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Äàííàÿ ðàáîòà ÿâëÿåòñÿ ôðàãìåíòîì ÍÈÐ «Èññëå-
äîâàíèå ÷óâñòâèòåëüíîñòè ýðèòðîöèòîâ ìëåêîïèòàþ-
ùèõ ê îõëàæäåíèþ, äåãèäðàòàöèè è çàìîðàæèâàíèþ 
ïðè äåéñòâèè ìîäèôèöèðóþùèõ ôàêòîðîâ è êðèîïðî-
òåêòîðîâ», ¹ ãîñ. ðåãèñòðàöèè 0114U0001318.

Âñòóïëåíèå. Ýðèòðîöèòû ìëåêîïèòàþùèõ ÷óâ-
ñòâèòåëüíû ê îäíîìó èç îñíîâíûõ ôàêòîðîâ êðèî-
ïîâðåæäåíèÿ – ê äåéñòâèþ ãèïåðòîíè÷åñêîãî øîêà. 
Óñòîé÷èâîñòü ýðèòðîöèòîâ ê ïåðåíåñåíèþ â 4,0 Ì NaCl 
çàâèñèò îò âèäîâûõ îñîáåííîñòåé êëåòîê, óñëîâèé âíå-
êëåòî÷íîé ñðåäû è èñõîäíîãî ñîñòîÿíèÿ ýðèòðîöèòîâ. 
Òàê, óðîâåíü ãèïåðòîíè÷åñêîãî ãåìîëèçà ýðèòðîöèòîâ 
÷åëîâåêà âûøå ïî ñðàâíåíèþ ñ êëåòêàìè êðîëèêà è ëî-
øàäè [3]. Ãèïåðòîíè÷åñêîå ïîâðåæäåíèå ýðèòðîöèòîâ 
ìëåêîïèòàþùèõ çàâèñèò îò êà÷åñòâåííîãî è êîëè÷å-
ñòâåííîãî ñîñòàâà âíåêëåòî÷íîé ñðåäû [1,3,6].

Óðîâåíü ãèïåðòîíè÷åñêîãî ãåìîëèçà ýðèòðîöè-
òîâ ìëåêîïèòàþùèõ ìîæíî ìîäóëèðîâàòü, îêàçûâàÿ 
âëèÿíèå íà èñõîäíîå ñîñòîÿíèå êëåòîê. Òàê, â ìíîãî-
÷èñëåííûõ ðàáîòàõ [1,5] ïîêàçàíî, ÷òî èíêóáèðîâàíèå 
ýðèòðîöèòîâ ÷åëîâåêà è æèâîòíûõ â ñîëåâûõ ñðåäàõ 
óìåðåííîé êîíöåíòðàöèè, ñîïðîâîæäàþùååñÿ èõ îáå-
çâîæèâàíèåì, ïðèâîäèò ê èçìåíåíèþ ÷óâñòâèòåëüíî-
ñòè êëåòîê ê ïîñëåäóþùåìó äåéñòâèþ ãèïåðòîíè÷åñêî-
ãî øîêà. Ïðè÷åì íà èñõîäíîå ñîñòîÿíèå êëåòîê âëèÿåò 
è òåìïåðàòóðà ñðåäû [2]. Îäíàêî ýòè èññëåäîâàíèÿ 
åäèíè÷íû è ðàçðîçíåíû.

Öåëü ðàáîòû – èññëåäîâàòü âëèÿíèå èñõîäíîãî 
ñîñòîÿíèÿ ýðèòðîöèòîâ ìëåêîïèòàþùèõ (÷åëîâåê, áûê, 
ëîøàäü, êðûñà), ìîäèôèöèðîâàííîãî òåìïåðàòóðîé 
è îñìîëÿðíîñòüþ ñðåäû, íà ÷óâñòâèòåëüíîñòü êëåòîê 
ê ãèïåðòîíè÷åñêîìó øîêó (4,0 Ì NaCl).

Îáúåêò è ìåòîäû èññëåäîâàíèÿ. Â ýêñïåðè-
ìåíòàõ èñïîëüçîâàëè ýðèòðîöèòû äîíîðñêîé êðîâè 
÷åëîâåêà, áûêà, ëîøàäè è êðûñû, ïîëó÷åííûå ïî ñòàí-
äàðòíîé ìåòîäèêå [8]. Âñå ñðåäû ãîòîâèëè íà 0,01 Ì 
ôîñôàòíîì áóôåðå, pH 7,4. Êîíöåíòðàöèþ ðàñòâîðîâ 
êîíòðîëèðîâàëè èçìåðåíèåì îñìîëÿðíîñòè íà îñìî-
ìåòðå ÎÌÊÀ 1Ö–01.

Êëåòêè èíêóáèðîâàëè â óìåðåííî ãèïåðòîíè÷åñêèõ 
ðàñòâîðàõ NaCl â òå÷åíèå 2 ìèí., ïîñëå ÷åãî èõ ïîä-
âåðãàëè äåéñòâèþ ãèïåðòîíè÷åñêîãî øîêà (ÃØ) ïóòåì 
ïåðåíåñåíèÿ â ðàñòâîð, ñîäåðæàùèé 4,0 Ì NaCl (ãåìà-
òîêðèò 0,4%), íà 5 ìèí ïðè îïðåäåëåííîé òåìïåðàòóðå 
(0, 15, 25 èëè 37°Ñ). Êîëè÷åñòâî ãåìîãëîáèíà â ñóïåð-
íàòàíòå îïðåäåëÿëè ñïåêòðîôîòîìåòðè÷åñêè (l=543 
íì) è âûðàæàëè â ïðîöåíòàõ ïî îòíîøåíèþ ê 100%-ìó 
ãåìîëèçó ýðèòðîöèòîâ.

Ñòàòèñòè÷åñêóþ îáðàáîòêó ïîëó÷åííûõ äàííûõ 
ïðîâîäèëè ñ ïîìîùüþ ïðîãðàììû «Statistica» (âåð-
ñèÿ 6.0). Äëÿ ïðîâåðêè ñòàòèñòè÷åñêîé çíà÷èìîñòè 

ðàçëè÷èé èññëåäóåìûõ ÷èñëîâûõ ïîêàçàòåëåé èñïîëü-
çîâàëè êðèòåðèè Ìàííà-Óèòíè. Ðàçëè÷èÿ ìåæäó ãðóï-
ïàìè ñ÷èòàëè ñòàòèñòè÷åñêè çíà÷èìûìè ïðè p<0,05.

Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäå-
íèå. Ïðè ïåðåíåñåíèè ýðèòðîöèòîâ ìëåêîïèòàþùèõ 
â ñðåäó, ñîäåðæàùóþ 4,0 Ì NaCl, íàáëþäàåòñÿ ãåìîëè-
òè÷åñêîå ïîâðåæäåíèå êëåòîê. Òèïè÷íûå çàâèñèìîñòè 
ãèïåðòîíè÷åñêîãî ãåìîëèçà ýðèòðîöèòîâ ÷åëîâåêà îò 
êîíöåíòðàöèè õëîðèäà íàòðèÿ â ñðåäå ïðåäâàðèòåëü-
íîé èíêóáàöèè ïðåäñòàâëåíû íà ðèñ. 1. 

Âèäíî, ÷òî ñ ðîñòîì êîíöåíòðàöèè ñîëè â ñðåäå 
íàáëþäàåòñÿ ñíèæåíèå ãåìîëèçà êëåòîê ñ ïîñëåäó-
þùèì åãî ïîâûøåíèåì. Íåìîíîòîííûé õàðàêòåð çà-
âèñèìîñòü ãèïåðòîíè÷åñêîãî ãåìîëèçà ýðèòðîöèòîâ 
ïîçâîëÿåò âûäåëèòü òðè õàðàêòåðíûå çîíû. Ïðè ïåðå-
íåñåíèè êëåòîê èç 0,15 â 4,0 Ì NaCl íàáëþäàåòñÿ ïî-
âðåæäåíèå íà óðîâíå 70-80%. Ìèíèìàëüíûé óðîâåíü 
ãèïåðòîíè÷åñêîãî ãåìîëèçà îòìå÷àåòñÿ ïîñëå èíêóáè-
ðîâàíèÿ êëåòîê â 0,4 Ì NaCl, ò.å. â óêàçàííûõ óñëîâèÿõ 
êëåòêè ïåðåõîäÿò â «ñòàáèëüíîå» ñîñòîÿíèå. Ïîñëåäó-
þùåå ïîâûøåíèå êîíöåíòðàöèè ñîëè â ñðåäå ïðåä-
âàðèòåëüíîãî èíêóáèðîâàíèÿ ñîïðîâîæäàåòñÿ ðîñòîì 
ãèïåðòîíè÷åñêîãî ãåìîëèçà, äîñòèãàþùèì ìàêñè-
ìàëüíîãî çíà÷åíèÿ ïðè ïåðåíåñåíèè êëåòîê â 4,0 Ì 
NaCl èç ñðåäû, ñîäåðæàùåé 0,8 Ì NaCl. Â ïîñëåäíåì 
ñëó÷àå ìîæíî ãîâîðèòü î ôîðìèðîâàíèè «ìåòàñòà-
áèëüíîãî» ñîñòîÿíèÿ êëåòîê.

Èç äàííûõ ðèñ. 1 âèäíî, ÷òî ïðè îáåèõ òåìïåðà-
òóðàõ (0 è 37°Ñ) õàðàêòåð ãåìîëèòè÷åñêîé çàâèñèìî-
ñòè ñîõðàíÿåòñÿ, è ìèíèìàëüíîå çíà÷åíèå ãåìîëèçà 
íàáëþäàåòñÿ ïðè ïåðåíåñåíèè êëåòîê â 4,0 Ì NaCl èç 
ñðåäû, ñîäåðæàùåé 0,4 Ì NaCl. 

Èç õàðàêòåðîëîãè÷åñêèõ êîíöåíòðàöèîííûõ çàâè-
ñèìîñòåé áûëè âûáðàíû ðåïåðíûå òî÷êè, îòðàæàþ-
ùèå ôîðìèðîâàíèå ðàçëè÷íîãî èñõîäíîãî ñîñòîÿíèÿ 
ýðèòðîöèòîâ ÷åëîâåêà ïî îòíîøåíèþ ê äåéñòâèþ ÃØ. 
Äëÿ êëåòîê ÷åëîâåêà ñðåäàìè ïðåäâàðèòåëüíîé èí-
êóáàöèè ñëóæèëè ðàñòâîðû, ñîäåðæàùèå 0,4 è 0,8 Ì 
NàÑl. Â êà÷åñòâå êîíòðîëÿ èñïîëüçîâàëè ýðèòðîöèòû, 
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Ðèñ. 1. Óðîâåíü ãå-
ìîëèçà ýðèòðîöèòîâ 

÷åëîâåêà â 4,0 Ì NàÑl 
ïîñëå ïðåäâàðè-

òåëüíîé èíêóáàöèè â 
ñðåäàõ, ñîäåðæàùèõ 
0,15-1,0 Ì NàÑl, ïðè 
òåìïåðàòóðå 37 (1) è 

0ºÑ (2).
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èçíà÷àëüíî ïðîèíêóáèðîâàííûå â 0,15 Ì NàÑl è ïåðå-
íåñåííûå â 4,0 Ì NàÑl. Ýðèòðîöèòû ÷åëîâåêà ïðåäâà-
ðèòåëüíî èíêóáèðîâàëè â óêàçàííûõ ñðåäàõ è ïîäâåð-
ãàëè äåéñòâèþ 4,0 Ì NaCl ïðè ðàçíûõ òåìïåðàòóðàõ 
(ðèñ. 2).

Âèäíî, ÷òî ïðè ïîâûøåíèè òåìïåðàòóðû îò 0 äî 
37ºÑ íàáëþäàåòñÿ óâåëè÷åíèå ãèïåðòîíè÷åñêîãî ãå-
ìîëèçà êàê êîíòðîëüíûõ ýðèòðîöèòîâ, òàê è êëåòîê, 
ïðîèíêóáèðîâàííûõ â ñðåäàõ îáåçâîæèâàíèÿ. Òåì-
ïåðàòóðíàÿ çàâèñèìîñòü ãèïåðòîíè÷åñêîãî ãåìîëèçà 
áîëåå âûðàæåíà äëÿ «ñòàáèëüíûõ» êëåòîê, êîòîðûå 
èíêóáèðîâàëè â 0,4 Ì NaCl, è ïðè âñåõ çíà÷åíèÿõ òåì-
ïåðàòóðû óðîâåíü ãåìîëèçà ýòèõ ýðèòðîöèòîâ ãîðàçäî 
íèæå ïî ñðàâíåíèþ ñ êîíòðîëüíûìè êëåòêàìè. 

Äëÿ ýðèòðîöèòîâ æèâîòíûõ òàêæå áûëè ñíÿòû çàâè-
ñèìîñòè ãèïåðòîíè÷åñêîãî ãåìîëèçà îò êîíöåíòðàöèè 
õëîðèäà íàòðèÿ â ñðåäå ïðåäâàðèòåëüíîé èíêóáàöèè 
êëåòîê ïðè 37 è 0ºÑ, èç êîòîðûõ îïðåäåëåíû ðåïåðíûå 
òî÷êè, èñïîëüçóåìûå â ïðåäñòàâëåííûõ èññëåäîâàíè-
ÿõ. Äëÿ «ñòàáèëüíûõ» è «ìåòàñòàáèëüíûõ» ýðèòðîöèòîâ 
ëîøàäè ñðåäàìè îáåçâîæèâàíèÿ ñëóæèëè ðàñòâîðû, 
ñîäåðæàùèå 0,4 è 0,6 Ì NaCl, ñîîòâåòñòâåííî (ðèñ. 3).

Äëÿ êîíòðîëüíûõ è «ìåòàñòàáèëüíûõ» ýðèòðîöèòîâ 
ëîøàäè íàáëþäàþòñÿ ìîíîòîííûå òåìïåðàòóðíûå çà-
âèñèìîñòè ãèïåðòîíè÷åñêîãî ãåìîëèçà, ò.å. óâåëè÷å-
íèå ãåìîëèçà ïî ìåðå ðîñòà òåìïåðàòóðû ñðåäû. Òåì-
ïåðàòóðíàÿ çàâèñèìîñòü êëåòîê, îáåçâîæåííûõ â 0,4 Ì 
NaCl, õàðàêòåðèçóåòñÿ íåìîíîòîííîñòüþ, ïîñêîëüêó â 
äèàïàçîíå òåìïåðàòóð 0-15°Ñ íå âûÿâëåíî èçìåíåíèÿ 
ãåìîëèçà ýðèòðîöèòîâ, à ðîñò ãåìîëèòè÷åñêîãî ïî-
âðåæäåíèÿ îòìå÷àåòñÿ ïðè òåìïåðàòóðàõ âûøå 15°Ñ.

Íà ðèñ. 4 ïðåäñòàâëåíû òåìïåðàòóðíûå çàâèñèìî-
ñòè ãèïåðòîíè÷åñêîãî ãåìîëèçà ýðèòðîöèòîâ êðûñû. 
Ïîñêîëüêó äëÿ êëåòîê êðûñû ìèíèìàëüíîå çíà÷åíèå 
ãèïåðòîíè÷åñêîãî ãåìîëèçà ïðè 37 è 0°Ñ íàáëþäàåò-
ñÿ äëÿ êëåòîê, îáåçâîæåííûõ â ðàçíûõ ñðåäàõ (ïðè 0°Ñ 
ìèíèìàëüíîå çíà÷åíèå â ñðåäå 0,3 Ì, à ïðè 37°Ñ – â 
ñðåäå 0,4 Ì NaCl), íà ðèñóíêå ïðåäñòàâëåíû 4 êðèâûå.

Äëÿ êîíòðîëüíûõ êëåòîê è ýðèòðîöèòîâ, ïåðåíå-
ñåííûõ èç 0,3 â 4,0 Ì NaCl, çàâèñèìîñòè ãåìîëèçà îò 

òåìïåðàòóðû ñëàáî âûðàæåíû, â òî âðåìÿ êàê äëÿ «ìå-
òàñòàáèëüíûõ» êëåòîê (ïåðåíåñåííûõ èç 0,6 â 4,0 Ì 
NaCl) íàáëþäàåòñÿ çíà÷èòåëüíûé ðîñò ïîâðåæäåíèÿ â 
äèàïàçîíå òåìïåðàòóð 0-25°Ñ. Òåìïåðàòóðíàÿ çàâèñè-
ìîñòü ãèïåðòîíè÷åñêîãî ãåìîëèçà ýðèòðîöèòîâ êðûñû, 
îáåçâîæåííûõ â 0,4 Ì NaCl, èìååò ðÿä îñîáåííîñòåé. 

Âî-ïåðâûõ, ñ óâåëè÷åíèåì òåìïåðàòóðû çíà÷åíèÿ 
ãèïåðòîíè÷åñêîãî ãåìîëèçà ýðèòðîöèòîâ êðûñû ñíèæà-
þòñÿ. Âî-âòîðûõ, óðîâåíü ãåìîëèçà ýòèõ êëåòîê ïðè 0°Ñ 
ïðåâîñõîäèò çíà÷åíèÿ ïîâðåæäåíèÿ êîíòðîëüíûõ è «ìå-
òàñòàáèëüíûõ» ýðèòðîöèòîâ. Ýòî ïîçâîëÿåò ãîâîðèòü î 
òîì, ÷òî òåðìèí «ñòàáèëüíûå» ýðèòðîöèòû â 0,4 Ì NaCl 
íåëüçÿ èñïîëüçîâàòü âî âñåì òåìïåðàòóðíîì äèàïàçî-
íå, â îòëè÷èå îò êëåòîê, ïðîèíêóáèðîâàííûõ â 0,3 Ì NaCl.

Ãèïåðòîíè÷åñêèé ãåìîëèç êîíòðîëüíûõ ýðèòðîöè-
òîâ áûêà ñóùåñòâåííî çàâèñèò îò òåìïåðàòóðû. Åñëè 
ïðè 0ºÑ óðîâåíü ãåìîëèçà ñîñòàâëÿåò ïîðÿäêà 10%, òî 
ïðè 37ºÑ – îêîëî 80%. Êðîìå òîãî, êëåòêè ýòîãî âèäà 
æèâîòíûõ ïðèîáðåòàþò óñòîé÷èâîå ñîñòîÿíèå ê äåé-
ñòâèþ ÃØ â ñðåäàõ ñ ñóùåñòâåííî áîëåå âûñîêîé êîí-
öåíòðàöèåé ñîëè (1,0 Ì NaCl) ïî ñðàâíåíèþ ñ äðóãèìè 
ìëåêîïèòàþùèìè [7]. Äëÿ êëåòîê áûêà íåâîçìîæíî 
äîñòèãíóòü ÷åòêî âûðàæåííîé çîíû «ìåòàñòàáèëüíî-
ñòè». Â ñðåäàõ, ñîäåðæàùèõ 2,0 Ì NaCl, íàáëþäàåòñÿ 
òåíäåíöèÿ ê ïîâûøåíèþ ãåìîëèçà ïî ñðàâíåíèþ ñî 
ñðåäîé 1,0 Ì NaCl ïðè òåìïåðàòóðå 37°Ñ.

Àíàëèç ïîëó÷åííûõ òåìïåðàòóðíûõ çàâèñèìîñòåé 
ÃØ ýðèòðîöèòîâ, ïðåäâàðèòåëüíî ïðîèíêóáèðîâàííûõ 
â èçîòîíè÷åñêèõ óñëîâèÿõ, ïîêàçàë, ÷òî óâåëè÷åíèå 
óðîâíÿ ãåìîëèçà êëåòîê ïðè ïîâûøåíèè òåìïåðàòó-
ðû õàðàêòåðíî äëÿ ýðèòðîöèòîâ âñåõ èññëåäîâàííûõ 
âèäîâ ìëåêîïèòàþùèõ. Ïðè ýòîì äëÿ ýðèòðîöèòîâ 
áûêà õàðàêòåðíî óâåëè÷åíèå óðîâíÿ ÃØ ñ ðîñòîì òåì-
ïåðàòóðû (îò 0 äî 37°Ñ) ïðèìåðíî â 4 ðàçà, â òî âðåìÿ 
êàê äëÿ êëåòîê ÷åëîâåêà, ëîøàäè è êðûñû – â ïðåäåëàõ 
1,2-2,0 ðàçà. 

Â îñíîâå ëèçèñà ýðèòðîöèòîâ ïîä äåéñòâèåì ðàç-
ëè÷íûõ ñòðåññîâûõ ôàêòîðîâ ëåæàò ïðîöåññû ôîðìè-
ðîâàíèÿ è ñòàáèëèçàöèè ìåìáðàííûõ äåôåêòîâ [4]. 
Îñìîëÿðíîñòü ñðåäû êîíòðîëèðóåò ïðîöåññû, ñâÿçàí-
íûå ñ ôîðìèðîâàíèåì òðàíñìåìáðàííûõ äåôåêòîâ [7]. 

Ðèñ. 2. Òåìïåðàòóðíàÿ çàâèñè-
ìîñòü ãåìîëèçà ýðèòðîöèòîâ ÷åëî-
âåêà, ïåðåíåñåííûõ â 4,0 Ì NaCl èç 
ñðåä ïðåäâàðèòåëüíîé èíêóáàöèè, 
ñîäåðæàùèõ NaCl â êîíöåíòðàöèè 

0,15 (1), 0,4 (2), 0,8 Ì (3). 
Ïðèìå÷àíèå: * – äîñòîâåðíûå ðàçëè÷èÿ 

ïî ñðàâíåíèþ ñ êîíòðîëåì (0ºC), p < 0,05.
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Ðèñ. 3. Òåìïåðàòóðíàÿ çàâèñèìîñòü 
ãåìîëèçà ýðèòðîöèòîâ ëîøàäè, 

ïåðåíåñåííûõ â 4,0 Ì NaCl èç ñðåä 
ïðåäâàðèòåëüíîé èíêóáàöèè, ñî-
äåðæàùèõ NaCl â êîíöåíòðàöèè 

0,15 (1), 0,4 (2), 0,6 Ì (3).

Ðèñ. 4. Òåìïåðàòóðíàÿ çàâèñèìîñòü 
ãåìîëèçà ýðèòðîöèòîâ êðûñû, 

ïåðåíåñåííûõ â 4,0 Ì NaCl èç ñðåä 
ïðåäâàðèòåëüíîé èíêóáàöèè, ñî-
äåðæàùèõ NaCl â êîíöåíòðàöèè 

0,15 (1), 0,3 (2), 0,4 (3), 0,6 Ì (4).
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Ïîä äåéñòâèåì ãèïåðòîíèè â ìåìáðàíå ïðîèñõîäèò çà-
ðîæäåíèå ìèêðîäåôåêòîâ. Äàëüíåéøàÿ èõ ýâîëþöèÿ, 
ïðèâîäÿùàÿ ê ôîðìèðîâàíèþ ñòàáèëüíîé ïîðû, çàâè-
ñèò îò òåìïåðàòóðû èíêóáàöèè [9]. Ïðè îêîëîíóëåâûõ 
òåìïåðàòóðàõ ðàçâèòèå äåôåêòà äî ðàçìåðà ãåìîëèòè-
÷åñêîé ïîðû çàòðóäíåíî (èç-çà óñèëåíèÿ ëèïèä-ëèïèä-
íûõ è ëèïèä-áåëêîâûõ âçàèìîäåéñòâèé) ïî ñðàâíåíèþ 
ñ ïðîöåññàìè, ðàçâèâàþùèìèñÿ ïðè áîëåå âûñîêèõ 
çíà÷åíèÿõ òåìïåðàòóðû. Âûøåñêàçàííîå ìîæåò ëåæàòü 
â îñíîâå íàáëþäàåìîãî â ðàáîòå óìåíüøåíèÿ óðîâíÿ 
ãèïåðòîíè÷åñêîãî ãåìîëèçà ýðèòðîöèòîâ âñåõ èññëå-
äîâàííûõ ìëåêîïèòàþùèõ ïðè ñíèæåíèè òåìïåðàòó-
ðû. Ýòîò ýôôåêò íàèáîëåå âûðàæåí äëÿ êëåòîê áûêà, 
ìåìáðàíû êîòîðûõ õàðàêòåðèçóþòñÿ âûñîêèì óðîâíåì 
õîëèí-ñîäåðæàùèõ ôîñôîëèïèäîâ è ôîñôàòèäèëý-
òàíîëàìèíà [10, 11]. Îáðàùàåò íà ñåáÿ âíèìàíèå òîò 

ôàêò, ÷òî ýðèòðîöèòû áûêà, õàðàêòåðèçóþùèåñÿ õîðî-
øî âûðàæåííîé òåìïåðàòóðíîé çàâèñèìîñòüþ ãèïåð-
òîíè÷åñêîãî ãåìîëèçà, ëèøåíû åå â òîì ñëó÷àå, êîãäà 
êëåòêè ïðåäâàðèòåëüíî èíêóáèðîâàëè â ñðåäå, ñîäåð-
æàùåé 1,0 Ì NaCl (ðèñ. 5). Ïî-âèäèìîìó, â ýòîì ñëó÷àå 
ðàçâèâàåòñÿ çíà÷èòåëüíàÿ äåãèäðàòàöèÿ êîìïîíåíòîâ 
ýðèòðîöèòàðíîé ìåìáðàíû, ÷òî ïðèâîäèò ê ñóùåñòâåí-
íîìó èçìåíåíèþ õàðàêòåðà âçàèìîäåéñòâèÿ ôîñôàòè-
äèëýòàíîëàìèíà ñ äðóãèìè êîìïîíåíòàìè ìåìáðàíû. 

Âûâîäû. Ïîêàçàíî, ÷òî ïðè ïîâûøåíèè òåìïåðà-
òóðû íàáëþäàåòñÿ óâåëè÷åíèå óðîâíÿ ãèïåðòîíè÷å-
ñêîãî ãåìîëèçà ýðèòðîöèòîâ ÷åëîâåêà, áûêà è ëîøàäè, 
ïðåäâàðèòåëüíî ïðîèíêóáèðîâàííûõ â èçîòîíè÷åñêèõ 
óñëîâèÿõ. Ïðè èñïîëüçîâàíèè ïðåäâàðèòåëüíî îáå-
çâîæåííûõ ýðèòðîöèòîâ ìëåêîïèòàþùèõ ñ ðàçëè÷íûì 
èñõîäíûì ñîñòîÿíèåì («ñòàáèëüíîå» èëè «ìåòàñòà-
áèëüíîå») âûÿâëåíî, ÷òî óðîâåíü ãåìîëèçà â 4,0 Ì NaCl 
«ñòàáèëüíûõ» ýðèòðîöèòîâ ìëåêîïèòàþùèõ íèæå ïî 
ñðàâíåíèþ ñ êîíòðîëüíûìè è «ìåòàñòàáèëüíûìè» êëåò-
êàìè ïðè âñåõ çíà÷åíèÿõ òåìïåðàòóðû. Òàêèì îáðàçîì, 
óñòîé÷èâîñòü ýðèòðîöèòîâ ìëåêîïèòàþùèõ ê ãèïåðòî-
íè÷åñêîìó øîêó îïðåäåëÿåòñÿ èñõîäíûì ñîñòîÿíèåì 
êëåòîê, êîòîðîå ôîðìèðóåòñÿ â ðåçóëüòàòå êîìáèíèðî-
âàííîãî äåéñòâèÿ òåìïåðàòóðû è îñìîëÿðíîñòè ñðåäû. 

Ðåçóëüòàòû äàëüíåéøèõ èññëåäîâàíèé. Âûÿâ-
ëåííûå îòëè÷èÿ â ðàçâèòèè ãèïåðòîíè÷åñêîãî ïîâðåæ-
äåíèÿ ýðèòðîöèòîâ ÷åëîâåêà, áûêà, ëîøàäè è êðûñû 
ïðè âàðüèðîâàíèè òåìïåðàòóðû è îñìîëÿðíîñòè ñðåäû 
ïðåäñòàâëÿþò èíòåðåñ äëÿ äàëüíåéøèõ èññëåäîâàíèé 
ðåàêöèè ýðèòðîöèòîâ äðóãèõ âèäîâ ìëåêîïèòàþùèõ.

Ðèñ. 5. Òåìïåðà-
òóðíàÿ çàâèñè-
ìîñòü ãåìîëèçà 

ýðèòðîöèòîâ áûêà, 
ïåðåíåñåííûõ â 

4,0 Ì NaCl èç ñðåä 
ïðåäâàðèòåëüíîé 

èíêóáàöèè, ñîäåð-
æàùèõ NaCl â êîí-

öåíòðàöèè 0,15 (1), 
1,0 (2), 2,0 Ì (3)
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Ïîêàçàíî, ùî ïðè ï³äâèùåíí³ òåìïåðàòóðè (â³ä 0 äî 37°Ñ) ð³âåíü ãåìîë³çó åðèòðîöèò³â ññàâö³â, ïåðåíåñåíèõ 
³ç 0,15 â 4,0 Ì NaCl, çá³ëüøóºòüñÿ äëÿ êë³òèí áèêà – ïðèáëèçíî â 4 ðàçè, ëþäèíè, êîíÿ òà ùóðà – â 1,2-2,0 ðàçè. 
Äëÿ ïîïåðåäíüî çíåâîäíåíèõ åðèòðîöèò³â ññàâö³â ³ç ð³çíèì âèõ³äíèì ñòàíîì («ñòàá³ëüíå» àáî «ìåòàñòàá³ëüíå») 
ïîêàçàíî, ùî ð³âåíü ãåìîë³çó â 4,0 Ì NaCl «ñòàá³ëüíèõ» åðèòðîöèò³â ññàâö³â íèæ÷èé ó ïîð³âíÿíí³ ç êîíòðîëüíèìè 
³ «ìåòàñòàá³ëüíèìè» êë³òèíàìè ïðè âñ³õ çíà÷åííÿõ òåìïåðàòóðè. Òàêèì ÷èíîì, ñò³éê³ñòü åðèòðîöèò³â ññàâö³â äî 
ã³ïåðòîí³÷íîãî øîêó âèçíà÷àºòüñÿ âèõ³äíèì ñòàíîì êë³òèí, ÿêèé ôîðìóºòüñÿ â ðåçóëüòàò³ êîìá³íîâàíî¿ ä³¿ òåìïå-
ðàòóðè òà îñìîëÿðíîñò³ ñåðåäîâèùà.

Êëþ÷îâ³ ñëîâà: åðèòðîöèòè ññàâö³â, ã³ïåðòîí³÷íèé øîê, îñìîëÿðí³ñòü ³ òåìïåðàòóðà ñåðåäîâèùà.
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ìè ïðè âñåõ çíà÷åíèÿõ òåìïåðàòóðû. Òàêèì îáðàçîì, óñòîé÷èâîñòü ýðèòðîöèòîâ ìëåêîïèòàþùèõ ê ãèïåðòîíè-
÷åñêîìó øîêó îïðåäåëÿåòñÿ èñõîäíûì ñîñòîÿíèåì êëåòîê, êîòîðîå ôîðìèðóåòñÿ â ðåçóëüòàòå êîìáèíèðîâàí-
íîãî äåéñòâèÿ òåìïåðàòóðû è îñìîëÿðíîñòè ñðåäû. 

Êëþ÷åâûå ñëîâà: ýðèòðîöèòû ìëåêîïèòàþùèõ, ãèïåðòîíè÷åñêèé øîê, îñìîëÿðíîñòü è òåìïåðàòóðà ñðåäû.
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Temperature and Osmolarity as Factors Determining Resistance of Mammalian Erythrocytes to Hypertonic 

Shock 
Shpakova N.M., Orlova N.V., Iershova N.A., Aleksandrova D.I.
Abstract. The effect of initial state of mammalian erythrocytes modified with temperature and medium osmolarity 

on the sensitivity of cells to hypertnic shock (4.0 M NaCl) was studied. Human, bovine, equine, rat’s erythrocytes were 
pre-dehydrated to form various initial states of cells in respect of the following effect of hypertonic shock.

With increasing salt concentration in the preincubation medium the reduction of hypertonic hemolysis of the cells 
with a following increase occurs. The states of erythrocytes, for which the minimal and maximal rates of hemolysis are 
characteristic in 4.0 M NaCl, were called as «stable» and «metastable», respectively.

It has been revealed that when increasing the temperature within the range from 0 to 37°C there is observed a rise 
in hypertonic hemolysis rate of erythrocytes of all the investigated mammals (human, bull, horse, rat) transferred from 
0.15 to 4.0 M NaCl. Herewith for bovine erythrocytes an in increased in hypertonic hemolysis rate is characteristic 
with a temperature rise (from 0 to 37°C) of about 4 times, while for human cells, those of horse and rat this makes in 
1.2-2.0 times.

Temperature dependence of hypertonic hemolysis of stable human erythrocytes (0.4  4.0 M NaCl) was more 
manifested if compared with the control and metastable cells (0.8 4.0 M NaCl). For stable equine erythrocytes 
(0.4  4.0 M NaCl) the severity of hemolytic damage is observed only at the temperatures higher than 15°C. For bovine 
erythrocytes the temperature dependence of hypertonic hemolysis is absent in the case when the cells form a stable 
state (1.0 ® 4.0 M NaCl). Moreover, for these cells no distinct zone of «metastability» was found. In the media containing 
2.0 M NaCl, there is observed just the tendency of the hemolysis rise if compared to the medium of 1.0 M NaCl at 37°C.

It should be noted that for the rat cells the minimal value of hypertonic hemolysis at 37 and 0°C is observed when 
erythrocytes are dehydrated in different media (0.3 M and 0.4 M NaCl). Erythrocytes are considered as stable, when 
dehydrated in 0.3 M NaCl, because their damage rate in 4.0 M NaCl is lower than the hemolysis values of the control 
and «metastable» cells within the whole range of the temperatures studied. Temperature dependencies of hypertonic 
hemolysis of the control and stable rat’s erythrocytes (0.3 ® 4.0 M NaCl) were slightly manifested while the injury of 
metastable cells (0.6 ® 4.0 M NaCl) significantly enhanced within the temperature range of 0-25°C. 

It has been established that the hemolysis rate in 4.0 M NaCl of stable erythrocytes of all the investigated mammals 
is lower if compared with the same indices of the control and metastable cells at all the values of temperatures (0, 15, 25 
è 37°Ñ). Thus the resistance of mammalian erythrocytes to hypertonic shock is determined by initial state of cells which 
is formed as a result of combined effect of temperature and medium osmolarity. 

The findings are discussed from the point of view of forming the hemolytic pore in erythrocyte membrane when 
altering the medium osmolarity and temperature.

Keywords: mammalian erythrocytes, hypertonic shock, osmolarity and medium temperature. 
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