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I.  Introduction:
Epilepsy

A “seizure” is a paroxysmal alteration of neurologic function caused by the excessive,
hypersynchronous discharge of neurons in the brain. “Epileptic seizure” is used to distinguish a seizure caused
by abnormal neuronal firing from a nonepileptic event, such as a psychogenic seizure. “Epilepsy” is the
condition of recurrent, unprovoked seizures.

Epilepsy is one of the most common neurologic conditions, with an incidence of approximately 50 new
cases per 100,000 population every year ™. About 1% of the total population suffers from epilepsy from which
one-third are refractory epilepsy patients Approximately 75% of epilepsy begins during childhood, reflecting the
susceptibility of the developing brain to seizures.

A seizure can be defined as occurring when there is disturbance of the normal balance between
excitation (E) and inhibition (1) in the brain © This E/I imbalance can result from an alteration at many levels of
brain function, from genes and subcellular signalling cascades to widespread neuronal circuits. The factors that
alter E/I balance can be genetic or acquired. Genetic pathologies leading to epilepsy can occur anywhere from
the circuit level to the receptor level to abnormal ionic channel function. Similarly, acquired cerebral insults can
alter circuit function. The developing brain is particularly prone to seizures for a variety of physiological reasons
Bl Even in the normal developing brain, excitatory synaptic function develops before inhibitory synaptic
function, favouring enhanced excitation and seizure generation. In addition, early in life, the neurotransmitter
GABA causes excitation rather than inhibition *l. These observations partly explain why the very young brain is
especially susceptible to seizures. However, seizures cause less structural damage in the developing brain than
in the adult brain . Recent explosions showed both monogenic and polygenic mutations can lead to epilepsy ..
Many epilepsies have a complex genetic basis with multiple gene defects contributing to a state of altered
cellular excitability, which underlies epilepsy. As genetics knowledge expands, there is hope that syndrome-
specific therapeutic interventions can be designed .

Epilepsy is more than spontaneous recurrent seizures and should be considered a disorder. For many
patients and families, the burden of the disease is largely caused by comorbid conditions, including behavioural
and psychiatric disorders, such as depression, anxiety, learning disabilities, attention-deficit hyperactivity
disorder, intellectual disability, and autism. These comorbidities, previously considered to be secondary to
uncontrolled seizures or medication adverse effects, are now recognized as an integral part of the disorder,
sometimes even preceding the seizures and attributable to an underlying disorder of neuronal networks . Even
a single seizure can alter neurodevelopment by modifying receptor expression and distribution in the absence of
neuronal death, leading to cognitive and behavioural changes . A survey by National Health Interview
showed, adults with epilepsy had a higher prevalence of cardiovascular and respiratory disorders, diabetes,
inflammation, obesity, and other disorders ™ (e.g., headache, migraine, arthritis). Persons with epilepsy are
also at increased risk for early mortality and sudden unexplained death in epilepsy ! (SUDEP). Recently, the
impact of seizure medication on bone health has become a ma]ior concern. Patients with epilepsy are at high risk
for fractures because of lower bone mineral density (BMD) ™2,

Antiepileptic medications

Phenytoin, phenobarbital, and carbamazepine appear to be the antiseizure medications that lead to a
reduction in BMD via induction of the CYP450 enzyme system results, but osteopenia has also been reported
with non-enzyme-inducing AEDs. Most AEDs undergo complete or nearly complete absorption when given
orally. Most often, administration of AEDs with food slows absorption and can help avert peak dose related side
effects. Lipid solubility and protein binding affect CNS availability. Drug interactions between albumin and
protein binding leads to AEDs side effects **],

Most AEDs are metabolized in the liver by P450 enzyme system by hydroxylation or conjugation.
These metabolites are then excreted by the kidney. Some metabolites are themselves active (carbamazepine,
oxcarbazepine, primidone). Gabapentin undergoes no metabolism and is excreted unchanged by the kidney.
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Valproic acid is metabolized by a combination of conjugation by uridine glucuronate (UDP)-
Glucuronyltranferase (UGT) via conjugation and by mitochondrial beta-oxidation. Enzyme-inducing
antiepileptic drugs (AEDs) produce a considerable number of metabolic alterations, including changes in serum
lipids, hormones, bone turnover, and various vitamin levels.

Chemical Class Examples of antiepileptic drug

Barbiturates Phenobarbitone, Mephobarbitone,
Primidone

Hydantoins Phonations, Mephenytoin

Iminostilbene Carbamazepine

Oxazolidinedione Trimethadione (Troxidone)

Succinimide Ethosuximide

Aliphatic Carboxylic acid  Valproic acid (Sodium valproate)

Benzodiazepines Clonazepam, Diazepam

Acetyl urea Phenacemide

Newer drugs Progabide, Vigabatrin, Gabapentin
Lamotrigine, Felbamate, Topiramate,
Tiagabine

Miscellaneous Acetazolamide, Dexamphetamine

fig.1 antiepileptic drug classification with examples.

Mechanism of action

A seizure is the clinical manifestation of a hyperexcitable neuronal network, in which the electrical
balance underlying normal neuronal activity is pathologically altered—excitation predominates over inhibition.
Effective seizure treatment generally augments inhibitory processes or opposes excitatory processes. Since the
normal resting neuronal membrane potential is intracellularly negative, inhibitory processes make the neuron
more electrically negative, hyperpolarizing the membrane, while excitatory processes make the intracellular
potential less negative or more positive, depolarizing the cell. On an ionic level, inhibition is typically mediated
by inward chloride or outward potassium currents, and excitation by inward sodium or calcium currents. Drugs
can directly affect specific ion channels or indirectly influence synthesis, metabolism, or function of
neurotransmitters or receptors that control channel opening and closing. The most important central nervous
system inhibitory neurotransmitter is gamma-amino-butyric acid (GABA). The most important excitatory
neurotransmitter is glutamate, acting through several receptor subtypes. The major mechanism of action of
AEDs is by blocking voltage-gated sodium channels during rapid rates of neuronal discharge appears to be the
primary mechanism of action of several AEDs, particularly the two first-line drugs for partial epilepsies,
phenytoin and carbamazepine; this mechanism also appears to be at least partly responsible for the antiepileptic
effects of newer drugs such as lamotrigine and topiramate €1,
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fig.2 mechanism of action of antiepileptic drugs.

Adverse drug reactions:

AEDs have a narrow therapeutic window—a small range of serum concentrations within which seizure
prevention is achievable without significant toxicity or side effects. This concept applies primarily to dose-
related, reversible, short-term side effects. However, risk of idiosyncratic effects such as allergic reactions and
organ damage must also be considered. Serious idiosyncratic effects are rare but can be life threatening. They
generally occur within several weeks or months of starting the drug, tend to be dose-independent (except
possibly for skin rash with lamotrigine), and unpredictable.

NUTRITIONAL DEFICIENCIES:
Vitamin-D

Vitamin D levels are influenced by several other important factors including dietary vitamin D and
calcium intake, physical activity, and medications that may affect vitamin D levels ! Antiepileptic drug (AED)
therapy for long term use may also lead to vitamin D deficiency and impaired bone health in epileptic children.
There are now recommendations to periodically monitor blood levels and supplementation of vitamin D in
children on long-term use of AEDs 82 Seizures, neuromotor dysfunction, immobilization, polytherapy and
long-term drug treatment negatively influence bone health, which can be aggravated by vitamin D deficiency
21 "Many studies have postulated vitamin D deficiency in epileptic children which showed 25-hydroxyvitamin
D [25(0OH)D] is main cause of hypovitaminosis D in AED therapy.

Vitamin-B

Vit-B6 deficiency may also lead to anemia and may increase the risk of a number of cancers ", AEDs
induced vitamin B6 deficiency mechanism is unclear. B6 is oxidized in the liver prior to urinary excretion 7,
and such oxidizing enzymes are frequent targets of enzyme inducers, so that it is likely that increased activity of
the oxidizing enzyme in the presence of PHT or CBZ results in increased catabolism of B6. Example isoniazid
an antitubercular drug which forms a complex with B6 and thus reduces the availability of it to tissues and it is
standard therapy that vitamin supplements are prescribed along with isoniazid 2. This neuropathic action of
isoniazid and the present findings are of interest in light of the evidence that PHT may be neuropathic 32,
There is also evidence that other inducing AEDs may contribute to the development of peripheral neuropathy
(2528] It s not clear that B6 deficiency contributes to seizures in adults or older children lacking the relevant
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mutation, though a recent case series suggested B6 deficiency as a cause of new-onset refractory seizures in
several critically ill patients '],

Folic acid

Folic acid deficiency is associated with megaloblastic anemia but in some it causes neurological
deficiency when associated with vitamin deficiency. In women with epilepsy low red blood cells folate, causes
malformations and termination of pregnancy. Folic acid deficiency is associated with increase in levels of
homocysteine which is predominantly increased by AED therapy. A study on AED therapy showed CBZ and
PHT, phenobarbital and primidone leads to folic acid deficiency in some patients. Hyperhomocysteinemia is
associated with vascular disease, cerebrovascular disease, and in some neurodegenerative disorders. A study
showed neural tube defects are more frequent in infants born to mothers with low folic acid deficiency.

Hyperhomocysteinemia is treated with vitamin B12, vitamin D6, and folic acid suppliments 2341,

Calcium

Biochemical abnormalities in adults receiving AEDs include hypocalcemia, hypophosphatemia,
reduced levels of active vitamin D metabolites, elevated parathyroid hormone (PTH) levels, and elevated
markers of bone resorption and formation. the Vit-d deficiency in patients treated with AED therapy leads to
decrease in calcium and increase in parathyroid hormone which leads to further bone resorption and bone
disease ***I In contrast, one study of patients taking valproate found hypercalcemia. The elevated serum
calcium was postulated to reflect increased bone resorption.
Mechanisms of AED-Associated Bone Disease

Several theories have been proposed to explain the link between AEDs and bone disease. There are
multiple mechanisms for AEDs induced bone deficiency. Increased catabolism of vitamin D, resulting from
hepatic induction of the cytochrome P450 enzyme system, is the principal mechanism reported. However, it
does not explain the findings described in patients receiving other medications, such as valproate (an inhibitor of
the cytochrome P450 enzyme system), or the recent evidence of increased bone turnover independent of vitamin
D deficiency. Levels of active vitamin D metabolites may be reduced in persons taking enzyme-inducing AEDs,
suggesting that induction of hepatic cytochrome P450 enzymes partially explain the findings in bone. ***% The
AEDs that induce cytochrome P450 enzymes may cause increased conversion of vitamin D to polar inactive
metabolites in the liver microsomes, reducing levels of bioavailable vitamin D. F5*"1 Reduced levels of
biologically active vitamin D lead to decreased absorption of calcium in the gut, resulting in hypocalcemia and
an increase in circulating PTH. PTH then increases the mobilization of bone calcium stores and subsequent bone
turnover. Impairment of calcium absorption is another postulated mechanism, as AEDs may interfere with
intestinal absorption of calcium. Impaired absorption would lead to hypocalcemia and feedback hypersecretion
of PTH. Phenytoin plays a key role in bone resorption in patients treated with AED therapy. The other
deficiencies caused by AED therapy is shown in fig3.
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fig.3 Antiepileptic drugs induced nutritional deficiencies.
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Treatment of AED induced bone disease

Treatment for AED induced bone disorders include vitamin D supplementation, bisphosphonates,

calcium supplements and hormone replacement therapy, selective estrogen receptor modulators and calcitonin.
Vitamin K supplementation
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