
    
      Skip to main content
    

    


  
      


    
      
    
  
    
  
    
  
                
    
      Advertisement



  



    

  


  


  


  
  
    
  
    
  
                
    
      
  
    
  
        Main menu

    
  
  
    
  
    
  
      
  
  
    
  	Home
	Articles	Current Issue
	Fast Forward
	Latest Articles
	Special Sections
	Archive


	Information	Instructions to Authors
	Submit a Manuscript
	FAQs
	For Subscribers
	Terms & Conditions of Use
	Permissions


	Editorial Board
	Alerts	Alerts
	RSS Feeds


	[bookmark: Virtual Issues]Virtual Issues
	Feedback
	Submit



  


  
  



  
      
  
  
    
  	Other Publications	Drug Metabolism and Disposition
	Journal of Pharmacology and Experimental Therapeutics
	Molecular Pharmacology
	Pharmacological Reviews
	Pharmacology Research & Perspectives
	ASPET





  


  
  



  



  


  
  


  
        User menu

    
  
  
    
  
    
  
      
  
  
    
  	My alerts
	Log in
	 My Cart



  


  
  



  
      
  
  
    
  


  
  



  



  


  
  


  
        Search

    
  
  
    
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    	Advanced search

  


  
  



  



  


  
  




  



    

  



  
                
    
      
  
    
  
      
  
  
    [image: Molecular Pharmacology]  


  
  



  



    

  


  


  


  
      
  	    
  
    
  
                
    
      	Other Publications	Drug Metabolism and Disposition
	Journal of Pharmacology and Experimental Therapeutics
	Molecular Pharmacology
	Pharmacological Reviews
	Pharmacology Research & Perspectives
	ASPET




    

  


  



  
    
  
                
    
      
  
    
  
      
  
  
    
  


  
  


  
      
  
  
    	My alerts
	Log in
	 My Cart

  


  
  



  



    

  


  


  


  
  
    
  
        
            
        [image: Molecular Pharmacology]      

                

          



  
    
  
                
    
      
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    Advanced Search
  


  
  



  



    

  


  


  

  
  
    
  
        
  
                
    
      	Home
	Articles	Current Issue
	Fast Forward
	Latest Articles
	Special Sections
	Archive


	Information	Instructions to Authors
	Submit a Manuscript
	FAQs
	For Subscribers
	Terms & Conditions of Use
	Permissions


	Editorial Board
	Alerts	Alerts
	RSS Feeds


	[bookmark: Virtual Issues]Virtual Issues
	Feedback
	Submit


    

  



  
                
    
      	 Visit molpharm on Facebook
	 Follow molpharm on Twitter
	 Follow molpharm on LinkedIn

    

  


  



  

  
  
  	      

    
      
    
      
        
    
  
    
                        
  
                
    
      
	  
		
		
			
			  
  
      
  
  
    
  
  
      Research ArticleArticle

  
      

  
      Rapid Throughput Analysis of GABAA Receptor Subtype Modulators and Blockers Using DiSBAC1(3) Membrane Potential Red Dye
  
    	 Atefeh Mousavi Nik, Brandon Pressly, Vikrant Singh, Shane Antrobus, Susan Hulsizer, Michael A. Rogawski, Heike Wulff and Isaac N. Pessah


  
    	Molecular Pharmacology July 2017,  92 (1) 88-99; DOI: https://doi.org/10.1124/mol.117.108563 

  
  
  


Atefeh Mousavi Nik 
Department of Molecular Biosciences, School of Veterinary Medicine (A.M.N., S.A., S.H., I.N.P.), and Department of Pharmacology (B.P., V.S., M.A.R., H.W.), School of Medicine, University of California Davis, Davis, California; Department of Neurology, School of Medicine, University of California Davis, Sacramento, California (M.A.R.); and The Medical Investigation of Neurodevelopmental Disorders Institute, Sacramento, California (I.N.P.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Brandon Pressly 
Department of Molecular Biosciences, School of Veterinary Medicine (A.M.N., S.A., S.H., I.N.P.), and Department of Pharmacology (B.P., V.S., M.A.R., H.W.), School of Medicine, University of California Davis, Davis, California; Department of Neurology, School of Medicine, University of California Davis, Sacramento, California (M.A.R.); and The Medical Investigation of Neurodevelopmental Disorders Institute, Sacramento, California (I.N.P.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Vikrant Singh 
Department of Molecular Biosciences, School of Veterinary Medicine (A.M.N., S.A., S.H., I.N.P.), and Department of Pharmacology (B.P., V.S., M.A.R., H.W.), School of Medicine, University of California Davis, Davis, California; Department of Neurology, School of Medicine, University of California Davis, Sacramento, California (M.A.R.); and The Medical Investigation of Neurodevelopmental Disorders Institute, Sacramento, California (I.N.P.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Shane Antrobus 
Department of Molecular Biosciences, School of Veterinary Medicine (A.M.N., S.A., S.H., I.N.P.), and Department of Pharmacology (B.P., V.S., M.A.R., H.W.), School of Medicine, University of California Davis, Davis, California; Department of Neurology, School of Medicine, University of California Davis, Sacramento, California (M.A.R.); and The Medical Investigation of Neurodevelopmental Disorders Institute, Sacramento, California (I.N.P.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Susan Hulsizer 
Department of Molecular Biosciences, School of Veterinary Medicine (A.M.N., S.A., S.H., I.N.P.), and Department of Pharmacology (B.P., V.S., M.A.R., H.W.), School of Medicine, University of California Davis, Davis, California; Department of Neurology, School of Medicine, University of California Davis, Sacramento, California (M.A.R.); and The Medical Investigation of Neurodevelopmental Disorders Institute, Sacramento, California (I.N.P.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Michael A. Rogawski 
Department of Molecular Biosciences, School of Veterinary Medicine (A.M.N., S.A., S.H., I.N.P.), and Department of Pharmacology (B.P., V.S., M.A.R., H.W.), School of Medicine, University of California Davis, Davis, California; Department of Neurology, School of Medicine, University of California Davis, Sacramento, California (M.A.R.); and The Medical Investigation of Neurodevelopmental Disorders Institute, Sacramento, California (I.N.P.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Heike Wulff 
Department of Molecular Biosciences, School of Veterinary Medicine (A.M.N., S.A., S.H., I.N.P.), and Department of Pharmacology (B.P., V.S., M.A.R., H.W.), School of Medicine, University of California Davis, Davis, California; Department of Neurology, School of Medicine, University of California Davis, Sacramento, California (M.A.R.); and The Medical Investigation of Neurodevelopmental Disorders Institute, Sacramento, California (I.N.P.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Isaac N. Pessah 
Department of Molecular Biosciences, School of Veterinary Medicine (A.M.N., S.A., S.H., I.N.P.), and Department of Pharmacology (B.P., V.S., M.A.R., H.W.), School of Medicine, University of California Davis, Davis, California; Department of Neurology, School of Medicine, University of California Davis, Sacramento, California (M.A.R.); and The Medical Investigation of Neurodevelopmental Disorders Institute, Sacramento, California (I.N.P.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site




  


  
  



			

		

	
	
 	
	  
  
		
		
			
			  
  
      
  
  
    	Article
	Figures & Data
	Info & Metrics
	eLetters
	 PDF + SI
	 PDF


  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    Abstract
Fluorometric imaging plate reader membrane potential dye (FMP-Red-Dye) is a proprietary tool for basic discovery and high-throughput drug screening for G-protein-coupled receptors and ion channels. We optimized and validated this potentiometric probe to assay functional modulators of heterologous expressed GABAA receptor (GABAAR) isoforms (synaptic α1β3γ2, extrasynaptic α4β3δ, and β3 homopentomers). High-resolution mass spectrometry identified FMP-Red-Dye as 5,5′-(1-propen-1-yl-3-ylidene)bis[1,3-dimethyl-2-thio-barbituric acid]. GABAAR-expressing cells equilibrated with FMP-Red-Dye exhibited depolarized equilibrium membrane potentials compared with GABAAR-null cells. The channel blockers picrotoxin, fipronil, and tetramethylenedisulfotetramine, and the competitive antagonist bicuculline reduced fluorescence near the levels in GABAAR-null cells indicating that FMR-Red-Dye, a barbiturate derivative, activates GABAAR-mediated outward Cl− current in the absence of GABA. GABA caused concentration-dependent increases in fluorescence with rank order of potencies among GABAAR isoforms consistent with results from voltage-clamp experiments (EC50 values for α4β3δ, α1β3γ2, and β3 homopentamers were 6 ± 1, 40 ± 11, and >18 mM, respectively), whereas GABAAR-null cells were unresponsive. Neuroactive steroids (NAS) increased fluorescence of GABAAR expressing cells in the absence of GABA and demonstrated positive allosteric modulation in the presence of GABA, whereas benzodiazepines only exhibited positive allosteric modulator (PAM) activity. Of 20 NAS tested, allopregnanolone, (3α,5α,20E)-3-hydroxy-13,24-cyclo-18-norcholan-20-ene-21-carbonitrile, eltanolone, 5β-pregnan-3α,21-diol-20-one, and ganaxolone showed the highest potency. The FMP-Red-Dye–based assay described here provides a sensitive and quantitative method of assessing the activity of GABAAR agonists, antagonists, and PAMs on diverse GABAAR isoforms. The assay has a wide range of applications, including screening for antiseizure agents and identifying channel blockers of interest to insecticide discovery or biosecurity.
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