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Ñòàòüÿ ïîñòóïèëà 30 îêòÿáðÿ 2013 ã.

Ïðèâåäåí îáçîð ïóáëèêàöèé ïî äàííûì ÂÈÍÈÒÈ çà 2006 – 2012 ãã., ïîñâÿùåííûõ ðàçðàáîòêå è

èñïîëüçîâàíèþ àìïåðîìåòðè÷åñêèõ, âîëüòàìïåðîìåòðè÷åñêèõ è ïîòåíöèîìåòðè÷åñêèõ ñåíñîðîâ

â àíàëèçå ëåêàðñòâåííûõ ïðåïàðàòîâ è áèîëîãè÷åñêèõ ñðåä.

Êëþ÷åâûå ñëîâà: ñåíñîðû; áèîñåíñîðû; âîëüòàìïåðîìåòðèÿ; àìïåðîìåòðèÿ; ïîòåíöèîìåòðèÿ;

áèîëîãè÷åñêèå æèäêîñòè; îðãàíè÷åñêèå âåùåñòâà; ëåêàðñòâåííûå ïðåïàðàòû.

Ýëåêòðîõèìè÷åñêèå ìåòîäû àíàëèçà âñå ÷àùå èñïîëü-

çóþò â ìåäèöèíå äëÿ ðåøåíèÿ ìíîãèõ çàäà÷: îöåíêè

ôàðìàêîëîãè÷åñêîãî äåéñòâèÿ è ýôôåêòèâíîñòè òåðà-

ïèè, èäåíòèôèêàöèè äåéñòâóþùèõ âåùåñòâ â ëåêàð-

ñòâåííûõ ôîðìàõ, à òàêæå èõ ìåòàáîëèòîâ â áèîëîãè-

÷åñêèõ ìàòðèöàõ. Íåîáõîäèìîñòü êîíòðîëÿ êà÷åñòâà

è âûÿâëåíèÿ ôàëüñèôèêàöèè ëåêàðñòâåííûõ ïðåïàðà-

òîâ òàêæå òðåáóåò ðàçðàáîòêè íîâûõ, áîëåå ÷óâñòâè-

òåëüíûõ è ñåëåêòèâíûõ ìåòîäîâ àíàëèçà, â ÷àñòíîñòè

ýëåêòðîõèìè÷åñêèõ.

Â ïîñëåäíåå âðåìÿ ìíîãî âíèìàíèÿ óäåëÿåòñÿ

ñâîéñòâàì òàêèõ ïðîñòûõ àíàëèòè÷åñêèõ óñòðîéñòâ,

ðàñïîçíàþùèõ îïðåäåëÿåìûé êîìïîíåíò è àäåêâàòíî

ðåàãèðóþùèõ íà èçìåíåíèå åãî êîíöåíòðàöèè, êàê

õèìè÷åñêèé èëè áèîëîãè÷åñêèé ñåíñîðû, íà ïîâåðõ-

íîñòè êîòîðûõ âîçìîæíî ïðîâîäèòü îäíîâðåìåííî

îïåðàöèè ðàçäåëåíèÿ, êîíöåíòðèðîâàíèÿ è îïðåäåëå-

íèÿ âåùåñòâ. Ôîðìàëüíî áèîñåíñîðû ìîæíî ðàññìàò-

ðèâàòü êàê îäèí èç âàðèàíòîâ õèìè÷åñêèõ ñåíñîðîâ,

â êîòîðûõ â êà÷åñòâå ðàñïîçíàþùèõ ýëåìåíòîâ, îáåñ-

ïå÷èâàþùèõ ôîðìèðîâàíèå ñèãíàëà-îòêëèêà, ïðè-

ìåíÿþòñÿ áèîëîãè÷åñêèå ìàòåðèàëû — áåëêè, íóêëå-

èíîâûå êèñëîòû, æèâûå êëåòêè, ðåöåïòîðû è òêàíè.

Ðåøåíèå çàäà÷è ìèíèàòþðèçàöèè è àâòîìàòèçàöèè

ýëåêòðîõèìè÷åñêîãî àíàëèçà ïðåäóñìàòðèâàåò ïîèñê

íîâûõ ìàòåðèàëîâ, ïðèìåíåíèå ñîâðåìåííûõ òåõíî-

ëîãèé, ðàçðàáîòêó íîâûõ ôîðì, êîíñòðóêöèé è äèçàé-

íà ñåíñîðîâ.

Íàìè ïðîâåäåíà ñèñòåìàòèçàöèÿ ïóáëèêàöèé, ïî-

ñâÿùåííûõ ïðèìåíåíèþ ñåíñîðîâ äëÿ êîíòðîëÿ ëå-

êàðñòâåííûõ ôîðì è áèîîáúåêòîâ, à òàêæå âûÿâëåíèþ

òåíäåíöèé ðàçâèòèÿ è îïèñàíèþ ñîâðåìåííûõ âîç-

ìîæíîñòåé äàííûõ óñòðîéñòâ ïî äàííûì ÂÈÍÈÒÈ çà

ïîñëåäíèå 7 ëåò. Âûäåëåíî îêîëî 180 ðàáîò ïî ýëåê-

òðîõèìè÷åñêèì ñåíñîðàì è áèîñåíñîðàì, ïðèìåíÿå-

ìûì äëÿ êîíòðîëÿ áèîëîãè÷åñêèõ ñðåä (êðîâü è åå

ôðàêöèè, ñëþíà, ìî÷à), ôàðìàöåâòè÷åñêèõ ïðåïàðàòîâ

(òàáëåòêè, êàïñóëû, ðàñòâîðû äëÿ èíúåêöèé), ðàñòè-

òåëüíîãî ñûðüÿ è äð. Â òàáë. 1 ïðèâåäåíî ðàñïðåäåëå-

íèå ÷èñëà ïóáëèêàöèé, ïîñâÿùåííûõ ýëåêòðîõèìè÷å-

ñêèì ìåòîäàì ñ ïðèìåíåíèåì ñåíñîðîâ è áèîñåíñî-

ðîâ, ïî ãîäàì. Îò÷åòëèâî íàáëþäàåòñÿ òåíäåíöèÿ ê

ñíèæåíèþ îáùåãî êîëè÷åñòâà ïóáëèêàöèé ïî ýëåêòðî-

õèìè÷åñêèì ìåòîäàì êîíòðîëÿ, íî âîçðàñòàåò ÷èñëî

ðàáîò ñ ïðèìåíåíèåì ñåíñîðîâ è áèîñåíñîðîâ, îñî-

áåííî äëÿ âîëüòàìïåðîìåòðè÷åñêèõ ìåòîäîâ, ÷òî ñâè-

äåòåëüñòâóåò î ïîâûøåííîì âíèìàíèè ê èõ èñïîëüçî-

âàíèþ ñ öåëüþ óâåëè÷åíèÿ ÷óâñòâèòåëüíîñòè îïðåäå-

ëåíèÿ ìíîãèõ îðãàíè÷åñêèõ ñîåäèíåíèé.

Âîçìîæíîñòè ýëåêòðîõèìè÷åñêèõ (áèî)ñåíñîðîâ â

îïðåäåëåíèè áèîëîãè÷åñêè àêòèâíûõ âåùåñòâ â ëåêàð-

ñòâåííûõ ïðåïàðàòàõ è ôèçèîëîãè÷åñêèõ ñðåäàõ ïðåä-

ñòàâëåíû â òàáë. 2, ãäå óêàçàíû îïðåäåëÿåìûé êîìïî-

íåíò, àíàëèòè÷åñêèå õàðàêòåðèñòèêè (äèàïàçîí ëèíåé-

íîñòè, ïðåäåë îáíàðóæåíèÿ ÏÎ èëè íèæíÿÿ ãðàíèöà

îïðåäåëÿåìûõ ñîäåðæàíèé ÍÃÎÑ), îáúåêò àíàëèçà,

÷èñëî ïóáëèêàöèé, ññûëêè.

Àíàëèç ëèòåðàòóðíûõ äàííûõ ïîêàçàë, ÷òî ñïåêòð

îïðåäåëÿåìûõ êîìïîíåíòîâ î÷åíü øèðîê. Îí âêëþ÷à-

åò áèîëîãè÷åñêèå ñóáñòðàòû (ôåðìåíòû, àíòèãåíû, àí-

òèòåëà, íóêëåèíîâûå êèñëîòû, áåëêè è äð.), âèðóñû è

áàêòåðèè, ïðîäóêòû ìåòàáîëèçìà ÷åëîâåêà, ðàçíî-

îáðàçíûå ëåêàðñòâåííûå ïðåïàðàòû, à òàêæå ãðóïïó

òîêñèêàíòîâ, îêàçûâàþùèõ êàíöåðîãåííîå è ìóòàãåí-

íîå äåéñòâèå íà æèâûå îðãàíèçìû. Íàðÿäó ñ àìïåðî-

ìåòðè÷åñêèì è ïîòåíöèîìåòðè÷åñêèì ìåòîäàìè äëÿ

îïðåäåëåíèÿ ëåêàðñòâåííûõ âåùåñòâ ÷àùå âñåãî èñ-

ïîëüçóþòñÿ äèôôåðåíöèàëüíàÿ èìïóëüñíàÿ, öèêëè-
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÷åñêàÿ, êâàäðàòíî-âîëíîâàÿ âîëüòàìïåðîìåòðèÿ, à òàê-

æå èíâåðñèîííàÿ àíîäíàÿ è àäñîðáöèîííàÿ âîëüòàì-

ïåðîìåòðèÿ.

Â êà÷åñòâå ýëåêòðîïðîâîäÿùèõ ìàòåðèàëîâ äëÿ

èçãîòîâëåíèÿ ýëåêòðîäîâ øèðå âñåãî ïðåäñòàâëåíû

êîìïîçèòû, â òîì ÷èñëå íàíîêîìïîçèòû, â ñîñòàâ êîòî-

ðûõ âêëþ÷åíû íàíîñòðóêòóðèðîâàííûå ìàòåðèàëû

(óãëåðîäíûå íàíîòðóáêè, íàíî÷àñòèöû ìåòàëëîâ è îê-

ñèäîâ ìåòàëëîâ, ñàìîîðãàíèçîâàííûå ìîíîñëîè); èõ

èñïîëüçóþò äëÿ çàìåíû áëàãîðîäíûõ ìåòàëëîâ ñ öå-

ëüþ óäåøåâëåíèÿ ýëåêòðîäîâ ëèáî äëÿ ïîâûøåíèÿ

÷óâñòâèòåëüíîñòè è ñåëåêòèâíîñòè îïðåäåëåíèÿ [1].

Èç äðóãèõ ìàòåðèàëîâ ñëåäóåò îòìåòèòü óãëåðîäñî-

äåðæàùèå — ñòåêëîóãëåðîä, ãðàôèò, ïèðîãðàôèò,

óãîëüíóþ ïàñòó; êðîìå òîãî, èñïîëüçóþò áëàãîðîäíûå

ìåòàëëû (çîëîòî, ïëàòèíà), ðòóòü, ñìåñè îêñèäîâ ìå-

òàëëîâ. Äëÿ èììîáèëèçàöèè áèî÷óâñòâèòåëüíûõ êîì-

ïîíåíòîâ ïðèìåíÿþò âêëþ÷åíèå â ïîëÿðíûå ãèäðî-

ôèëüíûå ïîëèìåðû, ýëåêòðîïîëèìåðèçàöèþ, ïîâåðõ-

íîñòíóþ è àôôèííóþ èììîáèëèçàöèþ, à òàêæå èñ-

ïîëüçóþò ìåçîïîðèñòûå ìàòåðèàëû è ìîëåêóëÿðíûé

èìïðèíòèíã.

Òåîðåòè÷åñêèå îñíîâû ñîçäàíèÿ, ìåõàíèçìû

ôóíêöèîíèðîâàíèÿ, âîçìîæíîñòè è îãðàíè÷åíèÿ

âîëüòàìïåðîìåòðè÷åñêèõ (áèî)ñåíñîðîâ íà îñíîâå

áèîêàòàëèçà è áèîàôôèííîñòè ïîäðîáíî ðàññìîòðåíû

â ìîíîãðàôèè [1], âîïðîñû ïðèìåíåíèÿ â áèîìåäèöè-

íå — â ðàáîòàõ [1, 2]. Îñíîâíûå õàðàêòåðèñòèêè ýíàí-

òèîñåíñîðîâ äëÿ îïðåäåëåíèÿ îïòè÷åñêè àêòèâíûõ

ôàðìàöåâòè÷åñêèõ ïðåïàðàòîâ è ðÿäà îðãàíè÷åñêèõ

ñîåäèíåíèé áèîëîãè÷åñêîãî çíà÷åíèÿ, à òàêæå ïðè-

ìåðû èõ èñïîëüçîâàíèÿ îáñóæäàþòñÿ â ðàáîòå [3].

Âîçìîæíîñòè è îãðàíè÷åíèÿ ïîòåíöèîìåòðè÷åñêèõ

áèîñåíñîðîâ ðàññìîòðåíû â îáçîðå [4].

Íàèáîëüøåå ÷èñëî ïóáëèêàöèé (65) ïîñâÿùåíî

îïðåäåëåíèþ óãëåâîäîâ, àìèíîêèñëîò, âèòàìèíîâ è

ìåòàáîëèòîâ ÷åëîâåêà, òîëüêî äëÿ îïðåäåëåíèÿ ãëþ-

êîçû ïðåäëîæåíî îêîëî 40 ñåíñîðîâ. Áîëüøèíñòâî èç

íèõ [25 – 30] îñíîâàíî íà èñïîëüçîâàíèè ãëþêîçî-

îêñèäàçû — êàòàëèçàòîðà îêèñëåíèÿ ãëþêîçû; ñ èõ

ïîìîùüþ ìîæíî îïðåäåëÿòü âûøåóêàçàííûå àíàëèòû

íà óðîâíå íåñêîëüêèõ ìêìîëü�ë. Îòìåòèì âûñîêîñå-

ëåêòèâíûå àìïåðîìåòðè÷åñêèå ìèêðîáèîñåíñîðû äëÿ

îïðåäåëåíèÿ in vivo ôèçèîëîãè÷åñêèõ êîíöåíòðàöèé

ãëþêîçû, ëàêòàòà è ãëóòàìàòà, ðàçðàáîòàííûå àâòîðà-

ìè ðàáîòû [25]. Äåéñòâèå ñåíñîðîâ îñíîâàíî íà äåòåê-

òèðîâàíèè ïåðîêñèäà âîäîðîäà, îáðàçóþùåãîñÿ ïî ðå-

àêöèÿì ñ ãëþêîçîîêñèäàçîé, ëàêòàòîîêñèäàçîé èëè

ãëóòàìàòîîêñèäàçîé. Îäíàêî ôåðìåíòíûå ýëåêòðîäû

äëÿ îïðåäåëåíèÿ ãëþêîçû èìåþò ðÿä íåäîñòàòêîâ,

íàïðèìåð, íåäîñòàòî÷íî ñòàáèëüíûé îòêëèê èç-çà èç-

ìåíåíèÿ àêòèâíîñòè ôåðìåíòà âî âðåìåíè. Îäèí èç

âîçìîæíûõ ïóòåé ðåøåíèÿ ýòîé ïðîáëåìû — ñîçäà-

íèå íåôåðìåíòíûõ ñåíñîðîâ [31 – 34]. Ïðèìåðîì ìî-

æåò ñëóæèòü ñåíñîð íà îñíîâå êîìïîçèòíîãî ýëåêòðî-

äà, ñîñòîÿùåãî èç óãëåðîäíûõ íàíîòðóáîê ñ ïîêðû-

òèåì èç ìåäè, íàõîäÿùèõñÿ â êîíòàêòå ñ êàòèîííûì

ïîëèýëåêòðîëèòîì; ñåíñîð ôóíêöèîíèðóåò â ðåæèìå

öèêëè÷åñêîé âîëüòàìïåðîìåòðèè, ñòàáèëåí â ðàáîòå,

à êàòàëèòè÷åñêèå ñâîéñòâà íàíîìàòåðèàëîâ â åãî ñî-

ñòàâå ïîçâîëÿþò ïîâûñèòü ÷óâñòâèòåëüíîñòü îïðåäå-

ëåíèÿ ãëþêîçû äî 1 · 10–7 ìîëü�ë [31].

Îäíèìè èç íàèáîëåå ïåðñïåêòèâíûõ ýëåìåíòîâ

ðàñïîçíàâàíèÿ â ñîñòàâå áèîñåíñîðíûõ óñòðîéñòâ ÿâ-

ëÿþòñÿ äåçîêñèðèáîíóêëåèíîâûå êèñëîòû (ÄÍÊ)

[11 – 16]. ÄÍÊ-ñåíñîðû ïîçâîëÿþò ðåøèòü ðÿä áèî-

àíàëèòè÷åñêèõ è ìåäèöèíñêèõ ïðîáëåì, òàêèõ êàê

èäåíòèôèêàöèÿ áèîëîãè÷åñêîãî ìàòåðèàëà ïî ïåðâè÷-

íîé ïîñëåäîâàòåëüíîñòè íóêëåîòèäîâ (óñòàíîâëåíèå

îòöîâñòâà, ðàñøèôðîâêà ãåíîìà, îáíàðóæåíèå ïàòî-

ãåííûõ ìèêðîîðãàíèçìîâ è âèðóñîâ), îïðåäåëåíèå

ôàðìàêîëîãè÷åñêèõ ïðåïàðàòîâ ïðîòèâîðàêîâîãî äåé-

ñòâèÿ è ÄÍÊ-ïîâðåæäàþùèõ ôàêòîðîâ, âêëþ÷àÿ ìóòà-

ãåííûå ôàêòîðû è äð. [11]. Àâòîðàìè ðàáîòû [13] ðàç-

ðàáîòàí àìïåðîìåòðè÷åñêèé ãåíîñåíñîð, îñíîâàííûé

íà ñóïðàìîëåêóëÿðíûõ âçàèìîäåéñòâèÿõ ñàìîóïîðÿ-

äî÷åííîãî áèôóíêöèîíàëüíîãî ïîëèìåðà ñ àäàìàí-

òàíîì â êà÷åñòâå íîñèòåëÿ è ÄÍÊ íà ïîâåðõíîñòè

öèêëîäåêñòðèíà. Ãåíîñåíñîð ïîçâîëÿåò îïðåäåëÿòü

ÄÍÊ â ðåàëüíûõ îáðàçöàõ ñ ïðåäåëîì îáíàðóæåíèÿ

0,08 íìîëü�ë è ÷åòêî ðàçëè÷àòü êîìïëåìåíòàðíóþ è

íåêîìïëåìåíòàðíóþ ïîñëåäîâàòåëüíîñòè ÄÍÊ. Îïðå-
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Òàáëèöà 1. Ðàñïðåäåëåíèå ïóáëèêàöèé ïî èñïîëüçîâàíèþ (áèî)ñåíñîðîâ äëÿ ýëåêòðîõèìè÷åñêîãî îïðåäåëåíèÿ ëåêàðñòâåííûõ âå-

ùåñòâ çà 2006 – 2012 ãã. (ÂÈÍÈÒÈ)1

Ãîä
Îáùåå ÷èñëî ïóáëèêàöèé ×èñëî ïóáëèêàöèé â îáëàñòè áèîìåäèöèíû, â òîì ÷èñëå ñ ïðèìåíåíèåì Ñ�ÁÑ

ÂÀ À Ï ÂÀ À Ï

2006 420 119 152 89�4 19�19 19�6

2007 500 118 178 102�2 15�15 15�8

2008 414 111 123 87�3 16�16 6�4

2009 423 92 94 104�11 13�13 12�4

2010 315 78 109 110�18 10�10 15�6

2011 334 61 97 87�15 13�13 19�9

2012
2

151 36 27 14�6 14�6 4�1

2006 – 2012 2557 560 780 593�61 100�92 90�38

1
ÂÀ — âîëüòàìïåðîìåòðèÿ; À — àìïåðîìåòðèÿ; Ï — ïîòåíöèîìåòðèÿ; Ñ — ñåíñîð; ÁÑ — áèîñåíñîð.

2
Äàííûå çà 2012 ã. íåïîëíûå.
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äåëåíèå ïðîòèâîðàêîâîãî ïðåïàðàòà ëåóïðîëèäà ìåòîäîì

äèôôåðåíöèàëüíîé èìïóëüñíîé àäñîðáöèîííîé èíâåð-

ñèîííîé âîëüòàìïåðîìåòðèè ñ ïîìîùüþ ÄÍÊ-ñåíñîðà

îïèñàíî â ðàáîòå [70]. Â êà÷åñòâå ñåíñîðà èñïîëüçîâàí

êîìïîçèò èç ñòåðæíÿ ãðàôèòà, íà êîòîðîì èììîáèëèçîâà-

íà ÄÍÊ ñïåðìû ðûáû, ñâÿçàííàÿ ñ ëåóïðîëèäîì, èíäèêà-

òîðîì ñëóæèò ïîíèæåíèå òîêà ãóàíèíà; ãðàäóèðîâî÷íàÿ

õàðàêòåðèñòèêà ëèíåéíà â èíòåðâàëå (0,2 – 6,0) · 10–4 %,

ïðåäåë îáíàðóæåíèÿ ñîñòàâëÿåò 4 · 10–6 %. Àâòîðàìè ðà-

áîòû [45] äëÿ ñâåðõ÷óâñòâèòåëüíîãî ýëåêòðîõèìè÷åñêîãî

äåòåêòèðîâàíèÿ ïðåäëîæåíî èñïîëüçîâàòü ôóíêöèîíà-

ëèçèðîâàííûå îëèãîíóêëåîòèäàìè ñåðåáðÿíûå íàíî-

÷àñòèöû. Â ðåæèìå äèôôåðåíöèàëüíîé èìïóëüñíîé

âîëüòàìïåðîìåòðèè äëÿ âèðóñà ãåïàòèòà Â äîñòèãíóò ïðå-

äåë îáíàðóæåíèÿ 5 àìîëü�ë.

Âàæíûì îáúåêòîì ïðè àíàëèçå áèîëîãè÷åñêèõ æèäêî-

ñòåé ÿâëÿþòñÿ èììóíîìîäóëÿòîðû [46 – 48]. Äëÿ áûñòðî-

ãî îïðåäåëåíèÿ á-ôåòîïðîòåèíà â ïëàçìå êðîâè ÷åëîâåêà

ïðåäëîæåí àìïåðîìåòðè÷åñêèé èììóíîñåíñîð, èçãîòîâ-

ëåííûé ïóòåì èììîáèëèçàöèè àíòèòåë á-ôåòîïðîòåèíà

íà ñòåêëîóãëåðîäíîì ýëåêòðîäå, ìîäèôèöèðîâàííîì êîì-

ïîçèöèîííîé ïëåíêîé èç çîëîòûõ íàíîïðîâîëîê è íàíî-

ñòåðæíåé ZnO. Ãðàäóèðîâî÷íàÿ õàðàêòåðèñòèêà ëèíåéíà

â îáëàñòè êîíöåíòðàöèé àíàëèòà 0,5 – 160,0 íã�ìë ñ ïðå-

äåëîì îáíàðóæåíèÿ 0,1 íã�ìë [46]. Ïðîñòîé ÷óâñòâèòåëü-

íûé ìíîãîêîìïîíåíòíûé èììóíîàíàëèç ñ èñïîëüçîâàíè-

åì çàìåíÿåìîãî ÷èïà è çîëîòîé íàíî÷àñòèöû â êà÷åñòâå

ýëåêòðîõèìè÷åñêîé ìåòêè îïèñàí â ðàáîòå [47]. ×èï â

âèäå èììóíîñåíñîðíîé ìàòðèöû ïîëó÷àëè èììîáèëè-

çàöèåé àíòèòåë-ëîâóøåê íà óãîëüíûõ ðàáî÷èõ ýëåêòðî-

äàõ, èçãîòîâëåííûõ ïî òåõíîëîãèè òðàôàðåòíîé ïå÷àòè.

Îïðåäåëåíèå ìåòîäîì äèôôåðåíöèàëüíîé èìïóëüñíîé

âîëüòàìïåðîìåòðèè ïîçâîëÿåò äîñòè÷ü ïðåäåëà îáíàðóæå-

íèÿ èììóíîãëîáóëèíà ÷åëîâåêà 1,1 íã�ìë.

Äðóãîé âàæíûé îáúåêò àíàëèçà áèîëîãè÷åñêè àêòèâ-

íûõ ñîåäèíåíèé — íåéðîìåäèàòîðû [36, 49 – 54]. Â êà-

÷åñòâå ïðèìåðà îòìåòèì âîëüòàìïåðîìåòðè÷åñêèé ñåíñîð

íà îñíîâå ãðàôèòîâîãî ýëåêòðîäà ñ èîííîé æèäêîñòüþ,

ìîäèôèöèðîâàííûé ïîëèãëèöèíîì, îáåñïå÷èâàþùèé ñå-

ëåêòèâíîå îïðåäåëåíèå äîïàìèíà â ïðèñóòñòâèè àñêîð-

áèíîâîé êèñëîòû â ôèçèîëîãè÷åñêîé ñðåäå ñ ïðåäåëîì

îáíàðóæåíèÿ 5 · 10–9 ìîëü�ë [53].

Â êëèíè÷åñêîé äèàãíîñòèêå âàæíîé çàäà÷åé ÿâëÿåòñÿ

îïðåäåëåíèå êîëè÷åñòâåííîãî ñîñòàâà àìèíîêèñëîò â áèî-

ëîãè÷åñêèõ æèäêîñòÿõ è ëåêàðñòâåííûõ ïðåïàðàòàõ, ïî-

ñêîëüêó íàðóøåíèå â ñîîòíîøåíèè àìèíîêèñëîò â îð-

ãàíèçìå ÷åëîâåêà ïðèâîäèò ê ðàçëè÷íûì çàáîëåâàíèÿì.

Â ðàáîòå [39] îïèñàí âûñîêî÷óâñòâèòåëüíûé è ñåëåêòèâ-

íûé èììóíîñåíñîð ïîòåíöèîìåòðè÷åñêîãî òèïà äëÿ äå-

òåêòèðîâàíèÿ õèðàëüíûõ àìèíîêèñëîò. Ñåíñîð, ïîëó÷åí-

íûé ñâÿçûâàíèåì ìåðêàïòîóêñóñíîé êèñëîòû ñ ïîâåðõ-

íîñòüþ çîëîòîãî ýëåêòðîäà ñ ïîñëåäóþùèì ìîäèôèöè-

ðîâàíèåì òèðàìèíîì, îáåñïå÷èâàåò îïðåäåëåíèå ñëåäîâ

D-ôåíèëàëàíèíà íà óðîâíå 0,001 %.

Áîëüøîå ÷èñëî ðàáîò ïîñâÿùåíî ñîçäàíèþ è ïðèìå-

íåíèþ ýëåêòðîõèìè÷åñêèõ ñåíñîðîâ äëÿ êîíòðîëÿ ëåêàð-

ñòâåííûõ ïðåïàðàòîâ. Îòìåòèì íåêîòîðûå èç íèõ. Cåíñîð
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äëÿ îïðåäåëåíèÿ öåôàëîñïîðèíîâ â ôàðìàöåâòè-

÷åñêèõ ïðåïàðàòàõ ðàçðàáîòàí íà îñíîâå óãîëüíî-ïàñ-

òîâîãî ýëåêòðîäà, ïîêðûòîãî ñëîåì ïîëè(o-àíèçèäèíà)

è äîäåöèëñóëüôàòà íàòðèÿ, ìîäèôèöèðîâàííîãî èîíà-

ìè Ni2+ [67]. Àâòîðàìè ðàáîòû [58] ïðåäëîæåíà ìå-

òîäèêà ïîòåíöèîìåòðè÷åñêîãî îïðåäåëåíèÿ äèêëî-

ôåíàêà ïðè ïîìîùè ñåíñîðà â âèäå ìîäèôèöèðîâàí-

íîãî ãðàôèòîâîãî ýëåêòðîäà ñ ïðåäåëîì îáíàðóæåíèÿ

3,2 · 10–5 ìîëü�ë, àìïåðîìåòðè÷åñêèé áèîñåíñîð äëÿ

÷óâñòâèòåëüíîãî îïðåäåëåíèÿ êàðäèîïðåïàðàòà àéìà-

ëèíà îïèñàí â ðàáîòå [68], âîçìîæíîñòè àìïåðîìåòðè-

÷åñêîãî áèîñåíñîðà íà îñíîâå ìîíîàìèíîîêñèäàçû

ïîêàçàíû íà ïðèìåðå îïðåäåëåíèÿ àíòèäåïðåññàíòîâ

ïåòèëèëà, ïèðàçèäîëà è ôëóêñåòèíà ñ íèæíåé ãðàíè-

öåé îïðåäåëÿåìûõ ñîäåðæàíèé 8 · 10–9, 8 · 10–7 è

8 · 10–10 ìîëü�ë ñîîòâåòñòâåííî [56].

Â çàêëþ÷åíèå õî÷åòñÿ îòìåòèòü, ÷òî áèîñåíñîðû

êàê íîâûé òèï àíàëèòè÷åñêèõ óñòðîéñòâ ïåðåæèâàþò

ïåðèîä àêòèâíîãî ðàçâèòèÿ. Ïîòðåáíîñòü â áèîñåí-

ñîðàõ îãðîìíà, ñ èõ ïîìîùüþ ìîæåò áûòü óñïåøíî

ðåøåíà çàäà÷à âûñîêî÷óâñòâèòåëüíîãî è ñåëåêòèâíîãî

êîíòðîëÿ ëåêàðñòâåííûõ ïðåïàðàòîâ. Ñîçäàíèå áèî-

ñåíñîðîâ, çàìåíÿþùèõ ðåöåïòîðû æèâûõ îðãàíèçìîâ,

ïîçâîëèò ïðèìåíÿòü èõ äëÿ äèàãíîñòèêè ðÿäà çàáîëå-

âàíèé. Áèîñåíñîðû ëåãêî ïîäâåðãàþòñÿ ìèíèàòþðèçà-

öèè è ïîýòîìó ìîãóò áûòü èíòåãðèðîâàíû â ðàçëè÷-

íûå àíàëèòè÷åñêèå ñèñòåìû è äàæå èìïëàíòèðîâàíû

â îðãàíèçì äëÿ íåïðåðûâíîãî ìîíèòîðèíãà. Àâòîðû

ðàáîòû [1] ïîëàãàþò, ÷òî â áëèæàéøåå âðåìÿ áèîñåí-

ñîðû ñòàíóò îñíîâîé àâòîìàòèçèðîâàííûõ ñèñòåì

àíàëèòè÷åñêîãî êîíòðîëÿ è äèàãíîñòèêè ñîñòîÿíèÿ

çäîðîâüÿ ÷åëîâåêà. Îäíèì èç âàæíåéøèõ íàïðàâëåíèé

ñîâðåìåííîé êëèíè÷åñêîé äèàãíîñòèêè ÿâëÿåòñÿ íå-

èíâàçèâíàÿ äèàãíîñòèêà, ò.å. àíàëèç êëþ÷åâûõ êîì-

ïîíåíòîâ îáìåíà âåùåñòâ, íå ïðåäóñìàòðèâàþùèé

îòáîðà êðîâè. È â ýòîì íàïðàâëåíèè áèîñåíñîðû ñ èõ

âûñîêîé ÷óâñòâèòåëüíîñòüþ è ñåëåêòèâíîñòüþ ìîãóò

ñûãðàòü êëþ÷åâóþ ðîëü.

ËÈÒÅÐÀÒÓÐÀ

1. Áóäíèêîâ Ã. Ê., Åâòþãèí Ã. À., Ìàéñòðåíêî Â. Í. Ìîäèôè-

öèðîâàííûå ýëåêòðîäû äëÿ âîëüòàìïåðîìåòðèè â õèìèè,

áèîëîãèè è ìåäèöèíå. — Ì.: ÁÈÍÎÌ. Ëàáîðàòîðèÿ çíàíèé,

2009. — 416 ñ.

2. Áóäíèêîâ Ã. Ê., Åâòþãèí Ã. À. Íåêîòîðûå âîïðîñû îðãàíè-

÷åñêîãî ýëåêòðîàíàëèçà â áèîìåäèöèíå: îò ðàáîò ß. Ãåéðîâ-

ñêîãî äî ìèêðî÷èïîâ � Áóòëåðîâ. ñîîáù. 2011. Ò. 25. ¹ 8.

Ñ. 1 – 8.

3. Áóäíèêîâ Ã. Ê., Åâòþãèí Ã. À., Áóäíèêîâà Þ. Ã., Àëüôîí-

ñîâ Â. À. Õèìè÷åñêè ìîäèôèöèðîâàííûå ýëåêòðîäû ñ àìïå-

ðîìåòðè÷åñêèì îòêëèêîì â ýíàíòèîìåðíîì àíàëèçå � Æóðí.

àíàëèò. õèìèè. 2008. Ò. 63. ¹ 1. Ñ. 6 – 17.

4. Koncki R. Recent developments in potentiometric biosensors for

biomedical analysis � Anal. Chim. Acta. 2007. Vol. 599. N 1.

P. 7 – 15.

5. Zou L., Li Y., Ye B. Voltammetric sensing of guanine and

adenine using a glassy carbon electrode modified with a tetra-

oxocalix[2]arene[2]triazine Langmuir – Blodgett film � Micro-

chim. Acta. 2011. Vol. 173. N 3 – 4. P. 285 – 291.

6. Ñàôèíà Ã. Ð., Ìåäÿíöåâà Ý. Ï., Áàçàðíîâà Î. Í. è äð.

Îïðåäåëåíèå áàêòåðèàëüíûõ àíòèãåíîâ ñ ïîìîùüþ ìíîãî-

êàíàëüíîãî àìïåðîìåòðè÷åñêîãî èììóíîôåðìåíòíîãî ñåí-

ñîðà � Æóðí. àíàëèò. õèìèè. 2006. Ò. 61. ¹ 9. Ñ. 985 – 990.

7. Qiu J.-D., Huang H., Liang R.-P. Biocompatible and label-

free amperometric immunosensor for hepatitis B surface anti-

gen using a sensing film composed of poly(allylamine)-

branched ferrocene and gold nanoparticles � Microchim. Acta.

2011. Vol. 174. N 1 – 2. P. 97 – 105.

8. Liang R., Peng H., Qiu J. Fabrication, characterization, and

application of potentiometric immunosensor based on bio-

compatible and controllable three-dimensional porous chitosan

membranes � J. Colloid Interface Sci. 2008. Vol. 320. N 1.

P. 125 – 131.

9. Noda M., Lorchirachoonkul P., Shimanouchi T., et al. Sen-

sitivity enhancement of leakage current microsensor for detecti-

on of target protein by using protein denaturant � IEEE Sens. J.

2011. Vol. 11. N 11 – 12. P. 2749 – 2755.

10. Kannan P., Chen H., Lee V. T.-W., Kim D.-H. Highly sen-

sitive amperometric detection of bilirubin using enzyme and

gold nanoparticles on sol-gel film modified electrode � Talanta.

2011. Vol. 86. P. 400 – 407.

11. Åâòþãèí Ã. À., Áóäíèêîâ Ã. Ê., Ïîðôèðüåâà À. Â. Ýëåê-

òðîõèìè÷åñêèå ÄÍÊ-ñåíñîðû äëÿ îïðåäåëåíèÿ áèîëîãè-

÷åñêè àêòèâíûõ íèçêîìîëåêóëÿðíûõ ñîåäèíåíèé � Ðîñ. õèì.

æóðí. (Æóðí. Ðîñ. õèì. îá-âà èì. Ä. È. Ìåíäåëååâà). 2008.

Ò. 52. ¹ 2. Ñ. 66 – 79.

12. Hajdukiewicz J., Boland S., Kavanagh P., et al. Enzyme-

amplified amperometric detection of DNA using redox media-

ting films on gold microelectrodes � Electroanalysis. 2009.

Vol. 21. N 3 – 5. P. 342 – 350.

13. Ortiz M. Amperometric supramolecular genosensor self-as-

sembled on cyclodextrin-modified surfaces � Electrochem.

Commun. 2011. Vol. 13. N 6. P. 578 – 581.

14. Nie G., Zhang Y., Guo Q., Zhang Sh. Label-free DNA detec-

tion based on a novel nanostructured conducting poly(in-

dole-6-carboxylic acid) films � Sens. Actuators. B. 2009.

Vol. 139. N 2. P. 592 – 597.

15. Eun J. P., Jun-Yong L., Jun H. K., et al. Investigation of plas-

ma-functionalized multiwalled carbon nanotube film and its

application of DNA sensor for Legionella pneumophila detecti-

on � Talanta. 2010. Vol. 82. N 3. P. 904 – 911.

16. Dürüst N., Meyerhoff M. E. Determination of DNA and its

binding to protamine using potentiometric polyion sensors �
J. Electroanal. Chem. 2007. Vol. 602. N 1. P. 138 – 141.

17. He X., Ni X., Wang Y., et al. Electrochemical detection of nico-

tinamide adenine dinucleotide based on molecular beacon-like

DNA and E. coli DNA ligase � Talanta. 2011. Vol. 83. N 3.

P. 937 – 942.

18. Marzouk S. A. M., Ashraf S. S., Al T. K. A. Prototype ampe-

rometric biosensor for sialic acid determination � Anal. Chem.

2007. Vol. 79. N 4. P. 1668 – 1674.

19. Rozum B., Koncki R. Application of monofluorophosphate�al-

kaline phosphatase system in flow injection analysis � Talanta.

2008. Vol. 77. N 2. P. 507 – 513.

20. Salimi A., Hallaj R., Soltanian S. Fabrication of a sensitive

cholesterol biosensor based on cobalt-oxide nanostructures

electrodeposited onto glassy carbon electrode � Electroanalysis.

2009. Vol. 21. N 24. P. 2693 – 2700.

21. Hsieh B.-Ch., Hsiao H.-Y., Cheng T.-J., Chen R. L. C. Assays

for serum cholinesterase activity by capillary electrophoresis

and an amperometric flow injection choline biosensor � Anal.

Chim. Acta. 2008. Vol. 623. N 2. P. 157 – 162.

22. Qiu S., Gao S., Xie L, et al. An ultra-sensitive electrochemical

sensor for ascorbic acid based on click chemistry � Analyst.

2011. Vol. 136. N 19. P. 3962 – 3966.

23. Sekli-Belaidi F., Temple-Boyer P., Gros P. Voltammetric

microsensor using PEDOT-modified gold electrode for the

simultaneous assay of ascorbic and uric acids � J. Electroanal.

Chem. 2010. Vol. 647. N 2. P. 159 – 168.

�������	�
���
�������
�����������	��������������� �� ��������� �� ��



24. Liawrungrath S., Purachat P., Oungpipat W., Dongduen C.

Sunflower leaves tissue-based bioelectrode with amperometric

flow-injection system for glycolic acid determination in urine �
Talanta. 2008. Vol. 77. N 2. P. 500 – 506.

25. Schuvailo O. M., Soldatkin O. O., Lefebvre A., et al. Highly

selective microbiosensors for in vivo measurement of glucose,

lactage and glutamate � Anal. Chim. Acta. 2006. Vol. 573 –

574. P. 110 – 116.

26. Li J., Kuang D., Feng Y., et al. Glucose biosensor based on

glucose oxidase immobilized on a nanofilm composed of meso-

porous hydroxyapatite, titanium dioxide, and modified with

multi-walled carbon nanotubes � Microchim. Acta. 2012.

Vol. 176. ¹ 1 – 2. P. 73 – 80.

27. Zhao K., Song H.-Y., Chang Z., et al. Áèîñåíñîð äëÿ ãëþ-

êîçû íà îñíîâå ýëåêòðîäà èç óïîðÿäî÷åííûõ óãëåðîäíûõ

íàíîòðóáîê, ìîäèôèöèðîâàííûõ ïëàòèíîâûìè íàíî÷àñòè-

öàìè � Chem. J. Chin. Univ. 2007. Vol. 28. N 7. P. 1251 – 1254.

28. Yu J., Yu D., Zhao T., Zeng B. Development of amperometric

glucose biosensor through immobilizing enzyme in a Pt nano-

particles�mesoporous carbon matrix � Talanta. 2008. Vol. 74.

N 5. P. 1586 – 1591.

29. Wang Y., He Q., Dong Y., Chen H. In-channel modification of

biosensor electrodes integrated on a polycarbonate microfluidic

chip for micro flow-injection amperometric determination of

glucose � Sens. Actuators. B. 2010. Vol. 145. N 1. P. 553 – 560.

30. Li J., Yuan R., Chai Y. Simple construction of an enzymatic

glucose biosensor based on a nanocomposite film prepared in

one step from iron oxide, gold nanoparticles, and chitosan �
Microchim. Acta. 2011. Vol. 173. N 3 – 4. P. 369 – 374.

31. Li X., Zhu Q., Tong S., et al. Self-assembled microstructure of

carbon nanotubes for enzymeless glucose sensor � Sens. Actua-

tors. B. 2009. Vol. 136. N 2. P. 444 – 450.

32. Feng D., Wang F., Chen Z. Electrochemical glucose sensor

based on one-step construction of gold nanoparticle-chitosan

composite film � Sens. Actuators. B. 2009. Vol. 138. N 2.

P. 539 – 544.

33. Das D., Kim D.-M., Park D.-S., Shim Y.-B. A glucose sensor

based on an aminophenyl boronic acid bonded conducting poly-

mer � Electroanalysis. 2011. Vol. 23. N 9. P. 2036 – 2041.

34. Sun J.-Y., Huang K.-J., Fan Y., et al. Glassy carbon elec-

trode modified with a film composed of Ni (II), quercetin and

graphene for enzyme-less sensing of glucose � Microchim.

Acta. 2011. Vol. 174. N 3 – 4. P. 289 – 294.

35. He X.-R., Yu J.-H., Ge S.-G., et al. Àìïåðîìåòðè÷åñêèé

áèîñåíñîð íà L-ëàêòàò íà îñíîâå çîëü-ãåëü ïëåíîê è ìíîãî-

ñòåíî÷íûõ óãëåðîäíûõ íàíîòðóáîê, óñèëåííûõ íàíî÷àñòè-

öàìè ïëàòèíû � J. Anal. Chem. 2010. Vol. 38. N 1. P. 57 – 61.

36. Ojani R., Raoof J.-B., Zarei E., et al. A novel sensor for simul-

taneous determination of dopamine and uric acid using a new

MFI-type zeolite prepared by microwave-assisted synthesis �
Monatsh. Chem. 2012. Vol. 143. N 1. P. 7 – 12.

37. Ensafi A. A., Karimi-Maleh H., Mallakpour S. N-(3,4-Di-

hydroxyphenethyl)-3,5-dinitrobenzamide-modified multiwall

carbon nanotubes paste electrode as a novel sensor for simulta-

neous determination of penicillamine, uric acid, and tryptophan

� Electroanalysis. 2011. N 6. P. 1478 – 1467.

38. Milardoviþ S., Kerekoviþ I., Nodilo M. A novel biampero-

metric biosensor for urinary oxalate determination using flow-

injection analysis � Talanta. 2008. Vol. 77. N 1. P. 222 – 228.

39. Zhang S., Ding J., Li Y., Kong J., Hofstetter O. Development

of a highly enantioselective capacitive immunosensor for the

detection of á-amino acids � Anal. Chem. 2006. Vol. 78. N 21.

P. 7592 – 7596.

40. Song Z., Huang J.-D., Wu B.-Y., et al. Amperometric aqueous

sol-gel biosensor for low-potential stable choline detection at

multi-wall carbon nanotube modified platinum electrode � Sens.

Actuators. B. 2006. Vol. 115. N 2. P. 626 – 633.

41. Zhang H., Yin Y., Wu P., Cai Ch. Indirect electrocatalytic de-

termination of choline by monitoring hydrogen peroxide at the

choline oxidase-prussian blue modified iron phosphate nano-

structures � Biosens. Bioelectron. 2012. Vol. 31. N 1.

P. 244 – 250.

42. Thiagarajan S., Umasankar Y., Chen Sh.-M. Functionalized

multi walled carbon nanotubes nano biocomposite film for the

amperometric detection of L-cysteine � J. Nanosci. Nanotech-

nol. 2010. Vol. 10. N 2. P. 702 – 710.

43. Zhou M., Ding J., Guo L.-P., Shang Q.-K. Electrochemical

behavior of L-cysteine and its detection at ordered mesoporous

carbon-modified glassy carbon electrode � Anal. Chem. 2007.

Vol. 79. N 14. P. 5328 – 5335.

44. Tang H., Zhang W., Geng P., et al. A new amperometric

method for rapid detection of Escherichia coli density using a

self-assembled monolayer-based bienzyme biosensor � Anal.

Chim. Acta. 2006. Vol. 562. N 2. P. 190 – 196.

45. Li H., Sun Z., Zhong W., et al. Ultrasensitive electrochemical

detection for DNA arrays based on silver nanoparticle aggrega-

tes � Anal. Chem. 2010. Vol. 82. N 13. P. 5477 – 5483.

46. Lu X., Bai H., He P., et al. A reagentless amperometric im-

munosensor for á-1-fetoprotein based on gold nanowires and

ZnO nanorods modified electrode � Anal. Chim. Acta. 2008.

Vol. 615. N 2. P. 158 – 164.

47. Leng Ch., Lai G., Yan F., Ju H. Gold nanoparticle as an

electrochemical label for inherently crosstalk-free multiplexed

immunoassay on a disposable chip � Anal. Chim. Acta. 2010.

Vol. 666. N 1 – 2. P. 97 – 101.

48. Wang F., Wang Y., Lu K., et al. Sensitive determination of

methotrexate at nano-Au self-assembled monolayer modified

electrode � J. Electroanal. Chem. 2012. Vol. 674. P. 83 – 89.

49. Chernyshov D. V., Shvedene N. V., Antipova E. R., Plet-

nev I. V. Ionic liquid-based miniature electrochemical sensors

for the voltammetric determination of catecholamines � Anal.

Chim. Acta. 2008. Vol. 621. N 2. P. 178 – 184.

50. Ùuczak T. Epinephrine oxidation in the presence of interfering

molecules on gold and gold electrodes modified with gold nano-

particles and thiodipropionic acid in aqueous solution. A com-

parative study � Electroanalysis. 2009. Vol. 21. N 23.

P. 2557 – 2562.

51. Lee D., Cui T. Carbon nanotube thin film pH electrode for po-

tentiometric enzymatic acetylcholine biosensing � Micro-

electron. Eng. 2012. Vol. 93. P. 39 – 42.

52. Jiang L.-Ch., Zhang W.-D. Electroanalysis of dopamine at

RuO
2

modified vertically aligned carbon nanotube electrode �
Electroanalysis. 2009. Vol. 21. N 16. P. 1811 – 1815.

53. Li Y., Liu C., Wei W. Square wave voltammetry for selective

detection of dopamine using polyglycine modified carbon ionic

liquid electrode � Electroanalysis. 2011. Vol. 23. N 12.

P. 2832 – 2838.

54. Beitollahi H., Mohadesi A., Mohammadi S., et al. New

voltammetric strategy for determination of dopamine in the pre-

sence of high concentrations of acetaminophen, folic acid and

N-acetylcysteine � J. Mol. Liq. 2012. Vol. 169. P. 130 – 135.

55. Sarath B. V. R., Patra S., Karanth N. G., et al. Development

of a biosensor for caffeine � Anal. Chim. Acta. 2007. Vol. 582.

N 2. P. 329 – 334.

56. Ìåäÿíöåâà Ý. Ï., Âàðëàìîâà Ð. Ì., Ãèìàëåòäèíîâà Ä. À.

è äð. Àìïåðîìåòðè÷åñêèé ìîíîàìèíîêñèäàçíûé áèîñåíñîð

äëÿ îïðåäåëåíèÿ íåêîòîðûõ àíòèäåïðåññàíòîâ � Æóðí. àíà-

ëèò. õèìèè. 2008. Ò. 63. ¹ 3. Ñ. 302 – 307.

57. Sekula J., Everaert J., Bohets H., et al. Coate wire potentio-

metric detection for capillary electrophoresis studied using

organic amines, drugs, and biogenic amines � Anal. Chem.

2006. Vol. 78. N 11. P. 3772 – 3779.

58. Êîðìîø Æ. À., Ãóíüêà È. Ï., Áàçåëü ß. Ð. Ïîòåíöèî-

ìåòðè÷åñêèé ñåíñîð äëÿ îïðåäåëåíèÿ äèêëîôåíàêà � Æóðí.

àíàëèò. õèìèè. 2009. Ò. 64. ¹ 8. Ñ. 875 – 880.

59. Yang D.-W., Gong F.-Ch., Cao Z. Amperometric dimetrida-

zole sensor using glycosylated metalloporphyrin as a recogni-

tion element � Sens. Actuators. B. 2006. Vol. 114. N 1.

P. 152 – 157.

�� �������	�
���
�������
�����������	��������������� �� ��������� ��



60. Goyal R., Chatterjee S., Rana A. R. S. A single-wall carbon

nanotubes modified edge plane pyrolytic graphite sensor for

determination of methylprednisolone in biological fluids � Ta-

lanta. 2009. Vol. 80. N 2. P. 586 – 592.

61. Kumar K. G., Augustine P., John S. A novel potentiometric

sensor for the determination of nimesulide � Port. Electrochim.

Acta. 2007. Vol. 25. N 3. P. 375 – 381.

62. Kang X., Wang J., Wu H., et al. A graphene-based electro-

chemical sensor for sensitive detection of paracetamol � Talan-

ta. 2010. Vol. 81. N 3. P. 754 – 759.

63. Mazloum-Ardakani M., Beitollahi H., Taleat Z., et al. Se-

lective voltammetric determination of d-penicillamine in the

presence of tryptophan at a modified carbon paste electrode

incorporating TiO
2

nanoparticles and quinizarine � J. Electroa-

nal. Chem. 2010. Vol. 644. N 1. P. 1 – 6.

64. Siqueira J. R., Abouzar M. H., Bäcker M., et al. Carbon

nanotubes in nanostructured films: Potential application as am-

perometric and potentiometric field-effect (bio-)chemical sen-

sors � Phys. Status Solidi. A. 2009. Vol. 206. N 3. P. 462 – 467.

65. Cunha C. O., Silva R., Amorim C., et al. Tetracycline poten-

tiometric sensor based on cyclodextrin for pharmaceuticals and

waste water analysis � Electroanalysis. 2010. Vol. 22. N 24.

P. 2967 – 2972.

66. Wang C., Wang F., Li Ch., et al. Voltammetric sensor for

tinidazole based on poly(carmine) film-modified electrode and

its application � J. Pharm. Biomed. Anal. 2006. Vol. 41. N 4.

P. 1396 – 1400.

67. Ojani R., Raoof J.-B., Zamani S. A novel sensor for cephalo-

sporins based on electrocatalytic oxidation by poly(o-anisidi -

ne)�SDS�Ni modified carbon paste electrode � Talanta. 2010.

Vol. 81. N 4 – 5. P. 1522 – 1528.

68. Áàáêèíà Ñ. Ñ., Óëàõîâè÷ Í. À., Áóäíèêîâ Ã. Ê. Áèîàô-

ôèííûé ìåòîä îïðåäåëåíèÿ àëêàëîèäîâ ñ ïîìîùüþ àìïåðî-

ìåòðè÷åñêîãî ÄÍÊ-ñåíñîðà � Ó÷åí. çàï. Êàçàí. ãîñ. óí-òà.

Ñåð. Åñòåñòâ. íàóêè. 2008. Ò. 150. ¹ 3. Ñ. 23 – 29.

69. Badawy S. S., Youssef A. F. A., Mutair A. A. Potentiometric

batch and flow injection analysis of betaine hydrochloride �
Ann. Chim. 2007. Vol. 97. N 3 – 4. P. 213 – 225.

70. Dogan-Topal B., Ozkan S. A. A novel sensitive electrochemi-

cal DNA biosensor for assaying of anticancer drug leuprolide

and its adsorptive stripping voltammetric determination �
Talanta. 2011. Vol. 83. N 3. P. 780 – 788.

71. Zhao F., Wang L., Liu Y., et al. Determination of matrine

using a new voltammetric sensor based on L-cysteine�graphene

oxide-chitosan composite film modified electrode � Electroana-

lysis. 2012. Vol. 24. N 3. P. 691 – 698.

72. Áàáêèíà Ñ. Ñ., Ìîèñååâà Å. Í., Óëàõîâè÷ Í. À., Ñàëü-

íèêîâ Þ. È. Èçó÷åíèå âçàèìîäåéñòâèÿ ñ ÄÍÊ è îïðåäåëå-

íèå ïðîòèâîîïóõîëåâîãî ïðåïàðàòà îíêîâèíà ñ ïîìîùüþ

àìïåðîìåòðè÷åñêîãî áèîñåíñîðà íà îñíîâå èììîáèëè-

çîâàííîé ÄÍÊ � Âåñòí. Êàçàí. òåõíîë. óí-òà. 2007. ¹ 2.

Ñ. 46 – 51.

73. Gholivand M. B., Azadbakht A., Pashabadi A. An electro-

chemical sensor based on carbon nanotube bimetallic Au-Pt in-

organic-organic nanofiber hybrid nanocomposite electrode

applied for detection of guaifenesin � Electroanalysis. 2011.

Vol. 23. N 12. P. 2771 – 2779.

74. Hoshi T., Noguchi T., Anzai J. The preparation of ampero-

metric xanthine sensors based on multilayer thin films con-

taining xanthine oxidase � Mater. Sci. Eng. C. 2006. Vol. 26.

N 1. P. 100 – 103.

75. Alizadeh T., Akhoundian M. A novel potentiometric sensor

for promethazine based on a molecularly imprinted polymer

(MIP): The role of MIP structure on the sensor performance �
Electrochim. Acta. 2010. Vol. 55. N 10. P. 3477 – 3485.

76. Soleymanpour A., Abdifar S., Bani R. Development of a new

coated graphite phenylephrine potentiometric sensor and its

applications to pharmaceutical and biological analysis � Elec-

troanalysis. 2011. Vol. 23. N 12. P. 2813 – 2821.

77. Saleh T. A. Sensing of chlorpheniramine in pharmaceutical

applications by sequential injector coupled with potentiometer �
J. Pharm. Anal. 2011. Vol. 1. N 4. P. 246 – 250.

78. Gong F.-Ch., Xiao Z.-D., Cao Z., Wu D.-X. A selective arte-

misinin-sensor using metalloporphyrin as a recognition element

entrapped in the Au-nanoparticles-chitosan modified electrodes

� Talanta. 2007. Vol. 72. N 4. P. 1453 – 1457.

79. Sadeghi S., Fathi F., Abbasifar J. Potentiometric sensing of

levamisole hydrochloride based on molecularly imprinted poly-

mer � Sens. Actuators. B. 2007. Vol. 122. N 1. P. 158 – 164.

80. Ensafi A. A., Taei M., Khayamian T., et al. Voltammetric

measurement of trace amount of glutathione using multiwall

carbon nanotubes as a sensor and chlorpromazine as a mediator

� J. Solid State Electrochem. 2010. Vol. 14. N 8. P. 1415 – 1423.

81. Ma X.-L., Chen R.-Y., Zheng X., et al. Èçãîòîâëåíèå è

ïðèìåíåíèå ñåíñîðà íà íàðèíãèí íà îñíîâå òåõíèêè òðà-

ôàðåòíîé ïå÷àòè � Chin. J. Anal. Chem. 2010. Vol. 38. N 1.

P. 100 – 104.

82. Xiang H., Li W. Electrochemical sensor for trans-resveratrol

determination based on indium tin oxide electrode modified

with molecularly imprinted self-assembled films � Electroana-

lysis. 2009. Vol. 21. N 10. P. 1207 – 1210.

83. Maduniþ-Èaèiþ D., Sak-Bosnar M., Galoviþ O., et al. De-

termination of cationic surfactants in pharmaceutical disin-

fectants using a new sensitive potentiometric sensor � Talanta.

2008. Vol. 76. N 2. P. 259 – 264.

84. Domínguez-Renedo O., Alonso-Lomillo M. A., Ferreira-

Goncalves L., Arcos-Martínez M. J. Development of urease

based amperometric biosensors for the inhibitive determination

of Hg (II) � Talanta. 2009. Vol. 79. N 5. P. 1306 – 1310.

�������	�
���
�������
�����������	��������������� �� ��������� �� � 




