent K" conductance (Franceschetti, Hamon

and Heineman, 1986). ’/

Although erg/ jation and glutamate/NMDA

inhibition could be a like yeexpla Anticonvulsant action on focal

and generalised con TE sE1Z0teS, | do-notexp lain the effect of valproate

on nonconvulsive scigliress such/as absences (Loscacr, 2002). In this respect,

the reduction of gamuy ase reported for valproate
could be of interest, b sted to play a critical role in
the modulation of ab oh it is often proposed that
blockade of voltage-dep s‘ an important mechanism of

= "‘..-":ﬂ",:i

action at therapqugally relevant coﬂc >Nt

clearly elucidatedeflLoscher, 20025

molecular and celmlar events underlie dﬂerent seizure types, the

combination ﬁ ﬂ ﬁ sieurochemical and neurophysiological mechanisms in
a single d lgrmﬂm:cﬁ m&}ﬁiﬂnﬁplleptlc efficacy of
valproate ﬁoscher 2002).

RN A INYIRY

7.3 Side effects

The incidence of toxicity associated with the clinical use of VPA
is low, but two rare toxic effects idiosyncratic fatal hepatotoxicity and
teratogenicity, necessitate precautions in risk patient populations (Loscher,

1998). The risk of hepatotoxic failure from VPA in a polypharmacy regimen is
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1 in 500 patients under the age of 2, as compared < 1 in 12,000 in older

patients treated with polypharmacy (Johannessen and Johannessen, 2003).
8. N-(2-Propylpentanoyl)Urea (VPU)

Because the need for new drug is clear, the search for more effective

and safer AEDs continues. A number of valproate derivatives were

synthesized and evaluated MW‘( and neurotoxic effects.

N-(2-Propylpen ea J(Va ea, VPU) is a new synthetic

derivative of valproic Boonardt Saisorn and co-

worker (1992). Anticg reviously investigated by

al., 1997). They have fousd ects mice against the maximal
electroshock (MES) testia pen tetrazole (PTZ) test. In addition, it is

lower unwanted effects in refﬁim.-t irent compound, valproate.

in vitro models wer‘g.lsed. 1 bre
VPU decreased the levelof cortical exgitatory (aspartate and glutamate) and

isory @ik it SRR g oo dechdmier (sooksmat,

1995). However in awake rat, VPU was found,to exert no significant effect on

the 1] Weor bk bl Vo A VD B s cepencen

reducuon was observed on glutamate level (Chunngam, 1996). In previous

alysis @dies on anesthesized rats,

study on neurons of rat cerebral cortex and cerebellar Purkinje cells by
microiontophoretic techniques, VPU depressed spontaneous firing of both
neurons of cerebral cortex and Purkinje cells (Khongsombat, 1997). At

present, the exact mechanism of action of VPU is not clearly elucidated.
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With regards to two major adverse effects of VPA, embryotoxicity and
hepatotoxicity, the effects on axial rotation and embryonic growth were lower
in VPU-treated animals compared with those of VPA-treated animals
(Meesomboon et al., 1997). Studies in rats and isolated rat hepatocytes
demonstrated that VPU was safer than VPA as hepatotoxicity of VPU was
observed when very high dose was given (Patchamart, 1996).

Pharmacokinetic studies utilizing 1‘4C-VPU and autoradiographic technique
“#/}ri tic of VPU into various organ
éaxylesterase from human liver
“showed._ at VPU was negligibly
Xed that VPU and/or any

ticonvulsant activity.

and phenobarbital-tr
hydrolysed into V

metabolites other t

effect than its pareat'compound. V ‘of VPU is important in

process of drug de\mopment and will be useful ﬂ explain and evaluate the
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study was to investigate the effect of VPU on NMDA receptor using the
Xenopus oocyte expression system. The oocytes injected with the mRNAs of

NR1A and NR2B sunbunits expressed functional NMDA receptor and were

recorded with TEVC technique, whole cell recording technique.
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