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            Key Points

                	
                  Antiepileptic drugs (AEDs) protect against seizures by modulation of voltage-gated sodium and calcium channels, enhancement of GABAA (γ-aminobutyric acid, type A) receptor-mediated synaptic inhibition, and inhibition of ionotropic glutamate receptor-mediated synaptic excitation.

                
	
                  Sodium channel-blocking AEDs, including phenytoin, carbamazepine and lamotrigine, inhibit high-frequency repetitive spike firing during the spread of seizure activity without affecting ordinary ongoing neural activity. These drugs bind preferentially to depolarized sodium channels and induce a non-conducting state that is similar to channel inactivation, but from which recovery is much slower, allowing the block to accumulate during repetitive activation of the channel, as occurs with epileptic bursting. In addition, the drug binds slowly so that there is preferential block of firing during sustained epileptic depolarizations.

                
	
                  Persistent or non-inactivating sodium current represents only a fraction of the sodium current, but might contribute to the initiation and maintenance of epileptiform activity. Preferential inhibition of persistent sodium current probably contributes to the protective activity of phenytoin and possibly other sodium channel blocking AEDs.

                
	
                  Gabapentin binds with high affinity to the auxiliary calcium channel subunits α2δ-1 and α2δ-2. The functional consequences of this interaction are not fully defined, but recent studies indicate that gabapentin might inhibit calcium currents, resulting in reduced excitatory neurotransmission.

                
	
                  In the thalamus, T-type calcium channels are essential for the abnormal oscillatory behaviour that underlies generalized absence seizures. Ethosuximide inhibits these channels, accounting for its anti-absence activity.

                
	
                  Inhibitory GABAA receptor-mediated synaptic interactions are important in restraining the natural tendency of brain circuits in regions that are susceptible to epileptic activity (including the neocortex, hippocampus and amygdala) to undergo the transition into synchronized epileptiform activity. Many AEDs enhance GABAA receptor inhibition either through positive modulatory interactions with GABAA receptors (benzodiazepines, barbiturates, felbamate and topiramate) or by modifying the dynamics of GABA-mediated inhibitory synaptic function, as is the case for vigabatrin, an irreversible suicide inhibitor of the GABA degradative enzyme GABA transaminase, and tiagabine, an inhibitor of the high-affinity GABA transporter GAT1.

                
	
                  Several marketed AEDs might act partly by inhibition of ionotropic glutamate receptors, including felbamate, which inhibits NMDA (N-methyl-D-aspartate) receptors, and topiramate, which inhibits kainate receptors.

                
	
                  There is remarkable overlap between the ion channel targets of AEDs and human epilepsy genes, illustrating the pivotal importance of ion channels in epilepsy. In many cases, the AEDs and mutations induce functionally opposite effects on channel behaviour. So, whereas the mutations lead to increased seizure susceptibility through gain-of-function effects on voltage-gated sodium and calcium channel gating or reduced efficacy of GABAA receptors or potassium channels, AEDs inhibit sodium or calcium channels, or enhance the activity of GABAA receptors or potassium channels.

                


              

Abstract
Antiepileptic drugs (AEDs) provide satisfactory control of seizures for most patients with epilepsy. The drugs have the remarkable ability to protect against seizures while permitting normal functioning of the nervous system. AEDs act on diverse molecular targets to selectively modify the excitability of neurons so that seizure-related firing is blocked without disturbing non-epileptic activity. This occurs largely through effects on voltage-gated sodium and calcium channels, or by promoting inhibition mediated by GABAA (γ-aminobutyric acid, type A) receptors. The subtle biophysical modifications in channel behaviour that are induced by AEDs are often functionally opposite to defects in channel properties that are caused by mutations associated with epilepsy in humans.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 12 print issues and online access
$189.00 per year
only $15.75 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: Lamotrigine selectively blocks epileptiform discharges without affecting ordinary action potential firing.[image: ]


Figure 2: Antiepileptic drugs (AEDs) and sodium channels.[image: ]


Figure 3: Stick and space-filling views showing diphenyl moiety common to the sodium-channel-blocking antiepileptic drugs phenytoin, lamotrigine and carbamazepine.[image: ]


Figure 4: GABA receptors and antiepileptic drugs.[image: ]
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Glossary
	ANTIEPILEPTIC DRUG
	
                  A drug that protects against the occurrence of epileptic seizures; an alternative to the term 'anticonvulsant drug'.

                
	GENERALIZED ABSENCE SEIZURE
	
                  A non-convulsive seizure that typically occurs in childhood. It is characterized by a sudden, brief impairment of consciousness, cessation of ongoing activity without loss of postural tone, and 3 Hz rhythmic cortical discharges of geneneralized onset. The usual duration is 5–10 seconds; several episodes can occur daily.

                
	PAROXYSMAL DEPOLARIZATION SHIFT
	
                  Abnormal prolonged depolarization with repetitive spiking characteristic of neurons in epileptic cortical zones that are reflected as interictal discharges in the electroencephalogram.

                
	METABOTROPIC RECEPTOR
	
                  A G-protein-coupled receptor that may indirectly influence the activity of ion channels but does not itself serve as a channel.

                
	GENERALIZED TONIC-CLONIC SEIZURE
	
                  A convulsive seizure involving the entire body, usually characterized by muscle rigidity, violent rhythmic muscle contractions and loss of consciousness.

                
	PARTIAL SEIZURE
	
                  Seizure resulting from a localized brain disturbance; also referred to as 'focal seizure'.

                
	SODIUM CHANNEL INACTIVATION
	
                  Entry of the sodium channel into a set of states that are distinct from the open and closed states that prevents the channel from reopening until there has been sufficient time for recovery, thereby preventing persistent sodium flux during long depolarizations.

                
	GEFS+
	
                  A pleotropic autosomal dominant epilepsy syndrome in which there are febrile seizures in childhood and afebrile generalized seizures that persist beyond 6 years of age, including absences, myoclonic seizures, atonic seizures and myoclonic-astatic seizures. The syndrome is distinct from common benign febrile seizures.

                
	ICTAL
	
                  Relating to an epileptic seizure.

                
	INTERICTAL DISCHARGES
	
                  Distinctive waves or complexes that can be recorded between seizures in the electroencephalogram of individuals with epilepsy. Generally brief in duration, but can have various morphologies described as 'sharp wave', 'spike' or 'spike-and-slow-wave'.

                
	PERSISTENT SODIUM CURRENT
	
                  A small component of the sodium current that does not inactivate.

                
	POLYGENIC
	
                  A characteristic that is controlled by different genes, each of which has only a small role in the phenotype.

                
	UREIDE RING
	
                  Heterocyclic ring formed from urea (CO(NH2)2) as in phenytoin and barbiturates. In ethosuximide, the hydantoin ureide ring of phenytoin is substituted for a succinimide ring with a single nitrogen atom.

                
	IONOTROPIC RECEPTOR
	
                  Possessing an intrinsic channel (pore) that mediates transmembrane ion flux.

                
	MYOCLONIC SEIZURE
	
                  Sudden, brief, involuntary spasm (contraction–relaxation) of the tongue or muscles of the face, trunk, arms, legs or the entire body.

                
	DRAVET'S SYNDROME
	
                  A rare intractable epilepsy syndrome in which prolonged generalized tonic, clonic or tonic-clonic seizures occur between 2 and 9 months of age followed by myoclonic, tonic-clonic, absence and partial seizures in the second year of life. The syndrome is associated with delayed psychomotor and speech development, and ataxia.

                
	JUVENILE MYOCLONIC EPILEPSY
	
                  A common generalized epilepsy syndrome presenting between the ages of 8 and 26 years with early morning myoclonus, mainly affecting the upper extremities, and often associated with generalized tonic-clonic seizures and less frequently with absence seizures.

                
	STATUS EPILEPTICUS
	
                  Continuous seizure activity without recovery of consciousness or return to neurological function.

                
	IRREVERSIBLE SUICIDE INHIBITOR
	
                  An inhibitor that is inactive until acted upon by the enzyme: the inhibitor binds to the enzyme as a substrate and a chemically reactive intermediate is generated that inactivates the enzyme.

                
	LENNOX-GASTAUT SYNDROME
	
                  A devastating paediatric epilepsy syndrome usually beginning between ages 1 to 8 years. It is characterized by multiple seizure types including tonic, atonic, atypical absence and myoclonic seizures. There is often impaired intellectual functioning and behavioural disturbances.

                
	ANTIEPILEPTOGENIC
	
                  Protection against the development of epilepsy, a state characterized by recurrent seizures.

                



Rights and permissions
Reprints and permissions


About this article
Cite this article
Rogawski, M., Löscher, W. The neurobiology of antiepileptic drugs.
                    Nat Rev Neurosci 5, 553–564 (2004). https://doi.org/10.1038/nrn1430
Download citation
	Issue Date: 01 July 2004

	DOI: https://doi.org/10.1038/nrn1430


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        European Headache Federation (EHF) critical reappraisal and meta-analysis of oral drugs in migraine prevention – part 3: topiramate
                                    
                                

                            
                                
                                    	Bianca Raffaelli
	David García-Azorín
	Uwe Reuter


                                
                                The Journal of Headache and Pain (2023)

                            
	
                            
                                
                                    
                                        Therapeutic efficacy of voltage-gated sodium channel inhibitors in epilepsy
                                    
                                

                            
                                
                                    	John Agbo
	Zainab G. Ibrahim
	Daniel H. Mhyha


                                
                                Acta Epileptologica (2023)

                            
	
                            
                                
                                    
                                        Assessment of clinically actionable pharmacogenetic markers to stratify anti-seizure medications
                                    
                                

                            
                                
                                    	Debleena Guin
	Yasha Hasija
	Ritushree Kukreti


                                
                                The Pharmacogenomics Journal (2023)

                            
	
                            
                                
                                    
                                        Synthesis, X-ray crystallography and antimicrobial activity of 2-cyanoguanidinophenytoin
                                    
                                

                            
                                
                                    	Ahmed F. Mabied
	Amr H. Moustafa
	Amer A. Amer


                                
                                Scientific Reports (2023)

                            
	
                            
                                
                                    
                                        IRAK-M Ablation Promotes Status Epilepticus-Induced Neuroinflammation via Activating M1 Microglia and Impairing Excitatory Synaptic Function
                                    
                                

                            
                                
                                    	Xiao-Shan Liang
	Ting-Lin Qian
	Wei Xie


                                
                                Molecular Neurobiology (2023)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Credits
                                
                            
	
                                
                                    Editorial input and checks
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Publishing model
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Conferences
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Reviews Neuroscience (Nat. Rev. Neurosci.)
                
                
    
    
        ISSN 1471-0048 (online)
    
    


                
    
    
        ISSN 1471-003X (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter — what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
