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PROJECT SUMMARY 

Antiepileptic drugs, while effective in may cases, still fail to suppress seizures in about a third of 
patients. There is a great need to understand the precise mechanism by which existing 
medications exert their effect before better ones can be produced. This study has cast new light 
on how common drugs like phenytoin affect their main brain targets. Additionally, a method to 
assess what drug combinations are more likely to be effective using a “brain in a petri dish 
approach” has been developed that could potentially greatly enhance how physicians choose 
existing drugs to treat seizures. 

 

PROJECT AIMS / OBJECTIVES 

Several aims were proposed  

1) Phenytoin does nor affect the process of “fast inactivation” in sodium channels – this was 
demonstrated experimentally and reported in Zheng et al 2016; it affects a new form of 
inactivation termed “intermediate” discovered in these experiments (see French et al, 2015) and 
slow inactivation 

2) The binding site for phenytoin is most likely different from the current consensus site, and is 
likely to be in the extracellular voltage sensor region – see Zheng et al 2016, Boiteux et al 2014, 
Boiteux et al 2016, 

3) An additional aim was later developed, to see if relative efficacy of drug combinations for 
epilepsy could be assessed in vitro – this proved to be the case – see Taing et al, 2017 

 



 

SIGNIFICANCE AND OUTCOMES 

We have shown i) that sodium channel modulators such as phenytoin a) have novel effects on 
slow inactivation in sodium channels, as opposed to the previous hypothesis that these drugs 
affected “fast” inactivation. Ii) We have also shown that the binding site for these drugs is likely to 
be extracellular, rather than intracellular, which has considerable implications for drug design. Iii) 
we have shown that it may be possible to evaluate drug combination efficacy in vitro, which could 
potentially be used to guide clinical drug prescription and improve seizure control in epileptic 
patients. 
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