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Ðàçðàáîòàíû àìïåðîìåòðè÷åñêèå ìîíîàìèíîêñèäàçíûå áèîñåíñîðû íà îñíîâå ïå÷àòíûõ

ãðàôèòîâûõ ýëåêòðîäîâ, ìîäèôèöèðîâàííûõ íàíîñòðóêòóðèðîâàííûìè êîìïîçèòàìè

ãðàôåíà (ÂÃÎ) è íàíî÷àñòèö êîáàëüòà (Í×Ñî) äëÿ îïðåäåëåíèÿ ëåêàðñòâåííûõ âåùåñòâ

àíòèäåïðåññèâíîãî äåéñòâèÿ: òèàíåïòèíà, òèîðèäàçèíà è ôëóîêñåòèíà. Ñî÷åòàíèÿ óãëå-

ðîäíûõ íàíîìàòåðèàëîâ ñ íàíî÷àñòèöàìè ìåòàëëîâ (íàíîêîìïîçèòû) ïîçâîëÿþò íå òî-

ëüêî ñîõðàíèòü ñâîéñòâà îòäåëüíûõ êîìïîíåíòîâ, íî è çà ñ÷åò èõ ñîâìåñòíîãî âêëàäà

ïðèâîäÿò ê íîâîìó êà÷åñòâó ðàçðàáàòûâàåìûõ óñòðîéñòâ. Íàíîìàòåðèàë-ìîäèôèêàòîð

íàíîñèëè íà ïîâåðõíîñòü ïå÷àòíûõ ãðàôèòîâûõ ýëåêòðîäîâ ìåòîäîì êàïåëüíîãî èñïà-

ðåíèÿ. Çàêðåïëåíèå ÂÃÎ íà ïîâåðõíîñòè ïðîèñõîäèò çà ñ÷åò ýëåêòðîñòàòè÷åñêîãî âçàè-

ìîäåéñòâèÿ ìåæäó åãî êàðáîêñèëüíûìè ãðóïïàìè è àìèíîãðóïïàìè àìèíîïðîèçâîäíîãî

íà ïëàòôîðìå ïîëèýôèðîïîëèîëà (H20–NH2). Í×Co ïîëó÷àëè ýëåêòðîõèìè÷åñêè ìåòî-

äîì õðîíîàìïåðîìåòðèè ïðè ïîòåíöèàëå E = –1,0 Â è ðàçíîì âðåìåíè íàêîïëåíèÿ (50 è

60 ñ). Ñîãëàñíî äàííûì àòîìíî-ñèëîâîé ìèêðîñêîïèè ïðåèìóùåñòâåííûé ðàçìåð Í×Co

ñîñòàâëÿåò (40 ± 2) è (78 ± 8) íì â çàâèñèìîñòè îò âðåìåíè ýëåêòðîõèìè÷åñêîãî íàêîï-

ëåíèÿ Í×. Ñïåêòðîñêîïèÿ ýëåêòðîõèìè÷åñêîãî èìïåäàíñà ïîêàçàëà, ÷òî íàèìåíüøèìè

çíà÷åíèÿìè ñîïðîòèâëåíèÿ ïåðåíîñà ýëåêòðîíà õàðàêòåðèçóþòñÿ íàíîêîìïîçèòû

ÂÃÎ-õèòîçàí/Í×Co è ÂÃÎ-(H20– NH2)/Í×Co. Èñïîëüçîâàíèå âûáðàííûõ íàíîêîìïîçè-

òîâ äëÿ ìîäèôèêàöèè ïîâåðõíîñòè ýëåêòðîäîâ ïîçâîëèëî óëó÷øèòü àíàëèòè÷åñêèå õà-

ðàêòåðèñòèêè ðàçðàáîòàííûõ áèîñåíñîðîâ: îáåñïå÷èòü áîëåå øèðîêèé äèàïàçîí ðàáî-

÷èõ êîíöåíòðàöèé — îò 1 · 10–4 äî 5 · 10–9 ìîëü/ë, áîëüøèé êîýôôèöèåíò ÷óâñòâèòåëü-

íîñòè, ëó÷øèé êîýôôèöèåíò êîððåëÿöèè è ìåíüøåå çíà÷åíèå íèæíåé ãðàíèöû îïðåäå-

ëÿåìûõ êîíöåíòðàöèé (cí). Ïîêàçàíà âîçìîæíîñòü èñïîëüçîâàíèÿ áèîñåíñîðîâ äëÿ êîí-

òðîëÿ êà÷åñòâà àíòèäåïðåññàíòîâ ïðè îïðåäåëåíèè îñíîâíîãî ëåêàðñòâåííîãî âåùåñòâà

â ëåêàðñòâåííûõ ïðåïàðàòàõ è áèîëîãè÷åñêèõ æèäêîñòÿõ. Ïðè èñïîëüçîâàíèè â êà÷åñò-

âå ñóáñòðàòà òèðàìèíà äëÿ îïðåäåëåíèÿ ôëóîêñåòèíà, òèîðèäàçèíà è òèàíåïòèíà cí ñî-

ñòàâëÿåò (7 – 9) · 10–10 ìîëü/ë.

Êëþ÷åâûå ñëîâà: àìïåðîìåòðè÷åñêèé áèîñåíñîð; ìîíîàìèíîêñèäàçà; âîññòàíîâëåí-

íûé îêñèä ãðàôåíà; íàíî÷àñòèöû êîáàëüòà; àíòèäåïðåññàíòû.
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Amperometric monoamine oxidase biosensors based on screen-printed graphite electrodes modified

with nanostructured reduced graphene oxide (RGO) composites and cobalt nanoparticles (CoNPs)

were developed to determine antidepressant drug substances: tianeptine, thioridazine, and fluoxetine.

Combinations of carbon nanomaterials with metal nanoparticles (nanocomposites) along with retain-

ing the properties of individual components, also provide a new quality of the developed devices due to

their joint contribution. The nanomaterial-modifier was applied to the surface of screen-printed graph-

ite electrodes using dropwise evaporation. Fixing of RGO on the surface of the screen-printed graphite

electrodes occurs due to electrostatic interaction between RGO carboxyl groups and amine groups of

the amine derivative on the platform of polyester polyol (H20–NH2). The CoNPs were obtained electro-

chemically by the method of chronoamperometry at a potential E = – 1.0 V and different time of their

accumulation (about 50 – 60 sec) on the electrode surface. According to the data of atomic force micros-

copy, the predominant size of CoNPs is (40 ± 2) and (78 ± 8) nm, depending on the time of electro-

chemical deposition of NPs. Data of electrochemical impedance spectroscopy show that nanocompo-

sites RGO-chitosan/CoNPs and RGO-amine derivative on the polyester polyol (H20–NH2)/CoNPs plat-

form are characterized by the lowest values of the charge transfer resistance. The use of those

nanocomposites modifying the electrode surface significantly improved the analytical characteristics of

the developed biosensors providing a wider range of operating concentrations from 1 × 10–4 to

5 × 10–9 mol/liter, greater sensitivity coefficient, better correlation coefficient, and lower limit of the de-

tectable concentrations. A possibility of using biosensors to control the quality of antidepressants upon

determination of the main active substance in medicinal drugs and biological fluids is shown. The

lower limit of detectable concentrations (7 – 9) × 10–10 mol/liter is attained when using tyramine as a

substrate for determination of fluoxetine, thioridazine and tianeptine, respectively.

Keywords: biosensor; monoamine oxidase; reduced graphene oxide; cobalt nanoparticles; antidepres-

sants.

Â ïîñëåäíåå âðåìÿ àêòèâíî ðàñòåò ÷èñëî ïóáëè-

êàöèé [1 – 3], ïîñâÿùåííûõ èñïîëüçîâàíèþ íà-

íîñòðóêòóðèðîâàííûõ ìîäèôèöèðóþùèõ ïîêðû-

òèé â ñîñòàâå ðàçëè÷íûõ ñåíñîðîâ, ÷òî ñïîñîá-

ñòâóåò ðàçâèòèþ è áèîñåíñîðíûõ òåõíîëîãèé. Ýòî

ïðèâîäèò ê óëó÷øåíèþ àíàëèòè÷åñêèõ õàðàêòå-

ðèñòèê ñîîòâåòñòâóþùèõ äàò÷èêîâ ïðè îïðåäåëå-

íèè ðàçëè÷íûõ áèîëîãè÷åñêè àêòèâíûõ âåùåñòâ,

â ÷àñòíîñòè, îíêîëîãè÷åñêèõ ìàðêåðîâ è ëåêàðñò-

âåííûõ âåùåñòâ.

Àêòóàëüíîé çàäà÷åé ÿâëÿåòñÿ ðàçðàáîòêà ñïî-

ñîáîâ îïðåäåëåíèÿ ëåêàðñòâåííûõ ïðåïàðàòîâ,

îòíîñÿùèõñÿ ê àíòèäåïðåññàíòàì, òàê êàê êîí-

òðîëü çà èõ èñïîëüçîâàíèåì ÿâëÿåòñÿ íåîòúåìëå-

ìîé ÷àñòüþ èõ ïðèìåíåíèÿ. Îñîáåííîñòü èõ äåé-

ñòâèÿ ñîñòîèò â èíãèáèðîâàíèè ìîíîàìèíîêñèäà-

çû (ÌÀÎ). Îäíàêî â ëèòåðàòóðå ïðàêòè÷åñêè îò-

ñóòñòâóþò äàííûå îá èñïîëüçîâàíèè ìîíîàìè-

íîêñèäàçû â êà÷åñòâå áèî÷óâñòâèòåëüíîãî êîìïî-

íåíòà äàò÷èêîâ äëÿ îïðåäåëåíèÿ àíòèäåïðåññàí-

òîâ: â åäèíè÷íûõ ïóáëèêàöèÿõ îïèñàíî ïðèìåíå-

íèå ÌÀÎ äëÿ îïðåäåëåíèÿ áèîãåííûõ àìèíîâ [4].

Ñðåäè íàíîñòðóêòóðèðîâàííûõ ìàòåðèàëîâ

â ñîñòàâå ñåíñîðîâ îñîáîå ìåñòî çàíèìàþò êîìïî-

çèòû íà îñíîâå ñî÷åòàíèé ðàçëè÷íûõ ìàòåðèàëîâ

[5 – 7]. Ê íèì îòíîñÿòñÿ, â òîì ÷èñëå, è óãëåðîä-

íûå íàíîìàòåðèàëû â ñî÷åòàíèè ñ íàíî÷àñòèöà-

ìè ìåòàëëîâ. Â ëèòåðàòóðå îïèñàíî ïðèìåíåíèå

ãðàôåíà, íàíî÷àñòèö çîëîòà è ñåðåáðà â êà÷åñòâå

ìîäèôèêàòîðîâ â ñîñòàâå áèîñåíñîðîâ ïðè îïðå-

äåëåíèè ðàçëè÷íûõ ëåêàðñòâåííûõ îáúåêòîâ [8 –

11]. Íàíî÷àñòèöû êîáàëüòà èñïîëüçóþò ãîðàçäî

ðåæå [12 – 15]. Ñëåäóåò îòìåòèòü, ÷òî ìîíîàìèíî-

îêñèäàçíûå áèîñåíñîðû â ýòîì ïëàíå ïîêà íå ðàñ-

ñìàòðèâàëèñü. Óãëåðîäíûå íàíîìàòåðèàëû, â ÷à-

ñòíîñòè ãðàôåí, îáëàäàþò âûñîêèìè ýëåêòðîïðî-

âîäÿùèìè ñâîéñòâàìè è îáåñïå÷èâàþò áîëüøóþ

óäåëüíóþ ïëîùàäü ïîâåðõíîñòè ýëåêòðîäîâ ïî

ñðàâíåíèþ ñ íåìîäèôèöèðîâàííûìè âàðèàí-

òàìè, ÷òî, â ñâîþ î÷åðåäü, ïîëîæèòåëüíî ñêàçû-

âàåòñÿ íà ñâîéñòâàõ ðàçðàáàòûâàåìûõ äàò÷èêîâ

[16, 17]. Íàíî÷àñòèöû ìåòàëëîâ âñëåäñòâèå ñâîèõ

ðàçìåðîâ è êîíôèãóðàöèè ìîãóò ñïîñîáñòâîâàòü

óëó÷øåíèþ õàðàêòåðèñòèê ñåíñîðîâ. Ñî÷åòàíèÿ

óãëåðîäíûõ íàíîìàòåðèàëîâ ñ íàíî÷àñòèöàìè

ìåòàëëîâ (êîìïîçèòû) ìîãóò ïîçâîëèòü íå òîëüêî

ñîõðàíèòü ñâîéñòâà îòäåëüíûõ êîìïîíåíòîâ, íî è

çà ñ÷åò èõ ñîâìåñòíîãî âêëàäà äîñòè÷ü íîâîãî êà-

÷åñòâà ðàçðàáàòûâàåìûõ óñòðîéñòâ [18, 19].

Öåëü èññëåäîâàíèÿ çàêëþ÷àëàñü â âûÿâëåíèè

íàèëó÷øåãî íàíîêîìïîçèòà äëÿ ìîäèôèêàöèè

ïîâåðõíîñòè ïå÷àòíûõ ãðàôèòîâûõ ýëåêòðîäîâ

êàê îñíîâû íîâûõ àìïåðîìåòðè÷åñêèõ ìîíîàìè-

íîêñèäàçíûõ áèîñåíñîðîâ è ñîïîñòàâëåíèè èõ

àíàëèòè÷åñêèõ âîçìîæíîñòåé äëÿ ðàçðàáîòêè ñî-

âðåìåííûõ ñïîñîáîâ îïðåäåëåíèÿ ëåêàðñòâåííûõ
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âåùåñòâ ñ àíòèäåïðåññèâíûì äåéñòâèåì â ëåêàð-

ñòâåííûõ ôîðìàõ è áèîëîãè÷åñêèõ æèäêîñòÿõ.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü. Â êà÷åñòâå ïåð-

âè÷íîãî ïðåîáðàçîâàòåëÿ ñèãíàëà â êîíñòðóêöèè

áèîñåíñîðà ñëóæèëà ñèñòåìà ïå÷àòíûõ ãðàôèòî-

âûõ ýëåêòðîäîâ (èçãîòîâëåíû íà êàôåäðå àíàëè-

òè÷åñêîé õèìèè ÊÔÓ), ñîñòîÿùàÿ èç ðàáî÷åãî,

âñïîìîãàòåëüíîãî ýëåêòðîäîâ è ýëåêòðîäà ñðàâ-

íåíèÿ (ãðàôèòîâûå ÷åðíèëà Gwent Electronic

Materials, ÑØÀ, ïàñòà Ag/AgCl). Ýëåêòðîõèìè÷å-

ñêèå èçìåðåíèÿ ìåòîäàìè öèêëè÷åñêîé âîëüò-

àìïåðîìåòðèè, õðîíîàìïåðîìåòðèè (ÕÀ) è ñïåê-

òðîñêîïèè ýëåêòðîõèìè÷åñêîãî èìïåäàíñà (ÑÝÈ)

ïðîâîäèëè ñ ïîìîùüþ ïîòåíöèîñòàòà-ãàëüâàíî-

ñòàòàòà 204N ñ ìîäóëåì FRA 32Ì (Autolab, Íè-

äåðëàíäû). Ìèêðîôîòîãðàôèè ñíèìàëè íà àòîì-

íî-ñèëîâîì ìèêðîñêîïå SolverP47H (ÍÒ-MÄÒ,

Ðîññèÿ). Â õîäå ïðèãîòîâëåíèÿ ëåêàðñòâåííûõ

ïðåïàðàòîâ èñïîëüçîâàëè öåíòðèôóãó MiniSpin

(Eppendorf, Ãåðìàíèÿ). Àíàëèòè÷åñêèå âîçìîæ-

íîñòè ðàçðàáàòûâàåìûõ áèîñåíñîðîâ ðàññìî-

òðåíû íà ïðèìåðå îïðåäåëåíèÿ òèàíåïòèíà, òèî-

ðèäàçèíà, ôëóîêñåòèíà (Sigma-Aldrich, ÑØÀ),

ñòðóêòóðíûå ôîðìóëû êîòîðûõ ïðèâåäåíû â

òàáë. 1.

Â ðàáîòå èñïîëüçîâàëè ÌÀÎ, ïîëó÷åííóþ èç

ïå÷åíè ñâèíüè (ãîìîãåíàò), ñ àêòèâíîñòüþ

0,075 ± 0,007 ìêì/(ìèí · ìã) îòíîñèòåëüíî äîôà-

ìèíà. Ñóáñòðàòîì ìîíîàìèíîêñèäàçû ñëóæèë òè-

ðàìèí (Sigma Aldrich, ÑØÀ).

Äëÿ ïðèãîòîâëåíèÿ ôîñôàòíûõ áóôåðíûõ

ðàñòâîðîâ èñïîëüçîâàëè ãèäðîôîñôàò íàòðèÿ è

äèãèäðîôîñôàò íàòðèÿ êâàëèôèêàöèè ÷ è ÷äà

(ÇÀÎ «Ëàâåðíà», Ðîññèÿ), äëÿ àöåòàòíûõ áó-

ôåðíûõ ðàñòâîðîâ — ãèäðîêñèä íàòðèÿ è óêñóñ-

íóþ êèñëîòó (õ÷), äëÿ áîðàòíûõ áóôåðíûõ ðàñ-

òâîðîâ — áîðíóþ êèñëîòó, òåòðàáîðàò íàòðèÿ,

õëîðîâîäîðîäíóþ êèñëîòó è ãèäðîêñèä íàòðèÿ.

Ïðèìåíÿëè àöåòàòíûé áóôåðíûé ðàñòâîð â äèà-

ïàçîíå pH îò 4,0 äî 5,7, ôîñôàòíûé áóôåðíûé

ðàñòâîð — îò 6,2 äî 7,8 è áîðàòíûé áóôåðíûé

ðàñòâîð — îò 8,0 äî 11,0.

Â ðàáîòå èñïîëüçîâàëè âîññòàíîâëåííûé îê-

ñèä ãðàôåíà — ÂÃÎ (Sigma-Aldrich, ÑØÀ), íàíî-

÷àñòèöû êîáàëüòà (Í×Co), ïîëó÷åííûå ýëåêòðî-

õèìè÷åñêè [20], õèòîçàí (õ÷) â ðàñòâîðå óêñóñíîé

êèñëîòû (õ÷), à òàêæå àìèíî- è êàðáîêñèïðîèç-

âîäíûå íà ïëàòôîðìå Boltorn H20 (H20–NH2,

H20–COOH), êîòîðûå áûëè ïðåäîñòàâëåíû êà-

ôåäðîé íåîðãàíè÷åñêîé õèìèè ÊÔÓ (Êóòûðå-

âà Ì. Ï. ñ ñîòð.). Ïîëó÷åíèå äèñïåðñèé ÂÃÎ â õè-

òîçàíå, H20–NH2, H20-COOH îñóùåñòâëÿëè

â óëüòðàçâóêîâîé âàííå (S30H Elmasonic, Ãåðìà-

íèÿ) ñ ÷àñòîòîé 37 êÃö.

Ïîëó÷åíèå áèî÷óâñòâèòåëüíîé ÷àñòè. Äëÿ

ïîëó÷åíèÿ áèî÷óâñòâèòåëüíîé ÷àñòè áèîñåíñîðà

èñïîëüçîâàëè ãîìîãåíàò, ñîäåðæàùèé ôåðìåíò,
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Òàáëèöà 1. Îáúåêòû àíàëèçà

Ëåêàðñòâåííîå âåùåñòâî

(ëåêàðñòâåííûé ïðåïàðàò)
Õèìè÷åñêîå íàçâàíèå Ñòðóêòóðíàÿ ôîðìóëà

Òèàíåïòèí (Êîàêñèë) (RS)-7[(3-õëîð-6, 11-äèãèäðî-

6-ìåòèëäèáåíçîë[c,f][1,2]

òèàçåïèí-11-èë)àìèíî]

ãåïòàíîâîé êèñëîòû

S,S-äèîêñèä

Òèîðèäàçèí (Ñîíîïàêñ) (±)-2-ìåòèëòèî-10-[2-(1-ìåòèë-

2-ïèïåðèäèë)-ýòèë]-

ôåíîòèàçèíà

ãèäðîõëîðèä

Ôëóîêñåòèí (Ôëóîêñåòèí) (RS)-N-ìåòèë-3-ôåíèë-3-

[4-(òðèôòîðìåòèë)ôåíîêñè]

ïðîïàí-1-àìèíà ãèäðîõëîðèä



H20–NH2 â êà÷åñòâå ìàòðè÷íîãî ìàòåðèàëà, ôîñ-

ôàòíûé áóôåðíûé ðàñòâîð (pH 7,5) è 1 %-íûé

âîäíûé ðàñòâîð ãëóòàðîâîãî àëüäåãèäà. Ìåòîäè-

êà ïðèãîòîâëåíèÿ áèî÷óâñòâèòåëüíîé ÷àñòè áèî-

ñåíñîðîâ ñ ó÷åòîì èñïîëüçóåìûõ ðåàãåíòîâ áîëåå

ïîäðîáíî èçëîæåíà â ñòàòüå [21].

Ðåçóëüòàòû è èõ îáñóæäåíèå. Ìîäèôè-

êàöèþ ïå÷àòíûõ ãðàôèòîâûõ ýëåêòðîäîâ, ÿâëÿ-

þùèõñÿ îñíîâîé ðàçðàáàòûâàåìûõ àìïåðîìå-

òðè÷åñêèõ ìîíîàìèíîêñèäàçíûõ áèîñåíñîðîâ,

ïðîâîäèëè ñ èñïîëüçîâàíèåì íàíîñòðóêòóðèðî-

âàííûõ êîìïîçèòîâ (ÂÃÎ/Í×Co). Íàíîìàòåðè-

àë-ìîäèôèêàòîð íàíîñèëè íà ïîâåðõíîñòü ïå÷àò-

íûõ ãðàôèòîâûõ ýëåêòðîäîâ ìåòîäîì êàïåëüíîãî

èñïàðåíèÿ.

Çàêðåïëåíèå óãëåðîäíîãî íàíîìàòåðèàëà

(ÂÃÎ) ïðîèñõîäèò çà ñ÷åò ýëåêòðîñòàòè÷åñêîãî

âçàèìîäåéñòâèÿ ìåæäó êàðáîêñèëüíûìè ãðóïïà-

ìè (–COOH) ÂÃÎ è àìèíîãðóïïàìè (–NH2) H20–

NH2. Òàê êàê ïîëèìåð H20–NH2 îáëàäàåò ãè-

ïåððàçâåòâëåííîé ñòðóêòóðîé, ýòî ïîçâîëÿåò çà

ñ÷åò çíà÷èòåëüíîãî êîëè÷åñòâà àìèíîãðóïï áîëåå

ïðî÷íî çàêðåïëÿòü íà ïîâåðõíîñòè ýëåêòðîäà íå

òîëüêî ìîäèôèêàòîð, íî è èììîáèëèçîâàííûé

ôåðìåíò. Áëàãîäàðÿ ýòîìó âîçìîæíî èñïîëüçîâà-

íèå ïîëèìåðà H20–NH2 òàêæå â ñîñòàâå ñìåñè

äëÿ èììîáèëèçàöèè ôåðìåíòà.

Ñîãëàñíî ëèòåðàòóðíûì äàííûì [20] ýëåê-

òðîõèìè÷åñêèé ïðîöåññ ïîëó÷åíèÿ íàíî÷àñòèö

êîáàëüòà ìîæåò áûòü îïèñàí óðàâíåíèåì:

ðåàêöèÿ îêèñëåíèÿ:

Co0 + H2O � CoO + 2H+ + 2e,

ðåàêöèÿ âîññòàíîâëåíèÿ:

Co2+ + 2e � Co0. (1)

Ïîëó÷åíèå Í×Co îñóùåñòâëÿëè ýëåêòðîõè-

ìè÷åñêè ìåòîäîì ÕÀ ïðè ïîñòîÿííîì ïîòåíöèàëå

E = –1,0 Â (áîðàòíûé áóôåðíûé ðàñòâîð pH 11).

Â õîäå äàííîé ðàáîòû âàðüèðîâàëè âðåìÿ íàêîï-

ëåíèÿ Í× íà ïîâåðõíîñòè ýëåêòðîäîâ. Â ïåðâîì

ñëó÷àå èñïîëüçîâàëè äèñïåðñèþ ÂÃÎ â õèòîçàíå,

âðåìÿ íàêîïëåíèÿ äëÿ ïîëó÷åíèÿ Í×Co ñîñòàâ-

ëÿëî 50 ñ (ÂÃÎ-õèòîçàí/Í×Co(1)), âî âòîðîì ñëó-

÷àå — äèñïåðñèþ ÂÃÎ â H20–NH2, âðåìÿ íàêîï-

ëåíèÿ äëÿ ïîëó÷åíèÿ Í×Co — 60 ñ (ÂÃÎ-H20–

NH2/Í×Co(2)). Ðàññìàòðèâàåìûå Í× îáëàäàþò

ýëåêòðîõèìè÷åñêîé àêòèâíîñòüþ, ïîýòîìó â êà-

÷åñòâå ïåðâè÷íîãî äîêàçàòåëüñòâà íàëè÷èÿ Í×

íà ïîâåðõíîñòè ýëåêòðîäà èñïîëüçîâàëè ìåòîä

öèêëè÷åñêîé âîëüòàìïåðîìåòðèè. Íà âîëüòàìïå-

ðîãðàììàõ íà ôîíå áîðàòíîãî áóôåðíîãî ðàñ-

òâîðà â äèàïàçîíå ïîòåíöèàëîâ 650 – 750 ìÂ íà-

áëþäàåòñÿ àíîäíûé ïèê îò Í×. Ñ óâåëè÷åíèåì

âðåìåíè íàêîïëåíèÿ ñèãíàë îò Í×Co ñìåùàåòñÿ

â ñòîðîíó áîëåå ïîëîæèòåëüíûõ ïîòåíöèàëîâ

(ðèñ. 1).

Îöåíèòü ðàçìåð Í× ìîæíî, èñïîëüçóÿ ìåòîä

àòîìíî-ñèëîâîé ìèêðîñêîïèè â ðåæèìå òîïîãðà-

ôèè â ðàçëè÷íûõ ïðîåêöèÿõ (ðèñ. 2). Ìåòîä ïî-

çâîëÿåò óâèäåòü ìîðôîëîãèþ ïîâåðõíîñòè (øåðî-

õîâàòîñòü ïîâåðõíîñòè). Ñîãëàñíî ãèñòîãðàììàì

ðàñïðåäåëåíèÿ (ðèñ. 3) ïðåèìóùåñòâåííûé ðàç-

ìåð Í×Co(1) ñîñòàâëÿåò (40 ± 2) íì, à Í×Co(2) —

(78 ± 8) íì. Øåðîõîâàòîñòü ïîâåðõíîñòè ýëåê-

òðîäà, ìîäèôèöèðîâàííîãî Í×Co(1), ñîñòàâëÿåò

(60 ± 5) íì, à Í×Co(2) — (268 ± 20) íì.

Äîïîëíèòåëüíî èññëåäîâàëè íàíîêîìïîçè-

òû íà îñíîâå ðàçëè÷íûõ ñî÷åòàíèé ÂÃÎ/Í×Co

ìåòîäîì ÑÝÈ, ÷òî ïîçâîëèëî ïðîâåñòè èõ ñêðè-

íèíã è âûÿâèòü íàèëó÷øèå ñî÷åòàíèÿ. Ñîãëàñíî

äèàãðàììàì Íàéêâèñòà íàèëó÷øèìè ñî÷åòàíèÿ-

ìè ÿâëÿþòñÿ ÂÃÎ-õèòîçàí/Í×Co(1) è ÂÃÎ-H20–

NH2/Í×Co(2), êîòîðûå îáëàäàþò íàèìåíüøèìè

çíà÷åíèÿìè ñîïðîòèâëåíèÿ ïåðåíîñà ýëåêòðîíà

(ðèñ. 4), ÷òî âïîñëåäñòâèè èñïîëüçîâàëè ïðè ðàç-

ðàáîòêå áèîñåíñîðîâ.

Âàðüèðîâàíèå êîëè÷åñòâà ìîäèôèêàòîðà,

íàíîñèìîãî íà ïîâåðõíîñòü ýëåêòðîäà, ïîçâîëèëî

óñòàíîâèòü, ÷òî ìàêñèìàëüíûé àíàëèòè÷åñêèé

ñèãíàë (òîê îêèñëåíèÿ ïåðîêñèäà âîäîðîäà) íà-

áëþäàåòñÿ ïðè èñïîëüçîâàíèè 1 ìêë äèñïåðñèè
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à

E, Â

E, Â

á

Ðèñ. 1. Âîëüòàìïåðîãðàììû áîðàòíîãî áóôåðíîãî ðàñ-

òâîðà c pH 11, ïîëó÷åííûå ñ èñïîëüçîâàíèåì ïå÷àò-

íîãî ãðàôèòîâîãî ýëåêòðîäà, ìîäèôèöèðîâàííîãî ÂÃÎ-

õèòîçàí/Í×Co(1), âðåìÿ íàêîïëåíèÿ — 50 ñ (à) è

ÂÃÎ-H20–NH
2
/Í×Co(2), âðåìÿ íàêîïëåíèÿ — 60 ñ (á)

(V = 10 ìÂ/ñ)



ÂÃÎ â õèòîçàíå è H20–NH2 ñ êîíöåíòðàöèåé

1,5 ìã/ìë.

Ïîñëå ìîäèôèêàöèè íà ïîâåðõíîñòü ýëåêòðî-

äîâ íàíîñèëè ðàñòâîð ÌÀÎ â âîäíîì ðàñòâîðå

H20–NH2.

Ìîíîàìèíîêñèäàçà îòíîñèòñÿ ê êëàññó àìè-

íîêñèäàç [22] è êàòàëèçèðóåò ðåàêöèè îêèñëè-

òåëüíîãî äåçàìèíèðîâàíèÿ ðàçëè÷íûõ ìîíîàìè-

íîâ, â òîì ÷èñëå, òèðàìèíà è äð. Ïðîäóêòàìè

ýòîé áèîõèìè÷åñêîé ðåàêöèè äåçàìèíèðîâàíèÿ

ñóáñòðàòîâ (ìîíîàìèíîâ) â ïðèñóòñòâèè ÌÀÎ ÿâ-

ëÿþòñÿ ñîîòâåòñòâóþùèé àëüäåãèä, ïåðîêñèä âî-

äîðîäà è àììèàê. ÌÀÎ-áèîñåíñîðû îñíîâàíû íà

ñî÷åòàíèè áèîõèìè÷åñêîé ðåàêöèè è ñîîòâåò-

ñòâóþùåé ðåàêöèè ýëåêòðîîêèñëåíèÿ ïåðîêñèäà

âîäîðîäà [21].

Ñîãëàñíî ëèòåðàòóðíûì äàííûì è ïðîâåäåí-

íûì ðàíåå èññëåäîâàíèÿì [23, 24] ýëåêòðîõèìè-
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Ðèñ. 2. Èçîáðàæåíèÿ â ðåæèìå òîïîãðàôèè â 2D è 3D ïðîåêöèÿõ: ïîâåðõíîñòè ýëåêòðîäîâ, ìîäèôèöèðîâàííûõ Í×Co(1)

(à, á), Í×Co(2) (â, ã), ðàçìåð — 2,0 × 2,0 ìêì
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Ðèñ. 3. Ðàñïðåäåëåíèå ïî ðàçìåðó: à — Í×Co(1); á — Í×Co(2)



÷åñêîå îêèñëåíèå H2O2 ïðîòåêàåò ïî ñëåäóþùåé

ñõåìå:

H2O2 = O2 + 2H+ + 2e. (2)

Íà ôîíå ôîñôàòíîãî áóôåðíîãî ðàñòâîðà (pH

7,0) íà öèêëè÷åñêèõ âîëüòàìïåðîãðàììàõ íàáëþ-

äàåòñÿ àíîäíûé ïèê â èíòåðâàëå îò 0,35 äî

0,45 Â, ÷òî óêàçûâàåò íà ýëåêòðîõèìè÷åñêóþ àê-

òèâíîñòü òèðàìèíà, à â îáëàñòè ïîòåíöèàëîâ îò

0,7 äî 0,75 Â — ïèê, êîòîðûé ìîæíî îòíåñòè ê

ïðîöåññó îêèñëåíèÿ ïåðîêñèäà âîäîðîäà (ðèñ. 5).

Ýëåêòðîõèìè÷åñêîå îêèñëåíèå òèðàìèíà ïðî-

òåêàåò ïî óðàâíåíèþ:

. (3)

Ýòîò ïðîöåññ îòðàæàåòñÿ íà âîëüòàìïåðî-

ãðàììàõ â âèäå íåîáðàòèìîãî ïèêà ïðè ïîòåí-

öèàëå ~0,4 Â. Íàáëþäàþùèéñÿ ïèê îêèñëåíèÿ

ñâÿçàí ñî ñòðóêòóðîé òèðàìèíà êàê ñóáñòðàòà

ÌÀÎ è âîçìîæíîñòüþ õèíîí-õèíîèäíîé ïåðå-

ãðóïïèðîâêè â äàííûõ óñëîâèÿõ.

Äëÿ èçó÷åíèÿ äåéñòâèÿ ëåêàðñòâåííûõ âå-

ùåñòâ íà êàòàëèòè÷åñêóþ àêòèâíîñòü ÌÀÎ èñ-

ïîëüçîâàëè áèîñåíñîðû íà îñíîâå íåìîäèôèöè-

ðîâàííûõ ýëåêòðîäîâ (áèîñåíñîð 1) è íà îñíîâå

ìîäèôèöèðîâàííûõ ýëåêòðîäîâ:

áèîñåíñîð 2 — ÌÀÎ-áèîñåíñîð íà îñíîâå ïå-

÷àòíûõ ãðàôèòîâûõ ýëåêòðîäîâ, ìîäèôèöèðî-

âàííûõ äèñïåðñèåé ãðàôåíà â õèòîçàíå è íàíî-

÷àñòèöàìè êîáàëüòà — ÂÃÎ-õèòîçàí/Í×Co(1);

áèîñåíñîð 3 — ÌÀÎ-áèîñåíñîð íà îñíîâå ïå-

÷àòíûõ ãðàôèòîâûõ ýëåêòðîäîâ, ìîäèôèöèðî-

âàííûõ äèñïåðñèåé ãðàôåíà â H20–NH2 è íàíî-

÷àñòèöàìè êîáàëüòà — ÂÃÎ-H20–NH2/Í×Co(2).

Îïðåäåëåíèå ëåêàðñòâåííûõ âåùåñòâ ÌÀÎ-

áèîñåíñîðàìè. Â ëèòåðàòóðå îïèñàíî èíãèáèðó-

þùåå äåéñòâèå òðèöèêëè÷åñêèõ àíòèäåïðåññàí-

òîâ íà êàòàëèòè÷åñêóþ àêòèâíîñòü ÌÀÎ [25].

Ïðåäûäóùèå èññëåäîâàíèÿ ïîêàçàëè, ÷òî ëåêàð-

ñòâåííûå âåùåñòâà ñ àíòèäåïðåññèâíûì äåéñòâè-

åì îêàçûâàþò èíãèáèðóþùåå äåéñòâèå íà êàòà-

ëèòè÷åñêóþ àêòèâíîñòü èììîáèëèçîâàííîé ÌÀÎ

â ñîñòàâå áèîñåíñîðîâ [26 – 28]. Èçó÷åíèå âëèÿ-

íèÿ èññëåäóåìûõ ëåêàðñòâåííûõ âåùåñòâ íà êà-

òàëèòè÷åñêóþ àêòèâíîñòü èììîáèëèçîâàííîé

ÌÀÎ (ÈÌÀÎ) ïîêàçàëî, ÷òî òîê îêèñëåíèÿ ïå-

ðîêñèäà âîäîðîäà (àíàëèòè÷åñêèé ñèãíàë) ëèíåé-

íî çàâèñèò îò èõ êîíöåíòðàöèè. Óñòàíîâëåíî, ÷òî

ïðèñóòñòâèå ëåêàðñòâåííûõ âåùåñòâ ïðèâîäèò ê

óìåíüøåíèþ àíàëèòè÷åñêîãî ñèãíàëà ïðè ïîòåí-

öèàëå 0,7 – 0,75 Â (ñì. ðèñ. 5, êðèâàÿ 2 ), ÷òî óêà-

çûâàåò íà èõ èíãèáèðóþùåå äåéñòâèå íà êàòàëè-

òè÷åñêóþ àêòèâíîñòü ÈÌÀÎ.

Ïîäáîð ðàáî÷èõ óñëîâèé ôóíêöèîíèðîâàíèÿ

áèîñåíñîðà ïîêàçàë, ÷òî íàèëó÷øèé àíàëèòè÷å-

ñêèé ñèãíàë (íàèáîëüøàÿ êàòàëèòè÷åñêàÿ àêòèâ-

íîñòü ÌÀÎ) äëÿ âñåõ áèîñåíñîðîâ íàáëþäàåòñÿ

ïðè pH 7,0.

Àíàëèòè÷åñêèå õàðàêòåðèñòèêè ðàçðàáîòàí-

íûõ ÌÀÎ-áèîñåíñîðîâ ïðåäñòàâëåíû â òàáë. 2.

Ïîëó÷åííûå ðåçóëüòàòû ïîêàçûâàþò, ÷òî

áèîñåíñîðû íà îñíîâå ìîäèôèöèðîâàííûõ ýëåê-

òðîäîâ îáëàäàþò ëó÷øèìè àíàëèòè÷åñêèìè õà-

ðàêòåðèñòèêàìè è èìåþò ðÿä ïðåèìóùåñòâ ïî

ñðàâíåíèþ ñ áèîñåíñîðîì 1 (ñì. òàáë. 2): áîëåå

øèðîêèé äèàïàçîí ðàáî÷èõ êîíöåíòðàöèé, áîëü-

øèé êîýôôèöèåíò ÷óâñòâèòåëüíîñòè è óëó÷øåí-

íûé êîýôôèöèåíò êîððåëÿöèè.

Â ñëó÷àå áèîñåíñîðà 3 ëèíåéíàÿ çàâèñèìîñòü

òîêà îêèñëåíèÿ ïåðîêñèäà âîäîðîäà íàáëþäàåòñÿ
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à

á

1

1

2

2

3

Ðèñ. 4. Äèàãðàììû Íàéêâèñòà: 1 — ÂÃÎ-õèòîçàí/Í×Co(2), 2 — ÂÃÎ-õèòîçàí/Í×Co(1), 3 — ÂÃÎ-õèòîçàí (à); 1 —

ÂÃÎ-H20–NH
2
/Í×Co(2), 2 — ÂÃÎ-H20–NH

2
(á)



â äèàïàçîíå îò 1 · 10–4 äî 5 · 10–9 ìîëü/ë ïðè áîëåå

íèçêîì çíà÷åíèè íèæíåé ãðàíèöû îïðåäåëÿå-

ìûõ ñîäåðæàíèé (cí) ïî ñðàâíåíèþ ñ áèîñåíñîðà-

ìè 1 è 2.

Àíàëèòè÷åñêèå õàðàêòåðèñòèêè áèîñåíñîðà 3

ïðè îïðåäåëåíèè äðóãèõ ëåêàðñòâåííûõ âåùåñòâ

ïðèâåäåíû â òàáë. 3.

Â ðåçóëüòàòå ìîäèôèêàöèè ïîâåðõíîñòè

ýëåêòðîäîâ íàíîêîìïîçèòîì ÂÃÎ-H20–NH2/

Í×Co(2) äëÿ ÌÀÎ-áèîñåíñîðà ïîëó÷àþòñÿ áîëåå

÷åòêî âûðàæåííûå âîëüòàìïåðîãðàììû, óëó÷øà-

þòñÿ êîýôôèöèåíò êîððåëÿöèè è êîýôôèöèåíò

÷óâñòâèòåëüíîñòè.

Äëÿ îöåíêè ïðàâèëüíîñòè ðåçóëüòàòîâ îïðå-

äåëåíèÿ ëåêàðñòâåííûõ âåùåñòâ èñïîëüçîâàëè

ñïîñîá «ââåäåíî – íàéäåíî» (òàáë. 4).

Äëÿ èçó÷åíèÿ äåéñòâèÿ ìàòðè÷íûõ êîìïî-

íåíòîâ ìî÷è ðàññìàòðèâàëè âîçìîæíîñòü îïðåäå-

ëåíèÿ ôëóîêñåòèíà íà ôîíå ðàñòâîðà, ñîäåðæà-

ùåãî âåùåñòâà, îáû÷íî âõîäÿùèå â ñîñòàâ äàí-

íîé áèîëîãè÷åñêîé æèäêîñòè (êðåàòèíèí, ìî÷å-

âàÿ êèñëîòà, ìî÷åâèíà, KCl, NaCl, MgSO4 è

CuSO4) â êîëè÷åñòâàõ, îòâå÷àþùèõ èõ ñðåäíåìó

ñîäåðæàíèþ ñîãëàñíî ëèòåðàòóðíûì äàííûì

[29, 30]. Íàèáîëüøåå âëèÿíèå îêàçûâàåò ìî÷åâàÿ

êèñëîòà, îêèñëÿþùàÿñÿ â îáëàñòè 0,7 Â. Äëÿ

óñòðàíåíèÿ åå ìåøàþùåãî äåéñòâèÿ èñïîëüçîâàëè

ðàçáàâëåíèå ìîäåëüíîãî ðàñòâîðà â 50 ðàç. Àíà-

ëèòè÷åñêèå õàðàêòåðèñòèêè áèîñåíñîðà 3 ïðè

îïðåäåëåíèè ôëóîêñåòèíà ïðåäñòàâëåíû â òàáë. 5.

Ïðàâèëüíîñòü îïðåäåëåíèÿ áûëà îöåíåíà

ñïîñîáîì «ââåäåíî – íàéäåíî». Ïîãðåøíîñòü îïðå-

äåëåíèÿ íå ïðåâûøàåò 0,079 (Sr ). Ïîëó÷åííûå

ðåçóëüòàòû ïðåäñòàâëåíû â òàáë. 6.

Êàê ñëåäóåò èç äàííûõ òàáë. 6, ìîäåëüíûé

ðàñòâîð óðèíû äîñòàòî÷íî àäåêâàòíî îòðàæàåò

âëèÿíèå ñîïóòñòâóþùèõ êîìïîíåíòîâ íà ðåçóëü-

òàòû îïðåäåëåíèÿ ôëóîêñåòèíà.

Äëÿ ñîïîñòàâëåíèÿ ðåçóëüòàòîâ îïðåäåëåíèÿ

ëåêàðñòâåííûõ âåùåñòâ ïðèìåíÿëè òèòðèìåò-

ðèþ êàê ðåôåðåíòíûé ìåòîä â îáëàñòè êîíöåí-

òðàöèé n · 10–4 ìîëü/ë, ïîñêîëüêó êîíöåíòðàöèÿ

äî 1 · 10–4 ìîëü/ë âõîäèò â äèàïàçîí îïðåäå-

ëÿåìûõ ñîäåðæàíèé êàê ìåòîäà òèòðèìåòðèè,

òàê è àìïåðîìåòðè÷åñêèõ áèîñåíñîðîâ 2 è 3 (ñì.

òàáë. 2, 3). Ïðèâåäåííûå â òàáë. 7 äàííûå ïîêà-

çûâàþò, ÷òî ïîëó÷åííûå ðåçóëüòàòû ðàâíîòî÷íû
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Òàáëèöà 2. Àíàëèòè÷åñêèå õàðàêòåðèñòèêè ðàçëè÷íûõ ÌÀÎ-áèîñåíñîðîâ ïðè îïðåäåëåíèè ôëóîêñåòèíà (ñóáñòðàò —

òèðàìèí, êîíöåíòðàöèÿ — 1 · 10–3 ìîëü/ë; n = 5; P = 0,95)

Òèï áèîñåíñîðà

Èíòåðâàë

êîíöåíòðàöèé,

ìîëü/ë

Óðàâíåíèå ãðàäóèðîâî÷íîé çàâèñèìîñòè

I = (A ± ä) + (B ± ä) · (–lg C )* c
í
, ìîëü/ë

(A ± ä) (B ± ä) r

Áèîñåíñîð 1 1 · 10–5 – 1 · 10–8 (15 ± 1) (2,8 ± 0,5) 0,9824 9 · 10–9

Áèîñåíñîð 2 1 · 10–4 – 7 · 10–9 (40 ± 3) (4,2 ± 0,3) 0,9964 9 · 10–10

Áèîñåíñîð 3 1 · 10–4 – 5 · 10–9 (16 ± 1) (8,5 ± 0,8) 0,9971 7 · 10–10

* I = (I
1
/I

0
) · 100 %, ãäå I

1
— âåëè÷èíà àíàëèòè÷åñêîãî ñèãíàëà (òîê) â ïðèñóòñòâèè èíãèáèòîðà, I

0
— òîê â îòñóòñòâèå

èíãèáèòîðà.

Òàáëèöà 3. Àíàëèòè÷åñêèå õàðàêòåðèñòèêè áèîñåíñîðà 3 ïðè îïðåäåëåíèè èíãèáèòîðîâ ÌÀÎ (êîíöåíòðàöèÿ ñóáñòðàòà

òèðàìèíà — 1 · 10–3 ìîëü/ë; n = 5; P = 0,95)

Ëåêàðñòâåííîå

âåùåñòâî

Èíòåðâàë

êîíöåíòðàöèé,

ìîëü/ë

Óðàâíåíèå ãðàäóèðîâî÷íîé çàâèñèìîñòè

I = (A ± ä) + (B ± ä) · (–lg C) c
í
, ìîëü/ë

(A ± ä) (B ± ä) r

Ñîíîïàêñ 1 · 10–4 – 6 · 10–9 (44 ± 2) (4,2 ± 0,3) 0,9913 8 · 10–10

Êîàêñèë 1 · 10–4 – 7 · 10–9 (38 ± 2) (5,9 ± 0,5) 0,9858 9 · 10–10

E, Â

3

2

1

Ðèñ. 5. Âîëüòàìïåðîãðàììû îêèñëåíèÿ ïðîäóêòîâ ôåð-

ìåíòàòèâíîãî ïðåâðàùåíèÿ ñóáñòðàòà ÌÀÎ òèðàìèíà

(1 · 10–3 ìîëü/ë), ïîëó÷åííûå ñ èñïîëüçîâàíèåì ïå÷àòíîãî

ãðàôèòîâîãî ýëåêòðîäà, ìîäèôèöèðîâàííîãî ÂÃÎ-H20–

NH
2
/Í×Co(2) (áèîñåíñîð 3), â îòñóòñòâèå (3) è â ïðèñóò-

ñòâèè (2) ôëóîêñåòèíà (1 · 10–6 ìîëü/ë), ôîíîâûé ýëåêòðî-

ëèò — ôîñôàòíûé áóôåðíûé ðàñòâîð ñ pH 7,0 (1)



(Fðàñ÷ < Fòàáë) è âêëàä ñèñòåìàòè÷åñêîé ïîãðåø-

íîñòè íåçíà÷èì (tðàñ÷ < tòàáë).

Ìåòîäèêà îïðåäåëåíèÿ ôëóîêñåòèíà â ëå-

êàðñòâåííûõ ïðåïàðàòàõ. Òàáëåòêó ïðåïàðàòà

ðàñòèðàëè â ñòóïêå äî îäíîðîäíîãî ìåëêîäèñ-

ïåðñíîãî ñîñòîÿíèÿ. Äîáàâëÿëè íåáîëüøîå êîëè-

÷åñòâî ýòèëîâîãî ñïèðòà (5 ìë), òàê êàê ñîîòâåò-

ñòâóþùèå ñóáñòàíöèè õîðîøî ðàñòâîðÿþòñÿ â

âîäå è ýòàíîëå [25], è ïðèìåðíî 10 ìë äèñòèëëè-

ðîâàííîé âîäû. Ïîëó÷åííûé ðàñòâîð ïåðåìåøè-

âàëè è öåíòðèôóãèðîâàëè 15 ìèí ïðè ñêîðîñòè

7000 ìèí–1. Ïîëó÷èâøèéñÿ ïðîçðà÷íûé ðàñòâîð

ïåðåíîñèëè â ìåðíóþ êîëáó íà 25 ìë. Îñòàâøèé-

ñÿ îñàäîê îáðàáàòûâàëè 10 ìë äèñòèëëèðîâàííîé

âîäû è åùå ðàç öåíòðèôóãèðîâàëè ïðè òåõ æå

óñëîâèÿõ. Ïðîçðà÷íûé ðàñòâîð äîáàâëÿëè â òó æå

ìåðíóþ êîëáó íà 25 ìë è äîâîäèëè åãî îáúåì âî-

äîé äî ìåòêè. Èç ýòîãî ðàñòâîðà ãîòîâèëè ðàáî-

÷èå îáðàçöû äëÿ îïðåäåëåíèÿ ôëóîêñåòèíà òèò-

ðèìåòðè÷åñêè è ñ ïîìîùüþ ÌÀÎ-áèîñåíñîðà 3.

Â ÿ÷åéêó íà 2 ìë ñ ÌÀÎ-áèîñåíñîðîì âíîñèëè

1600 ìêë ôîñôàòíîãî áóôåðíîãî ðàñòâîðà ñ pH

7,0, äîáàâëÿëè 200 ìêë ðàñòâîðà ëåêàðñòâåííîãî

ïðåïàðàòà ñîîòâåòñòâóþùåé êîíöåíòðàöèè. Âðå-

ìÿ èíêóáàöèè — 5 ìèí, çàòåì äîáàâëÿëè 200 ìêë

1 · 10–3 Ì ðàñòâîðà òèðàìèíà. ×åðåç 10 ìèí ðåãè-

ñòðèðîâàëè òîê îêèñëåíèÿ ïåðîêñèäà âîäîðîäà

ïðè ïîòåíöèàëå 0,7 – 0,75 Â. Èçìåðÿëè âåëè÷èíó

îòêëèêà áèîñåíñîðà ïðè ýòèõ ïîòåíöèàëàõ. Êîí-

öåíòðàöèþ ïðåïàðàòà îïðåäåëÿëè ïî ñîîòâåòñò-

âóþùåìó ãðàäóèðîâî÷íîìó ãðàôèêó (ñì. òàáë. 2).

Ìåòîäèêà îïðåäåëåíèÿ ôëóîêñåòèíà â óðè-

íå è åå ìîäåëüíîì ðàñòâîðå. Â ÿ÷åéêó íà 2 ìë

ñ ÌÀÎ-áèîñåíñîðîì âíîñèëè 1600 ìêë ðàçáàâëåí-

íîé ìî÷è (â ôîñôàòíîì áóôåðíîì ðàñòâîðå ñ pH

7,0), äîáàâëÿëè 200 ìêë ðàñòâîðà ëåêàðñòâåííî-

ãî ïðåïàðàòà ñîîòâåòñòâóþùåé êîíöåíòðàöèè.

Îñòàëüíûå óñëîâèÿ îïèñàíû âûøå. Êîíöåíòðà-

öèþ ïðåïàðàòà îïðåäåëÿëè ïî ñîîòâåòñòâóþùåìó

ãðàäóèðîâî÷íîìó ãðàôèêó (ñì. òàáë. 5).

Òàêèì îáðàçîì, â öåëÿõ ñîçäàíèÿ àìïåðîìåò-

ðè÷åñêèõ ìîíîàìèíîêñèäàçíûõ áèîñåíñîðîâ èñ-

ïîëüçîâàíû íàíîêîìïîçèòû íà îñíîâå äèñïåðñèé

ÂÃÎ â õèòîçàíå èëè àìèíîïðîèçâîäíûõ íà ïëàò-
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Òàáëèöà 5. Àíàëèòè÷åñêèå õàðàêòåðèñòèêè ÌÀÎ-áèîñåíñîðà 3 ïðè îïðåäåëåíèè ôëóîêñåòèíà (îáëàñòü ðàáî÷èõ êîíöåí-

òðàöèé — 1 · 10–4 – 5 · 10–9 ìîëü/ë; n = 5; P = 0,95)

Èññëåäóåìûé ðàñòâîð

Óðàâíåíèå ãðàäóèðîâî÷íîé çàâèñèìîñòè I = (A ± ä) + (B ± ä) · (–lg C)
c

í
, ìîëü/ë

(A ± ä) (B ± ä) r

Óðèíà (11 ± 1) (9,3 ± 0,9) 0,9827 9 · 10–10

Ìîäåëüíûé ðàñòâîð óðèíû (14 ± 1) (9,0 ± 0,9) 0,9953 8 · 10–10

Òàáëèöà 6. Ðåçóëüòàòû îïðåäåëåíèÿ ôëóîêñåòèíà ÌÀÎ-áèîñåíñîðîì 3 (n = 5; P = 0,95)

Èññëåäóåìûé ðàñòâîð Ââåäåíî, ìîëü/ë Íàéäåíî, ìîëü/ë S
r

Óðèíà 6,2 · 10–5 (6,6 ± 0,5) · 10–5 0,079

6,2 · 10–4 (6,6 ± 0,4) · 10–4 0,062

Ìîäåëüíûé ðàñòâîð óðèíû 6,2 · 10–5 (6,8 ± 0,5) · 10–5 0,076

6,2 · 10–4 (6,0 ± 0,4) · 10–4 0,068

Ôîñôàòíûé áóôåðíûé

ðàñòâîð

6,2 · 10–5 (6,4 ± 0,4) · 10–5 0,065

6,2 · 10–4 (6,8 ± 0,4) · 10–4 0,061

Òàáëèöà 7. Ðåçóëüòàòû îïðåäåëåíèÿ ôëóîêñåòèíà (20 ìã, Ñ = 3,5 · 10–2 ìã/ìë) â ëåêàðñòâåííîì ïðåïàðàòå ìåòîäîì òèò-

ðèìåòðèè è ñ ïîìîùüþ ÌÀÎ-áèîñåíñîðà 3 (n = 5; P = 0,95)

Ìåòîä îïðåäåëåíèÿ (x ± ä) · 10–2, ìã/ìë S
r

t F

òàáë. ðàñ÷. òàáë. ðàñ÷.

Êèñëîòíî-îñíîâíîå òèòðîâàíèå 3,20 ± 0,01 0,0034
2,78 1,87 6,39 3,68

ÌÀÎ-áèîñåíñîð 3 3,3 ± 0,1 0,0332

Òàáëèöà 4. Ðåçóëüòàòû îïðåäåëåíèÿ ëåêàðñòâåííûõ âå-

ùåñòâ àìïåðîìåòðè÷åñêèì áèîñåíñîðîì 3 (n = 5;

P = 0,95)

Ëåêàðñòâåííîå

âåùåñòâî

Ââåäåíî,

ìã

Íàéäåíî,

ìã
S

r

Ôëóîêñåòèí 6,2 · 10–5 (6,8 ± 0,6) · 10–5 0,088

6,2 · 10–4 (5,9 ± 0,4) · 10–4 0,068

Ñîíîïàêñ 7,4 · 10–5 (6,6 ± 0,6) · 10–5 0,092

7,4 · 10–4 (7,5 ± 0,2) · 10–4 0,055

Êîàêñèë 8,7 · 10–5 (9,3 ± 0,8) · 10–5 0,087

8,7 · 10–4 (9,7 ± 0,7) · 10–4 0,075



ôîðìå ïîëèýôèðîïîëèîëà H20–NH2 è íàíî÷àñ-

òèö êîáàëüòà äëÿ ìîäèôèêàöèè ïå÷àòíûõ ãðàôè-

òîâûõ ýëåêòðîäîâ. Ïîëó÷åíèå Í×Co îñóùåñòâëÿ-

ëè ýëåêòðîõèìè÷åñêè â ðåæèìå õðîíîàìïåðîìåò-

ðèè ïðè ðàçíîì âðåìåíè íàêîïëåíèÿ. Íàëè÷èå

Í×Co íà ïîâåðõíîñòè ýëåêòðîäîâ äîêàçàíî ìåòî-

äîì ÀÑÌ, ïðè ýòîì ðàçìåðû Í×Co ñîñòàâëÿþò

(40 ± 2) è (78 ± 8) íì â çàâèñèìîñòè îò âðåìåíè

èõ ýëåêòðîõèìè÷åñêîãî íàêîïëåíèÿ íà ïîâåðõ-

íîñòè ýëåêòðîäîâ. Äëÿ îïðåäåëåíèÿ ëåêàðñòâåí-

íûõ âåùåñòâ â ïðåïàðàòàõ ïðåäëîæåíû äâà íî-

âûõ òèïà ÌÀÎ-áèîñåíñîðîâ, ñðåäè êîòîðûõ ëó÷-

øèìè àíàëèòè÷åñêèìè õàðàêòåðèñòèêàìè ïðè

îïðåäåëåíèè ëåêàðñòâåííûõ âåùåñòâ òèàíåïòè-

íà, òèîðèäàçèíà è ôëóîêñåòèíà îáëàäàë áèîñåí-

ñîð íà îñíîâå ÂÃÎ-H20–NH2/Í×Co. Ïîêàçàíû

àíàëèòè÷åñêèå âîçìîæíîñòè ïðåäëàãàåìûõ áèî-

ñåíñîðîâ äëÿ êîíòðîëÿ ñîäåðæàíèÿ ëåêàðñòâåí-

íûõ âåùåñòâ â áèîëîãè÷åñêèõ æèäêîñòÿõ (óðèíå)

äî óðîâíÿ (8 – 9) · 10–10 ìîëü/ë.

ËÈÒÅÐÀÒÓÐÀ

1. Kokkinos C., Economou A., Prodromidis M. I. Electroche-

mical immunosensors: Critical survey of different architectures

and transduction strategies / Trends Anal. Chem. 2016. Vol. 79.

P. 88 – 105.

2. Li F., Li Y., Feng J., et al. Ultrasensitive amperometric immu-

nosensor for PSA detection based on Cu
2
O@CeO

2
-Au nano-

composites as integrated triple signal amplification strategy /

Biosens. Bioelectron. 2017. Vol. 87. P. 630 – 637.

3. Çeviketal E., Bahar Ö., Þenel M., et al. Construction of no-

vel electrochemical immunosensor for detection of prostate spe-

cific antigen using ferrocene-PAMAM dendrimers / Biosens.

Bioelectron. 2016. Vol. 86. P. 1074 – 1079.

4. De Jesus D. S., Couto C. M. C. M., Araujo A. N., et al.

Amperometric biosensor based on monoamine oxidase (MAO)

immobilized in sol/gel film for benzydamine determination in

pharmaceuticals / J. Pharm. Biomed. Anal. 2003. Vol. 33. N 5.

P. 983 – 990.

5. Sharma S., Raghav R., O’Kennedy R., et al. Advances in

ovarian cancer diagnosis: A journey from immunoassays to im-

munosensors / Enzyme Microb. Technol. 2016. Vol. 89. P. 15 –

30.

6. Lin C.-H., Wu C.-C., Kuo Y.-F. A high sensitive impedimetric

salbutamol immunosensor based on the gold nanostructure-de-

posited screen-printed carbon electrode / J. Electroanal. Chem.

2016. Vol. 768. P. 27 – 33.

7. Feng J., Li Y., Li M., et al. A novel sandwich-type electroche-

mical immunosensor for PSA detection based on PtCu bimetal-

lic hybrid (2D/2D) rGO/g-C
3
N

4
/ Biosens. Bioelectron. 2017.

Vol. 91. P. 441 – 448.

8. Zhu Q., Liu H., Zhang J., et al. Ultrasensitive QDs based

electrochemiluminescent immunosensor for detecting ractopa-

mine using AuNPs and Au nanoparticles@PDDA-graphene as

amplifier / Sens. Actuators B. 2017. Vol. 243. P. 121 – 129.

9. Zhang X., Ding S.-N. Sandwich-structured electrogenerated

chemiluminescence immunosensor based on dual-stabilizers-

capped CdTe quantum dots as signal probes and Fe
3
O

4
-Au

nanocomposites as magnetic separable carriers / Sens. Actua-

tors B. 2017. Vol. 240. P. 1123 – 1133.

10. Roushani M., Valipour A. Using electrochemical oxidation of

Rutin in modeling a novel andsensitive immunosensor based on

Pt nanoparticle and graphene-ionicliquid-chitosan nanocompo-

site to detect human chorionic gonadotropin / Sens. Actuators

B. 2016. Vol. 222. P. 1103 – 1111.

11. Wang Y., Fan D., Wu D., et al. Simple synthesis of silver nano-

particles functionalized cuprous oxide nanowires nanocomposi-

tes and its application in electrochemical immunosensor / Sens.

Actuators B. 2016. Vol. 236. P. 241 – 248.

12. Wang S., Lu L., Yang M., et al. A novel cobalt hexacyano-

ferrate nanocomposite on CNT scaffold by seed medium and

application for biosensor / Anal. Chim. Acta. 2009. Vol. 651.

P. 220 – 226.

13. Lee H. U., Park C., Kim S. W. Immobilization of glucose oxi-

dase onto cobalt based on silica core/shell nanoparticles as car-

rier / Process Biochem. 2012. Vol. 47. P. 1282 – 1286.

14. Shahrokhian S., Ghalkhani M., Adeli M., et al. Multi-wal-

led carbon nanotubes with immobilised cobalt nanoparticle for

modification of glassy carbon electrode: Application to sensitive

voltammetric determination of thioridazine / Biosens. Bio-

electron. 2009. Vol. 24. P. 3235 – 3241.

15. Li T., Yang M., Li H. Label-free electrochemical detection of

cancer marker based on graphene-cobalt hexacyanoferrate na-

nocomposite / J. Electroanal. Chem. 2011. Vol. 655. P. 50 – 55.

16. Bollella P., Fusco G., Tortolini C., et al. Beyond graphene:

Electrochemical sensors and biosensors for biomarkers detecti-

on / Biosens. Bioelectron. 2017. Vol. 89. P. 152 – 166.

17. Pinto T. da S., Alves L. A., Cardozo G. de A., et al.

Layer-by-layer self-assembly for carbon dots/chitosan-based

multilayer: Morphology, thickness and molecular interactions /

Mater. Chem. Phys. 2017. Vol. 186. P. 81 – 89.

18. Wang N., Pandit S., Ye L., et al. Efficient surface modificati-

on of carbon nanotubes for fabricating high performance CNT

based hybrid nanostructures / Carbon. 2017. Vol. 111. P. 402 –

410.

19. Wisitsoraat A., Mensing J. Ph., Karuwan C., et al. Printed

organo-functionalized graphene for biosensing applications /

Biosens. Bioelectron. 2017. Vol. 87. P. 7 – 17.

20. Benchettara A., Benchettara A. Electrochemical sensor ba-

sed on nanoparticles of cobalt oxides for determination of gluco-

se / Mater. Today: Proc. 2015. Vol. 2. P. 4212 – 4216.

21. Ìåäÿíöåâà Ý. Ï., Áðóñíèöûí Ä. Â., Âàðëàìîâà Ð. Ì.

è äð. Àìïåðîìåòðè÷åñêèå ìîíîàìèíîêñèäàçíûå áèîñåíñîðû

íà îñíîâå ãðàôèòîâûõ ýëåêòðîäîâ è îêñèäà ãðàôåíà êàê

ìîäèôèêàòîðà ïîâåðõíîñòè äëÿ îïðåäåëåíèÿ íåêîòîðûõ àí-

òèäåïðåññàíòîâ / Àíàëèòèêà è êîíòðîëü. 2014. Ò. 18. ¹ 4.

Ñ. 442 – 450.

22. Ãîðêèí Â. Ç. Àìèíîêñèäàçû è èõ çíà÷åíèå â ìåäèöèíå. —

Ì.: Ìåäèöèíà, 1981. — 336 ñ.

23. Êóëèñ Þ. Þ. Àíàëèòè÷åñêèå ñèñòåìû íà îñíîâå èììîáèëè-

çîâàííûõ ôåðìåíòîâ. — Âèëüíþñ: Ìîêñëàñ, 1981. — 200 ñ.

24. Áðóñíèöûí Ä. Â., Ìåäÿíöåâà Ý. Ï., Âàðëàìîâà Ð. Ì.

è äð. Àìïåðîìåòðè÷åñêîå îïðåäåëåíèå àíòèäåïðåññàíòîâ

ìîíîàìèíîîêñèäàçíûìè áèîñåíñîðàìè íà îñíîâå óãëåðîäíûõ

íàíîòðóáîê è íàíî÷àñòèö ñåðåáðà êàê õèìè÷åñêèõ ìîäèôèêà-

òîðîâ / Ó÷åí. çàï. Êàçàí. óí-òà. Ñåð. Åñòåñòâ. íàóêè. 2014.

Ò. 156. Êí. 2. Ñ. 37 – 50.

25. Ìàøêîâñêèé Ì. Ä. Ëåêàðñòâåííûå ñðåäñòâà. — Ì.: Íîâàÿ

Âîëíà, 2017. — 1216 ñ.

26. Ìåäÿíöåâà Ý. Ï., Áðóñíèöûí Ä. Â., Âàðëàìîâà Ð. Ì.

è äð. Âîçìîæíîñòè àìïåðîìåòðè÷åñêèõ ìîíîàìèíîîêñèäàç-

íûõ áèîñåíñîðîâ íà îñíîâå ìîäèôèöèðîâàííûõ ìíîãîñòåí-

íûìè óãëåðîäíûìè íàíîòðóáêàìè ãðàôèòîâûõ ïå÷àòíûõ

ýëåêòðîäîâ äëÿ îïðåäåëåíèÿ íåêîòîðûõ àíòèäåïðåññàíòîâ /

Æóðí. àíàëèò. õèìèè. 2015. Ò. 70. ¹ 5. Ñ. 470 – 475.

27. Ìåäÿíöåâà Ý. Ï., Áðóñíèöûí Ä. Â., Âàðëàìîâà Ð. Ì.

è äð. Âëèÿíèå íàíîñòðóêòóðèðîâàííûõ ìàòåðèàëîâ êàê ìî-

äèôèêàòîðîâ ïîâåðõíîñòè ýëåêòðîäîâ íà àíàëèòè÷åñêèå âîç-

ìîæíîñòè àìïåðîìåòðè÷åñêèõ áèîñåíñîðîâ / Æóðí. ïðèêë.

õèìèè. 2015. Ò. 87. ¹ 1. Ñ. 45 – 54.

28. Áðóñíèöûí Ä. Â., Ìåäÿíöåâà Ý. Ï., Âàðëàìîâà Ð. Ì.

è äð. Óãëåðîäíûå íàíîìàòåðèàëû êàê ìîäèôèêàòîðû ïî-

âåðõíîñòè ýëåêòðîäîâ ïðè ðàçðàáîòêå àìïåðîìåòðè÷åñêèõ

ìîíîàìèíîêñèäàçíûõ áèîñåíñîðîâ / Çàâîäñêàÿ ëàáîðàòîðèÿ.

Äèàãíîñòèêà ìàòåðèàëîâ. 2015. Ò. 81. ¹ 6. Ñ. 21 – 27.

29. Øàéäàðîâà Ë. Ã., ×åëíîêîâà È. À., Ðîìàíîâà Å. È.

è äð. Ñîâìåñòíîå âîëüòàìïåðîìåòðè÷åñêîå îïðåäåëåíèå

äîôàìèíà è ìî÷åâîé êèñëîòû íà ýëåêòðîäå, ìîäèôèöèðî-

âàííîì ñàìîîðãàíèçóþùèìñÿ ìîíîñëîåì öèñòàìèíà ñ íàíî-

÷àñòèöàìè çîëîòà / Æóðí. ïðèêë. õèìèè. 2011. Ò. 84. ¹ 2.

Ñ. 222 – 228.

«Çàâîäcêàÿ ëàáîpàòîpèÿ. Äèàãíîcòèêà ìàòåpèàëîâ». 2018. Òîì 84. ¹ 8 13



30. Äàíèëîâà Ë. À. Àíàëèçû êðîâè è ìî÷è. — ÑÏá.: Ñàëèò-

Ìåäêíèãà, 2003. — 128 ñ.

REFERENCES

1. Kokkinos C., Economou A., Prodromidis M. I. Electro-

chemical immunosensors: Critical survey of different architec-

tures and transduction strategies / Trends Anal. Chem. 2016.

Vol. 79. P. 88 – 105.

2. Li F., Li Y., Feng J., et al. Ultrasensitive amperometric

immunosensor for PSA detection based on Cu2O@CeO2-Au

nanocomposites as integrated triple signal amplification strat-

egy / Biosens. Bioelectron. 2017. Vol. 87. P. 630 – 637.

3. Çeviketal E., Bahar Ö., Þenel M., et al. Construction of

novel electrochemical immunosensor for detection of prostate

specific antigen using ferrocene-PAMAM dendrimers / Biosens.

Bioelectron. 2016. Vol. 86. P. 1074 – 1079.

4. De Jesus D. S., Couto C. M. C. M., Araujo A. N., et al.

Amperometric biosensor based on monoamine oxidase (MAO)

immobilized in sol/gel film for benzydamine determination in

pharmaceuticals / J. Pharm. Biomed. Anal. 2003. Vol. 33. N 5.

P. 983 – 990.

5. Sharma S., Raghav R., O’Kennedy R., et al. Advances in

ovarian cancer diagnosis: A journey from immunoassays to

immunosensors / Enzyme Microb. Technol. 2016. Vol. 89.

P. 15 – 30.

6. Lin C.-H., Wu C.-C., Kuo Y.-F. A high sensitive impedimetric

salbutamol immunosensor based on the gold nanostructure-de-

posited screen-printed carbon electrode / J. Electroanal. Chem.

2016. Vol. 768. P. 27 – 33.

7. Feng J., Li Y., Li M., et al. A novel sandwich-type electro-

chemical immunosensor for PSA detection based on PtCu bime-

tallic hybrid (2D/2D) rGO/g-C
3N4 / Biosens. Bioelectron. 2017.

Vol. 91. P. 441 – 448.

8. Zhu Q., Liu H., Zhang J., et al. Ultrasensitive QDs based

electrochemiluminescent immunosensor for detecting

ractopamine using AuNPs and Au nanoparticles@PDDA-

graphene as amplifier / Sens. Actuators B. 2017. Vol. 243.

P. 121 – 129.

9. Zhang X., Ding S.-N. Sandwich-structured electrogenerated

chemiluminescence immunosensor based on dual-stabilizers-

capped CdTe quantum dots as signal probes and Fe3O4-Au

nanocomposites as magnetic separable carriers / Sens. Actua-

tors B. 2017. Vol. 240. P. 1123 – 1133.

10. Roushani M., Valipour A. Using electrochemical oxidation of

Rutin in modeling a novel andsensitive immunosensor based on

Pt nanoparticle and graphene-ionicliquid-chitosan nanocompo-

site to detect human chorionic gonadotropin / Sens. Actuators

B. 2016. Vol. 222. P. 1103 – 1111.

11. Wang Y., Fan D., Wu D., et al. Simple synthesis of silver

nanoparticles functionalized cuprous oxide nanowires nano-

composites and its application in electrochemical immunosen-

sor / Sens. Actuators B. 2016. Vol. 236. P. 241 – 248.

12. Wang S., Lu L., Yang M., et al. A novel cobalt hexacyano-

ferrate nanocomposite on CNT scaffold by seed medium and ap-

plication for biosensor / Anal. Chim. Acta. 2009. Vol. 651.

P. 220 – 226.

13. Lee H. U., Park C., Kim S. W. Immobilization of glucose

oxidase onto cobalt based on silica core/shell nanoparticles as

carrier / Process Biochem. 2012. Vol. 47. P. 1282 – 1286.

14. Shahrokhian S., Ghalkhani M., Adeli M., et al. Multi-

walled carbon nanotubes with immobilised cobalt nanoparticle

for modification of glassy carbon electrode: Application to sensi-

tive voltammetric determination of thioridazine / Biosens.

Bioelectron. 2009. Vol. 24. P. 3235 – 3241.

15. Li T., Yang M., Li H. Label-free electrochemical detection of

cancer marker based on graphene-cobalt hexacyanoferrate

nanocomposite / J. Electroanal. Chem. 2011. Vol. 655. P. 50 – 55.

16. Bollella P., Fusco G., Tortolini C., et al. Beyond graphene:

Electrochemical sensors and biosensors for biomarkers detec-

tion / Biosens. Bioelectron. 2017. Vol. 89. P. 152 – 166.

17. Pinto T. da S., Alves L. A., Cardozo G. de A., et al.

Layer-by-layer self-assembly for carbon dots/chitosan-based

multilayer: Morphology, thickness and molecular interactions /

Mater. Chem. Phys. 2017. Vol. 186. P. 81 – 89.

18. Wang N., Pandit S., Ye L., et al. Efficient surface modifica-

tion of carbon nanotubes for fabricating high performance CNT

based hybrid nanostructures / Carbon. 2017. Vol. 111. P. 402 –

410.

19. Wisitsoraat A., Mensing J. Ph., Karuwan C., et al. Printed

organo-functionalized graphene for biosensing applications /

Biosens. Bioelectron. 2017. Vol. 87. P. 7 – 17.

20. Benchettara A., Benchettara A. Electrochemical sensor

based on nanoparticles of cobalt oxides for determination of

glucose / Mater. Today: Proc. 2015. Vol. 2. P. 4212 – 4216.

21. Medyantseva É. P., Brusnitsyn D. V., Varlamova R. M.,

et al. Monoamine oxidase amperometric biosensor based on

graphite electrodes and graphene oxide as a surface modifier for

the determination of some antidepressants / Analitika Kontrol’.

2014. Vol. 18. N 4. P. 442 – 450 [in Russian].

22. Gorkin V. Z. Aminoksidazes and their importance in medi-

cine. — Moscow: Meditsina, 1981. — 336 p. [in Russian].

23. Kulis Yu. Yu. Analytical systems based on immobilized en-

zymes. — Vilnius: Mokslas, 1981. — 200 p. [in Russian].

24. Brusnitsyn D. V., Medyantseva É. P., Varlamova R. M.,

et al. Amperometric determination of antidepressants using

monoaminooxidase amperometric biosensors based screen-

printed electrodes with multi-walled carbon nanotubes and

nanoparticles of silver / Uch. Zap. Kazan. Univ. Ser. Estestv.

Nauki. 2014. Vol. 156. Book 2. P. 37 – 50 [in Russian].

25. Mashkovskii M. D. Drug substance. — Moscow: Novaya

Volna, 2017. — 1216 p. [in Russian].

26. Medyantseva E. P., Brusnitsyn D. V., Varlamova R. M.,

et al. Capabilities of amperometric monoamine oxidase

biosensors based on screen-printed graphite electrodes modi-

fied with multiwall carbon nanotubes in the determination of

some antidepressants / J. Anal. Chem. 2015. Vol 70. N 5.

P. 535 – 539.

27. Medyantseva E. P., Brusnitsyn D. V., Varlamova R. M.,

et al. Effect of nanostructured materials as electrode

surface modifiers on the analytical capacity of amperometric

biosensors / Russ. J. Appl. Chem. 2015. Vol. 88. N 1. P. 40 – 49.

28. Brusnitsyn D. V., Medyantseva E. P., Varlamova R. M.,

et al. Carbon nanomaterials as electrode surface modifiers in

development of amperometric monoamino oxidase biosensors /

Inorg. Mater. 2016. Vol. 52. N 14. P. 1413 – 1419.

29. Shaidarova L. G., Chelnokova I. A., Romanova E. I.,

et al. Joint voltammetric determination of dopamine and uric

acid / Russ. J. Appl. Chem. 2011. Vol. 84. N 2. P. 218 – 224.

30. Danilova L. A. Blood and urine tests. — St. Petersburg:

Salit-Medkniga, 2003. — 128 p. [in Russian].

14 «Çàâîäcêàÿ ëàáîpàòîpèÿ. Äèàãíîcòèêà ìàòåpèàëîâ». 2018. Òîì 84. ¹ 8




