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Introduction: Kv1.1channels, belonging to the Shaker subfamily of voltage-gated potassium channels, are expressed in the 
central and peripheral nervous systems where they contribute to neuronal excitability, firing properties and neurotransmitters 
release. Loss-of-function missense mutations in KCNA1gene cause episodic ataxia type 1(EA1), an autosomal dominant 
disorder presenting primarily with myokymia and ataxia (Graves et al., Brain 2014). Epilepsy has been reported in some kindreds. 
In heterologous expression systems, EA1mutations markedly reduce channel surface expression, alter voltage-dependence, 
kinetics or single channel conductance (Imbrici et al., Mol Cell Neurosci 2017). The consequent reduction of potassium efflux 
through mutant Kv1.1channels causes the abnormal neuronal excitability responsible for EA1symptoms (Begum et al., Nat 
Commun 2016; Tomlinson et al., Neuropharmacol 2018). The ideal treatment for this disorder would be to activate mutant 
channels, thus restoring their physiological function and dampening neuronal excitability. However, due to the lack of specific 
Kv1.1channel activators, affected patients are treated with symptomatic therapies including the carbonic anhydrase inhibitor 
acetazolamide or the sodium channel blocker carbamazepine (CBZ), with variable response among individuals (D’Adamo et 
al., Front Cell Neurosci 2015). Recently, resin acids such as pimaric acid (PIMA) and dehydroabietic acid (DHAA) were shown 
to open the Shaker potassium channel in vitro, by shifting the voltage-dependent activation of the channel to more negative 
voltages (Ottosson et al., Sci Adv 2017). In search of Kv1.1channel activators, here we tested the hypothesis that CBZ and resin 
acids, IsoPIMA and DHAA could be able to modulate the activity of Kv1.1channel and of one EA1mutant, E283K. This latter 
shifts the voltage dependent activation of the channel toward positive potentials.

Materials and methods: We expressed Kv1.1WT and E283K channels in HEK 293cells and recorded potassium currents 
through the patch-clamp technique before and after the exposure to CBZ 100mM, DHAA 30mM or IsoPIMA 10 mM. The 
effects of these compounds on macroscopic potassium current amplitude, voltage-dependence of activation and deactivation 
kinetics have been assessed using standard protocols.

Results: CBZ, DHAA and isoPIMA enhanced Kv1.1and E283K currents in the voltage range close to the threshold for channels 
activation, but not at more positive potentials. In addition, CBZ, DHAA and isoPIMA cause a negative shift of the voltage-
dependence of activation of Kv1.1WT and E283K channels (DV1/2~ -10mV), which is consistent with the increase of current 
level at negative potentials after drug exposure. Finally, the three compounds significantly slowed the deactivation kinetics 
measured for Kv1.1WT and E283K channels. Experiments with other molecules are ongoing.

Discussion and conclusion: CBZ and resin acids are novel modulators of Kv1.1channels. These molecules, endowed with 
a lipophilic tricyclic structure, rise potassium currents likely by increasing voltage sensitivity and stabilizing the open state 
of Kv1.1channels. Interestingly, the three molecules revert the positive shift in the voltage-dependence induced by E283K 
mutation, thus correcting, at least in part, EA1functional defect. Furthermore, we could speculate that the therapeutic effect of 
CBZ in E283K ataxic patients might be attributed both to sodium channel block and to Kv1.1channel activation. Thus, CBZ and 
resin acids can be good pharmacological scaffold to develop selective Kv1.1channel openers useful to treat hyperexcitability 
disorders such as EA1and epilepsy. This work was supported by Ataxia UK grant.


