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VOLTAMMETRY is a branch of ELECTROCHEMISTRY 

-deals wity the processes of CHARGE transfer  

between two systems in contact 

-FLOW of electric charge=CURRENT 
 

 

 

 

 

 

 

 

 

 

# 

 

 

We can say-voltammetry deals MAINLY with  

Processes of oxidation and reduction 
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The Electron Transport Chain 

-most important 

Electrochemical process  

in living systems 
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Electrolyte-Ions in  

water solution 

Испитувана 

супстанца 

W-working electrode 

+2 H+ + 2e-  
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Voltammetry 

http://en.wikipedia.org/wiki/Image:Ubiquinone.png
http://en.wikipedia.org/wiki/Image:Ubiquinol3.png
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< ipc . ipa 

 

< DEp  = (Epa – Epc) = 0.0592/n,  

n = number of electrones 

exchanges 

 

< E0 = mid-peak potential Epa  

Epc 

 

< Ip = 2.686x105n3/2AcD1/2v1/2 

 

 - A: electrode surface 

 - c: electroactive compound 

concentration 

 - v: scan rate 

 - D: diffusion coefficient 

 

 

What do we get from cyclic voltammograms 
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Волтаметрија на некои неутротрансмитери 

допамин 

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwino5aiiYfXAhXKJlAKHZhyAJMQjRwIBw&url=https%3A%2F%2Fwww.smartdrugsforthought.com%2Facetylcholine%2F&psig=AOvVaw0pzuE2ooZUpyHn4G-OpIs2&ust=1508859356675228
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj8u7egiofXAhVLK1AKHQOQAwUQjRwIBw&url=https%3A%2F%2Fwww.quora.com%2FWhat-actions-cause-an-increase-of-serotonin-in-women&psig=AOvVaw0TaKjUc3ZGTn5opxExyTei&ust=1508859544153261
http://blog.smartrecovery.org/2017/06/27/dopamines-role-in-addiction/
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Што може да се испитува кај овие 

 невротрансмитери 

со волтаметрија и на кој начин? 

 

-нивните редокс процеси (размена на електрони) 

 

-нивните механизми на трансфер преку мембрани 

 

-потенцијалните интеракции со други супстанци 

 

-брзината на дифузија 

 

-кинетиката (брзината) на нивен трансфер или 

Кинетиката на интеракциите 

 

-можни ефекти на апсорпција, распаѓање и сл. 
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Трансфер преку Клеточни мембрани-интеракции на 

Невротрансмитерите со фосфолипиди... 

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwituLiJiIfXAhUDIVAKHZY4DhIQjRwIBw&url=http%3A%2F%2Fwww.nature.com%2Fnprot%2Fjournal%2Fv8%2Fn3%2Fabs%2Fnprot.2013.007.html&psig=AOvVaw1a3eTs2JvPhmPPxjvYvGhA&ust=1508859015283513
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Дизајнирање на 

Експеримент во кој 

Фосфолипиди  

Се ставаат на границата 

Помеѓу две 

Немешливи течности 

 

-четири електроден 

систем 

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi6r6e9iIfXAhXLYlAKHT1UDe4QjRwIBw&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0013468617310927&psig=AOvVaw2fICQJQSRqbXTX2EGcpxo_&ust=1508859093972507
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjmnNvKiIfXAhWLLlAKHVZPCocQjRwIBw&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0011916417309839&psig=AOvVaw2fICQJQSRqbXTX2EGcpxo_&ust=1508859093972507
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiArebqkpXXAhWSZlAKHcNoCPgQjRwIBw&url=https%3A%2F%2Fwww.researchgate.net%2Ffigure%2F259438876_fig1_Fig-1-The-four-electrode-electrochemical-cells-employed-for-a-liquid-liquid&psig=AOvVaw2LpqBR0jIwMcGRfuciDe7T&ust=1509342952819087
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https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi21rvYiIfXAhVCbFAKHaYWCWgQjRwIBw&url=https%3A%2F%2Fchemmatcars.uchicago.edu%2Fdirectory%2Felectric-field-effect-phospholipid-monolayers-aqueous%25E2%2588%2592organic-liquid%25E2%2588%2592liquid-interface&psig=AOvVaw2fICQJQSRqbXTX2EGcpxo_&ust=1508859093972507
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Receptors: nicotine and muscarine 
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https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjUoISyiYfXAhXDYVAKHSgQCwAQjRwIBw&url=http%3A%2F%2Fnewrelevant.com%2Fchildhood-emotional-abuse-is-dramatically-strong-among-male-alcohol-dependent-individuals%2F&psig=AOvVaw0pzuE2ooZUpyHn4G-OpIs2&ust=1508859356675228
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https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwin2ozviYfXAhWDJ1AKHfiQCfEQjRwIBw&url=https%3A%2F%2Fwww.slideshare.net%2FDavis_1304%2Facetylcholine-63677299&psig=AOvVaw0pzuE2ooZUpyHn4G-OpIs2&ust=1508859356675228
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Acetylcholine 

Phospholipids 

-type and strenghts of interactions between acetylscholine 

And the phospholipids 
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In VIVO 

Detection of 

Serotonin 

With  

voltammetry 

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjxwPn-iYfXAhVLZ1AKHTSbCLQQjRwIBw&url=https%3A%2F%2Fwww.nuphorin.com%2Fserotonin-supplements%2F&psig=AOvVaw0TaKjUc3ZGTn5opxExyTei&ust=1508859544153261
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj8xZWLiofXAhVCY1AKHaDlCMwQjRwIBw&url=https%3A%2F%2Fwww.nuphorin.com%2Fserotonin-supplements%2F&psig=AOvVaw0TaKjUc3ZGTn5opxExyTei&ust=1508859544153261
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj8u7egiofXAhVLK1AKHQOQAwUQjRwIBw&url=https%3A%2F%2Fwww.quora.com%2FWhat-actions-cause-an-increase-of-serotonin-in-women&psig=AOvVaw0TaKjUc3ZGTn5opxExyTei&ust=1508859544153261
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjxwp2yiofXAhUHY1AKHdUUBDsQjRwIBw&url=https%3A%2F%2Fwww.researchgate.net%2Ffigure%2F23972716_fig1_Figure-1-The-serotonin-synapse-Serotonin-is-synthesized-from-tryptophan-by-the-enzyme&psig=AOvVaw0TaKjUc3ZGTn5opxExyTei&ust=1508859544153261
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjL-Pa-iofXAhUCL1AKHXPNACQQjRwIBw&url=http%3A%2F%2Fwww.botanical-online.com%2Fenglish%2Fserotonin.htm&psig=AOvVaw0TaKjUc3ZGTn5opxExyTei&ust=1508859544153261
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiG04an1pjXAhXSh7QKHYYLBu4QjRwIBw&url=http%3A%2F%2Fwww.mdpi.com%2F1424-8220%2F13%2F10%2F14029%2Fhtm&psig=AOvVaw24X4RakojmgrUysNOZ2MCk&ust=1509464132280620
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi5s7aE15jXAhVBI1AKHZKKDc8QjRwIBw&url=https%3A%2F%2Fwww.pinnaclet.com%2Ffscv-systems.html&psig=AOvVaw24X4RakojmgrUysNOZ2MCk&ust=1509464132280620
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwip4ZqA2JjXAhULalAKHRBXAOsQjRwIBw&url=http%3A%2F%2Fbahanonu.com%2Fbrain%2F&psig=AOvVaw1qhJ0Oagltf1QskbzfT4-B&ust=1509464572749629
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Important for motor and cognitive 

functions 

Deficits in dopamine levels 

cause Parkinson Disease 

Regulates reward  

Dopamine increases after 

drugs of abuse like cocaine 

http://blog.smartrecovery.org/2017/06/27/dopamines-role-in-addiction/
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiPyr6si4fXAhUSa1AKHaVRCMEQjRwIBw&url=https%3A%2F%2Fwww.slideshare.net%2Falyssaalicea%2Fdopamine-6949037&psig=AOvVaw1leE5T-ZZrIlhbWRdcdUkV&ust=1508859837699351
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi3pZmnlJXXAhUEL1AKHaXJAskQjRwIBw&url=https%3A%2F%2Fwww.123rf.com%2Fphoto_12415256_adrenaline-structural-formula-drawn-on-a-white-background.html&psig=AOvVaw16vVoKbD8B-y-KdAjjv4GA&ust=1509343341757395
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https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjn6JCAipHXAhUJvBQKHSD1BssQjRwIBw&url=https%3A%2F%2Fwww.drugabuse.gov%2Fnews-events%2Fnida-notes%2F2017%2F03%2Fimpacts-drugs-neurotransmission&psig=AOvVaw0It8P6AE3pT5Y__bZp71Hq&ust=1509203033032041
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In Vivo Detection of  

Dopamine with 

Fast scan 

voltammetry 

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjrkZ-IjYfXAhWELlAKHaRPCZQQjRwIBw&url=http%3A%2F%2Fcbp.brain.riken.jp%2Fresearch.php&psig=AOvVaw1hq6usxZ0gJVMeQVSs0rrx&ust=1508860371170977
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwir2ISljYfXAhXRKlAKHQ7FCW0QjRwIBw&url=http%3A%2F%2Fpubs.rsc.org%2Fen%2FContent%2FArticleHtml%2F2007%2FAN%2Fb705552h&psig=AOvVaw1hq6usxZ0gJVMeQVSs0rrx&ust=1508860371170977
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiEnZeyjYfXAhWSYVAKHRMyBiMQjRwIBw&url=http%3A%2F%2Fwww.invilog.com%2Fproducts-services%2Fcarbon-fiber-electrodes-for-acute-experiments-and-for-chronic-implantation%2Fcarbon-fiber-electrodes-for-chronic-implantation%2F&psig=AOvVaw1hq6usxZ0gJVMeQVSs0rrx&ust=1508860371170977
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiEtdjjjYfXAhWDJlAKHYwfCAQQjRwIBw&url=https%3A%2F%2Fwww.hashemilab.com%2Fsingle-post%2F2015%2F07%2F25%2Fmproved-Calibration-of-Voltammetric-Sensors-for-Studying-Pharmacological-Effects-on-Dopamine-Transporter-Kinetics-in-Vivo&psig=AOvVaw1hq6usxZ0gJVMeQVSs0rrx&ust=1508860371170977
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In-Vivo voltammetry of dopamine 

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjM9KuljIfXAhUJZVAKHc80Do4QjRwIBw&url=http%3A%2F%2Fjes.ecsdl.org%2Fcontent%2F163%2F10%2FB543%2FF5.expansion.html&psig=AOvVaw0bKyAD6E4rX-4OVrx_BJ-V&ust=1508860135350292
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwit5tvaiZHXAhVJzRQKHUaFCwAQjRwIBw&url=http%3A%2F%2Fwww4.ncsu.edu%2F~gsmccart%2FGeneratedItems%2FInterface.html&psig=AOvVaw0It8P6AE3pT5Y__bZp71Hq&ust=1509203033032041
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https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjflsKtipHXAhVEwxQKHb5aDP8QjRwIBw&url=http%3A%2F%2Fpubs.rsc.org%2F-%2Fcontent%2Farticlehtml%2F2016%2Fnj%2Fc5nj01804h&psig=AOvVaw0It8P6AE3pT5Y__bZp71Hq&ust=1509203033032041
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Adrenal medulla 

БРЗИНА НА ПРОЦЕСИ ПРИ СЕКРЕЦИЈА 

На ДОПАМИН 

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiEtdjjjYfXAhWDJlAKHYwfCAQQjRwIBw&url=https%3A%2F%2Fwww.hashemilab.com%2Fsingle-post%2F2015%2F07%2F25%2Fmproved-Calibration-of-Voltammetric-Sensors-for-Studying-Pharmacological-Effects-on-Dopamine-Transporter-Kinetics-in-Vivo&psig=AOvVaw1hq6usxZ0gJVMeQVSs0rrx&ust=1508860371170977
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwig6vjri4fXAhVBJFAKHUOCB5gQjRwIBw&url=https%3A%2F%2Fmsathlete.wordpress.com%2Ftag%2Fdopamine%2F&psig=AOvVaw1leE5T-ZZrIlhbWRdcdUkV&ust=1508859837699351
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ДОПАМИН може да реагира со 

ПРООКСИДАНТИ и  Лекови со прооксидантни својства  

 

Водороден Пероксид:            Супероксид Радикал:  

                              Хидроксид радикал 

 

Метални јони: Fe3+; Cu2+; Mo6+; Mn4+;  

 

Параацетамол-индуцира креирање на слободни радикали 

 

-Покрај тоа, допамин МОЖЕ да комплексира и некои 

Катјони на металните јони од земноалкални метали!!! 

http://blog.smartrecovery.org/2017/06/27/dopamines-role-in-addiction/
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https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiDy6P5447XAhULQBQKHfS7B8wQjRwIBw&url=https%3A%2F%2Fwww.intechopen.com%2Fbooks%2Ftopics-on-drug-metabolism%2Felectrochemical-methods-for-the-in-vitro-assessment-of-drug-metabolism&psig=AOvVaw2o2qwLOuLTmiJLj4TbPNIX&ust=1509124198317241
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiQlO-g5I7XAhXDuhQKHcxLCf4QjRwIBw&url=http%3A%2F%2Fcheerlab.org%2Fcheerlabsite%2Fsample-page-2%2Ftechniques%2F&psig=AOvVaw2o2qwLOuLTmiJLj4TbPNIX&ust=1509124198317241
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj-rYW75I7XAhWIuRQKHfScAA4QjRwIBw&url=http%3A%2F%2Fwww.mdpi.com%2F1424-8220%2F8%2F3%2F1950&psig=AOvVaw0i9lXJx3CAqarqYoQUPjRN&ust=1509124354397812
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Рецептори за допамин се 

G-протеински комплекси 

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjhtIqyo5XXAhXBJFAKHRLuC_EQjRwIBw&url=https%3A%2F%2Fwww.quora.com%2FHow-are-D1-dopamine-receptors-different-from-D2-receptors&psig=AOvVaw1Sn--tfxg3juNkFQh1LuOE&ust=1509347404629210
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi5squNpJXXAhUMfFAKHfFMDfcQjRwIBw&url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3D6J73tzP2zFg&psig=AOvVaw2-KgOYnc5QXCDRyv2jC7Wx&ust=1509347574619043
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj0gaGOpZXXAhWFZlAKHbsyBMEQjRwIBw&url=http%3A%2F%2Fstudy.com%2Facademy%2Flesson%2Fhow-antipsychotic-drugs-work-in-the-brain.html&psig=AOvVaw2-KgOYnc5QXCDRyv2jC7Wx&ust=1509347574619043


Интеракции 

На допамин 

Со 

Пептид- 

Составен дел 

На Г-комплексот 
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Кинетички параметри (kc/mol-1Ls-1) на реакции на допамин 

(во физиолошки услови-рН од 7.40) со...  

 

H2O2-------- 0.0000025  

OH. -----------0.440!!! 

O . 2-  ----------0.050 

Fe3+ ----------0.080 

Cu2+ ----------0.005 

Mo6+ ----------0.10!! 

Прашок од Aluminium- 

за запрашување  

        Ацо Рембрант....? 

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiEtdjjjYfXAhWDJlAKHYwfCAQQjRwIBw&url=https%3A%2F%2Fwww.hashemilab.com%2Fsingle-post%2F2015%2F07%2F25%2Fmproved-Calibration-of-Voltammetric-Sensors-for-Studying-Pharmacological-Effects-on-Dopamine-Transporter-Kinetics-in-Vivo&psig=AOvVaw1hq6usxZ0gJVMeQVSs0rrx&ust=1508860371170977
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjlj4ubnJXXAhWGL1AKHeSVC_MQjRwIBw&url=http%3A%2F%2Fpubs.rsc.org%2Fen%2Fcontent%2Farticlehtml%2F2017%2Fra%2Fc6ra25565e&psig=AOvVaw3BUC2ZpVJmWRnmxBiMsAju&ust=1509345400421301
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IN-VIVO voltammetric 

determination 

of catecholamine 
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Voltammetry in service of the 

Scanning Electrochemical Microscopy 
-Powerfull tool for probing the electrochemical activity of  

single living cells at different spots (cell topography) 

-Detection of human breast cancer cells 

-Detection of active sites of Enzymes 

http://en.wikipedia.org/wiki/Image:GLO1_Homo_sapiens_small_fast.gif
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A), cyclic voltammogram for 2 µmol/L dopamine.  

(B), cyclic voltammogram for 2 µmol/L norepinephrine  

(C), cyclic voltammogram for 2 µmol/L serotonin 

(D), cyclic voltammogram for 200 µmol/L ascorbic acid  

(E), cyclic voltammogram for 20 µmol/L DOPAC  

Cyclic Voltammograms of some NUEORTRANSMITTERS 

http://www.clinchem.org/content/vol49/issue10/images/large/cy1034479004.jpeg
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ЗАКЛУЧОЦИ 

 

-Волтаметријата е едноставна и моќна техника 

За испитување на механизмот на акција на 

Невротрансмитерите 

 

-може да даде податоци за брзината на интеракции 

На невротрансмитерите со дадени супстанци 

 

-преку тие податоци, може да се утврди кои супстанци 

(лекови, метални јони, физиолошки молекули) ...влијаат 

Врз својствата на невротрансмитерите и нивното дејство 

 

-начин на следење на трансфер преку мембрани 

 

-техника што е чиста, едноставна и кошта 2500 евра!!! 
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Rubin Gulaboski, in  

ELECTROCHEMICAL DICTIONARY (2008) 

A. J. Bard, G. Inzelt, F. Scholz (editors) 
F. Scholz, U. Schroeder, R. Gulaboski 

R. Gulaboski, C. M. Pereira in 

Handbook of Food Analysis Instruments (2008) 

Semih Otles (Ed.) 

http://www.springer.com/dal/home/generic/search/results?SGWID=1-40109-22-173755406-0
http://www.springer.com/dal/home/generic/search/results?SGWID=1-40109-22-34528791-0&referer=www.springeronline.com&SHORTCUT=www.springer.com/sgw/cda/frontpage/0,11855,1-40109-22-34528791-0,00.html
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