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                    Abstract
The aim of present study was to investigate the effect of vitamin U (vit U, S-methylmethionine) on oxidative stress, inflammation, and fibrosis within the context of valproic acid (VPA)-induced renal damage. In this study, female Sprague Dawley rats were randomly divided into four groups: Group I consisted of intact animals, group II was given vit U (50 mg/kg/day, by gavage), group III was given VPA (500 mg/kg/day, intraperitonally), and group IV was given VPA + vit U. The animals were treated by vit U 1 h prior to treatment with VPA every day for 15 days. The following results were obtained in vit U + VPA-treated rats: (i) the protective effect of vit U on renal damage was shown by a significant decrease in histopathological changes and an increase in Na+/K+-ATPase activity; (ii) anti-oxidant property of vit U was demonstrated by a decrease in malondialdehyde levels and xanthine oxidase activity and an increase in glutathione levels, catalase and superoxide dismutase activities; (iii) anti-inflammatory property of vit U was demonstrated by a decrease in tumor necrosis factor-α, interleukin-1β, monocyte chemoattractant protein-1 levels, and adenosine deaminase activity; (iv) anti-fibrotic effect of vit U was shown by a decrease in transforming growth factor-β, collagen-1 levels, and arginase activity. Collectively, these data show that VPA is a promoter of inflammation, oxidative stress, and fibrosis which resulted in renal damage. Vit U can be proposed as a potential candidate for preventing renal damage which arose during the therapeutic usage of VPA.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Vitamin D ameliorates hepatic ischemic/reperfusion injury in rats
                                        
                                    

                                    
                                        Article
                                        
                                         22 April 2014
                                    

                                

                                Ansam Aly Seif & Doaa Mohamed Abdelwahed

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Nephroprotective activities of quercetin with potential relevance to oxidative stress induced by valproic acid
                                        
                                    

                                    
                                        Article
                                        
                                         08 July 2014
                                    

                                

                                Shaista Chaudhary, Pratibha Ganjoo, … Suhel Parvez

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Protective impact of resveratrol in experimental rat model of hyperoxaluria
                                        
                                    

                                    
                                        Article
                                        
                                         09 February 2017
                                    

                                

                                Taylan Oksay, Sedat Yunusoğlu, … Alper Özorak

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Aebi H (1984) Catalase in vitro. Methods Enzymol 105:121–126
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Altinoz E, Oner Z, Elbe H, Cigremis Y, Turkoz Y (2014) Protective effects of saffron (its active constituent, crocin) on nephropathy in streptozotocin-induced diabetic rats. Hum Exp Toxicol. doi:10.1177/0960327114538989
                        
PubMed 
    
                    Google Scholar 
                

	Antonioli L, Fornai M, Colucci R, Ghisu N, Da Settimo F, Natale G, Kastsiuchenka O, Duranti E, Virdis A, Vassalle C, La Motta C, Mugnaini L, Breschi MC, Blandizzi C, Del Taca M (2007) Inhibition of adenosine deaminase attenuates inflammation in experimental colitis. J Pharmacol Exp Ther 322:435–442
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Asconapé JJ, Penry JK, Dreifuss FE, Riela A, Mirza W (1993) Valproate-associated pancreatitis. Epilepsia 34:177–183
Article 
    PubMed 
    
                    Google Scholar 
                

	Auinger K, Müller V, Rudiger A, Maggiorini M (2009) Valproic acid intoxication imitating brain death. Am J Emerg Med 27:1177.e5–1177.e6
Article 
    
                    Google Scholar 
                

	Barker SB (1944) The direct colorimetric determination of urea in blood and urine. J Biol Chem 152:453–463
CAS 
    
                    Google Scholar 
                

	Beutler E (1975) Glutathione in red cell metabolism a manual of biochemical methods 2nd edn. Grune and Stratton, New York, pp 112–114

                    Google Scholar 
                

	Bonsnes RW, Taussky HH (1945) On the colorimetric determination of creatinine by the Jaffe reaction. J Biol Chem 158:581–591
CAS 
    
                    Google Scholar 
                

	Bonventre JV, Vaidya VS, Schmouder R, Feig P, Dieterle F (2010) Next-generation biomarkers for detecting kidney toxicity. Nat Biotechnol 28:436–440
Article 
    PubMed 
    CAS 
    PubMed Central 
    
                    Google Scholar 
                

	Chaudhary S, Parvez S (2012) An in vitro approach to assess the neurotoxicity of valproic acid-induced oxidative stress in cerebellum and cerebral cortex of young rats. Neuroscience 225:258–268
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Chaudhary S, Ganjoo P, Raiusddin S, Parvez S (2014) Nephroprotective activities of quercetin with potential relevance to oxidative stress induced by valproic acid. Protoplasma. doi:10.1007/s00709-014-0670-8
                        
PubMed 
    
                    Google Scholar 
                

	Corte ED, Stirpe F (1968) Regulation of xanthine oxidase in rat liver: modifications of the enzyme activity of rat liver supernatant on the storage at 20 degrees. Biochem J 108:349–351
Article 
    PubMed 
    CAS 
    PubMed Central 
    
                    Google Scholar 
                

	Dhillon N, Högler W (2011) Fractures and Fanconi syndrome due to prolonged sodium valproate use. Neuropediatrics 42:119–121
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Dreifuss FE, Langer DH (1988) Side effects of valproate. Am J Med 84:34–41
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Eddy AA (2000) Molecular basis of renal fibrosis. Pediatr Nephrol 15:290–301
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Endo M, Oyadomari S, Terasaki Y, Takeya M, Suga M, Mori M, Gotoh T (2003) Induction of arginase I and II in bleomycin-induced fibrosis of mouse lung. Am J Physiol Lung Cell Mol Physiol 285:L313–L321
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Fukuda Y, Watanabe H, Ohtomo Y, Yabuta K (1996) Immunologically mediated chronic tubulo-interstitial nephritis caused by valproate therapy. Neohron 72:328–329
Article 
    CAS 
    
                    Google Scholar 
                

	Geyer JW, Dabich D (1971) Rapid method for determination of arginase activity in tissue homogenats. Anal Biochem 39:412–417
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Gezginci-Oktayoglu S, Tunali S, Yanardag R, Bolkent S (2008) Effects of Z-FA.FMK on D-galactosamine/tumor necrosis factor-alpha-induced kidney injury and oxidative stress in mice. Mol Cell Biochem 309:9–20
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Graf WD, Oleinik OE, Glauser TA, Maertens P, Eder DN, Pippenger CE (1998) Altered antioxidant enzyme activities in children with a serious adverse experience related to valproic acid therapy. Neuropediatrics 29:195–201
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

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

	Hauser WA (1994) The prevalance and incidence of convulsive disorders in children. Epilepsia 35:S1–S6
Article 
    PubMed 
    
                    Google Scholar 
                

	Karker H (1964) methods for estimation of serum adenosine deaminase. Scand J Clin Lab Invest 16:570–574
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Korinthenberg R, Ger JS, Zimmerhackl LB (2000) Increased urinary excretion of tubular enzymes and proteins in children with epilepsy. Eur J Paediatr Neurol 4:263–267
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Ledwozyw A, Michalak J, Stepien A, Kadziolka A (1986) The relationship between plasma triglycerides, cholesterol, total lipids and lipid peroxidation products during human atherosclerozis. Clin Chim Acta 155:275–283
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Lei Y, Wang K, Deng L, Chen Y, Nice EC, Huang C (2014) Redox regulation of inflammation: old elements, a New Story. Med Res Rev. doi:10.1002/med.21330
                        
PubMed 
    
                    Google Scholar 
                

	Li L, Shen Y, Ding Y, Liu Y, Su D, Liang X (2014) Hrd1 participates in the regulation of collagen I synthesis in renal fibrosis. Mol Cell Biochem 386:35–44
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Linardi A, Rocha e Silva TA, Miyabara EH, Franco-Penteado CF, Cardoso KC, Boer PA, Moriscot AS, Gontijo JA, Joazeiro PP, Collares-Buzato CB, Hyslop S (2011) Histological and functional renal alterations caused by Bothrops alternatus snake venom: expression and activity of Na+/K+-ATPase. Biochim Biophys Acta 1810:895–906
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

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

	Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, Warnock DG, Levin A (2007) Acute kidney injury network: report of an initiative to improve outcomes in acute kidney injury. Crit Care 11:R31
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Messaoudi I, El Heni J, Hammouda F, Saïd K, Kerkeni A (2009) Protective effects of selenium, zinc, or their combination on cadmium-induced oxidative stress in rat kidney. Biol Trace Elem Res 130:152–161
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Myllyharju J, Kivirikko KI (2004) Collagens, modifying enzymes and their mutations in humans, flies and worms. Trends Genet 20:33–43
Article 
    PubMed 
    CAS 
    
                    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 
                

	Noh H, Oh EY, Seo JY, Yu MR, Kim YO, Ha H, Lee HB (2009) Histone deacetylase-2 is a key regulator of diabetes and transforming growth factor-beta1-induced renal injury. Am J Physiol Ren Physiol 297:F729–F739
Article 
    CAS 
    
                    Google Scholar 
                

	Pang M, Zhuang S (2010) Histone deacetylase: a potential therapeutic target for fibrotic disorders. J Pharmacol Exp Ther 335:266–272
Article 
    PubMed 
    CAS 
    PubMed Central 
    
                    Google Scholar 
                

	Patel SM, Graff-Radford J, Wieland ML (2011) Valproate-induced Fanconi Syndrome in a 27-year-old woman. J Gen Intern Med 26:1072–1074
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Pohlers D, Brenmoehl J, Löffler I, Müller CK, Leipner C, Schultze-Mosgau S, Stallmach A, Kinne RW, Wolf G (2009) TGF-beta and fibrosis in different organs—molecular pathway imprints. Biochim Biophys Acta 1792:746–756
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Pourahmad J, Eskandari MR, Kaghazi A, Shaki F, Shahraki J, Fard JK (2012) A new approach on valproic acid-induced hepatotoxicity: involvement of lysosomal membrane leakiness and cellular proteolysis. Toxicol in Vitro 26:545–551
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Raza M, al-Shabanah OA, al-Bekairi AM, Qureshi S (2000) Pathomorphological changes in mouse liver and kidney during prolonged valproate administration. Int J Tissue React 22:15–21
PubMed 
    CAS 
    
                    Google Scholar 
                

	Ridderstap AS, Bonting SL (1969) Na+ - K+ - activated ATPase and exocrine pancreatic secretion in vitro. Am J Physiol 217:1721–1727
PubMed 
    CAS 
    
                    Google Scholar 
                

	Rossert J (2001) Drug-induced acute interstitial nephritis. Kidney Int 60:804–817
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Sirac C, Bridoux F, Essig M, Devuyst O, Touchard G, Cogné M (2011) Toward understanding renal Fanconi syndrome: step by step advances through experimental models. Contrib Nephrol 169:247–261
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Sokmen BB, Tunali S, Yanardag R (2012) Effects of vitamin U (S-methyl methionine sulphonium chloride) on valproic acid induced liver injury in rats. Food Chem Toxicol 50:3562–3566
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Tong V, Teng XW, Chang TK, Abbott FS (2005) Valproic acid II: effects on oxidative stress, mitochondrial membrane potential, and cytotoxicity in glutathione-depleted rat hepatocytes. Toxicol Sci 86:436–443
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Tung EW, Winn LM (2011) Valproic acid increases formation of reactive oxygen species and induces apoptosis in postimplantation embryos: a role for oxidative stress in valproic acid-induced neural tube defects. Mol Pharmacol 80:979–987
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Van Beneden K, Geers C, Pauwels M, Mannaerts I, Verbeelen D, van Grunsven LA, Van den Branden C (2011) Valproic acid attenuates proteinuria and kidney injury. J Am Soc Nephrol 22:1863–1875
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Van Beneden K, Mannaerts I, Pauwels M, Van den Branden C, van Grunsven LA (2013) HDAC inhibitors in experimental liver and kidney fibrosis. Fibrogenesis Tissue Repair 6:1. doi:10.1186/1755-1536-6-1
                        
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Wang C, Luan Z, Yang Y, Wang Z, Cui Y, Gu G (2011) Valproic acid induces apoptosis in differentiating hippocampal neurons by the release of tumor necrosis factor-α from activated astrocytes. Neurosci Lett 497:122–127
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Watanabe H, Fukuda Y, Ohtomo Y, Yabuta K, Hirano K, Tomino Y (1992) A case report of chronic tubulo-interstitial nephritis. Nihon Jinzo Gakkai Shi 34:1101–1105
PubMed 
    CAS 
    
                    Google Scholar 
                

	Watanabe T, Ohara S, Miyazawa S, Saigenji K, Hotta K (2000) Augmentative effects of L-cysteine and methylmethionine sulfonium chloride on mucin secretion in rabbit gastric mucous cells. J Gastroenterol Hepatol 15:45–52
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Watanabe T, Yoshikawa H, Yamazaki S, Abe Y, Abe T (2005) Secondary renal Fanconi syndrome caused by sodium valproate therapy. Pediatr Nephrol 20:814–817
Article 
    PubMed 
    
                    Google Scholar 
                

	Wilder BJ, Hurd RW (1991) Free radical scavenging deficiency and valproic acid. In: Levy RH, Penry JK (eds) Idiosyncratic reactions to valproate: clinical risk patterns and mechanisms of toxicity. Raven Press, New York, pp 89–95

                    Google Scholar 
                

	Yoshikawa H, Watanabe T, Abe T (2002) Tubulo-interstitial nephritis caused by sodium valproate. Brain Dev 24:102–105
Article 
    PubMed 
    
                    Google Scholar 
                

	Yoshikawa M, Hishikawa K, Marumo T, Fujita T (2007) Inhibition of histone deacetylase activity suppresses epithelial-to-mesenchymal transition induced by TGF-beta1 in human renal epithelial cells. J Am Soc Nephrol 18:58–65
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgments
This study was funded by the Scientific Research Projects Coordination Unit of Istanbul University (Grant number: UDP-45056).

                Conflict of interest

                The authors declare that they have no conflict of interest.

              

Author information
Authors and Affiliations
	Faculty of Science, Department of Biology, Istanbul University, 34134, Vezneciler, Istanbul, Turkey
Selda Gezginci-Oktayoglu, Merve Ercin & Sehnaz Bolkent

	Faculty of Engineering, Department of Chemistry, Istanbul University, 34320, Avcilar, Istanbul, Turkey
Ismet Burcu Turkyilmaz & Refiye Yanardag


Authors	Selda Gezginci-OktayogluView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ismet Burcu TurkyilmazView author publications
You can also search for this author in
                        PubMed Google Scholar



	Merve ErcinView author publications
You can also search for this author in
                        PubMed Google Scholar



	Refiye YanardagView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sehnaz BolkentView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Selda Gezginci-Oktayoglu.


Additional information
Handling Editor: Reimer Stick
S. Gezginci-Oktayoglu is an Associate Professor in Istanbul University, and holds a PhD, MSc and Bio


Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Gezginci-Oktayoglu, S., Turkyilmaz, I.B., Ercin, M. et al. Vitamin U has a protective effect on valproic acid-induced renal damage due to its anti-oxidant, anti-inflammatory, and anti-fibrotic properties.
                    Protoplasma 253, 127–135 (2016). https://doi.org/10.1007/s00709-015-0796-3
Download citation
	Received: 17 December 2014

	Accepted: 05 March 2015

	Published: 24 March 2015

	Issue Date: January 2016

	DOI: https://doi.org/10.1007/s00709-015-0796-3


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
	Fibrosis
	Inflammation
	Kidney
	Oxidative damage
	Valproic acid
	Vitamin U








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					52.91.99.177
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    