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Antiepileptics
Epilepsy is a very common disorder, affecting approximately 0.5% of the population. Usually there is no recognizable cause, although it may develop as a consequence of various kinds of brain damage, such as trauma, infection or tumor growth. 
The characteristic event in epilepsy is the seizure, which is associated with the episodic high frequency discharge of impulses by a group of neurons in the brain. It starts as a local abnormal discharge and then spread to other brain areas. The particular symptoms produced depend on the function of the region of the brain that is affected. Thus involvement of the motor cortex causes convulsions; involvement of the hypothalamus causes peripheral autonomic discharge, and involvement of the reticular formation in the upper brain stem leads to loss of consciousness. 
Abnormal electrical activity during a seizure can be detected by electroencephalograph (EEG) recording from electrodes distributed over the surface of the scalp. 
Types of epilepsy:
Clinical classification of epilepsy recognizes two major categories, namely partial and generalized seizures.
Partial seizures: 
Partial seizures are those in which the discharge begins locally, and often remains localized. These may produce relatively simple symptoms without loss of consciousness, such as involuntary muscle contractions, abnormal sensory experiences or autonomic discharge, or they may cause more complex effects on consciousness, mood and behavior, often termed psychomotor epilepsy. 
An epileptic focus in the motor cortex results in attacks, sometimes called Jacksonian epilepsy, consisting of repetitive jerking of a particular muscle group, which spreads and may involve much of the body within about 2 minutes before dying out. The patient in this type does not lose consciousness. In psychomotor epilepsy, which is often associated with a focus in the temporal lobe, the attack may consist of stereotyped purposive movements such as rubbing or patting movements, or much more complex behavior such as dressing or walking or hair-combing. The seizure usually lasts for a few minutes, after which the patient recovers with no recollection of the event. 
Generalized seizures: 
Generalized seizures involve the whole brain, including the reticular system, thus producing abnormal electrical activity throughout both hemispheres. Immediate loss of consciousness is characteristic of generalized seizures. The main categories are tonic-clonic seizures (grand mal) and absence seizures (petit mal). 
A tonic-clonic seizure consists of an initial strong contraction of the whole musculature, causing a rigid extensor spasm. Respiration stops and defecation, micturation and salivation often occur. This tonic phase lasts for about 1 minute and is followed by a series of violent, synchronous jerks which gradually dies out in 2-4 minutes. The patient stays unconscious for a few more minutes and then gradually recovers, feeling ill and confused. Injury may occur during the convulsive episode. 
Absence seizures occur in children; they are much less dramatic, but may occur more frequently (many seizures each day), than tonic-clonic seizures. The patient abruptly ceases whatever he was doing, sometimes stopping speaking in mid-sentence, and stares vacantly for a few seconds, with little or no motor disturbance. The patient is unaware of his surroundings, and recovers abruptly with no after-effects. 
Mechanism of action of antiepileptic drugs:
1. Enhancement of GABA action. 
1. Inhibition of sodium channel function. 
1. Inhibition of calcium channel function.
1. General depression of neuronal activity.
Enhancement of GABA action: 
Some antiepileptics drugs  enhance the inhibitory effect of GABA by facilitating the GABA-mediated opening of chloride channels (e.g. phenobarbitone and benzodiazepines).
Valproate and vigabatrin act by inhibiting the enzyme GABA transaminase which is responsible for inactivating GABA, thereby increasing the GABA content of the brain, and enhancing its action as an inhibitory transmitter. 
Gabapentin acts as an agonist at GABAA receptors, however, its mechanism of action remains uncertain.
Tiagabine may increase GABA levels by inhibiting its reuptake into neurons.
Inhibition of sodium channel function: 
Two of the most important antiepileptic drugs, phenytoin and carbamazepine, affect membrane excitability by an action on voltage-dependent sodium channels which carry the inward membrane current necessary for the generation of an action potential. They block preferentially the excitation of cells that are firing repetitively, and the higher the frequency of firing, the greater the block produced. 
Depolarization of a neuron increases the proportion of the sodium channels in the inactivated state. Phenytoin and carbamazepine bind preferentially to channels in this state, preventing them from returning to the resting state, and thus reducing the number of functional channels available to generate action potentials. 
Blocking calcium channels:
	Some antiepileptics such as ethosuximide, trimethadione and sodium valproate are used in treatment of absence seizures by decreasing the rhythmic cortical discharge from thalamic neurons. This is achieved by blocking calcium influx.
Other mechanisms:
Some antiepileptic drugs act as antagonists on the receptors for the excitatory amino acids such as NMDA receptors e.g. felbamate.
Barbiturates act as general depressant of neuronal activity that suppress firing from foci of abnormal neurons that subsequently inhibit spreading of seizure activity.
Phenytoin:
Phenytoin is the oldest non-sedative antiepileptic drug. It is known as diphenylhydantoin (DPH). Phenytoin is a diphenyl-substituted hydantoin. 
Mechanism of action of phenytoin: 
The major action of phenytoin is to block sodium channels and inhibit the generation of repetitive action potentials. 
It alters Na+, K+, and Ca2+ conductance, membrane potentials and the concentrations of amino acids and the neurotransmitters norepinephrine, acetylcholine, and GABA.
Phenytoin blocks sustained high-frequency repetitive firing of action potentials. It is a use-dependent effect on Na+ conductance, arising from preferential binding to the inactivated state of the Na+ channel. A reduction of calcium permeability, with inhibition of calcium influx across the cell membrane may explain the ability of phenytoin to inhibit a variety of calcium-induced secretory processes, including release of hormones and neurotransmitters. 
Pharmacokinetics of phenytoin: 
Absorption of phenytoin is highly dependent on the formulation of the dosage form. Particle size and pharmaceutical additives affect both the rate and extent of absorption. Absorption of phenytoin sodium from the gastrointestinal tract is nearly complete. It is highly bound to plasma proteins. Phenytoin is metabolized primarily by parahydroxylation to 5-(p-hydroxyphenyl)-5-phenihydantoin (HPPH), which is subsequently conjugated with glucuronic acid. The metabolites are clinically inactive and are excreted in the urine. The half-life of phenytoin varies from 12 hours to 36 hours, with an average of 24 hours for most patients. 
Clinical uses of phenytoin: 
Phenytoin is one of the most effective drugs against partial seizures and generalized tonic-clonic seizures. 
Side Effects of phenytoin: 
Nystagmus, diplopia, confusion and ataxia are the most common adverse effects. Sedation usually occurs only at considerably higher levels. Gingival hyperplasia and hirsutism occur to some degree in most patients.
chronic use may also result in abnormalities of vitamin D metabolism, leading to osteomalacia. Low folate levels and megaloblastic anemia have been reported.
Idiosyncratic reactions such as skin rash to phenytoin are relatively rare. 
Carbamazepine:
It is closely related to imipramine and other antidepressants. It is a tricyclic compound which is effective in treatment of bipolar depression. It was initially marketed for the treatment of trigeminal neuralgia but has proved useful for epilepsy as well. 
Mechanism of action of carbamazepine: 
The mechanism of action of carbamazepine appears to be similar to that of phenytoin. It blocks sodium channels at therapeutic concentrations and inhibits high-frequency repetitive firing in neurons.
Clinical Uses of carbamazepine:
Carbamazepine is considered the drug of choice for partial seizures, and it is also used for generalized tonic-clonic seizures. Carbamazepine is not sedative in its usual therapeutic range. The drug is also very effective in patients with trigeminal neuralgia.

Pharmacokinetics of carbamazepine: 
Carbamazepine is completely absorbed after oral administration. Peak levels are usually achieved 6-8 hours after administration. Slowing absorption by giving the drug after meals helps the patient tolerate larger total daily doses. 
Distribution is slow, and the volume of distribution is about 1 L/kg. The drug is only 70% bound to plasma proteins; no displacement of other drugs from protein binding has been observed. 
Carbamazepine has a very low systemic clearance of approximately 1 L/kg/d at the start of therapy. The drug has an ability to induce microsomal enzymes. Typically, the half-life of 36 hours observed in subjects following an initial single dose decreases to much less than 20 hours in subjects receiving continuous therapy. 
Carbamazepine is completely metabolized in humans, in part to the 10,11-dihydro derivative, which is subsequently conjugated. The dihydro derivative is formed by way of a stable epoxide, carbamazepine 10,11-epoxide, which has been shown to have anticonvulsant activity.
Dosage of carbamazepine:
Carbamazepine is considered the drug of choice in partial seizures. In adults, daily doses of 1 g or even 2 g are tolerated. 
Drug Interactions of carbamazepine: 
Drug interactions involving carbamazepine are almost exclusively related to the drug’s enzyme-inducing properties. 
Side Effects of carbamazepine:
The most common adverse effects are diplopia and ataxia. Other effects include mild gastrointestinal upsets. Water retention have occasionally occurred. Idiosyncratic blood dyscrasias including fatal cases of aplastic anemia and agranulocytosis may occur. The most common idiosyncratic reaction is an erythematous skin rash.
Oxcarbazepine:
Oxcarbazepine is a newer drug closely related to carbamazepine and useful in the same seizure types, but it may have an improved toxicity profile. Its activity is mainly due to its 10-hydroxy metabolite. This drug induce the liver microsomal enzyme to a lesser extent than carbamazepine, causing less drug interactions.

Phenobarbital:
Mechanism of action of phenobarbital: 
It is indicated that phenobarbital may selectively suppress abnormal neurons, inhibiting the spread and suppressing firing from the foci. Like phenytoin, it suppresses high-frequency repetitive firing in neurons through an action on Na+ conductance, but only at high concentrations. 
Also at high concentrations, barbiturates block some Ca2+ currents (L- & N-types). Phenobarbital binds to an allosteric regulatory site on the GABA-benzodiazepine receptor, and it enhances the GABA receptor-mediated current by prolonging the opening the openings of the chloride channels. 

Clinical Uses of phenobarbital:
Phenobarbital is useful in the treatment of partial seizures and generalized tonic-clonic seizures.

Pharmacokinetics, adverse effects, drug interactions of phenobarbital: 
These parameters have been discussed previously (See sedatives & hypnotics). 
Primidone:
Primidone, or 2-desoxyphenobarbital was metabolized to Phenobarbital and phenylethylmalonamide (PEMA). Both primidone and phenobarbital are active anticonvulasants. 

Mechanism of action of primidone:
Primidone itself produces its action in a similar way to phenytoin. 

Clinical Uses of primidone: 
Primidone, like its metabolites, is effective against partial seizures and generalized tonic-clonic seizures and may be more effective than phenobarbital. 
Pharmacokinetics of primidone:
Primidone is absorbed completely. It is not highly bound to plasma proteins; approximately 70% circulates as unbound drug. It is metabolized by oxidation to Phenobarbital and PEMA.  Primidone has a larger clearance than most other antiepileptic drugs (2 L/kg/d), corresponding to a half-life of 6-8 hours. The appearance of phenobarbital corresponds to the disappearance of primidone. 
Dosage of primidone:   
Primidone is most efficacious when plasma levels are in the range of 8-12 ug/mL. Doses of 10-20 mg/kg/d are necessary to obtain these levels. It is very important, however, to start primidone at low doses and gradually increase over days to a few weeks to avoid prominent sedation and gastrointestinal complaints. 
Side Effects of primidone: 
The dose-related adverse effects of primidone are similar to those of its metabolite, phenobarbital, except that drowsiness occurs early in treatment.
Vigabatrin:
Vigabatrin (gamma-vinyl-GABA) is the most promising of these new drugs.

Mechanism of action of vigabatrin: 
Vigabatrin is an irreversible inhibitor of GABA transaminase (GABA-T), the enzyme responsible for the degradation of GABA. It is effective in a number of seizure models. 

Clinical Uses of vigabatrin: 
Vigabatrin is indicated particularly for partial seizures. In adults, it should be started at a dosage of 500 mg twice daily. Typical toxicities include drowsiness, dizziness, and weight gain. Less common adverse reactions are agitation, confusion, and psychosis.
Pharmacokinetics of vigabatrin:
Absorption of vigabatrin is rapid, and peak levels are attained in 1-3 hours. The half-life is approximately 6-8 hours. The drug has linear kinetics, no active metabolites, and binds minimally to plasma proteins; elimination is predominantly by the kidneys. 
Lamotrigine:
Lamotrigine’s mechanism of action is not well understood, but, like phenytoin, it prevents rapid repetitive firing by prolonging inactivation of the sodium channel and inhibit glutamate release from its neurons. 
It has a half-life of approximately 24 hours, and most of the drug is excreted in the urine as the glucuronide. 
Lamotrigine is effective against partial seizures in adults, with doses typically between 100 and 300 mg/d and with a therapeutic blood level near 3 ug/mL. It is also active against absence and myoclonic seizures in children. 
Felbamate:
Felbamate was approved and marketed briefly in the USA but has been withdrawn because of the occurrence of aplastic anemia. 
Its mechanism of action is similar to phenytoin in blocking sodium channels. In addition, it may block the NMDA receptors and inhibit glutamate release from its neurons.
It is effective in some patients with partial seizures, has a half-life of 20 hours and is eliminated by hepatic metabolism.

Gabapentin:
Gabapentin is an analogue of GABA. It acts by augmenting GABA action but the exact mechanism of action is not very clear. It is effective against partial seizures. Its half-life is 6 hours, and it is eliminated by renal mechanisms. It can be also used in treatment of neuropathic pain. 
Ethosuximide:
Succinimide group comprises ethosuximide, phensuximide and methsuximide drugs.
Mechanism of action of ethosuximide: 
The mechanism of action of the succinimides probably involves calcium channels. It also inhibits Na+/K+ ATPase, depresses the cerebral metabolic rate, and inhibits GABA transaminase. 
Ethosuximide has an important effect Ca2+ currents, reducing the low-threshold (T-type) current. This effect is seen at therapeutically relevant concentrations in thalamic neurons. The T-type calcium currents are thought to provide a pacemaker current in thalamic neurons responsible for generating the rhythmic cortical discharge of an absence attack. Inhibition of this current could therefore account for the specific therapeutic action of ethosuximide.
Clinical Uses of ethosuximide: 
Ethosuximide is particularly effective against absence seizures. 
Pharmacokinetics of ethosuximide: 
Absorption is complete following administration of the oral dosage forms. Peak level are observed 3-7 hours after oral administration of the capsules.
Ethosuximide is uniformly distributed throughout perfused tissues but does not penetrate fat. The volume of distribution approximates that of total body water, i.e. 0.7L/kg. It is not protein-bound, and spinal fluid concentrations are therefore equal to plasma concentrations. 
Ethosuximide is completely metabolized, principally by hydroxylation. Four hydroxylated metabolites have been identified. These metabolites undergo subsequent conjugation and excretion. There is no evidence that they are pharmacologically active. 
Ethosuximide has a half-life of approximately 40 hours, though values from 18 to 72 hours have been reported. 
Dosage of ethosuximide: 
Therapeutic levels of 60-100 ug/mL can be achieved in adults with doses of 750-1500 mg/d, though lower or higher doses may be necessary.  
Side Effects of ethosuximide:
The most common adverse effect is gastric distress, including pain, nausea, and vomiting. This can often be avoided by starting therapy at a low dose, with gradual increases into the therapeutic range. 
Ethosuximide is a highly efficacious and safe drug for absence seizures. Other dose-related adverse effects include transient lethargy or fatigue. Headache, dizziness, hiccup, and euphoria are less common effects. Idiosyncratic adverse effects are extremely uncommon.
Drug Interactions of ethosuximide:
Administration of ethosuximide with valproic acid result in a decrease in ethosuximide clearance and higher steady state concentrations due to inhibition of its metabolism. 
Sodium Valproate:
Valproic acid is fully ionized at body pH, thus the active form of the drug is the valproate ion regardless of whether valproic acid or a salt of the acid is administered. Valproic acid is one of a series of fatty or carboxylic acids that have antiepileptic activity. 
Benzodiazepines:
Many benzodiazepines were found to play an important role in treatment of epilepsy. Examples are; diazepam, lorazepam, clonazepam, clorazepate, nitrazepam and clobazam. 
They potentiate GABA action by binding to benzodiazepine receptors causing opening of chloride channels, hyperpolarization and inhibitory effect on neurons.


Recommended order of treatment of epileptic seizures:
Treatment of partial seizures:
1. First-line therapy: Phenytoin, CBZ, valproate.
1. Second-line therapy: Felbamate, lamotrigine, gabapentin, primidone, phenobarbitone, vigabatrin.

Treatment of generalized tonic-clonic seizures:
1. First-line therapy: Phenytoin, CBZ, valproate.
1. Second-line therapy: Felbamate, gabapentin, lamotrigine, primidone, phenobarbitone, vigabatrin.

Treatment of absence seizures:
1. First-line therapy: Valproate, ethosuximide.
1. Second-line therapy: Trimethadione, clonazepam.

Treatment of status epilepticus:
1. First-line therapy: Phenytoin, diazepam (I.V.).
1. Second-line therapy: Phenobarbitone (I.V.). This may cause respiratory depression.
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