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Äàííàÿ ðàáîòà âûïîëíåíà â ðàìêàõ íàó÷íîé òåìû 
ÈÏÊ è Ê ÍÀÍ Óêðàèíû íà 2016-2020 ãã. øèôð 2.2.6.103 
«Ôîðìóâàííÿ àäàïòàö³éíèõ ðåàêö³é îðãàí³çìó åê-
ñïåðèìåíòàëüíèõ òâàðèí â óìîâàõ ä³¿ øòó÷íîãî îõî-
ëîäæåííÿ òà êð³îêîíñåðâîâàíèõ ÿäðîâì³ñíèõ êë³òèí 
êîðäîâî¿ êðîâ³ ïðè ñòàð³íí³ ³ ïàòîëîã³÷íèõ ñòàíàõ».

Âñòóïëåíèå. Â íàñòîÿùåå âðåìÿ èçó÷åíèå ïðè-
÷èí, îïðåäåëÿþùèõ òåìïû ñòàðåíèÿ è ïðîäîëæè-
òåëüíîñòü æèçíè, ÿâëÿåòñÿ âàæíûì íàïðàâëåíèåì 
ìåäèêî-áèîëîãè÷åñêèõ èññëåäîâàíèé. Â äèíàìè-
êå ñòàðåíèÿ îðãàíèçìà îòìå÷àåòñÿ ïîñòåïåííîå 
óìåíüøåíèå ôóíêöèîíàëüíûõ âîçìîæíîñòåé ãî-
ëîâíîãî ìîçãà, ÷òî ïðîÿâëÿåòñÿ íàðóøåíèåì ïðî-
öåññîâ ìûøëåíèÿ, ïàìÿòè, äåçîðèåíòàöèåé âî 
âðåìåíè è ïðîñòðàíñòâå, ñíèæåíèåì ñïîñîáíîñòè ê 
îáó÷åíèþ [1]. 

Ñêîðîñòü ñòàðåíèÿ îáóñëîâëåíà âëèÿíèåì íà 
îðãàíèçì ìíîæåñòâà ôàêòîðîâ, òàêèõ êàê ñòðåññû, 
ñîïóòñòâóþùèå çàáîëåâàíèÿ, êîòîðûå àêòèâèðóþò 
ñâîáîäíîðàäèêàëüíûå ïðîöåññû, ïðèâîäÿùèå ê 
ñìåùåíèþ â êëåòêå ïðîîêñèäàíòíî-àíòèîêñèäàíò-
íîãî áàëàíñà, ÷òî â ñâîþ î÷åðåäü, ìîæåò âûçûâàòü 
ðàçâèòèå êëåòî÷íûõ è òêàíåâûõ ïîâðåæäåíèé [5,8]. 
Óêàçàííûå èçìåíåíèÿ, ïðîèñõîäÿùèå ñ âîçðàñòîì, 
â áîëüøåé ñòåïåíè âîçíèêàþò èç-çà íàðóøåíèé â ãå-
íåòè÷åñêîì àïïàðàòå è ñîïðîâîæäàþòñÿ ñíèæåíè-
åì àäàïòàöèîííûõ âîçìîæíîñòåé ôóíêöèîíàëüíûõ 
ñèñòåì îðãàíèçìà [9].

Ìíîãî÷èñëåííûå ôèçèîëîãè÷åñêèå èññëåäîâà-
íèÿ óêàçûâàþò íà âàæíóþ ðîëü ãèïïîêàìïà â ôèêñà-
öèè è âîñïðîèçâåäåíèè ñëåäîâ ïàìÿòè, ñïîñîáíîñòè 
ãåíåðèðîâàòü ðåãóëÿðíóþ ìåäëåííóþ àêòèâíîñòü – 
òåòà-ðèòìà, ÷àñòîòà è àìïëèòóäà êîòîðîãî, êîððåëè-
ðóåò ñ èçìåíåíèåì ïîâåäåí÷åñêèõ ðåàêöèé. Óñòàíîâ-
ëåíî ó÷àñòèå ãèïïîêàìïà â ðåãóëÿöèè êðàòêîñðî÷íîé 
ïàìÿòè íà íåäàâíèå ñîáûòèÿ, êîíòðîëå õðàíåíèÿ è 
îòðàáîòêè ïðîñòðàíñòâåííîé èíôîðìàöèè [3]. Ïî 
ìíåíèþ [11] ðàçëè÷íûå ïîëÿ ãèïïîêàìïà âîâëå÷åíû 
â ðåàëèçàöèþ ïðîöåññîâ ïðèîáðåòåíèÿ ñëåäîâ ïà-
ìÿòè, êîòîðûå çàâèñÿò îò àêòèâíîñòè ðàçíûõ ìåäèà-
òîðíûõ ñèñòåì ãèïïîêàìïà.

Ïàðàëëåëüíî ñ âîçíèêíîâåíèåì íàðóøåíèé â 
ôèçèîëîãèè ïðîöåññîâ ïàìÿòè, ìûøëåíèÿ, ïîâå-
äåíèÿ îïðåäåëÿþòñÿ èçìåíåíèÿ ìîðôîëîãè÷åñêîé 
ñòðóêòóðû â îïðåäåë¸ííûõ îáëàñòÿõ öåíòðàëüíîé 
íåðâíîé ñèñòåìû (ÖÍÑ), íàïðèìåð, òàêèõ êàê ÑÀ1, 
ÑÀ3 ðåãèîíû ãèïïîêàìïà [7]. Ýòî ïðèâîäèò ê ðàç-
ðûâó ñâÿçåé ìåæäó îòäåëàìè ÖÍÑ, äèñáàëàíñó â 
ñèíòåçå è âûäåëåíèè ñîîòâåòñòâóþùèõ íåéðîìå-
äèàòîðîâ [4,12]. Ñíèæåíèå ñ âîçðàñòîì ïðîöåññîâ 

íåéðîãåíåçà ñïîñîáñòâóåò ðàçâèòèþ íåéðîäåãåíå-
ðàòèâíûõ çàáîëåâàíèé [10].

Â ñâÿçè ñ ïðîáëåìîé ïðåæäåâðåìåííîãî ñòàðå-
íèÿ ìîçãà è ðàçâèòèÿ àññîöèèðîâàííûõ ñ íèì çà-
áîëåâàíèé, èçó÷åíèå è ïîèñê íîâûõ ìåòîäîâ âîç-
äåéñòâèÿ íà îðãàíèçì íàïðàâëåííûõ íà óâåëè÷åíèå 
ïðîäîëæèòåëüíîñòè æèçíè ëþäåé ïîæèëîãî âîçðàñ-
òà ïðèîáðåòàåò îñîáóþ àêòóàëüíîñòü.

Â ðàáîòàõ [2] îáîñíîâàíà âîçìîæíîñòü èñïîëü-
çîâàíèÿ ðèòìè÷åñêèõ ýêñòðåìàëüíûõ õîëîäîâûõ 
âîçäåéñòâèé (ÐÝÕÂ) (-120°Ñ) äëÿ ñòèìóëÿöèè è 
óëó÷øåíèÿ äåÿòåëüíîñòè ÖÍÑ, îñîáåííî ó ñòàðûõ 
æèâîòíûõ, çà ñ÷åò àêòèâàöèè ôóíêöèîíèðîâàíèÿ ãå-
ìàòîýíöåôàëè÷åñêîãî áàðüåðà (ÃÝÁ), óíèôèêàöèè 
äåéñòâèÿ âòîðè÷íûõ ðåòðîãðàäíûõ ìåññåíäæåðîâ 
ñ öåëüþ âîññòàíîâëåíèÿ ôóíêöèîíàëüíîé àêòèâíî-
ñòè ôèçèîëîãè÷åñêèõ ñèñòåì îðãàíèçìà, àêòèâàöèè 
êîìïåíñàòîðíûõ è àäàïòàöèîííûõ âîçìîæíîñòåé, 
ïîâûøàþùèõ óñòîé÷èâîñòü îðãàíèçìà ê äåéñòâèþ 
íåáëàãîïðèÿòíûõ ôàêòîðîâ.

Ìåòîä ÐÝÕÂ ñïîñîáñòâóåò áîëåå áûñòðîìó âîñ-
ñòàíîâëåíèþ ñîîòíîøåíèÿ ôóíêöèé ñèìïàòè÷å-
ñêîãî è ïàðàñèìïàòè÷åñêîãî îòäåëîâ âåãåòàòèâíîé 
íåðâíîé ñèñòåìû, çàìåäëåíèþ èëè óñêîðåíèþ ñåð-
äå÷íîãî ðèòìà â çàâèñèìîñòè îò ïîòðåáíîñòåé îð-
ãàíèçìà, â ðåçóëüòàòå ÷åãî çíà÷èòåëüíî ïîâûøàþò-
ñÿ àäàïòàöèîííûå âîçìîæíîñòè ó ñòàðûõ æèâîòíûõ.

Áûëî ïîêàçàíî [6], ÷òî ÐÝÕÂ ñóùåñòâåííî óëó÷-
øàþò èíòåíñèâíîñòü ìåòàáîëè÷åñêèõ âíóòðèêëåòî÷-
íûõ ïðîöåññîâ, ïîêàçàòåëè äîëãîâðåìåííîé ïðî-
ñòðàíñòâåííîé ïàìÿòè ó ñòàðûõ êðûñ, çà êîòîðóþ 
îòâå÷àåò ãèïïîêàìï.

Ó÷èòûâàÿ òîò ôàêò, ÷òî ïðè áèîëîãè÷åñêîì ñòà-
ðåíèè íàáëþäàþòñÿ äèñòðîôè÷åñêèå è äåãåíå-
ðàòèâíûå èçìåíåíèÿ ãèïïîêàìïà íà êëåòî÷íîì è 
îðãàííîì óðîâíå, ïåðñïåêòèâíûì ïðåäñòàâëÿåòñÿ 
èññëåäîâàòü îñîáåííîñòè åãî ñóáìèêðîñêîïè÷å-
ñêîé àðõèòåêòîíèêè â óñëîâèÿõ äåéñòâèÿ ðèòìè-
÷åñêîãî ýêñòðåìàëüíîãî îõëàæäåíèÿ êàê ìåòîäà 
êîððåêöèè âîçðàñòíûõ ìîðôîôóíêöèîíàëüíûõ íà-
ðóøåíèé.

Öåëü èññëåäîâàíèÿ – èçó÷èòü äèíàìèêó óëü-
òðàñòðóêòóðíûõ ïåðåñòðîåê ïîëåé ÑÀ 1 è ÑÀ 3 ãèï-
ïîêàìïà ìîëîäûõ è ñòàðûõ êðûñ äî è ïîñëå ðèò-
ìè÷åñêèõ ýêñòðåìàëüíûõ õîëîäîâûõ âîçäåéñòâèé 
(-120îÑ).

Îáúåêò è ìåòîäû èññëåäîâàíèÿ. Ýêñïåðèìåí-
òû âûïîëíåíû íà 6 è 24 ìåñÿ÷íûõ íåëèíåéíûõ êðû-
ñàõ ñàìöàõ. Èññëåäîâàíèÿ íà æèâîòíûõ ïðîâåäåíû 
â ñîîòâåòñòâèè ñ Îáùèìè ïðèíöèïàìè ðàáîòû íà 
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æèâîòíûõ, îäîáðåííûìè 1-ì Íàöèîíàëüíûì êîí-
ãðåññîì ïî áèîýòèêå (Êèåâ, Óêðàèíà, 2001) è ñîãëà-
ñîâàííûìè ñ ïîëîæåíèåì Åâðîïåéñêîé êîíâåíöèè î 
çàùèòå ïîçâîíî÷íûõ æèâîòíûõ, èñïîëüçóåìûõ äëÿ 
ýêñïåðèìåíòàëüíûõ è äðóãèõ íàó÷íûõ öåëåé (Ñòðàñ-
áóðã, Ôðàíöèÿ, 1985).

Êàæäàÿ âîçðàñòíàÿ ãðóïïà æèâîòíûõ áûëà ðàç-
äåëåíà íà äâå ïîäãðóïïû (ïî 7 êðûñ â êàæäîé): ïåð-
âàÿ ïîäãðóïïà – 6 è 24 ìåñÿ÷íûå èíòàêòíûå êðûñû; 
âòîðàÿ ïîäãðóïïà – 6 è 24 ìåñÿ÷íûå êðûñû ïîñëå 9 
ñåàíñîâ ÐÝÕÂ.

ÐÝÕÂ ïðîâîäèëèñü â êðèîêàìåðå äëÿ ýêñòðå-
ìàëüíîãî îõëàæäåíèÿ ýêñïåðèìåíòàëüíûõ æèâîò-
íûõ [7]. Êðûñ îõëàæäàëè ïî ñëåäóþùåé ïðîãðàììå. 
Â óñëîâèÿõ êðèîêàìåðû ïðè òåìïåðàòóðå (-1200Ñ) 
æèâîòíûå íàõîäèëèñü â òå÷åíèå 2 ìèíóò. Ïî èñòå÷å-
íèè 2 ìèí êðûñ âûíèìàëè èç êàìåðû è ñîäåðæàëè 
ïðè êîìíàòíîé òåìïåðàòóðå (+240Ñ) 5 ìèí, ïîñëå 
ïðîöåäóðó îõëàæäåíèÿ ïîâòîðÿëè, ñîãðåâàëè íà 
ïðîòÿæåíèè 5 ìèí., çàòåì ïî àíàëîãè÷íîé ïðîãðàì-
ìå ïðîâîäèëè öèêë îõëàæäåíèÿ. Òàêèì îáðàçîì, â 
òå÷åíèå êîðîòêîãî ïåðèîäà âðåìåíè æèâîòíûå ïî-
ëó÷àëè òðè ïðîöåäóðû ÐÝÕÂ. ×åðåç äåíü ÐÝÕÂ ïî-
âòîðÿëè, ñ ïîñëåäóþùèì ïîâòîðåíèåì ïðîöåäóðû 
îõëàæäåíèÿ åùå ÷åðåç äåíü. Âñåãî æèâîòíûå îõ-
ëàæäàëèñü 9 ðàç ïî 2 ìèí.

Íà ñëåäóþùèå ñóòêè ïîñëå ïîñëåäíåãî ñåàíñà 
ÐÝÕÂ êðûñ âûâîäèëè èç ýêñïåðèìåíòà ïóòåì äåêà-
ïèòàöèè è ïðîèçâîäèëè çàáîð êóñî÷êîâ òêàíè ãèï-
ïîêàìïà, êîòîðûå ïîäâåðãàëè ïðåäâàðèòåëüíîé 
ôèêñàöèè â 2,5%-íîì çàáóôåðåííîì ðàñòâîðå ãëþ-
òàðîâîãî àëüäåãèäà â òå÷åíèè 5-6 ÷àñîâ ïðè òåìïå-
ðàòóðå 4°Ñ. Îêîí÷àòåëüíóþ ôèêñàöèþ ïðîâîäèëè 
â 1%–íîì çàáóôåðåííîì ðàñòâîðå ÷åòûðåõîêèñè 
îñìèÿ â òå÷åíèè 2-3 ÷àñîâ ïðè òåìïåðàòóðå 40Ñ. 
Çàòåì òêàíü îáåçâîæèâàëè â ñïèðòàõ âîçðàñòàþ-
ùåé êîíöåíòðàöèè è àöåòîíå è çàêëþ÷àëè â ñìåñü 
ýïîêñèäíûõ ñìîë (ýïîí-àðàëäèò) ïî îáùåïðèíÿòûì 
ìåòîäèêàì. Ïîëèìåðèçàöèþ áëîêîâ îñóùåñòâëÿëè 
â òåðìîñòàòå ïðè òåìïåðàòóðå 600Ñ â òå÷åíèè äâóõ 
ñóòîê.

Èç ïîëó÷åííûõ áëîêîâ, íà óëüòðàìèêðîòîìå 
ÓÌÒÏ-3, èçãîòàâëèâàëè óëüòðàòîíêèå ñðåçû, êîòî-
ðûå ïîñëå êîíòðàñòèðîâàíèÿ öèòðàòîì ñâèíöà, èç-
ó÷àëè ïîä ýëåêòðîííûì ìèêðîñêîïîì ÝÌÂ-100ÁÐ. 

Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäåíèå. 
Ýëåêòðîííî-ìèêðîñêîïè÷åñêîå èññëåäîâàíèå ãèï-
ïîêàìïà ìîëîäûõ êîíòðîëüíûõ êðûñ ñâèäåòåëü-
ñòâîâàëî î åãî âûñîêîé ñòðóêòóðíî-ôóíêöèîíàëü-
íîé àêòèâíîñòè. Îñíîâíûå êëåòî÷íûå ýëåìåíòû 
áûëè ïðåäñòàâëåíû òèïè÷íûìè ïèðàìèäíûìè íåé-
ðîíàìè ñ äëèííûìè àïèêàëüíûìè äåíäðèòàìè. Â 
ïîëå ÑÀ 1 ïëîòíî ðàñïîëîæåííûå êëåòêè îáðàçîâû-
âàëè äâà ñëîÿ – ïîâåðõíîñòíûé è ãëóáîêèé. Ðàçìå-
ðû èõ ñîñòàâëÿëè îêîëî 15 ìêì. Êðîìå ïèðàìèäíûõ 
êëåòîê â ãèïïîêàìïå îïðåäåëÿëñÿ ñëîé ïîëèìîðô-
íûõ íåéðîíîâ ñ êîðîòêèìè àêñîíîìè – êîðçèí÷àòûå 
êëåòêè, èìåþùèå øèðîêî ðàçâåòâëåííûå ãîðèçîí-
òàëüíûå äåíäðèòû è îáðàçóþùèå ìîùíûå êîðçèí-
÷àòûå ñïëåòåíèÿ âîêðóã òåë ïèðàìèäíûõ êëåòîê. 
Òåëà ïèðàìèäíûõ êëåòîê ïîëÿ ÑÀ 1 ñîäåðæàëè îáû÷-
íûå îðãàíåëëû â íåáîëüøîì êîëè÷åñòâå. Ìèòîõîí-
äðèè èìåëè îêðóãëóþ ôîðìó ñ ìàòðèêñîì ñðåäíåé 

ýëåêòðîííîé ïëîòíîñòè è ÷åòêî âûðàæåííûìè êðè-
ñòàìè (ðèñ. 1).

Èíîãäà âñòðå÷àëèñü ïëîòíûå ìèòîõîíäðèè ñ âå-
çèêóëÿðíûìè êðèñòàìè. Ãðàíóëÿðíûé ýíäîïëàçìà-
òè÷åñêèé ðåòèêóëóì (ÝÏÐ) áûë ïðåäñòàâëåí óçêèìè 
êàíàëüöàìè, íà ìåìáðàíàõ êîòîðûõ ðàñïîëàãàëèñü 
ðèáîñîìû. Â öèòîïëàçìå èìåëèñü åäèíè÷íûå ïî-
ëèñîìû è ëèçîñîìû. Îñíîâíîé îáúåì ÿäåð çàíèìàë 
ýóõðîìàòèí, à ãåòåðîõðîìàòèí íåáîëüøèìè îñòðîâ-
êàìè ðàñïîëàãàëñÿ ïî âñåìó ÿäðó è âäîëü âíóòðåí-
íåé ÿäåðíîé ìåìáðàíû.

Â ïîëå ÑÀ 3 óëüòðàñòðóêòóðà íåéðîíîâ õàðàêòå-
ðèçîâàëàñü âûñîêîé ñòðóêòóðíî-ôóíêöèîíàëüíîé 
àêòèâíîñòüþ, íà ÷òî óêàçûâàëî íàëè÷èå áîëüøîãî 
êîëè÷åñòâà ìèòîõîíäðèé ñ îò÷åòëèâûìè êðèñòàìè, 
êîòîðûå ðàñïîëàãàëèñü â ðàçëè÷íûõ îáëàñòÿõ öè-
òîïëàçìû. Ãðàíóëÿðíûé ÝÏÐ áûë õîðîøî âûðàæåí â 
âèäå öèñòåðí è êàíàëüöåâ (ðèñ. 2).

Îáíàðóæèâàëîñü ìíîãî ïîëèñîì, ÷òî ñâèäåòåëü-
ñòâîâàëî îá àêòèâíîì íóêëåîïðîòåèíîâîì ñèíòåçå. 
Àïïàðàò Ãîëüäæè áûë ïðåäñòàâëåí âûòÿíóòûìè öè-
ñòåðíàìè, ñðåäíèìè è ìåëêèìè âåçèêóëàìè, îêðó-
æåííûìè ìåìáðàíàìè. Ìåæíåéðîííûå êîíòàêòû 
îñóùåñòâëÿëèñü ñ ïîìîùüþ èíâàãèíàöèé âåòî÷åê 
äåíäðèòà â àêñîí, à òàêæå ñèíàïñîâ íà øèïèêàõ 

Ðèñ. 1. Óëüòðàñòðóêòóðà íåéðîíîâ ïîëÿ ÑÀ 1 
ãèïïîêàìïà ìîëîäûõ êîíòðîëüíûõ êðûñ. Îáîçíà÷åíèÿ: 

ß – ÿäðî; Ì – ìèòîõîíäðèè. õ 37 000.

Ðèñ. 2. Óëüòðàñòðóêòóðà íåéðîíîâ ïîëÿ ÑÀ 3 
ãèïïîêàìïà ìîëîäûõ êîíòðîëüíûõ êðûñ. Îáîçíà÷åíèÿ: 
ß – ÿäðî; Ì – ìèòîõîíäðèè; ÝÏÐ – ýíäîïëàçìàòè÷åñêèé 

ðåòèêóëóì. Õ 38 000.
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àïèêàëüíûõ äåíäðèòîâ. ×àñòü øèïèêîâ ñîäåðæàëà 
øèïèêîâûé àïïàðàò, ïðåäñòàâëåííûé ñòîïêîé ìåì-
áðàí. Áîëüøàÿ ÷àñòü ñèíàïñîâ èìåëà ýëåêòðîííî-
ñâåòëûå ñèíàïòè÷åñêèå ïóçûðüêè, îêðóæåííûå ìåì-
áðàíîé.

Ó ìîëîäûõ êðûñ ÷åðåç ñóòêè ïîñëå 9 ñåàíñîâ 
ÐÝÕÂ â óëüòðàñòðóêòóðå ïèðàìèäíûõ íåéðîíîâ 
ïîëåé ÑÀ 1 è ÑÀ 3 ãèïïîêàìïà îòìå÷àëèñü ïðèçíàêè 
âûñîêîé ñòðóêòóðíî-ôóíêöèîíàëüíîé àêòèâíîñòè. 
Îá ýòîì ñâèäåòåëüñòâîâàëî ïðåîáëàäàíèå ÿäåð 
ñ ýëåêòðîííîñâåòëûì ìàòðèêñîì, çàïîëíåííûì, 
ãëàâíûì îáðàçîì ýóõðîìàòèíîì, ïðèìåìáðàííàÿ 
ëîêàëèçàöèÿ ÿäðûøêà (ðèñ. 3) è ðàñøèðåíèå ÿäåð-
íûõ ïîð.

Îïðåäåëÿëèñü äåëÿùèåñÿ ìèòîõîíäðèè, ÷òî 
ñâèäåòåëüñòâîâàëî îá àêòèâíîì ýíåðãåòè÷åñêîì 
ìåòàáîëèçìå íåéðîíîâ (ðèñ. 4).

Íàáëþäàëîñü áîëüøîå êîëè÷åñòâî ñèíàïñîâ â 
îáîèõ ïîëÿõ ãèïïîêàìïà. Â íåêîòîðûõ ó÷àñòêàõ êî-
ëè÷åñòâî ñèíàïòè÷åñêèõ âåçèêóë ïðåñèíàïòè÷åñêèõ 
áóòîíîâ áûëî ñíèæåíî ïðè ñîõðàíåíèè àêòèâíûõ 
çîí ñèíàïñîâ.

Óëüòðàñòðóêòóðà ïèðàìèäíûõ íåéðîíîâ ïîëÿ ÑÀ 
1 ãèïïîêàìïà ñòàðûõ êîíòðîëüíûõ êðûñ õàðàêòåðè-
çîâàëàñü íàëè÷èåì áîëüøîãî êîëè÷åñòâà äåãåíåðà-

òèâíî èçìåíåííûõ êëåòîê ðàçëè÷íîé ñòåïåíè âûðà-
æåííîñòè (ðèñ. 5).

Îïðåäåëÿëèñü êðóïíûå ÿäðà íåéðîíîâ ñ ìåëêî-
ãðàíóëÿðíûì õðîìàòèíîì, â êîòîðûõ èíîãäà íàáëþ-
äàëîñü ðàñøèðåíèå ïåðèíóêëåàðíîãî ïðîñòðàíñòâà 
è óâåëè÷åíèå êîëè÷åñòâà ÿäåðíûõ ïîð. Èíîãäà îá-
íàðóæèâàëèñü ÿäðà ñ ïðîñâåòëåííûìè ó÷àñòêàìè â 
êàðèîïëàçìå. Â öèòîïëàçìå íåéðîíîâ èìåëè ìåñòî 
íåìíîãî÷èñëåííûå ìèòîõîíäðèè ñ ìàòðèêñîì ñðåä-
íåé ýëåêòðîííîé ïëîòíîñòè è óêîðî÷åííûìè êðèñòà-
ìè. Îòìå÷àëîñü íåáîëüøîå êîëè÷åñòâî ñâîáîäíûõ 
ðèáîñîì. ×àñòü êàíàëüöåâ áûëè èçîãíóòû è ðåçêî 
ðàñøèðåíû. Â öèòîïëàçìå îáíàðóæèâàëñÿ êîì-
ïëåêñ Ãîëüäæè â âèäå ñòîïêè óïëîùåííûõ öèñòåðí, 
âàêóîëåé è ìåëêèõ âåçèêóë, ÷àñòî ïîäâåðãàâøèõñÿ 
íàáóõàíèþ. Â öèòîïëàçìå íåéðîíîâ îïðåäåëÿëèñü 
ãðàíóëû ëèïîôóñöèíà, ìíîæåñòâåííûå âàêóîëè, ëè-
çîñîìû è ëèïèäíûå âêëþ÷åíèÿ (ðèñ. 6).

Ñèíàïòè÷åñêèå îáðàçîâàíèÿ ãèïïîêàìïà ðàçëè-
÷àëèñü ïî ñòðóêòóðå è óðîâíþ ðàçìåùåíèÿ. Îòìå-
÷àëîñü áîëüøîå êîëè÷åñòâî ñèíàïòè÷åñêèõ ïóçûðü-

Ðèñ. 3. Óëüòðàñòðóêòóðà íåéðîíîâ ïîëÿ ÑÀ 1 
ãèïïîêàìïà ìîëîäûõ êðûñ ïîñëå 9 ñåàíñîâ ÐÝÕÂ. 

Ïðèìåìáðàííàÿ ëîêàëèçàöèÿ ÿäðûøêà. Îáîçíà÷åíèÿ: 
ß – ßäðî; ßä – ÿäðûøêî. õ 38 000.

Ðèñ. 4. Óëüòðàñòðóêòóðà íåéðîíîâ ïîëÿ ÑÀ 3 
ãèïïîêàìïà ìîëîäûõ êðûñ ïîñëå 9 ñåàíñîâ ÐÝÕÂ. 
Äåëÿùàÿñÿ ìèòîõîíäðèÿ â öèòîïëàçìå íåéðîíîâ. 

Îáîçíà÷åíèÿ: Ì – ìèòîõîíäðèÿ. õ 67 000.

Ðèñ. 5. Óëüòðàñòðóêòóðà ïèðàìèäíûõ íåéðîíîâ ïîëÿ 
ÑÀ 1 ãèïïîêàìïà ñòàðûõ êîíòðîëüíûõ êðûñ. Ðàçëè÷íàÿ 

ñòåïåíü âûðàæåííîñòè äåãåíåðàòèâíûõ èçìåíåíèé 
íåéðîíîâ. Îáîçíà÷åíèÿ: Ì – ìèòîõîíäðèè ñâåòëîãî 

íåéðîíà; ß – ÿäðî ñâåòëîãî íåéðîíà;  
Ëô – ëèïîôóñöèíîâûå ãðàíóëû â öèòîïëàçìå  

òåìíîãî íåéðîíà. õ 38 000.

Ðèñ. 6. Óëüòðàñòðóêòóðà ïèðàìèäíûõ íåéðîíîâ ïîëÿ 
ÑÀ 1 ãèïïîêàìïà ñòàðûõ êîíòðîëüíûõ êðûñ. Ñêîïëåíèÿ 

ãðàíóë ëèïîôóñöèíà è ëèïèäíûõ âêëþ÷åíèé â 
öèòîïëàçìå ïèðàìèäíîãî íåéðîíà. Îáîçíà÷åíèÿ:  

Ëô – ëèïîôóñöèíîâûå ãðàíóëû; Ë – ëèïèäíûå 
âêëþ÷åíèÿ. Õ 36 000.
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êîâ, êîòîðûå ïëîòíî ïðèëåãàëè äðóã ê äðóãó, à òàêæå 
îáíàðóæèâàëàñü àããëþòèíàöèÿ âåçèêóë. Ó äðóãèõ ñè-
íàïñîâ ñèíàïòè÷åñêèå ïóçûðüêè áûëè íåìíîãî÷èñ-
ëåííû è ðàñïðåäåëÿëèñü õàîòè÷íî (ðèñ. 7). 

Äëÿ ó÷àñòêà ÑÀ 3 ãèïïîêàìïà ñòàðûõ êîíòðîëü-
íûõ êðûñ áûëî õàðàêòåðíî ñíèæåíèå ÷èñëåííîñòè 
ïèðàìèäíûõ íåéðîíîâ. Îíè èìåëè áîëåå êðóïíûå 
ðàçìåðû è ðàñïîëàãàëèñü íå òàê ïëîòíî, êàê â çîíå 
ÑÀ 1. 

Âûÿâëÿëèñü ïðèçíàêè âîçðàñòíîé äåãåíåðàöèè, 
î ÷åì ñâèäåòåëüñòâîâàëî íàëè÷èå âíóòðèÿäåðíûõ 
âêëþ÷åíèé â âèäå ïó÷êîâ ôèëàìåíòîâ, à òàêæå îêðó-
æåííûå åäèíè÷íîé ìåìáðàíîé âàêóîëåîáðàçíûå 
ñòðóêòóðû (ðèñ. 8). Â íåéðîíàõ çîíû ÑÀ 3 íàáëþäà-

ëîñü ìíîãî ïîëèñîì è ìèòîõîíäðèé, êîòîðûå õàðàê-
òåðèçîâàëèñü ÷àñòè÷íîé äåñòðóêöèåé âíóòðåííèõ 
ìåìáðàí. Â öèòîïëàçìå ÷àñòî îáíàðóæèâàëèñü ñêî-
ïëåíèÿ ëèïîôóñöèíîâûõ ãðàíóë è ëèïèäíûõ âêëþ÷å-
íèé (ðèñ. 9).

Îïðåäåëÿëèñü ñèíàïòè÷åñêèå îêîí÷àíèÿ ñ ïðè-
çíàêàìè äåñòðóêöèè è äåãåíåðàöèè â òîì ÷èñëå è 
â âèäå àããëþòèíàöèè ñèíàïòè÷åñêèõ âåçèêóë, äå-
ñòðóêöèè è äåçîðãàíèçàöèè ìèòîõîíäðèé, âàêóîëè-

çàöèè äåíäðèòíûõ âåòî÷åê, íàðóøåíèÿ óïîðÿäî÷åí-
íîñòè ìåìáðàí øèïèêîâîãî àïïàðàòà. 

×åðåç ñóòêè ïîñëå 9 ñåàíñîâ ÐÝÕÂ â ãèïïîêàìïå 
ñòàðûõ êðûñ â çîíàõ ÑÀ 1 è ÑÀ 3 â ìåíüøåé ñòåïå-
íè ïî ñðàâíåíèþ ñ êîíòðîëüíûìè æèâîòíûìè íà-
áëþäàëèñü ÿâëåíèÿ äåãåíåðàòèâíûõ, è áîëåå ÿðêî 
âûðàæåííûå ïðèçíàêè ðàçâèòèÿ ðåïàðàòèâíûõ ïðî-
öåññîâ â êëåòî÷íûõ ýëåìåíòàõ, ñòðóêòóðå ñèíàïñîâ, 
à òàêæå ìèêðîãåìîöèðêóëÿòîðíîì ðóñëå.

Îäíèì èç ïðèçíàêîâ ñòðóêòóðíûõ èçìåíåíèé 
íåéðîíîâ ÿâëÿëîñü óâåëè÷åíèå ñêëàä÷àòîñòè ÿäåð-
íîé ïîâåðõíîñòè çà ñ÷åò èíâàãèíàöèé êàðèîëåììû. 
Â èíâàãèíèðîâàííûõ ó÷àñòêàõ öèòîïëàçìû îáíàðó-
æèâàëèñü ìèòîõîíäðèè, ðèáîñîìû è ïîëèñîìû. Íà 
íàðóæíîé ÿäåðíîé ìåìáðàíå, ñâÿçàííîé ñ ãðàíó-
ëÿðíûì ÝÏÐ, íàõîäèëîñü ìíîãî ðèáîñîì, ÷òî ñâèäå-
òåëüñòâîâàëî îá àêòèâíîì ñèíòåçå áåëêà â ýòèõ êëåò-
êàõ. Òàêèå èçìåíåíèÿ êîíôèãóðàöèè ÿäåð ñ÷èòàþòñÿ 
ïðîÿâëåíèåì àäàïòàöèîííûõ ðåàêöèé, ïðèâîäÿùèõ 
ê óâåëè÷åíèþ ïëîùàäè êîíòàêòà ÿäðà è öèòîïëàçìû 
äëÿ ïîääåðæàíèÿ îïðåäåëåííîãî óðîâíÿ ìåòàáîëèç-
ìà. Â ÿäðàõ îáíàðóæèâàëèñü ÿäðûøêè ïðèìåìáðàí-
íîé ëîêàëèçàöèè, ÷òî ìîæíî ðàññìàòðèâàòü êàê ïðî-
ÿâëåíèå àäàïòàöèîííûõ ïåðåñòðîåê, íàïðàâëåííûõ 
íà ïîääåðæàíèå ñèíòåçà áåëêà (ðèñ. 10).

Êîëè÷åñòâî âíóòðèÿäåðíûõ âêëþ÷åíèé, ÷àñòî 
âñòðå÷àâøèõñÿ â ÿäðàõ íåéðîíîâ ñòàðûõ êîíòðîëü-
íûõ êðûñ, óìåíüøàëîñü ïîñëå ÐÝÕÂ. Íàðÿäó ñ ðå-
äóêöèåé, ôðàãìåíòàöèåé öèñòåðí ÝÏÐ, âñòðå÷àëèñü 
êëåòêè ñ õîðîøî ðàçâèòûì ãðàíóëÿðíûì ÝÏÐ, ñî-
ïðÿæåííûì ñ ìèòîõîíäðèÿìè. Â óëüòðàñòðóêòóðå 
ìåìáðàííûõ è âåçèêóëÿðíûõ ýëåìåíòîâ êîìïëåêñà 
Ãîëüäæè ïðåîáëàäàëè àäàïòàöèîííûå ïåðåñòðîéêè 
– ãèïåðïëàçèÿ è ãèïåðòðîôèÿ, ïîñêîëüêó êîìïëåêñ 
Ãîëüäæè ÿâëÿåòñÿ íàèáîëåå óñòîé÷èâîé îðãàíåëëîé 
â ïðîöåññå ôèçèîëîãè÷åñêîãî ñòàðåíèÿ (ðèñ. 11). 

Ìèòîõîíäðèè – íàèáîëåå ëàáèëüíûå îðãàíåëëû 
êëåòîê, èçìåíÿþùèåñÿ ïðè ñòàðåíèè, à òàêæå ïîä 
âëèÿíèåì òåìïåðàòóðíûõ âîçäåéñòâèé. Â öèòîïëàç-
ìå ìíîãèõ íåéðîíîâ ïåðåñòðîéêè óëüòðàñòðóêòóðû 
ìèòîõîíäðèé íîñèëè àäàïòàöèîííûé õàðàêòåð, ÷òî 
ïðîÿâëÿëîñü â íåáîëüøîì ïðîñâåòëåíèè ìàòðèêñà ñ 
ñîõðàíåíèåì êðèñò. 

Ðèñ. 7. Óëüòðàñòðóêòóðà ïèðàìèäíûõ íåéðîíîâ ïîëÿ 
ÑÀ 1 ãèïïîêàìïà ñòàðûõ êîíòðîëüíûõ êðûñ. Íàáóõàíèå 

ìèòîõîíäðèé. Îáîçíà÷åíèÿ: Ñ – ñèíàïòè÷åñêèå 
âåçèêóëû; Ì – ìèòîõîíäðèè. Õ 48 000.

Ðèñ. 8. Óëüòðàñòðóêòóðà ïèðàìèäíûõ íåéðîíîâ 
ïîëÿ ÑÀ 3 ãèïïîêàìïà ñòàðûõ êîíòðîëüíûõ êðûñ. 

Ôèëàìåíòîçíûå è âàêóëåîáðàçíûå âíóòðèÿäåðíûå 
âêëþ÷åíèÿ. Îáîçíà÷åíèÿ: ß – ÿäðî; Ì – ìèòîõîíäðèè. 

Õ 68 000.

Ðèñ. 9. Óëüòðàñòðóêòóðà ïèðàìèäíûõ íåéðîíîâ 
ïîëÿ ÑÀ 3 ãèïïîêàìïà ñòàðûõ êîíòðîëüíûõ 

êðûñ. Ëèïîôóñöèíîâûå ãðàíóëû â öèòîïëàçìå 
ïèðàìèäíîãî íåéðîíà. Îáîçíà÷åíèÿ: ß – ÿäðî; Ëô – 

ëèïîôóñöèíîâûå ãðàíóëû; Ì – ìèòîõîíäðèè. Õ 37 000.
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Êðîìå òîãî, îáíàðóæèâàëèñü ìèòîõîíäðèè ñ 
óïëîòíåíèåì ìàòðèêñà, âàêóîëüíîé òðàíñôîðìàöè-
åé è íà÷àëüíûìè ñòàäèÿìè ìèåëèíèçàöèè ìåìáðàí. 
Òàêàÿ íåðàâíîìåðíîñòü èçìåíåíèé ìèòîõîíäðèé 
ìîæåò áûòü ôóíêöèîíàëüíî îáóñëîâëåíà è îòðàæàåò 
ãåòåðîãåííîñòü ñòðóêòóðíûõ ïðîÿâëåíèé ñòàðåíèÿ 
íåéðîíîâ.

Âèäîèçìåíåííûå ìèòîõîíäðèè ÷àñòî ðàñïîëà-
ãàëèñü âáëèçè ãðàíóë ëèïîôóñöèíà, êîòîðûå ÿâëÿ-
ëèñü îñíîâíûì çâåíîì êëåòî÷íîé äåãåíåðàöèè. 

Îáíàðóæèâàëèñü èçìåíåíèÿ â ïîñòñèíàïòè÷å-
ñêîé îáëàñòè, â øèïèêîâîì àïïàðàòå, ãäå âèäíû 
åãî äåñòðóêöèÿ è äåçèíòåãðàöèÿ, óêàçûâàþùàÿ íà 
âðåìåííîå íàðóøåíèå èíôîðìàöèîííîãî ïîòîêà. Â 
òî æå âðåìÿ îòìå÷àëîñü è íàëè÷èå øèïèêîâûõ àï-
ïàðàòîâ ñ îáðàçîâàíèåì ìåìáðàííûõ êîìïëåêñîâ ñ 
áîëüøîé ïðîòÿæåííîñòüþ.

Âîçðàñòíàÿ ïîòåðÿ ñèíàïñîâ, âîçìîæíî, ñâÿçà-
íà ñ íåñïîñîáíîñòüþ ïðåñèíàïòè÷åñêèõ ýëåìåíòîâ 
ïîääåðæèâàòü ñòðóêòóðíóþ öåëîñòíîñòü ñèíàïòè÷å-
ñêîãî àïïàðàòà, ÷òî â ñâîþ î÷åðåäü ìîæåò áûòü ñâÿ-
çàíî ñ íàðóøåíèåì òðàíñïîðòíûõ ñèñòåì àêñîíîâ.

Êîëè÷åñòâî ñèíàïñîâ è îáùàÿ ïëîùàäü ïîâåðõ-
íîñòè ñèíàïòè÷åñêèõ êîíòàêòîâ ó ñòàðûõ æèâîòíûõ 

íà ôîíå ÐÝÕÂ óìåíüøàëèñü, îäíàêî ñðåäíÿÿ ïëî-
ùàäü îòäåëüíîãî ñèíàïñà óâåëè÷èâàëàñü, ÷òî ìîæíî 
èíòåðïðåòèðîâàòü êàê êîìïåíñàöèþ óìåíüøåíèÿ èõ 
îáùåãî ÷èñëà. Â îòâåò íà äåñòðóêòèâíûå ïðîöåññû 
â íåðâíûõ îòðîñòêàõ è ñèíàïñàõ ðàçâèâàëèñü ðåàê-
òèâíûå èçìåíåíèÿ â àñòðîöèòàõ, ïðèâîäèâøèå ê èõ 
êîìïåíñàòîðíîé ãèïåðòðîôèè.

Òàêèì îáðàçîì, ñóáêëåòî÷íûå ïðîöåññû â íåé-
ðîíàõ ïîëåé ÑÀ 1 è ÑÀ 3 ãèïïîêàìïà ñòàðûõ êðûñ 
ïîñëå ÐÝÕÂ õàðàêòåðèçîâàëèñü ðàçíûì óðîâíåì 
ñòðóêòóðíî-ôóíêöèîíàëüíîé àêòèâíîñòè, ñâÿçàííîé 
ñ âîçðàñòíûìè è àäàïòàöèîííûìè èçìåíåíèÿìè.

Âûâîäû
1. Ýëåêòðîííî-ìèêðîñêîïè÷åñêîå èññëåäîâàíèå 

ãèïïîêàìïà ìîëîäûõ êîíòðîëüíûõ êðûñ ñâèäåòåëü-
ñòâîâàëî î õàðàêòåðíîé äëÿ äàííîãî âîçðàñòà åãî 
ñòðóêòóðíî ôóíêöèîíàëüíîé àêòèâíîñòè, ÷òî ïîä-
òâåðæäàëîñü íàëè÷èåì áîëüøîãî êîëè÷åñòâà ìèòî-
õîíäðèé ñ îò÷åòëèâûìè êðèñòàìè, êîòîðûå ðàñïî-
ëàãàëèñü â ðàçëè÷íûõ îáëàñòÿõ öèòîïëàçìû. 

2. Ðèòìè÷åñêîå ýêñòðåìàëüíîå îõëàæäåíèå ìî-
ëîäûõ æèâîòíûõ íå âûçûâàëî ñóùåñòâåííûõ èçìå-
íåíèé â óëüòðàñòðóêòóðå ïèðàìèäíûõ íåéðîíîâ ðå-
ãèîíîâ ÑÀ1 è ÑÀ3 ãèïïîêàìïà. Îòìå÷àëèñü ïðèçíàêè 
âûñîêîé ñòðóêòóðíî-ôóíêöèîíàëüíîé àêòèâíîñòè. 
Îá ýòîì ñâèäåòåëüñòâîâàëî ïðåîáëàäàíèå ÿäåð 
ñ ýëåêòðîííîñâåòëûì ìàòðèêñîì, çàïîëíåííûì, 
ãëàâíûì îáðàçîì ýóõðîìàòèíîì, ïðèìåìáðàííàÿ 
ëîêàëèçàöèÿ ÿäðûøêà è ðàñøèðåíèå ÿäåðíûõ ïîð.

3. Óëüòðàñòðóêòóðà ïèðàìèäíûõ íåéðîíîâ ïîëÿ 
ÑÀ 1 ãèïïîêàìïà ñòàðûõ êîíòðîëüíûõ êðûñ õàðàê-
òåðèçîâàëàñü íàëè÷èåì áîëüøîãî êîëè÷åñòâà äå-
ãåíåðàòèâíî èçìåíåííûõ êëåòîê ðàçëè÷íîé ñòå-
ïåíè âûðàæåííîñòè. Â öèòîïëàçìå îïðåäåëÿëîñü 
íåçíà÷èòåëüíîå ÷èñëî ìèòîõîíäðèé è ñâîáîäíûõ 
ðèáîñîì. Â ðåãèîíå ÑÀ3 ñíèæàëàñü ÷èñëåííîñòü 
ïèðàìèäíûõ íåéðîíîâ. Â öèòîïëàçìå íàáëþäàëîñü 
ìíîãî ëèïîôóñöèíîâûõ ãðàíóë è ëèïèäíûõ âêëþ÷å-
íèé. 

4. Ïîñëå 9 ñåàíñîâ ÐÝÕÂ â ãèïïîêàìïå ñòàðûõ 
êðûñ â çîíàõ ÑÀ 1 è ÑÀ 3 â ìåíüøåé ñòåïåíè ïî ñðàâ-
íåíèþ ñ êîíòðîëüíûìè æèâîòíûìè íàáëþäàëèñü 
ÿâëåíèÿ äåãåíåðàòèâíûõ, è áîëåå ÿðêî âûðàæåííûå 
ïðèçíàêè ðàçâèòèÿ ðåïàðàòèâíûõ ïðîöåññîâ â êëå-
òî÷íûõ ýëåìåíòàõ, ñòðóêòóðå ñèíàïñîâ, à òàêæå ìè-
êðîãåìîöèðêóëÿòîðíîì ðóñëå. Îòìå÷àëîñü íàëè÷èå 
øèïèêîâûõ àïïàðàòîâ ñ áîëüøîé ïðîòÿæåííîñòüþ. 
Óâåëè÷èâàëàñü ñðåäíÿÿ ïëîùàäü îòäåëüíîãî ñèíàï-
ñà, ÷òî ìîæíî èíòåðïðåòèðîâàòü êàê êîìïåíñàöèþ 
óìåíüøåíèÿ èõ îáùåãî ÷èñëà.

Ïåðñïåêòèâû äàëüíåéøèõ èññëåäîâàíèé. 
Â äàëüíåéøèõ ýêñïåðèìåíòàëüíûõ èññëåäîâàíèÿõ 
ïëàíèðóåòñÿ îöåíèòü äèíàìèêó èçìåíåíèé áèîõè-
ìè÷åñêèõ ïîêàçàòåëåé ñûâîðîòêè êðîâè ìîëîäûõ è 
ñòàðûõ êðûñ äî è ïîñëå ðèòìè÷åñêèõ ýêñòðåìàëüíûõ 
õîëîäîâûõ âîçäåéñòâèé (-120îÑ). 

Ðèñ. 10. Óëüòðàñòðóêòóðà íåéðîíîâ ïîëÿ ÑÀ 3 
ãèïïîêàìïà ñòàðûõ êðûñ ïîñëå 9 ñåàíñîâ ÐÝÕÂ. 

Îáîçíà÷åíèÿ: ß – ÿäðî; ßä – ÿäðûøêî; Ì – 
ìèòîõîíäðèè; Ëô ëèïîôóñöèíîâûå ãðàíóëû; ÝÏÐ 

– ýíäîïëàçìàòè÷åñêèé ðåòèêóëóì; È –èíâàãèíàöèÿ 
êàðèîëåììû. Õ 38 000.

Ðèñ. 11. Óëüòðàñòðóêòóðà íåéðîíîâ ïîëÿ ÑÀ 3 
ãèïïîêàìïà ñòàðûõ êðûñ ïîñëå 9 ñåàíñîâ ÐÝÕÂ. 

Ãèïåðòðîôèÿ êîìïëåêñà Ãîëüäæè. Îáîçíà÷åíèÿ: ÊÃ – 
êîìïëåêñ Ãîëüäæè; Ì – ìèòîõîíäðèè. Õ 47 000.
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ÓÄÊ 612.017.2.8:57.012.4:599.323.4
ÄÈÍÀÌ²ÊÀ ÓËÜÒÐÀÑÒÐÓÊÒÓÐÍÈÕ ÏÅÐÅÁÓÄÎÂ Ã²ÏÎÊÀÌÏÓ ÌÎËÎÄÈÕ ² ÑÒÀÐÈÕ ÙÓÐ²Â ÄÎ ÒÀ 

Ï²ÑËß ÐÈÒÌ²×ÍÈÕ ÅÊÑÒÐÅÌÀËÜÍÈÕ ÕÎËÎÄÎÂÈÕ ÂÏËÈÂ²Â (-120 0Ñ)
Êóëèê Â. Â., Áàá³é÷óê Â. Ã.
Ðåçþìå. Åëåêòðîííî-ì³êðîñêîï³÷íå äîñë³äæåííÿ ã³ïîêàìïó ìîëîäèõ òâàðèí ï³ñëÿ ÐÕÂ íå âèÿâèëî 

ñóòòºâèõ çì³í â óëüòðàñòðóêòóð³ ï³ðàì³äíèõ íåéðîí³â ðåã³îí³â ÑÀ1 ³ ÑÀ3. Óëüòðàñòðóêòóðà ï³ðàì³äíèõ íåéðîí³â 
ïîëÿ ÑÀ 1 ã³ïîêàìïó ñòàðèõ êîíòðîëüíèõ ùóð³â õàðàêòåðèçóâàëàñÿ íàÿâí³ñòþ âåëèêî¿ ê³ëüêîñò³ äåãåíåðàòèâ-
íî çì³íåíèõ êë³òèí ð³çíîãî ñòóïåíÿ âèðàæåíîñò³. Ó öèòîïëàçì³ âèçíà÷àëàñÿ íåçíà÷íà ê³ëüê³ñòü ì³òîõîíäð³é ³ 
â³ëüíèõ ðèáîñîì. Â ðåã³îí³ ÑÀ3 çíèæóâàëàñÿ ÷èñåëüí³ñòü ï³ðàì³äíèõ íåéðîí³â. Ó öèòîïëàçì³ ñïîñòåð³ãàëîñÿ 
áàãàòî ë³ïîôóñö³íîâèõ ãðàíóë ³ ë³ï³äíèõ âêëþ÷åíü.

Ï³ñëÿ 9 ñåàíñ³â ÐÅÕÂ â ã³ïîêàìï³ ñòàðèõ ùóð³â â çîíàõ ÑÀ 1 ³ ÑÀ 3 â ìåíø³é ì³ð³ â ïîð³âíÿíí³ ç êîíòðîëüíè-
ìè òâàðèíàìè ñïîñòåð³ãàëèñÿ ÿâèùà äåãåíåðàòèâíèõ, ³ á³ëüø ÿñêðàâî âèðàæåí³ îçíàêè ðîçâèòêó ðåïàðàòèâ-
íèõ, ïðîöåñ³â â êë³òèííèõ åëåìåíòàõ, ñòðóêòóð³ ñèíàïñ³â, à òàêîæ ì³êðîãåìîöèðêóëÿòîðíîìó ðóñë³.

Êëþ÷îâ³ ñëîâà: ðèòì³÷í³ åêñòðåìàëüí³ õîëîäîâ³ âïëèâè, ã³ïîêàìï, ì³òîõîíäð³¿.

ÓÄÊ 612.017.2.8:57.012.4:599.323.4
ÄÈÍÀÌÈÊÀ ÓËÜÒÐÀÑÒÐÓÊÒÓÐÍÛÕ ÏÅÐÅÑÒÐÎÅÊ ÃÈÏÏÎÊÀÌÏÀ ÌÎËÎÄÛÕ È ÑÒÀÐÛÕ ÊÐÛÑ ÄÎ È 

ÏÎÑËÅ ÐÈÒÌÈ×ÅÑÊÈÕ ÝÊÑÒÐÅÌÀËÜÍÛÕ ÕÎËÎÄÎÂÛÕ ÂÎÇÄÅÉÑÒÂÈÉ (-120îÑ)
Êóëèê Â. Â., Áàáèé÷óê Â. Ã.
Ðåçþìå. Ýëåêòðîííî-ìèêðîñêîïè÷åñêîå èññëåäîâàíèå ãèïïîêàìïà ìîëîäûõ æèâîòíûõ ïîñëå ÐÕÂ íå 

ïîêàçàëî ñóùåñòâåííûõ èçìåíåíèé â óëüòðàñòðóêòóðå ïèðàìèäíûõ íåéðîíîâ ðåãèîíîâ ÑÀ1 è ÑÀ3. Óëüòðà-
ñòðóêòóðà ïèðàìèäíûõ íåéðîíîâ ïîëÿ ÑÀ 1 ãèïïîêàìïà ñòàðûõ êîíòðîëüíûõ êðûñ õàðàêòåðèçîâàëàñü íà-
ëè÷èåì áîëüøîãî êîëè÷åñòâà äåãåíåðàòèâíî èçìåíåííûõ êëåòîê ðàçëè÷íîé ñòåïåíè âûðàæåííîñòè. Â öèòî-
ïëàçìå îïðåäåëÿëîñü íåçíà÷èòåëüíîå ÷èñëî ìèòîõîíäðèé è ñâîáîäíûõ ðèáîñîì. Â ðåãèîíå ÑÀ3 ñíèæàëàñü 
÷èñëåííîñòü ïèðàìèäíûõ íåéðîíîâ. Â öèòîïëàçìå íàáëþäàëîñü ìíîãî ëèïîôóñöèíîâûõ ãðàíóë è ëèïèäíûõ 
âêëþ÷åíèé.

Ïîñëå 9 ñåàíñîâ ÐÝÕÂ â ãèïïîêàìïå ñòàðûõ êðûñ â çîíàõ ÑÀ 1 è ÑÀ 3 â ìåíüøåé ñòåïåíè ïî ñðàâíåíèþ ñ 
êîíòðîëüíûìè æèâîòíûìè íàáëþäàëèñü ÿâëåíèÿ äåãåíåðàòèâíûõ, è áîëåå ÿðêî âûðàæåííûå ïðèçíàêè ðàç-
âèòèÿ ðåïàðàòèâíûõ ïðîöåññîâ â êëåòî÷íûõ ýëåìåíòàõ, ñòðóêòóðå ñèíàïñîâ, à òàêæå ìèêðîãåìîöèðêóëÿòîð-
íîì ðóñëå.
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INFLUENCE OF RHYTHMIC EXTREME COLD EXPOSURE (-120 °C) ON FEATURES ULTRASTRUCTURAL 

ORGANIZATION OF CEREBRAL CORTICAL NEURONS YOUNG AND OLD RATS

Kulik V. V., Babiychuk V. G.

Abstract. Electron microscopic examination of the hippocampus of young animals after RECE showed no 

significant changes in the ultrastructure of the pyramidal neurons of CA1 and CA3 regions. The ultrastructure of 

the pyramidal neurons of the CA 1 hippocampal field of the old control rats was characterized by the presence of 

a large number of degenerate cells of varying degrees of severity. In the cytoplasm, an insignificant number of 

mitochondria and free ribosomes were detected. In the CA3 region, the number of pyramidal neurons decreased. A 

lot of lipofuscin granules and lipid inclusions were observed in the cytoplasm.

Object and methods. The experiments were performed on the 6 and 24 - month non-linear male rats. Each 

age group of animals was divided into two subgroups (7 rats each): one subgroup - 6 and 24 - month intact rat; 

second subgroup - 6 and 24 month rat after 9 sessions RECE. RECE conducted in the cryochamber for extreme 

cooling of experimental animals. On the next day after the last session the rats were taken out and the experiment 

was performed by decapitation fence hippocampus tissue. The resulting material was examined under an electron 

microscope EMW-100BR.

Results and discussion. Electron microscopic examination of the hippocampus of young control rats indicated 

a characteristic structural activity for a given age, which was confirmed by the presence of a large number of 

mitochondria with distinct cristae that were located in various regions of the cytoplasm. Rhythmic extreme cooling 

of young animals did not cause significant changes in the ultrastructure of pyramidal neurons of CA1 and CA3 

regions of the hippocampus. There were signs of high structural and functional activity. This was evidenced by the 

predominance of nuclei with an electron-bright matrix, filled mainly with euchromatin, an acceptor localization of the 

nucleolus, and expansion of nuclear pores. The ultrastructure of the pyramidal neurons of the CA 1 hippocampal field 

of the old control rats was characterized by the presence of a large number of degenerate cells of different degrees 

of severity. In the cytoplasm, an insignificant number of mitochondria and free ribosomes were detected. In the CA3 

region, the number of pyramidal neurons decreased. A lot of lipofuscin granules and lipid inclusions were observed 

in the cytoplasm. After 9 sessions of EChV in the hippocampus of old rats in the CA 1 and CA 3 regions, degenerative 

events were observed to a lesser degree compared to control animals, and marked signs of the development of 

reparative processes in cell elements, the structure of the synapses, and also the microhemocirculatory bed. There 

was a presence of spinules with a large length. The average area of a single synapse increased, which can be 

interpreted as compensation for a decrease in their total number.

Keywords: rhythmic extreme cold effects, hippocampus, mitochondria.
Ðåöåíçåíò — ïðîô. Á³ëàø Ñ. Ì.

Ñòàòòÿ íàä³éøëà 02.06.2017 ðîêó
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