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Ðàáîòà âûïîëíÿëàñü â ðàìêàõ ïëàíîâîé òåìû îò-
äåëà êðèîáèîôèçèêè èíñòèòóòà ïðîáëåì êðèîáèîëî-
ãèè è êðèîìåäèöèíû ÍÀÍ Óêðàèíû «Äîñë³äæåííÿ ä³¿ 
îêñèäàòèâíîãî ñòðåñó íà êð³îðåçèñòåíòí³ñòü êë³òèí 
òà ðåàêö³¿ òåïëîêðîâíèõ òâàðèí íà õîëîä», ¹ ãîñ. ðå-
ãèñòðàöèè 0110U000405

Âñòóïëåíèå. Ýðèòðîöèòû – íàèáîëåå øèðîêî 
èñïîëüçóåìûå âî âñåì ìèðå êîìïîíåíòû êðîâè äëÿ 
òðàíñôóçèè. Â íàñòîÿùåå âðåìÿ íàèáîëåå øèðîêî 
èñïîëüçóåòñÿ ïðîòîêîë õðàíåíèÿ ýðèòðîöèòîâ ÷åëî-
âåêà â ãèïîòåðìè÷åñêèõ óñëîâèÿõ ( + 2 – + 4°Ñ) â ñëåãêà 
ãèïåðòîíè÷åñêîì ðàñòâîðå, ÷àùå âñåãî ñîäåðæàùåì 
õëîðèñòûé íàòðèé, àäåíèí, ãëþêîçó è ìàííèòîë, îñ-
ìîëÿëüíîñòü 376 ìÎñì/ë [8]. Îäíàêî, ïîìèìî õðàíå-
íèÿ ýðèòðîöèòîâ äëÿ òðàíñôóçèè, ñóùåñòâóþò äðó-
ãèå ñôåðû ïðèìåíåíèÿ ýðèòðîöèòîâ ðàçíûõ âèäîâûõ 
ôîðì, õðàíÿùèõñÿ â ãèïîòåðìè÷åñêèõ óñëîâèÿõ. Â çà-
âèñèìîñòè îò öåëåé õðàíåíèÿ è âèäà ýðèòðîöèòîâ èñ-
ïîëüçóþòñÿ ðàçëè÷íûå ñðåäû è ñïîñîáû ïîäãîòîâêè 
êëåòîê ê õðàíåíèþ.

Â èììóíîëîãèè õðàíÿùèåñÿ â ãèïîòåðìè÷åñêèõ 
óñëîâèÿõ íàòèâíûå (íå îáðàáîòàííûå ïðîòåàçîé) 
ýðèòðîöèòû ÷åëîâåêà, ñòàíäàðòíûå ïî èçîñåðîëîãè-
÷åñêèì ñèñòåìàì ÀÂÎ, MNSs, Pp, Lewis, Kell, Dntty, 
Kidd, èñïîëüçóþòñÿ äëÿ äèàãíîñòèêè èçîèììóííûõ 
àíòèòåë ê àíòèãåíàì óêàçàííûõ ñèñòåì, à òàêæå â êà-
÷åñòâå ýðèòðîöèòàðíûõ êîíòðîëåé ïðè âûÿâëåíèè ñî-
îòâåòñòâóþùèõ àíòèãåíîâ [4].

Ýðèòðîöèòû áàðàíà èñïîëüçóþòñÿ â ðàçëè÷íûõ èñ-
ñëåäîâàíèÿõ, íî íàèáîëåå èçâåñòíî èõ ïðèìåíåíèå 
äëÿ ðåàêöèé ðîçåòêîîáðàçîâàíèÿ ñ Ò-ëèìôîöèòàìè 
÷åëîâåêà [10, 13]. Ðåàêöèÿ ðîçåòêîîáðàçîâàíèÿ èñ-
ïîëüçóåòñÿ îáû÷íî êàê ìàðêåð äëÿ Ò-ëèìôîöèòîâ 
÷åëîâåêà. Ýòà ìåòîäèêà øèðîêî èñïîëüçóåòñÿ äëÿ 
îöåíêè íîðìàëüíîãî ðàñïðåäåëåíèÿ Ò-ëèìôîöèòîâ 
è èõ ó÷àñòèÿ â ðàçëè÷íûõ ïàòîëîãè÷åñêèõ ñîñòîÿíèÿõ, 
ò.ê. ñâåäåíèÿ îá àáñîëþòíîì è îòíîñèòåëüíîì ÷èñëå 
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ëèìôîöèòîâ ÿâëÿþòñÿ èíòåãðàëüíûì ïîêàçàòåëåì 
ôóíêöèîíèðîâàíèÿ èììóííîé ñèñòåìû [5]. 

Íåñìîòðÿ íà òî, ÷òî â íàñòîÿùåå âðåìÿ âñå øèðå 
âíåäðÿþòñÿ íîâûå ìåòîäû èììóíîëîãè÷åñêîãî êîí-
òðîëÿ ñ ïðèìåíåíèåì ìîíîêëîíàëüíûõ àíòèòåë, 
ìåòîä ðîçåòêîîáðàçîâàíèÿ èñïîëüçóåòñÿ âî ìíîãèõ 
ëàáîðàòîðèÿõ áëàãîäàðÿ åãî ïðîñòîòå è ýêñïðåññ-
íîñòè. 

Ýðèòðîöèòû áàðàíà äëÿ èììóíîëîãè÷åñêèõ èññëå-
äîâàíèé õðàíÿò â ãèïîòåðìè÷åñêèõ óñëîâèÿõ â ñðåäå 
Îëñâåðà, êëåòêè îñòàþòñÿ ïðèãîäíûìè ê èñïîëüçîâà-
íèþ â òå÷åíèå 8 íåäåëü [12]. 

Ïîñêîëüêó õðàíÿùèåñÿ â ãèïîòåðìè÷åñêèõ óñëîâè-
ÿõ ýðèòðîöèòû èìåþò âåñüìà øèðîêîå ïðèìåíåíèå, 
òî ïðîáëåìà óâåëè÷åíèÿ âðåìåíè îò ìîìåíòà çàáîðà 
äî ìîìåíòà èõ èñïîëüçîâàíèÿ íå òåðÿåò ñâîåé àêòó-
àëüíîñòè, à äëÿ äàëüíåéøåãî ïðîãðåññà âàæíî ïðè-
âëåêàòü íîâûå íàó÷íûå èäåè è íîâûå ìåòîäè÷åñêèå 
ïîäõîäû.

Â 1992 ã â Ãåðìàíèè áûë çàïàòåíòîâàí ñïîñîá ãè-
ïîòåðìè÷åñêîãî õðàíåíèÿ ýðèòðîöèòîâ ÷åëîâåêà, 
â êîòîðîì ýðèòðîöèòû ïåðåä çàêëàäêîé íà õðàíåíèå 
îáðàáàòûâàëèñü îçîíîì [9]. Ïðè ýòîì â ýðèòðîöèòàõ 
â ïðîöåññå õðàíåíèÿ ñíèæàëàñü ñêîðîñòü ðàñïàäà 
2,3-äèôîñôîãëèöåðàðòà ïî ñðàâíåíèþ ñî ñêîðîñòüþ 
ýòîãî ïðîöåññà â ýðèòðîöèòàõ, íå ïðîøåäøèõ òàêîé 
îáðàáîòêè.

Ðàíåå íàìè áûëî ïîêàçàíî, ÷òî â ýðèòðîöèòàõ ÷å-
ëîâåêà, îáðàáîòàííûõ îçîíèðîâàííûì ôèçèîëîãè-
÷åñêèì ðàñòâîðîì ñ êîíöåíòðàöèåé îçîíà 0,16 ìã/ë, 
ïðè õðàíåíèè â ãèïîòåðìè÷åñêèõ óñëîâèÿõ ñíèæàåòñÿ 
ñêîðîñòü ñïîíòàííîãî ãåìîëèçà [1]. Â íàñòîÿùåé ðà-
áîòå ôèçèîëîãè÷åñêàÿ ðåàêöèÿ ýðèòðîöèòîâ íà äåé-
ñòâèå íèçêèõ äîç îçîíà èñïîëüçîâàíà äëÿ ïîâûøåíèÿ 
óñòîé÷èâîñòè ýðèòðîöèòîâ áàðàíà ê õðàíåíèþ â ãèïî-
òåðìè÷åñêèõ óñëîâèÿõ. 
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Öåëüþ èññëåäîâàíèÿ ÿâèëîñü ïðîäëåíèå ñðî-
êîâ ãèïîòåðìè÷åñêîãî õðàíåíèÿ ýðèòðîöèòîâ áàðàíà 
â ñîñòîÿíèè, ïðèãîäíîì äëÿ èõ èñïîëüçîâàíèÿ â èì-
ìóíîëîãè÷åñêèõ èññëåäîâàíèÿõ.

Îáúåêò è ìåòîäû èññëåäîâàíèÿ. Êðîâü áàðàíà, 
çàãîòîâëåííóþ íà 3,8 % öèòðàòå íàòðèÿ, íàì ëþáåçíî 
ïðåäîñòàâëÿëè ñîòðóäíèêè Õàðüêîâñêîé çîîâåòåðè-
íàðíîé àêàäåìèè. Èññëåäîâàíèÿ íà ýðèòðîöèòàõ ïî-
ëîâîçðåëûõ ñàìöîâ áàðàíà ïðîâîäèëè â ñîîòâåòñòâèè 
ñ «Îáùèìè ïðèíöèïàìè ýêñïåðèìåíòîâ íà æèâîò-
íûõ», îäîáðåííûìè III íàöèîíàëüíûì êîíãðåññîì ïî 
áèîýòèêå (Êèåâ, 2007ã.) è ñîãëàñîâàííûìè ñ ïîëîæå-
íèÿìè «Åâðîïåéñêîé Êîíâåíöèè î çàùèòå ïîçâîíî÷-
íûõ æèâîòíûõ, èñïîëüçóåìûõ äëÿ ýêñïåðèìåíòàëü-
íûõ è äðóãèõ íàó÷íûõ öåëåé» (Ñòðàñáóðã,1985ã). 
Êðîâü öåíòðèôóãèðîâàëè ïðè 800g â òå÷åíèå 
10 ìèí, óäàëÿëè ïëàçìó è òðèæäû îòìûâàëè 
ïóòåì öåíòðèôóãèðîâàíèÿ â òåõ æå óñëîâèÿõ 
â 10-êðàòíîì îáúåìå èçîòîíè÷åñêîãî ðàñòâîðà 
NaCl, ñîäåðæàùåãî 0,01Ì òðèñ-áóôåðà, ðÍ 7,2.

Äëÿ ïîëó÷åíèÿ ëèìôîöèòîâ ÷åëîâåêà èñ-
ïîëüçîâàëè äîíîðñêóþ êðîâü, êîòîðóþ ïðå-
äîñòàâëÿëà Õàðüêîâñêàÿ îáëàñòíàÿ ñòàíöèÿ 
ïåðåëèâàíèÿ êðîâè ñî ñðîêîì õðàíåíèÿ ïîñëå 
çàáîðà íå áîëåå 4 ñóòîê. Ïîëó÷åíèå ëèìôîöèòîâ 
è îöåíêó èõ æèçíåñïîñîáíîñòè äëÿ ðåàêöèè ðî-
çåòêîîáðàçîâàíèÿ ïðîâîäèëè ïî ìåòîäèêå [3].

Äëÿ õðàíåíèÿ ýðèòðîöèòîâ â ãèïîòåðìè÷å-
ñêèõ óñëîâèÿõ èñïîëüçîâàëè ñðåäû, ñîñòàâ êîòî-
ðûõ ïðåäñòàâëåí â òàáë.

Îçîí ïîëó÷àëè ïóòåì ýëåêòðîñèíòåçà, ïðî-
ïóñêàÿ ãàçîîáðàçíûé êèñëîðîä ÷åðåç îçîíàòîð 
áàðüåðíîãî òèïà [2]. Îçîíèðîâàííûé ôèçèî-
ëîãè÷åñêèé ðàñòâîð (ÎÔÐ) ïîëó÷àëè áàðáîòè-
ðîâàíèåì ôèçèîëîãè÷åñêîãî ðàñòâîðà (150 ìÌ 
õëîðèäà íàòðèÿ) îçîíî-êèñëîðîäíîé ñìåñüþ 
ïðè òåìïåðàòóðå òàþùåãî ëüäà.

Îñàäîê ýðèòðîìàññû äåëèëè 
íà 2 ÷àñòè. Îäíó ÷àñòü äâàæäû 
îòìûâàëè ÎÔÐ ñ ñîäåðæàíèåì 
îçîíà 0,16 ìã/ë è ðåñóñïåíäè-
ðîâàëè â ðàâíîì îáúåìå ñðåäû 
äëÿ õðàíåíèÿ. Äðóãóþ ÷àñòü 
ïîäãîòîâëåííîãî îñàäêà ýðè-
òðîöèòîâ îòìûâàëè íå îçîíè-
ðîâàííûì ôèçèîëîãè÷åñêèì 
ðàñòâîðîì è òàêæå ðåñóñïåíäè-
ðîâàëè â ðàâíîì îáúåìå ñðåäû 
äëÿ õðàíåíèÿ è èñïîëüçîâàëè 
êàê êîíòðîëüíûé îáðàçåö. Âî 
âñå ñóñïåíçèè äîáàâëÿëè àíòè-
áèîòèê (öèôðàí) â êîíå÷íîé 
êîíöåíòðàöèè 0,01 ìã/ìë. Ïîä-
ãîòîâëåííûå òàêèì îáðàçîì 
êëåòêè õðàíèëè â õîëîäèëüíèêå 
ïðè òåìïåðàòóðå ( + 2... + 4)°Ñ. 
Îñìîòè÷åñêóþ õðóïêîñòü ýðè-
òðîöèòîâ îïðåäåëÿëè, ïîìåùàÿ 
êëåòêè â ðàñòâîðû õëîðèäà íà-
òðèÿ ñ ðàçíîé òîíè÷íîñòüþ (îò 0 
äî 150 ìÌ) è èçìåðÿÿ ãåìîëèç 
[6]. Ïîêàçàòåëåì îñìîòè÷åñêîé 
õðóïêîñòè ñ÷èòàåòñÿ çíà÷åíèå 

îñìîëÿëüíîñòè ðàñòâîðà õëîðèäà íàòðèÿ, â êîòîðîì 
ñòåïåíü ãåìîëèçà ñîñòàâëÿåò 50 %. ×åì íèæå îñìî-
ëÿëüíîñòü ðàñòâîðà, â êîòîðîì ãåìîëèç äîñòèãàåò 
çíà÷åíèÿ 50 %, òåì êëåòêè áîëåå îñìîòè÷åñêè óñòîé-
÷èâû. Îáðàçîâàíèå ðîçåòîê íàáëþäàëè ïðè ïîìîùè 
ìèêðîñêîïà Olympus IX 70 (ÑØÀ).

Äàííûå íà ðèñóíêàõ è òàáëèöàõ ïðèâåäåíû êàê 
ñðåäíåå çíà÷åíèå ± ñòàíäàðòíîå îòêëîíåíèå. Äàííûå 
óñðåäíÿëè ïî ðåçóëüòàòàì íå ìåíåå 3 ýêñïåðèìåíòîâ. 
Ïðè ñðàâíåíèè âûáîðîê èñïîëüçîâàëè t-êðèòåðèé 
Ñòüþäåíòà. Óðîâåíü ñòàòèñòè÷åñêîé çíà÷èìîñòè ïðè-
íÿò êàê ð < 0,05.

Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäåíèå. 
Íèæå ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ óðîâíÿ 

Òàáëèöà 

Ñðåäû äëÿ õðàíåíèÿ ýðèòðîöèòîâ

¹ 
ï/ï

Íàçâàíèå 
ñðåäû

Ñîñòàâ ñðåäû
ðÍ 

ñðåäû

1
0,9 %-é ð-ð 

NaCl
õëîðèä íàòðèÿ – 9 ã/ë

10 ìÌ òðèñ áóôåð –äî 1ë
7,0-7,2

2
7 %-é ð-ð 
ñàõàðîçû

ñàõàðîçà – 70 ã/ë
õëîðèä íàòðèÿ – 3 ã/ë

âîäà äèñòèëëèðîâàííàÿ – äî 1ë
6,9-7,0

3 Îëñâåðà ð-ð

ãëþêîçà-20,5 ã/ë, 
öèòðàò íàòðèÿ – 8 ã/ë, 

ëèìîííàÿ êèñëîòà – 0,552 ã/ë, 
õëîðèä íàòðèÿ – 4,2 ã/ë

âîäà äèñòèëëèðîâàííàÿ – äî 1ë

7,3

4
5 %-é ð-ð 
ìàííèòà

ìàííèò 50 ã/ë
õëîðèä íàòðèÿ – 0,9 ã/ë

âîäà äèñòèëëèðîâàííàÿ – äî 1ë
6,9-7,2

5
10 %-é ð-ð 
äåêñòðàíà

äåêñòðàí – 100 ã/ë
âîäà äèñòèëëèðîâàííàÿ – äî 1ë

7,0-7,2

Ðèñ. 1. Çíà÷åíèÿ ãåìîëèçà ýðèòðîöèòîâ áàðàíà â ðàçíûõ ñðåäàõ 
áåç îáðàáîòêè êëåòîê îçîíîì è  îáðàáîòàííûõ ÎÔÐ 

ñ êîíöåíòðàöèåé îçîíà 0,16 ìã/ë 
ïîñëå õðàíåíèÿ â ãèïîòåðìè÷åñêèõ óñëîâèÿõ â òå÷åíèå 8 è 12 íåäåëü. 

Çíà÷åíèÿ ãåìîëèçà âñåõ èññëåäîâàííûõ îáðàçöîâ 
â íà÷àëå ñðîêà õðàíåíèÿ íàõîäèëîñü â ïðåäåëàõ 1 ± 0,1 %.

12 íåäåëü 12 íåäåëü, îçîí8 íåäåëü 8 íåäåëü, îçîí
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ãåìîëèçà è ïîêàçàòåëåé îñìîòè÷åñêîé õðóïêîñòè ýðè-
òðîöèòîâ â ïðîöåññå èõ ãèïîòåðìè÷åñêîãî õðà íåíèÿ. 

Íà ðèñ. 1 ïðåäñòàâëåíû çíà÷åíèÿ ãåìîëèçà ýðè-
òðîöèòîâ áàðàíà â ðàçíûõ ñðåäàõ áåç îáðàáîòêè êëå-
òîê îçîíîì è îáðàáîòàííûõ ÎÔÐ ñ êîíöåíòðàöèåé 
îçîíà 0,16 ìã/ë ïîñëå õðàíåíèÿ â ãèïîòåðìè÷åñêèõ 
óñëîâèÿõ â òå÷åíèå 8 è 12 íåäåëü. 

Çíà÷åíèå ãåìîëèçà ñâåæåïðèãîòîâëåííûõ îáðàç-
öîâ ýðèòðîöèòîâ âî âñåõ èññëåäîâàííûõ ñðåäàõ áûëî 
â ïðåäåëàõ 1 ± 0,1 %, îáðàáîòêà êëåòîê ÎÔÐ íå âûçûâàëà 
èçìåíåíèé ýòîãî ïîêàçàòåëÿ â íà÷àëå ñðîêà õðàíåíèÿ. 

Îòëè÷èÿ ïîÿâëÿëèñü è íàðàñòàëè ñ òå÷åíèåì âðå-
ìåíè õðàíåíèÿ. Íà ðèñ. 1 ìîæíî âèäåòü, ÷òî ïîñëå 
õðàíåíèÿ óðîâåíü ãåìîëèçà â îáðàáîòàííûõ îçîíîì 
ýðèòðîöèòàõ íèæå ïî ñðàâíåíèþ ñ åãî çíà÷åíèåì äëÿ 
íå îáðàáîòàííûõ êëåòîê âî âñåõ èññëåäîâàííûõ ñðå-
äàõ. Íàèáîëåå íèçêîå çíà÷åíèå ãåìîëèçà íàáëþäàëîñü 
â ñðåäå ñ ìàííèòîì êàê áåç îáðàáîòêè, òàê è ïîñëå îá-
ðàáîòêè îçîíîì. ×èñëåííûå çíà÷åíèÿ ãåìîëèçà ýðè-
òðîöèòîâ äîñòàòî÷íî âûñîêèå ïî ñðàâíåíèþ ñ òåìè, 

êîòîðûå ïðèíÿòû, íàïðèìåð, ïðè õðàíåíèè ýðèòðîöè-
òîâ ÷åëîâåêà â ãèïîòåðìè÷åñêèõ óñëîâèÿõ äëÿ òðàíñ-
ôóçèè (ìåíåå 0,8 % ïî ñóùåñòâóþùèì ñòàíäàðòàì Åâ-
ðîïû è ìåíåå 1 % ïî ñòàíäàðòàì ÑØÀ [7]).

Îäíàêî äëÿ ðåàêöèé ðîçåòêîîáðàçîâàíèÿ îãðàíè÷å-
íèÿ ïî ãåìîëèçó íå ñòîëü ñòðîãèå, âàæíî ÷òîáû â îáùåé 
ìàññå ýðèòðîöèòîâ áûëî äîñòàòî÷íîå êîëè÷åñòâî êëå-
òîê ñ ñîõðàíèâøèìèñÿ ðåöåïòîðàìè è ìåìáðàíîé, 
îáëàäàþùèõ íåîáõîäèìîé ëàáèëüíîñòüþ äëÿ îáðàçî-
âàíèÿ ðîçåòîê. Ïîýòîìó ïàðàëëåëüíî ñ èçìåðåíèåì 
ãåìîëèçà íàìè ïðîâîäèëèñü èçìåðåíèÿ ïîêàçàòåëåé 
îñìîòè÷åñêîé õðóïêîñòè ýðèòðîöèòîâ. Ñ÷èòàåòñÿ, ÷òî 
îñìîòè÷åñêàÿ õðóïêîñòü ýðèòðîöèòîâ íàðÿäó ñ äðóãèìè 
ôàêòîðàìè çàâèñèò îò ýëàñòè÷íîñòè (èëè äåôîðìèðóå-
ìîñòè) èõ ìåìáðàí [11].

Íà ðèñ. 2 ïðåäñòàâëåíû çàâèñèìîñòè ãåìîëèçà 
ýðèòðîöèòîâ â ñðåäå íà îñíîâå ìàííèòà îò êîíöåíòðà-
öèè NaCl â íà÷àëå ãèïîòåðìè÷åñêîãî õðàíåíèÿ è ïîñëå 
12 íåäåëü õðàíåíèÿ áåç îáðàáîòêè îçîíîì è ïîñëå îá-
ðàáîòêè îçîíîì.

Êàê âèäíî, ãðàôèê äëÿ ýðèòðî-
öèòîâ ïîñëå ãèïîòåðìè÷åñêîãî õðà-
íåíèÿ ñìåùåí â ñòîðîíó âûñîêèõ 
êîíöåíòðàöèé NaCl îòíîñèòåëüíî 
ãðàôèêà äëÿ êîíòðîëüíûõ êëåòîê, îò-
êóäà ñëåäóåò, ÷òî ïîñëå õðàíåíèÿ èõ 
îñìîòè÷åñêàÿ õðóïêîñòü ñíèæàåòñÿ, 
ò.å. ýðèòðîöèòû ñòàíîâÿòñÿ ìåíåå 
îñìîòè÷åñêè óñòîé÷èâûìè. Îäíàêî 
ó êëåòîê, îáðàáîòàííûõ îçîíîì, îñ-
ìîòè÷åñêàÿ óñòîé÷èâîñòü ñíèæàåò-
ñÿ â ìåíüøåé ñòåïåíè – ãðàôèê äëÿ 
íèõ ñìåùåí âëåâî, â ñòîðîíó íèçêèõ 
êîíöåíòðàöèé NaCl.

Çíà÷åíèÿ ïîêàçàòåëåé îñìî-
òè÷åñêîé õðóïêîñòè äëÿ ýðèòðîöè-
òîâ âî âñåõ èññëåäîâàííûõ ñðåäàõ 
ïðè õðàíåíèè êëåòîê â ãèïîòåð-
ìè÷åñêèõ óñëîâèÿõ â òå÷åíèå âðå-
ìåíè äî 12 íåäåëü ïðåäñòàâëåíû 
íà ðèñ. 3. 

Ïîêàçàòåëè îñìîòè÷åñêîé õðóï-
êîñòè âîçðàñòàþò ñ óâåëè÷åíèåì 
ñðîêà õðàíåíèÿ, ÷òî îçíà÷àåò ñíè-
æåíèå èõ îñìîòè÷åñêîé óñòîé÷è-
âîñòè. Îäíàêî, â êëåòêàõ, îáðàáî-
òàííûõ îçîíîì, ýòî âîçðàñòàíèå 
íàáëþäàåòñÿ â ìåíüøåé ñòåïåíè. 
Íàèáîëåå óñòîé÷èâûìè â ïëàíå èç-
ìåíåíèÿ îñìîòè÷åñêîé õðóïêîñòè 
îêàçàëèñü êëåòêè â ñðåäå ñ ìàí-
íèòîì.

Ðåçóëüòàòû èññëåäîâàíèÿ ðîçåò-
êîîáðàçîâàíèÿ ýðèòðîöèòîâ áàðàíà 
ïîñëå èõ õðàíåíèÿ â äðóãèõ ñðåäàõ 
ïîêàçàëè, ÷òî ïîñëå 12 íåäåëü õðà-
íåíèÿ ñïîñîáíîñòü ê ðîçåòêîîáðà-
çîâàíèþ óòðà÷èâàëè ýðèòðîöèòû 
èç ñðåä Îëñâåðà è èç ñàõàðîçíîé 
ñðåäû, äëÿ êîòîðûõ õàðàêòåðíî êî-
ëè÷åñòâî ïðèêðåïëÿþùèõñÿ êëåòîê 
ìåíüøå òðåõ. Ýðèòðîöèòû, õðàíèâ-
øèåñÿ â ñðåäå ñ äåêñòðàíîì, ðîçå-

Ðèñ. 2. Çíà÷åíèÿ  ãåìîëèçà ýðèòðîöèòîâ áàðàíà â ñðåäå ñ ìàííèòîì 
ïðè ïîìåùåíèè èõ â ðàñòâîð NaCl ðàçëè÷íîé êîíöåíòðàöèè: 

1 – ñðàçó ïîñëå âíåñåíèÿ ýðèòðîöèòîâ â ñðåäó ñ ìàííèòîì (êîíòðîëü); 
2 – ÷åðåç 12 íåäåëü õðàíåíèÿ áåç îáðàáîòêè îçîíîì; 
3 – ÷åðåç 12 íåäåëü õðàíåíèÿ ïîñëå îáðàáîòêè ÎÔÐ 

ñ êîíöåíòðàöèåé îçîíà 0,16 ìã/ë.

Ðèñ. 3. Çíà÷åíèÿ ïîêàçàòåëÿ îñìîòè÷åñêîé õðóïêîñòè 
ýðèòðîöèòîâ áàðàíà â ðàçëè÷íûõ ñðåäàõ äî çàêëàäêè 

íà ãèïîòåðìè÷åñêîå õðàíåíèå è ïîñëå õðàíåíèÿ 
îáðàáîòàííûõ îçîíîì êëåòîê â òå÷åíèå 8 è 12 íåäåëü.
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òîê íå îáðàçîâûâàëè. Ïîëíîöåííûå ðîçåòêè ïîëó÷àëè 
òîëüêî ñ îçîíèðîâàííûìè ýðèòðîöèòàìè, õðàíèâøè-
ìèñÿ 12 íåäåëü ìàííèòîì.

Íà ðèñ. 4 ïðåäñòàâëåí ñíèìîê ðîçåòêè ýðèòðîöè-
òîâ áàðàíà ñ ëèìôîöèòîì ÷åëîâåêà ïîñëå õðàíåíèÿ 
èõ â ñðåäå ñ ìàííèòîì â òå÷åíèå 12 íåäåëü.

Òàêèì îáðàçîì, íàáëþäàåòñÿ êîððåëÿöèÿ ìåæäó 
ïîêàçàòåëÿìè îñìîòè÷åñêîé õðóïêîñòè ýðèòðîöèòîâ 
áàðàíà è ñïîñîáíîñòüþ èõ îáðàçîâûâàòü ðîçåòêè 
ñ ëèìôîöèòàìè ÷åëîâåêà. Îáðàáîòêà êëåòîê îçîíîì 
ñïîñîáñòâóåò ïîâûøåíèþ îñìîòè÷åñêîé óñòîé÷è-
âîñòè ýðèòðîöèòîâ ïðè ãèïîòåðìè÷åñêîì õðàíåíèè. 
Íàáëþäàåìûé ýôôåêò, ïî íàøåìó ìíåíèþ, ñâÿ-
çàí ñ âëèÿíèåì îçîíà íà ìåìáðàíû ýðèòðîöèòîâ.

Ðàíåå â ðàáîòå Øèíäëåðà ñ ñîàâò. [11], ëàòåðàëü-
íàÿ ïîäâèæíîñòü ìåìáðàííûõ áåëêîâ âîçðàñòàåò 
â 2,5 ðàçà, êîãäà êîíöåíòðàöèÿ 2,3-ÄÔÃ ìåíÿåòñÿ îò 
0 äî 12,5 ìÌ/ë. Êàê ïîêàçàíî â ðàáîòå [9], ïîñëå îá-
ðàáîòêè îçîíîì èñòîùåíèå ýðèòðîöèòîâ ïî 2,3-ÄÔÃ 
â õðàíÿùèõñÿ êëåòêàõ çàìåäëÿåòñÿ. Ýòîò ôàêò äàåò 
îñíîâàíèå ãîâîðèòü î òîì, ÷òî ðàçëè÷èÿ â èçìåíåíèè 
ïîäâèæíîñòè ìåìáðàí ïî ðåçóëüòàòàì ðàáîòû [11] 
è èçìåíåíèå îñìîòè÷åñêîé óñòîé÷èâîñòè ïî ðåçóëü-
òàòàì íàøåé ðàáîòû ìîãóò áûòü ñëåäñòâèåì ðàçíîãî 
óðîâíÿ 2,3-ÄÔÃ â îáðàáîòàííûõ è íå îáðàáîòàííûõ 
îçîíîì êëåòêàõ.

Âûâîäû. Ïîêàçàíî, ÷òî ýðèòðîöèòû áàðàíà, îáðà-
áîòàííûå  îçîíèðîâàííûì ôèçèîëîãè÷åñêèì ðàñòâî-
ðîì ñ êîíöåíòðàöèåé îçîíà 0,16 ìã/ë ïåðåä çàêëàäêîé 
íà õðàíåíèå â ãèïîòåðìè÷åñêèõ óñëîâèÿõ ( + 2... + 4°Ñ), 
â ìåíüøåé ñòåïåíè òåðÿþò ñâîþ îñìîòè÷åñêóþ óñòîé-
÷èâîñòü â ïðîöåññå õðàíåíèÿ ïî ñðàâíåíèþ ñ ýðèòðî-
öèòàìè, íå ïðîøåäøèìè òàêóþ îáðàáîòêó. 

Îáðàáîòàííûå îçîíîì ýðèòðîöèòû áàðàíà â ñðåäå 
íà îñíîâå 5 % ìàííèòà ñîõðàíÿþò ñïîñîáíîñòü ê ðî-
çåòêîîáðàçîâàíèþ ñ ëèìôîöèòàìè ÷åëîâåêà ïîñëå 

12 íåäåëü õðàíåíèÿ â ãèïîòåðìè÷åñêèõ óñëîâèÿõ. Ïî-
ëó÷åííûå ðåçóëüòàòû ìîãóò áûòü èñïîëüçîâàíû â ðàç-
ðàáîòêå òåõíîëîãèé  õðàíåíèÿ áèîëîãè÷åñêèõ îáúåê-
òîâ â ãèïîòåðìè÷åñêèõ óñëîâèÿõ. 

Ïåðñïåêòèâû äàëüíåéøèõ èññëåäîâàíèé. Àíà-
ëèç ïîëó÷åííûõ íàìè ðåçóëüòàòîâ âìåñòå ñ èçâåñòíû-
ìè äàííûìè äðóãèõ èññëåäîâàòåëåé ïîêàçûâàåò, ÷òî 
èíäóêöèÿ ñëàáîãî îêñèäàòèâíîãî ñòðåññà â ýðèòðîöè-
òàõ ïåðåä õîëîäîâûìè âîçäåéñòâèÿìè ïðè çàêëàäêå 
èõ íà õðàíåíèå ìîæåò áûòü èñïîëüçîâàíà, êàê èíñòðó-
ìåíò ïîâûøåíèÿ ýôôåêòèâíîñòè ñîõðàíåíèÿ ôóíêöè-
îíàëüíûõ õàðàêòåðèñòèê êëåòîê ïðè õðàíåíèè èõ â ãè-
ïîòåðìè÷åñêèõ óñëîâèÿõ.

Ðèñ. 4. Ðîçåòêà ñ ýðèòðîöèòàìè áàðàíà, 
õðàíèâøèìèñÿ â ñðåäå ¹4 (5 % ð-ð ìàííèòà) 12 íåäåëü.
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ÂÏËÈÂ ÏÅÐÅÄ ÎÁÐÎÁÊÈ ÅÐÈÒÐÎÖÈÒ²Â ÁÀÐÀÍÀ ÍÈÇÜÊÈÌÈ ÄÎÇÀÌÈ ÎÇÎÍÓ ÍÀ ¯Õ ÎÑÌÎÒÈ×ÍÓ 

ÐÅÇÈÑÒÅÍÒÍ²ÑÒÜ ² ÂÇÀªÌÎÄ²Þ Ç Ë²ÌÔÎÖÈÒÀÌÈ ËÞÄÈÍÈ ÏÐÈ Ã²ÏÎÒÅÐÌ²×ÍÎÌÓ ÇÁÅÐ²ÃÀÍÍ²
Ç³í÷åíêî Â.Ä., Ãîëîâ³íà Ê.Ì., Ãîðÿ÷à ².Ï., Âîëîâåëüñüêà ª.Ë.
Ðåçþìå. Äîñë³äæåíèé âïëèâ ïîïåðåäíüî¿ îáðîáêè åðèòðîöèò³â áàðàíà íà çì³íè îñìîòè÷íî¿ ëàìêîñò³ 

³ çäàòí³ñòü äî óòâîðåííÿ ðîçåòîê ç ë³ìôîöèòàìè ëþäèíè ï³ñëÿ çáåð³ãàííÿ â ã³ïîòåðì³÷íèõ óìîâàõ ( + 2... + 4)°Ñ 
â ð³çíèõ ñåðåäîâèùàõ: 1) 0,9 % õëîðèä íàòð³þ; 2) 7 % ðîç÷èí ñàõàðîçè; 3) ãëþêîçî-öèòðàòíèé ðîç÷èí Îëñâå-
ðà; 4) 5 % ðîç÷èí ìàí³òó; 5) 10 % ðîç÷èí äåêñòðàíó. Îáðîáëåí³ îçîíîì åðèòðîöèòè â ñåðåäîâèù³ (4) çáåð³ãàþòü 
çäàòí³ñòü äî óòâîðåííÿ ðîçåòîê ç ë³ìôîöèòàìè ëþäèíè ï³ñëÿ 12 òèæí³â çáåð³ãàííÿ. Ðåçóëüòàò ïîÿñíþºòüñÿ âïëè-
âîì îçîíó íà äåôîðìîâàí³ñòü ìåìáðàí åðèòðîöèò³â.

Êëþ÷îâ³ ñëîâà: êð³îá³îëîã³ÿ, ã³ïîòåðì³ÿ, îêñèäàòèâíèé ñòðåñ, àêòèâí³ ôîðìè êèñíþ, îçîí.
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ÂËÈßÍÈÅ ÏÐÅÄÎÁÐÀÁÎÒÊÈ ÝÐÈÒÐÎÖÈÒÎÂ ÁÀÐÀÍÀ ÍÈÇÊÈÌÈ ÄÎÇÀÌÈ ÎÇÎÍÀ ÍÀ ÈÕ ÃÅÌÎËÈÇ 
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Ðåçþìå. Èññëåäîâàíî âëèÿíèå ïðåäîáðàáîòêè ýðèòðîöèòîâ áàðàíà îçîíîì íà èçìåíåíèå îñìîòè÷åñêîé 
õðóïêîñòè è ñïîñîáíîñòü ê îáðàçîâàíèþ ðîçåòîê ñ ëèìôîöèòàìè ÷åëîâåêà ïîñëå õðàíåíèÿ â ãèïîòåðìè÷åñêèõ 
óñëîâèÿõ ( + 2 – + 4)°Ñ â ðàçëè÷íûõ ñðåäàõ: 1) 0,9 % õëîðèäà íàòðèÿ; 2) 7 % ðàñòâîð ñàõàðîçû; 3) ãëþêîçî-öèòðàò-
íûé ðàñòâîð Îëñâåðà; 4) 5 % ðàñòâîð ìàííèòà; 5) 10 % ðàñòâîð äåêñòðàíà. Îáðàáîòàííûå îçîíîì ýðèòðîöèòû 
â ñðåäå (4) ñîõðàíÿþò ñïîñîáíîñòü ê îáðàçîâàíèþ ðîçåòîê ñ ëèìôîöèòàìè ÷åëîâåêà ïîñëå 12 íåäåëü õðàíåíèÿ. 
Ðåçóëüòàò îáúÿñíÿåòñÿ âëèÿíèåì îçîíà íà äåôîðìèðóåìîñòü ìåìáðàí ýðèòðîöèòîâ.

Êëþ÷åâûå ñëîâà: êðèîáèîëîãèÿ, ãèïîòåðìèÿ, îêñèäàòèâíûé ñòðåññ, àêòèâíûå ôîðìû êèñëîðîäà, îçîí.
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Effect of Low-Dose Ozone Pretreatment of Sheep Red Blood Cells on their Osmotic Resistance and Inter-

action with Human Lymphocytes during Hypothermic Storage 
Zinchenko V.D., Golovina K.N., Goriacha I.P., Volovelskaya E.L.
Abstract. Sheep red blood cells are commonly used in various studies, including immune assays as a rosette-

forming reactions of human T-lymphocytes. This technique is widely used to assess the normal distribution of T-lym-
phocytes and their involvement in various pathological conditions. Thus information about the absolute and relative 
number of lymphocytes is an integral indicator of the immune system. For immunological studies sheep red blood cells 
were stored in Alsever’s solution under hypothermic conditions. Cells were applicable for 8 weeks. Rosette method 
is used in many laboratories because of its simplicity and rapidity. However the problem of increasing the time from 
sampling until use cell does not lose its relevance. The research was aimed to extend the terms of sheep red blood cells 
hypothermic storage of in the state suitable for use in immunological studies. 

The idea of the work is based on the physiological responses of red blood cells after low doses ozone action. Ozona-
tion of physiological solution was carried out by bubbling with a mixture of ozone and oxygen at the temperature of melt-
ing ice. Red blood cells were diluted with ozonated physiological solution (0.16 mgO

3
/l) and stored for 12 weeks under 

hypothermic conditions at 2-4°C in different media: 1) 0.9 % sodium chloride; 2) 7 % sucrose solution; 3) glucose-citrate 
Alsever’s solution; 4) 5 % mannitol; 5) 10 % dextran. After 12 weeks of storage the hemolysis level osmotic resistance were 
studied spectrophotometrically. The capability of red blood cells to form rosettes with human lymphocytes was defined as 
well. The hemolysis level of freshly prepared red blood cell samples in all the studied media ranged within 1 ± 0.1 %, the cell 
treatment with ozonated physiological solution caused no changes in this index in early storage term. The increases in he-
molysis level was observed after prolonged storage term. After storage the hemolysis level in the ozone-treated red blood 
cells was lower as compared to its value for untreated cells in all the studied media. The lowest hemolysis value was ob-
served in the medium with mannitol both without/with ozone treatment. The red blood cell osmotic fragility was determined 
by placing cells into the sodium chloride solutions of different osmolality (from 0 to 150 mM) and by measuring hemolysis. 
After storing the osmotic fragility of red blood cells reduced, i. e. they became less osmotically resistant. However the de-
creasing of osmotic resistance in the ozone-treated cells is less decreased compared to the untreated cells. The high-
est osmotic resistance was observed for the cells stored in the mannitol-containing medium. The red blood cells stored 
in the mannitol-containing medium after ozone treatment were still the capabile to form rosettes with human lymphocytes 
after 12 weeks of storage. There is a correlation between the indices of the osmotic fragility of the sheep red blood cells 
and their ability to form rosettes with human lymphocytes after hypothermic storage conditions. 

To explain this effects we have compared our results with the preveously obtained data of other authors. It have been 
reported that during storage of red blood cells the rate of decay 2,3- diphosphoglycerate was lower in comparison with 
untreated cells. It is also known that the lateral mobility of membrane proteins correlates with the content of 2,3-DPG 
in the red blood cells. The higher of 2,3-DPG level the greater the lateral mobility. From this we can conclude that a increas-
ing of the osmotic resistance of the ozone-treated red blood cells under hypothermic storage is due to the ozone effect 
on membrane lability. The results of our study can be used in order to develop new storage technology of biological objects 
under hypothermic conditions.
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