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As with many neurological conditions,
researchers have identified many possible
causes, but no cures, for epilepsy, a disor-
der characterized by abnormal discharges
of nerve cells, or neurons, in the brain.
These discharges—where many neurons fire
together at high frequency—cause seizures
in which an affected person may experience
convulsions, alteration or loss of con-
sciousness, or muscle jerking (myoclonus).
Although epileptic seizures can occur for var-
ious reasons, including head trauma or
metabolic disturbances, a person with
epilepsy has seizures spontaneously without
an apparent trigger.

One of the most common neurological dis-
orders, epilepsy occurs in more than 2.5 mil-
lion Americans, and 181,000 are diagnosed
with the condition each year, according to
the Epilepsy Foundation. The underlying
cause of epilepsy in most patients is not
known, although in rare instances the dis-
ease is hereditary and a genetic basis has
been identified. Understanding the causes
of the more common forms of epilepsy is at
the forefront of research, according to
Michael A. Rogawski, chief of the National
Institute of Neurological Disorders and
Stroke’s (NINDS) Epilepsy Research Section.

“We don’t have a complete understanding
of what causes epilepsy in all cases,” he says.
“We understand the molecular events that
cause [the disorder] in some rare epilepsy
syndromes, but they constitute only a very
small percentage of the total number of
epilepsy patients. For the vast majority of
epilepsy patients, we don’t have a definitive
explanation for the disorder.”

Some rare forms, such as benign neona-
tal convulsions and childhood absence epilep-
sies (petit mal epilepsy or pyknolepsy, with
nonconvulsive seizures), have been found
to have a genetic component. Most of these
types of epilepsy are due to mutations in the

genes that encode for subunits of ion chan-
nels, Rogawski explains.

“When we talk about a nerve cell being
excited, what we mean is that the nerve cell
is depolarized and fires an action poten-
tial,” he says. “Ion channels are the main
mediators of the electrical excitability prop-
erties of neurons. They are what allow the
neuron to fire an action potential.”

Ion channels also are involved in trans-
mitting information between the nerve
cells. In many of the rare epilepsies where
a gene defect has been identified, it turns
out that the implicated gene encodes for a
subunit of an ion channel that is either
involved in firing action potentials or in
interneuronal communication, Rogawski
explains. Transmission between nerve cells
requires a chemical neurotransmitter, and

two key ones are glutamate, which medi-
ates excitation, and gamma-aminobutyric
acid (GABA), which is inhibitory and bal-
ances excitation.

While there are numerous types of
seizures, all are caused by abnormal syn-
chronous firing of nerve cells. Some epilep-
tics experience one kind of seizure, while
others may have more than one type.

Current therapies
Once patients are diagnosed with epilepsy,
doctors treat them primarily with anti-epilep-
tic drugs (AEDs). These drugs work by inter-
acting with voltage-activated sodium ion
channels, which are responsible for letting
sodium into the neuron, thereby causing a
rapid depolarization of the neuron. Sodium-
blocking AEDs bind to the sodium channel
when it’s in an inactivated state. With the
sodium channel stabilized, the AEDs pref-
erentially block high-frequency, repetitive fir-
ing, which occurs during an epileptic seizure.

Another type of AED works to enhance
the activity of GABA, which is released by
inhibitory nerve cells in the brain. The
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Epilepsy
With many treatments available, the pipeline for new drugs
to treat this enigmatic disease is thin.
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Anti-epileptic drugs are produced by a number of major firms

Drug Brand Producer

Benzodiazepines Many Many

Carbamazepine Tegretol Novartis

Ethosuximide Zarontin Pfizer

Felbamate Felbatol Wallace Laboratories

Gabapentin Neurontin Pfizer

Lamotrigine Lamictal GlaxoSmithKline

Levetiracetam Keppra UCB Pharma

Oxcarbazepine Trileptal Novartis

Phenobarbital Many Many

Phenytoin Dilantin Pfizer

Tiagabine Gabitril Cephalon

Topiramate Topamax Ortho-McNeil Pharmaceutical

Valproate Depakote Abbott Laboratories

Zonisamide Zonegran Eisai 
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action of GABA is terminated by trans-
porters, which allow it to be absorbed into
nerve cells and glia. Cephalon’s Gabitril,
for example, helps increase GABA levels
and normalize brain activity by blocking
reabsorption.

“You are dealing with drugs that modify
the fundamental properties of ion channels
that are critical for the functioning of the brain
and all of its aspects,” Rogawski says.
“Virtually anything that the brain does is
going to rely on these same ion channels that
are involved in the epileptic seizure event.
So you have to develop a drug that can
affect the seizure event preferentially, with-
out impairing the functioning of the ion
channel to an extent that [it affects] the nor-
mal functioning of the brain.”

The impairing side effects of AEDs can
range from serious—such as nerve and
liver damage—to relatively minor, such as
irritability. A major concern for women
epileptics is that all AEDs carry a teratogenic
risk, which means there is a possibility that
these drugs can cause fetal malformations.
Depakote, Tegretol, and Neurontin can
cause weight gain, while Felbatol, Topamax,
and Zonegran can all cause weight loss.
Dilantin may cause excessive hair growth
and coarsening of the facial features, and
mood changes are common with pheno-
barbital. Difficulty focusing and thinking
clearly are side effects common to numer-
ous AEDs, including Dilantin, Tegretol,
Carbatrol, Topamax, and phenobarbital.

Pfizer’s Dilantin is the most commonly pre-
scribed AED in the United States, according
to Rogawski. Many epileptics are on multi-
ple medications, but physicians don’t always
have sound ways of predicting what med-
ications are going to be effective in a specific
patient. The process is often one of trial and
error, although Rogawski emphasizes that in
some cases physicians can pick a certain med-
ication based on the type of seizure being
treated. For example, Zarontin, Depakote, and
Lamictal have been found effective for absence
epilepsy, but other medications such as
Dilantin, Tegretol, and Trileptal can worsen
seizures in this type of epilepsy.

“Physicians will generally try patients on
a single medication,” Rogawski says. “They
may then add a second medicine, or they
might try a new medicine in a monotherapy
fashion if the first medication is not effective.”

Thin pipeline
“At present, only about two-thirds to three-
quarters of epilepsy patients achieve com-
plete relief from seizures with the currently
available medications,” Rogawski points out.
Given the sizable number of patients for
whom the medications don’t work well, it’s
not surprising that researchers are focusing
on discovering the next generation of med-
ications with improved efficacy and safety.
However, there just aren’t that many AEDs
in clinical trials right now.

“The pipeline is not as rich today as it has
been in past decades,” Rogawski says. The
number of already marketed AEDs might be

one reason the pharmaceutical industry has
not been aggressively pursuing AED devel-
opment, he suggests. “Many pharmaceuti-
cal companies might feel that it’s a market
that’s already saturated to some extent.”

Currently, pregabalin, or Lyrica, is the
AED furthest along in the clinical trial
pipeline. Produced by Pfizer, this medication
received marketing authorization in the
European Union this past July for indications
of peripheral neuropathic pain and as an add-
on therapy for partial epileptic seizures.

“A regulatory submission was made to the
U.S. Food and Drug Administration in
October 2003 for the use of pregabalin in
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Epilepsy drug pipeline remains thin

Company Drug Development phase

Acorda Therapeutics Valrocemide Phase II

Johnson & Johnson, RWJ-333369 Phase II
SK Biopharmaceutical

Novartis AMP397 Phase I

NPS Pharmaceuticals NPS 1176 Phase I

Pfizer Pregabalin Application submitted to FDA
in October 2003

Schwarz Pharma Harkoseride Phase III

Epilepsy at a glance

Definition A neurological condition producing brief disturbances in the normal
electrical functions of the brain and often resulting in seizures.

Prevalence More than 2.5 million in the United States, with 181,000 developing the
condition each year. Males and non-Caucasians are at slightly higher risk.

Symptoms Seizures—changes in sensation, awareness, or behavior—vary from
momentary disruptions, to short periods of unconsciousness or staring
spells, to convulsions.

Cause It can be caused by anything that affects the brain, including injury, tumors,
and strokes. Sometimes it is inherited. Most often, no cause can be found.

Detection Epilepsy can develop at any stage of life and affects people of all ages,
races, and ethnicities. It is diagnosed primarily through medical history and
the use of electroencephalographs. Imaging methods may be used to
identify other causes. 

Treatment Primarily treated with seizure-preventing medicines, but also with surgery,
diet, and implanted devices for nerve stimulation.

Costs Estimated annual direct and indirect costs are $12.5 billion in the United States.

Source: Epilepsy Foundation.
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managing neuropathic pain associated with
diabetic peripheral neuropathy and post-
herpetic neuralgia, for generalized anxiety
disorder, and as adjunctive therapy in
epilepsy,” explains a Pfizer spokesman. In
September, Pfizer said it was working with
the FDA after receiving a nonapprovable let-
ter for generalized anxiety, but approvable
letters for the remaining applications.

Meanwhile, Novartis has an AED called
AMP397 in the early stages of clinical tri-
als. “By blocking a brain receptor called
AMPA (alpha-amino-2,3-dihydro-5-methyl-
3-oxo-4-isoxazolepropanoic acid), the drug
reduces the excitability of brain cells that
can lead to seizures,” says a company
spokeswoman. Currently in Phase I trials,
AMP397 is expected to enter Phase II by
the end of 2004 and could be on the mar-
ket by late 2009, she adds.

Another AED moving through clinical
trials is valrocemide, which was originally
developed by Teva Pharmaceuticals. In
September 2003, Acorda Therapeutics

entered into a deal with Teva to co-develop
and copromote the medication in the United
States. Valrocemide was developed in coop-
eration with the Yissum Research and
Development Company of the Hebrew
University of Jerusalem, on the basis of
research initiated by pharmaceutics pro-
fessor Meir Bialer, according to Acorda’s
Chief Scientific Officer Andrew Blight.

“Bialer was looking specifically to improve
on valproic acid, which is the active ingre-
dient in drugs like Depakote,” Blight
explains. “He found that he could improve
its properties in a number of ways by form-
ing the derivative that is valrocemide.” While
valproic acid is a widely respected drug
with broad spectrum potential, it’s limited
in its uses because of side effects, including
weight gain and teratogenicity, he adds.

“Testing of valrocemide in animal models
indicated that the drug may offer a better
safety profile as well as less interaction with
other drugs,” Blight continues. “So going
forward in the clinical trials, we are enthu-

siastic that there should be a number of
advantages over the parent compound.”

During preclinical studies, valrocemide
underwent wide-ranging testing on animal
models of epilepsy, in addition to animal
models of neuropathic pain and bipolar dis-
order. The medication was accepted as part
of the NIH Anticonvulsant Screening Program
and has completed a 13-week open-label
Phase II trial in Europe in refractory epilepsy
patients as an adjunct therapy. A larger Phase
II clinical trial is planned for late 2004.

Other drugs in the pipeline include SK
Bio-Pharmaceuticals and Johnson & Johnson’s
RWJ-333369, NPS Pharmaceuticals’ NPS 1176,
and Schwarz Pharma’s harkoseride. While a
cure for epilepsy remains elusive, this next class
of drugs offers hope for patients who suffer
not only from this neurological disorder but
also from the adverse side effects that accom-
pany the AEDs currently on the market.

Julie L. MCDowell is a freelance writer liv-
ing in Washington, DC. o


