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            Abstract
Data obtained from animal and human brain imaging studies indicate that frontal cortex and medial temporal lobe are involved in experiencing and controlling fear and anxiety. We tested the hypothesis that benzodiazepine receptor binding is decreased in the left temporal pole and increased in the right prefrontal area among patients suffering from anxiety. We studied 10 drug-naive female patients with generalized anxiety disorder (GAD) and 10 age- and gender-matched healthy controls with MRI and with SPET by using a new 123I-labelled specific benzodiazepine receptor radioligand, NNC 13-8241. Blindly analyzed results showed that the benzodiazepine receptor binding of [123I]NNC 13-8241 was significantly decreased in the left temporal pole among patients with GAD when compared with age- and sex-matched healthy controls. This hemispheric asymmetry was studied further with a fractal analysis of the SPET images. The fractal dimension of the left hemispheric benzodiazepine receptor binding in patients with GAD was significantly higher than that of controls (1.28 ± 0.09 and 1.17 ± 0.07, respectively), whereas the intercept was decreased by 43 ± 23% reflecting more homogeneous cerebral benzodiazepine receptor density distribution in patients with GAD. The finding is analogous to the decreased heterogeneity of myocardial blood flow observed in patients with ischemic heart disease. The results are consistent with the general hypothesis that high regional heterogeneity of perfusion, metabolism and receptor density is necessary to maintain adaptation ability in the living organism.




            
                
                    

    
        
            
                
                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 12 print issues and online access
$259.00 per year
only $21.58 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
        



    

                
                    
                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Processing of fMRI-related anxiety and bi-directional information flow between prefrontal cortex and brain stem
                                        
                                    

                                    
                                        Article
                                         Open access
                                         16 November 2021
                                    

                                

                                Gert Pfurtscheller, Katarzyna J. Blinowska, … Wolfgang Klimesch

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Cortical and subcortical brain structure in generalized anxiety disorder: findings from 28 research sites in the ENIGMA-Anxiety Working Group
                                        
                                    

                                    
                                        Article
                                         Open access
                                         01 October 2021
                                    

                                

                                Anita Harrewijn, Elise M. Cardinale, … Daniel S. Pine

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Resting-state amygdala subregion and precuneus connectivity provide evidence for a dimensional approach to studying social anxiety disorder
                                        
                                    

                                    
                                        Article
                                         Open access
                                         14 March 2024
                                    

                                

                                Simone Mizzi, Mangor Pedersen, … Izelle Labuschagne

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                
Author information
Authors and Affiliations
	Department of Forensic Psychiatry, University of Kuopio, Niuvanniemi Hospital, Kuopio, FIN-70240, Finland
J Tiihonen, P Räsänen & A Liuska

	Department of Clinical Physiology, Kuopio University Hospital, Kuopio, FIN-70210, Finland
J Kuikka, K Bergström, M Yu & K Åkerman

	Psychiatric Research Clinic of Kuopio, Kuopio, FIN-70100, Finland
U Lepola & I Kinnunen

	Department of Psychiatry, University of Helsinki, University of Oulu, Finland
U Lepola

	FIN-50520 Mikkeli and Department of Psychiatry, Moisio Hospital, University of Helsinki, University of Tampere, Finland
H Koponen

	Department of Psychiatry, Kuopio University Hospital, Kuopio, FIN-70210, Finland
A Liuska

	Department of Anaesthesiology, Kuopio University Hospital, Kuopio, FIN-70210, Finland
A Lehmusvaara

	Department of Radiology, Kuopio University Hosptial, Kuopio, FIN-70210, Finland
P Vainio

	Department of Clinical Neurophysiology, Kuopio University Hospital, Kuopio, FIN-70210, Finland
M Könönen & J Karhu


Authors	J TiihonenView author publications
You can also search for this author in
                        PubMed Google Scholar



	J KuikkaView author publications
You can also search for this author in
                        PubMed Google Scholar



	P RäsänenView author publications
You can also search for this author in
                        PubMed Google Scholar



	U LepolaView author publications
You can also search for this author in
                        PubMed Google Scholar



	H KoponenView author publications
You can also search for this author in
                        PubMed Google Scholar



	A LiuskaView author publications
You can also search for this author in
                        PubMed Google Scholar



	A LehmusvaaraView author publications
You can also search for this author in
                        PubMed Google Scholar



	P VainioView author publications
You can also search for this author in
                        PubMed Google Scholar



	M KönönenView author publications
You can also search for this author in
                        PubMed Google Scholar



	K BergströmView author publications
You can also search for this author in
                        PubMed Google Scholar



	M YuView author publications
You can also search for this author in
                        PubMed Google Scholar



	I KinnunenView author publications
You can also search for this author in
                        PubMed Google Scholar



	K ÅkermanView author publications
You can also search for this author in
                        PubMed Google Scholar



	J KarhuView author publications
You can also search for this author in
                        PubMed Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Tiihonen, J., Kuikka, J., Räsänen, P. et al. Cerebral benzodiazepine receptor binding and distribution in generalized anxiety disorder: a fractal analysis.
                    Mol Psychiatry 2, 463–471 (1997). https://doi.org/10.1038/sj.mp.4000329
Download citation
	Received: 24 February 1997

	Accepted: 29 July 1997

	Issue Date: 01 October 1997

	DOI: https://doi.org/10.1038/sj.mp.4000329


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	anxiety
	benzodiazepine receptors
	brain
	SPET
	fractals







            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        GABAergic circuits of the basolateral amygdala and generation of anxiety after traumatic brain injury
                                    
                                

                            
                                
                                    	Maria F. M. Braga
	Jenifer Juranek
	Ann M. Marini


                                
                                Amino Acids (2022)

                            
	
                            
                                
                                    
                                        GABAA receptor occupancy by subtype selective GABAAα2,3 modulators: PET studies in humans
                                    
                                

                            
                                
                                    	Aurelija Jucaite
	Zsolt Cselényi
	Lars Farde


                                
                                Psychopharmacology (2017)

                            
	
                            
                                
                                    
                                        Effects of seven-day diazepam administration on resting-state functional connectivity in healthy volunteers: a randomized, double-blind study
                                    
                                

                            
                                
                                    	C. Patrick Pflanz
	Abbie Pringle
	Catherine J. Harmer


                                
                                Psychopharmacology (2015)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Information
                                
                            
	
                                
                                    Open Access Fees and Funding
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    For Advertisers
                                
                            
	
                                
                                    Subscribe
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors & Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Molecular Psychiatry (Mol Psychiatry)
                
                
    
    
        ISSN 1476-5578 (online)
    
    


                
    
    
        ISSN 1359-4184 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    











    [image: ]







[image: ]
