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            Abstract
THE HCI in the mammalian stomach is concentrated enough to digest the stomach itself, yet the gastric epithelium remains undamaged. One protective factor is gastric mucus, which forms a protective layer over the surface epithelium1â€“4 and acts as a diffusion barrier5,6 Bicarbonate ions secreted by the gastric epithelium7 are trapped in the mucus gel, establishing a gradient from pH 1â€“2 at the lumen to pH 6â€“7 at the cell surface8â€“10. How does HCI, secreted at the base of gastric glands by parietal cells, traverse the mucus layer without acidifying it? Here we demonstrate that injection of HCI through solutions of pig gastric mucin produces viscous fingering patterns11â€“18 dependent on pH, mucin concentration and acid flow rate. Above pH 4, discrete fingers are observed, whereas below pH 4, HCI neither penetrates the mucin solution nor forms fingers. Our in vitro results suggest that HCI secreted by the gastric gland can penetrate the mucus gel layer (pH 5â€“7) through narrow fingers, whereas HC1 in the lumen (pH 2) is prevented from diffusing back to the epithelium by the high viscosity of gastric mucus gel on the luminal side.




            
                
                    

    
        
            
                
                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
            
        

        
    



                    
                

                
    

    
    
        
    Additional access options:

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



    

                
                    
                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Mucin CYS domain stiffens the mucus gel hindering bacteria and spermatozoa
                                        
                                    

                                    
                                        Article
                                         Open access
                                         18 November 2019
                                    

                                

                                Bastien Demouveaux, ValÃ©rie Gouyer, â€¦ Jean-Luc Desseyn

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Permeability of the small intestinal mucus for physiologically relevant studies: Impact of mucus location and ex vivo treatment
                                        
                                    

                                    
                                        Article
                                         Open access
                                         26 November 2019
                                    

                                

                                Adam Macierzanka, Alan R. Mackie & Lukasz Krupa

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Intestinal mucus components and secretion mechanisms: what we do and do not know
                                        
                                    

                                    
                                        Article
                                         Open access
                                         03 April 2023
                                    

                                

                                Chunyan Song, Zhenglong Chai, â€¦ Yuping Zhou

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Allen, A. in Physiology of the Gastrointestinal Tract Vol. 1 (eds Johnson, L. R. et al.) 617â€“639 (Raven, New York, 1981).

                    Google ScholarÂ 
                

	Hollander, F. Arch. Intern. Med. 93, 107â€“120 (1954).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Heatley, N. G. Gastmenterology 37, 313â€“317 (1959).
CASÂ 
    
                    Google ScholarÂ 
                

	Allen, A. Trends Biochem. Sci. 8, 169â€“173 (1983).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Williams, S. E. & Turnberg, L. A. Gastroenterology 79, 299â€“304 (1980).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Pfeiffer, C. Am. J. Physiol. 240, G176â€“182 (1981).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	FlemstrÃ¶m, G. in Physiology of the Gastrointestinal Tract 2nd edn (eds Johnson, L. R. et al.) 1011â€“1029 (Raven Press, New York, 1987).

                    Google ScholarÂ 
                

	Williams, S. E. & Turnberg, L. A. Gut 22, 94â€“96 (1981).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Takeuchi, K. et al. Gastroenterology 84, 331â€“340 (1983).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Allen, A. & Garner A. Gut 21, 249â€“262 (1980).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hele-Shaw, H. S. Nature 58, 34â€“36 (1898).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Nittmann, J., Daccord G. & Stanley, H. E. Nature 314, 141â€“144 (1985).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ben-Jacob, E. & Garik, P. Nature 343, 523â€“530 (1990).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Buka, A., KertÃ¨sz, J. & Vicsek, T., Nature 323, 424â€“425 (1986).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	May, S. E. & Maher, J. V. Physical Rev. A40, 1723â€“1726 (1989).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Joseph, D. D. Eur. J. Mech. Fluids B9, 565â€“596 (1990).

                    Google ScholarÂ 
                

	Garik, P. et al. Physical Rev. Lett. 66, 1606â€“1609 (1991).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Fabry, T. L. Gastroenterology 98, A42 (1990).

                    Google ScholarÂ 
                

	Allen, A., Pain, R. H. & Robson, T. R. Nature 264, 88â€“89 (1976).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Bhaskar, K. R. et al. Am. J. Physiol. 261, G827â€“G832 (1991).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Murthy, V. L. N., Sarosiek, J., Slomiany, A. & Slomiany, B. L. Biochem. biophys. Res. Commun. 121, 521â€“529 (1984).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Makhlouf, G. M. in Physiology of the Gastrointestinal Tract Vol. I, (eds Johnson, L. R. et al.) 551â€“566 (Raven, New York, 1981).

                    Google ScholarÂ 
                

	Kerss, S., Allen, A. & Garner, A. Clin. Sci. 63, 185â€“188 (1982).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Seelig, L. L. et al. Am. J. Anat. 174, 15â€“26 (1985).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Holm, L. & FlemstrÃ¶m G. J. int. Med. 228, (suppl) 91â€“95 (1990).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Patronella, C. K., Vanek, I. & Bowen, J. C. Gastroenterology 95, 612â€“618 (1988).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wallace, J. L. Am. J. Physiol. 256, G31â€“G38 (1989).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Lal, J. & Bansil, R. Physica A186, 88â€“96 (1992).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Gong, D. et al. Am. J. Physiol. 259, G681â€“G686 (1990).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Bloom, W. & Fawcett, D. W. A Textbook of Histology 8th edn 433 (W. B. Saunders, Philadelphia, 1966)

                    Google ScholarÂ 
                

	Agren, J. & Holm, L. Acta physiol. scand. 140, 36A (1990).

                    Google ScholarÂ 
                

	Castell, D. O. in Esophageal Motility Testing (eds Castell, D. O. et al.) 21 (Elsevier,New York, 1987).

                    Google ScholarÂ 
                

	Sellers, L. A. et al. Biorheology 24, 615â€“623 (1987).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Author information
Authors and Affiliations
	Section of Gastroenterology, University Hospital, Boston University Medical Center, 88 East Newton Street, Boston, Massachusetts, 02118, USA
K. Ramakrishnan Bhaskar,Â Bradley S. TurnerÂ &Â J. Thomas LaMont

	Center For Polymer Studies and Department of Physics, Boston University, Boston, Massachusetts, 02215, USA
Peter Garik,Â James Douglas Bradley,Â Rama BansilÂ &Â H. Eugene Stanley


Authors	K. Ramakrishnan BhaskarView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Peter GarikView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Bradley S. TurnerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	James Douglas BradleyView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Rama BansilView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	H. Eugene StanleyView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	J. Thomas LaMontView author publications
You can also search for this author in
                        PubMedÂ Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Bhaskar, K., Garik, P., Turner, B. et al. Viscous fingering of HCI through gastric mucin.
                    Nature 360, 458â€“461 (1992). https://doi.org/10.1038/360458a0
Download citation
	Received: 10 June 1992

	Accepted: 22 October 1992

	Issue Date: 03 December 1992

	DOI: https://doi.org/10.1038/360458a0


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
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Linear and non-linear analyses on the onset of miscible viscous fingering in a porous medium
                                    
                                

                            
                                
                                    	Won Sun Ryoo
	Min Chan Kim


                                
                                Korean Journal of Chemical Engineering (2018)

                            
	
                            
                                
                                    
                                        Mucus and Mucins: do they have a role in the inhibition of the human immunodeficiency virus?
                                    
                                

                            
                                
                                    	Anwar Suleman Mall
	Habtom Habte
	Corena de Beer


                                
                                Virology Journal (2017)

                            
	
                            
                                
                                    
                                        Linear stability analysis and nonlinear simulation of non-Newtonian viscous fingering instability in heterogeneous porous media
                                    
                                

                            
                                
                                    	Mohammad Reza Shoghi
	Mahmood Norouzi


                                
                                Rheologica Acta (2015)

                            
	
                            
                                
                                    
                                        MUC1 enhances hypoxia-driven angiogenesis through the regulation of multiple proangiogenic factors
                                    
                                

                            
                                
                                    	S Kitamoto
	S Yokoyama
	S Yonezawa


                                
                                Oncogene (2013)

                            
	
                            
                                
                                    
                                        The gastrointestinal mucus system in health and disease
                                    
                                

                            
                                
                                    	Malin E. V. Johansson
	Henrik SjÃ¶vall
	Gunnar C. Hansson


                                
                                Nature Reviews Gastroenterology & Hepatology (2013)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For 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


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (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




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
