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ÌÎÐÔÎËÎÃ²ß

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 ìå-
õàí³çì³â ðåãóëÿö³¿ ãîìåîñòàçó îðãàí³çìó ãîìîéî- ³ 
ãåòåðîòåðìíèõ òâàðèí ïðè ð³çíèõ âèäàõ îõîëîäæåí-
íÿ», ¹ ãîñ. ðåãèñòðàöèè 0111U001195. 

Âñòóïëåíèå. Ñòàðåíèå ÿâëÿåòñÿ ìóëüòè ôàêòî-
ðèàëüíûì ïðîöåññîì, êîòîðûé íàõîäèòñÿ ïîä âëè-
ÿíèåì ãåíåòèêè, îáðàçà æèçíè è ôàêòîðîâ îêðó-
æàþùåé ñðåäû. Áîëüøèé âêëàä îêàçûâàþò äâà 
ïîñëåäíèõ ôàêòîðà, ïîñêîëüêó ãåíåòè÷åñêàÿ äåòåð-
ìèíàöèÿ îáúÿñíÿåò òîëüêî îêîëî 20-25 % ðàçëè÷èé 
â âûæèâàåìîñòè ÷åëîâåêà ê 80-òè ãîäàì [3, 7]. Çà-
ãàäêà ñòàðåíèÿ âñ¸ åù¸ îñòà¸òñÿ íåðàçãàäàííîé, 
ïðîâîöèðóÿ óâåëè÷åíèå êîëè÷åñòâà èññëåäîâàíèé 
âî âñåõ ñôåðàõ ôèçèîëîãèè [6]. 

Ñòàðåíèå íå ÿâëÿåòñÿ áîëåçíüþ, íî ñâÿçàíî ñ 
ôèçèîëîãè÷åñêèì óïàäêîì è ïîâûøåíèåì ðèñêà 
ðàçâèòèÿ âîçðàñò-çàâèñèìûõ ïàòîëîãèé, ñðåäè 
êîòîðûõ ñåðäå÷íî-ñîñóäèñòûå çàáîëåâàíèÿ ïî-
ïðåæíåìó çàíèìàþò îäíó èç âåäóùèõ ïðè÷èí ñìåðòè 
íàñåëåíèÿ ïëàíåòû [4, 5]. Ñ âîçðàñòîì óõóäøàþòñÿ 
ôóíêöèîíàëüíûå âîçìîæíîñòè ñåðäå÷íî-ñîñóäèñ-
òîé ñèñòåìû, è ê 75 ãîäàì ïîëîâèíà èõ ñòàíîâèòñÿ 
óòåðÿíà [4]. 

Èçâåñòíî, ÷òî ïàòîëîãèè ñåðäå÷íî-ñîñóäèñòîé 
ñèñòåìû ñîïðîâîæäàþòñÿ èçìåíåíèÿìè â óëüòðà-
ñòðóêòóðå å¸ êîìïîíåíòîâ [1, 2], îäíàêî äàííûå î 
òàêîãî ðîäà ïåðåñòðîéêàõ ïðè ôèçèîëîãè÷åñêîì, íå 
îáðåìåíåííîì ïàòîëîãèåé, ñòàðåíèè íà ðàçíûõ åãî 
ýòàïàõ îòñóòñòâóþò. 

Öåëü èññëåäîâàíèÿ – èçó÷èòü äèíàìèêó èçìå-
íåíèé â ñóáìèêðîñêîïè÷åñêîé îðãàíèçàöèè êàðäèî-
ìèîöèòîâ è ýíäîòåëèîöèòîâ êðîâåíîñíûõ êàïèëëÿ-
ðîâ ìèîêàðäà êðûñ â ïðîöåññå èõ ñòàðåíèÿ. 

Îáúåêò è ìåòîäû èññëåäîâàíèÿ. Èññëåäî-
âàíèÿ ïðîâîäèëè íà áåëûõ áåñïîðîäíûõ êðûñàõ-
ñàìöàõ â äèíàìèêå èõ ñòàðåíèÿ ñ âîçðàñòà 6 ìåñÿ-
öåâ. Âñåãî áûëî èññëåäîâàíî 4 ýêñïåðèìåíòàëüíûå 
ãðóïïû ðàçíîãî âîçðàñòà: 6, 12, 18 è 24 ìåñÿöà. Âñå 
æèâîòíûå ñîäåðæàëèñü â óñëîâèÿõ âèâàðèÿ íà ñòàí-
äàðòíîì ïèùåâîì ðàöèîíå. 

Ýêñïåðèìåíòû íà æèâîòíûõ ïðîâåäåíû â ñîîòâåò-
ñòâèè ñ Îáùèìè ïðèíöèïàìè ðàáîòû íà æèâîòíûõ, 
îäîáðåííûìè 1-ì Íàöèîíàëüíûì êîíãðåññîì ïî 
áèîýòèêå (Êèåâ, Óêðàèíà, 2001) è ñîãëàñîâàííûìè 
ñ ïîëîæåíèåì Åâðîïåéñêîé êîíâåíöèè î çàùè-
òå ïîçâîíî÷íûõ æèâîòíûõ, èñïîëüçóåìûõ äëÿ 
ýêñïåðèìåíòàëüíûõ è äðóãèõ íàó÷íûõ öåëåé (Ñòðàñ-
áóðã, Ôðàíöèÿ, 1985). 

Æèâîòíûõ âûâîäèëè èç ýêñïåðèìåíòà ïóòåì 
äåêàïèòàöèè êàæäûå 6 ìåñÿöåâ â ïðîöåññå èõ ñòà-
ðåíèÿ (âîçðàñò 6, 12, 18 è 24 ìåñ.) è 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 îáñóæäå-
íèå. ßäðà êàðäèîìèîöèòîâ 6 ìåñÿ÷íûõ êðûñ 
èìåëè âûòÿíóòóþ ôîðìó è ÿäåðíóþ ìåìáðà-
íó ñ ìíîæåñòâåííûìè ìåëêèìè äåôîðìàöèÿìè. 
ßäåð íûé õðîìàòèí íàõîäèëñÿ ïðåèìóùåñòâåí-
íî â äåêîíäåíñèðîâàííîé ôîðìå è åãî ãðàíóëû 
ðàâíîìåðíî ðàñïðåäåëÿëèñü ïî ïëîùàäè ñðåçà 
ÿäðà. Äîâîëüíî ÷àñòî âñòðå÷àëèñü ÿäðà, ìåìá-
ðàíà êîòîðûõ îáðàçîâûâàëà ãëóáîêèå èíâàãèíà-
öèè. Î÷àãè ðàçðûõëåíèÿ è ëèçèñà îòñóòñòâîâàëè. 
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Ïåðèíóêëåàðíûå ïðîñòðàíñòâà èìåëè ïîñòîÿííóþ 
øèðèíó. 

Íàáëþäàëñÿ ïîëèìîðôèçì ôîðì è ðàçìåðîâ 
ìèòîõîíäðèé: îäíè ñîäåðæàëè ýëåêòðîííî-ïëîòíûé 
ìàòðèêñ, äðóãèå ýëåêòðîííî-ïðîçðà÷íûé. Ìèòîõîí-
äðèè, êàê ñ ýëåêòðîííî-ïëîòíûì ìàòðèêñîì, òàê è 
ñ ýëåêòðîííî-ïðîçðà÷íûì, èìåëè áîëüøîå êîëè÷å-
ñòâî êðèñò (ðèñ. 1). Âêëþ÷åíèÿ ëèïèäîâ è ëèïîôóñ-
öèíà â ñàðêîïëàçìå íå îáíàðóæèâàëèñü. 

Â ïåðèíóêëåàðíîé îáëàñòè ñàðêîïëàçìû, ëî-
êàëèçîâàëñÿ ïëàñòèí÷àòûé öèòîïëàçìàòè÷åñêèé 
êîìïëåêñ Ãîëüäæè, èìåþùèé âèä ñòîïîê ïàðàëëåëü-
íî îðèåíòèðîâàííûõ ãëàäêèõ ìåìáðàí, îêðóæåííûõ 
ìíîæåñòâîì î÷åíü ìåëêèõ ýëåêòðîííî-ïðîçðà÷íûõ 
âåçèêóë. Ñàðêîïëàçìàòè÷åñêàÿ ìåìáðàíà èìåëà 
ñòðóêòóðó èäåíòè÷íóþ ýëåìåíòàðíîé ìåìáðàíå. 

Ýíäîòåëèàëüíûå êëåòêè êðîâåíîñíûõ êàïèë-
ëÿðîâ 6 ìåñÿ÷íûõ êðûñ ñîäåðæàëè ÿäðà, ÿäåðíàÿ 
ìåìáðàíà êîòîðûõ èìåëà ìíîãî÷èñëåííûå ìåëêèå 
äåôîðìàöèè. Õðîìàòèí áîëüøåé ÷àñòüþ íàõîäèë-
ñÿ â êîíäåíñèðîâàííîì ñîñòîÿíèè. Â öèòîïëàçìå 
ðàñïîëàãàëîñü íåáîëüøîå êîëè÷åñòâî ìèòîõîí-
äðèé ñ ìåëêî ãðàíóëÿðíûì ìàòðèêñîì ñðåäíåé 
ýëåêòðîííîé ïëîòíîñòè. Èõ êðèñòû áûëè óêîðî÷åíû. 
Öèñòåðíû ãðàíóëÿðíîãî ýíäîïëàçìàòè÷åñêîãî 
ðåòèêóëóìà óïëîùàëèñü, à íà ìåìáðàíàõ ëîêàëè-
çîâàëîñü íåáîëüøîå êîëè÷åñòâî ðèáîñîì. Âáëè-
çè ïëàñòèí÷àòîãî öèòîïëàçìàòè÷åñêîãî êîìï-
ëåêñà Ãîëüäæè ïðèñóòñòâîâàëè ìåëêèå âåçèêóëû, 
çàïîëíåííûå âåùåñòâîì ðàçëè÷íîé ýëåêòðîííîé 
ïëîòíîñòè. Öèòîïëàçìà ýíäîòåëèîöèòîâ ñîäåðæàëà 
ìíîãî÷èñëåííûå ðèáîñîìû è ïîëèñîìû. Âòîðè÷íûå 
ëèçîñîìû è âêëþ÷åíèÿ ëèïèäîâ îòñóòñòâîâàëè. 

Â öèòîïëàçìå îòðîñòêîâ ýíäîòåëèîöèòîâ ïðèñóò-
ñòâîâàëî áîëüøîå êîëè÷åñòâî ìèêðîïèíîöèòîçíûõ 
ïóçûðüêîâ (ðèñ. 2). 

Ó 12 ìåñÿ÷íûõ êðûñ íàáëþäàëàñü àíàëîãè÷íàÿ 
ñóáìèêðîñêîïè÷åñêàÿ îðãàíèçàöèÿ êàðäèîìèî-
öèòîâ è ýíäîòåëèîöèòîâ êðîâåíîñíûõ êàïèëëÿðîâ 
ìèîêàðäà. Äëÿ ýòîé ãðóïïû ýêñïåðèìåíòàëüíûõ 
æèâîòíûõ õàðàêòåðíûì áûëî óâåëè÷åíèå ýëåêòðîí-
íîé ïëîòíîñòè ìàòðèêñà ìèòîõîíäðèé è ïîâûøåíèå 
îñìèîôèëèè íàðóæíûõ ìåìáðàí (ðèñ. 3). 

Ñóáìèêðîñêîïè÷åñêàÿ àðõèòåêòîíèêà êàðäèîìè-
îöèòîâ 18 ìåñÿ÷íûõ æèâîòíûõ, â îñíîâíîì, ñîõðà-
íÿëà òèïè÷íîå ñòðîåíèå. Îòäåëüíûå èç íèõ èìåëè 
èçìåíåíèÿ, õàðàêòåðíûå äëÿ ðàçâèòèÿ óìåðåííî 
âûðàæåííîãî äèñòðîôè÷åñêîãî ïðîöåññà. 

Ìàòðèêñ ÿäåð ïðèîáðåòàë íèçêóþ ýëåêòðîííóþ 
ïëîòíîñòü. Ãëûáêè êîíäåíñèðîâàííîãî õðîìàòè-
íà êîíöåíòðèðîâàëèñü ïðåèìóùåñòâåííî â îá-
ëàñòè, ïðèëåæàùåé ê ÿäåðíîé ìåìáðàíå. Öåí-
òðàëüíàÿ îáëàñòü ìàòðèêñà ÿäðà ñîäåðæàëà 
ãðàíóëû äåêîíäåíñèðîâàííîãî õðîìàòèíà. ßäåð-
íàÿ ìåìáðàíà îáðàçîâûâàëà íåáîëüøîå êîëè÷å-
ñòâî ãëóáîêèõ è ìåëêèõ èíâàãèíàöèé. Íàáëþäàëèñü 
ìåëêèå ó÷àñòêè å¸ ðàçðûõëåíèÿ. Î÷àãè äåñòðóêöèè 
ÿäåðíîé ìåìáðàíû ïðàêòè÷åñêè îòñóòñòâîâàëè. 
Ïåðèíóêëåàðíûå ïðîñòðàíñòâà èìåëè ó÷àñòêè ëî-
êàëüíîãî ðàñøèðåíèÿ. 

Ðèñ. 1. Óëüòðàñòðóêòóðà êàðäèîìèîöèòîâ ìèîêàðäà 
6 ìåñÿ÷íûõ êðûñ. ×¸òêàÿ ïîïåðå÷íàÿ èñ÷åð÷åííîñòü, 

ìèòîõîíäðèè ñ ìåëêîçåðíèñòûì ìàòðèêñîì, áîëü-
øîå êîëè÷åñòâî êðèñò õ 36 000. Êîíòðàñòèðîâàíî 

öèòðàòîì ñâèíöà. 

Ðèñ. 2. Óëüòðàñòðóêòóðà ýíäîòåëèàëüíûõ êëåòîê 
êðîâåíîñíûõ êàïèëëÿðîâ ìèîêàðäà 6 ìåñÿ÷íûõ êðûñ. 

Ìíîãî÷èñëåííûå ìèêðîïèíîöèòîçíûå ïóçûðüêè â 
öèòîïëàçìå õ 47 000. Êîíòðàñòèðîâàíî öèòðàòîì 

ñâèíöà. 

Ðèñ. 3. Óëüòðàñòðóêòóðà êàðäèîìèîöèòîâ ìèî-
êàðäà 12 ìåñÿ÷íûõ êðûñ. Óïëîòíåíèå ìàòðèêñà, 

ìíîãî÷èñëåííûå êðèñòû è îñìèîôèëüíûå íàðóæíûå 
ìåìáðàíû ìèòîõîíäðèé õ 38 000. Êîíòðàñòèðîâàíî 

öèòðàòîì ñâèíöà. 



Â³ñíèê ïðîáëåì á³îëîã³¿ ³ ìåäèöèíè – 2014 – Âèï. 4, Òîì 2 (114) 255

ÌÎÐÔÎËÎÃ²ß

Ñíèæàëîñü êîëè÷åñòâî îðãàíåëë, ðèáîñîì, ãðà-
íóë ãëèêîãåíà â ïåðèíóêëåàðíîé îáëàñòè êàðäèîìè-
îöèòîâ, ïî ñðàâíåíèþ, ñ ãðóïïîé êðûñ 6 ìåñÿ÷íî-
ãî âîçðàñòà. Ñàðêîïëàçìà îáëàäàëà áîëåå íèçêîé 
ýëåêòðîííîé ïëîòíîñòüþ. 

Èçìåíåíèÿ ìèòîõîíäðèé íîñèëè ïîëèìîðôíûé 
õàðàêòåð. Áîëüøàÿ èõ ÷àñòü èìåëà òèïè÷íóþ ñòðóê-
òóðó ñ ìíîæåñòâîì ïàðàëëåëüíî îðèåíòèðîâàííûõ 
êðèñò è ÷¸òêî êîíòóðèðóåìîé íàðóæíîé ìåìá-
ðàíîé. Â ïðåïàðàòàõ âñòðå÷àëèñü ìèòîõîíäðèè 
ñ ýëåêòðîííî-ïðîçðà÷íûì ìàòðèêñîì è ëèçè-
ðîâàííûìè êðèñòàìè. Íàðóæíûå ìåìáðàíû â 
íåêîòîðûõ ìèòîõîíäðèÿõ èìåëè ìåëêèå î÷àãè 
ðàçðûõëåíèÿ è ëèçèñà (ðèñ. 4). 

Çíà÷èòåëüíîìó ïðîñâåòëåíèþ ïîäâåðãàëàñü è 
ñàðêîïëàçìà êàðäèîìèîöèòîâ, êîòîðàÿ âûãëÿäåëà 
çà÷àñòóþ ýëåêòðîííî-ïðîçðà÷íîé. Â íåé èíîãäà 
èìåëè ìåñòî âêëþ÷åíèÿ ëèïèäîâ è ëèïîôóñöèíà. Â 
êàðäèîìèîöèòàõ íàáëþäàëîñü ëîêàëüíîå èñòîí÷å-
íèå ïó÷êîâ ìèîôèáðèëë. 

ßäðà ýíäîòåëèàëüíûõ êëåòîê êðîâåíîñíûõ êà-
ïèëëÿðîâ ìèîêàðäà 18 ìåñÿ÷íûõ êðûñ èìåëè íåïðà-
âèëüíóþ ôîðìó è ãëóáîêèå èíâàãèíàöèè ÿäåðíîé 
ìåìáðàíû. Õðîìàòèí ÿäðà êîíöåíòðèðîâàëñÿ ïðåè-
ìóùåñòâåííî âäîëü ÿäåðíîé îáîëî÷êè. Â öåíòðàëü-
íîé îáëàñòè ÿäåðíîãî ìàòðèêñà îáðàçîâûâàëàñü 
ýëåêòðîííî-ïðîçðà÷íàÿ îáëàñòü, çàïîëíåííàÿ íå-
áîëüøèì êîëè÷åñòâîì ðèáîñîì è ãðàíóëàìè äå-
êîíäåíñèðîâàííîãî õðîìàòèíà. ßäåðíàÿ ìåìáðàíà 
èìåëà îáøèðíûå î÷àãè ðàçðûõëåíèÿ, îäíàêî î÷àãè 
å¸ ðàçðóøåíèÿ âûÿâëÿëèñü êðàéíå ðåäêî. 

Â öèòîïëàçìå îòðîñòêîâ ýíäîòåëèîöèòîâ ñóùå-
ñòâåííî ñíèæàëîñü êîëè÷åñòâî ìèêðîïèíîöèòîçíûõ 
ïóçûðüêîâ. Ìèòîõîíäðèè ýíäîòåëèîöèòîâ êðîâå-
íîñíûõ êàïèëëÿðîâ áûëè ñèëüíî íàáóõøèìè ñ 
ïðîñâåòë¸ííûì ìàòðèêñîì è åäèíè÷íûìè êðèñòàìè 
(ðèñ. 5). 

Ó 24 ìåñÿ÷íûõ êðûñ ÿäðà êàðäèîìèîöèòîâ èìåëè 
îêðóãëóþ, ñëåãêà âûòÿíóòóþ ôîðìó. ßäåðíûé õðîìà-
òèí íàõîäèëñÿ áîëüøåé ÷àñòüþ â êîíäåíñèðîâàííîì 
ñîñòîÿíèè, åãî ãëûáêè áîëåå èëè ìåíåå ðàâíîìåðíî 
ðàñïðåäåëÿëèñü ïî ïëîùàäè ñðåçà ÿäðà. ßäåðíàÿ 

Ðèñ. 4. Óëüòðàñòðóêòóðà êàðäèîìèîöèòîâ ìèîêàð-
äà 18 ìåñÿ÷íûõ êðûñ. Ïðîñâåòëåíèå ìàòðèêñà è 

î÷àãîâûé ëèçèñ êðèñò ìèòîõîíäðèé õ 39 000. Êîíòð-
àñòèðîâàíî öèòðàòîì ñâèíöà. 

Ðèñ. 5. Óëüòðàñòðóêòóðà ýíäîòåëèàëüíûõ êëåòîê 
êðîâåíîñíûõ êàïèëëÿðîâ ìèîêàðäà 18 ìåñÿ÷íûõ 

êðûñ. Êîíäåíñàöèÿ õðîìàòèíà ÿäðà, ïðîñâåòëåíèå 
ìàòðèêñà ìèòîõîíäðèé, ðàçðûõëåíèå öèòîïëàçìàòè-

÷åñêîé ìåìáðàíû õ 40 000. 
Êîíòðàñòèðîâàíî öèòðàòîì ñâèíöà. 

Ðèñ. 6. Óëüòðàñòðóêòóðà êàðäèîìèîöèòîâ ìèîêàðäà 
24 ìåñÿ÷íûõ êðûñ. Ëîêàëüíîå ïðîñâåòëåíèå ìàòðèê-
ñà è ëèçèñ íàðóæíûõ ìåìáðàí ìèòîõîíäðèé õ 52 000. 

Êîíòðàñòèðîâàíî öèòðàòîì ñâèíöà. 

Ðèñ. 7. Óëüòðàñòðóêòóðà ýíäîòåëèàëüíûõ êëåòîê 
êðîâåíîñíûõ êàïèëëÿðîâ ìèîêàðäà 24 ìåñÿ÷íûõ 

êðûñ. Âòîðè÷íûå ëèçîñîìû â öèòîïëàçìå õ 37 000. 
Êîíòðàñòèðîâàíî öèòðàòîì ñâèíöà. 
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ìåìáðàíà ãëàäêàÿ, áåç äåôîðìàöèé, îäíàêî ñ ìåë-
êèìè î÷àãàìè äåñòðóêöèè è ðàçðûõëåíèÿ. 

Â ñàðêîïëàçìå çíà÷èòåëüíîãî êîëè÷åñòâà êàð-
äèîìèîöèòîâ îáíàðóæèâàëèñü ñêîïëåíèÿ ìèòî-
õîíäðèé, îáëàäàþùèõ îñìèîôèëüíîé íàðóæíîé 
ìåìáðàíîé áåç î÷àãîâ ëèçèñà è áîëåå ïëîòíûì ìà-
òðèêñîì. ×àñòü èç íèõ ñîäåðæàëà êðèñòû îáû÷íîãî 
ñòðîåíèÿ, äðóãàÿ èìåëà ëèçèðîâàííûå êðèñòû. Â 
ìàòðèêñå îòäåëüíûõ ìèòîõîíäðèé ñîäåðæàëèñü 
ìèåëèíîïîäîáíûå ñòðóêòóðû. Íàðóæíàÿ ìåìáðàíà 
áûëà ðàçðûõë¸ííîé, ñ î÷àãàìè ðàçðóøåíèÿ. 

Âñòðå÷àëèñü ìèòîõîíäðèé ïîäâåðæåííûå 
ëîêàëü íûì ïðîöåññàì äåãåíåðàöèè. Â èõ ìàòðèêñå 
îáðàçîâûâàëèñü ýëåêòðîííî-ïðîçðà÷íûå ïîëîñòè, 
îêðóæåííûå ýëåìåíòàðíîé ìåìáðàíîé (ðèñ. 6). 

Â ñàðêîïëàçìå êàðäèîìèîöèòîâ äîâîëüíî ÷àñòî 
îáíàðóæèâàëèñü ëèïèäíûå âêëþ÷åíèÿ, âòîðè÷íûå 
ëèçîñîìû è âêëþ÷åíèÿ ëèïîôóñöèíà. 

Óëüòðàñòðóêòóðà ýíäîòåëèîöèòîâ êðîâåíîñíûõ 
êàïèëëÿðîâ ìèîêàðäà 24 ìåñÿ÷íûõ êðûñ ïðè-
îáðåòàëà ÷åðòû âûðàæåííûõ äèñòðîôè÷åñêèõ è 
äåñòðóêòèâíûõ èçìåíåíèé. Îòìå÷àëîñü çíà÷èòåëü-
íîå óìåíüøåíèå êîëè÷åñòâà ìèêðîïèíîöèòîçíûõ 
ïóçûðüêîâ â öèòîïëàçìå îòðîñòêîâ ýíäîòåëèîöèòîâ. 

ßäðà ýíäîòåëèàëüíûõ êëåòîê ñîäåðæàëè ïðå-
èìóùåñòâåííî êîíäåíñèðîâàííûé õðîìàòèí, 
èìåëè ãëàäêóþ, ðàçðûõëåííóþ ÿäåðíóþ ìåìáðà-
íó ñ î÷àãàìè ëèçèñà. Íåáîëüøîå êîëè÷åñòâî íà-
áóõøèõ ìèòîõîíäðèé ñ åäèíè÷íûìè êðèñòàìè è 
ýëåêòðîííî-ïðîçðà÷íûì ìàòðèêñîì ðàñïîëàãàëîñü 
â ïåðèíóêëåàðíîé îáëàñòè öèòîïëàçìû. 

Ïëàñòèí÷àòûé öèòîïëàçìàòè÷åñêèé êîìïëåêñ 
Ãîëüäæè ïîäâåðãàëñÿ ðåäóêöèè. Åãî âåçèêóëÿð-
íàÿ ÷àñòü ïðåäñòàâëåíà åäèíè÷íûìè êðóïíûìè 
ýëåêòðîííî-ïðîçðà÷íûìè âàêóîëÿìè. Â öèòîïëàç-
ìå âñåõ ýíäîòåëèîöèòîâ ðàñïîëàãàëèñü âòîðè÷íûå 
ëèçîñîìû (ðèñ. 7) è ìåëêèå âêëþ÷åíèÿ ëèïèäîâ. 

Öèòîïëàçìàòè÷åñêàÿ ìåìáðàíà, îáðàùåííàÿ â 
ïðîñâåò êàïèëëÿðà, áûëà îñìèîôèëüíà, óòîëùåíà è 
î÷àãîâî ðàçðóøåíà. 

Ïðîâåäåííûå ýëåêòðîííî-ìèêðîñêîïè÷åñêèå 
èññëå äîâàíèÿ äèíàìèêè ñóáìèêðîñêîïè÷åñêèõ 
ïåðå  ñòðîåê îðãàíåëë êàðäèîìèîöèòîâ è ýíäî òåëè-
îöèòîâ êðîâåíîñíûõ êàïèëëÿðîâ ìèîêàðäà êðûñ â 
äèíàìèêå èõ ñòàðåíèÿ, ïîêàçàëè, ÷òî õàðàêòåðíîé 
îñîáåííîñòüþ óëüòðàñòðóêòóðíîé îðãàíèçàöèè êàð-
äèîìèîöèòîâ 6 ìåñÿ÷íûõ êðûñ ÿâëÿåòñÿ íàëè÷èå 
áîëüøîãî êîëè÷åñòâà ìåëêèõ ìèòîõîíäðèé è êðèñò 
â íèõ, à òàêæå ïðèñóòñòâèå äåëÿùèõñÿ ôîðì. Â ýòîé 
ãðóïïå æèâîòíûõ â ñàðêîïëàçìå êàðäèîìèîöèòîâ 
îòñóòñòâîâàëè âòîðè÷íûå ëèçîñîìû è âêëþ÷åíèÿ 
ëèïèäîâ. Â íèõ ïðèñóòñòâîâàëè áîëüøîå êîëè÷åñòâî 
ðèáîñîì, ïîëèñîì è ãðàíóë ãëèêîãåíà. 

Âûñîêèé óðîâåíü ìåòàáîëè÷åñêîé, ðåïàðàòèâ-
íîé è ñèíòåòè÷åñêîé àêòèâíîñòè ñîõðàíÿëñÿ è â 
êëåòêàõ è ñîñóäàõ ìèîêàðäà 12 ìåñÿ÷íûõ êðûñ. 

Ê 18 ìåñÿöàì íà÷èíàëè ïîÿâëÿòüñÿ ïðèçíàêè ðàç-
âèòèÿ äèñòðîôè÷åñêèõ ïðîöåññîâ íà ñóáêëåòî÷íîì 
óðîâíå â âèäå íàáóõàíèÿ ìèòîõîíäðèé, î÷àãîâîãî 
ïðîñâåòëåíèÿ èõ ìàòðèêñà è äåñòðóêöèè îòäåëüíûõ 
êðèñò. Äàííûå èçìåíåíèÿ õàðàêòåðíû äëÿ ðàçâèòèÿ 
ìèòîõîíäðèàëüíîé äèñôóíêöèè. 

Ó 24 ìåñÿ÷íûõ êðûñ ìèòîõîíäðèè êàðäèîìèîöè-
òîâ èìåëè ðàçëè÷íóþ óëüòðàñòðóêòóðó. ×àñòü èç íèõ 
áûëà ñèëüíî íàáóõøåé ñ ïðîñâåòëåííûì ìàòðèêñîì 
è ðàñøèðåííûìè ìåæêðèñòíûìè ïðîñòðàíñòâàìè, 
äðóãàÿ íàõîäèëàñü íà ðàçëè÷íûõ ñòàäèÿõ äåãåíåðà-
öèè, ñîïðîâîæäàþùåéñÿ ëèçèñîì êðèñò è íàðóæíûõ 
ìåìáðàí. Âñòðå÷àëèñü òàêæå òîòàëüíî ðàçðóøåííûå 
ìèòîõîíäðèè. Äåãåíåðàòèâíî-äåñòðóêòèâíûå èçìå-
íåíèÿ ìèòîõîíäðèé ñâèäåòåëüñòâóþò î ñóùåñòâåí-
íîì íàðóøåíèè âíóòðèêëåòî÷íîé áèîýíåðãåòèêè. 

Â êàðäèîìèîöèòàõ è ýíäîòåëèîöèòàõ íàáëþäà-
ëàñü äîâîëüíî âûñîêàÿ àêòèâíîñòü êàòàáîëè÷åñêèõ 
ïðîöåññîâ, ÷òî ñòðóêòóðíî ïðîÿâëÿëîñü íàëè÷èåì 
â ñàðêîïëàçìå âêëþ÷åíèé ëèïèäîâ è ëèïîôóñöèíà, 
ñíèæåíèåì êîëè÷åñòâà ðèáîñîì, ïîëèñîì è ãðàíóë 
ãëèêîãåíà. 

Âûâîäû. 
1. Õàðàêòåðíîé îñîáåííîñòüþ óëüòðàñòðóêòóð-

íîé îðãàíèçàöèè êàðäèîìèîöèòîâ è ýíäîòåëèîöèòîâ 
êðîâåíîñíûõ êàïèëëÿðîâ 6 ìåñÿ÷íûõ êðûñ ÿâëÿåòñÿ 
íàëè÷èå áîëüøîãî êîëè÷åñòâà ìåëêèõ ìèòîõîíäðèé 
è êðèñò â íèõ. Âûñîêèé óðîâåíü ìåòàáîëè÷åñêîé, 
ðåïàðàòèâíîé è ñèíòåòè÷åñêîé àêòèâíîñòè ñîõðàíÿ-
åòñÿ è â êëåòêàõ è ñîñóäàõ ìèîêàðäà êðûñ 12 ìåñÿ÷-
íîãî âîçðàñòà. 

2. Äèñòðîôè÷åñêèå ïðîöåññû íà ñóáêëåòî÷íîì 
óðîâíå íà÷èíàþò ïðîÿâëÿòüñÿ ê 18 ìåñÿöàì. Èìåþò 
ìåñòî èçìåíåíèÿ õàðàêòåðíûå äëÿ ðàçâèòèÿ ìèòî-
õîíäðèàëüíîé äèñôóíêöèè. 

3. Â ãðóïïå 24 ìåñÿ÷íûõ êðûñ ñóùåñòâåííî 
óâåëè÷èâàëñÿ îáú¸ì ìèòîõîíäðèé. Âñòðå÷àëèñü 
ìèòîõîíäðèè, íàõîäÿùèåñÿ íà ðàçëè÷íûõ ñòà-
äèÿõ äåãåíåðàöèè, ñîïðîâîæäàþùåéñÿ ëèçèñîì 
êðèñò è íàðóæíûõ ìåìáðàí. Â êàðäèîìèîöèòàõ è 
ýíäîòåëèîöèòàõ íàáëþäàëàñü äîâîëüíî âûñîêàÿ àê-
òèâíîñòü êàòàáîëè÷åñêèõ ïðîöåññîâ, ÷òî ïîäòâåðæ-
äàëîñü íàëè÷èåì â ñàðêîïëàçìå âêëþ÷åíèé ëèïè-
äîâ è ëèïîôóñöèíà. 

4. Âûÿâëåííûå èçìåíåíèÿ ñóáìèêðîñêîïè÷åñ-
êîé àðõèòåêòîíèêè ñâèäåòåëüñòâóþò î ñíèæåíèè 
ñîêðàòèòåëüíîé ñïîñîáíîñòè êàðäèîìèîöèòîâ, 
ñâÿçàííîé ñ äåñòðóêòèâíî–äèñòðîôè÷åñêèìè ïåðå-
ñòðîéêàìè ìèòîõîíäðèé. 

Ïåðñïåêòèâû äàëüíåéøèõ èññëåäîâàíèé. Â 
äàëüíåéøåì áóäóò ïðîâåäåíû ýêñïåðèìåíòàëüíûå 
èññëåäîâàíèÿ ïî èçó÷åíèþ âëèÿíèÿ ðèòìè÷åñêèõ 
ýêñòðåìàëüíûõ õîëîäîâûõ âîçäåéñòâèé (-120°Ñ) è 
êîðäîâîé êðîâè íà óëüòðàñòðóêòóðíóþ îðãàíèçàöèþ 
êàðäèîìèîöèòîâ è ýíäîòåëèîöèòîâ ìèîêàðäà êðûñ 
â äèíàìèêå èõ ñòàðåíèÿ. 
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Ðåçþìå. Åëåêòðîííî-ì³êðîñêîï³÷í³ äîñë³äæåííÿ êàðä³îì³îöèò³â òà åíäîòåë³îöèò³â ñóäèí ì³îêàðäó ùóð³â 

ó äèíàì³ö³ ¿õ ñòàð³ííÿ ïîêàçàëè, ùî âèñîêèé ð³âåíü ìåòàáîë³÷íî¿, ðåïàðàòèâíî¿ òà ñèíòåòè÷íî¿ àêòèâíîñò³ 
çáåð³ãàºòüñÿ â íèõ äî 12-òè ì³ñÿ÷íîãî â³êó. Äèñòðîô³÷í³ ïðîöåñè, ùî õàðàêòåðèçóºòüñÿ ðîçâèòêîì ì³òîõîí-
äð³àëüíî¿ äèñôóíêö³¿ íà ñóáêë³òèííîìó ð³âí³, ïî÷èíàþòü ïðîÿâëÿòèñÿ äî 18-òè ì³ñÿö³â. Ó ãðóï³ 24 ì³ñÿ÷íèõ 
ùóð³â, ïîðÿä ç³ çá³ëüøåííÿì îá’ºìó ì³òîõîíäð³é, ç’ÿâëÿþòüñÿ ì³òîõîíäð³¿, ÿê³ çíàõîäÿòüñÿ íà ð³çíèõ ñòàä³ÿõ 
äåãåíåðàö³¿. Ó êàðä³îì³îöèòàõ òà åíäîòåë³îöèòàõ ñóäèí ì³îêàðäó àêòèâóþòüñÿ êàòàáîë³÷í³ ïðîöåñè, ùî ñòðóê-
òóðíî ï³äòâåðäæóºòüñÿ ïîÿâîþ â ñàðêîïëàçì³ âêëþ÷åíü ë³ï³ä³â òà ë³ïîôóñöèíó. Äàí³ çì³íè ñóáì³êðîñêîï³÷íî¿ 
àðõ³òåêòîí³êè ñâ³ä÷àòü ïðî çíèæåííÿ çäàòíîñò³ êàðä³îì³îöèò³â äî ñêîðî÷åííÿ, ùî ïîâ’ÿçàíî ç³ ñòðóêòóðíî-
äèñòðîô³÷íèìè ïåðåáóäîâàìè ì³òîõîíäð³é. 
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ìèîêàðäà êðûñ â äèíàìèêå èõ ñòàðåíèÿ ïîêàçàëè, ÷òî âûñîêèé óðîâåíü ìåòàáîëè÷åñêîé, ðåïàðàòèâíîé è 
ñèíòåòè÷åñêîé àêòèâíîñòè ñîõðàíÿåòñÿ â íèõ äî 12-òè ìåñÿ÷íîãî âîçðàñòà. Äèñòðîôè÷åñêèå ïðîöåññû, 
õàðàêòåðèçóþùèåñÿ ðàçâèòèåì ìèòîõîíäðèàëüíîé äèñôóíêöèè íà ñóáêëåòî÷íîì óðîâíå, íà÷èíàþò ïîÿâ-
ëÿòüñÿ ê 18-òè ìåñÿöàì. Â ãðóïïå 24 ìåñÿ÷íûõ êðûñ, íàðÿäó ñ óâåëè÷åíèåì îáú¸ìà ìèòîõîíäðèé, ïîÿâëÿ-
þòñÿ ìèòîõîíäðèè, íàõîäÿùèåñÿ íà ðàçëè÷íûõ ñòàäèÿõ äåãåíåðàöèè. Â êàðäèîìèîöèòàõ è ýíäîòåëèîöèòàõ 
ñîñóäîâ ìèîêàðäà àêòèâèðóþòñÿ êàòàáîëè÷åñêèå ïðîöåññû, ÷òî ñòðóêòóðíî ïîäòâåðæäàåòñÿ ïîÿâëåíèåì â 
ñàðêîïëàçìå âêëþ÷åíèé ëèïèäîâ è ëèïîôóñöèíà. Äàííûå èçìåíåíèÿ ñóáìèêðîñêîïè÷åñêîé àðõèòåêòîíèêè 
ñâèäåòåëüñòâóþò î ñíèæåíèè ñîêðàòèòåëüíîé ñïîñîáíîñòè êàðäèîìèîöèòîâ, ñâÿçàííîé ñ äåñòðóêòèâíî–
äèñòðîôè÷åñêèìè ïåðåñòðîéêàìè ìèòîõîíäðèé. 
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ôóíêöèÿ, ýíäîòåëèîöèòû. 
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Features of Changes of Ultrastructure Organization of Myocardium Cardiomyocytes and Myocardium 

Blood Capillaries Endotheliocytes in Dynamics of Aging in Rats
Rudnyeva Yu. V., Nevzorov V. P., Babiychuk V. G., Chernyavskaya E. A. , Kulik V. V. 
Abstract. Aging is the multifactorial process, influenced by genetics, lifestyle and environmental factors. 
Aging is not a disease, but it is associated with a physiological decline and an increased risk of age-related dis-

eases, including cardiovascular diseases, which continue to occupy one of the leading causes of a death among the 
population of planet. The functionality of the cardiovascular system is getting worse with age and half of it is getting 
lost at 75 years. 

It is known that pathologies of the cardiovascular system are accompanied by changes in the ultrastructure of 
its components, but the data about such modifications at physiological, not burdened with pathology, aging at dif-
ferent stages are absent. 

The aim of this work was to study the dynamics of changes in the submicroscopic organization of cardiomyo-
cytes and endothelial cells of blood capillaries in the myocardium of rats during their aging. 
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Subjects and methods. Investigations were carried out in Albino male rats in the dynamics of their aging from 6 
months age. There were studied four experimental groups of different ages: 6, 12, 18 and 24 months. All animals 
were kept in a vivarium on a standard diet. 

Animals were taken out of the experiment by decapitation every 6 months during their aging (age 6, 12, 18 and 
24 months.) and we were taking 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 months old rats was the pres-
ence of a lot of small mitochondria and cristae in them, as well as the presence of mitochondrial fissile forms. Sec-
ondary lysosomes and incorporating lipids were absent in the cardiomyocytes sarcoplasm in this group of animals. 
There was a large number of ribosomes, polysomes and glycogen granules. 

The electron microscopic study of the rats’ cardiomyocytes and myocardium vessels endotheliocytes in dynam-
ics of their aging showed that a high level of metabolic, reparative and synthetic activity was kept in them up to 12 
months age. 

The degenerative processes, characterized by the development of mitochondrial dysfunction at the subcellular 
level, began to appear at 18 months. There were a swelling of mitochondria, local matrix enlightenment and some 
cristae destruction. The mitochondria at different degeneration stages along with an increase in volume of mito-
chondria appeared in the group of 24 months old rats. Catabolic processes were activated in cardiomyocytes and 
myocardium vessels endotheliocytes that was structurally confirmed with the appearance of inclusions of lipids and 
lipofuscin in sarcoplasm. These changes of the submicroscopic architecture showed the decrease in contractility of 
cardiomyocytes, which was associated with destructive and dystrophic restructurings of mitochondria. 

Keywords: aging, ultrastructure of cardiomyocytes, mitochodria, mitochodrial dysfunction, endotheliocytes. 
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