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Pharmacokinetics of the New
Antiepileptic Drugs

Based on a presentation by Barry E. Gidal, PharmD

Presentation Summary

A physician’s choice of an” antiepileptic
drug (AED) /usually “depends upon the
patient’s seizure type. But the pharmacoki-
netic characteristics of AEDs can further help
determine the best drug for a particular
patient. 'These'.characteristics, including
absorption, elimination pathway, and poten-
tial for drug. interactions, are of critical
importance “for patients who take other
medication for'comorbid conditions and for
patients with 'impaired renal or hepatic
function. The ideal AED would have a rapid,
linear, consistent absorption rate with com-
plete clearance, low plasma protein bind-
ing, and rapid-central nervous system pene-
tration.. It would be eliminated predomi-
nantly by the kidneys. The new AEDs do not
prompt the.same concerns about interac-
tions because they have much better phar-
macokinetic profiles than the older drugs
and as a result require less monitoring for
potential interactions.

hen choosing an antiepileptice

s ;s ; drug (AED) a physician should
consider both disease charac-

teristics and drug characteristics. The
most important disease characteristics
are seizure type and epilepsy syndrome.
Seizure type is important because drugs
are seizure specific: Each drug controls
certain types of seizures. By understand-
ing epilepsy syndromes, the physician
can anticipate the types of seizures, the
natural course of the disease, and the
likelihood of controlling seizures. After

the specific case is understood,. the
physician can choose the most appropriate
medication regimen. Drug characteris-
tics to be considered include the phar-
macokinetic profile (including the likeli-
hood of drug interactions), formulation,
interactivity with other drugs prescribed
for comorbid conditions, adverse-effect
profile, and cost. The AEDs introduced
during the past decade have important
advantages over older AEDs. The newer
drugs offer cleaner pharmacokinetic
characteristics, fewer adverse effects,
and better tolerability.

The Ideal AED

The ideal AED would have linear
clearance and offer rapid, linear, and
consistent absorption—rapid central
nervous system (CNS) penetration that
is desirable for quick control of seizures.
Older drugs, such as phenytoin and car-
bamazepine, have variable dose-depend-
ent absorption that can be erratic (Table
1). The ideal AED would also have a low
protein-binding rate (<80%) and thus
less tendency for drug interactions.
Older AEDs, such as phenytoin and val-
proate, are extensively protein bound.
Extensive protein binding can compli-
cate monitoring; it makes interpretation
of plasma drug levels difficult. The ideal
AED would be eliminated predominantly
through the renal system. Specifically,
predictable linear clearance is desirable.

Drugs with no active metabolites are
preferred because they are less likely to
interact with other drugs or cause com-
plications in patients whose metabolic
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pathways are immature or compro-
mised. Most variability occurs in the
process through which drugs are metab-
olized and eliminated. Drugs that are
eliminated primarily through the kid-
neys are generally more predictable.
Many of the older AEDs are extensively
metabolized through the cytochrome
P450 enzyme system in the liver. When
AEDs interact with other drugs metabo-
lized through the same pathway prob-
lems can occur. Certain classes of drugs
are known to inhibit AED elimination
through the cytochrome P450 system;
this results in increased AED levels that
can be toxic.

Renal and hepatic metabolism may be
reduced in the elderly and in patients
with renal or hepatic diseases. Drug lev-
els must be regularly monitored in
patients who exhibit poor elimination of
a drug to ensure that there is no drug
accumulation, with resulting potential

toxicity.
The older AEDs—carbamazepine,
phenytoin, phenobarbital, and val-

proate—have all been known to cause
adverse pharmacokinetic interactions
with certain drugs; those drugs include,
but are not limited to, anticoagulants,
theophylline, and oral contraceptives. It
is well known that older enzyme-induc-
ing AEDs, such as carbamazepine,
phenytoin, and phenobarbital, can reduce

Table 1. Comparative Pharmacokinetics of Older Antiepileptic

Drugs
Cause
Pharmacokinetic
Drug F% t1/, (hrs) Interaction?
Carbamazepine 80 6to15 Yes
Phenobarbital 100 72 to 124 Yes
Phenytoin 95 12 to 60* Yes
Valproate 100 6to 18 Yes

F% = bioavailability; t'» = half-life.

*Nonlinear clearance.

the efficacy of oral contraceptives, which
would require the patient to take higher
doses of contraceptives or use backup
protection.!

Drug Level Monitoring

Physicians use therapeutic drug level
monitoring to determine the appropriate
dose and to anticipate interaction or
clearance problems. Blood-level monitor-
ing is frequently necessary with the older
drugs because of their potential for inter-
actions. Monitoring helps physicians
establish the optimum therapeutic range
for each patient so they can administer
the AED at the most effective and least
toxic dose. If seizures are not well con-
trolled or if toxicity becomes a problem,
drug levels should be monitored before
the dose is adjusted. Monitoring also
allows physicians to gauge patient adher-
ence to the drug regimen. As might be
expected, with drugs that cause serious
adverse effects, or need to be taken mul-
tiple times during the day, compliance is
reduced. Physicians should keep in mind
that epilepsy is a chronic disease, and
that over time new comorbid conditions
can affect AED levels. For example, the
onset of renal disease or congestive heart
failure can affect renal and hepatic perfu-
sion. Aging can also decrease renal func-
tion. However, pregnancy can increase
the clearance of some hepatically metab-
olized AEDs, such as phenytoin.

Monitoring frequency depends on
the type of seizure, the pharmacokinet-
ic profile of the agent used, and the rea-
son for tracking drug levels. Although
monitoring can be beneficial, it should
not be done randomly. Monitoring
should be done for a specific reason, for
example, when physicians contemplate
adding, removing, or switching AEDs.

Drug monitoring is not as expensive as
some types of epilepsy related tests, such
as magnetic resonance imaging (MRI)
scanning, but over a long disease course,
costs accumulate.

New Generation AEDs
Several AEDs have been introduced
during the past few years. Although these
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are still considered new in comparison
with old AEDs, such as phenytoin, some
of them are already well established.
Gabapentin, lamotrigine, and topiramate
have been used extensively, and much is
known about their pharmacokinetic
characteristics (Table 2).

Gabepentin. Gabapentin’s unique
pharmacokinetic properties give physi-
cians wide flexibility in dosing. Unlike
most drugs, which are passively absorbed
in the gastrointestinal tract, gabapentin
is actively absorbed through the L-amino
acid transport system (system L).
Gabapentin exhibits dose-dependent
absorption (ie, the fraction absorbed
decreases as the dose increases).
Although there is wide individual vari-
ability in absorption capacity (Figure 1),
elimination of gabapentin is predictable.
Similar to most of the other new AEDs,
gabapentin does not bind to plasma pro-
tein, thus it cannot cause protein-binding
displacement interactions, as older AEDs
can. Gabapentin is completely eliminat-
ed by the kidneys without being metabo-
lized; there is no interaction with meta-
bolic enzyme systems or other drugs.
This is important particularly for patients
who use other medications, such as oral
contraceptives. Gabapentin has a short
half-life: 6 hours in patients with normal
renal function. The dosing regimen has
traditionally been 3 times per day
because of gabapentin’s short half-life
and variable absorption rate.

Therapeutic ranges have not yet been
established for many of the new genera-
tion AEDs. But because of wide variabil-
ity in gabapentin absorption, blood level
monitoring may be useful to establish
the appropriate therapeutic range for an
individual and to determine the impact
of dosing changes.

Lamotrigine. Lamotrigine, another
AED, is rapidly and completely absorbed.
This agent is not extensively protein
bound (55%), so it is not likely to par-
ticipate in protein-binding displacement
interactions. More than 90% of lamotrig-
ine is metabolized into an inactive
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metabolite through hepatic glucuronida-
tion. Although lamotrigine is metabolized
through the liver, it does not interact
with the cytochrome P450 isozyme path-
way as older AEDs do, thus it has no
effect on other hepatic metabolized drugs
such as warfarin, theophylline, and oral
contraceptives. Nor does it have any
effect on renally eliminated drugs. When
lamotrigine is used as monotherapy, its
half-life is 24 to 30 hours, which makes
once-a-day dosing possible. But when it
is used with drugs that induce the glu-
curonyl transferase system, clearance is
almost doubled, resulting in the reduc-
tion of the drug’s half-life to between 12
and 15 hours, so twice-daily dosing is
necessary. Enzyme-inducing drugs that
affect lamotrigine include carba-
mazepine, phenytoin, barbiturates, and
oxcarbazepine. Valproate is a potent
inhibitor of glucuronidation; it reduces
lamotrigine clearance by about half.
Figure 2 shows the clearance difference
in patients who take lamotrigine, first
alone and then in combination with val-
proate.’ The use of valproate as an
inhibitor has been suggested as a way
physicians could intentionally reduce
lamotrigine clearance and therefore
increase its level in the blood.* However,
this combination should be used cau-
tiously because of the potential for caus-
ing adverse effects, such as rash.

There is no established therapeutic
range for lamotrigine. Plasma drug moni-
toring may be useful in assessing the

Table 2. Pharmacokinetics of Established New Antiepileptic

Drugs
Cause
Pharmacokinetic
Drug F% t1/, (hrs) Interaction?
Gabapentin ~45-60* 5-9 No
Lamotrigine 100 24-30 No
Topiramate >80 20-30 Yes

F% = bioavailability; t', = half-life.
*Nonlinear.
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Figure 1. Variability in Gabapentin Absorption
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Figure 2. Influence of Valproate on Clearance of Lamotrigine
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to lamotrigine: A study of their pharmacokinetic interaction. Neurology
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effect of drug interactions with concomi-
tant use of enzyme inducers or
inhibitors. Dosage initiation and subse-
quent escalations should be done slowly
to minimize the risk of serious rash.

Topiramate. Topiramate demon-
strates rapid absorption, 80% bioavail-
ability, and minimal protein binding (9%
to 17%). Most of topiramate is eliminated
unchanged through the renal system, but
the portion that is hepatically metabo-
lized is affected by enzyme inducers,
which can increase the rate of metabo-
lism. Therefore, even though topiramate
has a half-life of 20 to 30 hours, most
patients need to take it twice daily.®

Adverse drug interactions are less like-
ly with topiramate than with older AEDs,
but still possible. Specifically, topiramate
may increase the clearance of oral con-
traceptives, which will reduce the effec-
tiveness of the oral contraceptives.
Topiramate may also reduce the clear-
ance of phenytoin in some patients, pre-
sumably because topiramate inhibits the
cytochrome 2C19 metabolic pathway.
No therapeutic dosing range has been
established, but there is a concern that
levels above 25 pg/mL may produce some
neurotoxicity. Topiramate is saturably
distributed into red blood cells. This does
not affect the drug’s efficacy, but it may
cause difficulty in interpreting plasma
levels.¢ Initial and subsequent dose esca-
lation of topiramate should be done slowly,
with low initial doses to minimize cogni-
tive adverse effects.

The Newest AEDs

Levetiracetam, zonisamide, and
oxcarbazepine, considered the newest
AEDs, have all been introduced within
the past 18 months. Their pharmacoki-
netic characteristics are listed in Table 3.

Levetiracetam. Levetiracetam is a
water-soluble agent that is rapidly and
completely absorbed. It does not bind to
plasma proteins, and has no active
metabolites. Largely eliminated through
the kidneys, the 24% of a levetiracetam
dose that is metabolized is not mediated
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by the liver. Additionally, there are no
known drug interactions with levetirac-
etam and it does not appear to interact
with any known cytochrome P450
isozyme pathway or with any other drug-
metabolizing enzyme system. Its use,
therefore, may be beneficial in a setting
in which patients are taking multiple
medications. A recent in vivo study also
showed no interaction with phenytoin.”
The finding was confirmed by clinical
trials that compared levetiracetam with
placebo when each was used in con-
junction with carbamazepine, pheny-
toin, valproate, lamotrigine, gabapentin,
phenobarbital, and primidone.® As with
the other new AEDs, no therapeutic
range has been established. Because
there is little variability in its kinetics,
routine blood level monitoring may not
be necessary with levetiracetam,
except to perhaps establish the individ-
ual therapeutic range and to monitor
compliance.

Zonisamide. Zonisamide is well
absorbed and also binds modestly to plas-
ma proteins (40%). Like topiramate, zon-
isamide is distributed into red blood cells.
This has no effect on clinical efficacy, but
it may affect the interpretation of plasma
drug levels. Zonisamide has no known
effect on other drugs, but it is extensively
metabolized through the cytochrome
P450 system (in part by CYP 3A4), a com-
mon metabolic pathway. Coadministered
drugs that induce this pathway may
increase zonisamide elimination and
lower plasma levels, thus contributing to
variability. The half-life of zonisamide is
27 to 60 hours, which may provide a
greater sense of safety against break-
through seizures when a dose is missed.
The proposed therapeutic range for zon-
isamide is broad, from 20 to 30 pg/mL.

Oxcarbasepine. Oxcarbazepine is
chemically related to carbamazepine.
Although the parent compound oxcar-
bazepine is pharmacologically active, it is
rapidly metabolized into the principal
compound monohydroxy derivative
(MHD), which provides the therapeutic
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effect. Unlike carbamazepine, oxcar-
bazepine does not cause autoinduction.
Autoinduction, which causes metabolism
rates to increase during the first few days
to weeks of therapy, often necessitates
dose adjustments. Both the parent com-
pound oxcarbazepine and the MHD
metabolite may inhibit the cytochrome
P450 2C19 pathway. In addition, oxcar-
bazepine may act as an inducer of the
cytochrome P450 3A4 system, a com-
mon pathway for oral contraceptives.
Glucuronidated drugs also may be affect-
ed by oxcarbazepine. Plasma levels of
lamotrigine, when coadministered with
oxcarbazepine, may be reduced. Although
these interactions are less pronounced
than those that can occur with carba-
mazepine, physicians should be aware of
these potential interactions.

Conclusion

Overall, new generation AEDs offer
many advantages over the older AEDs.
The primary advantage of the new AEDs
is that they have significantly better
safety profiles. They promise better tol-
erability, fewer serious side effects, and
better pharmacokinetic characteristics.
These agents are generally less likely to
cause drug interactions or to be affected
by other drugs. Their absorption and
elimination profiles are more pre-
dictable. Currently, routine plasma drug
monitoring is not necessary with new
generation AEDs, but future research in
this area is warranted.

Table 3. Pharmacokinetics of Newer Antiepileptic Drugs”

Cause

Pharmacokinetic

Drug F% t1/, (hrs) Interaction?
Levetiracetam 100 6-8 No
Zonisamide 80-100 27-60 No
Oxcarbazepine =100 5-13 Yes

F% = bioavailability; t'/, = half-life.
*Introduced in past 18 months.
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