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Summary: Catastrophic childhood epilepsies such as infantile
spasms (IS), progressive myoclonic epilepsy, and Lennox-
Gastaut syndrome (LGS) are rare but debilitating and fre-
quently persist into adulthood. Early, targeted use of medica-
tions that have demonstrated efficacy in the management of
LGS or its associated epilepsies may simplify the patient’s
treatment regimen and reduce the incidence of adverse events.
Key to the overall benefit to the patient is to maximize seizure
control while minimizing adverse effects, especially behavioral
and cognitive problems. Clobazam has demonstrated clinical
benefit and has been administered safely in more than 50 Eu-
ropean studies in which data were reported on greater than
3000 pediatric and adult patients with epilepsy, 300 of whom

were diagnosed with LGS; therefore, its use is now being
investigated in the U.S. This review will explore the use of
clobazam in the treatment of epilepsy, particularly with regard
to its potential benefit in LGS. Though not currently approved
for use in the U.S., a program is underway to gain Food and
Drug Administration approval for the treatment of pediatric and
adult patients with refractory epilepsy, specifically in LGS. A
phase 2 study will be completed in late 2006 to investigate the
safety and efficacy of clobazam as adjunctive therapy in 68
pediatric and adult patients with LGS. Key Words: Cata-
strophic childhood epilepsy, refractory epilepsy, treatment re-
sistant epilepsy, epilepsy treatment, Lennox-Gastaut syndrome,
clobazam.

INTRODUCTION

Epilepsy is a common medical disorder with a cumu-
lative incidence of 3% in the general population.1 A
significant minority of patients with epilepsy develop
catastrophic variants of the disorder. Catastrophic child-
hood epilepsies such as infantile spasms (IS), progressive
myoclonic epilepsy, and Lennox-Gastaut syndrome
(LGS) are rare but debilitating and frequently persist into
adulthood.2

Lennox-Gastaut syndrome occurs in 3% to 10% of all
childhood epilepsies and is characterized by a clinical
triad that includes multiple types of epileptic seizures,
severe neurocognitive and/or behavioral disturbance, and
specific electroencephalogram abnormalities.2 Onset typ-
ically occurs between 3 and 10 years of age and is
heterogeneous. For example, patients may premorbidly
appear to be without neurological abnormality, exhibit
early developmental delay, or develop LGS subsequent
to other epilepsies, most commonly IS.2 The etiology
may be cryptogenic or symptomatic with the latter ac-

counting for approximately 75% of all LGS cases.3 Pa-
tients with LGS most frequently present with generalized
tonic, atonic, myoclonic, or atypical absence seizures but
may also exhibit other seizure types; the disorder is
chronic and has an associated mortality of 5% to 17%.
Seventy-five to 90% of children with LGS are affected
by mental retardation, while comorbid behavioral and
sleep disturbances are common as well.4

Patient evaluation should include a range of structural
(i.e., detailed neuroimaging), electrophysiological, de-
velopmental, and metabolic studies, as well as neuropsy-
chological assessment.4 Accurate diagnosis and treat-
ment may improve cognitive and behavioral dysfunction
associated with LGS.5 Early, targeted use of medications
that have demonstrated efficacy in the management of
LGS or its associated epilepsies may simplify the pa-
tient’s treatment regimen and reduce the incidence of
adverse events. Key to the overall benefit to the patient is
to maximize seizure control while minimizing adverse
effects, especially behavioral and cognitive problems.
While true in any epilepsy, this maxim is especially
relevant for children throughout their development, par-
ticularly those already challenged by cognitive deficits.
Several pharmacologic therapies have been used to treat
LGS. Current pharmacologic therapies consist of benzo-
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diazepines, valproate, topiramate, levetiracetam, zoni-
samide, vigabatrin, lamotrigine, and /or felbamate.2 Non-
pharmacologic treatments have also been used for LGS,
predominantly involving vagus nerve stimulation and the
ketogenic diet, which have reduced the need for corpus
callosotomy.5

CLOBAZAM OVERVIEW

History and regulatory status
Current pharmacotherapy agents often fail to substan-

tially ameliorate seizures in LGS. In the U.S, where
clobazam is not currently available, the Food and Drug
Administration (FDA) has approved three antiepileptic
drugs (AEDs) which have demonstrated clinical efficacy
for the treatment of LGS: felbamate, lamotrigine, and
topiramate. Each of these drugs is effective in some, but
not all, patients and bears the risk of tolerance in some
initially responsive patients. In addition, all three drugs
are associated with significant adverse events in some
patients. Clobazam has demonstrated clinical benefit and
has been administered safely in more than 50 European
studies in which data were reported on greater than 3000
pediatric and adult patients with epilepsy, 300 of whom
were diagnosed with LGS6; therefore, its use is now
being investigated in the U.S. This review will explore
the use of clobazam in the treatment of epilepsy, partic-
ularly with regard to its potential benefit in LGS. Though
not currently approved for use in the U.S., a program is
underway to gain FDA approval for the treatment of
pediatric and adult patients with refractory epilepsy, spe-
cifically in LGS. A phase 2 study will be completed in
late 2006 to investigate the safety and efficacy of cloba-
zam as adjunctive therapy in 68 pediatric and adult pa-
tients with LGS.

Current indications and clinical targets
Clobazam is a 1,5-benzodiazepine that possesses po-

tent anticonvulsant properties and demonstrates anxio-
lytic properties as well.7 Clobazam was approved in
France in 1974 as a treatment for anxiety and/or the
adjunctive treatment of epilepsy and is currently avail-
able in over 100 countries, including most recently Ja-
pan, where it was approved in the treatment of LGS and
other refractory epilepsies.8 Clobazam has not been eval-
uated or approved by the FDA in the U.S.

Preclinical studies
The efficacy of clobazam as a broad-spectrum anticon-

vulsant agent has been demonstrated in multiple phar-
macology studies with various animal models of induced
and inherited seizures, where clobazam was found to be
at least equipotent to other benzodiazepines.9-12 With
regard to the safety of clobazam, toxicological evaluation
of the adverse effects of clobazam and its metabolites has
been conducted in mice,13-15 rats,16-21 guinea pigs,22 rab-

bits,23 dogs,24-28 and nonhuman primates.29,30 Repeated,
daily, supraphysiologic doses exceeded the maximum
target daily dose of 1 mg/kg/day in humans by factors of
1000, 80, and 20, respectively, in rats, dogs, and mon-
keys. Lifetime exposures to 100 times the human expo-
sure were assessed in mice and rats.31,32 Given that lower
protein binding in rats and monkeys provided substan-
tially greater exposure to the active drug than is achieved
via comparable dosing in humans, it appears that the risk
for adverse effects from acute overdosing is low, owing
to oral median lethal doses ranging from greater than 100
to greater than 5000 mg/kg.6,16,18

At doses 200-times the human dose (i.e., 200 mg/kg/
day), developmental and reproductive toxicity studies
conducted in mice,33 rats,34,35 and rabbits36 failed to
reveal adverse effects of clobazam on fertility and peri-
natal development. The absence of a teratogenic poten-
tial for clobazam was further confirmed by two addi-
tional developmental toxicity studies in Sprague-Dawley
rats that utilized maximal doses of 400 times higher than
the recommended human dose (100 or 400 mg/kg/day).36

Pregnant rabbits treated with up to 100 times the human
dose (100 mg/kg/day) had an increase in fetal resorptions
at the highest dose.36 While there was a low incidence of
variable but common developmental anomalies in all
dose groups, there was no evidence to support a relation-
ship to clobazam dosing. Notably, the incidence of these
anomalies was consistent with the historical control data
from the laboratory performing the study.36 Overall,
these studies indicate that clobazam does not induce birth
defects; however, the potential for developmental toxic-
ity at doses 100-fold greater than that given to humans
cannot be excluded.
Clobazam does not lead to mutagenic or clastogenic

changes, with or without metabolic activation, as dem-
onstrated by a comprehensive battery of genotoxicity
assays.37-39 Lifetime exposure of clobazam at 100 times
(100 mg/kg/day) the human dose in mice and rats con-
firmed that clobazam is not carcinogenic.31,32 Miyawaki
et al.40 observed perturbation in thyroid hormone and
thyroid stimulating hormone levels in male Sprague-
Dawley rats following up to 4 weeks of 400 mg/kg/day
doses. However, Capen41 determined that the associated
modest increase in thyroid follicular cell tumors was
developed via secondary oncogenetic mechanisms pecu-
liar to the gender and species; experts in toxicology have
determined that clobazam is not a risk for human thyroid
cancer. Withdrawal effects were observed when animals
were dosed with clobazam or a main metabolite; how-
ever, clobazam does not demonstrate addictive proper-
ties.6

Pharmacokinetics
The pharmacokinetic properties of clobazam have

been studied over the past 30 years. Clobazam is rapidly
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absorbed following oral administration with 87% bio-
availability with maximum concentrations achieved be-
tween 1 to 4 hours42,43; the absorption rate is slowed but
not generally affected by food intake. 44,45 Studies in
children suggest that young patients may metabolize
clobazam more rapidly than adults by 53% to 69%.46-48

In adult patients with epilepsy, the clobazam elimination
half-lives are faster than in healthy volunteers (at 12 and
24 h, respectively); the elimination half-life in children
with epilepsy is approximately 16 hours.49 N-desmeth-
ylclobazam (NCLB) is its pharmacologically active me-
tabolite and may substantially contribute to the efficacy
and safety profile of clobazam.50 The 42-hour half-life of
NCLB is two times longer in duration than that of cloba-
zam with an eightfold greater steady-state plasma con-
centration than clobazam.51 Clobazam and NCLB are
both hepatically metabolized by cytochrome P450 2C19
(CYP2C1). Other substrates for CYP2C1 may affect
clobazam and NCLB metabolism. For example, carbam-
azepine, phenytoin, and phenobarbital may reduce cloba-
zam concentrations by approximately 50%,52 while ci-
metidine has been shown to increase the plasma half-life
by approximately 10%.53

The presumed major mechanism of action for cloba-
zam is similar to that of the 1,4-benzodiazepines, acting
on benzodiazepine receptors to potentiate the inhibitory
neurotransmitter GABA, on voltage sensitive calcium
ion conductance, and on sodium channels.54,55 Unlike all
other benzodiazepines, which have a 1,4 structure, cloba-
zam is the only 1,5-benzodiazepine available.56 Its nitro-
gen atoms occupy the 1 and 5 position, a keto group is
placed in the 4 position, and the remainder of the mol-
ecule is analogous to diazepam.56 It was synthesized in
1966 as part of a program to improve efficacy and reduce
side effects of sedation and hypotonia of the 1,4-benzo-
diazepines. The antiepileptic effects of clobazam have
also been associated with its involvement in allosteric
activation of GABAA, hippocampal up-regulation of the
GABA transporter (GAT) GAT3, and augmentation of
GAT1.55 Clobazam demonstrates reduced affinity for the
�1-allosteric binding site on the GABAA receptor and
greater selective affinity for the �2 site as compared with
the 1,4-benzodiazepines; which has been implicated as
the mechanism responsible for its relatively reduced sed-
ative effects and increased anticonvulsant properties.57-59

Double-blind and open-label studies of clobazam in
adult patients with LGS have utilized dosages of 0.05 to
3.8 mg/kg/day. Maximally efficacious average doses
achieved are approximately 1.9 mg/kg/day with the ma-
jority of studies reporting administering clobazam at dos-
ages �1.5 mg/kg/day.48,60,61 Generally, it appears that a
minimum therapeutic effect of clobazam can be achieved
in adults with a target low dose of 0.25 mg/kg/day twice
a day, and that a target high dose of 1 mg/kg/day (or 40
mg/day) twice a day is usually tolerable and may provide

effective seizure reduction or elimination. The most ef-
ficacious clobazam dosage range identified in pediatric
studies has been approximately 0.5 to 1.0 mg/kg/day
twice a day.47 This suggests that a minimum therapeutic
effect of clobazam in children with LGS can be achieved
with a target low dose of 0.25 mg/kg/day twice a day and
a target high dose of approximately 1.0 mg/kg/day twice
a day based on efficacy and tolerability.

Clinical studies
Data from more than 300 patients in 20 studies has

contributed to an understanding of the effectiveness of
clobazam in the treatment of LGS. Examination of the
subpopulations of LGS patients in initial groups of pa-
tients with refractory epilepsies revealed seizure reduc-
tion ranges of 50% to 100% in �50% of patients.62-64

Seizure types in these studies with the highest efficacy
included atonic seizures and bilateral myoclonus.62-65

Much of the data regarding the efficacy of clobazam in
patients with LGS comes from two retrospective reviews
and several small, open-label studies. The results of 80
patients with LGS were specifically reported in eight of
the open-label studies, in which 62.5% of patients re-
ported improvement with clobazam therapy with 56.3%
reporting �50% decrease in seizure frequency.8,48,66-71

Of the studies that included reports of seizure freedom, it
is notable that more than 10% of treatment refractory
patients achieved complete cessation of their seizure ac-
tivity.7 In the remaining open-label studies (for which
results of LGS patients were not reported separately from
those of other patients), efficacy results across all patient
types reflect seizure-free rates from 31% to 68% with an
additional 26% to 45% of patients experiencing a �50%
decrease in seizure frequency.7,47,72-77 With regard to the
long-term effectiveness of clobazam in LGS, up to 42%
of patients have maintained clinical benefits for more
than 1 year67,68; with seizure freedom reported in 7% for
periods �6 months.48

The Canadian Clobazam Cooperative Group7 reported
the efficacy results of 877 patients, including 45 patients
with LGS, based on how many seizure types were expe-
rienced by each patient. Forty-three percent of patients
with a single seizure type experienced a�50% reduction
in seizure frequency, including 13% who became sei-
zure-free. Of patients with multiple seizure types, 61%
had a �50% reduction in the frequency of one or more
seizure types, and nearly 40% of patients had a �50%
reduction in the frequency of all their seizure types,
including 14% of patients who achieved seizure freedom
across all seizure types. Overall, these data suggest that
clobazam may play a significant role in the treatment of
patients with LGS.
The effectiveness of clobazam in patients with epi-

lepsy types other than LGS has been reported in 32
publications, including more than 1300 adult and pedi-
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atric patients. The patients presented with a broad range
of epilepsy types, many with intractable seizures,
including partial, partial with secondary generalization,
generalized tonic–clonic, and myoclonic. Results from
multiple double-blind studies,56,78-87, open-label stud-
ies,52,54,61,88-103 and retrospective reviews7,104,105 have
suggested that clobazam is equally as effective as mono-
therapy with phenytoin or carbamazepine in childhood
epilepsies that include partial seizures, partial seizures
with secondary generalization, and some primary gener-
alized tonic-clonic seizures.80 Importantly, effectiveness
was demonstrated at one year of treatment, a difficult and
unusual endpoint. The proportion of patients developing
tolerance to clobazam (7.5%) was found to be compara-
ble with tolerance rates in patients treated with carbam-
azepine (4.2%) or phenytoin (6.7%).80

The safety profile of clobazam has been established in
approximately 50 clinical studies in more than 3000
adult and pediatric patients with epilepsy. Clinical stud-
ies have indicated that the adverse event (AE) profile of
clobazam is consistent with the class of benzodiazepines;
however, AEs associated with clobazam use are often
less severe than those associated with the 1,4-benzodi-
azepines. Approximately 40% of patients experience
transient AEs of mild to moderate severity such as the
following: dose-related sedation/drowsiness, dizziness,
and/or ataxia; these AEs are most often cited as reasons
for dosage reduction or discontinuation of cloba-
zam.62,63,106 Notably, the sedative effects of clobazam
are 1000% less than those of the 1,4-benzodiazepines
and clobazam has no known addictive potential.54 Be-
havioral abnormalities and drooling are also reported,
although drooling has been noted as less pervasive than
the 1,4-benzodiazepines.62,63,94,106 Positive psychotropic
effects of clobazam have also been reported in numerous
studies that found associated decreases in anxiety and im-
proved alertness–concentration.47,52,70,71,74,75,94,95,99,101,107

An average of 9% of patients (range, 1–26%)93,105 experi-
enced worsening of seizures during clobazam therapy as
demonstrated by an increase in the frequency and/or dura-
tion of seizures for any reason; responsiveness to clobazam
was not found to be associated with differences in neuro-
logical status, seizure type, or comedication.93 Worsening
of seizures in these studies could have been due to reduc-
tions of concomitant AEDs, tolerance, or factors unassoci-
ated with clobazam such as intercurrent illness.
No clinically significant laboratory abnormalities have

been associated with clobazam. Serious AEs have been
infrequently reported in clinical studies, but have in-
cluded hepatic failure,79 status epilepticus (SE),56,65,80,93

and death.93 The rarity of these events is evidenced by
the fact that of the greater than 1.1 million patient years
of exposure documented from November 1994 to Feb-
ruary 2004, hepatic failure, SE, and/or mortality were
observed in a total of five patients.6 Overdose has not

been reported in any clinical study. In the majority of
studies, clobazam was used as adjunctive therapy with a
variety of other AEDs and was very well tolerated.
Drug–drug interactions are generally minimal. Cloba-
zam has been associated with increased carbamazepine
levels of dubious clinical significance.88 Clobazam may
inhibit valproic acid metabolism and clinicians are ad-
vised to watch for valproic acid toxicities when adding
clobazam in patients who are already on valproic acid
therapy.108,109 In sum, the clinical data available suggest
that the risk of novel serious adverse effects is very low;
known adverse effects are usually not serious, are pre-
dictable, and are generally dose-related and reversible.

Ongoing clinical trials
An investigative new drug application (IND) was

opened to evaluate the safety and efficacy of clobazam as
adjunctive therapy in 68 pediatric and adult patients with
LGS in 2005 with a randomized, double-blind, phase 2
dose-finding study that will be completed in 2006. Be-
cause the range of doses in previous trials ranged from
approximately 0.2 to 1.5 mg/kg/day with increasing AEs
over 1.0, this study was established to determine a safe
and effective dose for a definitive phase 3 efficacy and
safety trial between 0.25 and 1.0 mg/kg/day. Patients
received target clobazam doses of 0.25 mg/kg/day (or a
maximum dose of 10 mg/day) or 1.0 mg/kg/day (or a
maximum dose of 40 mg/day) with the tablet formula-
tion. The study consisted of a four-week baseline phase,
three-week titration phase, a four-week maintenance
phase, and, for subjects not continuing into the open-
label extension study, up to a three-week taper/follow-up
phase. Safety, efficacy, and pharmacokinetic endpoints
will be assessed in order to establish an adequate dose for
phase 3 clinical studies of clobazam. Population phar-
macokinetic data will be used to define further the phar-
macokinetics of clobazam in the pediatric and adult sub-
jects with LGS. Poststratification (i.e., modeling) will be
used to elicit the effects of demographics and other fac-
tors including CYP genotype and concomitant medica-
tions including inducers and or inhibitors of CYPs. The
clinical development program of clobazam will also ad-
dress the pharmacokinetics of clobazam in renal and
hepatic insufficiency, as well as the effect of food on
bioavailability.
Lennox-Gastaut syndrome poses a significant treat-

ment challenge. More effective and better-tolerated treat-
ment options are needed for this population of medically
intractable epilepsy patients. Many studies have con-
cluded that clobazam is an effective AED against a broad
spectrum of seizure types with an acceptable safety pro-
file; it has been shown to reduce and, in some patients,
eliminate difficult to treat seizure types such as atonic
seizures. It has also been shown to maintain that effec-
tiveness over time in many patients. Available data there-
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fore suggest that clobazam may have utility in the treat-
ment of LGS and that further clinical trials to establish
definitive efficacy and safety in the U.S. population are
warranted.

REFERENCES
1. Hauser WA, Annegers JF, Kurland LT. Incidence of epilepsy and
unprovoked seizures in Rochester, Minnesota: 1935-1984. Epi-
lepsia 1993;34:453–468.

2. Beaumanoir A, Blume W. The Lennox-Gastaut Syndrome- symp-
tomatology during the seizure disorder. In: Roger J, Bureau M,
Dravet C, Genton P, Tassinari CA, Wolf P, eds. Epileptic syn-
dromes in infancy, childhood, and adolescence. 3rd ed. London:
John Libbey & Co., Ltd; 2002:113–135

3. Markand ON. Lennox-Gastaut syndrome (childhood epileptic en-
cephalopathy). J Clin Neurophysiol 2003;20:426–441.

4. Crumrine PK. Lennox-Gastaut syndrome. J Child Neurol 2002;
17(suppl 1):S70–75.

5. Wheless JW. Nonpharmacologic treatment of the catastrophic
epilepsies of childhood. Epilepsia 2004;45(suppl 5):17–22.

6. Data on file. Ovation Pharmaceuticals. Initial IND.
7. Canadian Clobazam Cooperative Group. Clobazam in treatment
of refractory epilepsy: the Canadian experience. A retrospective
study. Epilepsia 1991;32:407–416.

8. Sugai K. Clobazam as a new antiepileptic drug and clorazepate
dipotassium as an alternative antiepileptic drug in Japan. Epilep-
sia 2004;45(suppl 8):20–25.

9. Meldrum BS, Horton RW. Anticonvulsant activity in photosen-
sitive baboons, Papio-papio, of two new 1,5 benzodiazepines.
Psychopharmacology (Berl) 1979;60:277–280.

10. Chapman AG, Horton RW, Meldrum BS. Anticonvulsant action
of a 1,5-benzodiazepine, clobazam, in reflex epilepsy. Epilepsia
1978;19:293–299.

11. Fielding S, Lal H. A review of the animal pharmacology of
clobazam: an update. Drug Dev Res 1982;2(suppl 1):17–21.

12. Vogel HG, Hoffman I. Pharmacology of HR 376 (clobazam).
Hoechst Aktiengesellschaft Pharma Research, Pharmacology.
Nov 24, 1975. ND;5:3-102 (Aug 8, 1980).

13. Nagato K, Komine I, Kitagawa H, Matsukawa K, Tanaka K,
Sakaguchi T. Study on acute toxicity of l-phenyl-5-methyl-8-
chloro-1,2,4,5-tetrahydro,2-4-diketo-3H-l, 5-benzodiazepine (HR
376) in mice. Research Laboratory, Hoechst Japan Limited,
Saitama-ken, Japan. June 13, 1974.

14. Schols DR, Schütz E. Report on an acute intraperitoneal test of
HR 376 in mice. Pharmaceutical Research/Toxicology Farbwerke
Hoechst AG. Nov 2, 1972d.

15. Roell MG, Springman FR, Doerr BI. Acute oral toxicity of com-
pound A 50 376 in mice. Hoechst Pharmaceutical Company,
Sommerville, NJ. Mar 8, 1972a.

16. Nagato K, Komine I, Kitagawa H, Matsukawa K, Tanaka K,
Sakaguchi T. Study on acute toxicity of l-phenyl-5-methyl-8-
chloro-1,2,4,5-tetrahydro,2-4-diketo-3H-l, 5-benzodiazepine (HR
376) in rats. Research Laboratory, Hoechst Japan Limited,
Saitama-ken, Japan. Nov 26, 1973.

17. Roell MG, Springman FR, Doerr BI. Acute intraperitoneal tox-
icity of compound A 50 376 in rats. Hoechst Pharmaceutical
Company, Sommerville, NJ. Apr 4, 1972c.

18. Roell MG, Springman FR, Doerr BI. Acute oral toxicity of com-
pound A 50 376 in rats. Hoechst Pharmaceutical Company, Som-
merville, NJ. Mar 21, 1972b.

19. Hayashi S, Omosu M, Yajima R, Kobayashi T, Mizukami K,
Sakaguchi T. Influence of the consecutive oral administration of
l-phenyl-5-methyl-8-chloro-1,2,4,5-tetrahydro,2-4-diketo-3H-l,
5-benzodiazepine (HR 376) to rats for 6 months. Pharmaceutical
Laboratory, Hoechst Japan Limited, Saitama-ken, Japan. Feb 5,
1975.

20. Hayashi S, Omosu M, Kobayashi T, Mizukami K, Sakaguchi T.
Influence of the consecutive oral administration of l-phenyl-5-
methyl-8-chloro-1,2,4,5-tetrahydro,2-4-diketo-3H-l, 5-benzodi-
azepine (HR 376) to rats for 28 days. Research Laboratory,
Hoechst Japan Limited, Saitama-ken, Japan. Oct 4, 1974.

21. Doerr BI, Richardson E, Chesney CF. The chronic toxicity of
compound A 50 376 when given to rats for eighteen months.
Hoechst-Roussel Pharmaceuticals, Inc., Sommerville, NJ. Rep.
No. 2171-H58. Aug 3, 1973.

22. Schols Dr, Schultes Dr. Report on an acute oral tolerance test of
HR 376 in guinea pigs. Pharmaceutical Research/Toxicology Far-
bwerke Hoechst AG. Oct 24, 1972c.

23. Roell MG, Springman FR, Doerr BI. Acute oral toxicity of com-
pound A 50 376 in rabbits. Hoechst Pharmaceutical Company,
Sommerville, NJ. May 18, 1972d.

24. Schols Dr, Schultes Dr. Report on an acute oral tolerance test of
HR 376 dogs. Pharmaceutical Research/Toxicology Farbwerke
Hoechst AG. Aug 30, 1972a.

25. Schols Dr, Schültes Dr. Report on an oral exploratory tolerance
test of HR 376 with repeated administration to dogs. Pharmaceu-
tical Research/Toxicology Farbwerke Hoechst AG. Aug 30,
1972b.

26. Springman FR, Roell MG, Doerr BI, Wolf GL. The chronic
toxicity of compound A 50 376 when given orally to dogs for six
months. Hoechst Pharmaceuticals, Inc., Sommerville, NJ. Rep.
No.1971-H58. July 18, 1972.

27. Doerr BI, Richardson E, Willigan DA. The chronic toxicity of
compound A 50 376 when given orally to dogs for one year.
Hoechst-Roussel Pharmaceuticals, Inc., Sommerville, NJ. Rep.
No. 2071-H58. Feb 20, 1974; revised Nov 13, 1974a.

28. Doerr BI, Richardson E, Chesney CF. The chronic toxicity of
compound A 50 376 when given orally to dogs for one year.
Hoechst-Roussel Pharmaceuticals, Inc., Sommerville, NJ. Rep.
No. 0773-H58. Dec 23, 1974b.

29. Leuschner F, Leuschner A, Schwerdtfeger W, Kief H. Report on
a chronic oral toxicity study of HR 376 (�A 50 376) (52 weeks)
in rhesus monkeys. Laboratorium Fur Pharmakologie Und Tox-
ikologie, Bredengrund. Sept 30, 1974.

30. Coulston F, Goldberg L, Rosenblum I, et al. A ten-week safety
evaluation of A50376 in monkeys. Institute of Comparative and
Human Toxicity, Albany Medical College, Albany, NY. Oct
1973.

31. McSheehy T, Cummins HA, Finn JP. RU 4723: oncogenic re-
sponse in mice to dietary administration for 80 weeks. Life Sci-
ence Research, Essex, England. Rep. No. 79/RUCO28/295. Oct
24, 1979a.

32. McSheehy T, Cummins HA, Finn JP. RU 4723: RU 4723: onco-
genic response in rats to dietary administration for 104 weeks.
Life Science Research, Essex, England. Rep. No. 79/RUCO27/
367. Oct 24, 1979b.

33. Kramer M, Baeder C. Report on reproduction tests with HR 376
(A 50 376) in NMRI mice (influence on fertility, pregnancy and
post-natal development) Farbwerke Hoechst AG. June 27, 1974.

34. Baeder C, Scholz Dr. Report on reproduction test with HR 376 on
Wistar rats (influence on fertility, pregnancy, post-natal develop-
ment). Farbwerke Hoechst AG. Jan 29, 1973.

35. Baeder C, Kramer M, Schutz E. Report on an oral peri- and
post-natal toxicity study of HR 376 in Wistar rats. Hoechst Ak-
tiengesellschaft Pharma Research, Radiochemistry. Sept 15,
1976. .

36. Vannier B, Glomot R. J. H 4723 teratology study. Department of
Toxicology and Research Centre of Roussel-UCLAF, Romain-
ville, France. July 10, 1972.

37. Krsmanovic L, Huston T. Mammalian erythrocyte micronucleus
test, BioReliance study No.r AB06MT.123.BTL, draft report date
Apr 25, 2005.

38. Gudi R, Rao, M. In vitro mammalian chromosome aberration test.
BioReliance study No. AB06MT.331.BTL; draft report date Apr
27, 2005.

39. Wagner VO, Hines RM. Bacterial Reverse Mutation Assay.
BioReliance Rep. No. AB06MT.503.BTL; draft report date Apr
14, 2005.

40. Miyawaki, I., Moriyasu, M., Funabashi, H., Yasuba, M., Mat-
suoka, N. Mechanism of clobazam-induced thyroidal oncogenesis
in male rats. Toxicol Lett 2003;145:291–301.

41. Capen C. Development of benign follicular cell tumors (adeno-
mas) following chronic administration of “clobazam” to Sprague-
Dawley rats: specific and mechanistic comments, Feb 07, 2005.

NG AND COLLINS142

Neurotherapeutics, Vol. 4, No. 1, 2007



42. Rupp W, Badian M, Christ O, et al. Pharmacokinetics of single
and multiple doses of clobazam in humans. Br J Clin Pharmacol
1979;7(suppl 1):51S–57S.

43. Davies IB, Pidgen AW, Mcween J, Robinson JD, Walker SE,
Stonier Pd. Rectal absorption of clobazam: pharmacokinetic as-
pects and possible use in epilepsy. Clobazam: human psychop-
harmacology and clinical applications. R Soc Med Int Congr
Symp Ser No 74;129–132.

44. Divoll M, Greenblatt DJ, Ciraulo DA, Puri SK, Ho I, Shader RI.
Clobazam kinetics: intrasubject variability and effect of food on
adsorption. J Clin Pharmacol 1982;22:69–73.

45. Cenraud B, Guyot M, Levy RH, et al. No effect of food intake on
clobazam absorption. Br J Clin Pharmacol 1983;16:728–730.

46. Tedeschi G, Riva R, Baruzzi A. Clobazam plasma concentrations:
pharmacokinetic study in healthy volunteers and data in epileptic
patients. Br J Clin Pharmacol 1981;11:619–622.

47. Farrell K. Benzodiazepines in the treatment of children with
epilepsy. Epilepsia 1986;27(suppl 1):S45–52.

48. Dehnerdt M, Boenigk H, Rambeck B. Clobazam (Frisium) for the
treatment of complications of epilepsy [in German]. In: Rem-
schmidt H, Rentz R, Jungmann J, eds. Epilepsy 1980: psycho-
logical aspects, post-traumatic epilepsy, drug treatment, diagnos-
tic methods. Meeting of the German Section of the International
League Against Epilepsy in Berlin. Stuttgart: Georg Thieme;
1980:172–175

49. Bun H, Monjanel-Mouterde S, Noel F, Durand A, Cano JP.
Effects of age and antiepileptic drugs on plasma levels and ki-
netics of clobazam and N-desmethylclobazam. Pharmacol Toxi-
col 1990;67:136–140.

50. Giraud C, Tran A, Rey E, Vincent J, Treluyer JM, Pons G. In
vitro characterization of clobazam metabolism by recombinant
cytochrome P450 enzymes: importance of CYP2C19. Drug
Metab Dispos 2004;32:1279–1286.

51. Contin M, Sangiorgi S, Riva R, Parmeggiani A, Albani F, Baruzzi
A. Evidence of polymorphic CYP2C19 involvement in the human
metabolism of N-desmethylclobazam. Ther Drug Monit 2002;24:
737–741.

52. Bardy AH, Seppala T, Salokorpi T, Granstrom ML, Santavuori P.
Monitoring of concentrations of clobazam and norclobazam in
serum and saliva of children with epilepsy. Brain Dev 1991;13:
174–179.

53. Grigoleit HG, Hajdu P, Hundt HK, et al. Pharmacokinetic aspects
of the interaction between clobazam and cimetidine. Eur J Clin
Pharmacol 1983;25:139–142.

54. Mehndiratta MM, Krishnamurthy M, Rajesh KN, Singh G.
Clobazam monotherapy in drug naive adult patients with epi-
lepsy. Seizure 2003;12:226–228.

55. Doi T, Ueda Y, Tokumaru J, Willmore LJ. Molecular regulation
of glutamate and GABA transporter proteins by clobazam during
epileptogenesis in Fe(���)-induced epileptic rats. Brain Res
Mol Brain Res 2005;142:91–96.

56. Critchley EMR, Vakil SD, Hayward HW, Owen MV, Cocks A,
Freemantle NP. Double-blind clinical study of clobazam in re-
fractory epilepsy. In: Hindmarch I, Stonier PD, eds. Clobazam. R
Soc Med Int Congr Symp Ser No 43:159-163

57. Freche C. Study of an anxiolytic, clobazam, in otorhinolaryngol-
ogy in psychosomatic pharyngeal manifestations [in French].
Sem Hop Ther 1975;51:261–263.

58. McKernan RM, Rosahl TW, Reynolds DS, et al. Sedative but not
anxiolytic properties of benzodiazepines are mediated by the
GABA(A) receptor alpha1 subtype. Nat Neurosci 2000;3:587–
592.

59. Nakajima H. A pharmacological profile of clobazam (Mystan), a
new antiepileptic drug [in Japanese]. Nippon Yakurigaku Zasshi.
2001;118:117–122.

60. Cano JP, Bun H, Iliadia A, Dravet C, Roger J, Gastaut H. Influ-
ence of anti-epileptic drugs on plasma levels of clobazam and
desmethylclobazam: application of research on relations between
doses, plasma levels, and clinical efficacy. In: Hindmarch I, Ston-
ier PD, eds. Clobazam. R Soc Med Int Congr Symp Ser No
43:169-174

61. Callaghan N, Goggin T. Clobazam as adjunctive treatment in
drug resistant epilepsy--report on an open prospective study. Ir
Med J. 1984;77:240–244.

62. Gastaut H. Exceptional and unrecognized antiepileptic properties
of a commercial anxiolytic: clobazam [in French]. Concours Med
1978;100:3697–3701.

63. Gastaut H, Low MD. Antiepileptic properties of clobazam, a 1-5
benzodiazepine, in man. Epilepsia 1979;20:437–446.

64. Gastaut H. The effect of benzodiazepines on chronic epilepsy in
man (with particular reference to clobazam). In: Hindmarch I,
Stonier P, eds. Clobazam. R Soc Med Int Congr Symp Ser No
43:141-150.

65. Vajda FJ, Bladin PF, Parsons BJ. Clinical experience with cloba-
zam: a new 1,5 benzodiazepine in the treatment of refractory
epilepsy. Clin Exp Neurol 1985;21:177–182.

66. Bravaccio F, D’Ambrosio G, De Rosa A, Tata MR, Volpe E. The
anti-epileptic properties of a diazepine drug (clobazam). Prelim-
inary results [in Italian]. Acta Neurol [Quad] (Napoli) 1979;39:
58–64.

67. Pechadre JC, Beudin P, Devoize JL, Gibert J. Anti-epileptic effect
of clobazam in Lennox-Gastaut syndrome (author’s transl) [in
French]. Encephale 1981;7:181–190.

68. Franceschi M, Ferini-Strambi L, Mastrangelo M, Smirne S.
Clobazam in drug-resistant and alcoholic withdrawal seizures.
Clin Study J 1983;20:119–125.

69. Guberman A, Couture M, Blaschuk K, Sherwin A. Add-on trial of
clobazam in intractable adult epilepsy with plasma level correla-
tions. Can J Neurol Sci 1990;17:311–316.

70. Munn R, Farrell K. Open study of clobazam in refractory epi-
lepsy. Pediatr Neurol 1993;9:465–469.

71. Dalby MA. Clobazam in resistant epilepsy---a retrospective sur-
vey. In: Hindmarch I, Stoner PD, Trimble MR, eds. Clobazam:
human psychopharmacology and clinical application. R Soc Med
Int Congr Symp Ser No 74:189

72. Bianchi A, Bellea A, Sideri G. Use of clobazam in epilepsy:
experience gained from one year of treatment [in Italian].
Bolletino-Lega Italiana Contro L’Epilepssia 1980;29/30:215–
218.

73. Tondi M, Mattu B, Monaco F, Masia G. Electronical assessment
of the antiepileptic effects of clobazam in children [in Italian].
Revista Italiana EEG Neurofisiologia Clinica 1980;3:87–92.

74. Papini M, Pasquinelli A, Rossi L, et al. Preliminary report on the
antiepileptic activity of clobazam [in Italian]. Revista Italiana
EEG Neurofisiologia Clinica 1980;3:93–98.

75. Figueroa D, Adlerstein L, Manterola A. Clobazam for refractory
epilepsy in children [in Spanish]. Revista Chilena de Pediatria
1984;55:401–405.

76. Davila-Gutierrez G, Mondragon-Pineda A, Alcala-Negrete H.
Usefulness of clobazam in the treatment of refractory epilepsy in
children [in Spanish]. Bol Med Hosp Infant Mex 1990;47:694–
697.

77. Jan MM, Shaabat AO. Clobazam for the treatment of intractable
childhood epilepsy. Saudi Med J 2000;21:622–624.

78. Koeppen D, Baruzzi A, Capozza M, et al. Clobazam in therapy-
resistant patients with partial epilepsy: a double-blind placebo-
controlled crossover study. Epilepsia 1987;28:495–506.

79. Dellaportas CI, Wilson A, Clifford RF. Clobazam as an adjunc-
tive treatment in chronic epilepsy. In: Porter RJ, Mattson RH,
Ward AA, Dam M, eds. Advances in epileptology: XVth Epi-
lepsy International Symposium. New York: Raven Press; 1984:
363–367

80. Canadian Study Group for Childhood Epilepsy. Clobazam has
equivalent efficacy to carbamazepine and phenytoin as mono-
therapy for childhood epilepsy. Epilepsia 1998;39:952–959.

81. Wilson A, Dellaportas CI, Clifford RF. Low-dose clobazam as
adjunctive therapy in chronic epilepsy. In: Hindmarch I, Stonier
PD, Trimble MR, eds. Clobazam: human psychopharmacology
and clinical application. R Soc Med Int Congr Symp Ser No
74:172-178

82. Allen JW, Oxley J, Robertson MM, Trimble MR, Richens A,
Jawad SS. Clobazam as adjunctive treatment in refractory epi-
lepsy. Br Med J (Clin Res Ed) 1983;286:1246–1247.

CLOBAZAM 143

Neurotherapeutics, Vol. 4, No. 1, 2007



83. Aucamp AK. Clobazam as adjunctive therapy in uncontrolled
epileptic patients. Curr Ther Res Clin Exp 1985;37:1098–1103.

84. Schmidt D, Rohde M, Wolf P, Roeder-Wanner U. Clobazam for
refractory focal epilepsy. A controlled trial. Arch Neurol 1986;
43:824–826.

85. Keene DL, Whiting S, Humphreys P. Clobazam as an add-on
drug in the treatment of refractory epilepsy of childhood. Can
J Neurol Sci 1990;17:317–319.

86. Feely M, Calvert R, Gibson J. Clobazam in catamenial epilepsy.
A model for evaluating anticonvulsants. Lancet 1982;2:71–73.

87. Feely M, Gibson J. Intermittent clobazam for catamenial epi-
lepsy: tolerance avoided. J Neurol Neurosurg Psychiatry 1984;
47:1279–1282.

88. Shimizu H, Kawasaki J, Yuasa S, Tarao Y, Kumagai S,
Kanemoto K. Use of clobazam for the treatment of refractory
complex partial seizures. Seizure 2003;12:282–286.

89. Buchanan N, Sommerville E, Procopsis P. Clobazam in the treat-
ment of epilepsy [abstract]. Clin Exp Pharmacol Physiol 1990;
(suppl 16): Abstract 6.

90. Sadler RM, Cohen B. Clobazaam in the treatment of partial
complex seizures of probable temporal lobe origin [abstract].
Epilepsia 1992;33(suppl 3):106.

91. Buchanan N. Clobazam in the treatment of epilepsy: prospective
follow-up to 8 years. J R Soc Med 1993;86:378–380.

92. Heller AJ, Ring HA, Reynolds EH. Factors relating to dramatic
response to clobazam therapy in refractory epilepsy. Epilepsy Res
1988;2:276–280.

93. Munn R, Camfield P, Camfield C, Dooley J. Clobazam for re-
fractory childhood seizure disorders--a valuable supplementary
drug. Can J Neurol Sci 1988;15:406–408.

94. Kilpatrick C, Bury R, Fullinfaw R, Moulds R. Clobazam in the
treatment of epilepsy. Clin Exp Neurol 1987;23:139–144.

95. Scott DF, Moffett A. Clobazam as an adjunctive therapy in
chronic epilepsy: clinical, psychological, and EEG assessment.
In: Hindmarch I, Stonier PD, Trimble MR, eds. Clobazam: human
psychopharmacology and clinical application. R Soc Med Int
Congr Symp Ser No 74: 181-187

96. Scott DF, Moffett A. The long-term effect of clobazam as ad-
junctive therapy in epilepsy. Acta Neurol Scand. 1988; 77:498–
502.

97. Wolf P. Clobazam in drug-resistant patients with complex focal
seizures---reports of an open study. In: Hindmarch I, Stonier Pd,
Trimble MR, eds. Clobazam: Human Psychopharmacology and
Clinical Application. R Soc Med Int Congr Symp Ser No 74:161-
171

98. Allen JW, Jawad S, Oxley J, Trimble M. A long-term study of the
efficacy of clobazam as an antiepileptic drug. Short report. In:
Hindmarch I, Stonier Pd, Trimble MR, eds. Clobazam: Human
Psychopharmacology and Clinical Application. R Soc Med Int
Congr Symp Ser No 74:139-140

99. Shimizu H, Abe J, Futagi Y, et al. Antiepileptic effects of cloba-
zam in children. Brain Dev 1982;4:57–62.

100. Martin AA. Clobazam in resistant epilepsy---long term study. In:
Hindmarch I, Stonier PD, Trimble MR, eds. Clobazam: human
psychopharmacology and clinical application. R Soc Med Int
Congr Symp Ser No 74:137-138

101. Martin AA. The anti-epileptic effects of clobazam: a long-term
study in resistant epilepsy. In: Hindmarch I, Stonier PD, Trimble
MR, eds. Clobazam. R Soc Med Int Congr Symp Ser No 43:151-
157

102. Dulac O, Figueroa D, Rey E, Arthuis M. Monotherapy with
clobazam in epilepsies in children [in French]. Presse Med 1983;
12:1067–1069.

103. Plouin P, Jalin C. EEG changes in epileptic children treated with
clobazam as monotherapy. In: Hindmarch I, Stonier PD, Trimble
MR, eds. Clobazam: human psychopharmacology and clinical
application. R Soc Med Int Congr Symp Ser No. 74:191-197

104. Singh A, Guberman AH, Boisvert D. Clobazam in long-term
epilepsy treatment: sustained responders versus those developing
tolerance. Epilepsia 1995;36:798–803.

105. Montenegro MA, Cendes F, Noronha AL, et al. Efficacy of cloba-
zam as add-on therapy in patients with refractory partial epilepsy.
Epilepsia 2001;42:539–542.

106. Michelucci R, Tassinari CA. Benzodiazepines: adverse effects.
In: Levy RH, Mattson RH, Meldrum BS, Perucca E, eds. Anti-
epileptic drugs. 5th ed. Philadelphia, PA: Lippincott, Williams, &
Wilkins; 2002:215–223

107. Bawden HN, Camfield CS, Camfield PR, et al. The cognitive and
behavioural effects of clobazam and standard monotherapy are
comparable. Canadian Study Group for Childhood Epilepsy. Ep-
ilepsy Res 1999;33:133–143.

108. Cocks A, Critchley EMR, Hayward HW, Thomas D. The effects
of clobazam on the blood levels of sodium valproate. Clobazam:
human psychopharmacology and clinical applications. R Soc
Med Int Congr Symp Ser No 74:155–157.

109. Theis JG, Koren G, Daneman R, et al. Interactions of clobazam
with conventional antiepileptics in children. J Child Neurol 1997;
12:208–213.

NG AND COLLINS144

Neurotherapeutics, Vol. 4, No. 1, 2007


