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Äàííàÿ ðàáîòà ÿâëÿåòñÿ ôðàãìåíòîì òåìû «Èñ-
ñëåäîâàíèå ÷óâñòâèòåëüíîñòè ýðèòðîöèòîâ æèâîò-
íûõ ê îõëàæäåíèþ, äåãèäðàòàöèè è çàìîðàæèâàíèþ 
ïðè äåéñòâèè ìîäèôèöèðóþùèõ ôàêòîðîâ è êðèî-
ïðîòåêòðîâ», ¹ ãîñ. ðåãèñòðàöèè 0114U0001318. 

Âñòóïëåíèå. Ðàçðàáîòêà òðàíñôóçèîííûõ ïðî-
òîêîëîâ ñ ó÷åòîì ãåìîñòàòè÷åñêîãî ïîòåíöèàëà 
êðîâè ðàçëè÷íûõ êàòåãîðèé ïàöèåíòîâ ïðè ðàçëè÷-
íûõ çàáîëåâàíèÿõ âñåãäà îñòàåòñÿ àêòóàëüíîé è íå 
âñåãäà ðåøàåìîé ïðîáëåìîé [4]. Â ñâÿçè ñ ýòèì, 
ó÷åò è ìîäèôèêàöèÿ êîàãóëÿíòíûõ ñâîéñòâ êëåòîê 
êðîâè ïåðåä òðàíñôóçèåé ìîæåò îêàçàòüñÿ ýôôåê-
òèâíûì ïîäõîäîì äëÿ èõ íàïðàâëåííîãî âëèÿíèÿ íà 
îáùèé ãåìîñòàç è, ñîîòâåòñòâåííî, èõ ýôôåêòèâíî-
ãî ôóíêöèîíèðîâàíèÿ ïðè öèðêóëÿöèè êðîâè. 

Ýðèòðîöèòû âêëþ÷àþò âíóòðèýðèòðîöèòàðíûå è 
âíåýðèðîöèòàðíûå ãåìîñòàòè÷åñêèå ôàêòîðû, ñâÿ-
çàííûå ñ îïðåäåëåííûìè ñòðóêòóðàìè êëåòêè. Âíó-
òðèýðèòðîöèòàðíûå ôàêòîðû: òðîìáîïëàñòèí, àíòè-
ãåïàðèí, ÀÑ-ãëîáóëèí, òðîìáèíîïîäîáíûé ôàêòîð, 
ôèáðèíñòàáèëèçèðóþùèé ôàêòîð, ÀÄÔ, ôàêòîð ðå-
òðàêöèè ñãóñòêà êðîâè, èíãèáèòîðû ôèáðèíîëèçà. 
Âíåýðèòðîöèòàðíûå ôàêòîðû: ôèáðèíîãåí ýðèòðî-
öèòîâ, àíòèòðîìáèíû, ôàêòîðû ôèáðèíîëèçà [3]. 

Ìîæíî ïðåäïîëîæèòü, ÷òî ïðè çàìîðàæèâàíèè 
ýðèòðîöèòîâ â ïðèñóòñòâèè ðàçëè÷íûõ çàùèòíûõ 
êîìïîíåíòîâ áóäåò ïðîèñõîäèòü ìîáèëèçàöèÿ îò-
äåëüíûõ ôàêòîðîâ è èçìåíÿòüñÿ êîàãóëÿöèîííûé 
ïîòåíöèàë êëåòêè â ñòîðîíó áîëüøåé èëè ìåíüøåé 
âûðàæåííîñòè. 

Öåëü ðàáîòû – èññëåäîâàòü âëèÿíèå çàìîðà-
æèâàíèÿ ýðèòðîöèòîâ â êîìáèíèðîâàííûõ ñðåäàõ ñ 
íåïðîíèêàþùèìè è ïðîíèêàþùèìè êðèîïðîòåêòî-
ðàìè íà èõ ñïîñîáíîñòü èçìåíÿòü âðåìÿ êîàãóëÿöèè 
ïëàçìû êðîâè. 

Îáúåêò è ìåòîäû èññëåäîâàíèÿ. Â ðàáîòå 
èñïîëüçîâàëè äîíîðñêóþ êðîâü ÷åëîâåêà. Ïëàçìó 
ïîëó÷àëè â ðåçóëüòàòå äâóõðàçîâîãî öåíòðèôóãèðî-
âàíèÿ ïðè 1500 îá. /ìèí. â òå÷åíèå 10 ìèí. Ýðèòðî-
öèòû îòìûâàëè òðåõðàçîâûì öåíòðèôóãèðîâàíèåì 
ïðè 3000 îá. /ìèí â òå÷åíèå 5 ìèí. 

Ïîëó÷åííûå ýðèòðîöèòû çàìîðàæèâàëè â ðàçíûõ 
ñðåäàõ, ñîäåðæàùèõ 20 % äåêñòðàí (35000) + 5 % 
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Èíñòèòóò ïðîáëåì êðèîáèîëîãèè è êðèîìåäèöèíû ÍÀÍ Óêðàèíû 

(ã. Õàðüêîâ)

äèìåòèëñóëüôîêñèä (ÄÌÑÎ), êîòîðûé ãîòîâèëè íà 
ñàõàðîçî-ñîëåâîé ñðåäå (6,85 % ñàõàðîçà + 0,3 % 
NaCl), 20 % ïîëèýòèëåíãëèêîëü (ÏÝÃ-1500) + 15 % 
ÄÌÑÎ èëè 20 % ÏÝÃ-1500 + 15 % 1,2-ïðîïàíäèîë 
(1,2-ÏÄ) – ãîòîâèëè íà 0,9 % NaCl. Ïîñëå îòîãðå-
âà (40ºÑ) ðàçìîðîæåííóþ ñóñïåíçèþ ìåäëåííî, ñ 
ïåðåìåøèâàíèåì, ðàçâîäèëè òåïëûì (37°Ñ) ôèçèî-
ëîãè÷åñêèì ðàñòâîðîì NaCl (0,9 %) â 10 ðàç è öåí-
òðèôóãèðîâàëè ïðè 3000 îá. /ìèí â òå÷åíèå 5 ìèí ñ 
ïîñëåäóþùèì óäàëåíèåì íàäîñàäî÷íîé æèäêîñòè. 
Äàííóþ ïðîöåäóðó ïîâòîðÿëè åù¸ îäèí ðàç. Çàòåì, 
áåç ó÷åòà ñêîðîñòè ðàçâåäåíèÿ îñàäêà ýðèòðîöè-
òîâ, êëåòêè äîïîëíèòåëüíî 1 ðàç îòìûâàëè ôèçèî-
ëîãè÷åñêèì ðàñòâîðîì NaCl (0,9 %) ïðè 37Ñ. 

Îòìûòûå ýðèòðîöèòû ðàçâîäèëè â 4 ðàçà 0,9 %-ì 
NaCl èëè âîäîé äëÿ ïîëó÷åíèÿ ãåìîëèçàòà. Ïîëó÷åí-
íûå ñóñïåíçèè êîìáèíèðîâàëè ñ ïëàçìîé ïî ìåòî-
äèêå îïðåäåëåíèÿ âðåìåíè ðåêàëüöèôèêàöèè ïëàç-
ìû. Â ïðîáèðêó, óñòàíîâëåííóþ íà âîäÿíîé áàíå 
ïðè 37ºÑ, íàëèâàþò 0,2 ìë 0,28 % ðàñòâîðà CaCl

2
, 

0,1 ìë 0,9 % NaCl (èëè 0,1 ìë H
2
O â ýêñïåðèìåíòå ñ 

ãåìîëèçàòîì) è 50 ìêë ñóñïåíçèè ýðèòðîöèòîâ, ðàç-
âåäåííîé 0,9 % NaCl (èëè H

2
O â ýêñïåðèìåíòå ñ ãå-

ìîëèçàòîì). ×åðåç 60 ñåê â ïðîáèðêó âíîñÿò 0,1 ìë 
èññëåäóåìîé ïëàçìû è âêëþ÷àþò ñåêóíäîìåð, ôèê-
ñèðóÿ âðåìÿ ñâåðòûâàíèÿ ïëàçìû. 

Äëÿ èññëåäîâàíèÿ àãðåãàöèè ýðèòðîöèòîâ èñ-
ïîëüçîâàëè ñïåêòðîôîòîìåòð (ÑÔ-4À), ñîïðÿæåí-
íûé ñ ñàìîïèñöåì (ðåãèñòðàöèÿ èçìåíåíèÿ óðîâ-
íÿ îïòè÷åñêîé ïëîòíîñòè êëåòî÷íûõ ñóñïåíçèé ïðè 
äëèíå âîëíû 720 íì). Îïòè÷åñêàÿ ïëîòíîñòü ñóñïåí-
çèè ýðèòðîöèòîâ â ýêñïåðèìåíòàõ áûëà 0,3-0,33 
åäèíèö, ÷òî ñîîòâåòñòâîâàëî ãåìàòîêðèòó 0,02 % 
(3,0´106 êë. /ìë). Êîëè÷åñòâî êëåòîê ïîäñ÷èòûâàëè 
â êàìåðå Ãîðÿåâà. 

Ãèïîòîíè÷åñêèé ãåìîëèç ýðèòðîöèòîâ èññëåäî-
âàëè â ñðåäå, ñîäåðæàùåé 10 ììîëü/ë òðèñ-áóôåð 
ñ ðÍ 7,4 è NaCl ñ ðàçëè÷íîé êîíöåíòðàöèåé (0,09-
0,9 %). Êëåòêè â ñðåäå îáúåìîì 1ìë è ñ ãåìàòîêðè-
òîì 0,6 % èíêóáèðîâàëè 15 ìèí ïðè 25°Ñ, äàëåå öåí-
òðèôóãèðîâàëè ïðè 3000 îá. /ìèí â òå÷åíèå 3 ìèí è 
îïðåäåëÿëè ñòåïåíü ãåìîëèçà. 
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Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäå-
íèå. Ïîñëå çàìîðàæèâàíèÿ-îòîãðåâà ýðèòðîöèòîâ 
â ñðåäå, ñîäåðæàùåé äåêñòðàí(20 %) + ÄÌÑÎ(5 %) 
è îòìûâàíèè êëåòîê îò êðèîêîíñåðâàíòà ïîòåðè 
ïî ãåìîëèçó ñîñòàâëÿëè 8 ± 2 %; äëÿ ñðåäû ÏÝÃ-
1500(20 %) + ÄÌÑÎ(15 %) – 6 ± 1,5 %; äëÿ ñðåäû 
ÏÝÃ-1500(20 %) + 1,2-ÏÄ(15 %) – 7 ± 2 %. 

Âðåìÿ êîàãóëÿöèè ïëàçìû â ïðèñóòñòâèè èíòàêò-
íûõ ýðèòðîöèòîâ ñîñòàâëÿåò 185 ñåê, â ïðèñóòñòâèè 
ãåìîëèçàòà ïðîèñõîäèò óñêîðåíèå äî 125 ñåê (ðèñ. 
1, ñòîëáèêè 1). Çàìîðàæèâàíèå ýðèòðîöèòîâ, íå-
çàâèñèìî îò ñîñòàâà êðèîêîíñåðâàíòà, ïðèâîäèò ê 
ïîâûøåíèþ àêòèâíîñòè êëåòîê è èõ ãåìîëèçàòîâ è 
óñêîðåíèþ êîàãóëÿöèè (ðèñ. 1, ñòîëáèêè 2,3,4). 

Ïîëó÷åííûå ðåçóëüòàòû óêàçûâàþò íà òî, ÷òî ïðè 
çàìîðàæèâàíèè-îòîãðåâå-îòìûâàíèè ýðèòðîöè-
òîâ ïðîèñõîäèò ìîäèôèêàöèÿ ìåìáðàí è, âîçìîæ-
íî, öèòîïëàçìû êëåòîê ñ ïîñëåäóþùåé àêòèâàöèåé 
ôàêòîðîâ, êîòîðûå óñêîðÿþò ñâåðòûâàíèå ïëàçìû. 

Èññëåäîâàíèå àãðåãàöèè ýðèòðîöèòîâ, èíäó-
öèðîâàííîé êàòèîíàìè La3+, íå âûÿâèëî ðàçëè÷èé 
ìåæäó çàìîðîæåííûìè è èíòàêòíûìè ýðèòðîöèòà-
ìè (ðèñ. 2). Ðåçóëüòàòû óêàçûâàþò íà òî, ÷òî êîàãó-
ëÿöèîííàÿ àêòèâíîñòü ýðèòðîöèòîâ íå ñâÿçàíà ñ èõ 
àãðåãàöèîííîé ñïîñîáíîñòüþ ïðè èíäóêöèè êàòèî-
íàìè La3+. 

Èññëåäîâàíèå ãèïîòîíè÷åñêîãî ãåìîëèçà çàìî-
ðîæåííûõ ýðèòðîöèòîâ íå âûÿâëÿåò çíà÷èòåëüíîãî 
èçìåíåíèÿ îñìîòè÷åñêîé õðóïêîñòè ïî ñðàâíåíèþ 
ñ èíòàêòíûìè êëåòêàìè (ðèñ. 3). Ïîýòîìó ìîæíî 
ñêàçàòü, ÷òî ìîäèôèêàöèÿ êîàãóëÿíòíûõ ñâîéñòâ 
ìåìáðàí ïðè çàìîðàæèâàíèè íå èçìåíÿåò îñìîòè-
÷åñêèõ ñâîéñòâ ýðèòðîöèòîâ. 

Ñîãëàñíî êëåòî÷íîé ìîäåëè ñâåðòûâàíèÿ êðîâè 
î÷åíü âàæíóþ ðîëü â ïðîöåññàõ ãåìîñòàçà èãðàþò 
êëåòêè (òðîìáîöèòû, ýðèòðîöèòû, ôèáðîáëàñòû è 
äð.), íà ïîâåðõíîñòè êîòîðûõ ïðîèñõîäÿò ðàçëè÷-
íûå ðåàêöèè, â òîì ÷èñëå îáðàçîâàíèå òðîìáèíà 
èç åãî íåàêòèâíîãî ïðåäøåñòâåííèêà ïðîòðîìáè-
íà ïîä äåéñòâèåì òðîìáèíàçû [5]. Ïðîòðîìáèíàçà 
àêòèâèðóåòñÿ íà ïîâåðõíîñòè êëåòîê â ïðèñóòñòâèè 
êàòèîíîâ Ca2+, ôîñôàòèäèëñåðèíà è ôàêòîðîâ V è 
X. Ôîñôàòèäèëñåðèí ëîêàëèçîâàí íà âíóòðåííåé 
ïîâåðõíîñòè êëåòî÷íûõ ìåìáðàí è ïåðåõîä åãî íà 
âíåøíþþ ïîâåðõíîñòü êîíòðîëèðóåòñÿ ñïåöèôè÷å-
ñêèìè ìåõàíèçìàìè [6]. 

Ýðèòðîöèòû âêëþ÷àþò âíóòðèýðèòðîöèòàðíûå 
è âíåýðèòðîöèòàðíûå ãåìîñòàòè÷åñêèå ôàêòîðû, 
ñâÿçàííûå ñ îïðåäåëåííûìè ñòðóêòóðàìè êëåòêè. 
[3]. Èçâåñòíî, ÷òî ïðè ïåðåëèâàíèè çàìîðîæåííûõ 
ýðèòðîöèòîâ ïðîèñõîäèò íåèçáåæíûé ÷àñòè÷íûé ãå-
ìîëèç ýðèòðîöèòîâ è âûõîä â êðîâÿíîå ðóñëî ýðè-
òðîöèòàðíûõ ôàêòîðîâ ñâåðòûâàíèÿ êðîâè: ÀÄÔ, 
òðîìáîïëàñòè÷åñêîãî ôàêòîðà ýðèòðîöèòîâ è äðó-
ãèõ, à òàêæå àíòèêîàãóëÿíòîâ [1]. Ãåìîëèç ýðèòðî-
öèòîâ ïðèâîäèò ê ýêñïîíèðîâàíèþ ôîñôàòèäèëñå-
ðèíîâûõ ìîëåêóë âî âíåøíþþ ñðåäó è ê êîíòàêòó èõ 
ñ ôàêòîðàìè ñâåðòûâàíèÿ, ÷òî âûçûâàåò äîïîëíè-
òåëüíóþ àêòèâàöèþ ïðîòðîìáèíàçû. 

Óñòàíîâëåíî, ÷òî òðîìáîïëàñòè÷åñêèé ôàêòîð 
ýðèòðîöèòîâ êà÷åñòâåííî íå îòëè÷àåòñÿ îò òàêîâîãî 

Ðèñ. 1. Âðåìÿ êîàãóëÿöèè ïëàçìû â ïðèñóòñòâèè 
ýðèòðîöèòîâ (□ – 3,0õ108 êë/ìë) è èõ ãåìîëèçàòîâ 

(■). 1 – èíòàêòíûå ýðèòðîöèòû, 2 – ýðèòðîöèòû 
çàìîðîæåíû â ñðåäå ñ äåêñòðàíîì(20 %) + 

ÄÌÑÎ(5 %), 3 – ýðèòðîöèòû çàìîðîæåíû â ñðåäå 
ñ ÏÝÃ-1500(20 %) + ÄÌÑÎ(15 %), 4 – ýðèòðîöèòû 

çàìîðîæåíû â ñðåäå ñ ÏÝÃ-1500(20 %) + 
1,2ÏÄ(15 %). * – ñòàòèñòè÷åñêè äîñòîâåðíî ïî ñðàâ-

íåíèþ ñ èíòàêòíûìè ýðèòðîöèòàìè (ð < 0,05). 

Ðèñ. 2. Èçìåíåíèå îïòè÷åñêîé ïëîòíîñòè (ÎÏ) 
ïðè àãðåãàöèè ýðèòðîöèòîâ, èíäóöèðîâàí-

íîé ââåäåíèåì â êþâåòó 80 ìêÌ La3+, â ìîìåíò, 
îáîçíà÷åííûé ñòðåëêîé. 1 – èíòàêòíûå ýðèòðîöèòû, 

2 – ýðèòðîöèòû çàìîðîæåíû â ñðåäå ñ äåêñòðà-
íîì(20 %) + ÄÌÑÎ(5 %), 3 – ýðèòðîöèòû çàìîðîæåíû 

â ñðåäå ñ ÏÝÃ-1500(20 %) + ÄÌÑÎ(15 %), 4 – 
ýðèòðîöèòû çàìîðîæåíû â ñðåäå ñ ÏÝÃ-1500(20 %) + 

1,2ÏÄ(15 %). 
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Ðèñ. 3. Çàâèñèìîñòü ãåìîëèçà îò êîíöåíòðàöèè NaCl 
äëÿ ýðèòðîöèòîâ, îòìûòûõ ïîñëå çàìîðàæèâàíèÿ 

â ñðåäàõ: 2 – Ä-35000(20 %) + ÄÌÑÎ(5 %), 3 – ÏÝÃ-
1500(20 %) + ÄÌÑÎ(15 %), 4 – ÏÝÃ-1500(20 %) + 1,2-

ÏÄ(15 %), 1 – èíòàêòíûå êëåòêè. 
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òðîìáîöèòîâ. Ãåìîëèçèðîâàííûå ýðèòðîöèòû ïî 
ñðàâíåíèþ ñ öåëüíûìè êëåòêàìè îáëàäàþò áîëü-
øåé òðîìáîïëàñòè÷åñêîé àêòèâíîñòüþ. Ðàíåå 
ïðåäëàãàëîñü èñïîëüçîâàòü ïðåïàðàòû ìåìáðàí 
ýðèòðîöèòîâ äëÿ êîððåêöèè ãåìîñòàçà ó áîëüíûõ 
ãèïîêîàãóëÿöèåé. Îäíàêî ýòîò ïîäõîä íå íàøåë 
ïðàêòè÷åñêîãî ïðèìåíåíèÿ, òàê êàê ñóùåñòâóþùèé 
îñìîòè÷åñêèé ìåòîä ïîëó÷åíèÿ ýðèòðîöèòàðíûõ 
ìåìáðàí, îñíîâàííûé íà ãåìîëèçå ýðèòðîöèòîâ 
100-êðàòíûì îáúåìîì äèñòèëëèðîâàííîé âîäû, ïî-
âðåæäàåò èõ îáîëî÷êè [2]. 

Òàêèì îáðàçîì, ïðè çàìîðàæèâàíèè-îòîãðåâå 
ýðèòðîöèòîâ â êîìáèíèðîâàííûõ ñðåäàõ ñ ïðîíèêà-
þùèìè è íåïðîíèêàþùèìè êðèîïðîòåêòîðàìè è îò-
ìûâàíèè íå èçìåíÿåòñÿ èõ àãðåãàöèîííàÿ ñïîñîá-
íîñòü, ñîõðàíÿåòñÿ èõ îñìîòè÷åñêàÿ óñòîé÷èâîñòü 
è, âåðîÿòíî, ïðîèñõîäèò àêòèâàöèÿ êëåòî÷íûõ ôàê-
òîðîâ ñâåðòûâàíèÿ êðîâè, â ðåçóëüòàòå ÷åãî ïðî-
èñõîäèò óìåíüøåíèå âðåìåíè êîàãóëÿöèè ïëàçìû 
ïîä äåéñòâèåì çàìîðîæåííûõ êëåòîê è èõ ãåìîëè-
çàòîâ. Â ïåðñïåêòèâå ïðèìåíåíèå çàìîðîæåííûõ 

ýðèòðîöèòîâ ïîçâîëèò ðàçðàáîòàòü ãåìîñòàòè÷åñ-
êèå êëåòî÷íûå ïðåïàðàòû ñ öåëüþ èñïîëüçîâàíèÿ èõ 
â êëèíè÷åñêîé ïðàêòèêå äëÿ óñèëåíèÿ ñâåðòûâàþ-
ùåé àêòèâíîñòè êðîâè. 

Âûâîäû. 
1. Çàìîðàæèâàíèå ýðèòðîöèòîâ â êîìáèíèðî-

âàííûõ ñðåäàõ ñ íåïðîíèêàþùèìè è ïðîíèêàþùèìè 
êðèîïðîòåêòîðàìè íå âûçûâàåò èçìåíåíèÿ àãðåãà-
öèè èíäóöèðîâàííîé êàòèîíàìè La3+ ïî ñðàâíåíèþ ñ 
èíòàêòíûìè êëåòêàìè. 

2. Çàìîðîæåííûå ýðèòðîöèòû èëè èõ ãåìîëèçà-
òû, ïî ñðàâíåíèþ ñ èíòàêòíûìè êëåòêàìè, â áîëü-
øåé ñòåïåíè óñêîðÿþò êîàãóëÿöèþ ïëàçìû. 

3. Ýðèòðîöèòû, çàìîðîæåííûå â êîìáèíèðîâàí-
íûõ ñðåäàõ, íåçíà÷èòåëüíî îòëè÷àþòñÿ ïî îñìîòè-
÷åñêîé õðóïêîñòè îò èíòàêòíûõ êëåòîê. 

Ïåðñïåêòèâû äàëüíåéøèõ èññëåäîâàíèé. 
Â ïîñëåäóþùåé ðàáîòå ïëàíèðóåòñÿ èññëåäîâàòü 
êîàãóëÿöèîííóþ àêòèâíîñòü ýðèòðîöèòîâ, çàìî-
ðîæåííûõ â êðèîêîíñåðâàíòå ñ ìîäèôèêàòîðàìè 
ìåìáðàí. 
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ÊÎÀÃÓËßÖ²ÉÍÀ ÀÊÒÈÂÍ²ÑÒÜ ÅÐÈÒÐÎÖÈÒ²Â, ÙÎ ÇÀÌÎÐÎÆÓÂÀËÈ Ó ÊÎÌÁ²ÍÎÂÀÍÈÕ ÑÅÐÅÄÎ-

ÂÈÙÀÕ Ç ÍÅÏÐÎÍÈÊÀÞ×ÈÌÈ ÒÀ ÏÐÎÍÈÊÀÞ×ÈÌÈ ÊÐ²ÎÏÐÎÒÅÊÒÎÐÀÌÈ 
Ðàìàçàíîâ Â. Â., Âîëîâåëüñüêà ª. Ë., Êîïòåëîâ Â. Î., Áîíäàðåíêî Â. À. 
Ðåçþìå. Äîñë³äæóâàëè àãðåãàö³þ åðèòðîö³ò³â, ùî çàìîðîæóâàëè ó êîìá³íîâàíèõ ñåðåäîâèùàõ ç íåïðî-

íèêàþ÷èìè òà ïðîíèêàþ÷èìè êð³îïðîòåêòîðàìè òà ¿õ âïëèâ íà ÷àñ êîàãóëÿö³¿ ïëàçìè êðîâ³. 
Ïîêàçàíî, ùî àãðåãàö³éíà çäàòí³ñòü çàìîðîæåíèõ åðèòðîöèò³â íå â³äð³çíÿºòüñÿ â³ä òàêîâî¿ ³íòàêòíèõ 

êë³òèí. Âñòàíîâëåíî, ùî çàìîðîæåí³ åðèòðîöèòè àáî ¿õ ãåìîë³çàòè, ó ïîð³âíÿíí³ ç ³íòàêòíèìè êë³òèíàìè, â 
á³ëüøîìó ñòóïåí³ ïðèñêîðþþòü êîàãóëÿö³þ ïëàçìè. Åðèòðîöèòè, ÿê³ çàìîðîæåí³ ó êîìá³íîâàíèõ ñåðåäîâè-
ùàõ, íåçíà÷íî â³äð³çíÿþòüñÿ çà îñìîòè÷íîþ êðèõê³ñòþ â³ä ³íòàêòíèõ êë³òèí. 

Îòðèìàí³ ðåçóëüòàòè äîçâîëÿþòü ïðèïóñòèòè, ùî ïðè çàìîðîæóâàíí³ åðèòðîöèò³â â³äáóâàºòüñÿ 
ìîäèô³êàö³ÿ ìåìáðàíè ³, ìîæëèâî, àêò³âàö³ÿ êë³òèííèõ ôàêòîð³â çãîðòàííÿ êðîâ³ ïðè çáåðåæåíí³ îñìîòè÷íî¿ 
ñò³éê³ñò³ êë³òèí. Â ðåçóëüòàò³ öüîãî â³äáóâàºòüñÿ çìåíüøåííÿ ÷àñó êîàãóëÿö³¿ ïëàçìè ï³ä âïëèâîì çàìîðîæå-
íèõ ºðèòðîöèò³â òà ¿õ ãåìîë³çàò³â. 

Êëþ÷îâ³ ñëîâà: åðèòðîöèòè, çàìîðîæóâàííÿ, êîìá³íîâàí³ êð³îêîíñåðâàíòè, àãðåãàö³ÿ, êîàãóëÿö³ÿ. 
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ÊÎÀÃÓËßÖÈÎÍÍÀß ÀÊÒÈÂÍÎÑÒÜ ÝÐÈÒÐÎÖÈÒÎÂ, ÇÀÌÎÐÎÆÅÍÍÛÕ Â ÊÎÌÁÈÍÈÐÎÂÀÍÍÛÕ 

ÑÐÅÄÀÕ Ñ ÍÅÏÐÎÍÈÊÀÞÙÈÌÈ È ÏÐÎÍÈÊÀÞÙÈÌÈ ÊÐÈÎÏÐÎÒÅÊÒÎÐÀÌÈ
Ðàìàçàíîâ Â. Â., Âîëîâåëüñêàÿ Å. Ë., Êîïòåëîâ Â. À., Áîíäàðåíêî Â. À. 
Ðåçþìå. Èññëåäîâàëè àãðåãàöèþ ýðèòðîöèòîâ, çàìîðîæåííûõ â êîìáèíèðîâàííûõ ñðåäàõ ñ íåïðîíè-

êàþùèìè è ïðîíèêàþùèìè êðèîïðîòåêòîðàìè, è èõ âëèÿíèå íà âðåìÿ êîàãóëÿöèè ïëàçìû êðîâè. 
Ïîêàçàíî, ÷òî àãðåãàöèîííàÿ ñïîñîáíîñòü çàìîðîæåííûõ ýðèòðîöèòîâ íå îòëè÷àåòñÿ îò òàêîâîé èíòàêò-

íûõ êëåòîê. Óñòàíîâëåíî, ÷òî çàìîðîæåííûå ýðèòðîöèòû èëè èõ ãåìîëèçàòû, ïî ñðàâíåíèþ ñ èíòàêòíûìè 
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êëåòêàìè, â áîëüøåé ñòåïåíè óñêîðÿþò êîàãóëÿöèþ ïëàçìû. Ýðèòðîöèòû, çàìîðîæåííûå â êîìáèíèðîâàí-
íûõ ñðåäàõ, íåçíà÷èòåëüíî îòëè÷àþòñÿ ïî îñìîòè÷åñêîé õðóïêîñòè îò èíòàêòíûõ êëåòîê. 

Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò ïðåäïîëîæèòü, ÷òî ïðè çàìîðàæèâàíèè ýðèòðîöèòîâ ïðîèñõîäèò ìî-
äèôèêàöèÿ ìåìáðàíû è âîçìîæíî àêòèâàöèÿ êëåòî÷íûõ ôàêòîðîâ ñâåðòûâàíèÿ êðîâè ïðè ñîõðàíåíèè îñ-
ìîòè÷åñêîé óñòîé÷èâîñòè êëåòîê. Â ðåçóëüòàòå ýòîãî ïðîèñõîäèò óìåíüøåíèå âðåìåíè êîàãóëÿöèè ïëàçìû 
ïîä äåéñòâèåì çàìîðîæåííûõ ýðèòðîöèòîâ è èõ ãåìîëèçàòîâ. 

Êëþ÷åâûå ñëîâà: ýðèòðîöèòû, çàìîðàæèâàíèå, êîìáèíèðîâàííûå êðèîêîíñåðâàíòû, àãðåãàöèÿ, 
êîàãóëÿöèÿ. 
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Coagulation Activity of Erythrocytes, Frozen in Combined Media with Non-Penetrative and Penetrative 

Cryoprotectants 
Ramazanov V. V., Volovelskaya E. L., Koptelov V. A., Bondarenko V. A. 
Abstract. Erythrocytes comprise intra-erythrocyte and extra-erythrocyte hemostatic factors related with 

certain cell structures. Intra-erythrocyte factors are thromboplastin, antiheparin, AC-globulin, thrombin-similar 
factors, fibrin-stabilizing factor, ADP, factor of blood clot retraction, fibrinolysis inhibitors. Extra-erythrocyte factors: 
erythrocyte fibrinogen, antithrombines, fibrinolysis factors. 

It is known that during transfusion of frozen erythrocytes an inevitable partial hemolysis of erythrocytes and 
release of erythrocyte factors of blood coagulation: ADP, thromboplastic factor of erythrocytes and other as well 
as anti-coagulants into a blood channel occurs. Hemolysis of erythrocytes leads to exposure of phosphatidylserine 
molecules of membrane inner surface to the contact with coagulation factors, which causes an additional activation 
of prothrombinase. 

Hemolized erythrocytes if compared with the whole cells possess higher thromboplastic activity. Previously it 
has been proposed to use the preparations of erythrocyte membranes to correct hemostasis of the patients with 
hypocoagulation, however this approach has not found any application in practice, since existing osmotic method 
for obtaining erythrocyte membranes based on hemolysis of erythrocytes with 100-fold volume of distilled water is 
technically complicated and damages the cell membranes. 

We may assume that when freezing erythrocytes in presence of different protective components the mobilization 
of certain factors will occur and the cell coagulation potential will change towards higher or lower manifestation rate. 

The aggregation of erythrocytes, frozen in combined media with non-penetrative and penetrative cryoprotectants 
and their effect on blood plasma coagulation time were studied in this research. 

The aggregation ability of frozen erythrocytes was shown as not different from the one in the intact cells. Frozen 
erythrocytes or their hemolysates were established to accelerate the plasm coagulation in a greater extent than the 
intact cells. The erythrocytes frozen in combined media were slightly different by osmotic fragility from the intact 
cells. 

Our findings enable suggesting the fact that when freezing erythrocytes the membrane modification and a 
possible activation of cell factors of blood clotting occur with keeping a cell osmotic resistance, resulting in reduced 
plasma coagulation time under the effect of frozen erythrocytes and their hemolysates. 

In prospect the application of frozen erythrocytes will enable designing hemostatic cell preparations in order to 
use them in clinical practice for strengthening blood clotting activity. 

Keywords: erythrocytes, freezing, combined cryopreservatives, aggregation, coagulation. 
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