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ABSTRACT 
 

Clinical studies reported side effects of muscular spasms and muscle stiffness following the 

administration of clofibrate, a drug once used to treat hyperlipidaemia in patients.  

Experiments with clofibrate and its analogues in animal models showed it produced these 

myotonic symptoms in muscle by reducing the chloride conductance of the muscle 

membrane. 

The effects of 2-(4-chlorophenoxy)propionic acid, an analogue of clofibric acid, 

was assessed on the rat ClC-1 channel (rClC-1).  Racemic 2-(4-chlorophenoxy)propionic 

acid shifted the voltage dependence of rClC-1 activation to more depolarising potentials, a 

mechanism accounting for myotonic symptoms previously reported.  Experiments with 

resolved enantiomers revealed that the effects recorded were due exclusively to S-(–) 2-(4-

chlorophenoxy)propionic acid.  The R-(+) enantiomer was ineffective at the concentrations 

tested.  Further experiments with the compound at differing Cl- concentrations in the 

extracellular solution suggested that S-(–) 2-(4-chlorophenoxy)propionic acid altered the 

gating of ClC-1 by decreasing the affinity of the binding site where Cl- normally acts to 

‘gate’ the channel. 

 Similarities in the effects reported for most dominant mutations in the CLC�1 gene 

that lead to myotonia congenita and 2-(4-chlorophenoxy)propionic acid prompted 

experiments that introduced these point mutations in the human ClC-1 (hClC-1) gene to 

compare their mode of action to that of the drug.  These mutations, F307S and A313T, 

predominantly altered the slow, or common, gate of the channel.  Conversely, the effect of 

2-(4-chlorophenoxy)propionic acid was predominantly on the fast gating process of 

hClC-1. A macroscopically similar effect therefore, can be produced by two different 

modes of action.  Results suggested that both drug and mutations exert their action by 



    v 
 

affecting the transition of the channel from its closed to open state subsequent to Cl- 

binding. 

Investigation of the interaction between rClC-1 gating and a further 25 compounds 

structurally related to clofibric acid identified a number of compounds effective at shifting 

the open probability of fast gating to depolarising potentials.  Fewer were identified that 

influence slow gating.  Some compounds affected both gating processes, however, none 

were identified which influenced slow gating alone.  Ability to displace the voltage 

dependent activation of the fast gate appeared to depend largely on the lipophilicity of the 

molecules tested, indicating the importance of hydrophobic interactions between drug and 

channel protein. 
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