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                    Abstract
gamma-Aminobutyric acid (GABA) is the major inhibitory neurotransmitter in the central nervous system, and it also appears in peripheral tissues. Platelets are anuclear blood cells that play a central role in hemostatic processes. Although platelets possess a GABA uptake system, the functional activity of GABA in platelets has remained unclear. We determined that GABA is abundantly distributed in the platelets at a concentration of approximately 1.03 ng/106 cells. GABA (0.5 μM) specifically inhibited collagen-induced platelet activation accompanied by [Ca2+]i mobilization, phospholipase Cγ2, protein kinase C, Akt phosphorylation, and hydroxyl radical formation. In addition, GABA interfered with fluorescein isothiocyanate–collagen binding to platelet membranes and produced a concentration-dependent shift in the collagen concentration–response curve and a Schild plot slope of −0.96 ± 0.11, indicating competitive inhibition. Platelet activation induced by convulxin, a glycoprotein VI agonist, was inhibited by GABA, whereas activation induced by the integrin α2β1 agonist, aggretin, was not. Immunoprecipitation and surface plasmon resonance revealed that GABA binds directly to glycoprotein VI in human platelets with equilibrium dissociation (binding) constant (K
                  D) of 41.4 nM. The closure time of whole blood and the occlusion time of platelet plug formation were significantly prolonged by GABA in vivo. In this study, GABA is a specific inhibitor of collagen glycoprotein VI and may be involved in an endogenous negative feedback mechanism for platelet activation. Thus, GABA may represent a potential target for the development of novel interventions for the treatment of cardiovascular diseases associated with platelet activation, such as stroke and myocardial infarction.
Key messages

                  	
                      GABA is abundantly distributed in the platelets.

                    
	
                      GABA inhibited platelet activation stimulated by convulxin.

                    
	
                      GABA directly associated with glycoprotein VI in platelet membrane.

                    
	
                      GABA prolonged the closure time of whole blood and the occlusion time of platelet plug formation in vivo.

                    


                


                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1


Fig. 2


Fig. 3


Fig. 4


Fig. 5


Fig. 6



                        

                    

                    
                        
                    


                    
                        
                            
                        
                    

                    

                    

                    References
	Mirza NR, Munro G (2010) The role of GABA(A) receptor subtypes as analgesic targets. Drug News Perspect 23:351–360
CAS 
    PubMed 
    
                    Google Scholar 
                

	Macdonald RL, Kang JQ, Gallagher MJ (2010) Mutations in GABAA receptor subunits associated with genetic epilepsies. J Physiol 588:1861–1869
Article 
    CAS 
    PubMed Central 
    PubMed 
    
                    Google Scholar 
                

	Jackson SP, Nesbitt WS, Kulkarni S (2003) Signaling events underlying thrombus formation. J Thromb Haemost 1:1602–1612
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Phillips DR, Nannizzi-Alaimo L, Prasad KS (2001) Beta3 tyrosine phosphorylation in alphaIIbbeta3 (platelet membrane GP IIb–IIIa) outside-in integrin signaling. Thromb Haemost 86:246–258
CAS 
    PubMed 
    
                    Google Scholar 
                

	Rainesalo S, Keranen T, Saransaari P, Honkaniemi J (2005) GABA and glutamate transporters are expressed in human platelets. Brain Res Mol Brain Res 141:161–165
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kaneez FS, Saeed SA (2009) Investigating GABA and its function in platelets as compared to neurons. Platelets 20:328–333
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Fonlupt P, Croset M, Lagarde M (1990) Benzodiazepine analogues inhibit arachidonate-induced aggregation and thromboxane synthesis in human platelets. Br J Pharmacol 101:920–924
Article 
    CAS 
    PubMed Central 
    PubMed 
    
                    Google Scholar 
                

	Rajtar G, Zolkowska D, Kleinrok Z (2002) Effect of diazepam and clonazepam on the function of isolated rat platelet and neutrophil. Med Sci Monit 8:PI37–PI44
CAS 
    PubMed 
    
                    Google Scholar 
                

	Bazzichi L, Giannaccini G, Betti L, Italiani P, Fabbrini L, Defeo F, Giacomelli C, Giuliano T, Rossi A, Uccelli A et al (2006) Peripheral benzodiazepine receptors on platelets of fibromyalgic patients. Clin Biochem 39:867–872
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sheu JR, Lee CR, Lin CH, Hsiao G, Ko WC, Chen YC, Yen MH (2000) Mechanisms involved in the antiplatelet activity of Staphylococcus aureus lipoteichoic acid in human platelets. Thromb Haemost 83:777–784
CAS 
    PubMed 
    
                    Google Scholar 
                

	Bourcier S, Benoist JF, Clerc F, Rigal O, Taghi M, Hoppilliard Y (2006) Detection of 28 neurotransmitters and related compounds in biological fluids by liquid chromatography/tandem mass spectrometry. Rapid Commun Mass Spectrom 20:1405–1421
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sheu JR, Hung WC, Wu CH, Ma MC, Kan YC, Lin CH, Lin MS, Luk HN, Yen MH (1999) Reduction in lipopolysaccharide-induced thrombocytopenia by triflavin in a rat model of septicemia. Circulation 99:3056–3062
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Chen WF, Lee JJ, Chang CC, Lin KH, Wang SH, Sheu JR (2013) Platelet protease-activated receptor (PAR)4, but not PAR1, associated with neutral sphingomyelinase responsible for thrombin-stimulated ceramide-NF-kappaB signaling in human platelets. Haematologica 98:793–801
Article 
    CAS 
    PubMed Central 
    PubMed 
    
                    Google Scholar 
                

	Balducci C, Beeg M, Stravalaci M, Bastone A, Sclip A, Biasini E, Tapella L, Colombo L, Manzoni C, Borsello T et al (2010) Synthetic amyloid-beta oligomers impair long-term memory independently of cellular prion protein. Proc Natl Acad Sci U S A 107:2295–2300
Article 
    CAS 
    PubMed Central 
    PubMed 
    
                    Google Scholar 
                

	Jilma B (2001) Platelet function analyzer (PFA-100): a tool to quantify congenital or acquired platelet dysfunction. J Lab Clin Med 138:152–163
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Chou DS, Hsiao G, Shen MY, Tsai YJ, Chen TF, Sheu JR (2005) ESR spin trapping of a carbon-centered free radical from agonist-stimulated human platelets. Free Radic Biol Med 39:237–248
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Hsiao G, Lin KH, Chang Y, Chen TL, Tzu NH, Chou DS, Sheu JR (2005) Protective mechanisms of inosine in platelet activation and cerebral ischemic damage. Arterioscler Thromb Vasc Biol 25:1998–2004
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Tyers M, Rachubinski RA, Stewart MI, Varrichio AM, Shorr RG, Haslam RJ, Harley CB (1988) Molecular cloning and expression of the major protein kinase C substrate of platelets. Nature 333:470–473
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Niedergang F, Alcover A, Knight CG, Farndale RW, Barnes MJ, Francischetti IM, Bon C, Leduc M (2000) Convulxin binding to platelet receptor GPVI: competition with collagen related peptides. Biochem Biophys Res Commun 273:246–250
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Quinton TM, Ozdener F, Dangelmaier C, Daniel JL, Kunapuli SP (2002) Glycoprotein VI-mediated platelet fibrinogen receptor activation occurs through calcium-sensitive and PKC-sensitive pathways without a requirement for secreted ADP. Blood 99:3228–3234
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Huang TF, Liu CZ, Yang SH (1995) Aggretin, a novel platelet-aggregation inducer from snake (Calloselasma rhodostoma) venom, activates phospholipase C by acting as a glycoprotein Ia/IIa agonist. Biochem J 309(Pt 3):1021–1027
CAS 
    PubMed Central 
    PubMed 
    
                    Google Scholar 
                

	Suzuki-Inoue K, Fuller GL, Garcia A, Eble JA, Pohlmann S, Inoue O, Gartner TK, Hughan SC, Pearce AC, Laing GD et al (2006) A novel Syk-dependent mechanism of platelet activation by the C-type lectin receptor CLEC-2. Blood 107:542–549
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Song Y, Shenwu M, Dhossche DM, Liu YM (2005) A capillary liquid chromatographic/tandem mass spectrometric method for the quantification of gamma-aminobutyric acid in human plasma and cerebrospinal fluid. J Chromatogr B Analyt Technol Biomed Life Sci 814:295–302
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Mangin P, Yuan Y, Goncalves I, Eckly A, Freund M, Cazenave JP, Gachet C, Jackson SP, Lanza F (2003) Signaling role for phospholipase C gamma 2 in platelet glycoprotein Ib alpha calcium flux and cytoskeletal reorganization. Involvement of a pathway distinct from FcR gamma chain and Fc gamma RIIA. J Biol Chem 278:32880–32891
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Bugaud F, Nadal-Wollbold F, Levy-Toledano S, Rosa JP, Bryckaert M (1999) Regulation of c-jun-NH2 terminal kinase and extracellular-signal regulated kinase in human platelets. Blood 94:3800–3805
CAS 
    PubMed 
    
                    Google Scholar 
                

	Hughes PE, Renshaw MW, Pfaff M, Forsyth J, Keivens VM, Schwartz MA, Ginsberg MH (1997) Suppression of integrin activation: a novel function of a Ras/Raf-initiated MAP kinase pathway. Cell 88:521–530
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Franke TF, Yang SI, Chan TO, Datta K, Kazlauskas A, Morrison DK, Kaplan DR, Tsichlis PN (1995) The protein kinase encoded by the Akt proto-oncogene is a target of the PDGF-activated phosphatidylinositol 3-kinase. Cell 81:727–736
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Chang CH, Chung CH, Kuo HL, Hsu CC, Huang TF (2008) The highly specific platelet glycoprotein (GP) VI agonist trowaglerix impaired collagen-induced platelet aggregation ex vivo through matrix metalloproteinase-dependent GPVI shedding. J Thromb Haemost 6:669–676
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Chung CH, Wu WB, Huang TF (2004) Aggretin, a snake venom-derived endothelial integrin alpha 2 beta 1 agonist, induces angiogenesis via expression of vascular endothelial growth factor. Blood 103:2105–2113
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	He L, Pappan LK, Grenache DG, Li Z, Tollefsen DM, Santoro SA, Zutter MM (2003) The contributions of the alpha 2 beta 1 integrin to vascular thrombosis in vivo. Blood 102:3652–3657
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Nieswandt B, Watson SP (2003) Platelet–collagen interaction: is GPVI the central receptor? Blood 102:449–461
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Iuliano L, Colavita AR, Leo R, Pratico D, Violi F (1997) Oxygen free radicals and platelet activation. Free Radic Biol Med 22:999–1006
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Goto S, Tamura N, Handa S, Arai M, Kodama K, Takayama H (2002) Involvement of glycoprotein VI in platelet thrombus formation on both collagen and von Willebrand factor surfaces under flow conditions. Circulation 106:266–272
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Nieswandt B, Brakebusch C, Bergmeier W, Schulte V, Bouvard D, Mokhtari-Nejad R, Lindhout T, Heemskerk JW, Zirngibl H, Fassler R (2001) Glycoprotein VI but not alpha2beta1 integrin is essential for platelet interaction with collagen. EMBO J 20:2120–2130
Article 
    CAS 
    PubMed Central 
    PubMed 
    
                    Google Scholar 
                

	Nieswandt B, Schulte V, Bergmeier W, Mokhtari-Nejad R, Rackebrandt K, Cazenave JP, Ohlmann P, Gachet C, Zirngibl H (2001) Long-term antithrombotic protection by in vivo depletion of platelet glycoprotein VI in mice. J Exp Med 193:459–469
Article 
    CAS 
    PubMed Central 
    PubMed 
    
                    Google Scholar 
                


Download references




Acknowledgments
We wish to thank Prof. Tur-Fu Huang in the Department of Pharmacology (College of Medicine, National Taiwan University) for providing convulxin and aggretin for our experiments. This work was supported by grants from the National Science Council, Taiwan (NSC97-2320-B-038-016-MY3, NSC100-2320-B-038-021-MY3, NSC102-2320-B-341-001-MY3, and NSC102-2811-B-038-026), Taipei Medical University Hospital (100 TMU-TMUH-03), Shin Kong Wu Ho-Su Memorial Hospital (SKH-8302-102-NDR-04 and SKH-8302-103-NDR-05), and Cathay General Hospital (100CGH-TMU-12).

                Conflict of interest

                The authors declare no competing financial interests.

              

Author information
Authors and Affiliations
	Central Laboratory, Shin-Kong Wu Ho-Su Memorial Hospital, 95 Wen-Chang Rd., Shih-Lin, Taipei, 11101, Taiwan
Kuan-Hung Lin

	Graduate Institute of Medical Sciences and Department of Pharmacology, College of Medicine, Taipei Medical University, 250 Wu-Hsing St., Taipei, 11031, Taiwan
Kuan-Hung Lin, Wan-Jung Lu, Shwu-Huey Wang, Duen-Suey Chou, Yung-Chen Chiang & Joen-Rong Sheu

	Department of Anatomy, College of Medicine, Taipei Medical University, 250 Wu-Hsing St., Taipei, 11031, Taiwan
Tsorng-Harn Fong

	Department of Cardiology, Cathay General Hospital, Taipei, 11687, Taiwan
Chao-Chien Chang

	Department of Internal Medicine, School of Medicine, College of Medicine, Taipei Medical University, 250 Wu-Hsing St., Taipei, 11031, Taiwan
Nen-Chung Chang

	School of Nutrition and Health Sciences, Taipei Medical University, 250 Wu-Hsing St., Taipei, 11031, Taiwan
Wan-Jung Lu & Shih-Yi Huang


Authors	Kuan-Hung LinView author publications
You can also search for this author in
                        PubMed Google Scholar



	Wan-Jung LuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Shwu-Huey WangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Tsorng-Harn FongView author publications
You can also search for this author in
                        PubMed Google Scholar



	Duen-Suey ChouView author publications
You can also search for this author in
                        PubMed Google Scholar



	Chao-Chien ChangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nen-Chung ChangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yung-Chen ChiangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Shih-Yi HuangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Joen-Rong SheuView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Joen-Rong Sheu.


Additional information
K.H. Lin and W.J. Lu contributed equally to this manuscript.


Electronic supplementary material

Below is the link to the electronic supplementary material.
                
ESM 1
(PDF 266 kb)





Rights and permissions
Reprints and permissions


About this article
Cite this article
Lin, KH., Lu, WJ., Wang, SH. et al. Characteristics of endogenous γ-aminobutyric acid (GABA) in human platelets: functional studies of a novel collagen glycoprotein VI inhibitor.
                    J Mol Med 92, 603–614 (2014). https://doi.org/10.1007/s00109-014-1140-7
Download citation
	Received: 13 January 2014

	Revised: 16 February 2014

	Accepted: 21 February 2014

	Published: 14 March 2014

	Issue Date: June 2014

	DOI: https://doi.org/10.1007/s00109-014-1140-7


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
	γ-Aminobutyric acid
	Collagen
	Convulxin
	Glycoprotein VI antagonist
	Platelet activation








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					35.172.128.26
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    