Chapter 11

Review Literature

Seizures

T —

abnormal, involuntary
usually short, lastin / | ;, 1 receded by a prodromal
phase and follow
return to baseline. Se¢i 1ly 1d__spontaneo y without intervention.
Except status epilepti
Fountain, 2003).

Epilepsy

|
Epllepsy 1s a disease characterlzed byj;]pontaneous recurrence of

unprovoked ﬁlﬁ ﬁlﬁ}%ﬁm w mﬂiﬁrders, and the terms

should not be used mterchangeala.ly It is not accurate to refer to seizures as

iz} M Y R Y —

whereas epilepsy is a disease characterized by recurrent seizures (Shneker and

Fountain, 2003).



1. Causes of seizure and epilepsy

Seizures are spontaneoused or provoked. Spontaneoused seizures

occur in persistent brain disease, ie, epilepsy. Provoked seizures are triggered by

certain factors in an otherwise hed brain, eg, acute metabolic processes,

acute neurologic insult, drugs, 2 \\ cessive physiologic conditions. Common
Tablel. Common ca 2003).

Metabolic abng

Hypog!

Hyponatze:

Hypocalcemiz
Alcohol withdraws

Stroke @che ic,
Head traumas.
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Tricyclic antidepressent

High fever in children

Epilepsy




Any process that causes alteration of the structure or function of cerebral

neurons predisposes to epilepsy (Table 2).

Table2. Structural brain diseases that predispose to epilepsy. (Shneker and
Fountain, 2003).

Congeni
HeteroM

Cortica

Tumor
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Subarachnoid hemorrhage




In population-based studies the cause of epilepsy was due previous
brain insult eg. cerebrovascular disease, head trauma and brain tumor (Hauser,

Annegers and Kerland, 1991; Anneger, Rocca and Hauser, 1996).

2. Classification of se@’ ,}?“ psy
The cla@ ‘//’

w with adoption of the
International League

Classification of epileptic

(1981) of human :fpilepsy:%{ seizus
{, ' ,

This distiriction is important‘because each seizure type present with

different sym Mﬂ medaomtgéwtﬂu;lm Seizures are classified
LA 1P )
seizuresgare characterized by complete loss of consciousness at onset of the

seizure, because the entire cortex is involved. Partial seizures are characterized

by retention of consciousness, because they begin a limited brain region.



Table 3. Modified ILAE classification of seizures (Dreifuss, 1981).

Partial seizures

Complex partial seizures

Myoclonic

Clonic—=

Tonic E
Atonic ¢
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3. Amino acid neurotransmitters

Several amino acids have gained recognition as major

neurotransmitter candidates in the mammalian Central nervous system (CNS).



On the basis of neurophysiological studies, amino acids have been separated into
two general classes: excitatory amino acids (glutamic acid, aspartic acid, cysteic
acid, and hemocysteic acid), which depolarize neurons in the mammalian CNS;
and inhibitory amino acid (gamma amino butyric acid (GABA), glycine, taurine,

and B-alanine), which hyperpolarize m,aylmalian neurons (Cooper et al, 1996).
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3.1  Excitatory amino acid neurofransmitter

Glut “ ate oceur in uniquely high concentrations in
| r J;

i

the brain. These ap wmportant roles in the initiation, spread and

\ -J

maintenance of epilgpti t1v1t.y, ndurodegeneratlve disease and cerebral

j."l +

Nobié 1999 Meldrum, 1994),

JiJ

ischemia (Faden, Elliso
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Glutamate is the pﬁncif:é‘l’ ‘é'ﬁicitatory j,neurotransmitter in the

mammalian brain! ﬁ\deldrum 2000). Focal mjectlohj of glutamate induces

seizures in ammals_U and over-activation of gluta_matergw transmission or
abnormal glutamate recéptor properties “are, observed in certain experimental
seizure models, and human epilepsy syndromes(Meldrum, 1995). Inhibition of
the neuronal release of-glutamate andgblocked efrits receptarsshave received

considetable attention in the search for novel AEDs (Meldrum, 2000).

Glutamate is synthesized from glutamine by the action of the

enzyme glutaminase in glutamatergic neurons (Daikhin and Yudkoff, 2000).
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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 cells
convert glutamate into glutamine by }he action of the enzyme glutamine
synthetase. Glutamine is subsequentlyf @ed to glutamatergic neurons,
completing the cycle (Ditk;g_and Yudkof, 20067 -

Excitatory anjn/'c

ate ;| 16 ptors are  comprised of various
4 ,-'.." 1 *

'm,g- tetrm?:nc and pentameric arrays. They are

Ionotropic
combinations of subuni

classified into three specific sﬂbtypes 0(’~arﬁ£no-3-hydroxy- 5-methyl-isoxazole-

4-propionic acid (AMPA) kamate and D&‘mbthyl—D a}rspanate (NMDA )(Figure

) v_-tq Na' and depending on

subtype and subumt cpmposmon Ca” ions (Trist, 2000) The NMDA receptor
is further distinguished by having glycine as a co-agonist. The AMPA and
kainate subtypes 'of 'the glutamate receptor are-implicatéd in fast excitatory
neurotransmission, whereas the NMDA receptor, quiescent.at resting membrane

potential, is recruited during periods of prolonged depolarization.

The metabotropic family of glutamate receptors, also classified into

three distinct subtypes (Groups I, II and III), are G-protein linked and
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predominantly presynaptic, possibly controlling neurotransmitter release

(Meldrum, 2000).
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Figurel. Glutamate (NMD 18z and Parsons, 1998).
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3.2.1 GABA

GABA is the major inhibitory neurotransmitter in the CNS

and all brain regions. There are two types of inhibitory mechanisms in the CNS,
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presynaptic and postsynaptic. In the former, GABA acts on a presynaptic
terminal of an excitatory neuron to prevent release of transmitter, this form of
inhibition is found predominantly in the spinal cord. Postsynaptic inhibition is
the main inhibitory mechanism found in the brain and it is at this site that most
of antiepileptic drug exert their action gDav1es and Richens, 1993). Impairment
of GABA function is widely recogléﬁd" provoke seizures, whereas

facilitation has an anticonvuisant effeet (Loschcr 1999)
_— I -

Distn'butiop/",. f ¢ \

as a neurotransmitter in bqth.;-mteme@g{ sand in long-axoned tracts. The

interneuron of the cerebral ¢ortex are r%ble for regulating the output of
: ; £

cortex and also theZa

: j‘he major long-axoned

tracts which use GABA as a neurotransmitter are those from the hippocampus to

the cortex (Davies and Righens, 1993).
Synthesis and degradation

The major source of GABA in the CNS is most probably
glucose entering the tricarboxylic acid (Krebs) cycle via pyruvate and
subsequent production of Ol-ketoglutarate (Figure2). The transamination of O(-

ketoglutarate produces L-glutamic acid (glutamate), the immediate precursor of
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GABA. Fundamental to GABA synthesis is so-called GABA shunt which

operates within the terminal of the neuron.

et mel L EJthwa /| Eﬂl NN

€ synthesm and degra Etlon of GABA and
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Glutaminas 4: Glutamine synthetase; 5: Succinic semialdehyde

dehydrogenase.
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GABA is synthesized from glutamate, exclusively in GABAergic neurons

by the action of enzyme glutamic acid decarboxylase (GAD) ( Loscher, 1999).

GABA receptor

GABA receg.... !\/ A)&)l by the endogenous ligand
invariably produce hyw@atloﬂﬁn ﬂ@pﬂc neuron. There are two

types of receptor desi s A, MBA (Matsumoto, 1989).
lme-?e@tlve receptors and these

GABA, receptors

which are important inf'th nent . ilepsy while the GABA,; receptors are
activated by baclofs "' ofg;alla, 1989). Synaptically
stimulation of these res Sith f_ tic inhibition

GABA, receptors ~originally descrlbed as  the
GABAA/benzodiaI two Ol and two B

=

subunits (Levitan et al., 1988). However, recent re;gns indicate that there is a
third type :i.jl?i/ i}l Ejﬁ ng 31 e_complex in the brain
(Olsen and 1@ ’g Actt rec ﬁ Flgure 3) opens the
oy g4 Ty g o =

influx of Cl which leads to hyperpolarization of the postsynaptic neuron

consequently an inhibition of firing. As this mechanism involves ionic fluxes, it

has been termed ionotropic transmission (McGeer et al., 1987).
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GABA, receptor was found at lower levels in the CNS than
GABA, receptor. This receptor has been classified as metabotropic receptor
because the transduction mechanism at these sites involved a second messenger
resulting in metabolic changes. A linkage of the GABA,, receptor to a G protein
(s) is the most probable transducq(T] chss (Wojcik, Paez and Ulivi, 1989).
Activation of GABA, receltgf leads to/ e in Ca’ conductance (influx)
and/or an increase in Wtancﬁ The-_ta‘i_m:groducmg an efflux of K,

would lead to hyperpo neuron, E’l-thgiof this possibilities would

decrease the release o (Browmng, 1991).

SURENIE 40  (BREH

Figure3. The GABA , receptor-channel complex (Hevers and Luddens, 1998).
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3.2.2 Glycine

Distribution

relatively high concentration in the spine isplaying higher concentration

_‘.
in spinal gray matter w inal wi (Cooper, Bloom and Roth,
1991). | :

pathway to produce 3-p hosphoserine which is then
converted to glycine by a ndent reaction catalyzed by the
enzyme serine hy' ymethyitransferase (SHi e can also be formed
from glycoxylate by ﬁns 1 Bloom éd Roth, 1991; Browning,

1991).

AUEINENINYINg
awwaﬁ”ﬁf?ﬁwnwmaa

Glycine receptors can be classified into two
subtypes according to strychnine sensitivity. The strychnine sensitive glycine
receptor appears to exist in a macromolecular complex which consists of the

glycine recognition site, chloride channel and strychnine binding sites
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(Davidoff, 1983; Browning, 1991). Activation of strychnine sensitive glycine
receptor, like the GABA, receptor, cause an increase in chloride conductance
which usually results in hyperpolarization and inhibition of postsynaptic
membrane, and this effect can be antagonized by strychnine (Davidoff, 1983;
McGeer, Eccleg and McGeer, 1,988}, Browning, 1991). The strychnine-
insensitive glycine receptors are linke : -@NMDA excitatory amino acid
receptor. When compa-ri—df with the“Effectﬁ o}:‘;enzodiazepine on the GABA
receptor, the enhanMMD response ob;ewed with glycine is much
greater, suggesting t ,' “ f‘f‘_e’c"of glycine is to prevent desensitization of

4

Ll

B

the NMDA receptor ong exposure fo agonists. (Cooper, Bloom and

. - 1 o«
v’ J )

Roth, 1991; Brownin

Q4 Vi

: '_;jhe currently marketed
AEDs are still not Eé)mpletely understood. At the‘f__gellular level, three basic

mechanisms are recogrized (Meldrum, 1996).

4.1.. .Enhancement. _.of Y—aminobutyric acid... (GABA)-mediated

inhibitory neurotransmission

Several AEDs exert their effects, at least in part, by actions on the

GABAergic system. Increased GABA synthesis, increased release, allosteric



18

receptor facilitation, and reduced 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).

SN
Phenobarbital L&i\x\"///‘/é

! . i‘
More than 50 chemically distinct Bst“are marketed worldwide.

v, 9813101 gy g o e

used as AEDs"( Brodie and chh}er 1996). Antleplleptlc BZDs have a broad
ey Y et BT S ] s opae
generah!ed epilepsies (Dichter and Brodie, 1996) and for the acute treatment of
status epilepticus (Treiman et al., 1998). The development of tolerance to their
pharmacological effects has, however, restricted their use in chronic treatment

regimens (Brodie and Dichter, 1996).
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Vigabatrin

In 1989, vigabatrin (VGB) became the first of the new generation
of AEDs to be licensed in the United Kingdom. It was initially approved as

adjunctive therapy for partial seizures ’r or without secondary generalization

(Dichter and Brodie, 1996 “has s emonstrated particular efficacy
in the treatment of infanti , 1., 1999).

GABA uptake oi'\\-*u—_'_,::-,ﬂ;-"- D
P V. _. Ny

into both neurons a@ glia ars@ et al., 1987). Nipecotic

acid, however, fails to.cross the blood-brain barrier following systemic
adnﬁnisﬁatioﬂl'u &;lb’llnqhq &lmnﬁbmam jlipophjllic anchor to

form TGB, which is able to cross‘the blood-brain barrier more-teadily (Brodie,

o W TANTIIERARTIVIE TR E
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4.2 Attenuation of excitation (particularly glutamate-mediated)

transmission.

Although none of the commonly used AEDs exert their
pharmacological effects solely by an actlyn on the glutamate system, blocked of
ionotropic glutamate receptors is beheveéf_g,conmbute to the antiepileptic
activity of several co@gl_mds (Upfon, 1994;"Macdonald & Kelly, 1995;

Meldrum, 1996; Wm?/m addition, several AEDs have been reported to
e al

reduced glutamate re IQugh is eﬁ‘ect may be more indicative of their

actions on neuronal ls -than-a dlrect effect on the glutamate system

(Stefani, Spadoni and 1997) iy
A J' “'fjf.l.

4.3 Modulatio of‘wmtage-depen&bnt ion channels (Na Ca’ ,K)
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a channels X J
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In the nervous system, voltage-gated ion channels control the
flow of cations'across=surface ‘and intemal cell"membranes (Barchi, 1998). Of
these, the Na ehannels is-arguably of principalimportance. Moltage-dependent
Na  channels are responsible for the upstroke of the neuronal action potential,
and ultimately control the intrinsic excitability of the nervous system (Porter and
Rogawski, 1992). The neuronal Na' channel has a multi-subunit structure that

forms a Na -selective, voltage-gated pore through the plasma membrane. The
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protein structure undergoes conformational alterations in response to changes in
membrane potential, regulating conductance through the intrinsic pore (Ragsdale

and Avoli, 1998).

The main structural comp0/1ent of the neuronal Na' channel is the
Ol-subunit, which forms the ion-co@_gg pore and confers voltage
dependency (Catterall,ﬁ). In the mammalian brain, the Ol- subunit

associates with two auxt

bunits designated B,;l and Bz. The B-subunits
are not required for ) el activity, but they modulate the expression

and function of indivi

i ol .
¢ ik -‘.I‘J':;" L]

o

At normal m braﬁl__e po&%ﬁals, most Na channels exist in a

closed, resting state. Upon deﬁﬁii_jizatiof;i’,i—;_ ‘cha.nnels activates, facilitating ion
flux. Thereafter, the f\IaJr ché;fﬁ'l’éf énters -’a%?‘&éif:‘tivated jtgte, from which it is not
readily m-activateimﬁmwmane rapidly converts
the channel back to ;j resting state, from which it c:an respond to subsequent
depolarization_(Catterall;~1992; Ragsddle’ and. Ayoli, 1998). Neuronal Na'
channels can ‘cycle through these functional states within“a few milliseconds.
This characteristic-is essential for sustaining-the-rapid bursts ot 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).
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Ca2+ channels

Voltage-dependent Ca’" channels share key structural elements

and sequence homology with their Na' channel counterparts (Barchi, 1998). The

OL,- subunit of the Ca” channel i i t pologue of the Ol- subunit of the Na~

&1 pore and confers voltage

channel. It forms the sensitlv

brain, the O{,- subunit

dependency (Cattera‘ll%ln

heterogeneously asso

er subu?ﬁ&dgmgnated B Y and 0.

Voltage-sensitive C " broadly classified into low or high

threshold, according ial at which they are activated
shold T-type Ca’" channel is
expressed predominantly i ) e _- eurons, where it is believed
to be instrumental in the g&ﬁ_%ion*@ rhythmic 3-Hz spike-and-wave
discharge that i; ﬁM&téﬁng oﬁg‘# ral _e.(hﬁl)j‘ence seizures (Coulter
1annels are subclassified by

— _ =
their pharmacological properties irto L-, N-, P-, Q-, :i,t_ii R-types (Hofmann, Biel
and Flokerzi lﬁ‘ﬁﬁeﬁ, 19ij: Wﬁ ﬁﬁ Léll’hese channels are
distributed Lhﬂl € n O%J tem on tes, cell bodies, and nerve
G LA TR ) R UL b

in the control of neurotransmitter release at the synapse (Stefani, Spadoni and

Bemnardi, 1997).
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Interest in Ca’ channels has heightened in recent years, following
the identification 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 Ca” channel in‘,a#subtype-speciﬁc manner, an effect that

contribute to their antiepileptic actions (Sé{;ﬁfﬁpadoni and Bemadi, 1997).

- d -

K’ chanrlg;;‘:/ / l\

I -
d "J,l

NeuronaldK /¢ els a-.rz large protein complexes that form

tetrameric structures, 0 ofnqlfs 0 ;w'hich are structurally and genetically

';‘.l -T...._; ,-'}T '4 J; .
bunits of the Na' and Ca2+channel, respectively
F .

ok

related to the O(- and

(Barchi, 1998).The assoc atiéﬁibf four‘!-vfsfﬁénits (monomers) in the neuronal

—
—

membrane is required for the-formation of @ K -sensitive pore and, therefore,
A
channel function. More

e e

5] subunits have been

s

identified, together _J\I?Vith several auxiliary subu;its. Given heterologous
arrangement, it is possible that countless populations of K channels, with
individual functions and distributions, aie expressed in the mammalian brain

(Pongs,.1999).

At the neuronal level, K" channels are intimately involved in
excitability. They are responsible for the action potential down stroke or, more
specifically, repolarization of the plasma membrane in the aftermath of Na’

channel activation (Pongs, 1999). Direct activation of voltage dependent K’
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channels hyperpolarizes the neuronal membrane and limits action potential
firing (Porter and Rogawski, 1992). Accordingly, K’ channels activators have
anticonvulsant effects in some experimental seizure models (Gandolfo et al.,
1989; Rostock et al., 1996), whereas K’ channel blockers precipitate seizures

(Yamaguchi and Rogawski, 1992).
. /,/'
o

Modulation of ion channels by antiéj)ileptic drugs
L

77/l
Phenytoin (PH / ; =

e
-l |

— ol

PHT wi?// CI"CQ: fol[é}.wing a search to identify a nonsedative
i Ak |+ Jehde

analogue of PB (Merritt' & Putnam, 193§j,). It has become a first-line treatment
ik ol ¥

for partial and generalized t@i}i’i‘iclonicée.;iﬁures (Brodie and Dichter, 1996).

PHT is believed to exert its -anticonvulsant' effect primarily by an action on

)\
voltage-dependent Na- it ]
) A

e il

PHT has"also been reportéd‘to block high voltage-activated Ca”
channels (Schumacher;y1995) andyparaddéxically-to reduced K currents (Nobile
and Vercellino,, 1997). There.is-further unsubstantiated evidence to suggest that
PHT potentiates the action of GABA at specific mélecular stbtypes of the
GABA, receptor (Granger et al., 1995).
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Carbamazepine (CBZ)

CBZ is chemically related to the tricyclic antidepressants. First
introduced in 1963, it is widely used in the treatment of partial and generalized
tonic-clonic seizures (Brodie an 2000). CBZ has been reported to

stabilize the inactive fonn voltage—frequency-, and time-

dependent fashion (Cwﬂ ftter—l-OOSI)-]thbltlon of glutamatergic

neurotransmission haM Qhamsm of CBZ action.

Lamotrigine (

P e
efficacy for partial, “absence;-myocionic;-and-ton ic=clonic seizures (Leach and

D |
o,mﬂummm‘smnm
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geograph1ca1 approval for clinical use (Tecoma, 1999). It is closely related to

Brodie, 1995).

CBZ in structure. The keto-substitutions at the 10 and 11 positions of the

dibenzazepine nucleus do not affect the therapeutic profile of the drugs when
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compared with CBZ, but result in altered biotransformation and better

tolerability (White, 1999).

The structural modifications circumvent the 10,11-epoxide

metabolite of CBZ that is believed t.

g responsible for many of its side effects

)
L J‘."

. ESM exerts 1{5 M ffects by reducing T-type

1989).
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Zonisamide (ZNS)

Chmcal evidence to date suggests that ZNS is effective against
partial and generalized seizures, and has particular efficacy in the progressive
myoclonic epilepsies that are often resistant to AED treatment (Dichter and
Brodie, 1996; Kyllerman and Ben-Menachem, 1998).
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Antiepileptic drugs with multiple mechanisms of action

Sodium valproate (VPA)
The tiepilep - of VPA were discovered
serendipitously when valaé was m animal studies as a solvent

for drugs under forma 1., 1963). VPA has since

proved to be an ext: sefi ith 2 “spectrum of activity and

ons in culture (McLean and

2+ %
channels in a manner

ﬂwmﬁmtﬁmmﬂﬁ whole brain GABA

levels and poténtiates GABA reS})onses poss1bly by enhancmg GAD activity

ond @%@Wﬁ@@d‘%’ﬂ‘ﬂ’m bE

Single doses of VPA decrease brain levels of the excitatory amino
acid aspartate, without influencing those of glutamate or GABA (Schechter,

Trainer and Grove, 1978). Decreases in aspartate concentration have been
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shown to correspond with the period of anticonvulsant activity in animal models

(Chapman, Meldrum and Mandes, 1983).

Gabapentin (GBP)

ounc/ y related to GABA, which is

_seizures, with or without

GBPisa

effective in the adj
secondary generaliz . It was originally designed
as a GABAmimeti -brain barrier. However,
subsequent studies I 1at G $p/does'n t directly interact with GABA
receptors (Taylor et al. -_op.‘-,‘-" ers (S ' al., 1995; Macdonald and

Greenfield, 1997).

Wﬁ%ﬁ%%wﬁmfﬂﬁ?% a8 aHotierayy

and add-on trgatment for partlal-onset and prlmary generahzed tonic-clonic

e T 0y SR s s

Brodle 1996). Its initial clinical success was tempered by the significant

incidence of aplastic anemia and hepatotoxicity revealed in post-marketing

surveillance (Pellock and Brodie, 1997).
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Topiramate (TPM)

The sulfamate derivative TPM is active against partial-onset and
generalized seizures in humans (Wilson and Brodie, 1996; Brodie and French,

§ of action, including inhibition of Na' and

2000). TPM has multiple mechani

Levetiracetam (LE

most recently licenscg A . w@ LEV is limited (Genton

and Van Vleymen, 2000), Results of clinical trials suggest that it is effective

B TV L T (T Vot SR
e A

LEV appears to have a unique mode of action that, at this time,

remains to be clearly characterized. Exhaustive preclinical investigations suggest
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that it does not interact directly with any of the traditional targets, including Na',
Ca 2+, and K channels or the GABA and glutamate neurotransmitter systems
(Noyer et al., 1995). It is believed to bind to a specific, as yet unidentified, site

on the synaptic plasma membrane.
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