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Felbamate (2-phenyl-1,3-propanediol dicarbamate), a representative of
novel antiepileptic drugs (AESs), proved to have broad-spectrum anticon-
vulsive activity. Particularly beneficial efficacy was found against partial
seizures and Lennox-Gastaut syndrome. Therefore, felbamate started to be
indicated not only as an adjunctive antiepileptic drug but also in monother-
apy. Unfortunately, it was also evidenced that the drug may induce aplastic
anemia or hepatic failure. The former complication was frequently described
in patients with previously diagnosed hematopoetic disturbances. Thirty-
four cases of well-documented bone marrow suppression, occurred fatal in
thirteen cases. Subsequently, felbamate’s usage was essentially restricted
and at present felbamate is not a first-line AED. However, excluding
anemia-prone individuals, new possibilities may open for felbamate position
in add-on therapy of drug-resistant epilepsy. Experimental studies provide a
good theoretical basis for this kind of treatment.
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Abbreviations: AEDs – antiepileptic drugs,
FBM – felbamate, GABA – γ-aminobutyric acid,
NMDA – N-methyl-D-aspartate

Introduction

More than 50 million individuals worldwide
suffer from epilepsy. Although monotherapy still
remains a preferable procedure, it is effective only
in 60–70% patients. In consequence, about 30% of
them require more than one antiepileptic drug
(AED) in the course of bi- or polytherapy [11].
This situation justifies intense efforts in a field of
searching for new antiseizure medications. Felba-
mate (FBM, 2-phenyl-1,3-propanediol dicarba-
mate) is a derivative of the antianxiety drug mepro-
bamate, exerting additional anticonvulsant and
neuroprotective properties [19]. In 1993, the drug
was approved as a novel AED for the treatment of
several forms of epilepsy. Considering potential
mechanisms of anticonvulsive action, FBM, like
many other AEDs, inhibits voltage-dependent Na%

channels [53]. FBM may also potentiate GABA$

current [44]. However, its unique pharmacological
profile is thought to be associated with the block-
ade of NR1-2B subunit of N-methyl-D-aspartate
(NMDA) receptors, resulting in decreased excita-
tory amino acid neurotransmission [17, 27, 34]. Re-
cent data revealed that the inhibitory effect of FBM
on NMDA channel conductance is “use-depen-
dent”. It increases with higher NMDA concentra-
tion and its longer exposure. Therefore, FBM may
reduce seizure discharges, preserving physiological
firing. Moreover, FBM slows recovery of the desen-
sitized NMDA channel. Therefore, FBM at thera-
peutic levels could bind to resting NMDA receptors
and then prevents their activation in the presence of
NMDA [35].

Effectiveness of FBM in both mono- and poly-
therapy was well established in seven controlled
clinical studies, including patients with refractory epi-
lepsy. FBM was the first drug that proved efficacious
against Lennox-Gastaut syndrome in a control study
[1, 6, 18, 45]. The Lennox-Gastaut is a severe child-
hood epilepsy characterized by multiple seizure
types, like atypical absence, atonic, myoclonic, and
generalized tonic clonic seizures, mental retardation.
The seizures are difficult to control with conventional
AEDs, and the prognosis for cognitive development
is poor [51]. Add-on studies, and studies in which
other AEDs were gradually tapered with increasing

FBM dosage, revealed its equal effectiveness in
add-on and monotherapy [13, 36, 46, 47]. FBM ex-
erts also significant analgesic properties, justifying
its usage in the treatment of neuropathic pain [29]
and hemifacial spasm, a motor analogue of trigemi-
nal neuralgia [41].

However, FBM employment was immediately re-
stricted after appearance of first cases of idiosyncratic
aplastic anemia and hepatic failure. Nevertheless, ex-
ceptional effectiveness of FBM in epileptic attacks
difficult to treat remains very valuable. Further inves-
tigation is required to ultimately identify high- and
low-risk groups of patients. Induction of FBM treat-
ment should be individually considered in each epi-
leptic patient after rigorous laboratory tests [32].

Pharmacokinetics

Pharmacokinetic parameters of FBM, particu-
larly high bioavailability and a long half-life, seem
to be quite beneficial from clinical standpoint.
Plasma concentrations of FBM used in monother-
apy were linear at doses going up to 600 mg/day
[48]. The drug is well absorbed in the gastrointesti-
nal tract with absorption rate reaching 90% [50].
Furthermore, the elimination half-life in adult vol-
unteers not receiving other medications ranged
from 16 to 22 h, while time to reach peak concen-
tration was 2–6 h [56]. FBM is extensively metabo-
lized by the liver enzymes, and 90% of the drug is
eliminated in the urine. In in vitro studies, where
FBM was added to human liver microsomes, it in-
hibited the cytochrome P450 isoenzyme CYP2C19
at concentration of 225 �mol/l (54 �g/ml) [25, 37].
After intravenous injection, FBM rapidly pene-
trates the blood-brain barrier [8].

In animal experiments of Canger et al. [6], rats
were orally administered FBM (50 mg/kg). Subse-
quently, its plasma concentrations were measured
at different time points varying from 30 min to 12 h.
Levels of FBM occurred to be the highest between
2nd and 6th h after administration and ranged from
26 to 27 �g/ml.

Experimental studies

According to the study of Ebert et al. [16] or
WlaŸ and Löscher [59], FBM increased the after-
discharge threshold, reduced seizure severity and
shortened seizure duration in amygdala-kindled
rats. In other models of experimental epilepsy,
FBM exerted significant anticonvulsive action
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against maximal electroshock-induced seizures, ex-
citatory amino acid- and pentetrazole-evoked con-
vulsions in mice [15, 19]. In absence epilepsy
model in WAG/Rij rats, the drug showed a weak
activity against the spontaneous spike-wave dis-
charges. FBM prevented also the progression of
pentetrazole-kindled convulsions and inhibited
their developement [23]. A FBM analog, fluorofel-
bamate, exerted both anticonvulsant and antiepilep-
togenic effects during persistent perforant path
stimulation, the established rat model of status epi-
lepticus. The antiepileptogenic result was mani-
fested by significant inhibition of seizure develop-
ment [39]. However, the drug remained ineffective
against bicuculline- and strychnine-evoked seizures
[52]. The protective index assessed for FBM in
maximal electroshock test in mice varied from 2.6
in the chimney test to 4.9 in the rota-rod test [53].

Considering drug interactions, FBM at subpro-
tective doses failed to affect the protective activity
of carbamazepine, diphenylhydantoin, phenobarbi-
tal, or valproate against maximal electroshock-
induced seizures in mice [2, 12]. What is interest-
ing, Gordon et al. [26] revealed that conventional
AEDs applied at low doses significantly enhanced
the antiseizure effectiveness of FBM in maximal
electroshock test. Similar situation was observed
by Cuadrado et al. [9], who reported that FBM at
subprotective doses potentiated the anticonvulsive
action and increased the protective index of val-
proate against 4-aminopyridine-induced seizures in
mice. In contrast, valproate (applied at ineffective
doses) did not enhance the activity of FBM, and
such combination occurred disadvantageous in this
model of epilepsy. Moreover, lamotrigine (at its in-
effective doses) increased the protective index of
FBM against 4-AP seizures, but decreased it in
pentetrazole-induced convulsions in mice [10]. It
should be underlined that in all the above-cited re-
ports pharmacokinetic interactions were excluded,
at least in terms of plasma concentrations of AEDs.

Furthermore, FBM demonstrates low propen-
sity for interaction with methylxanthines and Ca�%

channel modulators against experimental seizures
in mice [20]. Such property may be of some value
in epileptic patients suffering also from respiratory
insufficiency and treated with methylxanthines, or
in individuals with hypertension or cardiac dys-
function medicated with calcium channel antago-
nists.

Clinical studies

Monotherapy clinical trials, conducted in a do-
uble-blind, randomized, placebo-controlled design
in patients with partial seizures, proved effective-
ness of FBM even in severe cases of refractory epi-
lepsy [6, 7, 13, 33]. In detail, children with Lennox-
Gastaut syndrome, infantile spasms or other forms
of generalized epilepsy were enrolled to 3-year
FBM monotherapy. All patients had hematological
and biochemical monitoring prior to treatment and
every 15 days during the study. The 50% reduction
of seizure frequency was achieved in 69% of indi-
viduals after 3-month medication. The best results
were observed against simple partial seizures with
or without secondary generalization, tonic and
atonic seizures. In one third of patients, the im-
provement of seizure control was maintained for at
least 3 years [7]. In another study, 50% improve-
ment was observed in 52% of patients with refrac-
tory epilepsy, including 10% of patients who be-
came seizure free. About 60% of Lennox-Gastaut
syndrome sufferers achieved a 50% seizure reduc-
tion, and 6% of them became seizure free [1]. What
is interesting, Glauser at al. [24] described the first
case of a child with acquired epileptic aphasia who
experienced a dramatic and prolonged clinical re-
sponse to FBM.

In neurological practice, FBM was also com-
bined with other AEDs. It is well recognized that
concomitant treatment may result in clinically sig-
nificant drug interaction [21, 22, 28]. Several ex-
periments indicated that the combination of FBM
and valproate provided an effective therapy in the
Lennox-Gastaut syndrome, especially drop attacks
[51]. On the other hand, FBM usually increases
plasma concentration of diphenylhydantoin and
valproate, decreasing that of carbamazepine [42].
Thus, the beneficial interaction between FBM and
valproate may be partially due to pharmacokinetic
events.

Neuroprotection

There are many available studies evaluating the
efficacy of FBM in in vitro conditions [58] and in
animal models of temporary global brain ischemia
[49]. The drug proved significantly neuroprotective
when administered both before and after ischemia.
The most expressed protection may be achieved
when FBM is given within 1–4 h after ischemic in-
cident [57]. However, in the model of neuronal in-
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jury, significant protection was also detected when
FBM was introduced 15 min after a trauma [55].
It should be mentioned that a reduction of neuronal
death in CA1 hippocampal area was observed only
when FBM was applied at higher doses than those
given during typical anticonvulsive treatment [58].

Several hypotheses try to explain the nature of
FBM-induced neuroprotection. A majority of avail-
able data suggest that neuroprotective effects of
FBM are associated with its interaction with NR2B
subunit within NMDA receptor complex [40]. In
the light of this hypothesis, it seems to be interest-
ing that FBM did not influence electrical response of
the CA1 hippocampal area to �-amino-3-hydroxy-5-
-methylisoxazole proprionate (AMPA) or NMDA
[58]. Nevertheless, the drug selectively blocked
kainate-induced irreversible electrical responses in
CA1 region [38].

Undesired effects

Aplastic anemia may be caused by a variety of
factors including drugs, chemicals, viral infections
(e.g. hepatitis) and pregnancy. In the general popula-
tion, this complication affects 2 to 5 people per mil-
lion. However, the incidence of bone marrow aplasia
among patients taking FBM was estimated to be
about 50–100 times greater than the expected rate
[43]. Therefore, after thirty-four cases of aplastic ane-
mia had been diagnosed worldwide in subjects treated
with FBM, including thirteen known fatalities, the
use of FBM was restricted to individual patients with
Lennox-Gastaut syndrome. Analysis of the incidence
of this undesired effect showed that seventeen of pa-
tients with FBM-induced aplastic anemia had prior
history of allergic symptoms during AEDs therapy.
Fourteen of them exhibited prior cytopenia (42%)
while eleven suffered from a variety of immune, par-
ticularly autoaggressive diseases. Patients were pre-
dominately females (67%), Caucasians (94%), and
they received FBM at the mean dose of 3129 mg/day
during at least 173 days [43]. It is noteworthy that se-
vere hematologic complications were not noticed in
children below 13 years [5].

FBM-induced hepatotoxicity was reported to be
comparable with that caused by valproate. Eighteen
documented cases of hepatic failure were observed
in middle-aged females. The liver dysfunction ap-
peared after at least 217 days of FBM treatment.

Nevertheless, the most frequent undesired ef-
fects produced by FBM were nausea, anorexia, diz-

ziness, vomiting, weight loss, insomnia, diplopia,
somnolence, and headache. The most troublesome
during the first three months of treatment was body
weight loss noted in about 4% of the patients. This
adverse effect might be more expressed if patients
have previously received AEDs promoting weight
gain [3, 4].

Pharmacokinetic studies have revealed that
FBM generates toxic intermediates including W3049
(3-carbamoyloxy-2-phenylpropionic acid; CPPA),
W873 (2-phenyl-1,3-propanediol monocarbamate;
MCF), W2986 [2-(4-hydroxyphenyl)-1,3-propane-
diol dicarbamate; pOH-FBM] and W2992 (2-hydr-
oxy-2-phenyl-1,3-propanediol dicarbamate; 2OH-
FBM) [14, 31]. Reactive metabolites of FBM may
initiate generation of atropaldehyde [54], which has
been recognized as a factor responsible for FMB
toxicity. In the light of these data, it seems to be ad-
vantageous that there is available a method for pre-
cise monitoring of atropaldehyde conjugate levels
[54].

In vitro and in vivo studies revealed that FBM me-
tabolism required glutathione. It was also shown that
both FBM and its metabolite W873 (0.1 mg/ml) in-
creased apoptosis of bone marrow cells obtained from
B10.AKM mice. Moreover, FBM and its W2986 me-
tabolite at higher dose of 0.5 mg/ml [30] promoted
apoptosis in human promonocytic cell culture.

Final conclusions

FBM is the first, and still the only AED, which
proved its effectiveness in a controlled study in pa-
tients with Lennox-Gastaut syndrome. A multiple sei-
zure types resistant to conventional treatment occur in
this syndrome. Uncontrolled convulsions lead to re-
peated falls, severe injuries, high risk of status epilep-
ticus development and high mortality rate. Therefore,
FBM is too valuable drug to be rejected from medical
armamentarium. In spite of the risk of rare idiosyn-
cratic complications, the benefit-risk ratio of carefully
considered FBM treatment might still be profitable in
patients in whom other therapies were implemented
but failed. The risk of toxicity should be evaluated on
the basis of medical history, clinical picture and labo-
ratory examinations, including liver function test and
complete blood cell count. Patients must be educated
in the likely prodromal symptoms of potential bone
marrow damage or hepatotoxicity. However, a lack of
clinical improvement after 2–3 months of adequate
therapy should lead to immediate FBM withdrawal.
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