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Despite the continuing introduction of so-called antiepileptic
drugs (AEDs), there is still no medical cure for epilepsy, no
receptor-specific drug that can either prevent epilepsy or alter its
natural course. This is significant since epilepsy not only is the
most common serious neurologic disorder affecting patients of
all ages but also is a prototypic clinical disorder for probing
fundamental neurobiological processes, such as the mechanisms
of core human consciousness. The currently available
anticonvulsant drugs, whether old or new, are little more than
“symptomatic” agents that suppress the symptoms of epilepsy
(i.e. seizures) while failing to contend with the underlying
pathological process that initially caused (or continues to cause)
the predisposition to seizures. Even as symptomatic agents, the
existing therapies are far from ideal, being consistently effective
in fewer than 65% of patients and tending to produce a variety of
side-effects in more than 50% of patients. Although the need to
discover pioneering “curative” therapeutics for epilepsy is
clinically obvious, the direction to be pursued in the realization
of such agents is not apparent. With an existing drug selection
populated by a diversity of traditional agents (e.g. phenytoin,
carbamazepine), new agents (e.g. lamotrigine, topiramate) and
emerging agents (e.g. zonisamide), the interests of the patient
population will not be best served by simply more of the same
(Figure 1). Abused though the expression may be, it is arguable
that the world of clinical epileptology is in need of a “paradigm
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shift” when it comes to the continuing development of
therapeutics. 

The failings of traditional anticonvulsant drugs to influence
the natural history of epilepsy have been demonstrated
repeatedly. As shown by various well-controlled studies,
standard agents such as phenytoin have no influence on the
delayed development of epilepsy when used prophylactically
after a brain insult and do not prevent the progressive pathology
that underlies a developing seizure disorder.1,2 Indeed, limited
evidence suggests that these drugs may be achieving quite the
contrary.3 Phenytoin prophylaxis, for instance, has been
associated with neurobehavioural deterioration in a variety of
neuropsychological measures in posttraumatic epilepsy patients;
additionally, the discontinuation of either carbamazepine or
phenytoin in brain-injured individuals has produced
improvement in measures of fluency, memory, and motor
performance. Clearly, the search for new agents for epilepsy
should probably not use existing anticonvulsant drugs as a
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starting point in the design process. Central to the discovery of
definitive therapeutics, which positively influence the natural
history of epilepsy in a curative sense, will be the evolution of
concepts concerning the molecular pathogenesis of epilepsy. 

A first step in this conceptual evolution of identifying new
targets for drug design relevant to partial seizures is
differentiating between the notions of “ictogenesis” and
“epileptogenesis”.4 A seizure is a single discrete clinical event
caused by an excessive electrical discharge from a collection of
neurons. Seizures are merely the symptom of epilepsy. Epilepsy,
on the other hand, is a dynamic and frequently progressive
process characterized by an underlying sequence of pathological
transformations whereby normal brain is altered, becoming
susceptible to spontaneous, recurrent seizures. Ictogenesis (the
initiation and propagation of a seizure in time and space) is a
rapid electrical/chemical event occurring over seconds or
minutes. Epileptogenesis (the gradual process whereby normal
brain is transformed into a state susceptible to spontaneous,
episodic, time-limited recurrent seizures through the initiation
and maturation of an “epileptogenic focus”) is a slow
biochemical/histological process occurring insidiously over
months to years. Ictogenesis and epileptogenesis have unique
differences; not surprisingly, therapeutics targeting these two
processes may have definite differences.5 (Figure 2.)

Ictogenesis is a fast, short-term electrical/chemical event
divided into the rapidly sequential phases of initiation and
elaboration; elaboration arises from the extension of the seizure
in both time and space. At the molecular level, ictogenesis
involves excessive brain electrical discharges propagated by a
cascade of chemical events initiated by the sequential opening of
voltage gated Na+ channels with subsequent involvement of K+

channels and the Ca2+ channel mediated release of
neurotransmitters. Logically, diverse mechanisms of action exist
for anti-ictogenic (anticonvulsant, antiseizure) drugs. However,
the central role of the transmembrane voltage gated Na+ channel
in ictogenesis has resulted in the majority of the current
anticonvulsant drugs (e.g. phenytoin, carbamazepine, valproate,
lamotrigine) being targeted against this receptor site. 

Epileptogenesis, unlike ictogenesis, is a gradual two phase
biochemical/histological process showing dynamic changes over
the course of time: Phase 1 - the initiation of the epileptogenic

Figure 1: Molecular structures of anticonvulsant drugs
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Figure 2: The molecular basis of ictogenesis and epileptogenesis
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focus, and Phase 2 - the maturation of an active epileptogenic
focus.5 Phase 1 epileptogenesis refers to the events that take
place prior to the occurrence of the first seizure. There may be a
considerable delay of months to years between the occurrence of
the brain injury (e.g. meningitis, trauma) and the onset of
recurrent seizures. During this latent period, epileptogenesis is
evolving, culminating in active epilepsy in which recurrent
seizures occur. Phase 2 epileptogenesis refers to the events that
take place after the first seizure(s) has occurred. This also is a
long, protracted process in which seizures may become more
frequent, more severe, more refractory to treatment, or
phenomenologically different in their clinical manifestations.

The cascade of histological/biochemical events which
characterize epileptogenesis differ from those of ictogenesis.
This is best exemplified by an examination of the pathology of
complex partial seizures. At the histological level,
epileptogenesis involves cellular alterations (e.g. mesial
temporal sclerosis) in a variety of limbic brain structures. The
macroscopic features of these alterations include fibrous gliosis
with cellular shrinkage and atrophy. Microscopically, there is
neuronal loss affecting the pyramidal cell layers in the
hippocampal subfields CA1, CA3, and in the dentate gyrus, but
sparing the granule cells of the dentate gyrus. There is also
significant reorganization of dendritic and axonal projections
from pyramidal and other hippocampal neurons, revealing the
formation of new synaptic contacts and neuronal processes. At
the biochemical level, various theories of epileptogenesis have
been put forth, including the mossy fibre sprouting hypothesis
and the dormant basket cell hypothesis. The mossy fibre
sprouting hypothesis, from Sutula and others,6,7 postulates an
upregulation of excitatory coupling between neurons mediated
by N-methyl-D-aspartate glutamatergic receptors which are
activated in chronic epileptic brain under circumstances that
would not lead to activation in normal brain. In contrast, the
dormant basket cell hypothesis, as espoused by Sloviter8 and
Beckenstein9 suggests a downregulation of inhibitory coupling
between neurons such that the connections which normally drive
γ-aminobutyric acid [GABA] releasing inhibitory interneurons
are disturbed thereby rendering them functionally dormant. In
combining these two hypotheses, Jefferys10 and Larner11 have
suggested that susceptibility to abnormal, synchronous firing of
neurons (crucial to epileptogenesis) arises from a concurrent
enhancement of glutamate mediated excitatory synaptic
transmission time-locked to a decrease in GABA-mediated
inhibitory synaptic transmission – the resulting imbalance
leading to sustained neuronal hyperexcitability, and hence to
epileptogenesis. 

Although such glutamatergic and GABAergic processes are
obvious participants in the molecular mechanism of
epileptogenesis, there are other molecular claimants to the
throne. For example, in the kindling animal model of
epileptogenesis (in which repetitive, subconvulsive, electrical
stimulation evokes progressively prolonged electrographic/
behavioural responses that culminate in generalized seizures)
neurotrophic peptides, such as nerve growth factor, play a
facilitative role in hippocampal synaptic reorganization.
Neurotrophins therefore seem to contribute to the evolution of
the epileptogenic state.12-15 Other molecular processes
potentially involved in the excitotoxic cascade of epileptogenesis

include cellular Ca2+ influx, apoptosis, nitric oxide synthase
overproduction and free radical accumulation. Clearly, the future
development of antiepileptogenic agents must exploit the full
range of targets, extending from amino acid neurotransmitters to
peptidic neuromodulators. Also, since “the epilepsies” are a
heterogeneous group of disorders (i.e. inherited vs. acquired;
primary generalized vs. partial) it may be necessary to design
antiepileptogenic agents which are specific for a particular type
of epilepsy. 

As an additional complication, there seemingly exists an
interdependency between ictogenesis and epileptogenesis
(despite their biological uniquenesses and chemical differences).
As Gowers16 opined in the 1880s, “seizures beget seizures”, thus
recognizing that epilepsy is sometimes a progressive disorder.
Although somewhat controversial, current experimental
evidence (e.g. the kindling model) continues to support the
notion that the recurrence of seizures per se can be responsible
(at least in part) for progression of epilepsy. Unfortunately, data
from human clinical studies are less robust. Clearly, some human
epilepsies (e.g. temporal lobe epilepsy) are progressive; clearly,
other types are not. Nonetheless, the events of ictogenesis may
constitute a sub-set of additive factors contributing to the process
of epileptogenesis.

At the present time, there are no clinically proven
antiepileptogenic drugs, an observation supported by both
experimental and clinical studies.17 Currently available so-called
“antiepileptic drugs” are not really AEDs; rather, they are simply
anti-ictogenic agents with no clinically demonstrated
antiepileptogenic efficacy. (Arguably, the term AED should be
abandoned as a misnomer. The currently marketed drugs should
be referred to by a more accurate designation, such as “anti-
seizure (anti-ictogenic, anticonvulsant) drugs”; the expression
antiepileptogenic drug should be used for agents that suppress
epileptogenesis, but not necessarily ictogenesis. The term AED
should ideally be reserved for future agents which will be
effective against both epilepsy as a process and seizures as
events within that process.) 

Future drugs for epilepsy must extend beyond the scope of
simple ictogenesis and should encompass the greater mandate of
epileptogenesis. Since the two processes are separate yet
interdependent, future agents should probably not be purely
antiepileptogenic, but capable of hybrid antiepileptogenic/anti-
ictogenic activity. The discovery of such hybrid agents demands
changes in our conceptual approaches to AED design and
discovery, and will require the acceptance of new animal models.
Existing animal models, such as the maximal electroshock assay
and the pentylenetetrazol assay are models of ictogenesis, not
epileptogenesis. The kindling model, though much studied, is
controversial and may not be a good model of epileptogenesis.
Although more cumbersome, other models such as the
pilocarpine-induced spontaneous recurrent seizure model may
have to be implemented in the search for new agents which are
truly AEDs.18 This “paradigm shift” must cross the spectrum
from animal studies to human studies, and must be accompanied
by subsequent improvements in clinical trial design. Designing
human clinical trials to assess novel agents for antiepileptogenic
activities will be challenging, potentially involving prolonged
observational periods in patient populations susceptible to
processes such as delayed posttraumatic epilepsy. Future human
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trials must also incorporate increasingly sophisticated and all-
encompassing outcome measures which exceed mere seizure
counts and which consider the clinical phenomenology of
epileptogenesis. Memory disorders, behavioural problems and
related neuropsychological issues are equally important
byproducts of epileptogenesis; epileptogenesis is a complex
neuropathological process and is not simply a generator of
seizures. These advances in the design of therapeutics must be
accompanied by advances in the design of diagnostics. At the
present time, there are no diagnostic tests to ascertain a unique
propensity to epileptogenesis in any individual patient
experiencing a given CNS insult. 

When considered rigorously, all epilepsies are currently “drug
resistant” or “intractable to medical management”; the current
anticonvulsants, either old or new, are noncurative palliative
therapeutics. The need for curative drugs is an emerging
neuropharmacologic priority in clinical epileptology. Drug
discovery and the identification of targets for rational drug
design must take this into consideration. Bacterial meningitis is
treated with penicillin in preference to aspirin; so too must
epilepsy be treated with more than simply symptomatic
therapies. Just as aspirin is not the drug of choice for
Staphylococcal meningitis, an anticonvulsant is not the drug of
choice for epilepsy. Drug design for epilepsy needs to discover a
penicillin, not more aspirins. 
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