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ÌÎÐÔÎËÎÃ²ß

Ðàáîòà ÿâëÿåòñÿ ôðàãìåíòîì ÍÈÐ «Óäîñêîíàëè-
òè êîìïëåêñíå ë³êóâàííÿ õîëîäîâî¿ òðàâìè íà îñíî-
â³ çàñòîñóâàííÿ îïåðàö³é ðåâàñêóëÿðèçàö³¿», ¹ ãîñ. 
ðåãèñòðàöèè 0106U001450. 

Âñòóïëåíèå. Â ïîñëåäíåå âðåìÿ íàáëþäà-
þòñÿ àíîìàëüíûå êîëåáàíèÿ òåìïåðàòóðû, ïðè 
êîòîðûõ â íåêîòîðûõ îáëàñòÿõ òåìïåðàòóðà ñíèæà-
åòñÿ äî î÷åíü íèçêèõ çíà÷åíèé, íå õàðàêòåðíûõ äëÿ 
äàííîãî ðåãèîíà. Òàêèå êîëåáàíèÿ òåìïåðàòóðû 
ïîâûøàþò êîëè÷åñòâî ïàöèåíòîâ, ïîäâåðæåííûõ 
ãëóáîêîìó îõëàæäåíèþ. Êðîìå îáìîðîæåíèÿ 
ïîâåðõíîñòíûõ ó÷àñòêîâ êîæíîãî ïîêðîâà çíà÷è-
òåëüíàÿ ÷àñòü ïîñòðàäàâøèõ ïîäâåðæåíà ãëóáîêîìó 
îõëàæäåíèþ ñêåëåòíûõ ìûøö, áåç ÿâíûõ ïðèçíàêîâ 
îáìîðîæåíèÿ. 

Ñîâðåìåííîå ëå÷åíèå ýòîé êàòåãîðèè áîëüíûõ 
òðåáóåò çíàíèå ìîðôîëîãè÷åñêèõ àñïåêòîâ è 
ìîëåêóëÿðíûõ ïðîöåññîâ, ïðîòåêàþùèõ â óñëîâèÿõ 
äëèòåëüíîãî îõëàæäåíèÿ [1, 2. 3. 4]. 

Ñóùåñòâóåò çàêîíîìåðíàÿ ñâÿçü ìåæäó êà÷å-
ñòâîì îêàçàíèÿ ïîìîùè â îñòðîì ïåðèîäå îæî-
ãîâîé áîëåçíè, òå÷åíèåì ðàíåâîãî ïðîöåññà è 
âûðàæåííîñòüþ ïîñëåäñòâèé õîëîäîâîé òðàâìû. 
Ðàííåå ïðèìåíåíèå ìåòîäîâ ýêñòðàêîðïîðàëüíîé 
äåòîêñèêàöèè îðãàíèçìà îñâîáîæäàåò êðîâåíîñíîå 
ðóñëî îò ïðîäóêòîâ ðàñïàäà òêàíåé, ñíèæàåò ñîäåð-
æàíèå ñðåäíèõ ìîëåêóë, óëó÷øàåò ìèêðîöèðêóëÿ-
öèþ â òêàíÿõ çîíû ïîðàæåíèÿ, ÷òî ïîâûøàåò ðåçèñ-
òåíòíîñòü îðãàíèçìà. 

Òàêèì îáðàçîì, íà îñíîâàíèè àíàëèçà ëèòå-
ðàòóðû ìîæíî êîíñòàòèðîâàòü, ÷òî äîñòèæåíèÿ 
ïîñëåäíèõ ëåò â êîìïëåêñíîì ëå÷åíèè õîëîäîâîé 
òðàâìû óñëîæíèëè ðåàáèëèòàöèþ áîëüíûõ. 

Â öåëîì îñëîæíåíèÿ âñòðå÷àþòñÿ ÷àñòî, â 
òîì ÷èñëå è îïàñíûå, ÷òî ñâèäåòåëüñòâóåò î íå-
îáõîäèìîñòè èçó÷åíèÿ èõ ïðè÷èí è ðàçðàáîòêè 
ýôôåêòèâíûõ êðèòåðèåâ êîíòðîëÿ õîäà ñàìîãî ïðî-
öåññà âîññòàíîâëåíèÿ ìÿãêèõ òêàíåé ïîñëå ãëóáîêî-
ãî îõëàæäåíèÿ è îáìîðîæåíèÿ [5, 6, 7]. 

Äëÿ óëó÷øåíèÿ ðåçóëüòàòîâ íåîáõîäèìû êîì-
ïëåêñíûå èññëåäîâàíèÿ, íàïðàâëåííûå íà èçó÷åíèå 
ìîðôîôóíêöèîíàëüíûõ îñîáåííîñòåé ìåòàáîëèçìà 

ñêåëåòíûõ ìûøö íà âñåõ óðîâíÿõ îðãàíèçàöèè, 
âêëþ÷àÿ ñóáìèêðîñêîïè÷åñêèé. 

Öåëü èññëåäîâàíèÿ – âûÿâèòü îñîáåííîñòè 
óëüòðàñòðóêòóðíûõ èçìåíåíèÿ ìèîñèìïëàñòîâ ñêå-
ëåòíîé ìóñêóëàòóðû êðûñ, ïîäâåðæåííûõ ãëóáîêîìó 
îõëàæäåíèþ. 

Îáúåêò è ìåòîäû èññëåäîâàíèÿ. Ýêñïåðèìåíò 
ïðîâîäèëè íà êðûñàõ ëèíèè Âèñòàð, êîòîðûì íà-
íîñèëñÿ õîëîäîâûé îæîã ñêåëåòíûõ ìûøö æèäêèì 
àçîòîì, ñ ïîñëåäóþùèì çàáîðîì ìàòåðèàëà äëÿ 
èçó÷åíèÿ óëüòðàñòðóêòóðû ìèîñèìïëàñòîâ ÷åðåç 6 
÷àñîâ, 1, 3 è 7 ñóòîê ïîñëå ìîäåëèðîâàíèÿ ãëóáîêîãî 
îõëàæäåíèÿ. 

Êóñî÷êè ñêåëåòíûõ ìûøö, ïîñëå èññå÷åíèÿ, ïî-
ìåùàëè äëÿ ïðåäâàðèòåëüíîé ôèêñàöèè â 2,5 %-íûé 
çàáóôåðåííûé ðàñòâîð ãëþòàðîâîãî àëüäåãèäà íà 
5-6 ÷àñîâ ïðè òåìïåðàòóðå 40Ñ. Ïîñëå ïðîìûâêè â 
áóôåðíîì ðàñòâîðå òêàíü ïåðåíîñèëè â 1 %-íûé 
çàáóôåðåííûé ðàñòâîð ÷åòûðåõîêèñè îñìèÿ äëÿ 
îêîí÷àòåëüíîé ôèêñàöèè íà 3-4 ÷àñà. Äåãèäðàòà-
öèþ ïðîâîäèëè â ñïèðòàõ âîçðàñòàþùåé êîíöåí-
òðàöèè è àöåòîíå. Â äàëüíåéøåì, êóñî÷êè òêàíè 
ïðîïèòûâàëè è çàêëþ÷àëè â ñìåñü ýïîêñèäíûõ ñìîë 
(ýïîí-àðàëäèò) ïî îáùåïðèíÿòûì ìåòîäèêàì. Ïî-
ëèìåðèçàöèþ áëîêîâ ïðîâîäèëè â òåðìîñòàòå ïðè 
òåìïåðàòóðå 600Ñ â òå÷åíèå äâóõ ñóòîê. 

Èç ïîëó÷åííûõ áëîêîâ, íà óëüòðàìèêðîòîìå 
ÓÌÒÏ-3, èçãîòàâëèâàëè óëüòðàòîíêèå ñðåçû, ìîí-
òèðîâàëè èõ íà ýëåêòðîëèòè÷åñêèå ñåòî÷êè è, ïîñëå 
êîíòðàñòèðîâàíèÿ öèòðàòîì ñâèíöà, èçó÷àëè ïîä 
ýëåêòðîííûì ìèêðîñêîïîì ÝÌÂ-100 ÁÐ ïðè óñêî-
ðÿþùåì íàïðÿæåíèè 75 êâ. Êîíòðîëåì êà÷åñòâà 
ãèñòîëîãè÷åñêîé îáðàáîòêè òêàíè ñëóæèëè êóñî÷êè 
ñêåëåòíûõ ìûøö èíòàêòíûõ æèâîòíûõ. 

Ñîäåðæàíèå æèâîòíûõ è ýêñïåðèìåíòû ïðîâîäè-
ëèñü ñîãëàñíî ïîëîæåíèé «Åâðîïåéñêîé êîíâåíöèè 
î çàùèòå ïîçâîíî÷íûõ æèâîòíûõ, êîòîðûå èñïîëü-
çóþòñÿ äëÿ ýêñïåðèìåíòîâ è äðóãèõ íàó÷íûõ öåëåé» 
(Ñòðàññáóðã, 1985), «Çàãàëüíèõ åòè÷íèõ ïðèíöèï³â 
åêñïåðèìåíò³â íà òâàðèíàõ», óòâåðæäåííûõ Ïåðâûì 
íàöèîíàëüíûì êîíãðåññîì ïî áèîýòèêå (Êèåâ, 
2001). 
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Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäå-
íèå. Ýëåêòðîííî-ìèêðîñêîïè÷åñêîå èññëåäîâàíèå 
ñêåëåòíûõ ìûøö èíòàêòíûõ êðûñ ïîêàçàëî àäåê-
âàòíîñòü âûáðàííîé ìåòîäèêè ãèñòîëîãè÷åñêîé 
îáðàáîòêè ìàòåðèàëà, ïîñêîëüêó èõ óëüòðàñòðóê-
òóðíàÿ îðãàíèçàöèÿ ñîîòâåòñòâîâàëà ñîâðåìåííûì 
ïðåäñòàâëåíèÿì. 

Ðèñ 1à. Äèíàìèêà èçìåíåíèé óëüòðàñòðóêòóðû 
ìèîñèìïëàñòîâ ñêåëåòíîé ìóñêóëàòóðû êðûñ, ïî-

äâåðãøèõñÿ ãëóáîêîìó îõëàæäåíèþ – ÷åðåç 6 ÷àñîâ 
ïîñëå ãëóáîêîãî îõëàæäåíèÿ. Ðàçðûõëåíèå íàðóæíûõ 

ìåìáðàí è êðèñò ìèòîõîíäðèé. õ 32000. 

Ðèñ. 1á. ×åðåç ñóòêè ïîñëå ãëóáîêîãî îõëàæäåíèÿ. 

Êîíäåíñàöèÿ ÿäåðíîãî õðîìàòèíà õ 30000. 

Ðèñ. 1â. ×åðåç ñóòêè ïîñëå ãëóáîêîãî îõëàæäåíèÿ. 

Ïðîñâåòëåíèå ñàðêîïëàçìû. õ 30000. 

Ðèñ. 1ã. ×åðåç òðîå ñóòîê ïîñëå ãëóáîêîãî îõëàæäå-

íèÿ. Èíâàãèíàöèÿ è î÷àãè ëèçèñà ÿäåðíîé ìåìáðàíû. 

õ 38000. 

Ðèñ. 1ä. ×åðåç òðîå ñóòîê ïîñëå ãëóáîêîãî îõëàæäå-
íèÿ. Î÷àãîâûé ëèçèñ ìåìáðàí ñàðêîïëàçìàòè÷åñêîãî 

ðåòèêóëóìà. õ 36000. 

×åðåç 6 ÷àñîâ ïîñëå ãëóáîêîãî îõëàæäåíèÿ 
ìûøö ñïèíû êðûñ â óëüòðàñòðóêòóðíîé îðãàíèçàöèè 
ìûøå÷íîãî âîëîêíà âûÿâëÿþòñÿ èçìåíåíèÿ ñòåïåíü 
âûðàæåííîñòè, êîòîðûõ ëåæàëà â ïðåäåëàõ ôèçèî-
ëîãè÷åñêîé êîìïåíñàöèè. ßäðà ìèîñèìïëàñòîâ 
èìå ëè âûòÿíóòóþ ôîðìó. Ìàòðèêñ ÿäðà ïðîñâåòëåí. 
ßäåðíûé õðîìàòèí íàõîäèëñÿ ïðåèìóùåñòâåííî â 
äåêîíäåíñèðîâàííîì ñîñòîÿíèè. ßäåðíàÿ ìåìá-
ðàíà íåñêîëüêî ðàçðûõëåíà è óòîëùåíà. Èíîãäà â 
ìàòðèêñå ÿäðà âûÿâëÿëèñü ìåëêèå ãëûáêè êîíäåí-
ñèðîâàííîãî õðîìàòèíà. 

Â ïåðèíóêëåàðíîé îáëàñòè ìèîñèìïëàñòà íàõî-
äèëèñü ìíîãî÷èñëåííûå ðèáîñîìû, ãðàíóëû ãëèêî-
ãåíà è îðãàíåëëû îáùåãî íàçíà÷åíèÿ. Ïëàñòèí÷àòûé 

öèòîïëàçìàòè÷åñêèé êîìïëåêñ Ãîëüäæè óìåðåííî 
ãèïåðòðîôèðîâàí, â îáëàñòè ëîêàëèçàöèè åãî ãëàä-
êèõ ïàðàëëåëüíî-îðèåíòèðîâàííûõ ìåìáðàí ðàñïî-
ëàãàëèñü ñêîïëåíèÿ ìåëêèõ ýëåêòðîííî-ïðîçðà÷íûõ 
âåçèêóë. 

Ñàðêîïëàçìàòè÷åñêèé ðåòèêóëóì ðàçâèò õî-
ðîøî, åãî öèñòåðíû óïëîùåíû è çàïîëíåíû 
ýëåêòðîííî-ïðîçðà÷íûì âåùåñòâîì. Ìèòîõîíäðèè 
íåñêîëüêî íàáóõøèå, ñîäåðæàò áîëüøîå êîëè÷åñòâî 
êðèñò. Íàðóæíàÿ ìåìáðàíà ìèòîõîíäðèé óìåðåííî 
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Ðèñ. 1å. ×åðåç òðîå ñóòîê ïîñëå ãëóáîêîãî îõëàæ-
äåíèÿ. Ñêîïëåíèå ìèòîõîíäðèé ñ ëèçèðîâàííûìè 

íàðóæíûìè ìåìáðàíàìè. Ëèçèñ ñàðêîëåììû õ 
37000. 

Ðèñ. 1æ. ×åðåç òðîå ñóòîê ïîñëå ãëóáîêîãî îõëàæäå-

íèÿ. Ðàçðóøåíèå ïó÷êîâ ìèîôèáðèëë. õ 36000. 

Ðèñ. 1ç. ×åðåç ñåìü ñóòîê ïîñëå ãëóáîêîãî 
îõëàæäåíèÿ. Êîíäåíñàöèÿ õðîìàòèíà, ïëîòíûå 

îñìèîôèëüíûå ÿäðûøêè õ 35000. 

Ðèñ. 1è. ×åðåç ñåìü ñóòîê ïîñëå ãëóáîêîãî îõëàæäå-

íèÿ. Âòîðè÷íûå ëèçîñîìû â ñàðêîïëàçìå õ 34000. 

Ðèñ. 1ê. ×åðåç ñåìü ñóòîê ïîñëå ãëóáîêîãî îõëàæäå-
íèÿ. Ëèçèñ íàðóæíûõ êðèñò ìèòîõîíäðèé õ 33000. 

ðàçðûõëåíà, à ìàòðèêñ èìååò ìåëêîãðàíóëÿð-
íóþ ñòðóêòóðó è ñðåäíþþ ýëåêòðîííóþ ïëîòíîñòü 
(ðèñ. 1à). 

Ñàðêîëåììà ñòàíîâèòñÿ ðàçðûõëåííîé è óòîë-
ùåííîé. Äëÿ ýòîãî ñðîêà íàáëþäåíèÿ õàðàêòåðíî 
îáùåå ïðîñâåòëåíèå ñàðêîïëàçìû. Ïó÷êè ìèîôè-
áðèëë ïàðàëëåëüíî-îðèåíòèðîâàíû. Ó÷àñòêè ìåæäó 

ñîêðàòèòåëüíûìè ýëåìåíòàìè áûëè çàïîëíåíû ðè-
áîñîìàìè è ãðàíóëàìè ãëèêîãåíà. 

×åðåç 1 ñóòêè ïîñëå ãëóáîêîãî îõëàæäåíèÿ ïî-
ÿâëÿþòñÿ ïðèçíàêè äèñòðîôè÷åñêèõ èçìåíåíèé 
(ðèñ. 1á). 

ßäðà ìèîñèìïëàñòîâ ñîäåðæàò ãëûáêè êîíäåí-
ñèðîâàííîãî õðîìàòèíà, ëîêàëèçóþùèåñÿ âäîëü 
ÿäåðíîé ìåìáðàíû. Äåêîíäåíñèðîâàííûé õðîìà-
òèí â âèäå ìåëêèõ îñìèîôèëüíûõ ãðàíóë êîíöåí-
òðèðóåòñÿ â öåíòðàëüíîé ÷àñòè ìàòðèêñà. ßäåðíàÿ 
ìåìáðàíà òåðÿåò ÷åòêî êîíòóðèðîâàííóþ ñòðóêòóðó. 
Ïåðèíóêëåàðíûå ïðîñòðàíñòâà óìåðåííî è ðàâ-
íîìåðíî ðàñøèðåíû. Íàáëþäàåòñÿ ðàçðûõëåíèå 
íàðóæíûõ ìåìáðàí è êðèñò ìèòîõîíäðèé, ìàòðèêñ 

èõ îáëàäàåò ñðåäíåé ýëåêòðîííîé ïëîòíîñòüþ. Ïî-
ïåðå÷íàÿ èñ÷åð÷åííîñòü ñîêðàòèòåëüíûõ ìèîôè-
áðèëë ñîõðàíÿåòñÿ. 

Ïðîñòðàíñòâà ìåæäó ìèîôèáðèëëàìè ðàñøè-
ðÿþòñÿ è ïðèîáðåòàþò íèçêóþ ýëåêòðîííóþ ïëîò-
íîñòü. Êîëè÷åñòâî ãðàíóë ãëèêîãåíà ñóùåñòâåííî 
óìåíüøàåòñÿ. Öèñòåðíû ñàðêîïëàçìàòè÷åñêîé ñåòè 
ðàñøèðåíû, çàïîëíåíû ýëåêòðîííî-ïðîçðà÷íîé 
ñóáñòàíöèåé, à ìåìáðàíû ñèëüíî ðàçðûõëåíû 
(ðèñ. 1â). 
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Ïëàñòèí÷àòûé êîìïëåêñ Ãîëüäæè ñîäåðæèò 
äåçîðãàíèçîâàííûå ãëàäêèå ìåìáðàíû, îêðóæåííûå 
êðóïíûìè âàêóîëÿìè. Ñàðêîïëàçìàòè÷åñêàÿ ìåìá-
ðàíà íå÷åòêàÿ, îáëàäàåò ïîâûøåííîé ýëåêòðîííîé 
ïëîòíîñòüþ. 

Íà 3 ñóòêè ïîñëå ìîäåëèðîâàíèÿ ãëóáîêîãî 
îõëàæäåíèÿ, íàðÿäó ñ äèñòðîôè÷åñêèìè èçìå-
íåíèÿìè ïîÿâëÿþòñÿ ýëåìåíòû äåñòðóêöèè âíóòðè-
êëåòî÷íûõ ìåìáðàííûõ ñòðóêòóð. 

ßäåðíûé õðîìàòèí íàõîäèòñÿ ïðåèìóùåñòâåííî 
â êîíäåíñèðîâàííîì ñîñòîÿíèè, åãî ãëûáêè, â âèäå 
îñìèîôèëüíîãî êîëüöà, íàõîäÿòñÿ â íåïîñðåä-
ñòâåííîé áëèçîñòè îò ÿäåðíîé ìåìáðàíû. Äîâîëü-
íî ÷àñòî ÿäåðíàÿ ìåìáðàíà îáðàçîâûâàëà ãëóáîêèå 
èíâàãèíàöèè è èìåëà î÷àãè ëèçèñà (ðèñ. 1ã). 

Öèñòåðíû ñàðêîïëàçìàòè÷åñêîãî ðåòèêóëóìà 
î÷åíü ñèëüíî ðàñøèðåíû, à ìåìáðàíû ïîäâåðæåíû 
î÷àãîâîìó ëèçèñó (ðèñ. 1ä). 

Ïîä ñàðêîïëàçìàòè÷åñêîé ìåìáðàíîé ðàñïîëà-
ãàëèñü ãðóïïû ìèòîõîíäðèé, ó êîòîðûõ íàðóæíûå 
ìåìáðàíû áûëè ðàçðûõëåíû è ÷àñòè÷íî ëèçèðîâàíû. 
Ìàòðèêñ ìèòîõîíäðèé èìåë âûñîêóþ ýëåêòðîííóþ 
ïëîòíîñòü, à êðèñòû î÷àãîâî ðàçðóøåíû (ðèñ. 1å). 

Ïðîñòðàíñòâà ìåæäó ñîêðàòèòåëüíûìè 
ýëåìåíòàìè ìèîñèìïëàñòà ñèëüíî ðàñøèðåíû è 
ýëåêòðîííî-ïðîçðà÷íû. Ýòè ó÷àñòêà ñàðêîïëàçìû 
ïðàêòè÷åñêè íå ñîäåðæàëè ðèáîñîì è ãðàíóë ãëèêî-
ãåíà. Ìèòîõîíäðèè ìåæäó ìèîôèáðèëëàìè èìåëè 
ãîìîãåíèçèðîâàííûé ìàòðèêñ. Êðèñòû ïîäâåðæåíû 
òîòàëüíîìó ëèçèñó. ×àñòü ìèîôèáðèëë èìåëè î÷àãè 
äåñòðóêöèè (ðèñ. 1æ). 

Ïëàñòèí÷àòûé êîìïëåêñ Ãîëüäæè ðåäóöèðîâàí è 
âûÿâëÿåòñÿ â âèäå îòäåëüíûõ ãëàäêèõ ìåìáðàí, íå 
èìåþùèõ ðåãóëÿðíîé îðèåíòàöèè. 

Íà 7 ñóòêè ýêñïåðèìåíòà â óëüòðàñòðóêòóðíîé 
îðãàíèçàöèè ìèîñèìïëàñòîâ ñîõðàíÿþòñÿ êàê äèñ-
òðîôè÷åñêèå, òàê è äåñòðóêòèâíûå íàðóøåíèÿ. 

ßäðà ìèîñèìïëàñòîâ èìåþò âûòÿíóòóþ ôîðìó. 
ßäåðíàÿ ìåìáðàíà ñèëüíî ðàçðûõëåíà ñ î÷àãàìè 
äåñòðóêöèè. Îíà îáðàçóåò ìåëêèå èíâàãèíàöèè. 
ßäåðíûé õðîìàòèí îñòàåòñÿ â êîíäåíñèðîâàííîì 
ñîñòîÿíèè. Ïåðèíóêëåàðíûå ïðîñòðàíñòâà ðàâíî-
ìåðíî ðàñøèðåíû. Â ìàòðèêñå ÿäðà âûÿâëÿþòñÿ 
îñìèîôèëüíûå ÿäðûøêè (ðèñ. 1ç). 

Â ïðîñòðàíñòâå ìåæäó ìèîôèáðèëëà-
ìè ðàñïîëàãàþòñÿ ðàçðóøåííûå ìèòîõîíäðèè 
ñ ãîìîãåíèçèðîâàííûì ìàòðèêñîì, â êîòîðîì 
âûÿâëÿþòñÿ åäèíè÷íûå êðèñòû. Èíîãäà â ñàðêî-
ïëàçìå âûÿâëÿþòñÿ âòîðè÷íûå ëèçîñîìû, â ñòðóê-
òóðå êîòîðûõ îáíàðóæèâàþòñÿ äåãåíåðàòèâíî 
èçìåíåííûå ìåìáðàííûå ñòðóêòóðû è àìîðôíàÿ 
îñìèîôèëüíàÿ ñóáñòàíöèÿ (ðèñ. 1è). 

Îñòàþòñÿ ëèçèðîâàííûìè ó÷àñòêè ñàðêîïëàçìà-
òè÷åñêîé ìåìáðàíû. Â ýëåêòðîííî-ïðîçðà÷íîé ñàð-
êîïëàçìå ðàñïîëàãàþòñÿ ñêîïëåíèÿ ìèòîõîíäðèé, 
÷àñòü èç íèõ ðàçðóøåíà (ðèñ. 1ê). 

Ïëàñòèí÷àòûé êîìïëåêñ Ãîëüäæè ðåäóöèðîâàí. 
Â ñàðêîïëàçìå ñîäåðæèòñÿ íåáîëüøîå êîëè÷åñòâî 
ãðàíóë ãëèêîãåíà è ðèáîñîì. 

Çàêëþ÷åíèå. Ãëóáîêîå îõëàæäåíèå ñêåëåò-
íîé ìóñêóëàòóðû âûçûâàåò äèñòðîôè÷åñêèå è 

äåñòðóêòèâíûå íàðóøåíèÿ âíóòðèêëåòî÷íîé îðãàíè-
çàöèè ìèîñèìïëàñòîâ. Â ïåðâûå øåñòü ÷àñîâ ïîñëå 
îõëàæäåíèÿ íàáëþäàåòñÿ íàáóõàíèå ñàðêîïëàçìû è 
ðàçðûõëåíèå âíóòðèêëåòî÷íûõ ìåìáðàí. 

×åðåç ñóòêè ïîñëå ãëóáîêîãî îõëàæäåíèÿ â 
ñêåëåòíûõ ìûøöàõ íà ñóáêëåòî÷íîì óðîâíå íà÷èíà-
þò ðàçâèâàòüñÿ äèñòðîôè÷åñêèå è äåñòðóêòèâíûå 
ïðîöåññû. Íàèáîëåå ãëóáîêèì èçìåíåíèÿì ïîäâåð-
ãàþòñÿ ìèòîõîíäðèè, ÷òî ñâèäåòåëüñòâóåò î íàðóøå-
íèè àêòèâíîñòè îêèñëèòåëüíî-âîññòàíîâèòåëüíûõ 
âíóòðèêëåòî÷íûõ ïðîöåññîâ. Â òå÷åíèå ïåðâûõ 
ñóòîê äèñòðîôè÷åñêèå èçìåíåíèÿ ïî ñòåïåíè 
âûðàæåííîñòè íàõîäèëèñü â ïðåäåëàõ ôèçèîëîãè-
÷åñêîé êîìïåíñàöèè. Ñóùåñòâåííûì èçìåíåíèÿì 
ïîäâåðãàëèñü ìèòîõîíäðèè, ÷òî óêàçûâàëî íà íàðó-
øåíèå âíóòðèêëåòî÷íîé áèîýíåðãåòèêè è ðàçâèòèå 
ìèòîõîíäðèàëüíîé äèñôóíêöèè. 

Ê òðåòüèì ñóòêàì ýêñïåðèìåíòà íàðóøåíèÿ ñóá-
ìèêðîñêîïè÷åñêîé îðãàíèçàöèè ñêåëåòíûõ ìûøö 
ïðèîáðåòàëè âûðàæåííûé äåñòðóêòèâíûé õàðàêòåð, 
÷òî ïîäòâåðæäàåòñÿ î÷àãîâûì ëèçèñîì ÿäåðíîé 
ìåìáðàíû, ìåìáðàí ýíäîïëàçìàòè÷åñêîãî ðåòè-
êóëóìà, íàðóæíûõ ìåìáðàí è êðèñò ìèòîõîíäðèé. 
Â ñàðêîïëàçìå èñ÷åçàþò ãðàíóëû ãëèêîãåíà. Ýòè 
èçìåíåíèÿ ñâèäåòåëüñòâóþò îá óãëóáëåíèè ïðî-
öåññîâ äåñòðóêöèè âíóòðèêëåòî÷íîé ìåìáðàííîé 
ñèñòåìû. Ðàçðóøàþòñÿ íàðóæíûå ìåìáðàíû ìèòî-
õîíäðèé è êðèñòû, ÷òî ñâèäåòåëüñòâóåò î íàðóøåíèè 
áèîýíåðãåòèêè è ñîêðàòèòåëüíîé ñïîñîáíîñòè ìèî-
ñèìïëàñòîâ. Ñíèæåíèå ìåòàáîëè÷åñêîé àêòèâíîñòè 
ìèîñèìïëàñòîâ ïîäòâåðæäàåòñÿ èñ÷åçíîâåíèåì èç 
ñàðêîïëàçìû ðèáîñîì è ãðàíóë ãëèêîãåíà. 

Äèñòðîôè÷åñêèå è äåñòðóêòèâíûå íàðóøåíèÿ 
ñîõðàíÿþòñÿ äî êîíöà ýêñïåðèìåíòà. 

Íàðÿäó ñ ýòèì, ê ñåäüìûì ñóòêàì ýêñïåðèìåíòà, 
â îòäåëüíûõ ìèîñèìïëàñòàõ íà âíóòðèêëåòî÷íîì 
óðîâíå ðàçâèâàþòñÿ ðåïàðàòèâíûå ïðîöåññû, 
íàïðàâëåííûå íà âîññòàíîâëåíèå íàðóøåííîé óëü-
òðàñòðóêòóðíîé àðõèòåêòîíèêè. Óâåëè÷èâàåòñÿ êî-
ëè÷åñòâî êðèñò â ìèòîõîíäðèÿõ, îíè ïðèîáðåòàþò 
òèïè÷íîå ñòðîåíèå. Â ñàðêîïëàçìå íàêàïëèâàþòñÿ 
ãðàíóëû ãëèêîãåíà è óìåíüøàåòñÿ âíóòðèêëåòî÷íûé 
îòåê. 

Âûâîäû. 
1. Ãëóáîêîå îõëàæäåíèå ñêåëåòíîé ìóñêóëàòóðû 

âûçûâàåò äèñòðîôè÷åñêèå è äåñòðóêòèâíûå íà-
ðóøåíèÿ âíóòðèêëåòî÷íîé îðãàíèçàöèè ìèîñèìï-
ëàñòîâ, â êîòîðûõ ðàçâèâàåòñÿ ìèòîõîíäðèàëüíàÿ 
äèñôóíêöèÿ. 

2. Â òå÷åíèå ïåðâûõ ñóòîê äèñòðîôè÷åñêèå èç-
ìåíåíèÿ ïî ñòåïåíè âûðàæåííîñòè íàõîäÿòñÿ â 
ïðåäåëàõ ôèçèîëîãè÷åñêîé êîìïåíñàöèè. 

3. Ê òðåòüèì ñóòêàì ýêñïåðèìåíòà íàðóøå-
íèÿ ñóáìèêðîñêîïè÷åñêîé îðãàíèçàöèè ñêåëåòíûõ 
ìûøö ïðèîáðåòàþò äåñòðóêòèâíûé õàðàêòåð, 
÷òî ïîäòâåðæäàåòñÿ î÷àãîâûì ëèçèñîì ÿäåðíîé 
ìåìáðàíû, ìåìáðàí ýíäîïëàçìàòè÷åñêîãî ðåòèêó-
ëóìà, íàðóæíûõ ìåìáðàí è êðèñò ìèòîõîíäðèé. Â 
ñàðêîïëàçìå èñ÷åçàþò ãðàíóëû ãëèêîãåíà. Ýòè èç-
ìåíåíèÿ ñâèäåòåëüñòâóþò îá óãëóáëåíèè ïðîöåññîâ 
äåñòðóêöèè âíóòðèêëåòî÷íîé ìåìáðàííîé ñèñòåìû. 

4. Ê ñåäüìûì ñóòêàì ýêñïåðèìåíòà, â îòäåëü-
íûõ ìèîñèìïëàñòàõ ðàçâèâàþòñÿ ïðîöåññû, 
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íàïðàâëåííûå íà âîññòàíîâëåíèå íàðóøåííîé óëü-
òðàñòðóêòóðíîé àðõèòåêòîíèêè. 

Ïåðñïåêòèâû äàëüíåéøèõ èññëåäî-
âàíèé. Ïåðñïåê òèâíûì ÿâëÿåòñÿ èçó÷åíèå 

ìîðôî  ëîãè÷åñêèõ îñîáåííîñòåé õîëîäîâîé òðàâìû 
äëÿ ðàçðàáîòêè êîíñåðâàòèâíîé òåðàïèè è ïðåäîïå-
ðàöèîííîé ïîäãîòîâêè ñ öåëüþ óìåíüøåíèÿ íåêðî-
òèçàöèè òêàíåé ïðè îòìîðîæåíèÿõ. 
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âîçäåéñòâèåì ãëóáîêîãî îõëàæäåíèÿ. Âûÿâëåíû äèñòðîôè÷åñêèå è äåñòðóêòèâíûå íàðóøåíèÿ âíóòðèêëå-
òî÷íîé îðãàíèçàöèè ìèîñèìïëàñòîâ, â îñíîâå êîòîðûõ ëåæèò ðàçâèòèå ìèòîõîíäðèàëüíîé äèñôóíêöèè. 
Â òå÷åíèè ïåðâûõ ñóòîê äèñòðîôè÷åñêèå èçìåíåíèÿ ïî ñòåïåíè âûðàæåííîñòè íàõîäÿòñÿ â ïðåäåëàõ ôè-
çèîëîãè÷åñêîé êîìïåíñàöèè. Â äàëüíåéøåì íàðóøåíèÿ ñóáìèêðîñêîïè÷åñêîé îðãàíèçàöèè ñêåëåòíûõ 
ìûøö ïðèîáðåòàëè äåñòðóêòèâíûé õàðàêòåð ñ íàëè÷èåì î÷àãîâîãî ëèçèñà ÿäåðíîé ìåìáðàíû, ìåìáðàí 
ýíäîïëàçìàòè÷åñêîãî ðåòèêóëóìà è ìèòîõîíäðèé. Ê ñåäüìûì ñóòêàì ýêñïåðèìåíòà â îòäåëüíûõ ìèîñèìï-
ëàñòàõ ðàçâèâàþòñÿ ðåïàðàòèâíûå ïðîöåññû, íàïðàâëåííûå íà âîññòàíîâëåíèå íàðóøåííîé óëüòðàñòðóê-
òóðíîé àðõèòåêòîíèêè. 

Êëþ÷åâûå ñëîâà: óëüòðàñòðóêòóðà ìèîñèìïëàñòîâ, ãëóáîêîå îõëàæäåíèå, ìèòîõîíäðèàëüíàÿ 
äèñôóíêöèÿ. 

UDC 591. 471:591. 473 + 616 – 073. 582 – 089. 11 + 615. 832. 97] – 092
Dynamics of Submicroscopic Rearrangements in Skeletal Muscles of Rats after Simulation of Deep 

Cooling
Omelchenko V. F. 
Abstract. The purpose of the study is to identify features of the ultrastructural changes of myosymplasts in 

skeletal muscles of rats exposed to deep cooling. 
The experiment was carried out on Wistar rats, which were caused a cold burn of skeletal muscles by liquid 

nitrogen, followed by a material sampling for studying the ultrastructure of myosymplasts in 6 hours, 1, 3 and 7 days 
after the simulation of deep cooling. 
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Results and discussion. Deep cooling of skeletal muscles causes dystrophic and destructive damage of 
intracellular organization of myosymplasts. In the first six hours after the cooling swelling of the sarcoplasm and 
loosening of intracellular membranes are being observed. 

One day after the deep cooling dystrophic and destructive processes begin to develop at the subcellular level in 
skeletal muscles. The most profound changes are subject to the mitochondria, indicating the inappropriate activity 
of intracellular redox processes. During the first day dystrophic changes in severity are within the physiological 
compensation. Significant changes are subjected to mitochondria, suggesting damage of the intracellular 
development of bioenergetics and mitochondrial dysfunction. 

By the third day of the experiment the damage of submicroscopic organization of skeletal muscles have become 
destructive, as evidenced by focal lysis of the nuclear membrane, endoplasmic reticulum membrane, outer 
membrane and cristae of mitochondria. In the sarcoplasm glycogen granules are disappearing. These changes 
indicate the deepening of processes of degradation of intracellular membrane system. The outer mitochondrial 
membranes and cristae are being destroyed, which constitutes damage of bioenergetics and contractile ability of 
myosymplasts. The decrease in metabolic activity of myosymplasts is confirmed by the disappearance of ribosomes 
and glycogen granules from the sarcoplasm. Dystrophic and destructive disorders are kept until the end of the 
experiment. 

At the same time, by the seventh day of the experiment, at the intracellular level of some myosymplasts reparative 
processes aimed at restoring the disturbed ultrastructural architectonics have been developing. The number of 
cristae in mitochondria is increasing, they acquire typical structure. In the sarcoplasm there is accumulation of 
glycogen granules and decrease of intracellular edema. 

Conclusions. Deep cooling of skeletal muscles causes dystrophic and destructive damage of intracellular 
organization of myosymplasts with mitochondrial dysfunction. During the first day dystrophic changes in severity 
are within the physiological compensation. By the third day of the experiment the damage of submicroscopic 
organization of skeletal muscles have become destructive, as evidenced by focal lysis of the nuclear membrane, 
endoplasmic reticulum membrane, outer membrane and cristae of mitochondria. In the sarcoplasm glycogen 
granules are disappearing. These changes indicate the deepening of processes of degradation of intracellular 
membrane system. By the seventh day of the experiment, at the intracellular level of some myosymplasts reparative 
processes aimed at restoring the disturbed ultrastructural architectonics have been developing. 

The study of morphological features of cold injury for the development of conservative therapy and preoperative 
preparation to reduce necrotic tissue with frostbite shows considerable promise. 

Keywords: ultrastructure of myosymplasts, deep cooling, mitochondrial dysfunction. 
Ðåöåíçåíò – ïðîô. Êîñòèëåíêî Þ. Ï. 
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