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ABSTRACT 

Members of potassium voltage-gated channel, KQT-like subfamily (KCNQ channels) 

generate a subthreshold potassium current that regulates the excitability of neurons. 

Mutations of KCNQ channel members can lead to a series of diseases including long 

QT syndrome (LQTS), benign familial neonatal convulsions (BFNC) and an autosomal 

dominant progressive deafness, deafness autosomal dominant locus 2 (DFNA2). 

Symptoms of BFNC are shown as abnormal electrophysiological activities and 

convulsive behaviors, which have been observed and reported in drug screening studies 

using zebrafish. The alteration of the vestibulo-ocular reflex (VOR) has also been 

observed in human patients and transgenic rodents with DFNA2 but not in zebrafish 

yet. Methods used for oculomotor tracking and VOR quantification are widely seen in 

clinical practices and research to assess the vestibular function of mammals. However, 

the methods currently available for studies of oculomotor and VOR of zebrafish are 

limited in 2D or 1D tracking of the eye movement of the animals. This present study 

shows a video-oculographic (VOG) method for oculomotor tracking and VOR 

quantification of larval zebrafish. The VOG method allows a thorough 3D tracking and 

quantification of the movement of the zebrafish eyeball. The efficacy of the VOG 

method for quantification of the VOR function of zebrafish has been evaluated in the 

studies of zebrafish of which the KCNQ channels were manipulated by KCNQ blocker 

XE-991, linopirdine (LPD) and opener retigabine (RTG). The method has led to find 

that (1) the application of XE-991 and LPD reduced the amplitude of the VOR of 

zebrafish (41.3% and 54.8% reduction in the amplitudes of elevation and torsion 



respectively after XE-991 exposure, 42.1% reduction in the amplitude of torsion after 

LPD exposure); (2) the use of RTG could reverse the abnormity of the VOR function 

caused by XE-991 and LPD; (3) without KCNQ blockers, the RTG could increase the 

amplitude of VOR (58.2% increase in the amplitude of torsion after RTG exposure). 

Optokinetic reflex (OKR) test is also performed to rule out the possibility that the 

changes in VOR may be due to injuries of the extraocular muscles. In conclusion, the 

VOG method has been shown to be an effective technique for tracking in 3D the 

oculomotor of zebrafish and quantifying accurately the malfunction of the VOR of the 

zebrafish associated to drugs. 


