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    Abstract

Two dedicated receptors for bile acids (BAs) have been identified, the nuclear hormone receptor farnesoid X receptor (FXR) and the G protein-coupled receptor TGR5, which represent attractive targets for the treatment of metabolic and chronic liver diseases. Previous work characterized 6α-ethyl-3α,7α-dihydroxy-5β-cholan-24-oic acid (INT-747), a potent and selective FXR agonist, as well as 6α-ethyl-23(S)-methyl-3α,7α,12α-trihydroxy-5β-cholan-24-oic acid (INT-777), a potent and selective TGR5 agonist. Here we characterize 6α-ethyl-3α,7α,23-trihydroxy-24-nor-5β-cholan-23-sulfate sodium salt (INT-767), a novel semisynthetic 23-sulfate derivative of INT-747. INT-767 is a potent agonist for both FXR (mean EC50, 30 nM by PerkinElmer AlphaScreen assay) and TGR5 (mean EC50, 630 nM by time resolved-fluorescence resonance energy transfer), the first compound described so far to potently and selectively activate both BA receptors. INT-767 does not show cytotoxic effects in HepG2 cells, does not inhibit cytochrome P450 enzymes, is highly stable to phase I and II enzymatic modifications, and does not inhibit the human ether-a-go-go-related gene potassium channel. In line with its dual activity, INT-767 induces FXR-dependent lipid uptake by adipocytes, with the beneficial effect of shuttling lipids from central hepatic to peripheral fat storage, and promotes TGR5-dependent glucagon-like peptide-1 secretion by enteroendocrine cells, a validated target in the treatment of type 2 diabetes. Moreover, INT-767 treatment markedly decreases cholesterol and triglyceride levels in diabetic db/db mice and in mice rendered diabetic by streptozotocin administration. Collectively, these preclinical results indicate that INT-767 is a safe and effective modulator of FXR and TGR5-dependent pathways, suggesting potential clinical applications in the treatment of liver and metabolic diseases.

Footnotes
	↵

 The online version of this article (available at http://molpharm.aspetjournals.org) contains supplemental material.
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	Article, publication date, and citation information can be found at http://molpharm.aspetjournals.org.

doi:10.1124/mol.110.064501.

	
ABBREVIATIONS:

	BA
	bile acid
	FXR
	farnesoid X receptor
	GPCR
	G protein-coupled receptor
	LCA
	lithocholic acid
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	cAMP response element
	GLP-1
	glucagon-like peptide-1
	INT-747
	6α-ethyl-3α,7α-dihydroxy-5β-cholan-24-oic acid
	CDCA
	chenodeoxycholic acid
	INT-777
	6α-ethyl-23(S)-methyl-3α,7α,12α-trihydroxy-5β-cholan-24-oic acid
	INT-767
	6α-ethyl-3α,7α,23-trihydroxy-24-nor-5β-cholan-23-sulfate sodium salt
	DMSO
	dimethyl sulfoxide
	HEK
	human embryonic kidney
	FCS
	fetal calf serum
	DMEM
	Dulbecco's modified Eagle's medium high-glucose
	FXRE
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	polymerase chain reaction
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	PPAR
	peroxisome proliferator-activated receptor
	GW7647
	2-methyl-2-[[4-[2-[[(cyclohexylamino)carbonyl](4-cyclohexylbutyl)amino]ethyl] phenyl]thio]-propanoic acid
	GE1929
	N-(2-benzoylphenyl)-O-[2-(methyl-2-pyridinylamino)ethyl]-l-tyrosine hydrochloride
	CAR
	constitutive androstane receptor
	D2
	type 2 iodothyronine deiodinase
	LDH
	lactate dehydrogenase
	BrdU
	bromodeoxyuridine
	CYP450
	cytochrome P450
	MS
	mass spectrometry
	hERG
	ether-a-go-go related gene
	E-4031
	N-[4-[[1-[2-(6-methyl-2-pyridinyl)ethyl]-4-piperidinyl]carbonyl]phenyl]methanesulfonamide dihydrochloride
	mP
	millipolarization
	ORO
	Oil Red O
	siRNA
	small interfering RNA
	WT
	wild-type
	STZ
	streptozotocin
	WD
	Western diet
	LDL
	low-density lipoprotein
	HDL
	high-density lipoprotein
	h
	human
	TR-FRET
	time resolved-fluorescence resonance energy transfer
	NT
	no treatment
	SR-BI
	scavenger receptor type I B1.





	Received March 6, 2010.
	Accepted July 14, 2010.

	Copyright © 2010 The American Society for Pharmacology and Experimental Therapeutics



View Full Text
  


  
  



  
      
  
  
    
	  
		
		
			
			  
  
      
  
  
    
  
      
  
    	
			MolPharm articles become freely available 12 months after publication, and remain freely available for 5 years. 


			Non-open access articles that fall outside this five year window are available only to institutional subscribers and current ASPET members, or through the article purchase feature at the bottom of the page. 


			 


				Click here for information on institutional subscriptions.
	Click here for information on individual ASPET membership.


			



 

  




  


  
  



			

		

	
	
 	
	  
  
		
		
			
			  
  
      
  
  
    Log in using your username and password

  Username *
 



  Password *
 





Forgot your user name or password?




Purchase access
You may purchase access to this article. This will require you to create an account if you don't already have one.

  


  
  



			

		

	
	
 	
	
	


  


  
  



  





  


  
  



  
      
  
  
     PreviousNext 
  


  
  



  
      
  
  
     Back to top  


  
  



			

		

		
		
			
			  
  
        In this issue

    
  
  
    
  
    
  
      
  
  
    
    
      

  
  
      
      
          Molecular Pharmacology      
      
        	Vol. 78, Issue 4 1 Oct 2010 


      
      
        		Table of Contents
	Table of Contents (PDF)
	About the Cover
	Index by author
	Back Matter (PDF)
	Editorial Board (PDF)
	Front Matter (PDF)




      




  


  
  



  



  


  
  



  
      
  
  
    
	  
  
		
          
            
  
      
  
  
     Download PDF  


  
  


  
      
  
  
     Article Alerts

  
    
  
      
  
  
    
  User Name *
 



  Password *
 


Sign In to Email Alerts with your Email Address

  Email *
 








  


  
  



  





  


  
  


  
      
  
  
     Email Article

  
    
  
      
  
  
    
 Thank you for sharing this Molecular Pharmacology article.
NOTE: We request your email address only to inform the recipient that it was you who recommended this article, and that it is not junk mail. We do not retain these email addresses.




  Your Email *
 



  Your Name *
 



  Send To *
 

Enter multiple addresses on separate lines or separate them with commas.




  You are going to email the following 
 Functional Characterization of the Semisynthetic Bile Acid Derivative INT-767, a Dual Farnesoid X Receptor and TGR5 Agonist



  Message Subject 
 (Your Name) has forwarded a page to you from Molecular Pharmacology



  Message Body 
 (Your Name) thought you would be interested in this article in Molecular Pharmacology.



  Your Personal Message 
 








CAPTCHAThis question is for testing whether or not you are a human visitor and to prevent automated spam submissions.










  


  
  



  





  


  
  


  
      
  
  
     Citation Tools

  
    
  
      
  
  
      
  
      
  
  
      Research ArticleArticle

  
  
      Functional Characterization of the Semisynthetic Bile Acid Derivative INT-767, a Dual Farnesoid X Receptor and TGR5 Agonist
  
    	 Giovanni Rizzo, Daniela Passeri, Francesca De Franco, Gianmario Ciaccioli, Loredana Donadio, Giorgia Rizzo, Stefano Orlandi, Bahman Sadeghpour, Xiaoxin X. Wang, Tao Jiang, Moshe Levi, Mark Pruzanski and Luciano Adorini


  
    	Molecular Pharmacology October 1, 2010,  78 (4) 617-630; DOI: https://doi.org/10.1124/mol.110.064501 

  
  
  



  

  
  	      Citation Manager Formats

        
      	BibTeX
	Bookends
	EasyBib
	EndNote (tagged)
	EndNote 8 (xml)
	Medlars
	Mendeley
	Papers
	RefWorks Tagged
	Ref Manager
	RIS
	Zotero

    

  



  


  
  



  





  


  
  


  
        

    
  
  
    
  


  
  



          

        

        
        
          
            
  
      
  
  
     Share  


  
  


  
      
  
  
    
  
    
  
      
  
  
    
  
  
      Research ArticleArticle

  
  
      Functional Characterization of the Semisynthetic Bile Acid Derivative INT-767, a Dual Farnesoid X Receptor and TGR5 Agonist
  
    	 Giovanni Rizzo, Daniela Passeri, Francesca De Franco, Gianmario Ciaccioli, Loredana Donadio, Giorgia Rizzo, Stefano Orlandi, Bahman Sadeghpour, Xiaoxin X. Wang, Tao Jiang, Moshe Levi, Mark Pruzanski and Luciano Adorini


  
    	Molecular Pharmacology October 1, 2010,  78 (4) 617-630; DOI: https://doi.org/10.1124/mol.110.064501 

  
  
  



  


  
  



  
      
  
  
    
  
    Share This Article:
  
  
    
  
  
    Copy
  


  


  
  



  
      
  
  
       
  


  
  



  



  


  
  


  
      
  
  
    	Tweet Widget
	Facebook Like
	Google Plus One



  


  
  



          

        

	
 	
	
	


  


  
  



  
        Jump to section

    
  
  
    	Article	Abstract
	Introduction
	Materials and Methods
	Results
	Discussion
	Acknowledgments
	Footnotes
	References



	Figures & Data
	Info & Metrics
	eLetters
	 PDF + SI
	 PDF



  


  
  



  
      
  
  
    
  
     Related Articles


 Cited By...


 More in this TOC Section
	
  
  
  
  
      The Role of RGS4 in Stress and Ketamine Actions  
  
  
  
  




	
  
  
  
  
      A Small-Molecule Agonist as New Radioligand for ACKR3  
  
  
  
  




	
  
  
  
  
      Prodigiosin Inhibits TGF-β Signaling  
  
  
  
  






Show more Articles

 Similar Articles






  



  


  
  



  
      
  
  
    
  


  
  



  
      
  
  
    
  
    
  
      
  
  
    Advertisement



  



  


  
  



  



  


  
  



			

		

	
	
 	
	
	


    

  


      


  

    
  
      
    
  
    
  
    
  
                
    
      
  
    
  
      
  
  
    
  
      
  
    

	Home
	Alerts




Facebook   Twitter   LinkedIn   RSS
  




  


  
  



  

  
    
  
        Navigate

    
  
  
    	Current Issue
	Fast Forward by date
	Fast Forward by section
	Latest Articles
	Archive
	Search for Articles
	Feedback
	ASPET

  


  
  



  

  
    
  
        More Information

    
  
  
    	About Molecular Pharmacology
	Editorial Board
	Instructions to Authors
	Submit a Manuscript
	Customized Alerts
	RSS Feeds
	Subscriptions
	Permissions
	Terms & Conditions of Use

  


  
  



  

  
    
  
        ASPET's Other Journals

    
  
  
    	Drug Metabolism and Disposition
	Journal of Pharmacology and Experimental Therapeutics
	Pharmacological Reviews
	Pharmacology Research & Perspectives

  


  
  



  


    

  


  


  

  
  
    
  
    
  
                
    
      
  
    
  
      
  
  
    
  
      
  
    ISSN 1521-0111 (Online)


Copyright © 2024 by the American Society for Pharmacology and Experimental Therapeutics

  




  


  
  



  



    

  


  


  

  
    
  
      









  