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Äàííàÿ ðàáîòà âûïîëíåíà â ðàìêàõ íàó÷íîé òåìû 
ÈÏÊ è Ê ÍÀÍ Óêðàèíû íà 2011-2015 ãã. øèôð 2. 2. 6. 
63 «Îñîáëèâîñò³ ô³ç³îëîã³÷íèõ òà ïàòîô³ç³îëîã³÷íèõ 
ìåõàí³çì³â ðåãóëÿö³¿ ãîìåîñòàçó îðãàí³çìó ãîìîéî- ³ 
ãåòåðîòåðìíèõ òâàðèí ïðè ð³çíèõ âèäàõ îõîëîäæåí-
íÿ», ¹ ãîñ. ðåãèñòðàöèè 0111U001195. 

Âñòóïëåíèå. Ïðîáëåìà ñòàðåíèÿ ïðèâëåêàåò 
âíèìàíèå ó÷åíûõ ðàçíûõ ñòðàí, ÷òî ñîïðîâîæäàåò-
ñÿ óâåëè÷åíèåì ÷èñëà èññëåäîâàíèé ôèçèîëîãèè 
ýòîãî ïðîöåññà [9]. 

Îäíîé èç âåäóùèõ ïðè÷èí ñìåðòíîñòè íàñå-
ëåíèÿ íà ñåãîäíÿøíèé äåíü îñòàþòñÿ ñåðäå÷íî-
ñîñóäèñòûå çàáîëåâàíèÿ [5, 8]. Ñ âîçðàñòîì ïðî-
èñõîäèò ñíèæåíèå ôóíêöèîíàëüíûõ âîçìîæíîñòåé 
ðàçëè÷íûõ ñèñòåì îðãàíèçìà, â òîì ÷èñëå è ñåðäå÷-
íî-ñîñóäèñòîé [5], ïàòîëîãèè êîòîðîé ñîïðîâîæäà-
þòñÿ èçìåíåíèÿìè â óëüòðàñòðóêòóðå å¸ êîìïîíåí-
òîâ [2, 3]. 

Â ãåðîíòîëîãè÷åñêèõ è ãåðèàòðè÷åñêèõ èññëåäî-
âàíèÿõ çíà÷èòåëüíûé èíòåðåñ âûçûâàþò ñòâîëîâûå 
êëåòêè èç ðàçëè÷íûõ èñòî÷íèêîâ áëàãîäàðÿ èõ ñïî-
ñîáíîñòè âîññòàíàâëèâàòü è îìîëàæèâàòü îðãàíèçì 
çà ñ÷åò, êàê çàìåùåíèÿ ïîâðåæäåííûõ êëåòîê ðå-
öèïèåíòà, òàê è àêòèâàöèè ñîáñòâåííûõ ñòâîëîâûõ 
êëåòîê ñòàðåþùåãî îðãàíèçìà [1]. Â òîæå âðåìÿ 
èññëåäîâàíèÿ, ïðîâîäèìûå â ïîñëåäíèå äåñÿòèëå-
òèÿ, ïîääåðæèâàþò êîíöåïöèþ, ÷òî êîðäîâàÿ êðîâü 
ÿâëÿåòñÿ âàæíûì èñòî÷íèêîì ñòâîëîâûõ êëåòîê 
äëÿ áèîìåäèöèíñêèõ èññëåäîâàíèé è êëèíè÷åñêîãî 
ïðèìåíåíèÿ [7]. 

Ïðèìåíåíèå îáùåãî ýêñòðåìàëüíîãî îõëàæäå-
íèÿ øèðîêî èñïîëüçóåòñÿ âî ìíîãèõ ñòðàíàõ ìèðà 
[10], à êîëè÷åñòâî äîêàçàòåëüñòâ ïîëîæèòåëüíûõ 
ýôôåêòîâ ýòîé íåèíâàçèâíîé ôèçèîòåðàïåâòè÷åñ-
êîé ïðîöåäóðû âîçðàñòàåò [4]. Îäíàêî íà ñåãîäíÿø-
íèé äåíü îòñóòñòâóþò äàííûå î ñî÷åòàííîì âëèÿíèè 
êîðäîâîé êðîâè è îáùåãî ýêñòðåìàëüíîãî îõëàæäå-
íèÿ îðãàíèçìà â äèíàìèêå åãî ñòàðåíèÿ íà ñóáìè-
êðîñêîïè÷åñêóþ ñòðóêòóðó êîìïîíåíòîâ ñåðäå÷íî-
ñîñóäèñòîé ñèñòåìû. 

Öåëü èññëåäîâàíèÿ – èçó÷èòü äèíàìèêó èç-
ìåíåíèé â ñóáìèêðîñêîïè÷åñêîé îðãàíèçàöèè 
êàðäèîìèîöèòîâ è ýíäîòåëèîöèòîâ êðîâåíîñíûõ 

êàïèëëÿðîâ ìèîêàðäà êðûñ â ïðîöåññå èõ ñòàðå-
íèÿ íà ôîíå ñî÷åòàííîãî ïðèìåíåíèÿ ïðåïàðàòà 
ÿäðîñîäåðæàùèõ êëåòîê êîðäîâîé êðîâè (ßÑÊ ÊÊ) 
è ðèòìè÷åñêèõ ýêñòðåìàëüíûõ (-120°Ñ) õîëîäîâûõ 
âîçäåéñòâèé (ÐÝÕÂ). 

Îáúåêò è ìåòîäû èññëåäîâàíèÿ. Èññëåäî-
âàíèÿ áûëè âûïîëíåíû íà áåëûõ áåñïîðîäíûõ 
êðûñàõ-ñàìöàõ â äèíàìèêå ñòàðåíèÿ íà ôîíå ñî-
÷åòàííîãî ïðèìåíåíèÿ ÐÝÕÂ è ââåäåíèÿ ßÑÊ ÊÊ ñ 
âîçðàñòà 6 ìåñÿöåâ. Ýêñïåðèìåíòû íà æèâîòíûõ 
ïðîâåäåíû â ñîîòâåòñòâèè ñ Îáùèìè ïðèíöè-
ïàìè ðàáîòû íà æèâîòíûõ, îäîáðåííûìè 1-ì 
Íàöèîíàëüíûì êîíãðåññîì ïî áèîýòèêå (Êèåâ, 
Óêðàèíà, 2001) è ñîãëàñîâàííûìè ñ ïîëîæåíèåì 
Åâðîïåéñêîé êîíâåíöèè î çàùèòå ïîçâîíî÷íûõ 
æèâîòíûõ, èñïîëüçóåìûõ äëÿ ýêñïåðèìåíòàëüíûõ è 
äðóãèõ íàó÷íûõ öåëåé (Ñòðàñáóðã, Ôðàíöèÿ, 1985). 
Âñå æèâîòíûå ñîäåðæàëèñü â óñëîâèÿõ âèâàðèÿ íà 
ñòàíäàðòíîì ïèùåâîì ðàöèîíå. 

Áûëî èññëåäîâàíî 4 ýêñïåðèìåíòàëüíûå ãðóïïû 
æèâîòíûõ ðàçíîãî âîçðàñòà: 6, 12, 18 è 24 ìåñÿöà. 
ÐÝÕÂ âûïîëíÿëè â êðèîêàìåðå äëÿ îõëàæäåíèÿ 
ýêñïåðèìåíòàëüíûõ æèâîòíûõ [13]. Â êðèîêàìå-
ðå (–1200Ñ) æèâîòíûå íàõîäèëèñü â òå÷åíèå 2 ìèí, 
çàòåì èõ âûíèìàëè è ñîäåðæàëè 5 ìèí ïðè êîì-
íàòíîé òåìïåðàòóðå (22…24 0Ñ) âíå êàìåðû. Äàëåå 
ïðîöåäóðó îõëàæäåíèÿ ïîâòîðÿëè: æèâîòíûõ ñîãðå-
âàëè 5 ìèí ïðè êîìíàòíîé òåìïåðàòóðå, ïîñëå ÷åãî 
ïî àíàëîãè÷íîé ñõåìå ïðîâîäèëè öèêë îõëàæäåíèÿ. 
Òàêèì îáðàçîì, æèâîòíûå ïîëó÷àëè òðè ïðîöåäóðû 
ÐÝÕÂ â ñóòêè. Íà 3 è 5-å ñóòêè ñåàíñû ÐÝÕÂ ïîâòî-
ðÿëè. Âñåãî æèâîòíûå ïîäâåðãàëèñü îõëàæäåíèþ 9 
ðàç ïî 2 ìèí ïðè òåìïåðàòóðå –1200Ñ. 

Ðàçìîðîæåííûé êðèîêîíñåðâèðîâàííûé ïðå-
ïàðàò ßÑÊ ÊÊ, ñîäåðæàùèé ãåìîïîýòè÷åñêèå 
ñòâîëîâûå êëåòêè ñ êîíöåíòðàöèåé ñòâîëîâûõ 
CD34+ êëåòîê 2–4õ105 â 1ìë, ââîäèëè â äîçå 1õ105 
CD34+ êëåòîê íà êèëîãðàìì âåñà. Ïîâòîðíîå îõëàæ-
äåíèå è ââåäåíèå ïðåïàðàòà ßÑÊ ÊÊ êðûñàì ïðîâî-
äèëè êàæäûå 6 ìåñÿöåâ (äî 24 ìåñÿ÷íîãî âîçðàñòà). 

Æèâîòíûõ âûâîäèëè èç ýêñïåðèìåíòà ïóòåì äå-
êàïèòàöèè êàæäûå 6 ìåñÿöåâ (6, 12, 18 è 24 ìåñ.) è 
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ïðîèçâîäèëè çàáîð êóñî÷êîâ òêàíè ìèîêàðäà äëÿ 
ýëåêòðîííî-ìèêðîñêîïè÷åñêîãî èññëåäîâàíèÿ. 

Ïðåäâàðèòåëüíóþ ôèêñàöèþ ïðîâîäèëè â ãëþ-
òàðîâî-ôîðìàëüäåãèäíîì ôèêñàòîðå ïðè òåì-
ïåðàòóðå 4°Ñ â òå÷åíèè 5-6 ÷àñîâ. Çàòåì êóñî÷êè 
ìèîêàðäà ïåðåíîñèëè â 1 %-íûé çàáóôåðåííûé 
ðàñòâîð ÷åòûðåõîêèñè îñìèÿ íà 3-4 ÷àñà ïðè òåì-
ïåðàòóðå 4°Ñ äëÿ îêîí÷àòåëüíîé ôèêñàöèè. Â äàëü-
íåéøåì òêàíü îáåçâîæèâàëè â ñïèðòàõ âîçðàñòàþ-
ùåé êîíöåíòðàöèè è àöåòîíå, ïðîïèòûâàëè â ñìåñè 
ýïîêñèäíûõ ñìîë (ýïîí-àðàëäèò) è çàêëþ÷àëè â 
áëîêè ïî ñòàíäàðòíûì ìåòîäèêàì. Ïîëèìåðèçàöèþ 
áëîêîâ ïðîâîäèëè â òåðìîñòàòå ïðè 60°Ñ â òå÷åíèè 
äâóõ ñóòîê. 

Èç ïîëó÷åííûõ áëîêîâ, íà óëüòðàìèêðîòîìå 
ÓÌÒÏ – ÇÌ, èçãîòàâëèâàëè óëüòðàòîíêèå ñðåçû, 
ìîíòèðîâàëè èõ íà ýëåêòðîëèòè÷åñêèå ñåòî÷êè è, 
ïîñëå êîíòðàñòèðîâàíèÿ öèòðàòîì ñâèíöà, èçó÷à-
ëè ïîä ýëåêòðîííûì ìèêðîñêîïîì ÝÌÂ-100 ÁÐ ïðè 
óñêîðÿþùåì íàïðÿæåíèè 75 êâ. 

Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäåíèå. 
Ñïóñòÿ ìåñÿö ïîñëå ïðîâåäåíèÿ 9 ñåàíñîâ ÐÝÕÂ è 
ââåäåíèÿ êðèîêîíñåðâèðîâàííîãî ïðåïàðàòà ßÑÊ 
ÊÊ ó 6 ìåñÿ÷íûõ êðûñ óëüòðàñòðóêòóðíàÿ àðõèòåê-
òîíèêà êàðäèîìèîöèòîâ â îáùèõ ÷åðòàõ îñòàâàëàñü 
òàêîé æå, êàê è â ãðóïïå èíòàêòíûõ æèâîòíûõ àíàëî-
ãè÷íîãî âîçðàñòà. 

ßäðà êàðäèîìèîöèòîâ èìåëè òèïè÷íóþ óäëèí¸í-
íóþ ôîðìó. Õðîìàòèí, íàõîäèëñÿ â äåêîíäåíñèðî-
âàííîì ñîñòîÿíèè, åãî ãðàíóëû ðàâíîìåðíî ðà-
ñïðåäåëÿëèñü ïî ïëîùàäè ñðåçà. Ìàòðèêñ ÿäðà áûë 
ñðåäíåé ýëåêòðîííîé ïëîòíîñòè. 

Ìèòîõîíäðèè êàðäèîìèîöèòîâ îáëàäàëè âûñî-
êîé ñòåïåíüþ ïîëèìîðôèçìà. Îñíîâíàÿ èõ ÷àñòü 
èìåëà ìåëêî–ãðàíóëÿðíûé ìàòðèêñ è áîëüøîå êî-
ëè÷åñòâî óêîðî÷åííûõ êðèñò. Ìàòðèêñ ìèòîõîíäðèé 
ìåëêîçåðíèñòûé, îáëàäàë ñðåäíåé ýëåêòðîííîé 
ïëîòíîñòüþ. Íàðÿäó ñ ýòèì âñòðå÷àëèñü ìèòîõîí-
äðèè ñ ïåðåòÿæêàìè. Íåáîëüøàÿ ÷àñòü ìèòîõîí-
äðèé ñîäåðæàëà ýëåêòðîííî-ïðîçðà÷íûé ìàòðèêñ è 
äåçîðãàíèçîâàííûå êðèñòû (ðèñ. 1). 

Ïó÷êè ìèîôèáðèëë ðàñïîëàãàëèñü ïàðàëëåëü-
íûìè ðÿäàìè, îêðóæåííûìè ìèòîõîíäðèÿìè è 
èìåëè ÷¸òêî âûðàæåííóþ ïîïåðå÷íóþ èñ÷åð÷åí-
íîñòü. Ïëàñòèí÷àòûé öèòîïëàçìàòè÷åñêèé êîìï-
ëåêñ Ãîëüäæè ãèïåðòðîôèðîâàí. 

Â ñàðêîïëàçìå ïðèñóòñòâîâàëî íåáîëüøîå êîëè-
÷åñòâî ãðàíóë ãëèêîãåíà, ðèáîñîì è ïîëèñîì. 

Ýíäîòåëèîöèòû êðîâåíîñíûõ êàïèëëÿðîâ ñî-
äåðæàëè ÿäðà íåïðàâèëüíîé ôîðìû ñ ÷åòêî êîíòó-
ðèðóåìîé ÿäåðíîé ìåìáðàíîé è ìåëêîçåðíèñòûì 
ìàòðèêñîì. Çíà÷èòåëüíàÿ ÷àñòü õðîìàòèíà íàõîäè-
ëàñü â äåêîíäåíñèðîâàííîì ñîñòîÿíèè. Äåñòðóê-
öèé ÿäåðíîé ìåìáðàíû íå âûÿâëåíî. Ìèòîõîíäðèè 
ýíäîòåëèàëüíûõ êëåòîê ìåëêèå ñ îäèíî÷íûìè êðèñ-
òàìè è ýëåêòðîííî-ïëîòíûì ìàòðèêñîì. Â ïðåïà-
ðàòàõ ïðèñóòñòâîâàëè ìèòîõîíäðèè ãàíòåëåâèäíîé 
ôîðìû. 

Ãðàíóëÿðíûé ýíäîïëàçìàòè÷åñêèé ðåòèêóëóì 
óìåðåííî ðàçâèò, íà åãî ìåìáðàíàõ ëîêàëèçîâà-
ëîñü áîëüøîå êîëè÷åñòâî ðèáîñîì. Ïëàñòèí÷àòûé 

Ðèñ. 1. Óëüòðàñòðóêòóðà êàðäèîìèîöèòîâ ìèîêàðäà 
6 ìåñÿ÷íûõ êðûñ ïîñëå ÐÝÕÂ è ââåäåíèÿ ßÑÊ ÊÊ. 

Äåêîíäåíñàöèÿ ÿäåðíîãî õðîìàòèíà, ðàâíîìåðíîå 
ðàñøèðåíèå ïåðèíóêëåàðíîãî ïðîñòðàíñòâà, ñêî-
ïëåíèå ìèòîõîíäðèé â ïåðèíóêëåàðíîé îáëàñòè 

ñàðêîïëàçìû õ 40 000. Êîíòðàñòèðîâàíî öèòðàòîì 
ñâèíöà. 

Ðèñ. 2. Óëüòðàñòðóêòóðà ýíäîòåëèàëüíûõ êëåòîê 
êðîâåíîñíûõ êàïèëëÿðîâ ìèîêàðäà 6 ìåñÿ÷íûõ êðûñ 
ïîñëå ÐÝÕÂ è ââåäåíèÿ ßÑÊ ÊÊ. Èíâàãèíàöèè öèòî-

ïëàçìàòè÷åñêîé ìåìáðàíû, îáðàù¸ííîé ê òîêó êðîâè 
õ 42 000. Êîíòðàñòèðîâàíî öèòðàòîì ñâèíöà. 

öèòîïëàçìàòè÷åñêèé êîìïëåêñ Ãîëüäæè áûë ãèïåð-
òðîôèðîâàí, åãî ãëàäêèå ìåìáðàíû ïàðàëëåëüíî 
îðèåíòèðîâàíû è ñîáðàíû â ñòîïêè. 

Â öèòîïëàçìå ýíäîòåëèîöèòîâ âûÿâëÿëèñü 
ìíîãî÷èñëåííûå ïîëèñîìû è ðèáîñîìû. Âêëþ÷åíèÿ 
ëèïèäîâ è âòîðè÷íûå ëèçîñîìû îòñóòñòâîâàëè. 

Â öèòîïëàçìå îòðîñòêîâ ýíäîòåëèàëüíûõ êëåòîê 
êðîâåíîñíûõ êàïèëëÿðîâ ìèîêàðäà ðàñïîëàãàëîñü 
ìíîæåñòâî ìèêðîïèíîöèòîçíûõ ïóçûðüêîâ. Öèòî-
ïëàçìàòè÷åñêàÿ ìåìáðàíà, îáðàù¸ííàÿ â ïðîñâåò 
êàïèëëÿðà, èìåëà ìíîæåñòâåííûå èíâàãèíàöèè 
(ðèñ. 2). 

Ó 12 ìåñÿ÷íûõ êðûñ íà ôîíå 9 ñåàíñîâ ÐÝÕÂ è 
ââåäåíèÿ êðèîêîíñåðâèðîâàííîãî ïðåïàðàòà ßÑÊ 
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ÊÊ ñóáìèêðîñêîïè÷åñêîå ñòðîåíèå êàðäèîìèîöè-
òîâ è ýíäîòåëèîöèòîâ êðîâåíîñíûõ êàïèëëÿðîâ õà-
ðàêòåðèçóåòñÿ àêòèâàöèåé ìåòàáîëè÷åñêèõ è ñèíòå-
òè÷åñêèõ ïðîöåññîâ. 

ßäðà êàðäèîìèîöèòîâ ñîäåðæàëè äåêîíäåí ñè-
ðîâàííûé õðîìàòèí. Â êàðèîïëàçìå ïðèñóòñòâî-
âàëè îñìèîôèëüíûå ÿäðûøêè. ßäåðíàÿ ìåìá-
ðàíà ãëàäêàÿ, ïåðèíóêëåàðíûå ïðîñòðàíñòâà íå 
ðàñøèðÿëèñü. 

Ìèòîõîíäðèè â êàðäèîìèîöèòàõ ðàñïîëàãà-
ëèñü ðàâíîìåðíûìè ðÿäàìè âäîëü ìèîôèáðèëë. 
Íàðóæíûå ìåìáðàíû è êðèñòû íå ñîäåðæàëè î÷àãîâ 
äåñòðóêöèè. Ìàòðèêñ ìèòîõîíäðèé îáëàäàë ðàçëè÷-
íîé ýëåêòðîííîé ïëîòíîñòüþ. Ñóùåñòâåííî óâåëè-
÷èâàëîñü êîëè÷åñòâî êðèñò â ìèòîõîíäðèÿõ ïî ñðàâ-
íåíèþ ñ êàðäèîìèîöèòàìè èíòàêòíûõ 12 ìåñÿ÷íûõ 
êðûñ. 

Öèñòåðíû ñàðêîïëàçìàòè÷åñêîãî ðåòèêóëó-
ìà è Ò-ñèñòåìû ðàñøèðÿëèñü. Â ñàðêîïëàçìå 
âûÿâëÿëèñü ìíîãî÷èñëåííûå ðèáîñîìû, ïîëèñîìû 
è ãðàíóëû ãëèêîãåíà (ðèñ. 3). 

Ñàðêîïëàçìà îñòàâàëàñü óìåðåííî ïðîñâåò-
ëåííîé. Ìèîôèáðèëëû, ñîáðàííûå â ïó÷êè, èìåëè 
ïàðàëëåëüíóþ îðèåíòàöèþ è ÷¸òêóþ ïîïåðå÷íóþ 
èñ÷åð÷åííîñòü. 

Â óëüòðàñòðóêòóðíîé ïåðåñòðîéêå ýíäîòåëèî-
öèòîâ êðîâåíîñíûõ êàïèëëÿðîâ ìèîêàðäà íàáëþ-
äàëàñü àêòèâàöèÿ âíóòðèêëåòî÷íîãî ìåòàáîëèçìà. 
Ãèàëîïëàçìà ïðèîáðåòàëà ìåëêîçåðíèñòîå ñòðî-
åíèå è ñðåäíþþ ýëåêòðîííóþ ïëîòíîñòü. ßäðà 
ýíäîòåëèàëüíûõ êëåòîê ñîäåðæàëè ïðåèìóùåñòâåí-
íî äåêîíäåíñèðîâàííûé õðîìàòèí, ãðàíóëû êîòî-
ðîãî äèôôóçíî ðàñïðåäåëÿëèñü ïî ìàòðèêñó ÿäðà. 
ßäåðíàÿ ìåìáðàíà îáðàçîâûâàëà ìåëêèå è ãëóáî-
êèå èíâàãèíàöèè, áåç î÷àãîâ ðàçðûõëåíèÿ è ëèçèñà 
(ðèñ. 4). 

Ìèòîõîíäðèè èìåëè óìåðåííî ïðîñâåòëåííûé, 
ìåëêîçåðíèñòûé ìàòðèêñ è íåèçìåí¸ííûå êðèñòû. 
Íàðóæíûå ìåìáðàíû è êðèñòû èìåëè òèïè÷íîå 
ñòðîåíèå, âñòðå÷àëèñü ìèòîõîíäðèè ãàíòåëåâèäíîé 
ôîðìû. 

Îáðàùàåò íà ñåáÿ âíèìàíèå ðåçêîå óâåëè÷å-
íèå ÷èñëà ðèáîñîì, êàê ñâÿçàííûõ ñ ìåìáðàíàìè 
ýíäîïëàçìàòè÷åñêîãî ðåòèêóëóìà, òàê è ñâîáîäíî 
ëåæàùèõ â öèòîïëàçìå. Ïëàñòèí÷àòûé öèòîïëàç-
ìàòè÷åñêèé êîìïëåêñ Ãîëüäæè ãèïåðòðîôèðîâàí. Â 
îáëàñòè åãî ëîêàëèçàöèè îòñóòñòâîâàëè âêëþ÷åíèÿ 
ëèïèäîâ è âòîðè÷íûå ëèçîñîìû. Ðåçêî óâåëè÷èâà-
ëàñü êîíöåíòðàöèÿ ìèêðîïèíîöèòîçíûõ ïóçûðüêîâ, 
ëîêàëèçóþùèõñÿ âäîëü öèòîïëàçìàòè÷åñêîé 
ìåì áðàíû. 

×åðåç ìåñÿö ïîñëå 9 ñåàíñîâ ÐÝÕÂ è ââåäå-
íèÿ êðèîêîíñåðâèðîâàííîãî ïðåïàðàòà ßÑÊ ÊÊ 
ó 18 ìåñÿ÷íûõ êðûñ ðàçâèâàëèñü ðåïàðàòèâíûå 
ïðîöåññû, íàáëþäàëàñü àêòèâàöèÿ ìåòàáîëèçìà 
â ñðàâíåíèè ñ èíòàêòíûìè æèâîòíûìè. ßäðà êàð-
äèîìèîöèòîâ èìåëè òèïè÷íóþ ôîðìó è ðàçìåðû. 
ßäåðíàÿ ìåìáðàíà îáðàçîâûâàëà ìíîãî÷èñëåííûå 
ãëóáîêèå è ìåëêèå èíâàãèíàöèè. Îòìå÷àëîñü ñíèæå-
íèå êîëè÷åñòâà êîíäåíñèðîâàííîãî ÿäåðíîãî õðî-
ìàòèíà. Â ïåðèíóêëåàðíîé îáëàñòè ñàðêîïëàçìû 

Ðèñ. 3. Óëüòðàñòðóêòóðà êàðäèîìèîöèòîâ ìèîêàð-
äà 12 ìåñÿ÷íûõ ïîñëå ÐÝÕÂ è ââåäåíèÿ ßÑÊ ÊÊ. 

Ìíîãî÷èñëåííûå ãðàíóëû ãëèêîãåíà â ñàðêîïëàçìå õ 
40 000. Êîíòðàñòèðîâàíî öèòðàòîì ñâèíöà. 

Ðèñ. 4. Óëüòðàñòðóêòóðà ýíäîòåëèàëüíûõ êëåòîê 
êðîâåíîñíûõ êàïèëëÿðîâ ìèîêàðäà 12 ìåñÿ÷íûõ 

êðûñ ïîñëå ÐÝÕÂ è ââåäåíèÿ ßÑÊ ÊÊ. Äåêîíäåíñà-
öèÿ õðîìàòèíà õ 42 000. Êîíòðàñòèðîâàíî öèòðàòîì 

ñâèíöà. 

Ðèñ. 5. Óëüòðàñòðóêòóðà êàðäèîìèîöèòîâ ìèîêàð-
äà 18 ìåñÿ÷íûõ êðûñ ïîñëå ÐÝÕÂ è ââåäåíèÿ ßÑÊ 

ÊÊ. Ó÷àñòêè ïðîñâåòëåíèÿ ìàòðèêñà ìèòîõîíäðèé, 
ïàðàëëåëüíàÿ îðèåíòàöèÿ êðèñò õ 38 000. Êîíòðàñòè-

ðîâàíî öèòðàòîì ñâèíöà. 
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ïîÿâëÿëèñü ìíîãî÷èñëåííûå îðãàíåëëû è ìåìáðàíû 
ñàðêîïëàçìàòè÷åñêîãî ðåòèêóëóìà. 

Ìèòîõîíäðèè îáëàäàëè ìåëêî ãðàíóëÿðíûì ìà-
òðèêñîì, ñðåäíåé ýëåêòðîííîé ïëîòíîñòüþ è äîñòà-
òî÷íî áîëüøèì êîëè÷åñòâîì êðèñò. Ñëåäóåò îñîáî 
îòìåòèòü, ÷òî â ýòîé ãðóïïå æèâîòíûõ ïîÿâëÿëèñü 
ìèòîõîíäðèè ñ ïåðåòÿæêàìè èìåþùèå «ãàíòåëåâèä-
íóþ» ôîðìó. Ïîëèìîðôèçì ôîðì è ðàçìåðîâ ìèòî-
õîíäðèé ñî÷åòàëñÿ ñ ðàçëè÷íîé ñòåïåíüþ îñìèî-
ôèëèè èõ ìàòðèêñà, êîòîðûé èìåë ó÷àñòêè ñ î÷åíü 
íèçêîé ýëåêòðîííîé ïëîòíîñòüþ (ðèñ. 5). Êðèñòû 
ìèòîõîíäðèé áûëè ïàðàëëåëüíî îðèåíòèðîâàíû, à 
íàðóæíûå ìåìáðàíû ÷¸òêî êîíòóðèðîâàíû. 

Öèñòåðíû ñàðêîïëàçìàòè÷åñêîãî ðåòèêóëóìà 
è âàêóîëè Ò-ñèñòåìû óïëîùàëèñü, ñîäåðæèìîå èõ 
ïðèîáðåòàëî òîíêî ôèëàìåíòîçíîå ñòðîåíèå è ðàç-
ëè÷íóþ ýëåêòðîííóþ ïëîòíîñòü. 

Â ñðàâíåíèè ñ ãðóïïîé èíòàêòíûõ 18 ìåñÿ÷íûõ 
êðûñ â ñàðêîïëàçìå êàðäèîìèîöèòîâ ñóùåñòâåí-
íî âîçðàñòàëà ÷èñëî ðèáîñîì, ïîëèñîì è ãðàíóë 
ãëèêîãåíà. Ïðè ýòîì â ñàðêîïëàçìå îòñóòñòâîâà-
ëè âòîðè÷íûå ëèçîñîìû è âêëþ÷åíèÿ ëèïèäîâ, ëè-
ïîôóñöèíà. Ïëàñòèí÷àòûé öèòîïëàçìàòè÷åñêèé 
êîìïëåêñ Ãîëüäæè ãèïåðòðîôèðîâàëñÿ, â îáëàñ-
òè ïàðàëëåëüíî îðèåíòèðîâàííûõ ãëàäêèõ ìåìá-
ðàí îáíàðóæèâàëîñü ìíîæåñòâî ìåëêèõ âåçèêóë, 
çàïîëíåííûõ âåùåñòâîì ðàçëè÷íîé ýëåêòðîííîé 
ïëîòíîñòè. Ñàðêîïëàçìàòè÷åñêàÿ ìåìáðàíà èìåëà 
òèïè÷íîå ñòðîåíèå, õàðàêòåðíîå äëÿ ýëåìåíòàðíîé 
ìåìáðàíû. 

Â öåëîì êîëè÷åñòâî äåñòðóêöèé ìåìáðàííûõ 
âíóòðèêëåòî÷íûõ êîìïëåêñîâ è îðãàíåëë êàðäèîìè-
îöèòîâ è ýíäîòåëèîöèòîâ êðîâåíîñíûõ êàïèëëÿðîâ 
â ýòîé ãðóïïå æèâîòíûõ ñóùåñòâåííî óìåíüøàëîñü, 
ïî ñðàâíåíèþ ñ 18 ìåñÿ÷íûìè èíòàêòíûìè êðûñàìè. 

Íàáëþäàëîñü íàðàñòàíèå àêòèâíîñòè âíóòðè-
êëåòî÷íûõ ïðîöåññîâ è â ýíäîòåëèàëüíûõ êëåòêàõ 
êðîâåíîñíûõ êàïèëëÿðîâ ìèîêàðäà. Óâåëè÷èâàëîñü 
êîëè÷åñòâî êðèñò â ìèòîõîíäðèÿõ, ãèïåðòðîôèðî-
âàëñÿ ïëàñòèí÷àòûé êîìïëåêñ Ãîëüäæè, ðåçêî âîç-
ðàñòàëî êîëè÷åñòâî ðèáîñîì, ïîëèñîì. 

Öèòîïëàçìàòè÷åñêàÿ ìåìáðàíà ýíäîòåëèîöèòîâ 
ïðèîáðåòàëà òèïè÷íîå ñòðîåíèå. Â ïðîñâåòå êàïèë-
ëÿðîâ ðàñïîëàãàëèñü ýðèòðîöèòû è áåññòðóêòóðíûé 
äåòðèò ðàçëè÷íîé ýëåêòðîííîé ïëîòíîñòè. Öè-
òîïëàçìàòè÷åñêàÿ ìåìáðàíà, îáðàù¸ííàÿ ê òîêó 
êðîâè, óìåðåííî ðàçðûõëÿëàñü (ðèñ. 6). 

Â ãðóïïå 24 ìåñÿ÷íûõ êðûñ íà ôîíå ÐÝÕÂ è ââå-
äåíèÿ ßÑÊ ÊÊ â óëüòðàñòðóêòóðíîé îðãàíèçàöèè 
êàðäèîìèîöèòîâ ìèîêàðäà âûÿâëÿëèñü êàê äèñòðî-
ôè÷åñêèå, òàê è ðåïàðàòèâíûå èçìåíåíèÿ îðãàíåëë. 

ßäåðíàÿ ìåìáðàíà îñòàâàëàñü ñèëüíî ðàç-
ðûõë¸í íîé, îäíàêî íå ñîäåðæàëà î÷àãîâ ëèçèñà. 
Ïåðèíóêëåàðíûå ïðîñòðàíñòâà íå ðàâíîìåðíî ðàñ-
øèðÿëèñü. Ñíèæàëàñü ñòåïåíü êîíäåíñàöèè ÿäåð-
íîãî õðîìàòèíà. Îñìèîôèëüíûå ãëûáêè êîíäåí-
ñèðîâàííîãî õðîìàòèíà ðàñïîëàãàëèñü êàê âáëèçè 
ÿäåðíîé ìåìáðàíû, òàê è â äðóãèõ îòäåëàõ ìàòðèê-
ñà ÿäðà. Öåíòðàëüíàÿ îáëàñòü ÿäðà èìåëà íèçêóþ 
ýëåêòðîííóþ ïëîòíîñòü è áûëà çàïîëíåíà ãðàíóëà-
ìè äåêîíäåíñèðîâàííîãî õðîìàòèíà. 

Ðèñ. 6. Óëüòðàñòðóêòóðà ýíäîòåëèàëüíûõ êëåòîê 
êðîâåíîñíûõ êàïèëëÿðîâ ìèîêàðäà 18 ìåñÿ÷íûõ 

êðûñ ïîñëå ÐÝÕÂ è ââåäåíèÿ ßÑÊ ÊÊ. Ðàçðûõëåíèå 
öèòîïëàçìàòè÷åñêîé ìåìáðàíû, ýðèòðîöèòû è äå-

òðèò îñìèîôèëüíîé ñóáñòàíöèè õ 65 000. 
Êîíòðàñòèðîâàíî öèòðàòîì ñâèíöà. 

Ðèñ. 7. Óëüòðàñòðóêòóðà êàðäèîìèîöèòîâ ìèîêàðäà 
24 ìåñÿ÷íûõ êðûñ ïîñëå ÐÝÕÂ è ââåäåíèÿ ßÑÊ ÊÊ. 

Ìíîæåñòâî êðèñò â ìèòîõîíäðèÿõ õ 36 000. 
Êîíòðàñòèðîâàíî öèòðàòîì ñâèíöà. 

Ðèñ. 8. Óëüòðàñòðóêòóðà ýíäîòåëèàëüíûõ êëåòîê 

êðîâåíîñíûõ êàïèëëÿðîâ ìèîêàðäà 24 ìåñÿ÷íûõ 

êðûñ ïîñëå ÐÝÕÂ è ââåäåíèÿ ßÑÊ ÊÊ. Ìíîæåñòâî 

ìèêðîïèíîöèòîçíûõ ïóçûðüêîâ â öèòîïëàçìå õ 

68 000. Êîíòðàñòèðîâàíî öèòðàòîì ñâèíöà. 
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Ñàðêîïëàçìà êàðäèîìèîöèòîâ ñîõðàíÿëà íèç-
êóþ ýëåêòðîííóþ ïëîòíîñòü, â íåé ñóùåñòâåííî óâå-
ëè÷èâàëîñü êîëè÷åñòâî ñâîáîäíûõ ðèáîñîì, ïîëè-
ñîì è ãðàíóë ãëèêîãåíà. 

×àñòü ìèòîõîíäðèé ñîäåðæàëà ìåëêî ãðàíóëÿð-
íûé ìàòðèêñ ñ ìíîãî÷èñëåííûìè êðèñòàìè è 
÷¸òêî êîíòóðèðîâàííûìè íàðóæíûìè ìåìáðàíàìè 
(ðèñ. 7). 

Â äðóãèõ ìèòîõîíäðèÿõ íàáëþäàëàñü àêòèâàöèÿ 
ñèñòåìû ðåïàðàöèè, âêëþ÷àþùåé ïîÿâëåíèå äåëÿ-
ùèõñÿ ôîðì ìèòîõîíäðèé. Â íåêîòîðûõ êàðäèîìè-
îöèòàõ ìèòîõîíäðèè ðàñïîëàãàëèñü â âèäå ñêîïëå-
íèé, êðèñòû â íèõ áûëè ïàðàëëåëüíî îðèåíòèðîâàíû 
è èçîãíóòû. 

Â ñàðêîïëàçìå êàðäèîìèîöèòîâ ñóùåñòâåííî 
âîçðàñòàëî â ñðàâíåíèè ñ ãðóïïîé èíòàêòíûõ êðûñ 
ýòîé æå âîçðàñòíîé ãðóïïû êîëè÷åñòâî ãðàíóë ãëè-
êîãåíà, ðèáîñîì è ïîëèñîì. Íàáëþäàëàñü ãèïåð-
òðîôèÿ ïëàñòèí÷àòîãî öèòîïëàçìàòè÷åñêîãî êîìï-
ëåêñà Ãîëüäæè, âûðàæàþùàÿñÿ â óâåëè÷åíèè âîêðóã 
ñòîïîê ãëàäêèõ ìåìáðàí êîëè÷åñòâà ìåëêèõ âåçè-
êóë. Ñóùåñòâåííî ñíèæàëîñü êîëè÷åñòâî âêëþ÷åíèé 
ëèïèäîâ è ëèïîôóñöèíà â ñàðêîïëàçìå. 

Â öåëîì íàáëþäàëîñü ñíèæåíèå êîëè÷åñòâà ó÷àñò-
êîâ ðàçðûõëåíèÿ è î÷àãîâ ëèçèñà âíóòðèêëåòî÷íûõ 
ìåìáðàí êàðäèîìèîöèòîâ ìèî êàðäà. 

Ýíäîòåëèîöèòû êðîâåíîñíûõ êàïèëëÿðîâ ìèîêàð-
äà ïðåòåðïåâàëè ñóùåñòâåííûå, ÿðêî âûðà æåííûå 
ðåïàðàòèâíûå èçìåíåíèÿ. ßäðà ýíäîòåëèîöèòîâ 
èìåëè íåïðàâèëüíóþ ôîð ìó è îáû÷íûå ðàçìåðû. 
ßäåðíàÿ ìåìáðàíà îáðàçîâûâàëà áîëüøîå êîëè-
÷åñòâî íåãëóáîêèõ èíâàãèíàöèé. Ïåðèíóêëåàðíûå 
ïðîñòðàíñòâà ñîõðàíÿëè íåáîëüøèå ó÷àñòêè ðàñøè-
ðåíèÿ. Ìèòîõîíäðèè áûëè íàáóõøèå, ìàòðèêñ îñòà-
âàëñÿ íèçêîé ýëåêòðîííîé ïëîòíîñòè. Íàðóæíûå 
ìåìáðàíû ìèòîõîíäðèé ïðàêòè÷åñêè íå ñîäåðæàëè 
î÷àãîâ ëèçèñà. Áîëüøîå êîëè÷åñòâî ìèòîõîíäðèé 
èìåëè ãàíòåëåâèäíóþ ôîðìó è ïåðåòÿæêè. 

Ãðàíóëÿðíûé ýíäîïëàçìàòè÷åñêèé ðåòèêó-
ëóì ó çíà÷èòåëüíîãî êîëè÷åñòâà ýíäîòåëèàëüíûõ 
êëåòîê ïîäâåðãàëñÿ ãèïåðòðîôèè, íà åãî ìåìá-
ðàíàõ âûÿâëÿëèñü ìíîãî÷èñëåííåå ðèáîñîìû. 
Ïëàñòèí÷àòûé öèòîïëàçìàòè÷åñêèé êîìïëåêñ 
Ãîëüäæè ãèïåðòðîôèðîâàëñÿ. Ó áîëüøåé ÷àñòè 
ýíäîòåëèîöèòîâ îòñóòñòâîâàëè âêëþ÷åíèÿ ëèïèäîâ 

è âòîðè÷íûå ëèçîñîìû. Â öèòîïëàçìå îòðîñòêîâ 
ýíäîòåëèàëüíûõ êëåòîê âîçðàñòàëî êîëè÷åñòâî 
ìèêðîïèíîöèòîçíûõ ïóçûðüêîâ, â ñðàâíåíèè ñ ãðóï-
ïîé èíòàêòíûõ êðûñ 24 ìåñÿ÷íîãî âîçðàñòà (ðèñ. 8). 
Â ïðîñâåòå êàïèëëÿðà íàõîäèëèñü ñêîïëåíèÿ âåùå-
ñòâà ðàçëè÷íîé ýëåêòðîííîé ïëîòíîñòè. 

Âûâîäû. 
1. Â ãðóïïå 6 è 12 ìåñÿ÷íûõ êðûñ íà ôîíå ÐÝÕÂ 

è ââåäåíèÿ êðèîêîíñåðâèðîâàííîãî ïðåïàðàòà ßÑÊ 
ÊÊ äèñòðîôè÷åñêèå èçìåíåíèÿ â ñóáìèêðîñêîïè÷å-
ñêîé îðãàíèçàöèè êàðäèîìèîöèòîâ è ýíäîòåëèîöè-
òîâ êðîâåíîñíûõ êàïèëëÿðîâ ìèîêàðäà îòñóòñòâîâà-
ëè. Â ìèòîõîíäðèÿõ êàðäèîìèîöèòîâ óâåëè÷èâàëîñü 
êîëè÷åñòâî êðèñò, à â ïðåïàðàòàõ âûÿâëÿëèñü äåëÿ-
ùèåñÿ ôîðìû, ÷òî ïîçâîëÿåò ïðåäïîëîæèòü î âîç-
ðàñòàíèè áèîýíåðãåòè÷åñêîãî îáåñïå÷åíèÿ âíóòðè-
êëåòî÷íûõ ìåòàáîëè÷åñêèõ ïðîöåññîâ. Óâåëè÷åíèå 
÷èñëà ðèáîñîì, ïîëèñîì è ãðàíóë ãëèêîãåíà â ñàð-
êîïëàçìå ñâèäåòåëüñòâóåò î âûñîêîì óðîâíå ñîêðà-
òèòåëüíîé âîçìîæíîñòè êàðäèîìèîöèòîâ. 

2. Ïîñëå 9 ñåàíñîâ ÐÝÕÂ è ââåäåíèÿ ßÑÊ ÊÊ â 
óëüòðàñòðóêòóðå êàðäèîìèîöèòîâ è ýíäîòåëèàëüíûõ 
êëåòîê ìèîêàðäà 18 ìåñÿ÷íûõ êðûñ îòìå÷àëîñü îò-
ñóòñòâèå â öèòîïëàçìå âòîðè÷íûõ ëèçîñîì è âêëþ-
÷åíèé ëèïèäîâ. Óìåíüøàëàñü ñòåïåíü íàáóõàíèÿ 
ìèòîõîíäðèé, ïðàêòè÷åñêè ïîëíîñòüþ îòñóòñòâîâà-
ëè î÷àãè äåñòðóêöèè íàðóæíûõ ìåìáðàí è êðèñò. 

3. Ó 24 ìåñÿ÷íûõ êðûñ ñî÷åòàííîå ïðèìåíå-
íèå ÐÝÕÂ è ßÑÊ ÊÊ ñóùåñòâåííî ñíèæàåò ñòåïåíü 
âûðàæåííîñòè äèñòðîôè÷åñêèõ è äåñòðóêòèâíûõ 
íàðóøåíèé êàðäèîìèîöèòîâ è ýíäîòåëèîöèòîâ 
êðîâåíîñíûõ êàïèëëÿðîâ ïî ñðàâíåíèþ ñ ãðóïïîé 
êîíòðîëüíûõ æèâîòíûõ. Âîçðàñòàåò êîëè÷åñòâî ðè-
áîñîì, ïîëèñîì è ãðàíóë ãëèêîãåíà, ÷òî ñâèäåòåëü-
ñòâóåò îá óëó÷øåíèè ñîêðàòèòåëüíîé ñïîñîáíîñòè 
ñåðäå÷íîé ìûøöû. 

Ïåðñïåêòèâû äàëüíåéøèõ èññëåäîâàíèé. 
Â äàëüíåéøåì ïðåäñòàâëÿåò èíòåðåñ ïðîâåäåíèå 
ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ïî èçó÷åíèþ 
ñî÷åòàííîãî âëèÿíèÿ ðèòìè÷åñêèõ ýêñòðåìàëüíûõ 
õîëîäîâûõ âîçäåéñòâèé (-120°Ñ) è êðèîêîíñåðâè-
ðîâàííîé êîðäîâîé êðîâè íà ñóáìèêðîñêîïè÷åñêóþ 
îðãàíèçàöèþ êàðäèîìèîöèòîâ è ýíäîòåëèîöèòîâ 
êðîâåíîñíûõ êàïèëëÿðîâ ìèîêàðäà êðûñ â äèíà-
ìèêå èõ ñòàðåíèÿ ïðè íàëè÷èè ïàòîëîãè÷åñêèõ 
ñîñòîÿíèé. 
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Features of Changes of Ultrastructure Organization of Myocardium Cardiomyocytes and Myocardium 

Blood Capillaries Endotheliocytes in Dynamics of Aging in Rats after Combined Application of Cord Blood 
and Extreme Cooling 

Martynova Yu. V., Nevzorov V. P., Babiychuk V. G., Chernyavskaya E. A., Kulik V. V. 
Abstract. The number of studies devoted to the studying of physiological aspects of aging has currently in-

creased. Functionality of various body systems, including the cardiovascular one, reduces with age. Pathologies 
of cardiovascular system are accompanied by ultrastructural changes of its components. Stem cells from different 
sources cause the considerable interest in gerontological and geriatric researches, due to their ability to repair and 
rejuvenate a body not only by replacement of recipients’ damaged cells, but also by activation of their own stem 
cells in the aging body. Application of whole extreme cooling is used worldwide, and amount of positive effects evi-
dence of this non-invasive physical therapy procedure increases. 
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The research purpose was to study the dynamics of changes in the submicroscopic organization of rat’s car-
diomyocytes and myocardium blood capillaries endothelial cells during aging on the background of the combined 
use of cord blood nucleated cells preparation (CB NCs) and rhythmic extreme (-120 ° C) cold exposures (RECEs). 

Subjects and methods. Studies were performed in Albino male rats in the dynamics of aging on the background 
of combined application of RECEs and administration of CB NCs from the 6 months age. There were studied 4 
experimental animals groups of different ages: 6, 12, 18 and 24 months. RECEs were carried out in cryochamber 
for cooling of experimental animals. Each age group of rats was 9 times cooled (three times a day) for 2 minutes 
(at -120°C), 3 times every other day for 5 days. Thawed cryopreserved preparation of CB NCs was injected in the 
dose 1×105 of hematopoietic stem cells CD34 + cells per kilogram of a body weight. Repeated sessions of cooling 
and administering the preparation of CB NCs were done every six months (up to 24 months age). The animals were 
removed from the experiment by decapitation every 6 months (6, 12, 18 and 24 months.) and we were taking the 
pieces of myocardium tissue for electron microscopic examination. 

Results and discussion. Carried out electron-microscopic study of the dynamics of submicroscopic transforma-
tions organelles of the rats’ cardiomyocytes and myocardium capillaries endothelial cells in the dynamics of their 
aging showed that the feature of the cardiomyocytes’ ultrastructural organization of 6 and 12 months old rats on 
the background application of RECEs and introduction of cryopreserved preparation CB NCs was the absence of 
degenerative changes. The number of cristae in the cardiomyocytes’ mitochondria was increased and we noted 
the presence of mitochondrial fissile forms in the preparations, suggesting an increase of bioenergy provision of 
intracellular metabolic processes. The increase of the number of ribosomes, polysomes and glycogen granules in 
the sarcoplasm indicated a high level of cardiomyocytes’ contractile opportunities. 

In a month after 9 sessions RECEs and administration of CB NCs we noted the absence of secondary lysosomes 
in the cytoplasm and lipid inclusions in the ultrastructure of cardiomyocytes and myocardium endothelial cells of the 
18 months old rats. The degree of mitochondria swelling was reduced, foci of destruction of outer membrane and 
cristae were almost completely absent. 

Combined use of CB NCs and RECEs in the 24 months old rats significantly reduced the severity of dystrophic 
and destructive disorders of cardiomyocytes and blood capillaries endothelial cells compared with the group of 
control animals. 

Keywords: rhythmic extreme cold exposures, cord blood nucleated cells, ultrastructure of cardiomyocytes, 
mitochondria, endothelial cells. 

Ðåöåíçåíò – ïðîô. Þð÷åíêî Ò. Ì. 

Ñòàòòÿ íàä³éøëà 26. 01. 2015 ð. 


