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ABSTRACT – Despite the availability of newer agents, a number of
antiepileptic drugs have continued to be employed reasonably widely,
many years after their introduction to human therapeutics. These drugs

of its congeners, phenytoin, ethosux-
certain benzodiazepines. Details of

tlined in the following account.

azepine, ethosuximide, mechanism
arbitone, phenytoin, valproate

use, and its congeners for oral
use. Methylphenobarbitone and
primidone are metabolised to phe-
nobarbitone in humans (figure 1).
Each possesses antiepileptic activity
in its own right, but the resulting
phenobarbitone probably provides
the main antiepileptic effect dur-
ing their continuing use in humans
(Michelucci et al., 2009).

Mechanism of action

At a molecular level, phenobar-
bitone at therapeutically effective
concentrations acts by prolong-
ing the opening of post-synaptic
cell membrane chloride ion chan-
nels within GABAA receptors, thus
hyperpolarising the neuronal cell
membrane (Eadie and Kwan, 2008).
comprise phenobarbitone and some
imide, carbamazepine, valproate, and
their pharmacological profiles are ou

Key words: benzodiazepines, carbam
of action, pharmacokinetics, phenob

A number of drugs continue to
be reasonably widely used some
50 years or more after they first
became available for treating human
epilepsy (Arzimanoglou et al., 2010).
Details of their pharmacological
profiles are provided below; the
various substances are discussed
largely according to when they were
initially used in humans.

Phenobarbitone
and its congeners

Phenobarbitone (phenobarbital),
introduced to antiepileptic thera-
peutics in 1912, remains in extensive
use worldwide, largely because
of its favourable cost-effect ratio.
Several phenobarbitone con-
geners have been developed as
antiepileptic agents. Two, primi-
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done (desoxyphenobarbitone) and
N-methylphenobarbitone (mepho-
barbital), continue to be used
clinically (Eadie and Hooper, 2002).
Phenobarbitone, in acid or its
sodium salt form, is marketed for
oral, intramuscular or intravenous

Pharmacokinetics

Representative values for the more
important pharmacokinetic para-
meters of phenobarbitone and its
congeners following initial doses of
the agents are shown in table 1.
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igure 1. Inter-relationships between phenobarbitone, its conge
he names of pharmacologically inactive molecules are shown i

s stereospecific, and may vary in extent between certain Asian a

aken orally, these barbiturate derivatives appear to
e fully or almost fully bioavailable. The older belief

hat methylphenobarbitone was only 50% bioavailable
rose from a failure to appreciate that the drug was
xtensively transformed to phenolic metabolites as
ell as to phenobarbitone. The agents are eliminated
ainly by metabolism (figure 1), involving oxidations

nitially, followed by conjugation of the first stage
etabolites and, in the case of phenobarbitone, also

y direct N-glucosidation. The long elimination half-
ife of phenobarbitone (3-4 days), compared with those
f almost all other antiepileptic drugs, necessitates
aiting two or three weeks after each dosage change
efore the full effects of the change are present. Phe-
obarbitone’s slow elimination means a once daily
osage can satisfactorily maintain stable drug concen-

rations in biological fluids. While the long half-life
lows the process of dosage adjustment for phenobar-
itone and its congeners, it also diminishes the chance
f seizures recurring, at least in adults, if there are
hort periods, e.g. a day or two, during which time drug
96

ntake is incomplete.
henobarbitone clearance increases in pregnancy.

linical use

henobarbitone (and its congeners) is effective in
ontrolling focal seizures, regardless of whether

a
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and their main metabolites.
ics. The pattern of parahydroxylation of methylphenobarbitone
ther populations.

hey become secondary generalised, as well as
yoclonic and convulsive seizures of idiopathic ge-

eralised epilepsies. Parental dosage forms are used
o treat convulsive status epilepticus (Fincham and
chottelius, 2002).
atisfactory oral phenobarbitone maintenance dosage

n adults is likely to be around 1.0-2.5 mg per kilogram
er day. However, it is often prudent to commence
ith lower doses to avoid initial sedation. Dosage on
bodyweight basis is likely to be higher in children,

hough lower in the very young and the elderly.
ethylphenobarbitone doses, mg for mg, are nearly

wice those of phenobarbitone. Because the first
rimidone dose very occasionally causes prolonged
leepiness, it is wise to commence this drug with a
ery low dose, for example 62.5 mg or 125 mg, to
ee whether there are problems before increasing the
ose. The average adult dose is around 10 mg per kg
er day.
teady-state plasma phenobarbitone levels in the
ange of 45 to 130 �mol per litre often correlate with
Epileptic Disord, Vol. 16, No. 4, December 2014

nti-seizure effects of the drug, and of its congeners,
ithout prohibitive adverse effects.

nteractions

henobarbitone is a well-established inducer of
he cytochrome P450 system of enzymes, and the
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Table 1. Representative values of the pharmacokinetic parameters of the older antiepileptic drugs and their
metabolites with known antiepileptic activity.

Drug or Metabolite FPO Tmax
(hrs)

V (l/kg) %
bound

Fu(∞) t1/2

(hrs)
Cl (l/kg/hr) Therapeutic

range (�M/l)
TSS

(days)

Phenobarbitone High 6-12 0.5-1.0 60 0.25 70-100 0.006 45-130 15-20

Methylpheno-
barbitone

<8 ∼2.0 - 0.02 30-60 0.025 -

Primidone 0.92 - 0.6 0 0.15-0.66 6-12 - ? 30-50

Ethosuximide - 1-3 0.7 0 0.17-0.38 30-70 0.01-0.15 300-700 7-15

Carbamazepine ∼0.85 6-20 0.8 ∼75 0.02 25-50 0.01-0.02 20-50 5-7

Carbamazepine-
10,11-epoxide

5-11 0.06-0.14

Oxcarbazepine high 1-3 ∼12 0.6 - 1-3.7 2.4 -

Monohydroxy-
carbamazepine

0.4 ? 11-16 ? 20-200 3-4

Phenytoin >0.9 4-8 0.5-0.8
0.8-1.2@

90 low 8-15 0.015-0.065 40-80 >5

Valproate 1.0 3-5 0.15 90$ low 8-12 0.010-0.015 350-700 4-7

Diazepam 0.5-1.5 0.7-4.5 97 low 48

Clonazepam 1.0 4 1.5-4.4 85 0.01 22-33 0.09 5-8
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Clobazam >0.8 >80

PO: bioavailable fraction of oral dose; Tmax: time to reach ma
istribution; Fu(∞): fraction of the dose excreted in urine un-met
teady-state conditions after a dosage change; @in children; $dec

ssociated UDP-glucuronosyl transferases. These
nductions may increase the clearance of certain
ndogenous molecules and numerous drugs which
re broken down by these pathways if they are co-
dministered. Conversely, co-administered drugs that
re metabolised by, or inhibit, these pathways may
lter plasma phenobarbitone concentrations, either
owering or raising them depending on the drug
n question. In particular, valproic acid may cause a
ubstantial rise in plasma phenobarbitone concen-
ration through competition for glucose conjugation
apacity. More detailed accounts of the interactions
re available elsewhere (Patsalos and Perucca, 2003a;
atsalos and Perucca, 2003b).
pileptic Disord, Vol. 16, No. 4, December 2014

dverse effects

henobarbitone and its congeners have dose-related
edative effects which can prove unacceptable in si-
nificant numbers of patients. These effects some-
imes occur at concentrations that would be regarded

P

I

T
o

Low 10-15

m plasma concentration after a dose; V: apparent volume of
ised; t1/2: elimination half-life; Cl: clearance; TSS: time to achieve

s with increasing valproate concentration.

s sub-therapeutic. Sedation may sometimes not
e overt but cause headaches, mood alterations

mainly depression), and, in children, behavioural
nd cognitive disturbance and deterioration in school
erformance. Paradoxically, children may become
yperactive when taking the drug. At higher degrees
f overdosage, nystagmus and ataxia of gait may occur.
ecause phenobarbitone induces the hepatic
ytochrome P450 system, its prolonged use may
ead to a state of relative vitamin D deficiency and
ossibly osteomalacia.
ertain data suggest that phenobarbitone may be a
uman teratogen, though there is some uncertainty in

his regard.
397

henytoin

ntroduction

he chemical structure of phenytoin is related to that
f barbiturates. Its synthesis was reported by 1908,
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ollowed by a report that it elevated the threshold of
lectrically induced seizures in cats. Subsequently, it
as shown to provide effective treatment for epilepsy
ithout causing sedation, a major advantage over bar-
iturates. Since that time, it has been one of the
ainstays of seizure therapy. Its efficacy in treating

pileptic status, when given intravenously, was demon-
trated in 1968 (Wallis et al., 1968).
henytoin is marketed for oral administration and

ntravenous use.

echanism of action

t is likely that the main mechanism of action of pheny-
oin is to block frequency, use and voltage-dependent
euronal sodium channels, thus limiting the repetitive
ring of action potentials. At therapeutic levels, there

s little change in normal patterns of firing. At higher
evels, phenytoin can impair the function of healthy
eurons.

harmacokinetics

he absorption rate varies with different formulations,
ith peak levels appearing between four and eight
ours after ingestion. Its bioavailabilty is in the order of
0%. Calcium sulphate added to the formulation, and
ntacids, retard absorption. Little is absorbed from the
ectum. Intramuscular administration results in erratic
bsorption.
istribution is rapid, with maximum concentrations
eing reached in the brain 15 minutes after intravenous
dministration. Its concentration in CSF usually equals
he phenytoin unbound concentration in plasma, but

ay be slightly higher in saliva. Phenytoin passes
nto the placenta. Its concentrations in the umbilical
ord are the same as those in the mother’s plasma.
he apparent volume of distribution ranges from 0.5
o 0.8 L/kg in adults and 0.8 to 1.2 L/kg in children.
henytoin is about 90% bound to plasma protein. The
roportion bound is lower in patients with poor renal

unction, with low albumin levels, and in pregnancy.
ther drugs, e.g. salycilates and valproate, may reduce

rotein binding of phenytoin by competing for bind-
ng sites.

limination
98

henytoin is eliminated almost exclusively by exten-
ive metabolic hydroxylation via an arene oxidation
roduct (figure 2). The para-(4)-hydroxylation is medi-
ted largely by the cytochrome P450C2 subfamily
soenzymes, with CYP2C9 handling the major portion
f the dose and CYP2C19 the rest (10%).

P
s
a
t
n
a

CO NH
p-hydroxy-phenytoin

igure 2. Phenytoin and its main (pharmacologically inactive)
etabolite.

he capacity to metabolise phenytoin varies widely
etween individuals, largely because of genetic

actors.

learance

learance values range widely from 0.015 to
.065 L/kg/h, the higher values occurring in chil-
ren. Plasma half-life values of 8-15 hours are found
fter a 100-mg test dose, but following overdose
he half-life value may be as long as several days.
aturation elimination kinetics exist and result in dis-
roportionate rises in plasma levels, relative to dose

ncreases, once a limiting ceiling has been reached
Kutt and Harden, 1999).

lasma levels in relation to clinical response

he majority of patients show a reasonable correla-
ion between plasma levels and efficacy, while higher
lasma levels are associated with toxicity. More so than
ther antiepileptic drugs, phenytoin plasma levels
ave a clinical application as a guide to management.
he optimal range lies between 10 and 20 mcg/mL. It
ay be worth stressing that some patients, particu-

arly those with newly-diagnosed epilepsy, respond to
evels below this range.

linical use
Epileptic Disord, Vol. 16, No. 4, December 2014

henytoin is effective in controlling convulsive
eizures, both in idiopathic generalised epilepsy
nd in focal epilepsy with secondarily generalised
onic-clonic seizures. It does not control any of the
on-convulsive manifestations of generalised epilepsy
nd is not indicated in symptomatic generalised
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Use in pregnancy and teratogenesis

Phenytoin is associated with a slightly increased inci-
dence of foetal malformations. It is less teratogenic
than valproate, but more teratogenic than lamotrigine.
Cognitive changes in exposed offspring have not been
proven. Phenytoin has been reported to interfere with
male fertility.

Ethosuximide

In the mid-20th century, several succinimide deriva-
tives were marketed. The only survivor is ethosux-
imide, which is effective in treating absence seizures
of idiopathic generalised epilepsy. The drug is mar-
keted in solid dosage forms and as solutions for oral
intake.

Mechanism of action

Ethosuximide blocks thalamic ’T’ type calcium chan-
nels, an effect possessed by drugs that are effective
against absence seizures.

Pharmacokinetics

Ethosuximide is fully bioavailable orally, is not plasma
protein bound, and is cleared by biotransformation to
pharmacologically inactive metabolites (figure 3). Dur-
ing continued intake, its elimination half-life (around
30 hours) is long enough for a once-daily intake to
maintain stable biological fluid concentrations over a
24-hour dosage interval.

H
N

O

Ethosuximide

Oxidation
products

CC

O

H2C CH

CH2-CH3
pilepsy, such as Lennox-Gastaut syndrome. Like most
ntiepileptic drugs, phenytoin ought to be introduced
lowly and doses increased gradually until the control
f seizures is achieved. This process can be guided
y plasma level measurements, which are only an
djunct to the clinical response. Conventional doses
n adults are in the order of 200-400 mg daily. The rec-
mmended initial dose range for children is in the
rder of 5 mg/kg/day, the maintenance dose usually
eing 4-8 mg per/day (maximum 300 mg per day), but

ndividually variable (Stern et al., 2008).

nteractions

henytoin is a P450 enzyme inducer. Interactions with
ther drugs, both antiepileptic and other concomi-

antly administered classes of drugs, are common.
ignificant interactions are with drugs which cause a
ise in phenytoin levels, including some antibiotics,
enzodiazepines, warfarin, and many others.
henytoin reduces the plasma level of substances,

ncluding sex hormones, steroids, some antibiotics,
sychotropic drugs, and lamotrigine. Its effects on the
ytochrome enzymes may cause a lowering of vitamin

metabolites and thus contribute to metabolic bone
isease, as well as affecting cholesterol metabolism.
ore details of the interactions with phenytoin are

vailable elsewhere (Patsalos and Perucca, 2003a;
atsalos and Perucca, 2003b).

dverse effects

he central nervous system effects of nystagmus, inco-
rdination, and ataxia are dose-related. Somnolence
nd mood changes, nausea, extrapyramidal abnormal-
ties, cerebello-vestibular toxicity, and mental changes
ave been reported. High dosages may cause seizure
ggravation.
kin rashes, cosmetic facial and gum-related changes,
ypersensitivity, and lymphoma, which is not always
enign, may occur. Occasionally, hepatotoxicity and,
arely, bone marrow abnormalities, including mega-
oblastic anaemia and a tendency towards bleeding,

ay occur. Decline of serum folate levels, low vitamin
levels, osteomalacia, and increased bone fractures

ave been widely reported. Intravenous phenytoin
ust be given slowly, should not mixed with other

rugs, and may cause significant tissue irritation and
pileptic Disord, Vol. 16, No. 4, December 2014 399

iscolouration and pain in the limb into which it is
dministered. Purple glove syndrome is also associ-
ted with oedema, and can be serious (Treiman, 1987;
’Brien et al., 2001).

henytoin has an application as a cardiac antiarrhyth-
ic, but may also cause hypotension, arrhythmias, and

ollapse, if given rapidly.

Glucuronides

Figure 3. Ethosuximide and its metabolic pathway.
Pharmacologically inactive molecules are shown in italics.
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linical use

urrently, ethosuximide is used mainly to treat
bsence seizures when more effective agents, in par-
icular valproic acid, fail or are not tolerated. In
he past, when ethosuximide was the mainstay of
bsence seizure therapy, it was suspected, whether
ustifiably or not, to sometimes precipitate the occur-
ence of convulsive seizures if used alone. Therefore,
n antiepileptic drug effective against such seizures
as often prescribed concurrently. Because absence

eizures usually occur relatively frequently, ethosux-
mide dosage can often be adjusted satisfactorily in
elation to the clinical response, after allowing for time
o achieve steady-state effects after dosage changes
around 10 days). In theory, ethosuximide could be
aken once daily, but the physical size and number of
ndividual 250-mg dosage units required often makes
ivided daily dosage preferable. The usual therapeu-

ic dose is around 30 mg per kilogram per day, and is
ikely to be associated with plasma ethosuximide levels
f 300 to 700 �mol per litre (Bromfield, 2008; Glauser
nd Perucca, 2009).

nteractions

thosuximide exhibits relatively few drug-drug interac-
ions. Further details are available elsewhere (Patsalos
nd Perucca, 2003a; Patsalos and Perucca, 2003b).

dverse effects

kin rashes and allergic and hypersensitive reactions
re not common. Overdosage may cause sedation
nd altered behaviour. Little information is available
egarding the drug’s teratogenicity.

arbamazepine

arbamazepine was introduced to therapeutics as
n antiepileptic agent and treatment for trigemi-
al neuralgia in the early 1960s. It has become the
gent of first choice for focal epilepsies, and has
ome use in psychiatry and pain medicine. It is not
ffective in treating absence and myoclonic seizures
f idiopathic generalised epilepsy (Silaanpaa et al.,
00

009).
he drug is marketed in solid and liquid dosage
orms for oral use. Its low aqueous solubility has pre-
ented satisfactory parental preparations from being
eveloped. Modified release forms for oral use are
vailable.

i
t
r
U
a
c

echanism of action

he main molecular mechanism of antiepileptic
ction of carbamazepine involves blocking voltage-
ependent sodium ion channels in cell membranes.

harmacokinetics

ypical values for the major pharmacokinetic param-
ters of carbamazepine after initial administration are
hown in table 1. The drug induces its own metabolism;
fter each dosage increase, its clearance increases and
ts plasma half-life shortens. The drug’s elimination
arameters during chronic intake may therefore dif-

er from those shown in the table. Currently marketed
arbamazepine preparations seem to have satisfactory
nd nearly complete or complete oral bioavailabili-
ies, however, in the past, preparations were marketed
ith a particle size small enough to produce rapid

ises in plasma drug concentration, resulting in tem-
orary nystagmus and ataxia of gait after each dose.
eneric manufacturers seem to have difficulty pro-
ucing carbamazepine preparations with particle sizes
nd absorption profiles identical to those of the market
eader. Therefore, it is sometimes recommended that
atients always use the same brand of the drug after a
atisfactory therapeutic regimen has been established
Eadie and Vajda, 1999).
n the body, carbamazepine is converted to a biolog-
cally active epoxide metabolite (figure 4). This has a
horter half-life than carbamazepine, thus, in contin-
ed use, its plasma concentrations tend to parallel

hose of the parent substance. The epoxide is hydro-
ysed to a biologically inactive diol derivative, excreted

ainly as a glucuronide conjugate (figure 4) (Dickinson
t al., 1999).

linical use

arbamazepine is currently considered the drug
f first choice for managing focal epilepsies. The
sual dose for continued use in adults and children

s around 10-20 mg per kilogram per day, but may
eed to be higher. However, it is usually prudent

o commence treatment with no more than half the
xpected dose over the next three or four weeks,
erhaps guided by plasma carbamazepine concentra-

ions, to increase the dose, as clinically indicated, to
ts expected value. The drug’s continuing induction of
Epileptic Disord, Vol. 16, No. 4, December 2014

ts own metabolism over this period is likely to ensure
hat its concentrations in biological fluids remain
elatively steady, despite the dosage increments.
nless seizure control has already been obtained,

djusting the dose to achieve steady-state plasma
arbamazepine concentrations in the range 25 to
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igure 4. Inter-relationships between carbamazepine, oxcarbaze
harmacologically inactive molecules are shown in italics.

0 �mol per litre often offers the best chance of
chieving seizure control without overdosage mani-
estations. The measurement of simultaneous plasma
arbamazepine epoxide levels does not seem to offer
clinical advantage (Marson et al., 2007).

nteractions

arbamazepine not only induces the capacity of
ytochrome P450 3A4 to enhance its own metabolism,
ut increases this enzyme system’s capacity to
etabolise endogenous molecules and numer-
pileptic Disord, Vol. 16, No. 4, December 2014

us drugs that are biotransformed through this
echanism. Drugs that inhibit the enzyme system,

or example isoniazid and erythromycin, if co-
dministered, will raise plasma carbamazepine levels.
urther details of the known interactions are available
lsewhere (Patsalos and Perucca, 2003a; Patsalos and
erucca, 2003b).

w
b
a
w
T
fi
b

es

and their main metabolites.

dverse effects

kin rashes occur soon after carbamazepine intake in
ome 5% or more patients. If drug intake is not ceased
romptly, serious systemic toxicity may follow with,

or instance, hepatitis. In overdosage, carbamazepine
auses nystagmus and blurred vision, ataxia of gait, and
rowsiness. Symptomatic hyponatraemia may occur
ccasionally and, if unrecognised, may impair seizure
ontrol and result in the prescription of higher car-
amazepine dosages, thus worsening the problem.
ignificant bradycardia and heart block have been
eported occasionally and asymptomatic neutropenia
401

as noted with some frequency when the drug first
ecame available. The induction of cytochrome P450
ctivity may produce a degree of vitamin D deficiency
ith possible osteomalacia.
here is little evidence that carbamazepine is a signi-
cant human teratogen, but a dose-related effect has
een demonstrated (Fertig and Mattson, 2008).
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xcarbazepine

xcarbazepine, a molecule similar to carbamazepine,
as been marketed (in solid dosage forms) as an oral
ntiepileptic agent in many countries, but only in fairly
ecent times, although in some places it has been
vailable for much longer. Its clinical development
ppears to have suffered, possibly because the pos-
ible advantages over carbamazepine took time to
xplore (Beydoun et al., 2008).
xcarbazepine appears to have a similar mechanism

f action to carbamazepine. It and carbamazepine
hare the same second-stage biologically-inactive
iol metabolite. The initial stage of metabolism
f oxcarbazepine yields a pharmacologically-active
ono-hydroxy derivative, not formed by oxidation,

hus cytochrome P450 activity is not involved. Con-
equently, oxcarbazepine is less prone to drug-drug
etabolic interactions than carbamazepine (Faught

nd Limdi, 2009).
xcarbazepine itself is eliminated very rapidly

figure 4) and in effect serves as a prodrug for its
ono-hydroxy metabolite (with a half-life of around

0 hours). Clinically, 300 mg of oxcarbazepine seems
o have similar therapeutic effects to 200 mg of
arbamazepine. On the basis of this equivalent
ose, oxcarbazepine seems less sedating than carba-
azepine, but more prone to causing hyponatraemia.

ts lower sedative tendency may allow it to be used
nstead of carbamazepine when maximum tolerated
oses of the latter have reduced seizure frequency but
ot prevented all seizures.

odium valproate (valproic acid, VPA)

riginally used as a solvent for barbiturate hypnotics,
alproic acid was accidentally discovered to be more
ffective as an antiepileptic than the test drug. Intro-
uced in France in the 1960s, it rapidly became the
rug of choice for generalised epilepsies. It is used
lso for treating psychiatric illness, mainly bipolar dis-
rders, and for migraine prevention. Sustained-release

ormulations exist.

hemistry

alproate is n-propyl pentanoate (di-n-propyl acetate),
02

branched chain fatty acid. It is marketed in free acid
orm or the corresponding sodium salt, and also as
ivalproex sodium, a combination of valproate and val-
roic acid. An intravenous formulation is available. The
ectally administered drug has been reported to be
ffective.

P

T
7

nimal studies

alproate suppresses the spread of seizure activity, but
s not effective in inhibiting focal discharges. It has no
ffect on focal electrical after-discharges or on kindled
ocal seizures.

echanism of action

ts mechanism of action is complex. Multiple mech-
nisms have been reported, including elevation of
rain GABAergic, inhibitory activity. It decreases corti-
al excitability and affects a variety of brain receptors
nd limits high-frequency repetitive firing of Na+-
ependent action potentials, through blockade of Na+

hannels.

linical use

he drug has a wide spectrum of activity and is
he agent of first choice for idiopathic generalised
pilepsy, being effective against all manifestations of
he disorder, including absences. It has been used syn-
rgistically with ethosuximide, and with lamotrigine.
t is effective against focal seizures, but perhaps less
o than carbamazepine, and is reported to be effective
gainst febrile seizure prophylaxis and Lennox-Gastaut
yndrome, although the evidence is not conclusive and
t should not be used routinely for these indications.
alproate should be introduced slowly and gradually
ntil effective seizure control is established, rather

han in standard doses of 1,000-1,500 mg per day in
dults, as traditionally used, when it is more likely to
e associated with unwanted effects.
he drug is highly effective for the treatment of juve-
ile myoclonic epilepsy, although the treatment may
eed to be continued indefinitely.

n pregnancy, it is teratogenic in a dose-dependent
anner, more so than any other currently widely-used

ntiepileptic agent. If it must be prescribed in pregnant
omen, it should be used in the lowest effective dose,
specially in the first trimester. In addition to physi-
al malformations, valproate intake during pregnancy
ay be associated with cognitive impairment in the off-

pring (Vajda et al., 2010). Alternative agents are often
ot as effective as valproate. In an established preg-
ancy, replacement of valproate medication is likely to
ave problematic consequences (Jentink et al., 2010;
Epileptic Disord, Vol. 16, No. 4, December 2014

lasma level-clinical effect relationships

he population-based therapeutic range of 350-
00 micromol/L is only a rough adjunctive guide to
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fficacy; the measurements are most useful in assess-
ng compliance. Its biological effects and plasma levels
re not closely correlated (Vajda, 2000).

harmacokinetics

ll formulations are absorbed completely. The enteric-
oated formulation is absorbed slowly, with a 2-3-hour
ime lag. Peak levels from enteric-coated tablets occur
-5 hours after intake. Plasma concentrations after
ectal administration have been comparable to those
fter oral intake. Valproate has a small volume of dis-
ribution due to high affinity for plasma albumin. A
ree fraction value of 10% was reported, increasing at
igher total valproate concentrations. Lower protein
inding has been noted in women in late pregnancy
nd the elderly, and in liver and renal disease.
alproate is highly lipophilic and highly concentrated

n the liver. It enters the brain rapidly, reflected by its
rompt antiepileptic effect (Shen and Levy, 1999).
learance is increased at high doses, due to the higher

ree fraction of valproate. The clearance is notably
igher in patients receiving CYP450 enzyme induc-
rs. Neonates have a low and immature microsomal
rug metabolising system, but eliminate valproate at

he same rate as adults, despite having a larger circu-
ating free fraction. In adult life, clearance of valproate
pileptic Disord, Vol. 16, No. 4, December 2014

ppears to remain stable. Intrinsic clearance is lower in
he elderly. Dosing requirements are generally guided
y unbound clearance, not by total clearance, and
nbound valproic acid clearance is not increased at
igher doses.
alproate is extensively metabolised, through oxida-

ive and conjugation mechanisms (figure 5). Conju-

w
s
a
w
b
V
c

CH3-CH2-CH2

CH3-CH2-CH2

CH3-CH2-C

CH3-CH2-CH2

O

w
w - 1

Beta

Oxidations

igure 5. Major valproic acid metabolic pathways.
harmacologically inactive molecules are shown in italics.
The clinical pharmacology of traditional AEDs

ation with D-glucuronic acid represents the major
athway of biotransformation, accounting for 30-40%
f the dose. Similar to fatty acids, valproate is sequen-

ially oxidised by mitochondrial beta oxidation, to yield
-oxo-valproate. Other pathways are also involved,
ielding numerous metabolites. Omega and omega-1
xidative pathways have been described. The metabo-

ites appear to be biologically inactive.

nteractions

henytoin, carbamazepine, and phenobarbitone
ause a twofold increase in valproate clearance due
o their effect on UDP-glucuronosyl transferase, and

less marked effect on cytochrome P450-mediated
athways. Valproate affects four enzyme systems

nvolved in the elimination of many drugs, but many
f the interactions are not important clinically. Lam-
trigine elimination is inhibited, but there is also a
ynergistic pharmacodynamic interaction with clinical
enefits when these two agents are combined.

dverse effects

astrointestinal effects, hair loss, and weight gain,
ave been reported, but much more important is

he finding of teratogenicity associated with valproate
403

hich is dose-dependent and may be associated with
evere birth defects, such as spina bifida, cardiac
bnormalities, skeletal, and renal malformations, as
ell as a decline in cognition, IQ, language, and possi-
le autism (Meador et al., 2009).
alproate may contribute to the development of poly-
ystic ovaries and to polycystic ovarian syndrome.

CH.COOH

CH.COOH 3-oxo-valproic acid

Valproic acid

Glucuronic acid conjugation
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his is likely to be multifactorial in causation, involv-
ng genetic factors, diet, and the use of valproate in

onotherapy rather than polytherapy (Isojarvi et al.,
998; Genton et al., 2001).
alproate has also been reported to cause reduced
perm function. Hepatic failure and pancreatic necro-
is have been reported in 1:15,000 patients, usually
ccurring in severely ill babies and young children.

n contrast, liver function test elevations of no clin-
cal significance occur in about 60% of patients
reated with antiepileptic drugs. The risk of severe
iver toxicity can be much greater in certain risk
roups, particularly babies (e.g. with genetic metabolic
efects).

enzodiazepines

enzodiazepines are used as antiepileptic drugs
ainly in particular situations, such as status epilep-

icus (diazepam and clonazepam), in contingency situ-
tions (clobazam), and in some paediatric syndromes
nitrazepam). These will be discussed as a group and
s individual substances (Panayiotopolous, 2005).

nimal models

iazepam, clonazepam, nitrazepam, and clobazam are
our members of the group which are effective in ele-
ating the threshold for pentylenetetrazole-induced
eizures. These drugs are also effective against
aximal electroshock-related seizures. In chemically

nduced seizures, they can suppress the spread of elec-
rical discharges (Shen and Levy, 1999).

echanisms of action

enzodiazepines act by facilitating the synaptic action
f the inhibitory neurotransmitter GABA (gamma
mino butyric acid). They have no effect on synapses
hich do not involve GABA. The GABAA receptor is

pecific to benzodiazepines. Binding increases the
requency with which chloride channels are opened,
ncreasing inhibitory neurotransmission. Benzodi-
zepines also have an effect on sodium channels
nd reduce voltage-dependent calcium currents,
lthough their profile is different from the clinical
ffects of classic sodium and calcium channel blockers
Macdonald, 2003).
04

dverse effects

dverse effects are numerous, including neurological
nd psychiatric effects, sedation, memory prob-
ems, hyperactivity, withdrawal effects, and tolerance.

C

S
i
c
t
a

rowsiness is more common with drugs with long half-
ives. Tolerance appears more rapid with drugs with
hort half-lives. Rebound insomnia may occur after
ithdrawal (Schmidt and Wilensky, 2008).

ndividual benzodiazepines

he structure of the benzodiazepines discussed indi-
idually below is presented in figure 6 (Eadie and
ajda, 1999).

iazepam

iazepam was the first benzodiazepine used in
pilepsy and its effectiveness depends on rapid
bsorption, distribution, and brain penetration. It
inds to specific GABA receptors. It is sedative, and

t is difficult to maintain its concentration, hence toler-
nce develops. Diazepam is unsuitable for long-term
anagement of seizure disorders.

harmacokinetics

he drug is rapidly absorbed and mean peak plasma
evels are obtained within 30-90 minutes after oral
dministration. Intramuscular administration is better
voided due to poor and irregular absorption. The rec-
al route leads to satisfactory absorption, although less
redictably than the oral route, diazepam is rapidly
nd widely distributed, crossing the blood/brain
arrier rapidly. Diazepam concentrations in the CSF
re related to its unbound fraction in plasma. Rapid
oncentration peaks occurring in the grey matter
orrelate with a rapid onset of biological action
Kilpatrick, 1999).
iazepam is highly protein-bound, independently of

ts total concentration in plasma.
iazepam is eliminated by biotransformation

n the liver (desmethylation and oxidation).
-desmethyldiazepam itself is a pharmacologically-

ctive metabolite. Excretion takes place in the kidneys.
ittle unchanged diazepam is found in human urine,
he dose being largely metabolised. The metabolites
re excreted after conjugation with glucuronic acid.
o correlation has been found between plasma levels
f diazepam and clinical effects.

linical effects
Epileptic Disord, Vol. 16, No. 4, December 2014

tatus epilepticus: Following a single intravenous
njection of 10-20 mg in adults and 0.2-0.3 mg/kg in
hildren, given at a rate of 2-5 mg/min, brain concen-
ration of the drug will be attained that is adequate for
n acute antiepileptic effect. This effect may be lost
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igure 6. Structural formulae of the benzodiazepines discussed.

fter re-distribution, such that repeated bolus doses
ay be required to maintain brain drug concentra-

ions. Higher doses may cause narcosis, hypotension,
nd respiratory arrest.
n practice, a benzoidiazepine drug ought to be
sed as first-line treatment for status epilepticus,
upplemented from the outset by a major, chronically-
pileptic Disord, Vol. 16, No. 4, December 2014

ffective antiepileptic drug.

nteractions

n interaction with phenytoin has been reported,
esulting in high plasma levels of phenytoin, associated
ith symptoms of phenytoin intoxication.

c
d
p
C
b
i
t

lonazepam

lonazepam is used as an adjuvant in antiepileptic
herapy, and for the treatment of status epilepticus. It
as been used for a variety of epileptic syndromes,
uch as West and Lennox-Gastaut syndromes.
lthough not as likely to induce tolerance as clobazam,
405

lonazapam is more likely to lead to seizures if with-
rawn rapidly. It has found an extensive application in
sychiatry.
lonazepam is well absorbed, with peak plasma levels
eing obtained four hours after intake. Its distribution

s rapid and its apparent volume of distribution is in
he order 1.5-4.4 L/kg. Protein binding in plasma is in
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Eadie MJ, Kwan P. Phenobarbital and other barbiturates. In:
.J.E. Vajda, M.J. Eadie

he order of 85%. It is extensively metabolised, pro-
ucing no active metabolites. Its elimination half-life

s 22-33 hours, and is similar after oral and intravenous
dministration.
lasma clonazepam concentrations vary widely
etween individuals. There is no correlation between
lasma concentrations and therapeutic effects.

dverse effects

rowsiness and incoordination, habituation, and per-
onality changes have been described.

lobazam

his drug is a 1,5 benzodiazepine derivative, in con-
rast to clonazepam which is a 1,4 benzodiazepine.
lobazam is relatively insoluble. No intravenous
reparation exists.
lobazam and its metabolite N-methyldesmethyl-
lobazam are both antiepileptic in a variety of seizure
odels and enhance GABA-activated currents. The

hronic effectiveness of clobazam may be predomi-
antly due to its active metabolite.
lobazam is effective across a broad spectrum of
pilepsy syndromes, both as monotherapy and as
djunctive therapy. Although doses up to 60-80 mg per
ay have been used in adults, it is generally accepted

hat the development of tolerance precludes the use
f doses over 35 mg per day. Many respond to lower
oses. Tolerance may occur within weeks of starting

reatment, but it is uncommon at doses of 10-30 mg per
ay. The drug can be used effectively in contingency
ituations, such as a high level of stress, sleep depriva-
ion, or aeroplane travel (Loscher and Schmidt, 2006).

harmacokinetics

ver 80% of the dose is absorbed. Rectal administra-
ion has been reported to be effective. Its distribution
olume increases with age. Salivary concentrations
orrespond to plasma concentrations. The drug is
ver 80% protein bound, and is eliminated by
etabolism, the main pathway involving demethyla-

ion and hydroxylation. Its elimination half-life is in the
rder of 10-15 hours, although longer in the elderly.
relationship between plasma level and clinical effects
as not been demonstrated. Clobazam may increase
06

he plasma concentration of co-administered pheny-
oin, valproate, and phenobarbitone.

dverse effects

hese are mild. Drowsiness and fatigue tend to be tran-
ient.

E
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E
u
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itrazepam

his drug is essentially a hypnotic. It is well absorbed
nd peak levels occur after two hours. Its elimination
alf-life is 20-36 hours. It is used only for intractable
eizures associated with symptomatic epilepsies in
hildhood.

idazolam

his drug is water soluble and can be given intramuscu-
arly. It is suitable for use in status epilepticus, rapidly
chieving high plasma concentrations. It has a brief
limination half-life of about three hours.
idazolam provides less sedation, which is a decided

dvantage in status epilepticus. Used intramuscularly,
t is a useful alternative to intravenous clonazepam or
iazepam.

n some countries, lorazepam, another benzodi-
zepine, is the drug of choice for the treatment of
tatus epilepticus. �
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TEST YOURSELF
EDUCATION

(1) Which one of the following drugs exhibits its antiepileptic effect at the cell membrane chloride ion-GABA
receptor complex?
A. Carbamazepine
B. Ethosximide
C. Phenobarbitone
D. Phenytoin

(2) Which one of the following drugs has elimination properties that make it most likely to achieve steady-state
concentrations in the human body most quickly?
A. Carbamazepine
B. Ethosuximide
C. Phenobarbitone
D. Valproate

(3) Which one of the following drugs is not cleared from the body almost entirely by metabolism to inactive
molecules?
A. Carbamazepine
B. Ethosuximide
C. Phenytoin
D. Valproate

Note: Reading the manuscript provides an answer to all questions. You can check for the correct answer by
visiting the Educational Centre section of www.epilepticdisorders.com
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