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                    Abstract
D-galactose (GAL) has been used as an animal model for brain aging and antiaging studies. GAL stimulates oxidative stress in several tissues including brain. Carnosine (CAR; β-alanil-L-histidine) and taurine (TAU; 2-aminoethanesulfonic acid) exhibit antioxidant properties. CAR and TAU have anti-aging and neuroprotective effects. We investigated the effect of CAR and TAU supplementations on oxidative stress and brain damage in GAL-treated rats. Rats received GAL (300 mg/kg; s.c.; 5 days per week) alone or together with CAR (250 mg/kg/daily; i.p.; 5 days per week) or TAU (2.5 % w/w; in rat chow) for 2 months. Brain malondialdehyde (MDA), protein carbonyl (PC) and glutathione (GSH) levels and superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), glutathione transferase (GST) and acetylcholinesterase (AChE) activities were determined. Expressions of B cell lymphoma-2 (Bcl-2), Bax and caspase-3 were also evaluated in the brains by immunohistochemistry. GAL treatment increased brain MDA and PC levels and AChE activities. It decreased significantly brain GSH levels, SOD and GSH-Px but not GST activities. GAL treatment caused histopathological changes and increased apoptosis. CAR and TAU significantly reduced brain AChE activities, MDA and PC levels and elevated GSH levels in GAL-treated rats. CAR, but not TAU, significantly increased low activities of SOD and GSH-Px. Both CAR and TAU diminished apoptosis and ameliorated histopathological findings in the brain of GAL-treated rats. Our results indicate that CAR and TAU may be effective to prevent the development of oxidative stress, apoptosis and histopathological deterioration in the brain of GAL-treated rats.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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



                        

                    

                    
                        
                    


                    
                        
                            
                        
                    

                    

                    

                    References
	Anand KV, Jaabir MSM, Thomas PA, Geraldine P (2012) Protective role of chrysin against oxidative stress in D-galactose-induced aging in an experimental rat model. Geriatr Gerontol Int 12:741–750
Article 
    PubMed 
    
                    Google Scholar 
                

	Aydın AF, Küçükgergin C, Özdemirler-Erata G, Koçak-Toker N, Uysal M (2010) The effect of carnosine treatment on prooxidant-antioxidant balance in liver, heart and brain tissues of male aged rats. Biogerontology 11:103–109
Article 
    PubMed 
    
                    Google Scholar 
                

	Beutler E, Duron O, Kelly BM (1963) Improved method for the determination of blood glutathione. J Lab Clin Med 61:882–888
CAS 
    PubMed 
    
                    Google Scholar 
                

	Boldyrev AA, Aldini G, Derave W (2013) Physiology and pathophysiology of carnosine. Physiol Rev 93:1803–1845
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Çoban J, Doğan-Ekici I, Aydın AF, Kalaz EB, Doğru-Abbasoğlu S, Uysal M (2015) Blueberry treatment decreased D-galactose-induced oxidative stress and brain damage in rats. Metab Brain Dis 30:793–802
Article 
    PubMed 
    
                    Google Scholar 
                

	Das J, Roy A, Sil PC (2012) Mechanism of the protective action of taurine in toxin and drug induced organ pathophysiology and diabetic complications: a review. Food Funct 3:1251–1264
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	El Idrissi A, Shen CH, L’Amoreaux WJ (2013) Neuroprotective role of taurine during aging. Amino Acids 45:735–750
Article 
    PubMed 
    
                    Google Scholar 
                

	Ellman GL, Courtney KD, Andres V Jr, Feather-Stone RM (1961) A new and rapid colorimetric determination of acetylcholinesterase activity. Biochem Pharmacol 7:88–95
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Fayaz SM, Majid A, Rajanikant GK (2015) Carnosine-induced neuroprotection. In: Preedy VR (ed) Imidazole dipeptides. Chemistry, analysis, function and effects. The Royal Society of Chemistry, Cambridge, pp 412–431
Chapter 
    
                    Google Scholar 
                

	Habig WH, Jacoby WB (1981) Assays for differentation of glutathione s-transferases. Methods Enzymol 77:398–405
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Haider S, Liaquat L, Shahzad S, Sadir S, Madiha S, Batool Z, Tabassum S, Saleem S, Naqvi F, Perveen T (2015) A high dose of short term exogenous d-galactose administration in young male rats produces symptoms simulating the natural aging process. Life Sci 124:110–119
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Han CH, Lin YS, Lee TL, Liang HJ, Hou WC (2014) Asn-Trp dipeptides improve the oxidative stress and learning dysfunctions in D-galactose-induced BALB/c mice. Food Funct 5:2228–2236
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Harman D (2001) Aging: overwiev. Ann N Y Acad Sci 928:1–21
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Hipkiss AR (2009) Carnosine and its possible roles in nutrition and health. Adv Food Nutr Res 57:87–154
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Hsia CH, Wang CH, Kuo YW, Ho YJ, Chen HL (2012) Fructo-oligosaccharide systemically diminished D-galactose-induced oxidative molecule damages in BALB/cJ mice. Br J Nutr 107:1787–1792
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Jin CL, Yang LX, Wu XH, Li Q, Ding MP, Fan YY, Zhang WP, Luo JH, Chen Z (2005) Effects of carnosine on amygdaloid-kindled seizures in Sprague–Dawley rats. Neuroscience 135:939–947
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kalaz EB, Çoban J, Aydın AF, Doğan-Ekici I, Doğru-Abbasoğlu S, Öztezcan S, Uysal M (2014) Carnosine and taurine treatments decreased oxidative stress and tissue damage induced by D-galactose in rat liver. J Physiol Biochem 70:15–25
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lan Z, Liu J, Chen L, Fu Q, Luo J, Qu R, Kong L, Ma S (2012) Danggui-Shaoyao-San ameliorates cognition deficits and attenuates oxidative stress-related neuronal apoptosis in d-galactose-induced senescent mice. J Ethnopharmacol 141:386–395
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lawrence RA, Burk RF (1976) Glutathione peroxidase activity in selenium-deficient rat liver. Biochem Biophys Res Commun 71:952–958
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Menzie J, Prentice H, Wu JY (2013) Neuroprotective mechanisms of taurine against ischemic stroke. Brain Sci 3:877–907
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Miyazaki T, Matsuzaki Y (2014) Taurine and liver diseases: a focus on the heterogeneous protective properties of taurine. Amino Acids 46:101–110
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Mylorie AA, Collins H, Umbles C, Kyle J (1986) Erythrocyte superoxide dismutase activity and other parameters of copper status in rats ingesting lead acetate. Toxicol Appl Pharmacol 82:512–520
Article 
    
                    Google Scholar 
                

	Ohkawa H, Ohishi N, Yagi K (1979) Assay for lipid peroxidation in animal tissues by thiobarbituric acid reaction. Anal Biochem 95:351–358
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Parıldar-Karpuzoğlu H, Mehmetçik G, Özdemirler-Erata G, Doğru-Abbasoğlu S, Koçak-Toker N, Uysal M (2008) The effect of taurine treatment on prooxidant-antioxidant balance in livers and brains of old rats. Pharmacol Rep 60:673–678
PubMed 
    
                    Google Scholar 
                

	Prakash A, Kumar A (2013) Pioglitazone alleviates the mitochondrial apoptotic pathway and mito-oxidative damage in the d-galactose-induced mouse model. Clin Exp Pharmacol Physiol 40:644–651
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Reznick AZ, Packer L (1994) Oxidative damage to proteins: spectrophotometric method for carbonyl assay. Methods Enzymol 233:357–363
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Rosemberg DB, da Rocha RF, Rico EP, Zanotto-Filho A, Dias RD, Bogo MR (2010) Taurine prevents enhancement of acetylcholinesterase activity induced by acute ethanol exposure and decreases the level of markers of oxidative stress in zebra fish brain. Neuroscience 171:683–692
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ruan Q, Hu X, Ao H, Ma H, Gao Z, Liu F, Kong D, Bao Z, Yu Z (2014) The neurovascular protective effects of huperzine A on D-galactose-induced inflammatory damage in the rat hippocampus. Gerontology 60:424–439
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Schaffer S, Azuma J, Takahashi K, Mozaffari M (2003) Why is taurine cytoprotective? Adv Exp Med Biol 526:307–321
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Smith PK, Krohn RI, Hermanson GT, Mallia AK, Gartner FH, Provenzano MD, Fujimoto EK, Goeke NM, Olson BJ, Klenk DC (1985) Measurement of protein using bicinchoninic acid. Anal Biochem 150:76–85
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Stvolinskii SL, Fedorova TN, Yuneva MO, Boldyrev AA (2003) Protective effect of carnosine on Cu, Zn-superoxide dismutase during impaired oxidative metabolism in the brain in vivo. Bull Exp Biol Med 135:130–132
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Tsai SJ, Yin MC (2012) Anti-oxidative, anti-glycative and anti-apoptotic effects of oleanolic acid in brain of mice treated by D-galactose. Eur J Pharmacol 689:81–88
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Uysal M, Doğru-Abbasoğlu S, Koçak-Toker N (2015) Carnosine protection against liver injury. In: Preedy VR (ed) Imidazole dipeptides. Chemistry, analysis, function and effects. The Royal Society of Chemistry, Cambridge, pp 510–527
Chapter 
    
                    Google Scholar 
                

	Wu W, Wang X, Xiang Q, Meng X, Peng Y, Du N, Liu Z, Sun Q, Wang C, Liu X (2014) Astaxanthin alleviates brain aging in rats by attenuating oxidative stress and increasing BDNF levels. Food Funct 5:158–166
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Xian YF, Su ZR, Chen JN, Lai XP, Mao QQ, Cheng CH, Ip SP, Lin ZX (2014) Isorhynchophylline improves learning and memory impairments induced by D-galactose in mice. Neurochem Int 76:42–49
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yıldırım Z, Kılıç N, Özer Ç, Babul A, Take G, Erdoğan D (2007) Effects of taurine in cellular responses to oxidative stress in young and middle-aged rat liver. Ann N Y Acad Sci 1100:553–561
Article 
    PubMed 
    
                    Google Scholar 
                

	Zhang WW, Sun QX, Liu YH, Gao W, Li YH, Lu K, Wang Z (2011) Chronic administration of Liu Wei Dihuang protects rat’s brain against D-galactose-induced impairment of cholinergic system. Acta Physiol Sin 63:245–255

                    Google Scholar 
                


Download references




Acknowledgment
The present work was supported by Research Fund of Istanbul University (Project No: 5786).


Author information
Authors and Affiliations
	Department of Biochemistry, Istanbul Medical Faculty, Istanbul University, Istanbul, Turkey
A. Fatih Aydın, Esra Betül-Kalaz, Semra Doğru-Abbasoğlu & Müjdat Uysal

	Department of Biochemistry, Yeditepe University Medical Faculty, Istanbul, Turkey
Jale Çoban

	Department of Pathology, Yeditepe University Medical Faculty, Istanbul, Turkey
Işın Doğan-Ekici


Authors	A. Fatih AydınView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jale ÇobanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Işın Doğan-EkiciView author publications
You can also search for this author in
                        PubMed Google Scholar



	Esra Betül-KalazView author publications
You can also search for this author in
                        PubMed Google Scholar



	Semra Doğru-AbbasoğluView author publications
You can also search for this author in
                        PubMed Google Scholar



	Müjdat UysalView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Müjdat Uysal.


Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Aydın, A.F., Çoban, J., Doğan-Ekici, I. et al. Carnosine and taurine treatments diminished brain oxidative stress and apoptosis in D-galactose aging model.
                    Metab Brain Dis 31, 337–345 (2016). https://doi.org/10.1007/s11011-015-9755-0
Download citation
	Received: 11 May 2015

	Accepted: 25 October 2015

	Published: 31 October 2015

	Issue Date: April 2016

	DOI: https://doi.org/10.1007/s11011-015-9755-0


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
	D-Galactose
	Carnosine
	Taurine
	Oxidative stress
	Brain








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					34.204.174.147
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    