Chapter |

Introduction
Epilepsy

Epilepsy, from the Greek epilepsia (a taking hold of, or seizure) is a

chronic disorder characterized by a spontaneous tendency for recurrent seizure.

Seizures are the clinical manifestation of} -/ ally hyperexcitable cortical neurons.
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transient lmpglrment of consciousness, leaving the individual at risk of bodily harm and

often interfering with education and employment. (McNamara, 2001)



1. Etiology

Epilepsy can arise from a variety of conditions and pathophysiologic
mechanism. About 70 % of adults and 40% of children with new-onset epilepsy have
partial (focal) seizures. In most of these, it is not possible to identify a specific cause,
although the focal nature of the seizures generally implies a cerebral injury or lesion (so-
called cryptogenic epilepsy). The most common specific lesions are hippocampal

sclerosis, gangliogliomas and glial tumor, rhous malformations, neuronal migational
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Genetics in epilepsies

It has long been known that epilepsy is a major genetic component to
febrile seizure. A family history of febrile seizures consistently emerges as the major risk
factor for a first febrile seizure and twin (Berg and Shinna, 1995). Although autosomal
dominant and recessive models of heritance have been proposed, most evidence favors
a complex mode of inheritance, that is polygenic or multiplefactorial (Buchhalter, 1993;

Berkovic and Scheffer, 1998).
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- Investigations of the mechanism of epileptic activity are beginning to
address the interplay of the intrinsic electrical properties of the neuronal against a
background of the activity of entire cell populations. The electrical behavior of the cells,

which is central to the normal as well as the abnormal activity of the neurons



depends on ion conductance, primarily of sodium, calcium, potassium, and chloride.
The ion conductance depends on the intra-and extra cellular concentrations of these
ions as well as the ionic flux across the cell membrane. lon flux across the cell
membrane is controlled by a combination of energy-dependent pumps, voltage-gated

channels, and neurotransmitter controlled channels. (Trescher and Lesser, 2000)

2.2 Neurotransmitter Systems

Neuronal interactions
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transmission through sodium and potassium flux. The role of these non-NMDA
receptors in epilepsy is less clear but is under active investigation.  Other
neurotransmitter systems play a modulating role in epileptogenesis. In addition to

abnormalities of receptors themselves, dysfunction of neurotransmitter transport,



particularly glutamate and GABA, may contribute to seizures. (Meldrum, 1997; Trescher

and Lesser, 2000)
2.3 lon channels

The identification of an abnormality in a potassium channel as an
underlying defect in benign familial convulsions highlights the importance of ion
channels in epilepsy. Many of the anticonvulsants influence the voltage-dependent

sodium channel, and abnormalities in thi ay underlie some heritable forms of

epilepsy (Meldrum, 1997). Similarlys ce she ay influence epilepsy through

their role in modulating neurotra m _ Lesser, 2000)
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3. Classification of seizures

Seizures are classified by their clinical manifestation (semiology)
supplemented by EEG data. There are many different kinds of seizure, each with
characteristic behavioral changes and electrophysiological alterations that usually can
be detected by EEG recordings. The particular manifestations of any single depend on
several factors: (1) whether most or only a part of the cerebral cortex is involved of the

beginning; (2) the functions of the cortical areas where the seizure originates; and (3)

the subsequent pattern of spread witl d ;| The International Classification
reflects these considerations W waVsee First, it divides into two
fundamental types: those with-@inse """ al‘ébral hemisphere (partial
or focal seizures) and tho :""‘\‘: tex diffusely from the

beginning (generalized seiZlre _leof e Inte assification recognizes

that seizures are dynamie#&nd klgle atients 'shoW! variations in seizure
— N,
pattern depending on the ey : ersbf spreac \! hé electrical discharge.
. . . ) A r " "“l. . .
Thus, simple partial seizures gén ¢ Inig.cai Jartial seizures, and either simple

or complex partial seizures /" generalized tonic-clonic

convulsions. (Pedley, 2002) .
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Table1. Classification of epilepsy (from Dreifuss, 1997)

. Partial seizure (seizure beginning locally)
A. Simple partial seizures (seizures beginning locally)
1. With motor symptoms
2. With somatosensory or special sensory symptoms
3. With autonomic symptoms
4

With psychic symptoms. |

B. Complex partial seizures{(6onsciou: fnaired)

1. pasctfe pgieereonscious

C. Partial seizures evg - darily'genera *H' ed seizures
Il. Generalized seizure
A, Absence seizure
1. Absenge. Seizlifé - s
W X
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B. Myoclonic seizuges

2. Atypica

C. Clonic seizures
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E. Tonic clomc seizures

’Mﬁﬂﬁﬂﬂ‘ifﬂﬂﬁﬂﬂmaﬂ

1. Unclassifigd epileptic seizures

Modified from Commission on Classification of International League Against Epilepsy



4. Amino acid neurotransmitters in epilepsy

Effects on synaptic transmission have been sough for many antiseizure
drugs. Enhancement of GABA-mediated inhibition can be produced in many different
ways, involving either direct action on the GABA receptor-chloride channel complex (as
with benzodiazepines, barbiturates, and possibly topiramate) or actions on the reuptake
or metabolism of GABA (as with gabapentin, tiagabine, and vigabatrin). This

mechanism provides protection against generalized and focal seizures.

important; AMPA receptor bloc --'-'..;- 2 cetonthe effect of phenobarbital
and topiramate, and NMDA r ) , contributes to the effect of

racemide, an investigational ’ ; 1, anc , 2001)

GABA is t i , {ar , . In the spinal cord

GABA ocew/s in n tissue, but 1 mpralian tissues, except

in trace amounts. In a* 3 19 imol/g tissue) in the

nigrostriatal system, but c'!li s at'lo pmal ‘. throughout the gray
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decarboxylase ( GA&! an enzyme foundgonly in GAB A=synthesizing neggons in the
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brain. GABA is destroyed by a transamination reaction, in which the amino group is

matter.

transferd to Qt-oxa-oglutaric acid (to yield glutamate), with the production of succinic
semialdehyde, and then succinic acid. This reaction is catalyzed by GABA-

transaminase (GABA-T), which is inhibited by vigabatrin, a compound used to treat



epilepsy. GABA-ergic neurons have an active GABA uptake system, and it is this, rather

than GABA-T, which removes the GABA after it has been released. .

GABA function as an inhibitory transmitter in many different CNS
pathways. It is released from short interneurons, the long GABA-ergic tracts being
those running to the cerebellum and striatum. The widespread distribution of GABA,
and the fact that virtually all neurons are sensitive to its inhibitory effect, suggest that its

function is ubiquitous in brain. It has estimated that GABA serves as a transmitter at

about 30% of all the synapses in the CNS

In common witt"eluiadiate, ‘ éCNS transmitters, GABA
acts on two distinct types OM e GABA™re r) being a ligand-gated
IR

channel, the other (GAB (Holmes, 1997; Olsen
and DeLorey, 1999; Olsen, Treiman, 2001; Rang,

Dale, Ritter, and Gardner, 20

GABA, recep

The GABA, r e ABA-drug receptor ClI ion

channel macromolecular compl des™five major binding domains

(fig.1). These inclﬁde binding Sites , ar the CI' channel for GABA,
benzodiazepines, barbifrdtés and picrotoxin-as-Well-as-DInaine _ﬁ." for the anesthetic
steroids. These binding a6

|
addition, other drugs, incle : ng volatile anesthetics, ethanol a

GABA stimulation. In
ui

d penicillin, have been

reported to have an effect mplex is the CI
channel. The GA&]e ﬁ ﬁﬂ ﬁfﬁ ﬂ’j‘wﬁ ﬁ CI channel. A
variety of agonists bmd to this site and eficit GABA-likgsfesponses. Ongef the most
useful agoq WQOadaﬂuﬁtrﬂJa %ﬁg@im}gq\ﬂag&}solated
from the psﬁhoactive mushroom Amanita muscaria. It is a potent and specific agonist
at GABA, receptors and has been a valuable tool for pharmacological and radioligand-
binding studies. The classical GABA, receptors antagonist is the convulsing bicuculline,

which reduces current by decreasing the opening frequency and mean open time of the

channel. It is likely that bicuculline produces its antagonistic effects on GABA,
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receptors currents by competing with GABA for binding to one or both sites on the
GABA, receptors. (Holmes, 1997; Olsen and Delorey, 1999 Olsen, Delorey, Gordey
and Heekang, 1999; Treiman, 2001; Rang, Dale, Ritter, and Gardner, 2001)

— GABA site
Agonists
Antagonists

Barbiturate site
Oapressants (also ethanot?)
Excitants?

—— Benzodiazepine site
Agonists (depressants)
Antagonists

Inverse agonists

Steroid site
Anesthetics
Excitanis?

=FPicrotoxin site
nutsants
essanis?

mplex. The cut-away view

demonstrates targets for a varie at ",-L ence the receptor complex.

Nonspecific drug receptor locati n and Delorey, 1999)

Benzodiazepine “h have o e _5- anxiolytic effects,

selectively potentiate thelef ‘:"af high affinity to an

accessory site (the “benzo iazep i GABA, r="§ eptors in such a way

that the binding of GABA is ficmtated and its ag%r}st effect is enhanced. Studies on
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benzodiazepine seqmwty and mutatlons affecting this region alter the level of
benzodia E\ such H‘ n ABA),
whereas convulsing analogs, such as flumazenil, are antagonists.

Modulators that also enhance the action of GABA, but with sites of action

that are less well defined than that of benzodiazepines (shown as “channel modulators”)

include other CNS depressant such as barbiturates and neurosteroids. Neurosteroids
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are compounds that are related to steroid hormones but do not act on conventional
intracellular steroid receptors. Interestingly, they include metabolites of progesterone
and androgens which are formed in the nervous system, and have a physiological role.

Synthetic neurosteroids include alphaxolone, developed as an anesthetic agent.

Picrotoxin is a convulsing that acts by blocking the chloride channel
associated with the GABA, receptors, thus blocking the postsynaptic inhibitory effect of

GABA. It has no therapeutic uses. (Rang, Dale, Ritter, and Gardner, 2001)

GABA, receptors

Less is knowr™EB6UrHe #\ F6EEPIOTS, T marily due to the limited

ginally, GABA, receptors

i o { S| ()
L M\\\m\,
were identified by their insens AE [ . agonis t. The GABA analog(-

)baclofen (B-(4-chloropht fric:- \ o be a potent and

\ annels. When activated,
these receptors can decreaSe @& -\

0 d nhibit cAMP production via
HEES :
intracellular mechanisms mediated by BAg receptors can mediate both

= _
postsynaptic and presynaptic inhibitleri= £re Syne ition may. occur as a result of
GABA, receptors on ne - “‘| x of Ca”", thereby

reducing the release of nem BABA, receptors an its

J.H
structural similarity to the me abotroplc glutamate receptors should allow rapid progress

in the pharmacolo W Tevelopment of
new drugs of lmﬂyﬁg ﬂmﬁ.ﬂglﬂm GABA that are
insensitive to both bncuculhn a cﬂ Some,
but not aI ﬁﬁﬁ Efﬂ ﬁﬁﬁ%w‘iﬁ(ijGABAA

receptors, the p subunit. (Olsen and DelLorey, 1999)
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4.1.2 Glycine

Glycine is present in particularly high concentration (5 ptmol/g) in the
gray matter of the spinal cord. Applied ionophoretically to mononeurons or interneurons
it produces an inhibitory hyperpolarization that is indistinguishable from the inhibitory
synaptic response. Strychnine, a convulsion poison that acts mainly on the spinal cord,
blocks both the synaptic inhibitory response and the response to glycine. This, together

with direct measurements of glycine release in response to nerve stimulation, provides

The glycine '\ eceptors; it is a multimeric
ligand-gated chloride chann Vhichf'clc f\ ified’a number of subtypes.
Mutations affecting the recepig 3\ in'iso \ e inherited neurological
disorders associated with mus i ) g\‘ DE \ citability. There are no
therapeutic drugs, which act BY nb""-ﬁb’tl gic \v,‘ ssion. Tetanus toxin, a

bacterial toxin resembling botuli J1oxifi; acts” ely"to prevent glycine release
from inhibitory interneurons in the spinal é Cal essive reflex hyperexcitability
and violent muscle spa> (Cooper et-al, 19967L¢c gezlet al, 2001; Rang,
Dale, Ritter, and Gardner

Ji

4.2 Excitatory ainmo acid neurotrani’tters

Glua u EJe’J "IIYEJ nim EJt:w] ﬂ:jahan CNS and

has been |mpl|cated as a potent neurotoxid. In brain, L- -glutamate is synthgsized in the
nerve termﬂal%fllﬂ %ﬁiw ?uw f]g n&’:q'@ &Jle and
transammatl of Oa-oxoglutarate and from glutamine that is synthesized in glia cell,
transported into nerve terminal and locally converted by glutaminase into glutamate. In
the glutamate-containing nerve terminal, glutamate is stored in synaptic vesicle, and on
depolarization of the nerve terminal, it is released by a calcium-dependent exocytotic

process (Dichter and Wilcox, 1997). Glutamate receptor subtypes are distinguishable
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by biochemical, electrophysiological, and pharmacological criteria. Multiple receptor
gene families mediate the versatile and widespread function of glutamate signaling.
Based on their mode of function, glutamate receptors have been divided into two major
groups; metabotropic receptors which are couple to second messenger pathway
through G-proteins and ionotropic receptors which are ligand-gated ion channels

(Chapman, 1998; Dodd et al., 2000; Rang, Dale, Ritter, and Gardner, 2001).

lonotropic glutamate receptor (GIuR)

related subunits that combinewi@.lorr . aie selectively activated by

agonists. These receptors all ' idns act .* ronal membrane. The
*1"\\ ‘n\'- pajor groups according
N g SN

BN
-. ?\\‘;:\ itate (NMDA), O-amino

\\‘\ kainic acid (KA)

; \ characteristics and are

collectively refer to as the n tors S z e Binds to all these receptors.
y o Al || k

ionotropic glutamate recept
to their respective preferenti
acid-3-hydroxy-5-methylisoxa
(Chapman, 1998). The

The NMDA receptor binds N ptor binds AMPA, KA or

glutamate; the KA receptor bindsfKAQrgitiamaie f an agonist to any of these

glutamate receptor subtypes leads ﬂ;“ﬁ.,_‘ I e ————
ey

to the receptor with sub _e; uent flow of cations into the neuron. &hz nnels of the NMDA

V. *

receptor allow influx of * amate receptors admit

Na ' (and to a lesser exert extént Ca®') ions. (Chapman, 1998; Dedd et al, 2000)
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receptors and medidtes Na and ca’ influx. The slow kinetics of channel opening
- € - LY
allows boqw fW? mﬁ Wﬁl?wmaﬁa to cell.
‘ ‘
Increase in quracellu ar calcium concentration'is believed to be cCritical for many of the
proposed role of the NMDA receptor. lon flux through the NMDA receptor is voltage
dependent. When the cell is at resting potential, Mg2+ binds within the ion channel and
block the cation flux. It is likely that synaptically release glutamate first activates

AMPA/KA receptors, thereby causing depolarization of the post-synaptic cell and
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+
release of Mg2 ion such that other cations can move through the NMDA receptor ion

channel. (Chapman, 1998; Dodd et al, 2000)
Metabotropic receptor (mGIuR)

To date, there are eight metabotropic glutamate receptors (mGlu1-8)
with known molecular sequence and can be studied in expression system. Many of the

effects mediated by diacylglycerol or cAMP are related to alter phosphorylation of

response. Glutamate release cam e V- GIt ‘..' tivation. Groupll (mGlu2

and mGlu3) and Group Glu8) receptors act

presynaptically to decrea 1998; Wong et al,

1999;Dodd et al, 2000;Naj dner, 2001)
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Presynaptic
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Ca2* mGIuR receptor
- ' Fa -
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(From Dichter and Wiicox, 1997)
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5. Therapy of Epilepsy

Therapy should be directed toward the cause of the seizures, if known.
Seizures associated with metabolic and systemic disorders usually respond poorly to
anticonvulsants but cease with correction of the underlying abnormality.  Acute
withdrawal from alcohol and other sedative drugs produces self-limited seizures that, in
general, require no anticonvulsant drug therapy. Acute head trauma and other

structural brain lesions that result in seizures must be rapidly diagnosed and treated,

and the associated seizures controlleds By ‘ar sant drug therapy. Idiopathic

5.1 Surgica 3 -
& -‘\-.-.

1999)

\

Surgical intefenidh ghg :- copsidered when Seizures fail to respond
to antiepileptic drugs and wién taéy _‘ ‘ o u\-\x"»_ nt quality of life. Advances
in surgical techniques and im@fo@d !;.-_. @ il \ ileptogenic brain areas
have made surgical treatment yrid £ ' B \\ ith uncontrolled seizures
today than ever before. In 1985 \ about 500 operations for
epilepsy in the United States; in ..I'"_ Ire than 1500, and in 1998 nearly

5000.

In the paSid] Sat™&bout when to refer
= .

adny recently, the average time from

patients for surgery, and epilepsy diagnosis to

operation was about 20 years‘. ﬂrrently mcreasuf numbers of neurologists believe

that it is possible tﬂ u%’u m %Jflra’ﬂ ry earlier in the

course of their |I|ne3! and that minimizing the delay bglyeen onset of geizures and

neees QRN FE AN FREA BB o

quality of Ilfe‘I(Boulmg and Oliver, 1998; Pedley, 2000)

Few patients benefit from further attempts at medical treatment if
seizures are not controlled with two trials of high-dose monotherapy using appropriate

drugs and one trials of rational combination therapy. These steps can be accomplished
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within 1 to 2 years. At that point, the detrimental effects of continued seizures, often

exacerbated by drug toxicity, warrant referral to a specialized epilepsy center.

The most common type of epilepsy surgery, and the one with which there
is the greatest experience, is focal cortical resection. Surgery should be considered for
any patient with focal seizures whose attacks remain disabling despite optimal medical
therapy. Three criteria identify the ideal patient for resection surgery: (1) the seizures

began in an identificable and localized area of cortex; (2) the surgical excision can

encompass the epileptogenic region ed resection dose not impaired
neurological function. These requi en by patients with temporal
lobe epilepsy or other focal ed withmasalemonstrable cerebral lesion

(e.g., cavernous malformation, g QY such patients become

seizure-free, and about 90% hz o substantially improve

their quality of life. The o

undergoing nonlesional

extra temporal resection: abetit 48% atie r, % 5 iz ee; another 35% have

-

5.2 Selection offAnti€pile g_‘,‘;..f,_ﬂ',.f

e

The treatment of epilepsey= 'main objectives: (1) to eliminate
T

seizures or reduce their frequency to the maximt siblgs(2) to avoid chronic

drug-related adverse i“" ..ﬁf aining or restoring

normal vocational and ps :«i 0S06 dgh edch of these goals is

W d
possible, no available medlcal treatment can permanently eliminate (“cure”) epilepsy.

Furthermore, less uOEI w ﬂMﬂ ﬁnd secondarily
generalized seizu become seizure- free or more than 12 months wuth currently
'ifﬁ HENTUNNIINYIN Y

It should perhaps not be surprising that there might be several
mechanisms whereby antiepileptic drugs exert their anticonvulsant effects. In order to
discuss actual, as well as potential, mechanisms of action, it is necessary to briefly

consider the pathophysiological of epilepsy.
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In epilepsy certain neurons and groups of neurons become
hyperexcitable and begin firing bursts of action potentials that propagate in a
synchronous manner to other brain structures. There may be abnormalities in the
neuronal membrane stability of “epileptic neurons” or in their connections with other
neurons. It is known that the epileptic bursts consist of sodium-dependent action
potentials as well as a calcium-dependent depolarizing potential. Much investigation
has centered around the capacity of known anticonvulsant drugs to interact with ion

channels, and it is now established that _sevegal, agents appear to be exerting their

Inhibition of sodium channels : 3 majoreemponent of the mechanism of
action of several anticonv drg@ ‘ "\\ \ Sheyiain carbamazepine, and
lamotrigine. Much current intg of alcium channels since

GRR() -
the depolarization associated , fime: ?\:\ e activation of calcium
ONS

channels. At therapettica the" antiabsence drug,

ethosuximide, appears to @Xe pe calcium channels.

. o \\
(Craig, 1997)
T

Disinhibition also may pie ole in the generation of epileptic

seizures. It has been shown pinhipition is necessary to
produce the synchron .,"-4 Compounds that

A : G and| bicuculline) are CNS

antagonize the activity o !
il

convulsants while agents t at faculltate GABA's Inhlbltlon have anticonvulsant activity.

o aﬂaﬁ HFINENTI TR

EXClt ory neurotransmitteg'may also b nvolved in epl\ﬁgsy since it
o QA RN TRV VB
in part, to e action of glutamate activity on NMDA receptor channels to produce
depolarization. ~ Although glutamate antagonists, particularly those that antagonize
glutamate at NMDA receptors, have anticonvulsant properties, compounds presently

available are much too toxic for human use. (Craig, 1997)
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The mechanism of most antiepileptic drugs can be categorized as
affecting either ion channels or excitatory neurotransmission. The ion channels affected
included the sodium and calcium channels. Increases in inhibitory neurotransmission
affect CNS concentrations of GABA, whereas effects to decrease excitatory
neurotransmission are focused primarily on glutamate and aspartate. AEDs that are
effective against generalized tonic-clonic and partial seizures probably reduce
sustained repetitive firing of action potentials by delaying recovery of sodium channels

from activation. Drugs that reduce T-type jium currents are effective against

generalized absence seizures. 0C S€| espond to drugs that enhance

With optimal s 5 controlled completely in about

“"'--.

\\\ ve seizures at intervals
i {\ e is therefore a need
(1

New antisei e beingisouafil that ‘act by one of three

75% of patients, but about

of 1 month or less, which

mechanisms: (1) enhancemen ission, (2) diminution of

excitatory (usually glutamater: 3) modification of ionic

conductances. (Porter and Meldrum, 20!

Newer Antiepileptic ‘V A

ui
years from the mid- 19605 the inventiveness of the

pharmaceutical in ied up. New
drugs began to Eru Hdlﬂ ﬂﬁ?ﬂﬂuﬁg that existing
antleplleptuc drug therapy failed to cﬁ trol ﬁ( cases,
and was |l ﬁ % ﬂ ﬁiﬁmﬁt fgle and

more are under evaluation. (Rang, Dale and Ritter, 1999)

For about

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
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animal model, (2) structural variation of known anticonvulsant drugs and (3) mechanism-
based rational drug development, based on knowledge of the basic pathophysiological
events involved in seizures or epilepsy (LOsher and Schmidt, 1994 and Upton, 1994).
All three strategies have generated clinically effective anticonvulsant drugs, although
many scientists currently believe that the strategies of rational (“modern”) drug

development have important advantages over the more traditional strategies.

The most important strategies of rational design of anticonvulsant drugs

' | + .
glutamate-mediated neuronal e i , K and patrticularly

Vigabatrin

Vigabatrin, igref drug’ sy field, is a Y-vinyl-
substituted analogue of Heh! D x‘ ofithe GABA metabolizing
enzyme, and works by fo irrederSIt \. d. In animal studies,

[Solincreases the stimulation-
evoked release of GABA, implyi --:;—--‘ pinase inhibition can increase the
releasable pool of GABA and effec enhat libitory transmission. In humans,
vigabatrin increases th.o f G/

short, it produces a long: 158

or_g plasma half-life is
BI6 oked irreversibly, and

s0 can be given by mouthj@nce da stroloxicliyf was found in animals,
[}

but has not been found in hl‘mans removing on fthe main question marks hanging

ﬂumwﬂmwmm

The main drawback of viglbatrin is the &ecurrence of defséssion, and

orir® AN B DI BB Er

free from sicia effects.

Vigabatrin has been reported to be effective in a substantial proportion of

patients resistant to the established drugs, and may represent an important therapeutic
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advance (Rang, Dale and Ritter, 1999; McLachlan, 2000; Trescher and Lesser,
2000;Sabers and Gram, 2000;McNamara, 2001; Brunbech and Sabers, 2002).

Lamotrigine

Lamotrigine, though chemically unrelated, resembles phenytoin and
carbamazepine in its pharmacological effects, acting on sodium channels, and
inhibiting the release of excitatory amino acids. It appears that, despite its similar

mechanism of action, lamotrigine has a b r, therapeutic profile than the earlier

drugs, with significant efficacy agait - ey S . Its main side effects are
nausea, dizziness and ataxia, agd _hypersensitivityre? S (mainly mild rashes, but
occasionally more severe). lts 24 hours, with no particular

pharmacokinetic anomalies, : \

McLachlan, 2000; Trescher

ale and Ritter, 1999;

D .‘v '=~o Gram, 2000; McNamara,
2001; Brunbech and Sabers,

Felbamate A \\
Felbamate is a %‘f 1 te =, ic drug; meprobamate.

It is active in many animal seiz pPUEIS; and; b der clinical spectrum than
earlier antiepileptic drugs, but its me 6D _rg' the cellular level is uncertain.

It has only a weak effect S € n G4, ABA, combined with
4
I

d, but it occagionally causes severe

some inhibition as the -'V_'-., ts acute side effect

H
are mild, mainly nausea, i bility and

reactions, resulting in aplasticépegia or hepatitis gffor this reason, its recommend use

oo PR A W T

unresponsive to othe drugs. Its plasma h@lf -life is about 24 hours, and it a enhance

o R RARGATRIHNVIRHANE

and Ritter, 1989, McLachlan, 2000; Sabers and Gram, 2000; Trescher and Lesser, 2000;
McNamara, 2001; Brunbech and Sabers, 2002).
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Gabapentin

Gabapentin was designed as a simple analogue of GABA that would be
sufficiently lipid-soluble to penetrate the blood-brain barrier. It turn to be an effective
anticonvulsant in several animal models, but, surprisingly, not a GABA —-mimetic. It has
no effect on any of the major neurotransmitter mechanism, or on sodium or calcium
channels, but binds with high affinity to a specific site in the brain, which appears to be

the amino acid transporter system that occurs in many neurons and other cells. The

its mode of action remains an
intriguing mystery. The side effecis ‘ edation and ataxia) are less
severe than with many antle' RUC.CIlgs. Whe ﬁof gabapentin from the

hows the properly of

saturability, which means D u- tionately increase the

amount absorbed. Thi dentin. , d free side effects
associated with overdosing S e Ik _:' ¢ fequiring dosing two to
three time daily. It is free of igfte fiGacy in patients resistant
to conventional drugs has bee i But the : e of gabapentin remains to
be established (Rang,Dale 3¢ . ‘ hl 000; Sabers and Gram,

2000;Trescher and Lesser, 2000;Mc : bech and Sabers,2002).

Tiagabine ya
7 .5.1
Tiagabine,ah 2 abletto penetrate the blood-

brain barrier, acts by mh|b| g GABA uptake, and was product of rational drug design.
It binds selective ﬁv of the GABA
transporter, whlchﬂuﬁ Tbtmrmmﬂl]jﬁj enhances the
extracellular GABA concentratlon eagu e nd also
potentlateﬂ Wrol iiu ﬁ“’jﬁij gﬁtﬁéﬂt has a

short plasma half-life, and its main side effects are drowsiness and confusion. The
clinical usefulness of tiagabine has not yet been fully assessed (Rang, Dale and Ritter,

1999; Mclachlan, 2000; Sabers and Gram, 2000; Trescher and Lesser, 2000;
McNamara, 2001; Brunbech and Sabers, 2002).
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Topiramate

Topiramate is a recently introduced drug, which mechanistically appears
to do a little of everything, blocking sodium channels, enhancing the action of GABA,
blocking AMPA receptors and, for good measure, weakly inhibiting carbonic anhydrase.
Its spectrum of action resembles that of phenytoin, and it is claimed to produce less
severe side effects, as well as being devoid of the pharmacokinetic properties that

cause trouble with phenytoin. Its main drawback is that (like many antiepileptic drugs),

it is teratogenic in animals, so it should d_in woman of childbearing age
Currently, it is recommended for efractory cases of epilepsy
(Rang,Dale and Ritter, 1999; M J’ @am. 2000;Trescher and

Lesser, 2000;McNamara, 20
Zonisamide

Zonisamide apan, where it is now

licensed. Its mode of acti itage-dependent sodium

(o) \Ye
channels, T-type calcium chann Brban d \\
less than 50% protein bound, .‘.;.'Jf.......’ by €

:"’4" '

metabolism with a half-life of about*6&

.MJ

observed in patients taking en | t Zopisamide is effective

It is absorbed rapidly, is

al excretion and partly by

er half-life (about 30 hours) is

against partial seizures V"""“"- z Z __.‘.# types. Promising
results have been reported T p 0C Sy. Maintenance dosage is

l

usually 200 to 600 mg per da |n adults and 4 to 10 mg/kg per day in children, given as
one or two daily d ? X|a confusion,
mental slowing, ﬁﬁeﬁg ﬂﬂm ﬂ:ﬁjﬂt/ﬂ oss, and skin
rashes. Nephrolithiasis has bee ﬁ ti ﬁé but it
AL el R b b it}
Acetazolamide

Acetazolamide is a carbonic anhydrase inhibitor that is absorbed rapidly,
is over +0% bound to plasma proteins, and is eliminated unchanged in urine. lts

distribution half-life is about 2 hours, whereas elimination half-life is 12 to 15 hours. The
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efficacy of acetazolamide in epilepsy has not undergone adequate, controlled
evaluation, but the drug is considered to be of value against various seizure types and
especially against absence seizures. Dosage usually ranges between 3 and 20 mg/kg
per day. Since efficacy may be limited by development of tolerance, acetazolamide has
been proposed for intermittent use, especially in conditions such as catamenial
epilepsy. Possible adverse effects include sedation, fatigue, depression, paresthesias,

sexual dysfunction, anorexia, weight loss, hypokalemia, nephrolithiasis, skin rashes,

and other hypersensitivity reactions. Acetazelefide should be used cautiously and at

those of carbamazepine. iatl ( 1ZoldMmidie icity by salicylates may

occur. (Perucca, 2000)

Nonpharmacologic therapies

Approved in Lyagus” stinulator is the first device
approved for the treatment of epileps ' sists.of a fully implantable pulse
generator and an electrode that attachés Ve, S'_ ulation parameters
are adjusted according 0 baticht-toreranos
programmed for stimulati

this pattern repeating conti

uaHy the device is
Dy 5 m inutes of off time, with

!
in ously while the dewce is in operation. There is also a hand-

held magnet that ¢ timulation. This
latter feature is usﬂbusﬂgj\m Enj’ﬁalﬂiew seizure era
begins. The vagus nerves stlmulator Lsnafr vV r.us ﬁl ents as
adjunctlveﬂaﬁnt LiJ ﬁﬂg ﬁﬁ"i ond to

drug therapy. In clinical trials, use of vagus nerve stimulator reduces the frequency of
seizures by 50% or more in 25% of patients. This response is comparable to many of the
newer AEDs such as gabapentin and tiagabine. Therapeutic benefits from vagus nerve

stimulation are maintained for up to 5 years (and possibly longer) with continued use of

the device. Preliminary evidence also supports the efficacy of vagus nerve stimulation in
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children and in patients with medically refractory generalized-onset seizures; however,
more study is needed to confirm these observations. The most common adverse effects
associated with used of the vagus nerve stimulator are hoarseness, coughing and throat

discomfort during the stimulation burst. (Alldredge, 2000)

Ameltolide

Ameltolide [4—amino-N— (2,6-dimethylphenyl) benzamide, LY 2011186,

ADD 75073 and compound 8 in Clark gt e ) ] is a newly discovered and

described anticonvulsant agent (Clag al., 1988). Ameltolide is very

selective for blocking the tonic _ imal electric shock (MES)

seizure test, without significag i Micalke ulsing threshold test,

subcutaneous (S.C.) pentyle nd picrotoxin, and the

tonic extensor strychnine te effect in the MES test

occurs at significantly lower d@Se limpairment (rotarod or

horizontal screen, HS) or prod , 1988; Leander et al.,

1988).  Also, ameltolide “does ) n Si “tolerance with daily

administration, and it does na offects of hexobarbital after

either acute or chronic administ . This profile of preclinical

anticonvulsant activity is similar to th -..1: "'r’-"‘ 280", and carbamazepine (CBZ).

Unfortunately, ameltolide wes rapidly met: ---v:.,-,----—__--_—;;;-_;—_r_rr_‘__ N-terminus and

subsequent hydroxylatiof iBWever, following the

pioneering discovery of améltolide, it has become one of a- ‘

ittul compound for

designing of severalFTw and Joat antlconv | a%iﬁ Eﬂjc}ﬁeﬁ ﬁam
QW'] AN INAY
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Pharmacology of ameltoli

Ameltolide ant in the maximal

electroshock (MES) test. L.p. in mice; ED,=3.9
mg/kg, orally in mice; ED.,=32 8 mg@lkg, = mngats). Ameltalide was similar to PHT in
that it did not offer protection ag 1 Sz S gle| pentylenetetrazol, bicuculline,
picrotoxin or strychnme The antlco :W eltolide is similar to those of

phenytoin and carbamaZgpi Jas been described

as"preventing seizure \Spf i} threshold". The
anticonvulsant effect in .: ES test"occurs at"dose |gniﬁca lower than produce
neurological impairment (rotarjd&st TD4,=15 mg , i.p. in mice; 38.3 mg/kg, orally in

e DT PRI .

(HD4,=43.8 mglkg, ﬂ) in mice) or produ‘pe lethality (LD =160 mg/kg, lp in mice).

R RIRNTT TN MNYIAY

' By considering the values of ED,,, TD,/ EDy,, LD, /HD,,, LD,/ TD,, and
TD,/ED,,, the anticonvulsant activity and neurotoxicity of ameltolide compare favorably
with those of prototype anticonvulsants in the same assays (Table2-5). Ameltolide
produces no sign of tolerance with daily administration, and dose not interacts with the

hypnotic effects of hexobarbital after either acute or chronic administration. All of these
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results suggest that ameltolide will be an effective anticonvulsant in humans and support

development of the compound for the treatment of epilepsy. (Clark, 1988; Leander et al,

1988 and Swinyard et al, 1989)

!.:-EJ
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Table 2 Minimal neurotoxicity and anticonvulsant potency of intraperitoneally

administered ameltolide and some prototype antiepileptic drugs in mice

Time of ED,, (mg/kg) and PI
Substance test® Rotarod
(hr) TDq, MES sc.PTZ sc.BIC | sc.PIC |Sc.Strych
(mg/kg)
ameltolide | %, % 150 | <0.75] | [<0.5] |[<0.75]
PHT 2,2 655" T<o <0.65] | [<0.65] [Maximum
' Protection
PB Ve, 1 69 = 3 T Tea [251] -
Lol o '
27.5
ESM %, Y 441 4] =T [1.82] -
\ o 59" | 243
VPA Yo Va 42 15047 18] | [1.10] | [1.45]
-' il 0 387 293
LA
PHT, phenytoin; PB, Phe ; TD,,, dose
eliciting evidence of minir ‘ ose required to
produce the desired endpoiffin 50 % of animals: , maximal ‘ ctroshock seizure;
sc. PTZ, subcutaneous pentyleﬁﬂtrazo!e; sc. BIC,%€. Bicuculine; SC. PIC
Picrotoxin; sc. Stryﬂeu%jticai%&] %jEw ﬂox ﬁ
*First number,TDso;q!econd number, ED g . 'Y
YRIANNIUARIINEIQEY



29

Table 3 Minimal neurotoxicity and anticonvulsant potency of orally administered

ameltolide and some prototype antiepileptic drugs in mice

Time of test *(test) TD,, (mg/kg) MES Sc.PTZ
ED,, (mg/kg) ED,, (mg/kg)
Substance Mice Rats Mice Rats Mice Rats Mice Rats
ameltolide Vo, 1 21 38.3 458.9 [9.8] [14.1] [<0.5] [<0.9]
3.9 325
PHT 2,2 Yo, 4 7 [9.59] [>100] [<0.29] NA
7 o .04 29.8
,0
PB 2<2 V2, Sl 6 [6.68] [7.69] [5.29]
9.14 12.6 11.6
ESM 1,172 2, : N : [0.84] [4.56] [18.8]
' 193 54
VPA 2.1 14 " 7 k8 \ [0.57] [3.26] [1.56]
bt \ 490 388 180
7 T
PHT, phynotoin; PB, phenobarbi S ' . VPA, valproate; TD,,, dose
eliciting evidence of minimal neurotox ’_ ‘i als; ED,,, dose required to
produce the desired en int i o eleetroshock seizure;
sc. PTZ, subcutaneous O D,,) in boxes; NA,

not applicable

*Toxicity, MES and sc. PTZ, re‘oectlvely

ﬂUEJ’J'VIEWIﬁWEJ’]ﬂ‘i
amaﬂnimum'mmaﬂ



Table 4. Quantitative toxicity profile of intraperitoneally administered ameltolide and

some prototype antiepileptic

Time of test®

Dose (mg/kg)

Substance (hr) Lethality Righting reflex Rotorod
(LDg,) (HD,,) (TDy,)
ameltolide 24, %, Vs 160.8 [3.67] [10.71]
| 43.8 15.0
PHT 2412,2 .29] [3.51]
= 65.5
ESM 24, %, 52 [3.98]
441
VPA 24, Va, Y 0 [2.59]
426

PHT, phenytoin; PB, phenobar,

cause death in 50% of animals,

TDs,. dose eliciting evidence of mi

or LD,/TD50,, in boxes.

*Lethality, righting reflex, and ro

5

ate; LD,,, dose that

als lost righting reflex;

5 fanimals. Ratio LD,/HD,,

AULINENINYINS
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Table 5. Safety ratios (TD,/ ED,,) of ameltolide, PHT, PB, and VPA

31

Substance Spices and Parameter
route of TD, MES Ratio
administration (mgrkg) ED,,
ameltolide Mice, i.p. 9.8 6.0 1.6
Mice, oral 2 9.1 25
Rats, oral 47 4.9
PHT Mice, i.p. 5 36
Mice, oral™™™ 18 34
Rats, oral
ESM Mice, i.p 2.0
Mice, ora 1.3
Rats, @ral . 0.5
VPA Mice, i 0.9
Mice, ora i 0.6
Rats, oral ; 800 0.1
PHT, phenytoin; phenobacbital; o~ atexzNA, not applicable.

°Ratio<1 indicate that 97

®TD3, dose eliciting eviden

required to produce anti-M %Cthlty in 97% of anlmals

ﬂ‘lJEl’EIVIEWIﬁWEI']ﬂ‘ﬁ

al neurotoxicity.

f animals; ED,,, dose

97!

’Qﬂ?ﬁﬂﬂ‘imuﬁﬂﬂmﬁﬂ
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Mechanism of action of ameltolide

Up to now, the mechanism of action of ameltolide is still remains
unknown. It is expected to exert anticonvulsant activity by blocking sodium channels
according to its phenytoin-like profile and it specifics only in MES test. This hypothesis
was supported by the experiment of Vamecq's team that reported a correlation between

interaction with the neuronal voltage-dependent sodium channel and anticonvulsant

activity of ameltolide in the MES test. (Potls & 3 d Vamecq et al., 1998)

The metabolism netics of ameltolide have

been studied in rats. C-ameltalj \ \the gastrointestinal tract

following oral administration. O as exerted in the urine
and 29% in the bile; with the 24 hr. Peak plasma

levels of ameltolide were ob 0. A peak plasma concentrations of

radioactivity were seen at 2 af G i T eVels of radioactivity were

observed at 2 hr in all of the tisséle }".c“’*‘ o i n of radioactivity from the
tissue was monophasic with a rﬁ'ﬁ-:"“" . Quantitating and isolating

metabolites from urine andyple

The major route of melglt

p0fof, ameltolide in rats.
A e etylamino)-N-(2,6-
dimethylphenyl)benzamide 1‘!"' 9,% and then subsda

ir

ent hydroxylation to
from 4-(acetylamino)-N-(2- hy@fogmethylmethyl Giythylphenyl)benzamnde(LY272546

o e oG BPT ARG AR o oo

92% of the total raduﬂctlvcty in the plasma. The major urmary metabolic, accountnng for

RN IUNNING Y

Pharmacologlcal studies demonstrated that N-acetylation followed by
hydroxylation of one of the benzylic methyl groups result in virtually complete metabolic
inactivation of ameltolide. XXVII can be metabolized back to ameltolide in a variety of
species whereas XXVIII cannot be converted back to its parent compound. (Potts,

Gabriel and Parli, 1989; Robertson et al., 1991; Leander et al., 1992)
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Analogues of ameltolide

In1994, N- (p-aminobenzoyl)-1,2,3,4-tetrahydro-4,8-dimethylquinoline
was synthesized by Sathit Niratisai as the rigid analogue of ameltolide (Sathit Niratisai,
1994). The preliminary result indicated that it exhibit anticonvulsant activity against MES

test. However, its synthetic approaches are complicate with several steps.

To extend the structure activity relationship on N-(p-aminobenzoyl)-

substitute on 1,2,3,4- tetrahydroguino! i g pihesized by simpler methods,
and expected to possess apticemviilse ity, eertaimlysthie introduction of methyl

group along the variable pgsi 2 i oline. nucleus especially at

.
fmiational orientation of the
target compounds. These & of an appropriate

conformational structure 0 H‘\; in the future study. In

L%

addition, steric hindrance affect the metabolic

hydroxylation, which may in #U duration of anticonvulsant

’ |/ — X
activity. The chemical structure 6f te f'ﬂ strated in Table 6.

AULINENINYINS
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Table 6 Structures of N-(p-aminobenzolyl)-1 ,2,3,4-tetrahydroquinolines to be

synthesized

CU-17-02 (4a)

CU-17-04 (4b)

CU-17-06 (4c N
CU-17-08 (4d;i H Ia a
q

CU-17-10 (4e) CH, H F H

CU-17-12 (4f) CH, H H CH,
CU-17-14 (4g) H CH, H CH,
CU-17-16 (4h) - H H OMe

34
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CU-17-06 (N-(p-aminobenzoyl)-1,2,3,4-tetrahydro-4-methylquinoline )

In 2000, N- (p-aminobenzoyl)-1,2,3 4-tetrahydroquinoline and its
analogues were synthesized by Chamnan Patarapanich and Thanarat Kieatsakol by
using ameltolide as prototype agent. The preliminary result indicated that it exhibit
anticonvulsant activity against MES test. CU-17-06 (Fig. 4 ) is one of these analogues
and expecting to possess anticonvulsant activity. In addition, it does not have further
investigated of ameltolide’ s mechanism via neurotransmitter system (such as GABA,

glycine, aspartate, and glutamate) by micredi nique.

|gure 4. Structural of CU 17-06

ﬂ‘HEl’J‘VIEWI?WEW’]ﬂ‘ﬁ
’Qﬁﬁﬁ\iﬂ‘iﬁuuﬁﬂﬂmﬁﬂ

121223664
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The main purpose of this study was to evaluate anticonvulsant effect of
CU-17-06 in several animal models of epilepsy as well as its adverse effects and acute
toxicity. Furthermore a possible effect of CU-17-06 on the levels of cortical excitatory

and inhibitory acid neurotransmitters of freely moving rats would also be investigated.

AULINENINYINS
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