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Sodium Channel Inactivation & 

Rx of Focal Onset Epilepsy Syndromes

Tayard Desudchit MD.

Chulalongkorn U.

Preamble

 Neuropharmacology: the study of how drugs affect cellular function in the nervous 
system

 Basic neurophysiological properties of the nervous system

 Nerve cells are excitable cells

 Passive and active mechanisms are used to store potential energy in the form of 
electrochemical gradients

 Movement of charged molecules (ions) along these electrochemical gradients form 
the basis of electrical signaling in the nervous system

Preamble

 Basic neurophysiological properties of the nervous system

 Ion channels are transmembrane proteins with hydrophilic pores that allow ions 
to flow along their electrochemical gradients

 Channels differ based on

 Gating (voltage-gated vs ligand gated vs stress gated)

 Selectivity of ions

Preamble

 Basic neurophysiological properties of the nervous system

 Generation of action potential allows electrical signal to be transported over long 
distances

 The final output depends on what, when and where in the nervous system

 Rapid and precise communication between neurons is made possible by 2 main 
signaling mechanisms:

 Fast axonal conduction

 Synaptic transmission

Pharmahology in CNS

Review the mechanisms of action & pharmacokinetics of:

 Anticonvulsants

 Movement disorders (PD)

 Stroke

 Migraine

 Dementia

Neurotransmitter 

& 

Receptor systems
•GABA

•Glutamate

•Acetylcholine

•Dopamine
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Anticonvulsants

 Seizure: clinical manifestation of hyperexcitable neuronal networks where there is a 
pathologic imbalance between inhibitory and excitatory processes

Inhibition

Excitation

 Paroxysmal depolarizing shift (PDS)

Holmes and Ben Ari

Anticonvulsants

 Anticonvulsants control 
seizures either by increasing 
inhibition or decreasing 
excitation

Inhibition

Excitation

•Voltage-gated Na channels

•Voltage-gated Ca channels

•Glutamatergic excitation

•GABAergic transmission

Anticonvulsants: Voltage-gated Na channels

•Voltage-gated Na channels play important role 
in generation of action potential

5-7 
ms

Anticonvulsants: Voltage-gated Na channels

•Blockade/modulation of Voltage-gated Na channels is the most common mechanism of 
action of most of the AEDs

•Bind and stabilize inactive forms of channel → prevent repetitive neuronal firing

Enhance Fast 
Inactivation

CBZ

PHT

VPA

LTG

Oxcarbazepine

Eslicarbazepine

Enhance Slow 
Inactivation

Lacosamide

?
Felbamate

Topiramate

Zonisamide

Rufinamide

Block open 
channel : Local 
anesthetic

Anticonvulsants: Voltage-gated Na channels

•Blockade/modulation of Voltage-gated Na channels is the most common 
mechanism of action of most of the AEDs

•Bind and stabilize inactive forms of channel → prevent repetitive neuronal firing

 Comparison of the effects of AEDs on 
sustained repetitive firing in cultured rat 
cortical pyramidal neurons.

 Neurons were depolarized by current 
injection from a resting potential of −70 mV 
using the whole cell patch technique.

 Lacosamide does not affect firing during the 
initial 1—2 s period but completely inhibits 
later firing suggesting that lacosamide

 may interfere with a mechanism different 
from fast inactivation. 

 Phenytoin, carbamazepine and lamotrigine 
terminate sustained repetitive firing within 
hundreds of milliseconds, consistent with an 
effect on fast inactivated channels.

 Adapted from Errington et al. (2006) 

Epilepsy Research (2015) 110, 189—205
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Anticonvulsants: Voltage-gated Ca channels

 Voltage-gated Ca channels play an 
important role in:

 Release of neurotransmitter from 
presynaptic terminal

 Activation of Calcium-dependent 
enzymes

 Gene expression

 Regulation of neuronal activity

 Classified as:

 Low-voltage activated

 T-type

 High-voltage activated

 L, N, R, P and Q-type

 T-type calcium channels involved in 
pacemaker/oscillatory activity

 Thalamocortical rhythm generation 
(arousal and sleep)

 Spike-wave discharges in absence 
epilepsy

Khosravani and Zamponi (2006)

Anticonvulsants: Voltage-gated Ca channels

ESM

Zonisamide

Valproic acid

PHT

CBZ

Topiramate

Phenobarbital

Post-synaptic membranes

Activation of calcium-
dependent enzyme 
pathways/gene transcriptionPresynaptic membranes

Neurotransmitter release

Gabapentin

Pregabalin

Lamotrigine

Phenobarbital

Anticonvulsants: Glutamatergic transmision

 Glutamate is the most important excitatory neurotransmitter in the CNS

Ionotropic Metabotropic

Perampanel

Topiramate

Felbamate

Anticonvulsants: GABAergic transmision

 GABA is the most important excitatory neurotransmitter in the CNS

Brambilla et al (2003)

Anticonvulsants: GABAergic transmision

Ionotropic

GABA(A) receptor

Postsynaptic membrane: 
inward Chloride current 
that hyperpolarizes the 
membrane → inhibition

Metabotropic 

GABA(B) receptor

•Presynaptic membrane: inward Ca 
current that depolarizes the membrane → 

neurotransmitter release

•Postsynaptic membrane: outward K 
current that hyperpolarizes the 

membrane → inhibition

Anticonvulsants: GABAergic transmision

Brambilla et al (2003)

Barbiturates

(increase duration of 
opening of channel)

Benzodiazepines

(increase frequency of 
opening of channel)

Tiagabine

Vigabatrin

Gabapentin

VPA

LTG
(increase GABA levels 
by unknown 
mechanism)

Felbamate
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Anticonvulsants: Other mechanisms

 Levetiracetam: acts on synaptic vessel SV 2A and prevents recycling of synaptic 
vesicles

Anticonvulsants: Summary

Drug Mechanism of Action

Phenobarbital Agonist of GABA (A) receptors

Antagonist of N- and L-type voltage-gated Ca channels

Phenytoin Stabilizes inactive state of voltage-gated Na Channels

Inhibit presynaptic release of NT via L-type Ca channels

Carbamazepine
Oxcarbazepine

Stabilizes inactive state of voltage-gated Na Channels

Inhibit presynaptic release of NT via L-type Ca channels

Valproate Stabilizes inactive state of voltage-gated Na Channels

Increases GABA levels

Blocks NMDA glutamate receptors

Blocks T-type voltage gated Ca channels

Ethosuximide Antagonist of T-type voltage-gated Calcium channels

Benzodiazepines (clobazam) Agonist of GABA (A) receptors

Anticonvulsants: Summary

Drug Mechanism of Action

Lamotrigine Stabilizes inactive state of voltage-gated Na Channels

Increases intracellular GABA levels

May act at N, P/Q type voltage-gated Calcium channels

Vigabatrin Blocks metabolism of GABA through GABA-T

Gabapentin
Pregabalin

Blocks presynaptic release of neurotransmitters via N-type Calcium channels

Increases intracellular GABA levels

Tiagabine Blocks GAT-1 and prevents uptake of GABA from synapse

Anticonvulsants: Summary

Drug Mechanism of Action

Felbamate Blocks NMDA glutamate receptors

Enhances GABA(A) receptor transmission

Unclear effect on voltage-gated Na channels

Levetiracetam Blocks presynaptic vesicle recycling through SV 2A

Topiramate Blocks AMPA/Kainate glutamate receptors

Blocks L-type voltage gated Ca channels

Unclear effect on voltage-gated Na channels

May enhance GABA(A) receptor transmission

Weak inhibitor of carbonic anhydrase

Anticonvulsants:

Panayiotopoulos (2010)

Anticonvulsants: Pharmacokinetics
PART I: What makes nerve cells excitable?

 Which of the following AED decrease efficacy of 
OCP?

 Carbamazepine/Oxcarbezepine

 Phenobarbital

 Valproic acid

 Topiramate

 Vigabatrin

 Phenytoin

 Lamictal

 Primidone
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Anticonvulsants: Pharmacokinetics
PART I: What makes nerve cells excitable?

http://basic-clinical-pharmacology.net/chapter%2024_%20antiseizure%20drugs.htm

 Which of the following AED decrease efficacy of 
OCP?

 Carbamazepine/Oxcarbezepine

 Phenobarbital

 Valproic acid

 Topiramate

 Vigabatrin

 Phenytoin

 Lamictal (decreases with OCP use)

 Primidone

Anticonvulsants: Pharmacokinetics
PART I: What makes nerve cells excitable?

Enzyme-Inducers:

•Increase rate of 
metabolism of 
drugs metabolized 
by CYP enzymes

•Results in changes 
in sex hormone 
levels and 
increases clearance 
of estrogen and 
progesterone in 
OCP

•Increase 
metabolism of Vit D 
(which is 
metabolized by 
liver) → rickets and 
hypocalcemia in 
children

Panayiotopoulos (2010)

Anticonvulsants: Pharmacokinetics
PART I: What makes nerve cells excitable?

 Which of the following AED will be increased with 
the concomitant use of erythromycin or 
clarithromycin?

 Carbamazepine

 Phenobarbital

 Valproic acid

 Topiramate

 Vigabatrin

 Phenytoin

 Lamictal

 Primidone

Anticonvulsants: Pharmacokinetics
PART I: What makes nerve cells excitable?

 Which of the following AED will be increased with 
the concomitant use of erythromycin or 
clarithromycin?

 Carbamazepine

 Phenobarbital

 Valproic acid

 Topiramate

 Vigabatrin

 Phenytoin

 Lamictal

 Primidone

Anticonvulsants: Summary

Panayiotopoulos (2010)

Anticonvulsants: Summary
PART I: What makes nerve cells excitable?

Panayiotopoulos (2010)
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Figure 1. Focal seizures result from a limited group of neurons 
that fire abnormally because of intrinsic or extrinsic factors.
(a) In this simplified diagram, II and III represent epileptic neurons. 
Because of extensive cell-to-cell connections, termed 'recurrent 
collaterals', aberrant activity in cells II and III can fire synchronously, 
resulting in a prolonged depolarization of the neurons. (b) This 
intense depolarization of epileptic neurons is termed the 
paroxysmal depolarization shift(PDS). PDS->action potentials 
and propagation of electrical discharges to other cells. The PDS is 
largely dependent on glutamate excitation and activation of voltage-
gated calcium and sodium channels. After the depolarization, the cell 
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Update: January 2012
Current NICE recommendations: initial 
drug options (newly-diagnosed epilepsies)

 Focal seizures and syndromes:
.carbamazepine or lamotrigine

 Generalised seizures and syndromes: .sodium 
valproate or lamotrigine .ethosuximide / 
sodium valproate (absences)

 Epileptic (infantile) spasms:
.vigabatrin (VGB) or corticosteroids (VGB for TSC)

 Unclassified:

.sodium valproate > lamotrigine

New anti-epileptic drugs (AEDs) (1)

 >95% of new AEDs: initial licence for adults with 
drug-resistant focal (partial) seizures (£/$); 
(rufinamide for ‘drop attacks’ in children + adults 
with Lennox-Gastaut syndrome)

 use of AEDs in children with focal seizures:
.extrapolation downwards from adult data 
(reasonable practice in children aged > 4 years)
.anecdotal reports / case series
.drug trials in children (usually Phase IV and V)

New anti-epileptic drugs (AEDs) (2)

 subsequent expanded open use in patients with 
other types of intractable seizures (e.g.):

.lamotrigine in tonic-clonic and absence seizures 

.vigabatrin in epileptic (infantile) spasms

.levetiracetam in tonic-clonic and myoclonic seizures

.rufinamide in focal seizures

 subsequent longer term use identifies adverse 
side-effects: (e.g.): 

.lamotrigine and myoclonus

.vigabatrin and visual fields

.topiramate and cognitive slowing / psychoses

.felbamate and fatal aplastic anaemia / liver failure

.perampanel and psychoses

New anti-epileptic drugs (2)

 are they as effective as the ‘older’ drugs:
.seizure reduction 
.seizure freedom

 are they safer (better-tolerated) than the ‘older’ drugs:
.serious adverse effects
.mild adverse effects

 what are their interactions with other drugs:
.other AEDs
.other commonly-prescribed drugs

 are they available in infant and child-friendly formulations

 are their dosing regimes acceptable (once or twice daily)

 are they cost-effective; does the gain in seizure control and 
‘quality of life’ justify their cost  (Quality-Adjusted Life Year [QALY])

 when should they be used: early monotherapy or ‘add-on’

Medication Daily dose 

(mg): 12 year-
old

Formulation Brand Cost (30 day

supply) 

Phenobarbital 60 Tablets Generic £1.70

Phenytoin 100 Tablets Generic £32

Carbamazepine 600 Tablets SR Tegretol SR £10.40

Ethosuximide 1000 Capsules Generic £48.20 

Sodium valproate 800 Generic
Epilim

£4.80
£9.20

Lamotrigine 200 Tablets Generic
Lamictal

£4.30
£48.20 

Topiramate 200 Tablets Generic
Topamax

£2.95
£48.20 

Levetiracetam 1500 Tablets Generic
Keppra

£4.24
£84.02

Zonisamide 200 Capsules Zonegran £62.72

Lacosamide 200 Tablets Vimpat £96.50

Perampanel 8 Tablets Fycompa £140


