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                    Abstract
The N-methyl-d-aspartate receptor (NMDAR) is involved in synaptic plasticity, learning, memory, and neurological diseases like epilepsy and it is the major mediator of excitotoxicity. Functional NMDARs in the mature brain are heteromeric complexes composed of different subunits: GluN1 and GluN2. There are four different GluN2 subunits (A–D) and each of them critically determines the pharmacological and electrophysiological properties of NMDARs. GluN1 is ubiquitously expressed in the central nervous system while the highest GluN2A expression is in the hippocampus. Adenosine, an endogenous anticonvulsant, is a neuromodulator with a critical role in the regulation of neuronal activity, mediating its effect on specific receptors, among which adenosine A1 receptor is highly expressed in the hippocampus. In the present work hippocampal GluN2A expression after the convulsant drug 3-mercaptopropionic acid (MP) induced seizures and the effect of cyclopentyladenosine (CPA) given alone or prior to MP (CPA + MP) in an acute or repetitive experimental model was studied. CPA administered to rats for one or 4 days increases seizure threshold induced by MP. After one administration of MP, no significant difference in GluN2A expression was observed in CPA and CPA + MP by Western blot, although immunohistochemistry revealed an increase in CA2/3 area. However, repetitive MP administration during 4 days showed a significant increase of GluN2A expression, and the repetitive administration of CPA 30 min prior to MP caused a significant decrease of GluN2A expression with respect to MP treatment, returning to control levels. These results show that GluN2A subunit is involved in repetitive MP-induced seizures, while CPA administration displays a protective effect against it.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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


Fig. 7



                        

                    

                    
                        
                    


                    
                        
                            
                        
                    

                    

                    

                    References
	Auzmendi J, González N, Girardi E (2009) The NMDAR subunit NR2B is modified in hippocampus after repetitive seizure. Neurochem. Res 34(5):819–826
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Boison D (2005) Adenosine and epilepsy: from therapeutic rationale to new therapeutic strategies. Neuroscientist 11(1):25–36
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Boison D (2008) Adenosine as a neuromodulator in neurological diseases. Curr Opin Pharmacol 8(1):2–7
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Borbély S, Dobó E, Czégé D, Molnár E, Bakos M, Szucs B, Vincze A, Világi I, Mihály A (2009) Modification of ionotropic glutamate receptor-mediated processes in the rat hippocampus following repeated, brief seizures. Neuroscience 159(1):358–368
Article 
    PubMed 
    
                    Google Scholar 
                

	Collingridge GL, Olsen RW, Peters J, Spedding M (2009) A nomenclature for ligand-gated ion channels. Neuropharmacology 56(1):2–5
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Cousins SL, Kenny AV, Stephenson FA (2009) Delineation of additional PSD-95 binding domains within NMDA receptor NR2 subunits reveals differences between NR2A/PSD-95 and NR2B/PSD-95 association. Neuroscience 158:89–95
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Crick EW, Osorio I, Bhavaraju NC, Linz TH, Lunte CE (2007) An investigation into the pharmacokinetics of 3-mercaptopropionic acid and development of a steady-state chemical seizure model using in vivo microdialysis and electrophysiological monitoring. Epilepsy Res 74(2–3):116–125
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Cull-Candy S, Brickley S, Farrant M (2001) NMDA receptor subunits: diversity, development and disease. Curr Opin Neurobiol 11(3):327–335
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	de Mendonça A, Sebastião AM, Ribeiro JA (1995) Inhibition of NMDA receptor-mediated currents in isolated rat hippocampal neurones by adenosine A1 receptor activation. Neuroreport 6(8):1097–1100
Article 
    PubMed 
    
                    Google Scholar 
                

	Deckert J, Gleiter CH (1994) Adenosine-an endogenous neuroprotective metabolite and neuromodulator. J Neural Transm Suppl 43:23–31
PubMed 
    CAS 
    
                    Google Scholar 
                

	Deng Q, Terunuma M, Fellin T, Moss SJ, Haydon PG (2011) Astrocytic activation of A1 receptors regulates the surface expression of NMDA receptors through a Src kinase dependent pathway. Glia 59:1084–1093. doi:10.1002/glia.21181
                
Article 
    PubMed 
    
                    Google Scholar 
                

	Dingledine R, Borges K, Bowie D, Traynelis F (1999) The glutamate receptor ion channels. Pharmacol Rev 51:7–62
PubMed 
    CAS 
    
                    Google Scholar 
                

	Doble A (1999) The role of excitotoxicity in neurodegenerative disease: implications for therapy. Pharmacol Therapeut 81(3):163–221
Article 
    CAS 
    
                    Google Scholar 
                

	Dunwiddie TV, Masino SA (2001) The role and regulation of adenosine in the central nervous system. Annu Rev Neurosci 24:31–55
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Ehlers MD (2003) Activity level controls postsynaptic composition and signaling via the ubiquitin–proteasome system. Nat Neurosci 6:231–242
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Forder JP, Tymianski M (2009) Postsynaptic mechanisms of excitotoxicity: involvement of postsynaptic density proteins, radicals, and oxidant molecules. Neurosciense 158:293–300
Article 
    CAS 
    
                    Google Scholar 
                

	Giraldez L, Girardi E (1998) Modification of [3H]MK801 binding to rat brain NMDA receptors after the administration of a convulsant drug and an adenosine analogue: a quantitative autoradiographic study. Neurochem Res 23(10):1327–1336
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Giraldez L, Girardi E (2000) Effects of an adenosine analogue administration on the striatal NMDA receptors in an experimental model of epilepsy. Neurochem Int 36:243–247
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Giraldez L, Zanetti F, Antonelli MC, de Lores Rodríguez, Arnaiz G, Girardi E (1998) CNS adenosine A1 receptors are altered after the administration of convulsant 3-mercaptopropionic acid and cyclopentyladenosine: an autoradiographic study. Neurochem Res 23(2):175–181
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Girardi E, Perez Raffo G, de Lores Rodriguez, Arnaiz G (1989a) Increase of 5′ nucleotidase activity in some brain sucellular fractions after the administration of the convulsant 3-mercaptopropionic acid. Neurochem Int 14:331–335
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Girardi E, Perez Raffo G, de Lores Rodriguez, Arnaiz G (1989b) A study of 5′-nucleotidase activity in subcellular fractionsof rat cerebellum after the administration of the convulsant 3-mercaptopropionic acid. Mol Chem Neuropathol 11:65–75
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Girardi E, Ramos AJ, Vanore G, Brusco A (2004) Astrocytic response in hippocampus and cerebral cortex in an experimental epilepsy model in rat. Neurochem Res 29:371–377
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Girardi ES, Canitrot J, Antonelli M, González NN, Coirini H (2007) Differential expression of cerebellar metabotropic glutamate receptors mGLUR2-3 and mGLUR4a after the administration of a convulsant drug and the adenosine analogue cyclopentyladenosine. Neurochem Res 32(7):1120–1128
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Girardi E, Auzmendi J, Charó N, Gori MB, Castro M (2010) 3-Mercaptopropionic acid induced seizures decrease NR2B expression in Purkinje cells: cyclopentyladenosine effect. Cell Mol Neurobiol 30(7):985–990
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Gladding CM, Raymond LA (2011) Mechanisms underlying NMDA receptor synaptic/extrasynaptic distribution and function. Molec Cell Neurosci 48:308–320
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Gomes CV, Kaster MP, Tomé AR, Agostinho PM, Cunha RA (2011) Adenosine receptors and brain diseases: neuroprotection and neurodegeneration. Biochim Biophys Acta 1808:1380–1399
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Hezel M, Ebrahimia F, Kocha M, Dehghani F (2012) Propidium iodide staining: a new application in fluorescence microscopy for analysis of cytoarchitecture in adult and developing rodent brain. Micron 43:1031–1038
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Jang CG, Oh S, Ho IK (1998) Changes in NMDAR2 subunit mRNA levels during pentobarbital tolerance/withdrawal in the rat brain: an in situ hybridization study. Neurochem Res 23(11):1371–1377
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Jarvis MF (1991) Autoradiographic localization and characterization of adenosine receptor subtypes in mammalian brain. Nucleoside Nucleotides 10:993–1001
Article 
    CAS 
    
                    Google Scholar 
                

	Köhr G (2006) NMDA receptor function: subunit composition versus spatial distribution. Cell Tissue Res 326:439–446
Article 
    PubMed 
    
                    Google Scholar 
                

	Kopp C, Longordo F, Lüthi A (2007) Experience-dependent changes in NMDA receptor composition at mature central synapses. Neuropharmacology 53(1):1–9
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Kraus JE, McNamara JO (1998) Measurement of NMDA receptor protein subunits in discrete hippocampal regions of kindled animals. Brain Res Mol Brain Res 61(1–2):114–120
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Latini S, Pedata F (2001) Adenosine in the central nervous system: release mechanisms and extracellular concentrations. J Neurochem 79:463–484
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Li H, Henry JL (2000) Adenosine receptor blockade reveals N-methyl-d-aspartate receptor- and voltage-sensitive dendritic spikes in rat hippocampal CA1 pyramidal cells in vitro. Neuroscience 100:21–31
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Liu Y, Wong TP, Aarts M, Rooyakkers A, Liu L, Lai TW, Wu DCh, Lu J, Tymianski M, Craig AM, Wang YT (2007) NMDA receptor subunits have differential roles in mediating excitotoxic neuronal death both in vitro and in vivo. J Neurosci 27(11):2846–2857
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Lowry OH, Rosebrough J, Farr AL, Randall RJ (1951) Protein measurement with the folin phenol reagent. J Biol Chem 193(1):265–275
PubMed 
    CAS 
    
                    Google Scholar 
                

	Lujan B, Liu X, Wan Q (2012) Differential roles of GluN2A- and GluN2B-containing NMDA receptors in neuronal survival and death. Int J Physiol Pathophysiol Pharmacol 4(4):211–218
PubMed 
    CAS 
    
                    Google Scholar 
                

	Mayer ML (2005) Glutamate receptor ion channels. Curr Opin Neurobiol 15(3):282–288
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Mikuni N, Babb TL, Christi W (1999) Increased NR1-GLUN2A/B coassembly as a mechanism for rat chronic hippocampal epilepsy. Neurosci Lett 267:65–168
Article 
    
                    Google Scholar 
                

	Milton SL, Dirk LJ, Kara LF, Prentice HM (2008) Adenosine modulates ERK1/2, PI3 K/Akt, and p38MAPK activation in the brain of the anoxia-tolerant turtle Trachemys scripta. J Cereb Blood Flow Metab 28:1469–1477
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Nayak GH, Prentice HM, Milton Sarah L (2011) Neuroprotective signaling pathways are modulated by adenosine in the anoxia tolerant turtle. J Cereb Blood Flow Metab 31:467–475
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Paoletti P, Neyton J (2007) NMDA receptor subunits: function and pharmacology. Curr Opin Pharmacol 7(1):39–47
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Paxinos G, Watson C (2005) The rat brain in stereotaxic coordinates, 5th edn. Academic Press, San Diego

                    Google Scholar 
                

	Pérez-Otaño I, Ehlers MD (2005) Homeostatic plasticity and NMDA receptor trafficking. Trends Neurosci 28(5):229–238
Article 
    PubMed 
    
                    Google Scholar 
                

	Petralia RS (2012) Distribution of extrasynaptic NMDA receptors on neurons. Scientific World J. 2012:267120
Article 
    
                    Google Scholar 
                

	Ribeiro JA, Sebastião AM, de Mendonça A (2002) Adenosine receptors in the nervous system: pathophysiological implications. Prog Neurobiol 68(6):377–392
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Sanz-Clemente A, Nicoll RA, Roche KW (2013) Diversity in NMDA receptor composition: many regulators many consequences. Neuroscientist 19(1):62–75
Article 
    PubMed 
    
                    Google Scholar 
                

	Sebastiao AM, Ribeiro JA (2009) Adenosine receptors and the central nervous system. Handb Exp Pharmacol 193:471–534
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Sebastião AM, de Mendonça A, Moreira T, Ribeiro JA (2001) Activation of synaptic NMDA receptors by action potential-dependent release of transmitter during hypoxia impairs recovery of synaptic transmission on reoxygenation. J Neurosci 21:8564–8571
PubMed 
    
                    Google Scholar 
                

	Sichardt K, Nieber K (2007) Adenosine A1 receptor: functional receptor–receptor interactions in the brain. Purinergic Signal 3:285–298
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Sprince H, Parker CM, Josephs J, Magazino J (1969) Convulsant activity of homocysteine and other short-chain mercaptoacids: protection therefrom. Ann NY Acad Sci 166:323–325
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Stone TW, Ceruti S, Abbracchio MP (2009) Adenosine receptors and neurological disease: neuroprotection and neurodegeneration. Handb Exp Pharmacol 193:535–587
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Vanore G, Giraldez L, de Lores Rodríguez, Arnaiz G, Girardi E (2001) Seizure activity produces differential changes in adenosine A1 receptors within rat hippocampus. Neuroch Res 26:225–230
Article 
    CAS 
    
                    Google Scholar 
                

	Xiao L, Feng C, Chen Y (2010) Glucocorticoid rapidly enhances NMDA-evoked neurotoxicity by attenuating the NR2A-containing NMDA receptor-mediated ERK1/2 activation. Mol Endocrinol 24:497–510
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Yoneda Y, Ogita K (1991) Neurochemical aspects of the N-methyl-d-aspartate receptor complex. Neurosci Res 10:1–33
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Zhang SJ, Buchtha B, Lau D, Hayer S, Dick O, Schwaninger M, Veltkamp R, Zou M, Weiss U, Bading H (2011) A signaling cascade of nuclear calcium-Creb-Atf3 activated by synaptic NMDA receptors defines a gene repression module that protects against extrasynaptic NMDA receptor-induced neuronal cell death and ischemic brain damage. J Neurosci 31(13):4978–4990
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Zhu LJ, Chen Z, Zhang LS, Xu SJ, Xu AJ, Luo JH (2004) Spatiotemporal changes of the N-methyl-d-aspartate receptor subunit levels in rats with pentylenetetrazole-induced seizures. Neurosci Lett 356(1):53–56
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgments
This study was supported by Grants from the University of Buenos Aires and National Council for Scientific and Technical Research (CONICET), School of Medicine, University of Buenos Aires, Buenos Aires, Argentina.


Author information
Authors and Affiliations
	Laboratorio de Epilepsia Experimental y Excitoxicidad, Instituto de Biología Celular y Neurociencia “Prof Eduardo De Robertis”, Consejo Nacional de Investigaciones Científicas y Técnicas (CONICET), Facultad de Medicina, Universidad de Buenos Aires, C1121 ABG, Buenos Aires, Argentina
María Belén Gori & Elena Girardi


Authors	María Belén GoriView author publications
You can also search for this author in
                        PubMed Google Scholar



	Elena GirardiView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Elena Girardi.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Gori, M.B., Girardi, E. 3-Mercaptopropionic Acid-Induced Repetitive Seizures Increase GluN2A Expression in Rat Hippocampus: A Potential Neuroprotective Role of Cyclopentyladenosine.
                    Cell Mol Neurobiol 33, 803–813 (2013). https://doi.org/10.1007/s10571-013-9947-2
Download citation
	Received: 05 March 2013

	Accepted: 28 May 2013

	Published: 08 June 2013

	Issue Date: August 2013

	DOI: https://doi.org/10.1007/s10571-013-9947-2


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
	NMDAR
	GluN2A
	Hippocampus
	Epilepsy
	Cyclopentyladenosine
	3-Mercaptopropionic acid








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					34.228.158.124
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    