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Â íàñòîÿùåé ðàáîòå ïðîâåäåíî îïðåäåëåíèå âîçìîæíîñòè èñïîëüçîâàíèÿ ãèäðîáè-
îíòîâ Daphnia magna Straus â êà÷åñòâå òåñò-îáúåêòà ïðè ìîäåëèðîâàíèè äåôèöèòà äî-
ôàìèíåðãè÷åñêîé íåéðîïåðåäà÷è. Ñ öåëüþ ïîâûøåíèÿ ÷óâñòâèòåëüíîñòè è èíôîðìà-
òèâíîñòè ïîäõîäà ïðîâåäåíà òîêñèêîìåòðè÷åñêàÿ îöåíêà äåéñòâèÿ íà äàôíèé èçáèðà-
òåëüíîãî ýêçîãåííîãî íåéðîòîêñèíà — 1-ìåòèë-4-ôåíèë-1,2,3,6 òåòðàãèäðîïèðèäèíà
(ÌÔÒÏ) â øèðîêîì äèàïàçîíå êîíöåíòðàöèé (2 � 10 – 4 – 5 � 10 – 2 Ì). Ïðåäñòàâëåíû
ãðàôè÷åñêèå äàííûå çàâèñèìîñòè ðåàëüíîãî âðåìåíè ãèáåëè äàôíèé îò êîíöåíòðàöèè
íåéðîòîêñèíà è îïðåäåëåí äèàïàçîí åãî ñïåöèôè÷åñêîé àêòèâíîñòè. Â ýêñïåðèìåíòàõ
íà äàôíèÿõ ïðè îòðàâëåíèè ÌÔÒÏ ïðîâåäåíà îöåíêà ìîäóëèðóþùåãî äåéñòâèÿ
ñðåäñòâ ôàðìàêîëîãè÷åñêîé êîððåêöèè äåôèöèòà äîôàìèíà, èñïîëüçóåìûõ â îïûòàõ
íà ìëåêîïèòàþùèõ. Ïîêàçàíî, ÷òî äîôàìèí, õîëèíîáëîêàòîð ïåíòèôèí è àíòèîêñè-
äàíò óíèòèîë îêàçûâàþò çàùèòíîå äåéñòâèå ïðè îòðàâëåíèè ÌÔÒÏ. Âîññòàíîâëåí-
íûé ãëóòàòèîí ïîäîáíûì äåéñòâèåì íå îáëàäàåò. Âûñêàçàíî ïðåäïîëîæåíèå î âîçìîæ-
íîñòè èñïîëüçîâàíèÿ äàôíèé â êà÷åñòâå ïðîñòîãî è äîñòóïíîãî òåñò-îáúåêòà äëÿ ìîäå-
ëèðîâàíèÿ äåôèöèòà äîôàìèíåðãè÷åñêîé ñèñòåìû è ïåðâè÷íîãî îòáîðà ñðåäñòâ
ôàðìàêîëîãè÷åñêîé êîððåêöèè.
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ÂÂÅÄÅÍÈÅ

Ìîäåëü äåôèöèòà äîôàìèíåðãè÷åñêîé ïåðåäà÷è,
îáóñëîâëåííîãî ïîâðåæäåíèåì äîôàìèí-ñèíòåçèðóþ-
ùèõ íåéðîíîâ ó ìëåêîïèòàþùèõ, ÿâëÿåòñÿ íàèáîëåå
àäåêâàòíîé äëÿ ôîðìèðîâàíèÿ ñèìïòîìîêîìïëåêñà,
ìàêñèìàëüíî ïðèáëèæåííîãî ê ïàðêèíñîíîïîäîáíîìó
ñîñòîÿíèþ. Â íàñòîÿùåå âðåìÿ ñ÷èòàåòñÿ óñòàíîâëåí-
íûì, ÷òî 1-ìåòèë-4-ôåíèë-1,2,3,6-òåòðàãèäðîïèðèäèí
(ÌÔÒÏ) ÿâëÿåòñÿ ýêçîãåííûì íåéðîòîêñèíîì, âûçû-
âàþùèì ó ìëåêîïèòàþùèõ ðàçâèòèå ïàðêèíñîíîïî-
äîáíîãî ñèìïòîìîêîìïëåêñà âñëåäñòâèå íàðóøåíèÿ
äîôàìèíåðãè÷åñêîé ñèñòåìû áàçàëüíûõ ãàíãëèåâ. Ñî-
ãëàñíî ëèòåðàòóðíûì äàííûì, òîêñè÷åñêîå äåéñòâèå
ÌÔÒÏ, ïðîÿâëÿþùååñÿ â èçáèðàòåëüíîì ïîâðåæäå-
íèè íèãðî-ñòðèàòíûõ äîôàìèíåðãè÷åñêèõ íåéðîíîâ,
îáóñëîâëåíî â çíà÷èòåëüíîé ñòåïåíè ðàçâèòèåì îêñè-
äàòèâíîãî ñòðåññà [4]. Ìåõàíèçìû òîêñè÷åñêîãî äåéñò-
âèÿ ÌÔÒÏ ñîâïàäàþò ñ ìåõàíèçìîì äåéñòâèÿ íåêîòî-
ðûõ ïðîèçâîäíûõ èçîõèíîëèíà, êîòîðûå ïðèñóòñòâóþò
â ìîçãå ìëåêîïèòàþùèõ è, ÿâëÿÿñü ýíäîãåííûìè íåé-
ðîòîêñèíàìè, ðàññìàòðèâàþòñÿ êàê ïîòåíöèàëüíûå
ôàêòîðû ðèñêà áîëåçíè Ïàðêèíñîíà [4]. Îäíàêî èñïî-
ëüçîâàíèå â êà÷åñòâå òåñò-îáúåêòà ìëåêîïèòàþùèõ

òðåáóåò ïðîâåäåíèÿ äëèòåëüíûõ è ñëîæíûõ ýêñïåðè-
ìåíòîâ.

Öåëüþ íàñòîÿùåãî èññëåäîâàíèÿ ÿâèëàñü àïðîáà-
öèÿ ìîäåëè íåéðîòîêñè÷åñêîãî íàðóøåíèÿ äîôàìèí-
åðãè÷åñêîé íåéðîïåðåäà÷è ïîä äåéñòâèåì ÌÔÒÏ ñ èñ-
ïîëüçîâàíèåì â êà÷åñòâå áèîîáúåêòà ãèäðîáèîíòà
Daphnia magna Straus è îöåíêà íà äàôíèÿõ ìîäóëèðó-
þùåãî äåéñòâèÿ ñðåäñòâ ôàðìàêîëîãè÷åñêîé êîððåê-
öèè äåôèöèòà ñåêðåöèè äîôàìèíà, èñïîëüçóåìûõ â ýê-
ñïåðèìåíòàõ íà ìëåêîïèòàþùèõ.

ÌÅÒÎÄÛ ÈÑÑËÅÄÎÂÀÍÈß

Îïûòû ïîñòàâëåíû ñ èñïîëüçîâàíèåì â êà÷åñòâå
òåñò-îáúåêòà ãèäðîáèîíòîâ Daphnia magna Straus.
Äàôíèé ðàçâîäèëè â ëàáîðàòîðíûõ óñëîâèÿõ â ñîîò-
âåòñòâèè ñ òðåáîâàíèÿìè ìåæäóíàðîäíîãî ñòàíäàðòà
ïî áèîòåñòèðîâàíèþ âîäû [1]. Äàôíèé â âîçðàñòå 7 ñó-
òîê ïîìåùàëè â ëàáîðàòîðíûå ñòàêàí÷èêè ïî 1 îñîáè â
êàæäóþ ïðîáó îáúåìîì 40 ìë. Èçìåðåíèå òîêñè÷åñêî-
ãî äåéñòâèÿ ÌÔÒÏ ïðîâîäèëè íà ïðîòÿæåíèè 6 ñóò.
Ðåçóëüòàòû îöåíèâàëè ïî îïðåäåëåíèþ ðåàëüíîãî âðå-
ìåíè ãèáåëè ãèäðîáèîíòîâ ïðè ðàçëè÷íûõ êîíöåíòðà-
öèÿõ êñåíîáèîòèêà. Êîíöåíòðàöèÿ ÌÔÒÏ èçìåíÿëàñü
ñ øàãîì 0,1 ïî ëîãàðèôìè÷åñêîé øêàëå. Äàííûå áûëè
ïðåäñòàâëåíû â âèäå ãðàôèêà çàâèñèìîñòè ñðåäíåãî
âðåìåíè ãèáåëè (Ò, ìèí) îò âåëè÷èíû îáðàòíîé êîí-
öåíòðàöèè (1�C, Ì – 1). Ìîäóëèðóþùåå äåéñòâèå
ñðåäñòâ ôàðìàêîëîãè÷åñêîé êîððåêöèè äåôèöèòà äî-
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192019, óë. Áåõòåðåâà, 1.



ôàìèíà îöåíèâàëè ïî èçìåíåíèþ âðåìåíè ãèáåëè äàô-
íèé ïîä äåéñòâèåì ÌÔÒÏ ïðè îäíîé ôèêñèðîâàííîé
êîíöåíòðàöèè ïîñëåäíåãî â óñëîâèÿõ îäíîâðåìåííîãî
âíåñåíèÿ â ïðîáó íåéðîòîêñèíà è ïðåïàðàòà-ìîäóëÿòî-
ðà â ïðåäâàðèòåëüíî ïîäîáðàííîé êîíöåíòðàöèè.

ÐÅÇÓËÜÒÀÒÛ È ÈÕ ÎÁÑÓÆÄÅÍÈÅ

Ñóùåñòâîâàíèå ó äàôíèé äîôàìèíåðãè÷åñêîé íåé-
ðîïåðåäà÷è ïîêàçàíî â ïðåäûäóùèõ èññëåäîâàíèÿõ
[2, 3], ÷òî ïîçâîëèëî ñäåëàòü ïðåäïîëîæåíèå î âîç-
ìîæíîñòè ðàçâèòèÿ ó ãèäðîáèîíòîâ ïàòîëîãè÷åñêîãî
ïðîöåññà ïðè ðàçðóøåíèè ÌÔÒÏ äîôàìèíñèíòåçèðó-
þùèõ ñòðóêòóð. Òîêñè÷åñêîå äåéñòâèå ÌÔÒÏ îöåíè-
âàëè â äèàïàçîíå êîíöåíòðàöèé îò 2 � 10 – 4 Ì äî
5 � 10 – 2 Ì. Ïðè âûñîêèõ êîíöåíòðàöèÿõ òîêñèêàíòà
(5 � 10 – 2 – 5 � 10 – 3 Ì) âðåìÿ ãèáåëè äàôíèé ïðàêòè÷å-
ñêè íå çàâèñåëî îò êîíöåíòðàöèè è ñîñòàâëÿëî
7 � 1,2 ìèí. Â äèàïàçîíå êîíöåíòðàöèé îò 2,5 � 10 – 3 äî
4,0 � 10 – 3 Ì íàáëþäàëñÿ ïåðåõîä îò ïåðâîãî (óñëîâíî
íåñïåöèôè÷åñêîãî) ìåõàíèçìà ãèáåëè æèâîòíûõ êî
âòîðîìó, êîòîðûé õàðàêòåðèçîâàëñÿ ïðÿìî ïðîïîðöèî-
íàëüíîé çàâèñèìîñòüþ ñðåäíåãî âðåìåíè ãèáåëè äàô-
íèé îò êîíöåíòðàöèè ÌÔÒÏ è ñ âûñîêîé ñòåïåíüþ
êîððåëÿöèè (r = 0,98) îïèñûâàëñÿ óðàâíåíèåì ïðÿìîé:
T = 481,3 + 0,7 � 1�Ñ, ãäå T — ðåàëüíîå âðåìÿ ãèáåëè
äàôíèé (ìèí) ïðè êîíöåíòðàöèè òîêñèíà Ñ (Ì). Òàêî-
ãî ðîäà çàâèñèìîñòü õàðàêòåðèçîâàëà âåñü äàëüíåé-
øèé ïåðèîä íàáëþäåíèÿ (äî 6 ñóò) â èíòåðâàëå êîí-
öåíòðàöèé ÌÔÒÏ îò 2 � 10 – 3 äî 2 � 10 – 2 Ì. Ðåçóëüòà-
òû ïðåäñòàâëåíû íà ðèñóíêå.

Ãðàôèê çàâèñèìîñòè âðåìåíè ãèáåëè äàôíèé îò âå-
ëè÷èíû îáðàòíîé êîíöåíòðàöèè ÌÔÒÏ.

Êîýôôèöèåíò 0,7, õàðàêòåðèçóþùèé òàíãåíñ óãëà
íàêëîíà ïðÿìîé ê îñè àáñöèññ, ÷èñëåííî ðàâåí ïðîèç-
âåäåíèþ äåéñòâóþùåé êîíöåíòðàöèè íà ñîîòâåòñòâó-
þùåå åé âðåìÿ æèçíè è îïðåäåëÿåò ÷óâñòâèòåëüíîñòü
ãèäðîáèîíòîâ ê äàííîìó òîêñèíó. Êàê ñëåäóåò èç ïðåä-
ñòàâëåííûõ äàííûõ, ÷óâñòâèòåëüíîñòü äàôíèé ê
ÌÔÒÏ íå ìåíÿåòñÿ â äèàïàçîíå êîíöåíòðàöèè
2 � 10 – 4 – 2 � 10 – 3 Ì. Â ýòîì èíòåðâàëå áûëà âûáðàíà
êîíöåíòðàöèÿ íåéðîòîêñèíà 1,25 � 10 – 3 Ì, ïðè êîòî-
ðîé îöåíèâàëîñü ìîäóëèðóþùåå äåéñòâèå ôàðìàêîëî-
ãè÷åñêèõ ïðåïàðàòîâ, îáëàäàþùèõ çàùèòíûì äåéñò-
âèåì â óñëîâèÿõ äåôèöèòà äîôàìèíà ó ìëåêîïèòàþ-
ùèõ. Âûáîð ýòîé êîíöåíòðàöèè áûë îáóñëîâëåí
âîçìîæíîñòüþ ðåãèñòðàöèè ãèáåëè æèâîòíûõ â äíåâ-
íîå âðåìÿ (îò 9 äî 21 ÷).

Â êà÷åñòâå ôàðìàêîëîãè÷åñêèõ êîððåêòîðîâ áûëè
èñïîëüçîâàíû ýêçîãåííûé äîôàìèí, ì-õîëèíîáëîêà-
òîð ïåíòèôèí, à òàêæå, ó÷èòûâàÿ ñïåöèôè÷åñêîå ïðî-
îêñèäàíòíîå äåéñòâèå ÌÔÒÏ ó ìëåêîïèòàþùèõ, èñ-
ñëåäîâàíî èçìåíåíèå ÷óâñòâèòåëüíîñòè ê íåéðîòîêñè-
íó â ïðèñóòñòâèè àíòèîêñèäàíòîâ — âîññòàíîâëåííî-
ãî ãëóòàòèîíà è óíèòèîëà (òàáëèöà).

Îêàçàëîñü, ÷òî â ýêñïåðèìåíòàõ íà ãèäðîáèîíòàõ,
ïîäîáíî îïûòàì íà ìëåêîïèòàþùèõ, ÌÔÒÏ âûçûâàåò

òîêñè÷åñêîå äåéñòâèå, âûðàæåííîñòü êîòîðîãî äîñòî-
âåðíî ñíèæàåòñÿ (âðåìÿ æèçíè óâåëè÷èâàåòñÿ) ïðè äî-
áàâëåíèè â ñðåäó äîôàìèíà èëè õîëèíîáëîêàòîðà, ÷òî
ñâèäåòåëüñòâóåò î ñóùåñòâåííîì âêëàäå äåôèöèòà äî-
ôàìèíà â ìåõàíèçìû òîêñè÷íîñòè ÌÔÒÏ äëÿ äàôíèé.
Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò âûñêàçàòü ïðåäïî-
ëîæåíèå î ïåðñïåêòèâíîñòè èñïîëüçîâàíèÿ ãèäðîáè-
îíòîâ äëÿ ñîçäàíèÿ ìîäåëè íåéðîòîêñè÷åñêîãî íàðó-
øåíèÿ äîôàìèíåðãè÷åñêîé ìåäèàöèè ïîä äåéñòâèåì
ÌÔÒÏ. Âîññòàíîâëåííûé ãëóòàòèîí â ïðåäëîæåííîì
âàðèàíòå ïîñòàíîâêè ýêñïåðèìåíòà íå îêàçûâàë âëèÿ-
íèÿ íà âðåìÿ ãèáåëè äàôíèé â ïðèñóòñòâèè ÌÔÒÏ, â
òî âðåìÿ êàê óíèòèîë äîñòîâåðíî åãî óâåëè÷èâàë. Ïî-
ëó÷åííûå äàííûå íå ïîçâîëÿþò äàòü îáúÿñíåíèå ðàç-
ëè÷èÿì â ìåõàíèçìàõ äåéñòâèÿ äâóõ àíòèîêñèäàíòîâ â
óñëîâèÿõ îòðàâëåíèÿ íåéðîòîêñèíîì è ñâèäåòåëüñòâó-
þò î íåîáõîäèìîñòè äîïîëíèòåëüíîãî èññëåäîâàíèÿ.

ÂÛÂÎÄÛ

1. Ñïåöèôè÷åñêèé äîôàìèíåðãè÷åñêèé íåéðîòîê-
ñèí ÌÔÒÏ âûçûâàåò ó äàôíèé, ïîäîáíî ìëåêîïè-
òàþùèì, íàðóøåíèå äîôàìèíåðãè÷åñêîé íåðâíîé ïå-
ðåäà÷è.

2. Ôàðìàêîëîãè÷åñêèå êîððåêòîðû äåôèöèòà äîôà-
ìèíà ó ìëåêîïèòàþùèõ (ýêçîãåííûé äîôàìèí, ì-õî-
ëèíîáëîêàòîð ïåíòèôèí, àíòèîêñèäàíò óíèòèîë) ñíè-
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1. ÌÔÒÏ 18,5 � 2,6

2. ÌÔÒÏ + äîôàìèí, 4,15 � 10 – 5 Ì 29,4 � 2,9*

3. ÌÔÒÏ + ïåíòèôèí, 2,9 � 10 – 6 Ì 25,7 � 2,1*
4. ÌÔÒÏ + ãëóòàòèîí-SH,

1,62 � 10 – 5 Ì
20,4 � 3,1

5. ÌÔÒÏ + óíèòèîë, 3,33 � 10 – 4 Ì 25, 5 � 2,0*

Ïðèìå÷àíèå. * — îòëè÷èå îò äåéñòâèÿ îäíîãî ÌÔÒÏ äîñòîâåðíî ïðè
p < 0,05.
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Daphnia Magna (STRAUS): A NEW TEST OBJECT FOR MODELING
OF DOPAMINERGIC NEUROTRANSMISSION DEFICIENCY INDUCED
BY THE SELECTIVE NEUROTOXIN 1-METHYL-4-PHENYL-1,2,3,6-TETRAHYDROPYRIDINE

N. P. Podosinovikova, V. V. Petrov, V. A. Belyaev, A. Ya. Bespalov, V. V. Trefilov, and V. B. Dolgo-Saburov

Department of Biochemistry, Institute of Toxicology, Ministry of Public Health and Social Development of the Russian

Federation, ul. Bekhtereva 1, St. Petersburg, 193019, Russia

The possibility of using Daphnia magna (Straus) hydrobionts as a test object in modeling the disturbances of dopaminergic neurotransmission was investi-
gated. The toxic action of a selective dopaminergic neurotoxin, 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), on D. magna was determined in a broad

interval of concentrations (from 2 � 10 – 5 to 10 – 2 M). Plots of the real time of daphnia death versus MPTP concentration are presented and the concentration
limits of its specific activity are evaluated. Experiments on daphnia under the conditions of MPTP intoxication were used to study the modulating effects of
drugs producing a pharmacological correction of dopamine secretion disturbances in mammals. It is shown that the exogenous dopamine, muscarinic cholinob-
locker pentifine, and antioxidant unithiol exhibit a protective action. Reduced glutathione does not possess protective properties. It is suggested to use D. mag-
na as a simple and informative test object for the modeling of dopaminergic transmission deficiency and for the primary screening of various substances inten-
ded for the pharmacological correction of dopamine transmission disturbances.
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