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                    Abstract
Elevation of intracellular glucose levels results in formation of advanced glycation end products (AGEs) through nonenzymatic glycosylation in intra- and intercellular proteins, whereby the proteins lose their natural function. Reactive oxygen species are involved in the glycosylation process of proteins. Therefore, in this study, we investigated the antioxidant activity and inhibitory effect of organic fractions of Trachyspermum copticum against the formation of AGE compounds in a diabetic model under experimental conditions. The total phenol and flavonoid contents of crude extract and different fractions were measured by folin–ciocalteu and ammonium chloride, while their antioxidant activity was measured by scavenging DPPH radicals. The diabetic model was developed by glycation of bovine serum albumen under experimental conditions, and the extent of AGE formation was measured based on fluorescence absorption at excitation and emission wavelengths of 335 and 385 nm, respectively. Protein carbonyl oxidation (PCO) and thiol groups’ oxidation as markers of oxidative damage to proteins were also measured. Our results indicate that the ethyl acetate fraction of Trachyspermum copticum at different concentrations (10–500 μg/ml) has the high antioxidant activity. Furthermore, the fraction had the maximum inhibitory effect on formation of AGE compounds and reduction of protein oxidative degradation through reducing PCO formation and enhancing thiol groups. Accordingly, we can conclude that the ethyl acetate fraction has anti-glycation effects under in vitro conditions, which might be due to its high polyphenolic content and antioxidant properties.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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



                        

                    

                    
                        
                    


                    
                        
                            
                        
                    

                    

                    

                    References
	Ardestani A, Yazdanparast R (2007a) Cyperus rotundus suppresses AGE formation and protein oxidation in a model of fructose-mediated protein glycoxidation. Int J Biol Macromol 41(5):572–578
Article 
    CAS 
    
                    Google Scholar 
                

	Ardestani A, Yazdanparast R (2007b) Inhibitory effects of ethyl acetate extract of Teucrium polium on in vitro protein glycoxidation. Food Chem Toxicol 45(12):2402–2411
Article 
    CAS 
    
                    Google Scholar 
                

	Blois MS (1958) Antioxidant determinations by the use of a stable free radical. Nature 181(4617):1199–1200
Article 
    CAS 
    
                    Google Scholar 
                

	Chen YF, Roan HY, Lii CK, Huang YC, Wang TS (2011) Relationship between antioxidant and antiglycation ability of saponins, polyphenols, and polysaccharides in Chinese herbal medicines used to treat diabetes. J Med Plant Res 5(11):2322–2331

                    Google Scholar 
                

	Ellman GL (1959) Tissue sulfhydryl groups. Arch Biochem Biophys 82(1):70–77
Article 
    CAS 
    
                    Google Scholar 
                

	Goh SY, Cooper ME (2008) The role of advanced glycation end products in progression and complications of diabetes. J Clin Endocrinol Metab 93(4):1143–1152
Article 
    CAS 
    
                    Google Scholar 
                

	Harrison D, Griendling U, Landmesser KK, Hornig B, Drexler H (2003) Role of oxidative stress in atherosclerosis. Am J Cardiol 91(3):7A–11A
Article 
    CAS 
    
                    Google Scholar 
                

	Johnson RN, Metcalf PA, Baker JR (1983) Fructosamine: a new approach to the estimation of serum glycosylprotein. An index of diabetic control. Clin Chim Acta 127(1):87–95
Article 
    CAS 
    
                    Google Scholar 
                

	Kaneto H, Katakami N, Matsuhisa M, Matsuoka TA (2010) Role of reactive oxygen species in the progression of type 2 diabetes and atherosclerosis. Mediat Inflamm 2010:1–11
Article 
    
                    Google Scholar 
                

	Khazaei M, Karimi J, Sheikh N, Goodarzi MT, Saidijam M, Khodadadi I, Moridi H (2016) Effects of resveratrol on receptor for advanced glycation end products (RAGE) expression and oxidative stress in the liver of rats with type 2 diabetes. Phytother Res 30(1):66–71
Article 
    CAS 
    
                    Google Scholar 
                

	Kim HY, Kim K (2003) Protein glycation inhibitory and antioxidative activities of some plant fractions in vitro. J Agric Food Chem 51(6):1586–1591
Article 
    CAS 
    
                    Google Scholar 
                

	Koh KK, Oh PC, Quon MJ (2008) Does reversal of oxidative stress and inflammation provide vascular protection? Cardiovasc Res 81(4):649–659
Article 
    
                    Google Scholar 
                

	Labad J, Price JF, Strachan MWJ, Fowkes FGR, Ding J, Deary IJ, Reynolds RM (2010) Symptoms of depression but not anxiety are associated with central obesity and cardiovascular disease in people with type 2 diabetes: the Edinburgh type 2 diabetes study. Diabetologia 53(3):467–471
Article 
    CAS 
    
                    Google Scholar 
                

	Lunceford N, Gugliucci A (2005) Ilex paraguariensis fractions inhibit AGE formation more efficiently than green tea. Fitoterapia 76(5):419–427
Article 
    
                    Google Scholar 
                

	Mahboubi M, Kazempour N (2011) Chemical composition and antimicrobial activity of Satureja hortensis and Trachyspermum copticum essential oil. Iran J Microbiol 3(4):194
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Mohazzab HKM, Kaminski PM, Wolin MS (1994) NADH oxidoreductase is a major source of superoxide anion in bovine coronary artery endothelium. Am J Physiol 266(6):H2568–H2572
CAS 
    PubMed 
    
                    Google Scholar 
                

	Nakagawa T, Yokozawa T, Terasawa K, Shu S, Juneja LR (2002) Protective activity of green tea against free radical-and glucose-mediated protein damage. J Agric Food Chem 50(8):2418–2422
Article 
    CAS 
    
                    Google Scholar 
                

	Nakamura K, Yamagishi SI, Matsui T, Adachi H, Takeuchi M, Imaizumi T (2007) Serum levels of soluble form of receptor for advanced glycation end products (sRAGE) are correlated with AGEs in both diabetic and non-diabetic subjects. Clin Exp Med 7(4):188–190
Article 
    CAS 
    
                    Google Scholar 
                

	Niaz K, Gull S, Zia MA (2013) Antihyperglycemic/hypoglycemic effect of celery seeds (ajwain/ajmod) in streptozotocin induced diabetic rats. J Rawalpindi Med Coll 17:134–137

                    Google Scholar 
                

	Nickavar B, Adeli A, Nickavar A (2014) TLC-bioautography and GC-MS analyses for detection and identification of antioxidant constituents of Trachyspermum copticum essential oil. IJPR 13(1):127
CAS 
    PubMed 
    
                    Google Scholar 
                

	Peppa M, Vlassara H (2005) Advanced glycation end products and diabetic complications: a general overview. Hormones (Athens) 4(1):28–37
Article 
    
                    Google Scholar 
                

	Rahbar S, Figarola JL (2003) Novel inhibitors of advanced glycation endproducts. Arch Biochem Biophys 419(1):63–79
Article 
    CAS 
    
                    Google Scholar 
                

	Reddy VP, Beyaz A (2006) Inhibitors of the Maillard reaction and AGE breakers as therapeutics for multiple diseases. Drug Discov Today 11(13):646–654
Article 
    CAS 
    
                    Google Scholar 
                

	Sakurai T, Tsuchiya S (1988) Superoxide production from nonenzymatically glycated protein. FEBS Lett 236(2):406–410
Article 
    CAS 
    
                    Google Scholar 
                

	Sharma SD, Pandey BN, Mishra KP, Sivakami S (2002) Amadori product and age formation during nonenzymatic glycosylation of bovine serum albumin in vitro. J Biochem Mol Biol Biophys 6(4):233–242
CAS 
    PubMed 
    
                    Google Scholar 
                

	Shental-Bechor D, Levy Y (2008) Effect of glycosylation on protein folding: a close look at thermodynamic stabilization. Proc Natl Acad Sci 105(24):8256–8261
Article 
    CAS 
    
                    Google Scholar 
                

	Slinkard K, Singleton VL (1977) Total phenol analysis: automation and comparison with manual methods. Am J Enol Viticult 28(1):49–55
CAS 
    
                    Google Scholar 
                

	Stadtman ER, Levine RL (2000) Protein oxidation. Ann N Y Acad Sci 899(1):191–208
Article 
    CAS 
    
                    Google Scholar 
                

	Sugimoto K, Yasujima M, Yagihashi S (2008) Role of advanced glycation end products in diabetic neuropathy. Curr Pharm Des 14(10):953–961
Article 
    CAS 
    
                    Google Scholar 
                

	Takagi Y, Kashiwagi A, Tanaka Y, Asahina T, Kikkawa R, Shigeta Y (1995) Significance of fructose-induced protein oxidation and formation of advanced glycation end product. J Diabetes Complicat 9(2):87–91
Article 
    CAS 
    
                    Google Scholar 
                

	Valenzuela A, Sanhueza J, Nieto S (2003) Natural antioxidants in functional foods: from food safety to health benefits. Grasas Aceites 54(3):295–303
Article 
    
                    Google Scholar 
                

	Wolff SP, Dean RT (1987) Glucose autoxidation and protein modification. The potential role of ‘autoxidative glycosylation’in diabetes. Biochem J 245(1):243–250
Article 
    CAS 
    
                    Google Scholar 
                

	Wu CH, Yen GC (2005) Inhibitory effect of naturally occurring flavonoids on the formation of advanced glycation endproducts. J Agric Food Chem 53(8):3167–3173
Article 
    CAS 
    
                    Google Scholar 
                

	Zhishen J, Mengcheng T, Jianming W (1999) The determination of flavonoid contents in mulberry and their scavenging effects on superoxide radicals. Food Chem 64(4):555–559
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
The authors appreciate the joint financial support of this investigation by the research Council of Lorestan University.


Author information
Authors and Affiliations
	Department of Biology, Faculty of Science, Lorestan University, Khorramabad, Iran
Fatemeh Golshahi & Seifollah Bahramikia


Authors	Fatemeh GolshahiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Seifollah BahramikiaView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Seifollah Bahramikia.


Ethics declarations

              
              
                Ethical statement

                This article does not contain any studies with human participants or animals performed by any of the authors.

              
              
                Conflict of interest

                Fatemeh Golshahi has no conflict of interest. Seifollah Bahramikia has no conflict of interest.

              
            

Additional information
Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Golshahi, F., Bahramikia, S. Protective effects of organic fractions of Trachyspermum copticum against advance glycation end products in vitro.
                    ADV TRADIT MED (ADTM) 20, 143–151 (2020). https://doi.org/10.1007/s13596-019-00412-x
Download citation
	Received: 26 July 2019

	Accepted: 05 November 2019

	Published: 04 December 2019

	Issue Date: June 2020

	DOI: https://doi.org/10.1007/s13596-019-00412-x


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
	Antioxidant activity
	Advanced glycation end products
	Nonenzymatic glycosylation
	
                Trachyspermum copticum
              








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					3.238.98.247
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    