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Èññëåäîâàëè âëèÿíèå îðèãèíàëüíîãî äèïåïòèäíîãî ïðåïàðàòà íîîïåïò (ýòèëîâûé
ýôèð N-ôåíèëàöåòèë-L-ïðîëèíãëèöèíà, ÃÂÑ-111), ñî÷åòàþùåãî íîîîòðîïíûå è íåé-
ðîïðîòåêòîðíûå ñâîéñòâà, íà àêòèâíîñòü ìèòîãåí-àêòèâèðóåìûõ ïðîòåèíêèíàç è óðî-
âåíü ýêñïðåññèè ãåíîâ è áåëêîâ íåéðîòðîôè÷åñêèõ ôàêòîðîâ — NGF è BDNF âî ôðîí-
òàëüíîé êîðå, ãèïïîêàìïå è ãèïîòàëàìóñå êðûñ. Ïîêàçàíî, ÷òî íîîïåïò â óñëîâèÿõ
äëèòåëüíîãî ââåäåíèÿ (28 äíåé ïî 0,5 ìã/êã/äåíü âíóòðèáðþøèííî) ñíèæàåò àêòèâ-
íîñòü ñòðåññ-èäóöèðóåìûõ êèíàç SAPK/JNK 46/54 è ðERK1/2 â ãèïïîêàìïå êðûñ.
Äëèòåëüíîå ââåäåíèå íîîïåïòà ïðèâîäèò ê óâåëè÷åíèþ óðîâíÿ ìÐÍÊ ãåíà BDNF â ãè-
ïîòàëàìóñå è ãèïïîêàìïå êðûñ. Â ãèïîòàëàìóñå âûÿâëÿåòñÿ òàêæå íåêîòîðîå óâåëè÷å-
íèå ñîäåðæàíèÿ áåëêîâîãî ïðîäóêòà äàííîãî íåéðîòðîôè÷åñêîãî ôàêòîðà. Â ñâåòå
ïðåäñòàâëåíèé îá àêòèâàöèè ñòðåññ-èíäóöèðóåìûõ êèíàç êàê âàæíîì ôàêòîðå àìèëîè-
äîãåíåçà è îòëîæåíèÿ òàó-áåëêîâ â ìîçãîâîé òêàíè è ðîëè äåôèöèòà íåéðîòðîôè÷å-
ñêèõ ôàêòîðîâ â ðàçâèòèè íåéðîäåãåíåðàòèâíûõ ïðîöåññîâ ïîëó÷åííûå äàííûå î ñíè-
æåíèè óðîâíÿ ñòðåññ-àêòèâèðóåìûõ ÌÀÏ-êèíàç è óñèëåíèè ýêñïðåññèè BDNF ïîçâî-
ëÿþò ïðåäïîëîæèòü ó íîîïåïòà íàëè÷èå ñïåöèôè÷åñêîãî ýôôåêòà â îòíîøåíèè ïàòîãå-
íåòè÷åñêèõ ìåõàíèçìîâ áîëåçíè Àëüöãåéìåðà.

Êëþ÷åâûå ñëîâà: íîîïåïò, ìèòîãåí-àêòèâèðóåìûå ïðîòåèíêèíàçû, ERK1/2,
SAPK/JNK, ïåïòèäîìèìåòèêè, íåéðîòðîôèíû, NGF, BDNF

ÂÂÅÄÅÍÈÅ

Ýôôåêòèâíûé íîîòðîïíûé è íåéðîïðîòåêòîðíûé
ïðåïàðàò íîîïåïò ñîçäàí â ÍÈÈ ôàðìàêîëîãèè èì.
Â. Â. Çàêóñîâà ÐÀÌÍ íà îñíîâàíèè îðèãèíàëüíîãî
ïîäõîäà, ñîñòîÿùåãî â äèçàéíå äèïåïòèäîâ, èìèòè-
ðóþùèõ ñòðóêòóðó íåïåïòèäíîãî íåéðîòðîïíîãî ñðåä-
ñòâà è àêòèâíîãî ôðàãìåíòà íåéðîïåïòèäà ñ ñîîòâåòñò-
âóþùåé íåéðîòðîïíîé àêòèâíîñòüþ [8]. Äèçàéí íîî-
òðîïíûõ äèïåïòèäîâ, îñíîâàííûé íà ñòðóêòóðå ïèð-
àöåòàìà è âàçîïðåññèíà, ïðèâåë ê ñîçäàíèþ ñåðèè
àöèëïðîëèëñîäåðæàùèõ äèïåïòèäîâ [13]. Èç ýòîé ñå-
ðèè ñîåäèíåíèé áûë îòîáðàí ýòèëîâûé ýôèð N-ôåíèëà-
öåòèë-L-ïðîëèíãëèöèíà (ÃÂÑ-111, íîîïåïò), îáëàäàþ-
ùèé íîîòðîïíîé àêòèâíîñòüþ â äîçàõ, â 1000 ðàç
ìåíüøèõ, ÷åì äîçû ïèðàöåòàìà, è ïðåâîñõîäÿùèé ïî-
ñëåäíèé ïî ñïåêòðó íîîòðîïíîé è íåéðîïðîòåêòîðíîé
àêòèâíîñòè, ïðîäåìîíñòðèðîâàííîé â óñëîâèÿõ öåëîãî
îðãàíèçìà è ýêñïåðèìåíòàõ in vitro [5]. Èç ìåõàíèçìîâ
íîîòðîïíîãî äåéñòâèÿ íîîïåïòà â íàñòîÿùåå âðåìÿ
ìîæíî ñ÷èòàòü óñòàíîâëåííûìè òàêèå êîìïîíåíòû êàê
ñïîñîáíîñòü îáðàçîâûâàòü öèêëîïðîëèëãëèöèí —

öèêëè÷åñêèé äèïåïòèä, àíàëîãè÷íûé ýíäîãåííîìó ìå-
òàáîëèòó ñ àíòèàìíåñòè÷åñêèì ýôôåêòîì [9] è óñèëè-
âàòü õîëèíåðãè÷åñêóþ ïåðåäà÷ó [4]. Â êà÷åñòâå
ìåõàíèçìîâ íåéðîïðîòåêòîðíîãî äåéñòâèÿ âûÿâëåíû
ñëåäóþùèå: ïðåäîòâðàùåíèå èçáûòî÷íîãî íàêîïëåíèÿ
ñâîáîäíîðàäèêàëüíîãî êèñëîðîäà, ñíèæåíèå âûñâîáî-
æäåíèÿ ãëóòàìàòà, áëîêàäà ïîòåíöèàë-çàâèñèìûõ
êàëüöèåâûõ è êàëèåâûõ êàíàëîâ è ïðîòèâîâîñïàëè-
òåëüíûé ýôôåêò [5].

Èçâåñòíî, ÷òî âàæíûì ôàêòîðîì âûæèâàåìîñòè
íåéðîíîâ, ïîäâåðãíóòûõ ðàçëè÷íîãî ðîäà ïîâðåæäàþ-
ùèì âîçäåéñòâèÿì, ÿâëÿåòñÿ àêòèâíîñòü ñóïåðñåìåé-
ñòâà ìèòîãåí-àêòèâèðóåìûõ âíóòðèêëåòî÷íûõ ñèñòåì
ñèãíàëüíîé òðàíñäóêöèè, MAÏ-êèíàç, ê îñíîâíûì
êîìïîíåíòàì êîòîðîãî îòíîñÿòñÿ ñòðåññ-àêòèâèðóå-
ìûå ïðîòåèíêèíàçû è c-Jun N-terminal ïðîòåèíêèíàçû
(SAPK�JNK), à òàêæå ýêñòðàöåëëþëÿðíûå ñèãíàë-ðå-
ãóëèðóåìûå êèíàçû (ERK) [7]. Âàæíîé ìèøåíüþ äåé-
ñòâèÿ íîîòðîïîâ è íåéðîïðîòåêòîðîâ ÿâëÿåòñÿ òàêæå
ñèñòåìà íåéðîòðîôèíîâ. Åå îñíîâíûå ïðåäñòàâèòåëè
NGF è BDNF ÿâëÿþòñÿ êëþ÷åâûìè ôàêòîðàìè íîð-
ìàëüíîãî ôóíêöèîíèðîâàíèÿ çðåëûõ íåéðîíîâ. Èõ äå-
ôèöèò èãðàåò âàæíåéøóþ ðîëü â ïðîöåññàõ äåãåíåðà-
öèè è ãèáåëè íåðâíûõ êëåòîê ïðè ðàçëè÷íûõ ïàòîëî-
ãè÷åñêèõ ïðîöåññàõ [6].

Ýêcïåpèìåíòàëüíàÿ è êëèíè÷åcêàÿ ôàpìàêîëîãèÿ 2010 Òîì 73 ¹ 12 Ñ. 2 – 5

© 2010 Êîëëåêòèâ àâòîðîâ 2

1 ÃÓ ÍÈÈ ôàðìàêîëîãèè èì. Â. Â. Çàêóñîâà ÐÀÌÍ, 125315,
Ìîñêâà, óë. Áàëòèéñêàÿ, 8.

2 Ó÷ðåæäåíèå ÐÀÍ Èíñòèòóò áèîõèìèè è ãåíåòèêè ÓôÍÖ
ÐÀÍ, Óôà.



Äàííàÿ ðàáîòà ÿâëÿåòñÿ ïðîäîëæåíèåì ïðåäûäó-
ùèõ èññëåäîâàíèé ïî óòî÷íåíèþ ìåõàíèçìà äåéñòâèÿ
íîîïåïòà. Â åå çàäà÷è âõîäèëî èññëåäîâàíèå åãî âëèÿ-
íèÿ íà àêòèâíîñòü ìèòîãåí-àêòèâèðóåìûõ ïðîòåèíêè-
íàç, à òàêæå óðîâåíü ýêñïðåññèè ãåíîâ è áåëêîâ íåéðî-
òðîôè÷åñêèõ ôàêòîðîâ — NGF è BDNF.

ÌÅÒÎÄÛ ÈÑÑËÅÄÎÂÀÍÈß

Ýêñïåðèìåíòû âûïîëíåíû íà êðûñàõ-ñàìöàõ Âèñ-
òàð ìàññîé 280 – 330 ã, ïîëó÷åííûõ èç ïèòîìíèêà
Ñòîëáîâàÿ. Ïðè ðàáîòå ñ æèâîòíûìè àâòîðû ðóêîâî-
äñòâîâàëèñü Ïðàâèëàìè ïðîâåäåíèÿ ðàáîò ñ èñïîëüçî-
âàíèåì ýêñïåðèìåíòàëüíûõ æèâîòíûõ îò 22.06 1998
(N 86-ÔÇ). Ýêñïåðèìåíòû áûëè ïîñòàâëåíû íà äâóõ
ãðóïïàõ êðûñ (ïî 8 æèâîòíûõ â êàæäîé ãðóïïå). Êðû-
ñàì êîíòðîëüíîé ãðóïïû â òå÷åíèå 28 äíåé ââîäèëè
âíóòðèáðþøèííî ôèçèîëîãè÷åñêèé ðàñòâîð, à îïûò-
íîé — íîîïåïò (0,5 ìã�êã â äåíü, âíóòðèáðþøèííî).
Êðûñ çàáèâàëè äåêàïèòàöèåé. Ìîçã ïðåïàðèðîâàëè íà
õîëîäó, îòäåëÿëè êîðó áîëüøîãî ìîçãà, ãèïïîêàìï è
ãèïîòàëàìóñ, êîòîðûå ñðàçó ïîìåùàëè â æèäêèé àçîò.
Âûäåëåíèå ñóììàðíûõ ïðåïàðàòîâ ÐÍÊ, ïîëó÷åíèå
êÄÍÊ è êîëè÷åñòâåííóþ ÎÒ-ÏÖÐ â ðåæèìå ðåàëüíîãî
âðåìåíè ïðîâîäèëè ïî ìåòîäàì, îïèñàííûì ðàíåå [1].

Âûäåëåíèå áåëêîâ öèòîïëàçìû ïðîâîäèëè â ýêñòðà-
ãèðóþùåì áóôåðå, ñîäåðæàùåì 50 ìÌ òðèñ-HCl (pH
7,5), 1 ìÌ ÄÒÒ, 1 ìÌ PMSF, 250 ìÌ ñàõàðîçû, 10 ìÌ
ÝÄÒÀ, 3 % ïîëèâèíèëïèððîëèäîíà, èíãèáèòîðû ïðî-
òåàç è ôîñôàòàç (Protease Inhibitor Cocktail,
Phosphatase Inhibitor Cocktail I, II, “Sigma”, ÑØÀ). Êî-
ëè÷åñòâî áåëêà îïðåäåëÿëè ñïåêòðîôîòîìåòðè÷åñêè
ïî ìåòîäó Áðýäôîðäà. Ýëåêòðîôîðåç áåëêîâ ïðîâîäè-
ëè â ïîëèàêðèëàìèäíîì ãåëå (ÏÀÀÃ) ñ 0,1 % ÄÄÑ-Na
â ëèíåéíîì ãðàäèåíòå êîíöåíòðàöèè àêðèëàìèäà
(6 – 16 %). Ýëåêòðîïåðåíîñ áåëêîâ íà íèòðîöåëëþëîç-
íóþ ìåìáðàíó îñóùåñòâëÿëè â áóôåðå, ñîäåðæàùåì
25 ìM òðèñ, 192 ìM ãëèöèíà, 20 % ýòàíîëà. Ãèáðèäè-
çàöèþ ñ àíòèòåëàìè ïðîâîäèëè â ñîîòâåòñòâèè ñ ïðî-
òîêîëàìè ôèðì-ïðîèçâîäèòåëåé (“Cell Signaling”;
“Abcam”, ÑØÀ). Áåëêè âûÿâëÿëè ìåòîäîì óñèëåíèÿ
õåìèëþìèíåñöåíöèè ñ èñïîëüçîâàíèåì íàáîðà
Ummun-Star Chemiluminescent Protein Detection
Systems (“BioRad”, ÑØÀ).

ÐÅÇÓËÜÒÀÒÛ È ÈÕ ÎÁÑÓÆÄÅÍÈÅ

Êàê ñëåäóåò èç äàííûõ, ïðåäñòàâëåííûõ íà ðèñ. 1,
íîîïåïò â óñëîâèÿõ åãî äëèòåëüíîãî ââåäåíèÿ âûçûâà-
åò çíà÷èòåëüíîå ñíèæåíèå óðîâíÿ ôîñôîðèëèðîâàí-
íûõ êèíàç SAPK�JNK 46�54 â ãèïïîêàìïå êðûñ, òîãäà
êàê â êîðå è ãèïîòàëàìóñå îòìå÷àåòñÿ ëèøü íåçíà÷è-
òåëüíàÿ òåíäåíöèÿ ê èõ ïîíèæåíèþ. Âëèÿíèå íîîïåï-
òà íà óðîâåíü ðERK1�2 èìååò áëèçêèé õàðàêòåð: ñíè-
æåíèå óðîâíÿ ôîñôîðèëèðîâàííûõ ERK1�2 â ãèïïî-
êàìïå ïðè îòñóòñòâèè âëèÿíèÿ íà ýòîò ïîêàçàòåëü â
êîðå è ãèïîòàëàìóñå. Òàêèì îáðàçîì, íà ôîíå äëèòåëü-
íîãî ââåäåíèÿ íîîïåïòà ïðîèñõîäèò âûðàæåííîå ñíè-

æåíèå óðîâíÿ ýôôåêòîðíûõ êèíàç ÌÀÏ-çàâèñèìîãî
ñèãíàëüíîãî êàñêàäà ðSAPK�JNK 46�54 è ðERK1�2 â
ãèïïîêàìïå è íåçíà÷èòåëüíîå ñíèæåíèå óðîâíÿ èññëå-
äîâàííûõ êèíàç â êîðå è ãèïîòàëàìóñå êðûñ.

Àíàëèç âëèÿíèÿ íîîïåïòà íà óðîâåíü ìÐÍÊ NGF è
BDNF è ñîäåðæàíèå èõ áåëêîâûõ ïðîäóêòîâ ïîêàçàë,
÷òî äëèòåëüíîå ââåäåíèå íîîïåïòà ïðèâîäèò ê óâåëè-
÷åíèþ óðîâíÿ ìÐÍÊ ãåíà BDNF â ãèïîòàëàìóñå è ãèï-
ïîêàìïå êðûñ (íà 49 % è 124 % ñîîòâåòñòâåííî), òîãäà
êàê â êîðå ïðîèñõîäèò íåêîòîðîå ñíèæåíèå óðîâíÿ
ìÐÍÊ ýòîãî ãåíà (ðèñ. 2). Â ãèïîòàëàìóñå è ãèïïîêàì-
ïå âûÿâëÿåòñÿ òàêæå íåêîòîðîå óâåëè÷åíèå ñîäåðæà-
íèÿ áåëêîâîãî ïðîäóêòà äàííîãî íåéðîòðîôè÷åñêîãî
ôàêòîðà: â ãèïîòàëàìóñå îíî ñîñòàâëÿåò 70 % äëÿ NGF
è 60 % äëÿ BDNF; â ãèïïîêàìïå ïðèðîñò óðîâíÿ áåëêà
BDNF ñîñòàâëÿåò ëèøü 15 %. Ïðè ýòîì óâåëè÷åíèå ñî-
äåðæàíèÿ áåëêîâîãî ïðîäóêòà NGF íàáëþäàåòñÿ òîëü-
êî â ãèïîòàëàìóñå êðûñ.

Èçâåñòíî, ÷òî SAPK�JNK-çàâèñèìûå ïðîòåèíêèíà-
çû àêòèâèðóþòñÿ â îòâåò íà ðàçëè÷íûå ñòðåññîâûå
âîçäåéñòâèÿ, â ÷àñòíîñòè, ÓÔ îáëó÷åíèå, îêñèäàòèâ-
íûé ñòðåññ, ãèïîêñèþ, èøåìèþ, äåéñòâèå ïðîâîñïàëè-
òåëüíûõ öèòîêèíîâ. Èìåþòñÿ ìíîãî÷èñëåííûå ýêñïå-
ðèìåíòàëüíûå äàííûå, ñâèäåòåëüñòâóþùèå î òîì, ÷òî
óñèëåíèå ñâîáîäíîðàäèêàëüíûõ ïðîöåññîâ â íåéðîíàõ
ïðèâîäèò ê àêòèâàöèè SAPK�JNK è ð38-êèíàç, à ñïå-
öèôè÷åñêèå èíãèáèòîðû ýòèõ êèíàç ïðåäîòâðàùàþò
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Ðèñ. 1. Âëèÿíèå íîîïåïòà íà óðîâåíü ðERK1�2 (à ) è
pSAPK/JNK (á ) â òêàíè ãèïîòàëàìóñà, ãèïïîêàìïà è ôðîíòàëü-
íîé êîðû êðûñ.

Ïî îñè îðäèíàò — îòíîñèòåëüíûé óðîâåíü ñîîòâåòñòâóþùèõ êèíàç (ê
êîíòðîëüíîìó, ïðèíÿòîìó çà åäèíèöó). Ñâåòëûå ñòîëáèêè — ïîêàçàòåëè
äëÿ êîíòðîëüíîé ãðóïïû (ôèçèîëîãè÷åñêèé ðàñòâîð âíóòðèáðþøèííî â
òå÷åíèå 28 äíåé), ÷åðíûå — îïûòíàÿ ãðóïïà (æèâîòíûå, êîòîðûì ââî-
äèëè íîîïåïò â äîçå 0,5 ìã�êã âíóòðèáðþøèííî â òå÷åíèå 28 äíåé).
** — ð < 0,005 — îòëè÷èå îïûòíîé ãðóïïû îò êîíòðîëüíîé.



ãèáåëü êëåòîê â óñëîâèÿõ îêèñëèòåëüíîãî ñòðåññà [7].
Óñèëåíèå àêòèâíîñòè ñòðåññ-èíäóöèðóåìûõ êèíàç âå-
äåò ê óñèëåíèþ àìèëîèäîãåíåçà è îòëîæåíèÿ tau-áåëêà
[14]. Ïîëó÷åííûå íàìè äàííûå ïîçâîëÿþò ïðåäïîëî-
æèòü, ÷òî èíãèáèðóþùåå âëèÿíèå íîîïåïòà íà
SAPK�JNK-êèíàçû ìîæåò ðàññìàòðèâàòüñÿ êàê âàæ-
íûé ìåõàíèçì åãî íåéðîïðîòåêòîðíîãî äåéñòâèÿ.

Íàøè èññëåäîâàíèÿ âûÿâèëè îïðåäåëåííóþ “ðåãèî-
íàðíóþ” ñïåöèôè÷íîñòü äåéñòâèÿ íîîïåïòà â îòíîøå-
íèè íåéðîòðîôè÷åñêèõ ôàêòîðîâ. Ïðåïàðàò îêàçûâàåò
âûðàæåííîå âëèÿíèå íà ýêñïðåññèþ íåéðîòðîôè÷å-
ñêèõ ôàêòîðîâ â ãèïîòàëàìóñå, ïîñêîëüêó óâåëè÷èâàåò
NGF è BDNF íà óðîâíå êàê ìÐÍÊ, òàê è áåëêà. Â ñâåòå
ïîëîæåíèÿ, ñôîðìóëèðîâàííîãî Ò. À. Ãóäàøåâîé î
òîì, ÷òî äèïåïòèäû, ñîäåðæàùèå ïèðîãëóòàìàò ëèáî
àöèë-ïðîëèí, ïðåäñòàâëÿþò ñîáîé ñòðóêòóðíî-êîíôîð-
ìàöèîííûå àíàëîãè ìåòàáîëèòà âàçîïðåññèíà ÀÂÏ
4 – 5 [9], ìîæíî ïðåäïîëîæèòü, ÷òî ïîâûøåíèå óðîâíÿ
ìÐÍÊ ãåíîâ NGF è BDNF è ñîîòâåòñòâóþùèõ áåëêîâ
â ãèïîòàëàìóñå êðûñ ÿâëÿåòñÿ ñëåäñòâèåì âûñîêîé
òðîïíîñòè íîîïåïòà ê ðåöåïòîðàì âàçîïðåññèíà, ëîêà-
ëèçîâàííûì â ãèïîòàëàìóñå. Èçâåñòíî, ÷òî ÀÂÏ, ñèí-
òåçèðóþùèéñÿ íåéðîíàìè ñóïðàõèàçìàòè÷åñêîãî è ïà-
ðàâåíòðèêóëÿðíîãî ÿäåð ãèïîòàëàìóñà, îáëåã÷àåò îáó-

÷àåìîñòü è ïàìÿòü, à åãî îñíîâíîé ìåòàáîëèò ÀÂÏ4 – 9,
òàêæå îáëàäàþùèé ìíåìîòðîïíûì ýôôåêòîì, óñèëè-
âàåò ýêñïðåññèþ íåéðîòðîôèíîâ NGF è BDNF [15].
Àíàëîãè÷íîå äåéñòâèå äëÿ pGlu-Asn-NH2, ñîîòâåòñò-
âóþùåãî N-êîíöåâîìó ôðàãìåíòó îñíîâíîãî ìåòàáî-
ëèòà âàçîïðåññèíà [3].

Ñëåäóåò ïîä÷åðêíóòü, ÷òî âëèÿíèå íîîïåïòà íà àê-
òèâíîñòü BDNF è NGF ïðîÿâëÿëîñü òàêæå è â îòíîøå-
íèè ãèïïîêàìïà. Â ñâåòå èçâåñòíûõ ïðåäñòàâëåíèé î
êëþ÷åâîé ðîëè ãèïïîêàìïà â êîíòðîëå êîãíèòèâíûõ
ôóíêöèé è î òîì, ÷òî äåôèöèò íåéðîòðîôè÷åñêèõ ôàê-
òîðîâ èìåííî â ãèïïîêàìïå èãðàåò âåäóùóþ ðîëü â
ðàçâèòèè êîãíèòèâíîé íåäîñòàòî÷íîñòè [12], ìîæíî
ïîëàãàòü, ÷òî ïîâûøåíèå ïîä âëèÿíèåì íîîïåïòà ýêñ-
ïðåññèè íåéðîòðîôè÷åñêèõ ôàêòîðîâ â ãèïïîêàìïå
ÿâëÿåòñÿ îäíèì èç ìåõàíèçìîâ åãî ïîçèòèâíîãî ìíå-
ìîòðîïíîãî äåéñòâèÿ.

Â öåëîì ïîëó÷åííûå â íàñòîÿùåé ðàáîòå äàííûå
ñâèäåòåëüñòâóþò î òîì, ÷òî íîîïåïò â óñëîâèÿõ åãî ïî-
âòîðíîãî ââåäåíèÿ ñíèæàåò àêòèâíîñòü ñòðåññ-èíäó-
öèðóåìûõ ÌÀÏ-êèíàç è ïîâûøàåò ýêñïðåññèþ íåéðî-
òðîôèíîâ â ãèïîòàëàìóñå è ãèïïîêàìïå. Òàêàÿ ñîâî-
êóïíîñòü ýôôåêòîâ ìîæåò ó÷àñòâîâàòü â ðåàëèçàöèè
íîîòðîïíîãî è íåéðîïðîòåêòîðíîãî äåéñòâèÿ íîîïåï-
òà ïðè ëþáîãî ðîäà ïîâðåæäåíèÿõ ìîçãà — òðàâìå,
èøåìèè, èíòîêñèêàöèÿõ. Íî îñîáûé èíòåðåñ ýòè ñâîé-
ñòâà íîîïåïòà ìîãóò ïðåäñòàâëÿòü ñ òî÷êè çðåíèÿ ïðî-
ôèëàêòèêè íåéðîäåãåíåðàòèâíûõ çàáîëåâàíèé, ïî-
ñêîëüêó èìåþòñÿ óáåäèòåëüíûå äîêàçàòåëüñòâà âîâëå-
÷åííîñòè JNK�SAPK- è ERK-çàâèñèìûõ ñèãíàëüíûõ
ïóòåé è íåéðîòðîôè÷åñêèõ ôàêòîðîâ â ðåãóëÿöèþ êëå-
òî÷íûõ ïðîöåññîâ ïðè áîëåçíè Àëüöãåéìåðà (ÁÀ)
[7, 10].

Â íàñòîÿùåå âðåìÿ ñôîðìèðîâàëîñü ïðåäñòàâëåíèå
î ìÿãêîì êîãíèòèâíîì íàðóøåíèè (ÌÊÍ), êàê ïðîìå-
æóòî÷íîé ñòàäèè ìåæäó íîðìàëüíûì ñòàðåíèåì è íà-
÷àëüíîé ôàçîé áîëåçíè Àëüöãåéìåðà [12]. Èçâåñòíî,
÷òî óæå íà ýòàïå ÌÊÍ â ìîçãîâîé òêàíè èìååò ìåñòî
ðàçâèòèå öåëîãî ðÿäà ïàòîìîðôîëîãè÷åñêèõ èçìåíå-
íèé, âûðàæåííîñòü êîòîðûõ íàðàñòàåò ïî ìåðå ïðî-
ãðåññèðîâàíèÿ ÌÊÍ è ïåðåõîäà â ðàçâèòóþ áîëåçíü
Àëüöãåéìåðà (òàáëèöà).

Äåéñòâèå íîîïåïòà ïîòåíöèàëüíî àäðåñîâàíî êî
âñåì ýòèì èçìåíåíèÿì. Ñíèæàÿ àêòèâíîñòü ñòðåññ-èí-
äóöèðóåìûõ êèíàç, ïðåïàðàò ìîæåò çàìåäëÿòü îòëîæå-

4 Ð. Ó. Îñòðîâñêàÿ è äð.
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Íåéðîôèáðèëëÿðíûå êëóáî÷êè â ýíòîðèíàëü-
íîé êîðå è ãèïïîêàìïå

+ äî ++ +++ ++++

Àìèëîèäíûå áëÿøêè Íåò èëè î÷åíü ìàëî Íåìíîãî â âèñî÷íîé
êîðå è ãèïïîêàìïå

Ìíîãî áëÿøåê â âèñî÷íî-òåìåí-
íîé è ëîáíîé êîðå, ãèïïîêàìïå

Äåôèöèò àöåòèëõîëèíà Íåçíà÷èòåëüíûé
â ãèïïîêàìïå

Çíà÷èòåëüíûé
â ãèïïîêàìïå

Ðåçêî âûðàæåííûé â ãèïïîêàìïå
è êîðå (âèñî÷íî-òåìåííàÿ è ëîá-
íàÿ äîëè)

Äåôèöèò NGF, BDNF â ãèïïîêàìïå è êîðå Íåò Íà÷àëüíûé Âûðàæåííûé
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Ðèñ. 2. Âëèÿíèå íîîïåïòà íà ýêñïðåññèþ ìÐÍÊ BDNF è NGF â
ãèïîòàëàìóñå, ãèïïîêàìïå è ôðîíòàëüíîé êîðå êðûñ.

Ïî îñè îðäèíàò — îòíîñèòåëüíûé óðîâåíü ìÐÍÊ (ê êîíòðîëüíîìó, ïðè-
íÿòîìó çà åäèíèöó). Ñâåòëûå ñòîëáèêè — ïîêàçàòåëè äëÿ êîíòðîëüíîé
ãðóïïû, òåìíûå — äëÿ îïûòíîé. * — ð < 0,05 — îòëè÷èå îïûòíîé ãðóï-
ïû îò êîíòðîëüíîé.



íèå àìèäîèäà è òàó-ïðîòåèíîâ; ýòîìó ñïîñîáñòâóåò è
îïèñàííîå íàìè ðàíåå óñèëåíèå âûðàáîòêè àíòèòåë ê
àãðåãèðîâàíûì àìèëîèäàì [11]. Ïðîÿâëÿÿ õîëèíî-ïî-
çèòèâíîå äåéñòâèå è ñòèìóëèðóÿ ýêñïðåññèþ íåéðî-
òðîôè÷åñêèõ ôàêòîðîâ, íîîïåïò îñëàáëÿåò õàðàêòåð-
íûå äëÿ ÁÀ ïðîÿâëåíèÿ õîëèíåðãè÷åñêîãî äåôèöèòà è
ñîïðÿæåííîãî ñ íèì äåôèöèòà íåéðîòðîôè÷åñêèõ
ôàêòîðîâ. Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò çàêëþ-
÷èòü, ÷òî ýòó äèïåïòèäíóþ ìîëåêóëó ñëåäóåò ðàññìàò-
ðèâàòü êàê ïðåïàðàò ñ ìíîæåñòâåííûìè ìèøåíÿìè.
Íèçêàÿ òîêñè÷íîñòü íîîïåïòà, îáóñëîâëåííàÿ ñïîñîá-
íîñòüþ ìåòàáîëèçèðîâàòüñÿ äî ýíäîãåííûõ âåùåñòâ
(öèêëîïðîëèëãëèöèí, ôåíèëóêñóñíàÿ êèñëîòà), è áèî-
äîñòóïíîñòü per os äåëàþò âîçìîæíûì åãî äëèòåëüíîå
ïðåâåíòèâíîå ïðèìåíåíèå. Ïðåäâàðèòåëüíîå êëèíè÷å-
ñêîå èññëåäîâàíèå íîîïåïòà, âûïîëíåííîå â ÍÖÏÇ
ÐÀÌÍ [2], âûÿâèëî åãî ýôôåêòèâíîñòü ó ïàöèåíòîâ ñ
ãåíîòèïîì ÀðîÅ4+, îòíîñÿùèõñÿ ê ãðóïïå âûñîêîãî
ðèñêà ïî ðàçâèòèþ áîëåçíè Àëüöãåéìåðà. Ïîëó÷åííûå
â íàñòîÿùåé ðàáîòå äàííûå ÿâëÿþòñÿ àðãóìåíòîì â
ïîëüçó äàëüíåéøåãî èññëåäîâàíèÿ ýôôåêòà ïðåâåíòèâ-
íîãî ïðèìåíåíèÿ ýòîãî äèïåïòèäà ñ öåëüþ ïðåäîòâðà-
ùåíèÿ ïåðåõîäà ìÿãêèõ êîãíèòèâíûõ íàðóøåíèé â áî-
ëåçíü Àëüöãåéìåðà.

ÂÛÂÎÄÛ

1. Íåéðîïðîòåêòîðíûé äèïåïòèä íîîïåïò â óñëîâè-
ÿõ äëèòåëüíîãî ââåäåíèÿ ñíèæàåò àêòèâíîñòü
ñòðåññ-èäóöèðóåìûõ êèíàç SAPK�JNK 46�54 è
ðERK1�2 â ãèïïîêàìïå êðûñ, òîãäà êàê â êîðå è ãèïî-
òàëàìóñå îòìå÷àåòñÿ íåçíà÷èòåëüíàÿ òåíäåíöèÿ ê èõ
ïîíèæåíèþ.

2. Äëèòåëüíîå ââåäåíèå íîîïåïòà ïðèâîäèò ê óâåëè-
÷åíèþ óðîâíÿ ìÐÍÊ ãåíà BDNF â ãèïîòàëàìóñå è ãèï-

ïîêàìïå êðûñ. Â ãèïîòàëàìóñå è ãèïïîêàìïå âûÿâëÿ-
åòñÿ òàêæå íåêîòîðîå óâåëè÷åíèå ñîäåðæàíèÿ áåëêîâî-
ãî ïðîäóêòà äàííîãî íåéðîòðîôè÷åñêîãî ôàêòîðà.

Ðàáîòà ïîääåðæàíà Ïðîãðàììîé ÐÀÍ “Ìîçã: ôóíäà-
ìåíòàëüíûå è ïðèêëàäíûå ïðîáëåìû”.
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ON THE MECHANISM OF NOOPEPT ACTION: DECREASE IN ACTIVITY
OF STRESS-INDUCED KINASES AND INCREASE IN EXPRESSION OF NEUTROPHINES

R. U. Ostrovskaya1, Yu. V. Vakhitova2, M. Kh. Salimgareeva2, R. S. Yamidanov2, S. V. Sadovnikov2,
I. G. Kapitsa1, and S. B. Seredenin'

1 Zakusov Institute of Pharmacology, Russian Academy of Medical Sciences, Baltiiskaya ul. 8, Moscow,

125315 Russia;

2 Institute of Biochemistry and Genetics, Ufa Scientific Center, Russian Academy of Sciences,

prosp. Oktyabrya 69, Ufa, Bashkortostan, 450054 Russia

The influence of noopept (N-phenylacetyl-L-prolylglycine ethyl ester, GVS-111) – a drug combining the nootrope and neuroprotector properties – on the acti-
vity of mitogen-activated protein kinases (MAPKs) and the level of NGF and BDNF gene and protein expression in the frontal cortex, hippocampus, and hy-

pothalamus has been studied in rats. Under conditions of chronic administration (28 days, 0.5 mg�day, i.p.), noopept decreased the activity of stress-induced ki-

nases (SAPK�JNK 46�54 and pERK1�2) in rat hippocampus and increases the level of mRNA of the BDNF gene in both hypothalamus and hippocampus. The
content of BDNF protein in the hypothalamus was also somewhat increased. In the context of notions about the activation of stress-induced kinases, as an im-
portant factor of amyloidogenesis and tau-protein deposition in brain tissue, and the role of deficiency of the neurotrophic factors in the development of neuro-
degenerative processes, the observed decrease in the activity of stress-activated MAPKs and increased expression of BDNF as a result of noopept administrati-
on suggest that this drug has a specific activity with respect to some pathogenetic mechanisms involved in the Alzheimer disease.

Key words: Noopept, mitogen-activated protein kinases, ERK1�2, SAPK�JNK, peptidomimetics, neurotrophins, NGF, BDNF
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