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            Abstract
In excitable tissues the refractory period is a critical control mechanism preventing hyperactivity and undesirable tetani, by preventing subsequent stimuli eliciting action potentials and Ca2+ entry. In ureteric smooth muscle, peristaltic waves that occur as invading pacemaker potentials produce long-lasting action potentials (300â€“800â€‰ms) and extraordinarily long (more than 10â€‰s) refractory periods1,2,3,4,5,6, which prevent urine reflux and kidney damage2. For smooth muscles neither the mechanisms underlying the refractory period nor the link between excitability and refractoriness are properly understood. Here we show that a negative feedback process, which depends on Ca2+ loading the sarcoplasmic reticulum (SR) during the action potential and on the subsequent activation of local releases of Ca2+ from the SR (sparks7), stimulating plasmalemmal Ca2+-sensitive K+ (BK) channels, determines the refractory period of the action potential. As sparks gradually reduce the Ca2+ load in the SR, electrical inhibition is released, the refractory period is terminated and peristaltic contractions occur again. The refractory period can be manipulated, for example from 10â€‰s to 100â€‰s, by altering the Ca2+ content of the SR or release mechanism or by inhibiting BK channels. This insight into the control of excitability and hence function provides a focus for therapies directed at pathologies of smooth muscle.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more



Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more



Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: Refractory period in intact guinea-pig ureteric smooth muscle.



Figure 2: Effects of stimulus interval on Ca
2+ current.



Figure 3: Ca
2+ sparks, STOCs and the refractory period.



Figure 4: Modulation of the refractory period.
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And the rest...
All of our actions involve changes in electrical signals in nerves and muscles. If excitable tissues reacted to everything thrown at them, we would suffer hyperactivity and muscle spasms. The system is prevented from â€˜blowing a fuseâ€™ by a refractory period that follows stimulation. Until now, the mechanism of this feedback inhibition in smooth muscle was unknown. A combination of imaging and electrical recording now shows that a cell organelle â€” the sarcoplasmic reticulum â€” is the key. On excitation it takes up calcium then targets its release to channels at the cell surface, which open and prevent further excitation. The muscle rests until the channels close, when it can again respond to stimulation. This insight into the control of excitability may provide a focus for therapies directed at pathologies of smooth muscle.
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