
Results 

SK channel expression and distribution
No significant difference in the expression level of the 
individual SK channel isoforms between different 
cardiac regions.
SK3 were the isoform with the highest expression level 
throughout the heart. 
SK2 showed generally low expression levels (Fig 2).

SK2 channel distribution in right atrial and right 
ventricular tissue
Widespread distribution of SK2 was found in both atrial 
and ventricular cardiomyocytes. 
SK2 primary located in the periphery of the cells but 
also in a striated linear fluorescence pattern (Fig 3). 
Quantificational comparison of SK2 between atrial and 
ventricular cells could not be conducted since settings 
used for analysis changed between cardiac locations.

Drug-induced changes in atrial refractoriness
Inhibition of SK channels resulted in a pronounced 
prolongation of the aERP at all measured atrial 
stimulation rates. aERP were unaffected by anesthesia 
(Fig 4). 

Drug-induced changes in AF-duration and AF-
vulnerability
AF was repeatedly induced before and after NS8593 
treatment. AF-duration as well as AF-vulnerability were 
significantly reduced by NS8593 (Fig 5 + 6).

All induced AF episodes ≥ 15 minutes (n=6) were 
terminated by NS8593. Mean cardioversion time 10 ± 
2.0 minutes from infusion start.

Fig 4: NS8593- and anesthesia-induced changes in aERP in healthy 
Standardbred horses (n=7) at atrial stimulation rates of 60 bpm, 75 bpm, 120 
bpm, and 182 bpm, respectively. NS8593 vs. baseline anesthetized; **P<.01, 
***P<.001. 

. 

Methods and Materials

Cardiac biopsies were analyzed by RT-qPCR to 
investigate the regional expression level of SK channels 
in the equine heart. Furthermore, expression of SK2 was 
assessed by immunohistochemistry and confocal 
microscopy. The electrophysiological and anti-AF effects 
of the SK channel inhibitor NS8593 were evaluated in vivo 
and focused on the potential of NS8593 to terminate 
acute pacing-induced AF (≥15min), drug-induced changes 
in atrial effective refractory period (aERP), AF-duration 
and AF-vulnerability, respectively. Parameters were 
assessed at baseline and after NS8593 treatment 
(5mg/kg, IV). 
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Fig 2: mRNA expression of SK1, SK2 and SK3 isoforms in equine cardiac tissue.

RA: right atria, LA: left atria, RV: right ventricle, LV Endo: left ventricular endocardium, LV 
mid: left ventricular midmyocardium, LV Epi: left ventricular epicardium

Conclusion

SK channels are present and contribute to atrial 
repolarization in horses.

Inhibition of SK channels terminates induced AF of short 
duration and decreases AF-duration and AF-vulnerability 
thereby demonstrating clear antiarrhythmic properties in 
anesthetized horses.

U N I V E R S I T Y  O F  C O P E N H A G E N

Fig 3: Immunohistochemistry and confocal microscopy of equine (A) right atrial and 
(B) right ventricular tissue 

Top panel in (A) and (B): SK2 staining with 1:200 SK2 antibody (red), 1:200 connexin 43 
antibody (green) and 1:300 DAPI antibody (blue). Lower panel in (A) and (B): Peptide 
negative control. 

Fig 6: Representative atrial electrograms (aEGMs) and surface (s-) ECG recordings 
showing AF induction at 50 Hz before and after NS8593 in a horse. 

Fig 5: NS8593-induced decreases in AF-duration (A) and AF-
vulnerability (B) in healthy Standardbred horses (n=7),*P<.05. 
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Introduction

Evidence of important functional role of small 
conductance Ca2+-activated K+  channels (SK channels) 
in atrial cardiomyocytes and in the maintenance of atrial 
fibrillation (AF).

SK channels: voltage insensitive potassium channels, 
activated exclusively by increases in free intracellular 
Ca2+ concentration. 

Ca2+ levels seem to be elevated during AF      enhanced 
activation of SK channels, a faster repolarization and 
consequently a shortened APD   a proarrhythmic 
substrate for the maintenance of AF. 

Fig 1: Anesthetized horses were used. Horses were placed in 
dorsal recumbency and ECG leads was placed as illustrated.

Experimental AF in various animal models have 
revealed that inhibition of SK channels has 

antiarrhythmic properties. 

Minimal contribution of SK channels to ventricular 
repolarization     inhibition of SK channels is a potential 
atrial-selective mechanism for the treatment of AF. 

SK channels are functionally important in atrial 
repolarization in multiple species including man but the 
existence and possible role of SK channels in the 
equine heart has not previously been investigated. 

Objectives

To investigate the presence and functional role of SK 
channels in the equine heart. Specifically, SK 
expression, SK2 protein distribution, and 
electrophysiological and anti-AF effects following SK 
channel inhibition by NS8593 were analyzed.
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