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Concurrent illnesses in adults with epilepsy

Barbara B³aszczyk1,2
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Originally coined by Feinstein, the term comorbidity

is now used to refer to the greater than coincidental

association of two conditions in the same individual

[Feinstein, J Chronic Dis, 1970]. Comorbid condi-

tions are present in many patients, and appropriate

management of these can further improve seizure

control and quality of life.

In people with epilepsy, other conditions may pre-

cede, co-occur with, or follow the diagnosis of epi-

lepsy. The epidemiology of comorbidity in epilepsy

has not been well described. Data are limited on the

cumulative incidence and prevalence [Forsgren, Epi-

lepsia, 1992; Jacoby et al., Epilepsia, 1996; Krohn,

Acta Psychiatr Neurol Scand, 1961] of various

comorbid conditions in adults with epilepsy in the

community. One study compared rates of comorbid

conditions in controls and adults with childhood-onset

epilepsy and reported increased psychiatric, but not

somatic, comorbidity in the latter [Jalava and Sillan-

paa, Epilepsia, 1996]. Case-control studies in the

community have reported higher risks for various so-

matic disorders in epilepsy[Gaitatzis et al., Epilepsia,

2004]. People with epilepsy in the general population

in Canada [Tellez-Zenteno et al., Epilepsia, 2005] not

only those actively seeking medical care, have a high

prevalence of chronic somatic comorbid conditions.

The findings are consistent across two independent

surveys, which show that people with epilepsy in the

general population have two to five-fold risk of so-

matic comorbid conditions, as compared with people

without epilepsy.

Epilepsy is comorbid with neurological and psychi-

atric conditions including stroke, migraine, and de-

pression [Boro and Haut, Epilepsy Behav, 2003; Kan-

ner, Epilepsy Beh, 2003]. Understanding the comor-

bidity of epilepsy is important from several perspec-

tives. First, understanding comorbidity can improve

the differential diagnosis of epilepsy because of the

substantial symptomatic overlap with several of the

comorbid conditions [Tellez-Zenteno et al., Epilepsia,

2005]. For example, transient ischemic attacks (TIA),

migraine, and epilepsy all cause transient alternations

of consciousness, and the latter two also cause head-

ache. Less well recognized is the problem of con-

comitant diagnosis [Jalava and Sillanpaa, Epilepsia,

1996]. That is, the presence of epilepsy should in-

crease, not reduce, the index of suspicion for depres-

sion and anxiety disorders. Second, comorbidity in-

fluences treatment, creating both therapeutic limita-

tions and opportunities (eg. topiramate’s antiseizure,

antimigranous, and mood stabilizing effect) [Kanner,

Epilepsy Beh, 2003]. Third, patients with multiple

conditions require a different mix and often higher

level of health care resources than those with simple

conditions. Finally, the study of comorbidity may pro-

vide epidemiological clues to the fundamental mecha-

nisms of epilepsy and associated conditions.

Headache and migraine have a complicated asso-

ciation with epilepsy and can occur in several circum-

stances. Seizure-associated headache (beginning an

hour before or after a seizure) affects approximately

one-third of patients with epilepsy [Leninger et al.,

Epilepsia, 2001]. Compared with other postictal

symptoms, seizure-associated headache is long lasting

(mean duration of 13 h) and severe. It is also com-

monly accompanied by symptoms of phonophobia,

hemicrania, throbbing pain, photophobia, and nausea

in 40–70% of patients, and is likely to impair daily ac-

tivities [Leninger et al., Epilepsia, 2001]. Patients

with epilepsy are also at least two times more likely to

suffer from migraines than healthy individuals [Ott-

man and Lipton, Neurology, 1994]. Since many symp-

toms of migraine and epilepsy overlap, possibly be-

cause both are caused by paroxysmal and transient al-

terations of neurological function, this can lead to di-

agnostic confusion. In unusual cases, seizures can be

induced by migraine headaches [Bazil, Neurol Clin,

1994].

Andermann [Epilepsy Res, 1987] reported a me-

dian epilepsy prevalence of 5.9 (range 1–17) in mi-

graineurs, which greatly exceeds the population

prevalence of 0.5%. The reported migraine preva-

lence in people with epilepsy range from 8 to 23%

[Lipton et al. Neurology, 1994]. Migraine risk was not

related to age of epilepsy onset, but was higher in pa-

tients with partial and generalized seizures, and was

highest in posttraumatic patients with epilepsy (rela-

tive risk 4.1) [Andermann, Epilepsy Res, 1987].
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Stroke is a common cause of seizures in adults

aged >50 [Loiseau et al., Epilepsia, 1990]. The fre-

quency of reported seizures with stroke varies from

4.4 to 17% [Kotila and Waltimo, Epilepsia, 1992].

The higher frequency of heart disease in people

with epilepsy is consistent with similar findings in the

UK study [Gaitatzis et al., Epilepsia, 2004]. This as-

pect is not well studied in epilepsy. For example, it

may play a role in cerebrovascular lesions, which can

result in seizures and epilepsy. It may also be associ-

ated to the excess mortality seen in refractory epi-

lepsy. Individuals with epilepsy have a mortality rate

2–5 times greater that this of the general population,

and bradyarrhythmias, sinus tachycardia, and a pro-

longed QT interval have been suggested as contribu-

tors. Although it is tempting to attribute some role to

sudden unexpected death in epilepsy (SUDEP), vic-

tims of this condition typically do not have known

cardiac disease.

Interestingly, the UK study found a higher preva-

lence of upper gastrointestinal bleeding in patients

with epilepsy [Gaitatzis et al., Epilepsia, 2004]. The

higher frequency of urinary incontinence in people

with epilepsy is likely related to ictal incontinence, as

well as that related to neurological comorbidity, such

as stroke, and Alzheimer’s disease. Another interest-

ing observation is the higher frequency of chronic fa-

tigue in patients with epilepsy. Possible explanations

include an overlap between chronic fatigue and psy-

chiatric disorders, which are more prevalent in pa-

tients with epilepsy than the general population. Fa-

tigue is also a major side effect of AEDs, especially in

polytherapy [Ketter et al., Neurology, 1999]. Finally,

seizures can result in substantial postictal fatigue.

Further studies should be done in this field.

Depression is the most common comorbid condi-

tion that affects people with epilepsy, and it occurs

three to ten-fold more often in those with uncontrolled

epilepsy than in the general population [Gilliam, Neu-

rology, 2002]. Neurobiological, iatrogenic, and psy-

chosocial factors are thought to contribute to its oc-

currence [Harden and Goldstein, CNS Drugs, 2002].

Depression affects up to 55% of patients with recur-

rent epilepsy and up to 9% of those with well-

controlled seizures [Gilliam, Neurology, 2002], al-

though estimates vary according to the patient popula-

tion studied, disease severity, and the methodology

used. Furthermore, the clinical presentation of mood

disorders in patients with epilepsy often differs from

that in nonepileptic patients and does not always con-

cur with standard diagnostic criteria [Barry, Epilepsia,

2003]. This may lead to underrecognition or to vary-

ing estimates of their prevalence. The influence of de-

pression on the quality of life of patients with epilepsy

is only starting to be fully appreciated. Gilliam [Neu-

rology, 2002] screened 195 consecutive outpatients

with uncontrolled epilepsy using the Adverse Events

Profile, Quality of Life in Epilepsy Inventory-89, and

the Beck Depression Inventory and found a strong

correlation between severity of depression and (health-

related quality of life HRQOL) (r = 0.49; p < 0.001), as

well as between medication-related adverse events and

HRQOL (r = 0.61; p < 0.001). Lehrner et al. [Seizure,

1999] also found depression to be a powerful indica-

tor of HRQOL. These data indicate that depression is

one of the most important variables affecting

HRQOL, possibly more so than seizure frequency,

which was not a significant predictor of HRQOL in

either study. Clearly, when seizures cannot be fully

controlled, mood disorders must be addressed by the

treating physician for optimal care.

Anxiety is another common comorbid disorder in

epilepsy [Goldstein and Harden, Epilepsy Beh, 2000].

Despite its frequent occurrence in this patient group,

the relationship between anxiety and epilepsy has

been less thoroughly investigated than other psychiat-

ric conditions. Estimates of its incidence in patients

with epilepsy are crude and range from 3 to 50%

[Scicutella and Ettinger, Epilepsy Beh, 2002], al-

though incidences of up to 66% have been identified

[Goldstein and Harden, Epilepsy Beh, 2000]. Like

other psychiatric disorders, anxiety can occur pro-

dromally, ictally, or postictally as an adverse conse-

quence of AEDs, or it may be an unrelated disorder

[Goldstein and Harden, Epilepsy Beh, 2000].

Other psychiatric comorbid conditions include psy-

choses [Kanner, Epilepsy Beh, 2000] and attention-

deficit hyperactivity disorder (ADHD) [Dunn et al.,

Dev Med Child Neurol, 2003]. Psychotic disorders af-

fect 6–10% of patients with epilepsy. The mecha-

nisms of these disorders, although poorly understood,

seem to be closely related to epilepsy, such that their

recurrence is linked to exacerbation of seizures [Kan-

ner, Epilepsy Beh, 2000]. Children with epilepsy

commonly show behavioral symptoms of inattention

and hyperactivity, and some of them have ADHD. Es-

timates of ADHD prevalence in children with epi-

lepsy vary, although studies using standardized diag-

nostic criteria have documented ADHD in 14–40% of

children, compared with circa 5% in otherwise nor-
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mal school-aged children [Dunn et al., Dev Med

Child Neurol, 2003].

The interaction between sleep and epilepsy is

a complex and reciprocal one. Not only do sleep and

sleep deprivation increase the frequency of seizures

and epileptiform abnormalities but epilepsy (and its

treatment) can alter sleep patterns and contribute to

sleep disruption [Mendez and Radtke, J Clin Neuro-

physiol, 2000]. Sleep disorders such as obstructive

sleep apnea and periodic limb movements are also

common in the general population and can occur co-

incidentally in epilepsy patients.

Sleep apnea, the disorder most commonly associ-

ated with epilepsy, affects about 10% of patients al-

though it has been documented in up to one-third of

those with medically refractory epilepsy [Manni et al.,

Epilepsia, 2003; Malowa et al., Neurology, 2000].

Other disorders, which are observed less frequently,

include periodic limb movements, narcolepsy, noctur-

nal seizures, and insufficient sleep syndrome. There is

now strong evidence that control of these disorders (in

particular sleep apnea) [Bazil, Semin Neurol, 2002]

can lead to improved seizure control and daytime alert-

ness [Mendez and Radtke, J Clin Neurophysiol, 2000].

Several other common comorbidities observed in

patients with epilepsy are also risk factors for sei-

zures. CNS infections, traumatic head injuries, Alz-

heimer’s disease, clinically detected stroke, febrile

seizures, cerebral palsy, and mental retardation all in-

crease the risk of seizures by at least 10-fold [Hes-

dorffer et al., Neurology, 1996]. Multiple sclerosis, risk

factors for embolic stroke, dementia other than Alz-

heimer’s disease, and depression also seem to increase

the risk of seizures, although further data are needed.

Comorbidities are common in epilepsy and yet are

frequently underrecognized and undertreated. They

are often viewed as a reaction to the underlying disor-

der and therefore believed to require no treatment. Yet

improved seizure control can be achieved through

treating comorbid disorders in some cases – for exam-

ple, sleep apnea. Data gathered over the last five years

have also shown that there is a strong relationship be-

tween depression and HRQOL, suggesting that treat-

ing comorbid depression in patients with epilepsy

may bring about considerable improvement in HRQO

[Bazil, Epilepsia, 2004]. These findings also empha-

sise the importance of taking a holistic view of the

health of people with epilepsy. This requires treating

not only the epilepsy but also any other present condi-

tions, as well as ensuring that patients are given ade-

quate advice on general aspects of their health [Gai-

tatzis et al., Epilepsia, 2004].

Interactions between antiepileptic and psychotropic drugs

Albena Grabowska-Grzyb
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Numerous recent studies confirm that high occurrence

(40 to 60 percent) of psychiatric symptoms in patients

with epilepsy constitute the severe diagnostic, thera-

peutic and social problems [Kanner, Epilepsy & Behav,

2003; Boylan et al., Neurology, 2004]. Notably in-

creased predisposition for psychiatric illness in epilepsy

is also suggested by the frequent occurrence of severe

syndromes requiring hospitalization and elevated risk

for instance for suicide in epileptic patients. Both highly

override the risk observed in other somatic and neuro-

logical diseases [Jones et al., Epilepsy & Behav, 2003].

Evaluation of severity of psychiatric disorders as

well as risk of incidence of aggressive behaviors in

particular suicide attempt and sociological problems

of the patient have an impact on satisfactory treatment

of psychiatric disorders. Management of psychiatric

disorders in patients with epilepsy should be com-

menced always following optimalization of antiepi-

leptic treatment. Seizure threshold, side effects, inter-

action with currently administered antiepileptic drugs,

efficacy and the price should be taken into considera-

tion before chosing antipsychotropic drug for the pa-

tient with epilepsy [Marchetti et al., Epilepsy & Be-

hav, 2003]. Both groups of drugs may be substrates

for isoenzymes of cytochrome P-450 or may affect

the enzymes’ activity which can result in numerous
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Drugs Antipsychotic Antidepressant Anxiolytic Antiepileptic

CYP2D6 Olanzapine (–)
Risperidone (–)
Clozapine (–)
Pimozide (–)
Sertindol (–)
Perfenazine
Haloperidol
Thioridazine
Zuklopentixol

Paroxetine (–)
Fluoxetine (–)
Mirtazapine
Tricyclic
antidepressant
drugs (TCAD)

Flunitrazepam (–)

CYP3A4 Risperidone (–)
Sertindol (–)
Clozapine

Fluoxetine (–)
Fluoxamine (–)
Sertralina (–)
Mirtazapine
TCAD

Alprazolam
Bromazepam
Diazepam
Triazolam
Midazolam

Phenytoin (+)
Phenobarbital (+)
Primidon (+)
Carbamazepine (+)
Topiramate (+)
Oxcarbazepine (+)

CYP2C19 Clozapine (–) Fluoxetine (–)
Fluvoxamine (–)
Imipramine

Alprazolam
Bromazepam
Diazepam

Felbamat (–)
Topiramat (–)
Valproate (–)
Oxcarbazepine (+)

CYP1A2 Fluvoxamine (–)
Mirtazapine
TCAD

Alprazolam
Bromazepam
Diazepam

No relevant impact Citalopram Ethosuksimide
Tiagabine
Vigabatrin

���� �� *�	������ �	 ��� ������������ ���� �� ��� ��������� ��������� :4�0����� ��� ������� *�9 ����������� �����8����� �� ��������> ?����
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Low Risk Moderate Risk High Risk

Antidepressant drugs Moclobemide
SSRI
Doxepin

Mianserine
Mirtazapine
Wenlafaxine
Clomipramine
Dezipramine

Amitriptyline
Maprotiline
Imipramine
Amoxapine
Nortriptyline

Neuroleptics Haloperidol
Pimozide
Risperidone
Sulpiride

Quetiapine
Zuklopentixol

Olanzapine
Phenotiazines

Chlorpromazine
Clozapine

Anxiolytics Benzodiazepines
Zopiclon
Zolpidem
Beta-blockers

Buspiron

Others Acamprozate
Anticholinergic drugs
Modafinil

Disulfiram
Acetylcholinesterase inhibitors

Lithium
Methylphenidat

Bupropion



interactions – in Tab. 1, there are data on the relation-

ship between these drugs and cytochrome P-450. Psy-

chotropic effect of antiepileptic drugs may be demon-

strated as a dose dependent non-specific activity,

overdosing, specific activity in predisposing subjects

or in cases of abstinence syndrome. Probable predis-

posing factors are polytherapy, high dose and rapid in-

crease of dose, organic damages of CNS, positive his-

tory to psychiatric disorders both in patient and his

family [Briellmann et al., Neurology, 2000; Adachi et

al., Epilepsia, 2002].

The probable mechanism of induction of epileptic

seizures by psychotropic drugs, which should be con-

sidered while commencing treatment are as follows:

dopaminergic, noradrenergic, gabaergic and sero-

toninergic [McConnel and Duncan, In: Psychiatric

comorbidity in epilepsy. Basic mechanism, diagnosis

and treatment. Washington DC, American Psychiatric

Press Inc, 1998]. The relationship between the seizure

threshold and antipsychotic drugs is shown in Tab. 2.

While choosing psychotropic drug for the treat-

ment of the patient with epilepsy the following crite-

ria should be considered:

1. Influence of the drug on the epileptic threshold

2. Adverse events occurred in patients with epilepsy

3. The efficacy confirmed in patients with epilepsy

4. Interactions with the antiepileptic drugs

5. Psychotropic activity of antiepileptic drugs ad-

ministered in patients

6. Price

Affective disorders

Depression in epilepsy

According to Boylan and colleagues, at least 54% of

patients with depression need pharmacological treat-

ment, but also 19% have severe depression often re-

quiring hospitalization, because of the increased risk

of suicide attempts. Nonetheless most of them (37%)

are not diagnosed as depressive, and 17% do not get

appropriate antidepressive treatment [Boylan et al.,

Neurology, 2004]. In summary, all these facts urge

further investigation of depression risk factors in epi-

lepsy. While establishing therapy the following crite-

ria should be considered:

1. Among the patients with epilepsy who have been

diagnosed with depression antidepressant drugs

should be used.

2. Monotherapy should be used at the beginning and

alternative monotherapy should be considered as a sec-

ondary choice. Polytherapy should be commenced as

a third choice in case of drug resistance depression.

3. While chosing the drug the impact on epileptic

threshold and interaction with antiepileptic drugs ad-

ministered in the patient should be considered.

4. Usually as a first choice the drugs from the group

of selective serotonin reuptake inhibitors (SSRI) are

chosen. Moclobemide, venlafaxine, mirtazapine, tia-

neptine are also acceptable.

5. As a secondary choice tricyclic antidepressive drugs

are used.

6. In case of dystymia SSRI drugs are recommended,

moclobemide, tianeptine.

A possible proconvulsive activity of antidepressant

drugs is shown in Tab. 3 and their pharmacokinetic in-

teractions with antiepileptic drugs in plasma – in Tab. 4.
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Risk of seizure Antidepressant drug

0.1–36.4% Clomipramine

0.4–15.6% Maprotiline, amoxapine

0.1–0.9% Amitryptiline, imipramine

0.1–0.26% Mirtazapine, tianeptine,
wenlafaxine

0.1% Nortriptyline, dezipramine,
doxepin

0.07–0.1% Paroxetine

Close to 0% Trazodon

0.2% Fluoxetine

0.2% Fluvoxamine

0.67% Mianserine

0.3–1% Bupropion

Close to 0% Moclobemide

0.078% Sertraline

0.2% Citalopram



Psychotic disturbances

The etiology of psychotic disorders in epilepsy seems

to be exceptionally complex and multifactorial. The

extent and localization of the organic lesion in the

brain (especially in the temporal lobe of left hemi-

sphere) co-exist with the effect of antiepileptic drugs

and typical risk factors for patients with chronic dis-

eases, as feeling of social isolation, solitude and per-

sonal susceptibility. The role of epileptogenicity, still

not fully understood, has been also stressed, but there

is evidence suggesting that the connection between

epilepsy and psychosis is not clear enough [Torta and

Keller, Epilepsia, 1999].

Comparing to antidepressant drugs, much less data

regarding epiletogenicity and interactions of neuro-

leptics with antiepileptic drugs are available. While

establishing therapy with neurolpetics the following

rules should be considered:

1. The indication to commence treatment with neuro-

leptics in patients with epilepsy is interictal psychosis.

2. Before treatment with neurolpetics the psychotic

symptoms should be excluded as directly associated

with epileptic seizures e.g. non-seizure status epilepti-

cus or partially associated with the seizures e.g. alter-

native psychosis associated with forced normalization.

3. The therapy of psychotic disturbances in patients

with epilepsy should be commenced after optimizing

antiepileptic treatment.

4. In case of need of neuroleptic treatment the rule of

influence of drugs on epileptic seizure threshold should

be followed and interactions with currently adminis-

tered antiepileptic drugs should be considered.

5. Always monotherapy should be the first choice

therapy, the induction of treatment should be slow and

high doses should not be used.

6. The efficacy of treatment with neuroleptics can be

assessed after 6 weeks.

Neuroleptics have negative impact on epileptic sei-

zure threshold and many interactions with antiepilep-

tic drugs. It seems that chlorpromazine is associated

with the highest risk of deterioration of the course of

epilepsy, a bit lower risk but still high has fluphe-

nazine, tioridazine, perfenazine, trifluoroperazine,

clozapine, olanzapine. The neurolpetics above are in-

volved in interactions with antiepileptic drugs me-

tabolized by cytochrom P-450. Relatively safe drug

from that group is pimozide, but it is not recom-

mended due to high risk of cardiac arrhythmia. The

recommended neuroleptics are sulpiride, risperidone

and haloperidol. Possible pharmacokinetic interactions
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Antiepileptic Drugs Neuroleptics

� Phenytoin Thioridazine, chlorpromazine

Penytoin, karbamazepina � Haloperidol

Carbamazepine � � Clozapine

Phenytoin � Clozapine

Carbamazepine � Risperidon, thioridazine,
perazine, perfenazine

� Carbamazepine Phenotiazines, chlorprotixen

� Phenobarbital � Thioridazine

Phenobarbital � Clozapine, chlorpromazine

Phenytoin � Haloperidol, clozapine,
chlorpromazine

Valproate � Chlorpromazine, clozapine

� ; �������� �� ��� ������ �������������� � ; �������� �� ���
������ �������������
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������������� ���� C���> �� 4����� ��� 0������� D��������� .///G

Antiepileptic drugs Antidepressant Drugs

� Carbamazepine, phenytoin Fluvoxamine, fluoxetine

� Phenytoin, valproate Fluvoxamine

Phenobarbital � Fluoxetine, paroxetine

Phenobarbital, phenytoin,
carbamazepine, oxcarbazepine

� selective serotonin reuptake
inhibitors (SSRI), fluwoxamine

Phenobarbital, phenytoin,
carbamazepine, oxcarbazepine

� TCAD

Valproate � Dezipramine

� Phenytoin Imipramine, dezipramine

Carbamazepine � Clomipramine

Carbamazepine � Dezipramine

Carbamazepine, phenytoin � Mirtazapine

� Phenytoin Paroxetine

Carbamazepine � Lithium

� ; �������� �� ��� ������ �������������� � ; �������� �� ���
������ �������������



between antiepileptic and neuroleptic drugs are given in

Tab. 5.

Anxiety disorders

Anxiety disorders are most frequently reaction to the

disease and associated experiences and may have dif-

ferent forms. It seems that pharmacotherapy should

be commenced once the other non-pharmacologic

methods of treatment failed.

Benzodiazepines have to modes of action i.e. anxio-

lytic and antiepileptic. Due to the risk of anxiogenic

effect if administered in long-term therapy benzodi-

azepines should not be administered as anxiolytics in

patients with epilepsy. Long-term therapy with benzodi-

azepines is associated with the high risk of prolonged sei-

zures, depression and psychosis. As such benzodi-

azepines administered in patients with epilepsy should be

used exclusively in order to interrupt status epilepticus.

The ketogenic diet

Iwona Halczuk
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The ketogenic diet (KD) is an established, nonphar-

macologic treatment for intractable epilepsy particu-

larly in children and it can been used as a therapeutic

alternative to antiepileptic drugs for special cases.

Little is known about the efficacy and adverse effects

of the KD in adults with refractory epilepsy.

Fasting for seizure control has been suggested since

biblical times. The KD is a high-fat, low-protein, low-

carbohydrate diet developed in the 1920s. KD bio-

chemically mimics the fasting state. Studies of the effi-

cacy of the diet for seizure control were published first

by clinicians at the Mayo Clinic – Peterman in 1925

[Peterman, JAMA, 1925] and Helmholz in 1927

[Helmholz, JAMA 1927]. The diet has been used suc-

cessfully in patients with many different epilepsy syn-

dromes (with partial and generalized seizures) in

countries around the world. The interest in KD in-

creased again when the many of anticonvulsant medi-

cations, also of the new generation, turned out to be

ineffective in control of epileptic seizures.

The mechanism underlying its clinical effects re-

mains unknown, but there is evidence that it causes

effects on intermediary metabolism that influence the

dynamics of the major inhibitory and excitatory neu-

rotransmitter systems in brain (an enhancement of

GABA inhibition has often been proposed), but also

induces a protective effect. The brain normally uses

glucose manufactured from muscle tissue as its source

of fuel. When the body is fasting, the brain is forced

to use ketones manufactured from body fat. The ke-

tone bodies partly replace glucose as fuel. When this

happens, the body is in a state of ketosis. Ketosis

seems to be essence of success of the KD. Chronic ke-

tosis is anticipated to modify the tricarboxylic acid

cycle to increase GABA synthesis in brain, limit reac-

tive oxygen species generation and boost energy pro-

duction in brain tissue. Particularly acetone has anti-

convulsant activity and could play a role in the seizure

protection afforded by the diet. Ketone bodies may at-

tenuate spontaneous firing of ATP-sensitive potas-

sium channels in central neurons, and pharmacologi-

cal inhibition of glycolysis has been shown to retard

epileptogenesis in a rat kindling model. In addition

the KD provides protection against the development

of spontaneous recurrent seizures in models of

chronic epilepsy and it has neuroprotective properties

in diverse models of neurodegenerative diseases, in-

cluding Alzheimer disease, Parkinson’s disease, and

amyotrophic lateral sclerosis. In these disorders, the

ketogenic diet appears to be neuroprotective, promot-

ing enhanced mitochondrial function and rescuing

adenosine triphosphate production [Hartman et al.,

Pediatr Neurol, 2007].

Three forms of the KD are recognized: the classic

KD, the medium-chain triglyceride diet, and the

modified medium-chain triglyceride diet. It appears
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efficacious in a wide variety of seizure types, al-

though controlled studies evaluating efficacy are lack-

ing. Many studies of the use of the KD in childhood

epilepsy were reported, but no prospective-controlled

studies were reported. The KD often allows to reduce

seizure frequency and consequently decrease or

sometimes discontinue medication. About one-third

to two-third of patients derive benefit, when the diet is

used in addition to their antiepileptic drugs [Freeman

et al., Pediatrics, 1998].

Potential adverse effects can be avoided with care-

ful attention during the diet’s initiation and mainte-

nance phases, and include reduced bone mass, renal

stones, hypoproteinemia, hyperlipidemia, hair loss,

metabolic encephalopathy, behavioral disturbances,

hemolytic anemia, hyperuricemia, and refusal to eat.

A study of 58 children treated with the classic KD

found a 10% incidence of serious side effects (3 of 58

patients experienced renal stones, 2 had hyperurice-

mia, and individual patients had acidosis, hypocalce-

mia, and recurrent infections; some patients refused to

eat) [Kinsman et al., Epilepsia, 1992].

New indications for antiepileptic drugs application in infants

with tuberous sclerosis complex – prevention of epilepsy

Sergiusz Józwiak1, Dorota Domañska-Pakie³a1, Katarzyna Kotulska1, Joanna
Szymkiewicz-Dangel2, Dorota Dunin-W¹sowicz1, El¿bieta Jurkiewicz3, Julita
Borkowska1, Dariusz Kuczyñski1, Maria Respondek-Liberska4
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Tuberous sclerosis complex (TSC) is a genetically de-

termined, multisystem disorder characterized by the

development of multiple hamartomas. The brain, kid-

ney, heart, lungs, liver, skin and retina are the organs

commonly affected. TSC occurs with an incidence of

approximately 1 in 6000 in the general population

[Au et al., J Child Neurol, 2004, Kwiatkowski, Am

Hum Genet, 2003]. The diagnosis of the disease is

made on clinical basis. The clinical criteria are di-

vided into two main categories, major and minor,

based on the diagnostic importance and degree of

specificity for TSC of each clinical and radiographic

feature (Table 1). The definite diagnosis of TSC is es-

tablished when two major features or one major fea-

ture and two minor features are demonstrated. Inter-

estingly, epilepsy and mental retardation have been

recognized as non specific for TSC and are not in-

cluded into the existing criteria.

The clinical picture of TSC depends on the age of

the patient, as most lesions develop with increasing

age. Soon after birth, hypomelanotic macules are most

commonly observed [Jozwiak et al., J Child Neurol,

2001]. However, the first and very prominent symp-

toms of the disorder, which can be diagnosed even

prenatally on routine fetal echocardiography, are car-

diac tumors. Recently, an introduction of routine fetal

echocardiography gave us a possibility to diagnose

TSC even before birth and prospectively follow up

these children. Fetal MRI may be very helpful in con-

firming the diagnosis.

The majority of patients experience symptoms ref-

erable to central nervous system involvement. First

diagnostic criteria of TSC established by German

physician, Vogt, in 1908 included epilepsy and mental

retardation as compulsory features of TSC [Vogt, Er-

forsch Behandl Jugendl Schwachsinns, 1908]. Mental

disabilities, ranging from mild learning difficulties to

severe mental retardation are seen in half of TSC pa-

tients [Prather et al., J Child Neurol, 2004]. Seizures

develop in up to 92% of TSC individuals [Jozwiak et

al., J Child Neurol, 2001]. In 58% of TSC patients,

epilepsy appears in the first six months of life and in

75% of them in the first year of life [Jozwiak et al.,
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J Child Neurol, 2001]. In about one third of TSC pa-

tients West syndrome is diagnosed.

According to Gomez [Tuberous sclerosis, 1988]

and our studies [Jozwiak et al., Arch Neurol, 1998]

intellectual disability affects only the patients with the

history of seizures. Moreover, the earlier the seizures

appear, the higher is the risk of mental disability.

However, the mechanisms responsible for seizures

development and mental disability remain unclear.

There is a relationship between mental outcome and

different epilepsy-associated factors. Infantile spasms,

as a seizure type, are recognized as a significant risk

factor for poor mental development in patients with

TSC [Jozwiak et al., J Child Neurol, 1998]. Some re-

ports indicate the important impact of severe electro-

encephalographic (EEG) abnormalities on mental out-

come of epilepsy patients. Primec et al. [Epilepsia,

2006] found a correlation between the longer duration

of hypsarrhythmia and poorer mental outcome.

Below we report follow-up of patients with prena-

tally diagnosed TSC. Analysis of their EEG evolution

and epilepsy characteristics prompted us to discussion

about the new indications for antiepileptic treatment.

All the children with definite diagnosis of TSC es-

tablished prenatally or in neonatal period, who were

referred to our Department, were included in the

study. All patients with neurological causes of referral

have been excluded. The patients were referred to our

Department due to either multiple cardiac rhabdo-

myomas seen on fetal echocardiography, TSC diagno-

sis in a parent, or skin or neuroimaging abnormalities

(in ultrasound or MRI). On referral, none of the pa-

tients presented with any neurological abnormality.

In one group of children, routine but very thor-

ough, approach was applied. In this group, antiepilep-

tic treatment was introduced after seizure appearance.

However, in some of them, when EEG before seizures

was performed, we could notice progressive deterio-

ration on EEG preceding seizure appearance. There-

fore, in the second group of children, the antiepileptic

treatment was introduced when active epileptogenic

EEG abnormalities were noted. EEG examination was

performed every 4–6 weeks starting from the referral

till the end of 2nd year of life. In each of the treated

children, the first line drug was vigabatrin as it is

widely accepted to be highly efficient in TSC patients.

Among the children who had EEG performed prior

to epilepsy and treated before seizures but after epi-

leptogenic activity seen on EEG, seizures appeared

more rarely. Moreover, the mental outcome of these

patients, was more favorable in comparison to the pa-

tients managed in a routine manner.

In conclusion, we indicate that the early treatment

of active epileptic discharges on EEG may decrease

the incidence of epilepsy and mental retardation in pa-

tients with TSC.
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_________________________________________________

Major Features

Facial angifibromas or forehead plaque

Nontraumatic ungual or periungual fibroma

Hypomelanotic macule (three or more)

Shagreen patch (connective tissue nevus)

Multiple retinal nodular hamartomas

Cortical tuber #

Subependymal nodule

Subependymal giant cell astrocytoma

Cardiac rhabdomyoma, single or multiple

Lymphangiomyomatosis *

Renal angiomyolipoma *

Minor Features

Multiple, randomly distributed pits in dental enamel

Hamartomatous rectal polyps §

Bone cysts &

Cerebral white matter radial migration lines #&

Gingival fibromas

Nonrenal hamartomas §

Retinal achromic patch

“Confetti” skin lesions

Multiple renal cysts §

Definite Tuberous Sclerosis Complex:

Either two major features or one major feature plus two minor features.

Probable Tuberous Sclerosis Complex:

One major plus one minor feature.

Possible Tuberous Sclerosis Complex:

Either one major feature or two or more minor features.

_________________________________________________
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Nonconvulsive events in developmental age

Marek Kaciñski, Agnieszka Nowak, Anna Zaj¹c, Ma³gorzata Steczkowska
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Observation and registration of nonconvulsive sei-

zures in children is troublesome and correct diagnosis

contribute to improvement of life quality. Nonconvul-

sive epileptic seizures may evolve like convulsive sei-

zures to status epilepticus and these are particularly

important. Status epilepticus cause mental deteriora-

tion and worsens quality of children life.

Non epileptic nonconvulsive events comprise mi-

graine, syncopes, cyclic vomiting, sleep disorders,

motion sickness and gastrointestinal disorders. These

pathological conditions occur in about 20–25% of in-

fants, children and adolescents with normal psycho-

motor development and paroxysmal events and up to

60% in children with mental retardation [Paolicchi,

Epilepsia, 2002]. Nowadays differential diagnosis of

great clinical importance is between non epileptic

events and epileptic Panayiotopoulos syndrome with

autonomic seizures [Covanis, Pediatrics, 2006]. How-

ever other types of epileptic seizures without convulsions

also need differentiation with non epileptic events.

Nonconvulsive seizures are more often diagnosed

in patients with epilepsy, both of outpatient clinics

with cognitive disorders and of pediatric intensive

care units, however more commonly in the latter

group of most severly affected children. These types

of seizures were observed in 16.3% of intensive care

unit patients, boys almost twice as often as girls

[Saengpattrachai et al., Epilepsia, 2006]. Semiology

of these seizures as well as changes of EEG patterns

(periodic, rhythmic, evoked by stimulation) are vary-

ing in this group of patients [Jirsch and Hirsch, Clin

Neurophysiol, 2007]. Nonconvulsive epileptic sei-

zures of emotional character associated with visceral

disorders, caused by pathology of limbic system are

particularly difficult to diagnose. These type of sei-

zures are univocal clinical indications for thorough

analyse of structural and functional limbic system ex-

aminations in undefined childhood paroxysmal events

[Grippo et al., Rev Neurol, 2001]. The co-occurence

of convulsive and nonconvulsive seizures is also ob-

served in developmental age complicating its diag-

nostics and performance of videoEEG is needed for

its confirmation [Valente et al., Pediatr Neurol, 2003].

Into nonconvulsive epileptic syndromes epilepsy

with typical absence seizures with epileptic focus lo-

calized in 5/6 layer of sensory-motor facial cortex is

classified [Polack et al., J Neurosci, 2007]. According

to the results of the experimental model it can be re-

gared as ion-channel disorder associated with KCNK9

gene localized on 8q24 chromosome coding TASK3

channel [Holter et al., J Mol Neurosci, 2005]. Other,

frequently observed, idopathic childhood paroxysmal

event is Panayiotopoulos syndrome, benign, associ-

ated with age, focal paroxysmal event occuring in

early and slightly later childhood. Seizures in this

syndrome are usually of longer duration, character-

ized by autonomic features with vomiting. Pallor is the

most common, however reddening and cyanosis is

also observed. Pupils are usually dilated in children

with Panayiotopoulos syndrome but sometimes con-

tracted, cardiopulmonary disorders and termoregula-

tory dysfunction are also present. Hypersalivation is

observed, motor function of digestive tract is altered

and sometimes involuntary loss of urine and stool is

possible. At the begining children respond to external

stimuli and become unresponsive and flaccid (parox-

ysmal syncope). Eyeballs are directed toward one side

or remain wide open. In half of the cases the seizure

ends with partial or generalized convulsive seizure,

exceptionally convulsive status epilepticus can occur.

Panayiotopoulos syndrome stands for 13% of child-

hood epilepsy at the age range 3–6 and for 6% in 1–15

years old children with epilepsy. Panayiotopoulos

syndrome is the most important nonconvulsive epi-

leptic fenotype in early childhood and in older chil-

dren rolandic epilepsy [Covanis, Pediatrics, 2006].

Nonconvulsive status epilepticus is heterogenic

group and occurs since first month of life, however, in

adolescence is also observed. It results from at least

30-minutes paroxysmal bioelectrical activity mani-

fested as cognitive and behavioral disorders but with-

out convulsions. EEG registration is required for con-

firmation of the diagnosis and evaluation of level of

consciousness disturbance and additionally provides

prognostic value [Kaplan, Neurologist, 2005]. Status

epilepticus of typical absence seizures is characterised

by confusion or decreased responsiveness, blinking or
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tremor lasting several hours or even days. Other cate-

gory of nonconvulsive status epilepticus is state of un-

typical absence seizures with similar long duration

but usually associated with bilateral synchronization

of bioelectrical brain activity and symptoms of epilep-

tic encephalopathies [Shorvon and Walker, Epilepsia,

2005]. EEG pattern of children with this type of status

epilepticus revealed periodic epileptiform lateralized

discharges (PLEDs) as well as generalized periodic

epileptiform discharges (GPEDs) [Tay et al., Epilep-

sia, 2006]. In some children nonconvulsive status epi-

lepticus is presents only in EEG epileptiform dis-

charges and simultaneously clinically confusion, stu-

por or coma is observed [Drislane, Epilepsy Behav,

2000]. Usually it is caused by hypoxic-ischemic con-

ditions and their first manifestation may be coma in

children after hypoxic brain damage. Other causes of

it are neurometabolic disorders, acute infections,

modification of antiepilepic drugs dosage, refractory

epilepsy and intracranial bleeding [Tay et al., Epilep-

sia, 2006]. Nonconvulsive autonomic status epilepticus

occurs in Panayiotopoulos syndrome and in almost

half of children seizures last over 30 minutes. Non-

convulsive status epilepticus sometimes manifests as

confusion and may even imitate psychiatric disorder

and catatonic stupor [Suzuki et al., Epilepsia, 2006].

Diagnostic sensivity of routinly performed EEG in

nonconvulsive seizures is too low (72%) and also in

periodic epileptiform lateralized discharges PLEDs

(54%) [Kolls and Husain, Epilepsia, 2007]. Particu-

larly challenging is EEG analyse of children hospital-

ized in intensive care units with non-convulsive status

epilepticus. This mainly concerns children after head

injuries, with loss of consciousness, after stroke,

subarachnoid bleeding, neonates with sepsis and

hypoxic-ischemic encephalopathy and children after

cardiac operations. Mortality in this type of status epi-

lepticus was 26% and worst prognosis in children

with periodic discharges of bioelectrical brain activity

was reported [Tay et al., Epilepsia, 2006].

According to cognitive functions, nonepileptic sei-

zures affected the most children’s reactivity and their

short-term memory. Time cumulation of epileptic ac-

tivity was observed and caused deterioration in school

achievements [Aldenkamp and Arends, Epilepsia, 2004].

Pharmacotherapy is a fundamental therapeutic

method of epilepsy with nonconvulsive seizures, es-

pecially valproic acid due to its wide therapeutic spec-

trum in generalized and partial seizures both convul-

sive and nonconvulsive [Pellock, Epilepsy Behav,

2002]. Nonconvulsive seizures occur after medication

overuse or rapid drug withdrawal. Such situation

needs fast identification and differentiation with other

causes of those symtoms in drug-addicts (neuroinfec-

tions, injury, stroke, metabolic disorders) [Brust, Neu-

rology, 2006]. The most common cause of nonconvul-

sive seizures was withdrawal of antiepilepitc drugs as

well as usage of their subtherapeutic dosages, delayed

response to introduced pharmacological treatment, fe-

ver and metabolic disorders [Fagan and Lee, Neurol-

ogy, 1990]. Treatment of nonconvulsive and convul-

sive status epilepticus is similar, based on benzodi-

azepines (diazepam, lorazepam, midazolam) and

valproinians, however phenytoin is not recommended

in the first one [Pang and Hirsch, Curr Treat Options

Neurol, 2005]. Recent publications indicated effec-

tiveness of levetiracetam in treatment of nonconvul-

sive status epilepticus [Patel et al., Seizure, 2006]. In-

duction of nonconvulsive status epilepticus was ob-

served after carbamazepine used in treatment of

idiopathic epilepsy with primary generalized seizures.

It imitated dissociative symptoms suggesting affec-

tive disease [Marini et al., J Child Neurol, 2005].

Continuous education concerning seizures and

nonconvulsive status epilepticus should be appreci-

ated. Monitoring of status epilepticus course in

Panayiotopoulos syndrome must be excellent and

pharmacological preventive treatment in such cases is

not always necessary. Unfavorable effects of aggressive

pharmacological treatment and its most severe compli-

cation, cardiorespiratory arrest should be in mind.
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Epigenetics and patomechanisms of epilepsy

W³adys³aw Lasoñ1,2, Danuta Jantas1, Monika Leœkiewicz1
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Epigenetics deals with any hereditary changes which

are not determined by DNA sequence, but by the

structure of chromatin [Tsankova et al., Nature Rev,

2007]. Chromatin modifications and remodeling are

dynamic processes that modulate gene expression by

making DNA accessible to the transcriptional machin-

ery. Chromatin contains DNA, RNA, histone and

non-histone proteins. The basic unit of chromatin is

named nucleosome, which consists of ~147 base pairs

of DNA wrapped around a histone octamer, each con-

taining two copies of the histones H2A, H2B, H3 and

H4. The best characterized chromatin remodeling

mechanism in the brain involves posttranslational co-

valent modifications of histones at distinct amino ac-

ids residues on their N-terminal tails by acetylation,

phosporylation and methylation. In detail, dynamic

changes in acetylation and deacetylation status of his-

tones dependent on specific acetyltransferases (HATs)

and deacetylases (HDACs), are responsible for gene

promoter activation and inhibition, respectively. In re-

spect to methylation and phosporylation of histones,

catalyzed by specific methyltransferases (HMTs) and

demetylases (HDMs) or protein kinases and phos-

phatases, these modifications could lead either to

gene activation or silencing, depending on the amino

acid residues being modified. Other histone modifica-

tions, like ubiquitylation, SUMOylation, and ADP ry-

bosylation are still less understood. Apart from dea-

cetylation of histones or phosphorylation/methylation

of their specific residues, methylation of DNA is an-

other way of gene repression. Generally, genetically

inactive condensed heterochromatin shows low level

of histone acetylation and high level of DNA methyla-

tion. Deacetylation of histones and demethylation of

DNA transform heterochromatin into genetically ac-

tive non-condensed euchromatin. Methylation of

DNA causes repression of gene activity by blocking

the access of transcription factors to DNA, via methyl

binding domains (MBDs) of proteins. In addition, it

decreases histone acetylation, increasing chromatin

condensation and inhibiting transpositions and rear-

rangement. The DNA methylation plays a key role in

several biological processes, like parental imprinting,

development, X-chromosome inactivation, silencing

of foreign DNA [Santos-Reboucas and Pimentel, Eur

J Hum Genet, 2007]. Genomic imprinting is a rare but

important feature of mammalian genome. In diploid

cells only one gene from the pair of alleles can be ex-

pressed. Expression of the second one is inhibited by

the methylation. In other words, gene is “imprinted”

when expression of one of its alleles is silenced, and

this depends on the parent from whom the silenced al-

lele was inherited. Such imprinted gene is susceptible

to harmful effects of recessive mutations. Expression

of imprinted gene may be epigenetically deregulated.

Thus, there are functional differences between ho-

mologous chromosomes derived from mother or fa-

ther. These differences result from epigenetic pro-

cesses and inactivation of alleles. An example is

Prader-Willy syndrome (defected methylation of fa-

ther’s DNA at region 15q11-13 and Angelman’s syn-

drome (when the DNA derives from mother)

[Tsankova et al., Nature Rev, 2007].

The role of epigenetic regulation of gene expres-

sion is quite well recognized in developmental and

cancer biology, but its influence on brain functions is

still under intensive investigation [Jiang et al., J Neu-

rosci, 2008]. Much intracellular signaling in the brain,

evoked by endogenous neuronal activity or by an in-

fluence of centrally acting drugs, has been reported to

regulate chromatin remodeling. In the brain, the chro-

matin modifying enzymes are studied mainly in rela-

tion to the regulation of transcriptional processes re-

quired for memory formation, drug addiction, epi-

lepsy, neuropsychiatric diseases (depression, bipolar

disorder, schizophrenia) and neuroprotection (Hunting-

ton’s disease, Alzheimer’s disease, Parkinson’s dis-

ease) [Tsankova et al., Nature Rev, 2007; Barrett and

Wood, Learning and Memory, 2009]. Epigenetics

seems to be a good candidate which could give an ex-

planation for interindividual variations in CNS dis-

ease symptoms accompanying even a single gene mu-

tation (e.g. Hunthington’s disease) or wide diversity in

drug response that cannot be accounted for on the basis

of genetic polymorphism. Many enzyme-encoding

genes, drug transporters, transcription factors, drug

targets and nuclear receptors are epigenetically regu-

lated [Gomez and Ingelman-Sundberg, Pharmacol
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Ther, 2009]. The diversity of histone modifications

supports the histone code hypothesis which states that

the sum of modifications at a particular promoter re-

gion defines a specific epigenetic state of gene activa-

tion or silencing. For instance, a single electroconvul-

sive shock increases H4 histone acetylation, whereas

repeated ECS enhance acetylation of histone H3 in

promoter region of BDNF gene, elevating its expres-

sion [Tsankova et al., Nature Rev, 2007]. It was as-

sumed that H3 acetylation may represent a common,

chromatin-mediated mark of persistently or repeat-

edly activated genes, which is in contrast to H4 acety-

lation, which could be a mark for acute, transient

changes in gene expression. The above-mentioned re-

sults are a good example that electrical seizures affect

epigenetic processes. On the other hand, in some epi-

genetic disorders in humans, seizures are part of their

phenotypes. Rett’s syndrome (mutated gene of methyl

cytosine binding protein 2, MeCp2 which forms com-

plexes with histone deacetylase) has a complex phe-

notype, but seizures can be also observed. In ATR-X

syndrome (mutation of ATRX gene, disturbances in

DNA methylation) seizure incidence rises by up to

35%. Apart from mental retardation, epilepsy is also

an important pathological hallmark of Angelman’s

syndrome, an inherited disorder which could be

evoked, for example, by the specific parent-origin al-

lelic methylation on chromosome 15q11-q13 [La-

lande et al., Adv Neurol, 1999]. Interestingly, recent

studies identified novel human imprinted genes lo-

cated on chromosome 8, previously unsuspected of

containing this kind of genes [Luedi et al., Genome

Res, 2007]. One of these genes, KCNK9 which is pre-

dominantly expressed in the brain and is a known on-

cogene, may be involved in bipolar disorder and epi-

lepsy. Other data showed a relationship between ge-

netic variation and epigenetic modification on the

basis of the study of the human potassium-chloride

co-transporter 3 gene promoter (KCC3, SLC12A6),

a gene which is also linked to some kind of epilepsy

[Moser et al., Neuropsychopharmacology, 2009].

A question arises whether epigenetic modifications

are reversible. Epigenetic memory can be erased by

active deletion of histone modifications (histone dea-

cetylation) or active demethylation of DNA during

early embryogenesis. There is a close relationship be-

tween epigenetics and brain plasticity, since environ-

ment and maternal behavior affect DNA methylation

and this may be transmitted to offspring. This sug-

gests that epigenetics may play an important role in

epileptogenesis, which shares many common features

with developmental plasticity. Epileptogenesis is a long

lasting, progressive process of neuronal net transfor-

mations, which ultimately leads to repeated occur-

rence of unprovoked seizures [Lowenstein, Epilepsy

Res Suppl, 1996]. Analysis of cDNA profile revealed

that there are common changes in expression of some

genes responsible for neural plasticity, cell morphol-

ogy and axon growth during brain development and in

experimental models of epileptogenesis. It is likely

that epigenetics is important for development of sec-

ondary epileptogenesis induced by brain injury or

status epilepticus. In has been firmly demonstrated

that there are three consecutive phases of experimen-

tal epileptogenesis. The first phase involves injury of

brain tissue, followed by a silent period and period

when seizures occur. It is thought that after injury

there is local neuronal loss, followed by gliosis and

long-lasting period of axonal and dendritic reorgani-

zation, which form pathological neuronal net, suscep-

tible to seizure generation. Plethora of genes, activity

of which may be affected by epigenetic mechanisms

are involved in synaptic reorganization and other pro-

cesses which may be responsible for development of

permanent hyperexcitability of neuronal circuits dur-

ing epileptogenesis. It was shown that chemical agents

used in experimental models of seizures (pilocarpine

and kainate) were able to evoke chromatin remodel-

ing in hippocampal neurons connected with increased

ERK activity and acetylation of H4 and phosphoace-

tylation of H3 histones in c-Fos gene promoter [Cro-

sio et al., J Cell Sci, 2003]. Additionally, in kainate-

induced status epilepticus the increased level of

CREB-binding protein (CBP), a well known tran-

scriptional co-activator with HAT activity was ob-

served, and its expression correlated with histone H4

hyperacetylation. Curcumin which possesses HAT in-

hibitory activity specific for CBP, attenuated both, the

histone modifications and the severity of seizures af-

ter kainate treatment.

Interestingly, some antiepileptic drugs may act on

the CNS also via the epigenetic mechanism. To this

end, it was found that valproate as an inhibitor of his-

tone deacetylases (HDACs) was able to change ex-

pression of many genes. Furthermore, it also induced

demethylation process. Epigenetic effects of valproate

in animal models of status epilepticus deserve special

attention. In particular, valproate via inhibiting his-

tone deacetylase has been shown to prevent aberrant

neurogenesis and cognitive deficits which followed
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kainate-induced status epilepticus [Jessberger et al.,

J Neurosci, 2007]. Valproate also protected animals

against seizure-induced neural injury and neurobehav-

ioral changes, but did not prevent secondary epilepto-

genesis [Brandt et al., Neuropharmacology, 2006]. Also

another study has suggested that fast and gene-

specific alterations in histone acetylation pattern are

important in status epilepticus-induced pathological

changes. These data demonstrated the altered acetyla-

tion at glutamate receptor 2 (decreased) and brain-

derived neurotrophic factor (increased) genes in an

early event triggered by status epilepticus evoked by

pilocarpine in the rat hippocampus. Moreover, the

HDAC inhibitor, trichostatin A prevented and quickly

reversed changes in deacetylation of GluR2-associated

histones and blunted seizure-induced downregulation

of GluR2 mRNA in CA3 (Huang et al., J Neurosci,

2002). It is known that valproate enhances GABA

synthesis via GAD activation [Loscher et al., CNS

Drugs, 2002] and this may be partly due to the fact

that this drug, by inhibiting HDACs, prevents me-

thionin-evoked GAD67 mRNA decrease [Tremolizzo

et al., Proc Natl Acad Sci USA, 2002; Dong et al.,

Proc Natl Acad Sci USA, 2005]. However, some ob-

servations speak against the involvement of epige-

netic factors in anticonvulsive mechanism of val-

proate. In contrast to valproate, the selective inhibitor

of HDAC, trichostatin A, lacks anticonvulsive activ-

ity, at least in the pentetrazole test [Hoffman et al.,

Epilepsy Res, 2008]. Moreover, some non-teratogenic

analogues of valproate are not HDAC inhibitors and

do not activate gene transcription, however, they do

inhibit seizures [Bialer and Yagen, Neurotherapeutics,

2007]. Interestingly, other experimental approaches in

treatment of drug-resistant epilepsy, like dietary ma-

nipulation (ketogenic diet) showed an involvement of

metabolic regulation of chromatin structure and re-

duction epilepsy progression [Lejeune and Ladurner,

Nature Structural and Molecular Biology, 2005; Gar-

riga-Canut et al., Nature Neurosci, 2006].

All in all, further studies are needed to resolve the

question on the significance of epigenetics in patho-

mechanism of seizures and antiepileptic drug action.

This will be possible only when the genome-wide epi-

genetic approaches are employed in order to demon-

strate all genes dysregulated at the chromatin level.

Moreover, it has to be resolved why specific modifi-

cations of histones involve only particular genes and

what is the role of less known modifications of chro-

matin (ubiquitylation, SUMOylation, and ADP rybo-

sylation) in epigenetic regulation.

Interactions between sildenafil and antiepileptic drugs in the

mouse maximal electroshock-induced seizure model

Dorota Nieoczym1, Jarogniew J. £uszczki2,3, Stanis³aw J. Czuczwar2,3, Piotr WlaŸ1
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Sildenafil, a selective phosphodiesterase 5 (PDE5) in-

hibitor, is widely used in the treatment of erectile dys-

function and pulmonary hypertension [Uthayathas et

al., Pharmacol Rep, 2007]. Its pharmacological action

is believed to be mediated via nitric oxide (NO)/cyclic

guanosine monophosphate (cGMP) pathway. PDE5

and other components of NO/cGMP pathway were

found in the lungs, platelets, smooth muscles, heart,

placenta, skeletal muscles, pancreas, liver, several

gastrointestinal tissues and certain brain areas

[Bender and Beavo, Pharmacol Rev, 2006]. Inhibition

of PDE5 with sildenafil leads to the increase in cellu-

lar cGMP level. Sexual dysfunction is one of the most

often seen disturbances which are observed in interic-

tal periods in men with epilepsy. Decreased libido,

sexual desire and erectile dysfunctions may be caused

both by epilepsy and antiepileptic medication. Erec-

tile dysfunctions were reported in 57% of men with

epilepsy [Lambert, Seizure, 2001]. Up till the present

time, sildenafil seems to be a safe and effective drug
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to treat erectile dysfunctions in epileptic patients

[Harden, Epilepsy Behav, 2002; Smaldone et al., Sei-

zure, 2004], although proconvulsant activity of silde-

nafil was recently reported in men [Gilad et al., BMJ,

2002] and mice [Riazi et al., Br J Pharmacol, 2006;

Akula et al., Eur J Pharmacol, 2008]. The ability of

sildenafil to cross the blood-brain barrier and the pres-

ence of PDE5 in different brain areas suggests that

this drug may exert some central actions. It was re-

ported that sildenafil may enhance neurogenesis,

memory and learning processes. In addition, antino-

ciceptive, anxiogenic, abusive and aggressive poten-

tial of sildenafil was reported [Uthayathas et al., Phar-

macol Rep, 2007].

We examined the effect of sildenafil on the thresh-

old for electroconvulsions and its effect on the anti-

convulsant activity of some classical (valproate

[VPA], carbamazepine [CBZ], phenytoin [PHT], phe-

nobarbital [PB]) and second-generation antiepileptic

drugs (AEDs) (lamotrigine [LTG], topiramate [TPM])

in the maximal electroshock seizure (MES) test in

mice. Moreover, the effect of sildenafil on some neu-

rotoxic effects of AEDs was determined in the chim-

ney test (motor coordination), passive avoidance task

(long-term memory) and grip-strength test (muscular

strength) in mice. To exclude pharmacokinetic inter-

actions, free plasma and total brain concentrations of

AEDs were determined in mice treated with AEDs

alone or in combination with sildenafil.

We showed that sildenafil at doses of 15 and 20 mg/kg

significantly increased the threshold for tonic hindlimb

extension in the maximal electroshock seizure thresh-

old (MEST) test in mice. Sildenafil at lower doses of

5, 7.5 and 10 mg/kg was ineffective in this respect.

Sildenafil at a dose of 15 mg/kg enhanced the anticon-

vulsant activity of VPA, CBZ and TPM, but remained

without effect on the activity of PB, PHT and LTG in

the MES test. Sildenafil given alone in a dose-

dependent manner increased muscular strength as as-

sessed by the grip-strength test. In contrast, co-

application of sildenafil with the studied AEDs did

not affect muscular strength in mice. No significant

changes in the long-term memory and motor coordi-

nation were noted after administration of sildenafil

alone or in co-administration with the studied AEDs.

Sildenafil (15 mg/kg) significantly increased free

plasma and total brain concentrations of CBZ and to-

tal brain VPA concentration in mice. However, silde-

nafil did not affect concentrations of the other AEDs.

Our results suggest that sildenafil may influence

the generation and propagation of seizure activity in

the CNS. Sildenafil combined with certain AEDs,

such as CBZ and VPA, may lead to pharmacokinetic

interactions. We showed that interactions between

sildenafil and CBZ and VPA are pharmacokinetic in nature

while the interaction between sildenafil and TPM seems to

be purely pharmacodynamic. Only combination of silde-

nafil with TPM seems to be safe and effective. The present

results cannot be directly extrapolated into clinical practice,

but they may be a valuable direction which suggests cau-

tion in using sildenafil in epileptic patients.

Effects of classical and new antiepileptic drugs on

bupropion-induced convulsions in mice

Tomasz Mróz, Katarzyna Mróz, Marian Wielosz, Piotr Tutka
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Bupropion is an antidepressant and a widely-used

smoking-cessation aid [Dhillon et al., CNS Drugs,

2008; Paterson, Eur J Pharmacol, 2009]. Clinical re-

ports indicate that bupropion produces seizures not

only in overdose but also in the doses considered to be

therapeutic [Ross and Williams, Expert Opin Drug

Saf, 2005]. Experimental background for the efficacy

and safety of antiepileptic drugs in the protection

against bupropion-induced convulsions has not been

established yet. The aim of the study was to evaluate

the effectiveness of 13 antiepileptic drugs [diazepam,

ethosuximide, felbamate, phenobarbital sodium, pheny-

toin, gabapentin, carbamazepine, clonazepam, lamo-

trigine, tiagabine, topiramate, valproate sodium and
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vigabatrin given intraperitoneally (ip)] in convulsions

induced by a single ip injection of bupropion in a dose

of 139.5 mg/kg in mice. Moreover, motor impairment

evoked by the antiepileptic drugs was investigated

with a rotarod test, and protective index (PI) for each

antiepileptic drug was calculated. To conclude:

1. A single administration of bupropion produces

clonic seizures in a dose-dependent manner.

2. Among the examined antiepileptic drugs, clonaze-

pam was the most potent drug to antagonize convul-

sant activity of bupropion. Clonazepam antagonizes

convulsant activity of bupropion in the doses which

do not produce significant motor impairment.

3. The efficacy of the drugs modifying GABA-ergic

transmission (diazepam, felbamate, phenobarbital so-

dium, gabapentin, clonazepam, topiramate, valproate

sodium and vigabatrin) suggests the role of GABA-

ergic system in the pathogenesis of these convulsions.

4. The results encourage further preclinical and clini-

cal testing of clonazepam against bupropion-induced

seizures.
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