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                    Abstract
An electrochemical sensor was developed and tested for detection of L-tyrosine in the presence of epinephrine by surface modification of a glassy carbon electrode (GCE) with Nafion and cerium dioxide nanoparticles. Fabrication parameters of a surfactant-assisted precipitation method were optimized to produce 2–3 nm CeO2 nanoparticles with very high surface-to-volume ratio. The resulting nanocrystals were characterized structurally and morphologically by X-ray diffractometery (XRD), scanning and high resolution transmission electron microscopy (SEM and HR-TEM). The nanopowder is sonochemically dispersed in a Nafion solution which is then used to modify the surface of a GCE electrode. The electrochemical activity of L-tyrosine and epinephrine was investigated using both a Nafion-CeO2 coated and a bare GCE. The modified electrode exhibits a significant electrochemical oxidation effect of L-tyrosine in a 0.2 M Britton-Robinson (B-R) buffer solution of pH 2. The electro-oxidation peak current increases linearly with the L-tyrosine concentration in the molar concentration range of 2 to 160 μM. By employing differential pulse voltammetry (DPV) for simultaneous measurements, we detected two reproducible peaks for L-tyrosine and epinephrine in the same solution with a peak separation of about 443 mV. The detection limit of the sensor (signal to noise ratio of 3) for L-tyrosine is ~90 nM and the sensitivity is 0.20 μA μM−1, while for epinephrine these values are ~60 nM and 0.19 μA μM−1. The sensor exhibited excellent selectivity, sensitivity, reproducibility and stability as well as a very good recovery time in real human blood serum samples.

                
Simultaneous electrochemical determination of L-tyrosine and epinephrine in blood plasma with Nafion-CeO2/GCE modified electrode showing a 443 mV peak-to-peak potential difference between species oxidation peak currents.




              


                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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


Fig. 8



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        High-performance electrochemical sensor based on electrodeposited iron oxide nanoparticle: catecholamine as analytical probe
                                        
                                    

                                    
                                        Article
                                        
                                         13 April 2017
                                    

                                

                                Mohammad Mazloum-Ardakani, Mehdi Maleki & Alireza Khoshroo

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Lysozyme aptasensor based on a glassy carbon electrode modified with a nanocomposite consisting of multi-walled carbon nanotubes, poly(diallyl dimethyl ammonium chloride) and carbon quantum dots
                                        
                                    

                                    
                                        Article
                                        
                                         14 February 2018
                                    

                                

                                Behzad Rezaei, Hamid Reza Jamei & Ali Asghar Ensafi

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Development of Glassy Carbon Electrode Modified with Ruthenium Red-multiwalled Carbon Nanotubes for Simultaneous Determination of Epinephrine and Acetaminophen
                                        
                                    

                                    
                                        Article
                                        
                                         10 September 2014
                                    

                                

                                Hadi Hassani Nadiki, Meissam Noroozifar & Mozhgan Khorasani-Motlagh

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Fernstrom JD, Fernstrom MH (2007) Tyrosine, phenylalanine, and catecholamine synthesis and function in the brain. J Nutr 137(6):1539S–1547S
CAS 
    
                    Google Scholar 
                

	Friggi-Grelin F, Coulom H, Meller M, Gomez D, Hirsh J, Birman S (2003) Targeted gene expression in Drosophila dopaminergic cells using regulatory sequences from tyrosine hydroxylase. J Neurobiol 54(4):618–627. doi:10.1002/neu.10185
                
Article 
    CAS 
    
                    Google Scholar 
                

	Rasmussen DD, Ishizuka B, Quigley ME, Yen SS (1983) Effects of tyrosine and tryptophan ingestion on plasma catecholamine and 3,4-dihydroxyphenylacetic acid concentrations. J Clin Endocrinol Metab 57(4):760–763
Article 
    CAS 
    
                    Google Scholar 
                

	Virion A, Deme D, Pommier J, Nunez J (1980) Opposite effects of thiocyanate on tyrosine iodination and thyroid hormone synthesis. Eur J Biochem FEBS 112(1):1–7
Article 
    CAS 
    
                    Google Scholar 
                

	Hao SZ, Avraham Y, Bonne O, Berry EM (2001) Separation-induced body weight loss, impairment in alternation behavior, and autonomic tone: effects of tyrosine. Pharmacol Biochem Behav 68(2):273–281. doi:10.1016/s0091-3057(00)00448-2
                
Article 
    CAS 
    
                    Google Scholar 
                

	Neri DF, Wiegmann D, Stanny RR, Shappell SA, McCardie A, McKay DL (1995) The effects of tyrosine on cognitive performance during extended wakefulness. Aviat Space Environ Med 66(4):313–319
CAS 
    
                    Google Scholar 
                

	Reinstein DK, Lehnert H, Wurtman RJ (1985) Dietary tyrosine suppresses the rise in plasma corticosterone following acute stress in rats. Life Sci 37(23):2157–2163
Article 
    CAS 
    
                    Google Scholar 
                

	Molnar GA, Wagner Z, Marko L, Ko Szegi T, Mohas M, Kocsis B, Matus Z, Wagner L, Tamasko M, Mazak I, Laczy B, Nagy J, Wittmann I (2005) Urinary ortho-tyrosine excretion in diabetes mellitus and renal failure: evidence for hydroxyl radical production. Kidney Int 68(5):2281–2287. doi:10.1111/j.1523-1755.2005.00687.x
                
Article 
    CAS 
    
                    Google Scholar 
                

	Wightman RM, May LJ, Michael AC (1988) Detection of dopamine dynamics in the brain. Anal Chem 60(13):A769. doi:10.1021/ac00164a001
                
Article 
    
                    Google Scholar 
                

	Hasani M, Moloudi M, Emami F (2007) Spectrophotometric resolution of ternary mixtures of tryptophan, tyrosine, and histidine with the aid of principal component-artificial neural network models. Anal Biochem 370(1):68–76. doi:10.1016/j.ab.2007.06.025
                
Article 
    CAS 
    
                    Google Scholar 
                

	Felitsyn NM, Henderson GN, James MO, Stacpoole PW (2004) Liquid chromatography-tandem mass spectrometry method for the simultaneous determination of delta-ALA, tyrosine and creatinine in biological fluids. Clin Chim Acta Int J Clin Chem 350(1–2):219–230. doi:10.1016/j.cccn.2004.08.009
                
Article 
    CAS 
    
                    Google Scholar 
                

	Rigobello-Masini M, Masini JC (2012) Sequential injection chromatography for fluorimetric determination of intracellular amino acids in marine microalgae. Methods Mol Biol 828:305–315. doi:10.1007/978-1-61779-445-2_24
                
Article 
    CAS 
    
                    Google Scholar 
                

	Deng CH, Deng YH, Wang B, Yang XH (2002) Gas chromatography–mass spectrometry method for determination of phenylalanine and tyrosine in neonatal blood spots. J Chromatogr B-Anal Technol Biomed Life Sci 780(2):407–413. doi:10.1016/s1570-0232(02)00632-3
                
Article 
    CAS 
    
                    Google Scholar 
                

	Tak YH, Somsen GW, de Jong GJ (2011) Optimization of dynamic pH junction for the sensitive determination of amino acids in urine by capillary electrophoresis. Anal Bioanal Chem 401(10):3275–3281. doi:10.1007/s00216-011-5445-x
                
Article 
    CAS 
    
                    Google Scholar 
                

	Mu S, Li Y, Tang A-G, Xiao L-D, Ren Y-P (2012) Simultaneous determination of tyrosine, tryptophan and 5-hydroxytryptamine in serum of MDD patients by high performance liquid chromatography with fluorescence detection. Clin Chim Acta 413(11–12):973–977. doi:10.1016/j.cca.2012.02.019
                

                    Google Scholar 
                

	Alonso MCS, Zamora LL, Calatayud JM (2003) Determination of tyrosine through a FIA-direct chemiluminescence procedure. Talanta 60(2–3):369–376. doi:10.1016/s0039-9140(03)00099-7
                
Article 
    
                    Google Scholar 
                

	Goyal RN, Singh SP (2006) Voltammetric determination of paracetamol at C-60-modified glassy carbon electrode. Electrochim Acta 51(15):3008–3012. doi:10.1016/j.electacta.2005.08.036
                
Article 
    CAS 
    
                    Google Scholar 
                

	Palanisamy S, Ku SH, Chen SM (2013) Dopamine sensor based on a glassy carbon electrode modified with a reduced graphene oxide and palladium nanoparticles composite. Microchim Acta 180(11–12):1037–1042. doi:10.1007/s00604-013-1028-1
                
Article 
    CAS 
    
                    Google Scholar 
                

	Ghoreishi SM, Behpour M, Fard MHM (2012) Electrochemical methods for simultaneous determination of trace amounts of dopamine and uric acid using a carbon paste electrode incorporated with multi-wall carbon nanotubes and modified with alpha-cyclodextrine. J Solid State Electrochem 16(1):179–189. doi:10.1007/s10008-011-1312-0
                
Article 
    CAS 
    
                    Google Scholar 
                

	Ghoreishi SM, Behpour M, Khayatkashani M, Motaghedifard MH (2011) Simultaneous determination of ellagic and gallic acid in Punica granatum, Myrtus communis and Itriphal formulation by an electrochemical sensor based on a carbon paste electrode modified with multi-walled carbon nanotubes. Anal Methods 3(3):636–645. doi:10.1039/c0ay00691b
                
Article 
    CAS 
    
                    Google Scholar 
                

	Zhang YQ, Yang WX, Wang YZ, Jia JB, Wang JG (2013) Nonenzymatic hydrogen peroxide sensor based on a glassy carbon electrode modified with electrospun PdO-NiO composite nanofibers. Microchim Acta 180(11–12):1085–1091. doi:10.1007/s00604-013-1033-4
                
Article 
    CAS 
    
                    Google Scholar 
                

	Cheng H, Chen C, Zhang S (2009) Electrochemical behavior and sensitive determination of l-tyrosine with a gold nanoparticles modified glassy carbon electrode. Analytical sciences : the international journal of the Japan Society for Analytical Chemistry 25(10):1221–1225
Article 
    CAS 
    
                    Google Scholar 
                

	Fan Y, Liu J-H, Lu H-T, Zhang Q (2011) Electrochemistry and voltammetric determination of L-tryptophan and L-tyrosine using a glassy carbon electrode modified with a Nafion/TiO2-graphene composite film. Microchim Acta 173(1–2):241–247. doi:10.1007/s00604-011-0556-9
                
Article 
    CAS 
    
                    Google Scholar 
                

	Liu X, Luo L, Ding Y, Kang Z, Ye D (2012) Simultaneous determination of L-cysteine and L-tyrosine using Au-nanoparticles/poly-eriochrome black T film modified glassy carbon electrode. Bioelectrochemistry 86:38–45. doi:10.1016/j.bioelechem.2012.01.008
                
Article 
    CAS 
    
                    Google Scholar 
                

	Saumya V, Prathish KP, Dhanya S, Rao TP (2011) Mechanistic aspects of tyrosine sensing on an in situ copper oxide modified molecularly imprinted polypyrrole coated glassy carbon electrode. J Electroanal Chem 663(2):53–58. doi:10.1016/j.jelechem.2011.08.022
                
Article 
    CAS 
    
                    Google Scholar 
                

	Shao C, Wei Y, Jiang L (2008) Study on electrochemical behavior of Tyrosine at multi-wall carbon nanotubes modified glassy carbon electrode. J New Mater Electrochem Syst 11(3):175–179
CAS 
    
                    Google Scholar 
                

	Tang X, Liu Y, Hou H, You T (2010) Electrochemical determination of L-Tryptophan, L-Tyrosine and L-Cysteine using electrospun carbon nanofibers modified electrode. Talanta 80(5):2182–2186. doi:10.1016/j.talanta.2009.11.027
                
Article 
    CAS 
    
                    Google Scholar 
                

	Yu X, Mai Z, Xiao Y, Zou X (2008) Electrochemical behavior and determination of L-tyrosine at single-walled carbon nanotubes modified glassy carbon electrode. Electroanalysis 20(11):1246–1251. doi:10.1002/elan.200704179
                
Article 
    CAS 
    
                    Google Scholar 
                

	Babaei A, Mirzakhani S, Khalilzadeh B (2009) A sensitive simultaneous determination of epinephrine and tyrosine using an Iron(III) doped zeolite-modified carbon paste electrode. J Braz Chem Soc 20(10):1862–1869
Article 
    CAS 
    
                    Google Scholar 
                

	Lin X-Q, Kang G-F, Zhu X-H (2008) Uracil grafted carbon electrode: electrocatalytic behavior of tryptophan, tyrosine, catecholamine and related compounds. Chin J Chem 26(4):681–688. doi:10.1002/cjoc.200890129
                
Article 
    CAS 
    
                    Google Scholar 
                

	Chitsaz A, Jalilpour M, Fathalilou M (2013) Effects of PVP and CTAB surfactants on the morphology of cerium oxide nanoparticles synthesized via co-precipitation method. Int J Mater Res 104(5):511–514. doi:10.3139/146.110927
                
Article 
    CAS 
    
                    Google Scholar 
                

	Li H, Wang G, Zhang F, Cai Y, Wang Y, Djerdj I (2012) Surfactant-assisted synthesis of CeO2 nanoparticles and their application in wastewater treatment. RSC Adv 2(32):12413–12423. doi:10.1039/c2ra21590j
                
Article 
    CAS 
    
                    Google Scholar 
                

	Tunusoglu O, Munoz-Espi R, Akbey U, Demir MM (2012) Surfactant-assisted formation of organophilic CeO2 nanoparticles. Colloids Surf Physicochemic Eng Asp 395:10–17. doi:10.1016/j.colsurfa.2011.11.026
                
Article 
    CAS 
    
                    Google Scholar 
                

	Ackland K, Monzon LMA, Venkatesan M, Coey JMD (2011) Magnetism of Nanostructured CeO2. IEEE Trans Magn 47(10):3509–3512. doi:10.1109/tmag.2011.2150743
                
Article 
    CAS 
    
                    Google Scholar 
                

	Xu Q, Wang S-F (2005) electrocatalytic oxidation and direct determination of L-tyrosine by square wave voltammetry at multi-wall carbon nanotubes modified glassy carbon electrodes. Microchim Acta 151(1–2):47–52. doi:10.1007/s00604-005-0408-6
                
Article 
    CAS 
    
                    Google Scholar 
                

	Huang K-J, Luo D-F, Xie W-Z, Yu Y-S (2008) Sensitive voltammetric determination of tyrosine using multi-walled carbon nanotubes/4-aminobenzeresulfonic acid film-coated glassy carbon electrode. Colloids Surf B-Biointerfaces 61(2):176–181. doi:10.1016/j.colsurfb.2007.08.003
                
Article 
    CAS 
    
                    Google Scholar 
                

	Alarcon-Angeles G, Perez-Lopez B, Palomar-Pardave M, Ramirez-Silva MT, Alegret S, Merkoci A (2008) Enhanced host-guest electrochemical recognition of dopamine using cyclodextrin in the presence of carbon nanotubes. Carbon 46(6):898–906. doi:10.1016/j.carbon.2008.02.025
                
Article 
    CAS 
    
                    Google Scholar 
                

	Zhu S, Zhang J, Zhao X-e, Wang H, Xu G, You J (2013) Electrochemical behavior and voltammetric determination of L-tryptophan and L-tyrosine using a glassy carbon electrode modified with single-walled carbon nanohorns. Microchimica Acta :1–7. doi:10.1007/s00604-013-1138-9
                

	Jin GP, Lin XQ (2004) The electrochemical behavior and amperometric determination of tyrosine and tryptophan at a glassy carbon electrode modified with butyrylcholine. Electrochem Commun 6(5):454–460. doi:10.1016/j.elecom.2004.03.006
                
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgments
Asra Sadat Razavian and Amir Sajad Esmaeily appreciate financial support of Science Foundation Ireland (SFI) as part of the NISE (10/IN1.13006) and RFP/PHY2372 projects. Electron microscopy was performed in CRANN Advanced Microscopy Laboratory (AML). The authors want to thank Karl Ackland for helpful discussions, Dr. M Venkatesan for helpful comments and Dr. Adriele Prina-Mello for providing blood plasma samples.


Author information
Authors and Affiliations
	School of Physics and CRANN, Trinity College Dublin, Dublin 2, Ireland
Asra S. Razavian, Amir S. Esmaeily, Lorena M. A. Monzon & J. Michael D. Coey

	Department of Analytical Chemistry, Faculty of Chemistry, University of Kashan, Kashan, P.O. Box 87317-51167, Iran
Asra S. Razavian, Sayed M. Ghoreishi & Mohsen Behpour

	Institute of Nanoscience and Nanotechnology, University of Kashan, Kashan, P.O. Box 87317-51167, Iran
Asra S. Razavian, Sayed M. Ghoreishi & Mohsen Behpour


Authors	Asra S. RazavianView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sayed M. GhoreishiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Amir S. EsmaeilyView author publications
You can also search for this author in
                        PubMed Google Scholar



	Mohsen BehpourView author publications
You can also search for this author in
                        PubMed Google Scholar



	Lorena M. A. MonzonView author publications
You can also search for this author in
                        PubMed Google Scholar



	J. Michael D. CoeyView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding authors
Correspondence to
                Asra S. Razavian or Amir S. Esmaeily.


Electronic supplementary material

Below is the link to the electronic supplementary material.
                
ESM 1
(DOC 189 kb)





Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Razavian, A.S., Ghoreishi, S.M., Esmaeily, A.S. et al. Simultaneous sensing of L-tyrosine and epinephrine using a glassy carbon electrode modified with nafion and CeO2 nanoparticles.
                    Microchim Acta 181, 1947–1955 (2014). https://doi.org/10.1007/s00604-014-1284-8
Download citation
	Received: 07 January 2014

	Accepted: 09 May 2014

	Published: 29 May 2014

	Issue Date: November 2014

	DOI: https://doi.org/10.1007/s00604-014-1284-8


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
	Electrochemical sensor
	Polymer stabilized
	Surfactant
	Precipitation method
	Glassy carbon electrode
	Voltammetry methods








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					54.237.5.15
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    