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Èññëåäîâàëè âëèÿíèå âîäíîãî ðàñòâîðà ãèäðàòèðîâàííîãî C60-ôóëëåðåíà (ÃÔ) íà ðîñò è

“ñòàöèîíàðíîå ñòàðåíèå” (íàêîïëåíèå “âîçðàñòíûõ” èçìåíåíèé êëåòîê ïðè çàìåäëåíèè ñêî-

ðîñòè ðàçìíîæåíèÿ â ïðåäåëàõ îäíîãî ïàññàæà è äàëüíåéøåì èõ ïðåáûâàíèè â ñòàöèîíàðíîé

ôàçå ðîñòà) òðàíñôîðìèðîâàííûõ êóëüòèâèðóåìûõ êëåòîê êèòàéñêîãî õîìÿ÷êà ëèíèè B11-dii

FAF28. Êîíå÷íàÿ ðàñ÷åòíàÿ êîíöåíòðàöèÿ ÃÔ â ðîñòîâîé ñðåäå ñîñòàâëÿëà 10–19 M. Ïàðà-

äîêñàëüíî, íî, â ïðîòèâîïîëîæíîñòü èçâåñòíûì äàííûì îá îòñóòñòâèè öèòîòîêñè÷íîñòè ÃÔ

â áîëåå âûñîêèõ êîíöåíòðàöèÿõ, â íàøèõ ýêñïåðèìåíòàõ îí çàìåäëÿë ðàçìíîæåíèå êëåòîê

(îöåíèâàåìîå ïî ðîñòó ìàññîâîé êóëüòóðû, à òàêæå ïî ýôôåêòèâíîñòè êîëîíèåîáðàçîâàíèÿ)

è óñêîðÿë ïðîöåññ “ñòàöèîíàðíîãî ñòàðåíèÿ” êëåòî÷íîé êóëüòóðû. Áîëåå òîãî, ïîâòîðíîå äî-

áàâëåíèå âîäíîãî ðàñòâîðà ÃÔ äî óêàçàííîé ðàñ÷åòíîé êîíöåíòðàöèè ê êëåòêàì, óæå íàõî-

äÿùèìñÿ â ñòàöèîíàðíîé ôàçå ðîñòà, âûçûâàëî áûñòðóþ (â òå÷åíèå íå áîëåå ÷åì 24 ÷) ãèáåëü

÷àñòè êëåòî÷íîé ïîïóëÿöèè. Ïðåäïîëàãàåòñÿ, ÷òî îáíàðóæåííûå îñîáåííîñòè äåéñòâèÿ ÃÔ

â ñâåðõìàëîé êîíöåíòðàöèè îïðåäåëÿþòñÿ îñîáûìè ñâîéñòâàìè âîäû, îêðóæàþùåé ìîëåêóëó

ôóëëåðåíà, à èìåííî òåì, ÷òî îíà ÿâëÿåòñÿ ñâîåîáðàçíûì äîíîðîì è àêöåïòîðîì ýëåêòðî-

íîâ, îáåñïå÷èâàÿ óïîðÿäî÷åíèå îêèñëèòåëüíî-âîññòàíîâèòåëüíûõ ïðîöåññîâ, ïðîòåêàþùèõ

â âîäíûõ ñèñòåìàõ, è îñîáåííî òåõ, â êîòîðûõ ïðèíèìàåò ó÷àñòèå êèñëîðîä. Íå èñêëþ÷åíî,

÷òî òàêèì îáðàçîì ÃÔ â ñâåðõìàëîé êîíöåíòðàöèè âëèÿåò òîëüêî íà òðàíñôîðìèðîâàííûå

êëåòêè, òàê ÷òî â íàøèõ äàëüíåéøèõ èññëåäîâàíèÿõ ìû ïëàíèðóåì ïîâòîðèòü ýêñïåðèìåí-

òû íà íîðìàëüíûõ ôèáðîáëàñòàõ, îáëàäàþùèõ îãðàíè÷åííûì ìèòîòè÷åñêèì ïîòåíöèàëîì.

Âïîëíå âîçìîæíî òàêæå, ÷òî âûÿâëåííîå äðóãèìè èññëåäîâàòåëÿìè ãåðîïðîòåêòîðíîå äåéñò-

âèå ÃÔ íà ýêñïåðèìåíòàëüíûõ æèâîòíûõ îïðåäåëÿåòñÿ åãî ïðîòèâîîïóõîëåâûìè, èììóíîñòè-

ìóëèðóþùèìè, àíòèâèðóñíûìè è àíòèáàêòåðèàëüíûìè ñâîéñòâàìè, ïðîÿâëÿþùèìèñÿ ëèøü

íà óðîâíå öåëîãî îðãàíèçìà.

Êëþ÷åâûå ñëîâà: ãèäðàòèðîâàííûé Ñ60-ôóëëåðåí, ñâåðõíèçêèå êîíöåíòðàöèè, êëåòî÷íûå

êóëüòóðû, æèçíåñïîñîáíîñòü, “ñòàöèîíàðíîå ñòàðåíèå”, ýôôåêòèâíîñòü êîëîíèåîáðàçîâàíèÿ.

Ôóëëåðåíû, íàèáîëåå òèïè÷íûì ïðåäñòàâèòåëåì
êîòîðûõ ÿâëÿåòñÿ C60-ôóëëåðåí, îáëàäàþò øèðîêèì
ñïåêòðîì áèîëîãè÷åñêîãî äåéñòâèÿ. Ïîñêîëüêó íàòèâ-
íûå ôóëëåðåíû êðàéíå ãèäðîôîáíû, äëÿ ïîëó÷åíèÿ
èõ âîäíûõ ðàñòâîðîâ èñïîëüçóþò ðàçëè÷íûå ïîäõîäû.
Îäèí èç ýôôåêòèâíûõ ñïîñîáîâ ïîëó÷åíèÿ èñòèí-
íûõ ðàñòâîðîâ íàòèâíîãî C60-ôóëëåðåíà áåç äîáàâëå-
íèÿ ñîëþáèëèçèðóþùèõ èëè ñòàáèëèçèðóþùèõ àãåí-
òîâ ïðåäëîæåí Ã.Â. Àíäðèåâñêèì è ñîàâò. [1]. Â ýòèõ
ðàñòâîðàõ, íàçâàííûõ àâòîðàìè FWS (Fullerene Water
Solutions), ìîëåêóëû ôóëëåðåíà ïðèñóòñòâóþò êàê åäè-
íè÷íûå ãèäðàòèðîâàííûå ôóëëåðåíû (ÃÔ), ò.å. îò-
äåëüíûå ìîëåêóëû Ñ60, ïîêðûòûå óñòîé÷èâîé îáî-
ëî÷êîé èç ìîëåêóë âîäû [2]. ÃÔ, êàê è áîëüøèíñò-
âî õèìè÷åñêè ìîäèôèöèðîâàííûõ äëÿ ïîâûøåíèÿ
âîäîðàñòâîðèìîñòè ôóëëåðåíîâ, íå ïðîÿâëÿåò êàêèõ-
ëèáî ïðèçíàêîâ òîêñè÷íîñòè äàæå â ñàìûõ âûñîêèõ
äîçàõ [3, 4]. Èññëåäîâàíèÿ áèîëîãè÷åñêîé àêòèâíîñòè

ÃÔ è åãî õèìè÷åñêè ìîäèôèöèðîâàííûõ àíàëîãîâ
ïîêàçàëè, ÷òî îíè îáëàäàþò àíòèâèðóñíûì, àíòèàìè-
ëîèäíûì, àíòèàëëåðãè÷åñêèì, ïðîòèâîîïóõîëåâûì, ãå-
ïàòîïðîòåêòîðíûì è àíòèàòåðîñêëåðîòè÷åñêèì äåé-
ñòâèåì, à òàêæå ñòèìóëèðóþò èììóíèòåò [3, 5—6].

Îäíèì èç íàèáîëåå ÿðêèõ ýôôåêòîâ ôóëëåðåíîâ
ÿâëÿåòñÿ èõ âëèÿíèå íà ïðîäîëæèòåëüíîñòü æèçíè
ìûøåé è êðûñ. Òàê, â 2008 ã. àìåðèêàíñêèå èññëå-
äîâàòåëè ñîîáùèëè î òîì, ÷òî ïîòðåáëåíèå ìûøà-
ìè âîäîðàñòâîðèìîãî òðèñ-ìàëîíîâîãî ïðîèçâîäíî-
ãî C60-ôóëëåðåíà äîñòîâåðíî óâåëè÷èâàåò ïðîäîëæè-
òåëüíîñòü èõ æèçíè íà 11% [7]. Íåäàâíî ïîÿâèëîñü
ñîîáùåíèå îá óâåëè÷åíèè ïðîäîëæèòåëüíîñòè æèçíè
êðûñ ïî÷òè âäâîå ïî ñðàâíåíèþ ñ êîíòðîëåì ïîñëå
ïåðîðàëüíîãî ââåäåíèÿ ðàñòâîðåííîãî â îëèâêîâîì
ìàñëå íàòèâíîãî C60-ôóëëåðåíà [6].

Òàêèì îáðàçîì, ñêëàäûâàåòñÿ âïå÷àòëåíèå, ÷òî
ôóëëåðåíû îêàçûâàþò ÿðêî âûðàæåííîå áëàãîòâîðíîå
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äåéñòâèå íà æèâûå îðãàíèçìû, íå ïðîÿâëÿÿ òîêñè÷-

íîñòè äàæå â âûñîêèõ êîíöåíòðàöèÿõ. Ñ äðóãîé ñòî-

ðîíû, ïðè èññëåäîâàíèè äåéñòâèÿ íàòèâíîãî è ìîäè-

ôèöèðîâàííûõ ôóëëåðåíîâ íà êóëüòèâèðóåìûå êëåò-

êè áûëè ïîëó÷åíû íåîäíîçíà÷íûå ðåçóëüòàòû. Òàê,

íàòèâíûé C60-ôóëëåðåí íå îêàçûâàë òîêñè÷åñêîãî

äåéñòâèÿ íà êóëüòèâèðóåìûå íîðìàëüíûå è òðàíñôîð-

ìèðîâàííûå êëåòêè ÷åëîâåêà â äîçàõ äî 0,2 ìã/ìë [8].

Â òî æå âðåìÿ ñîîáùàëîñü îá èíäóêöèè ìîäèôèöè-

ðîâàííûìè âîäîðàñòâîðèìûìè ôóëëåðåíàìè àïîï-

òîçà îïóõîëåâûõ ìûøèíûõ êëåòîê òðåõ ðàçíûõ ëè-

íèé ïðè îñâåùåíèè [9]. Áûëî òàêæå îáíàðóæåíî, ÷òî

C60-ôóëëåðåí óñêîðÿåò èíäóöèðîâàííóþ ÓÔ èëè âè-

äèìûì ñâåòîì ãèáåëü òðàíñôîðìèðîâàííûõ Ò-êëåòîê,

íî íå íîðìàëüíûõ òèìîöèòîâ, ïðè÷åì ýôôåêò ÿâëÿ-

åòñÿ äîçîçàâèñèìûì â èíòåðâàëå êîíöåíòðàöèé ïðå-

ïàðàòà îò 25 äî 100 ìêÌ [10].
Êàê íàòèâíûé C60-ôóëëåðåí, íàïðèìåð ÃÔ, òàê

è åãî ïðîèçâîäíûå äåìîíñòðèðóþò â âîäíûõ ñðå-
äàõ ñâîåîáðàçíóþ õèìè÷åñêóþ àêòèâíîñòü: ñ îäíîé
ñòîðîíû, èõ ìîæíî ðàññìàòðèâàòü êàê ñèëüíûå àí-
òèîêñèäàíòû [11], ñ äðóãîé — êàê àêòèâàòîðû êèñ-
ëîðîäà, ò.å. ïðîîêñèäàíòû [9], à â öåëîì — êàê ðå-
ãóëÿòîðû ñâîáîäíîðàäèêàëüíûõ ðåàêöèé. Ïðè ýòîì
àêòèâíîñòü ôóëëåðåíîâ íîñèò êàòàëèòè÷åñêèé õàðàê-
òåð. ÃÔ ìîæåò îêàçûâàòü âëèÿíèå íà áèîõèìè÷åñêèå
ïðîöåññû [12] è ñâîáîäíîðàäèêàëüíûå ðåàêöèè, ïðî-
òåêàþùèå in vitro, â î÷åíü ìàëûõ [13] è ñâåðõìàëûõ
êîíöåíòðàöèÿõ. Íàìè áûëî îáíàðóæåíî âëèÿíèå ÃÔ
óæå â èñ÷åçàþùå ìàëûõ êîíöåíòðàöèÿõ (âïëîòü äî
10–19—10–21 Ì) íà àêòèâíîñòü è ñòàáèëüíîñòü ðÿäà
ôåðìåíòîâ â âîäíûõ ðàñòâîðàõ, à òàêæå íà ñâîáîäíî-
ðàäèêàëüíûå ïðîöåññû, ïðîòåêàþùèå â öåëüíîé êðî-
âè ÷åëîâåêà èëè â âîäíûõ ðàñòâîðàõ áèêàðáîíàòîâ [14].

Äëÿ âûÿñíåíèÿ âîçìîæíûõ öèòîëîãè÷åñêèõ ìå-
õàíèçìîâ, ëåæàùèõ â îñíîâå ïåðå÷èñëåííûõ ïðîÿâ-
ëåíèé áèîëîãè÷åñêîé àêòèâíîñòè ôóëëåðåíîâ, â íà-
ñòîÿùåé ðàáîòå ìû èññëåäîâàëè ÃÔ â ýêñïåðèìåí-
òàõ íà êóëüòèâèðóåìûõ òðàíñôîðìèðîâàííûõ êëåò-
êàõ êèòàéñêîãî õîìÿ÷êà, èñïîëüçóÿ íåñêîëüêî ìîäå-
ëüíûõ ñèñòåì, ïðèìåíÿåìûõ íàìè â ïîñëåäíèå íå-
ñêîëüêî äåñÿòèëåòèé â öèòîãåðîíòîëîãè÷åñêèõ èñ-
ñëåäîâàíèÿõ ïîòåíöèàëüíûõ ãåðîïðîòåêòîðîâ è ãå-
ðîïðîìîòîðîâ [15—24].

Ìàòåðèàëû è ìåòîäû

Èñõîäíûé âîäíûé ðàñòâîð ÃÔ (C60FWS) ñ êîí-
öåíòðàöèåé 14,4 ìã/ìë (20 ìêÌ) ïðèîáðåòàëè ó ðàç-
ðàáîò÷èêà è èçãîòîâèòåëÿ (Èíñòèòóò ôèçèîëîãè÷åñêè
àêòèâíûõ ñîåäèíåíèé, ã. Õàðüêîâ, Óêðàèíà). Ðàñòâîð
ñîäåðæàë ÃÔ, ïîëó÷åííûé ïî ìåòîäó, ðàçðàáîòàííî-
ìó Ã.Â. Àíäðèåâñêèì ñ ñîàâò. [25]. Èç ýòîãî ðàñòâî-
ðà, èñïîëüçóÿ äåèîíèçèðîâàííóþ âîäó, íåñòåðèëüíî
ãîòîâèëè çàïàñíûå (ìàòî÷íûå) ðàñòâîðû ñ êîíöåíò-
ðàöèåé ÃÔ 0,1 ìêÌ. Çàïàñíûå ðàñòâîðû ÃÔ è äèñ-
òèëëèðîâàííóþ âîäó äëÿ ïîñëåäóþùåãî èõ ðàçâåäå-
íèÿ ñòåðèëèçîâàëè ïóòåì àâòîêëàâèðîâàíèÿ.

Äëÿ èçó÷åíèÿ äåéñòâèÿ íà êóëüòèâèðóåìûå êëåò-
êè ÃÔ â ñâåðõìàëîé ðàñ÷åòíîé êîíöåíòðàöèè 10–19 Ì
â ðîñòîâóþ ñðåäó â îòíîøåíèè 1:100 âíîñèëè ðàñ-
òâîð ÃÔ ñ ðàñ÷åòíîé êîíöåíòðàöèåé 10–17 Ì, êîòî-
ðûé ïîëó÷àëè èç ìàòî÷íîãî ñòåðèëüíîãî ðàñòâîðà ìå-
òîäîì ïîñëåäîâàòåëüíûõ ñîòåííûõ ðàçâåäåíèé. Äëÿ
ýòîãî 30 ìêë ñòåðèëüíîãî 10–7 Ì ÃÔ äîáàâëÿëè ê 3 ìë
ñòåðèëüíîé âîäû. Äàëåå ñìåñü âçáàëòûâàëè è îñòàâ-
ëÿëè íà 30 ìèí ïðè êîìíàòíîé òåìïåðàòóðå. Òó æå
ïðîöåäóðó ïîâòîðÿëè äëÿ ïðèãîòîâëåíèÿ êàæäîãî
ðàçâåäåíèÿ äî ïîëó÷åíèÿ ñòåðèëüíîãî 10–17 Ì âîä-
íîãî ðàñòâîðà ÃÔ. Òàêèå ïîñëåäîâàòåëüíûå ðàçâåäå-
íèÿ ÃÔ âñåãäà ïðîâîäèëè çà 1 ñóò äî îïûòà (ïîëó-
÷åííûé 10–17 Ì ðàñòâîð õðàíèëè ïðè 4°Ñ).

Ïðè èçó÷åíèè áèîõåìèëþìèíåñöåíöèè öåëüíîé
êðîâè ÷åëîâåêà âåíîçíóþ êðîâü çäîðîâûõ äîíîðîâ
(10 ìë) îòáèðàëè â ïëàñòèêîâûå ïðîáèðêè, â êîòîðûõ
ñîäåðæàëîñü 0,1 ìë ãåïàðèíà (1000 ÌÅ). Êðîâü ïî-
ëó÷àëè ìåæäó 9-00 è 10-00 óòðà è èñïîëüçîâàëè íå ðà-
íåå 1 ÷ è íå ïîçäíåå 3 ÷ ïîñëå çàáîðà. Â òå÷åíèå
ýòîãî ïåðèîäà åå õðàíèëè â ïëàñòèêîâûõ ïðîáèðêàõ
â òåìíîòå ïðè 20—25°Ñ. Äëÿ èçìåðåíèÿ áèîõåìèëþ-
ìèíåñöåíöèè èñïîëüçîâàëè õåìèëþìèíîìåòð “Áèî-
òîêñ 7À” (ÀÍÎ “Èíæåíåðíûé öåíòð-ýêîëîãèÿ”, Ðîñ-
ñèÿ), îñíàùåííûé ôîòîóìíîæèòåëåì 9750QB/1 (EMI
Electronics, ÑØÀ) ñ äèàìåòðîì ôîòîêàòîäà 5 ñì (òåì-
íîâîé òîê îêîëî 25 èìï./ñ, ñïåêòðàëüíàÿ ÷óâñòâè-
òåëüíîñòü — â äèàïàçîíå 380—710 íì, ìàêñèìàëüíàÿ
÷óâñòâèòåëüíîñòü — â îáëàñòè 450 íì). Â ïîðöèþ
êðîâè (200 ìêë) â ìèêðîïðîáèðêå òèïà “Ýïïåíäîðô”
âíîñèëè 5 ìêë ðàñòâîðà ÃÔ (10–17 Ì) èëè ôèçèîëî-
ãè÷åñêîãî ðàñòâîðà, à ÷åðåç 3 ìèí èíêóáàöèè — 10 ìêë
ðàñòâîðà ëþöèãåíèíà (íèòðàò áèñ-N-ìåòèëàêðèäîíèÿ,
Sigma, ÑØÀ), ïðèãîòîâëåííîãî íà äèñòèëëèðîâàííîé
âîäå, äî êîíå÷íîé êîíöåíòðàöèè 50 ìêÌ — è ñðàçó
ðåãèñòðèðîâàëè èçëó÷åíèå â òå÷åíèå 300 ñ. Èíòåí-
ñèâíîñòü èçëó÷åíèÿ èçìåðÿëè â èìïóëüñàõ â ñåêóíäó
ñ äèñêðåòîé 1 ñ.

Òðàíñôîðìèðîâàííûå êëåòêè êèòàéñêîãî õîìÿ÷êà
ëèíèè B11-dii FAF28 (êëîí 237), ïîëó÷åííûå èç Ìå-
äèêî-ãåíåòè÷åñêîãî íàó÷íîãî öåíòðà ÐÀÌÍ (ã. Ìîñê-
âà), êóëüòèâèðîâàëè â ñòåêëÿííûõ ôëàêîíàõ Êàððå-
ëÿ, èñïîëüçóÿ ñðåäó Èãëà â ìîäèôèêàöèè Äóëüáåêêî
(ÄÌÑÈ, Èíñòèòóò âèðóñîëîãèè èì. Ä.È. Èâàíîâñêî-
ãî ÐÀÌÍ, ã. Ìîñêâà) ñ äîáàâëåíèåì 5—10% ñûâî-
ðîòêè êðîâè êðóïíîãî ðîãàòîãî ñêîòà (ÑÊÐÑ, “Áèî-
ëîò”, ã. Ñàíêò-Ïåòåðáóðã), ïåíèöèëëèíà (100 åä/ìë)
è ñòðåïòîìèöèíà (100 ìêã/ìë). Ïîääåðæèâàÿ êóëüòóðó,
êëåòêè ïåðåñåâàëè â ñîîòíîøåíèè 1:10—1:3 ÷åðåç
3—4 ñóò. Äëÿ ñíÿòèÿ êëåòîê ñ ôëàêîíîâ èñïîëüçî-
âàëè ñìåñü (1:1) 0,02%-ãî âåðñåíà è 0,25%-ãî òðèï-
ñèíà (Èíñòèòóò âèðóñîëîãèè èì. Ä.È. Èâàíîâñêîãî
ÐÀÌÍ, ã. Ìîñêâà).

Â ïðåäâàðèòåëüíûõ èññëåäîâàíèÿõ, íàïðàâëåííûõ
íà îïðåäåëåíèå öèòîòîêñè÷åñêèõ èëè ìèòîãåííûõ
ñâîéñòâ ÃÔ â ñâåðõìàëîé êîíöåíòðàöèè (ÃÔÑÌÊ),
êëåòêè 2—3-äíåâíîãî “âîçðàñòà” (ò.å. âûðàùèâàåìûå
áåç ïåðåñåâà â òå÷åíèå 2—3 ñóò) çàñåâàëè â ãåðìå-
òè÷íî çàêðûâàþùèåñÿ ïåíèöèëëèíîâûå ôëàêîíû ïëî-
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ùàäüþ 2,83 ñì2 ñ ïëîòíîñòüþ îêîëî 40 òûñ. êë./ñì2

(ñóñïåíçèÿ â 1 ìë ðîñòîâîé ñðåäû, ñîñòîÿùåé èç 90%
ÄÌÑÈ è 10% ÑÊÐÑ). Â ÷àñòü ôëàêîíîâ äîáàâëÿëè
10 ìêë ðàñòâîðà ÃÔ äî êîíå÷íîé ðàñ÷åòíîé êîíöåíò-
ðàöèè ÃÔ â ñðåäå 10–19 M. Â êîíòðîëüíûå ôëàêîíû
äîáàâëÿëè ñîîòâåòñòâóþùåå êîëè÷åñòâî äèñòèëëèðî-
âàííîé âîäû (òàêæå 10 ìêë íà 1 ìë ñðåäû). Äîáàâ-
ëåíèå ÃÔ è âîäû ïðîâîäèëè ïîñëå 1,5 ÷ êóëüòèâè-
ðîâàíèÿ ïðè 37°Ñ. Ôëàêîíû ïîìåùàëè íà 4—5 ñóò
â òåðìîñòàò (37°Ñ), ïîñëå ÷åãî êëåòêè ñíèìàëè ñ ïî-
âåðõíîñòè ðîñòà ñìåñüþ ðàñòâîðîâ âåðñåíà è òðèïñèíà
è ïîäñ÷èòûâàëè èõ êîëè÷åñòâî ñ ïîìîùüþ êàìåð Ãî-
ðÿåâà (5—6 ôëàêîíîâ íà òî÷êó, 4 êàìåðû íà ôëàêîí).
Ïåðåä ïîäñ÷åòîì âñå ôëàêîíû øèôðîâàëè.

Èçó÷àÿ âëèÿíèå ÃÔ íà êèíåòèêó ðîñòà êëåòîê è
èõ ïîñëåäóþùåé ãèáåëè â ñòàöèîíàðíîé ôàçå ðîñòà,
êëåòêè 5-äíåâíîãî “âîçðàñòà” ñíèìàëè ñ ïîâåðõíîñòè
ôëàêîíà Êàððåëÿ ñìåñüþ ðàñòâîðîâ âåðñåíà è òðèï-
ñèíà, ñóñïåíäèðîâàëè â ðîñòîâîé ñðåäå (90% ÄÌÑÈ
è 10% ÑÊÐÑ), ðàçâîäèëè ñðåäîé äî íåîáõîäèìîé êîí-
öåíòðàöèè êëåòîê è ñåÿëè ïî 1,5 ìë ñóñïåíçèè â
120 ãåðìåòè÷íî çàêðûâàþùèõñÿ ïåíèöèëëèíîâûõ ôëà-
êîíîâ ïëîùàäüþ 4,15 ñì2 (ïëîòíîñòü ïîñåâà — îêî-
ëî 40 òûñ. êë./ñì2). Âñå ôëàêîíû ïîìåùàëè â òåð-
ìîñòàò (37°Ñ). ×åðåç ñóòêè ïîñëå ïîñåâà ñ ïîìîùüþ
ñìåñè ðàñòâîðîâ âåðñåíà è òðèïñèíà ñíèìàëè êëåò-
êè ñî äíà 4 ôëàêîíîâ è ïîäñ÷èòûâàëè èõ êîëè÷å-
ñòâî â êàìåðå Ãîðÿåâà, ÷òîáû îïðåäåëèòü ïëîòíîñòü
ïðèêðåïèâøèõñÿ êëåòîê. Ïîñëå ýòîãî ÷åðåç îïðåäå-
ëåííûå ïðîìåæóòêè âðåìåíè èçâëåêàëè èç òåðìîñòà-
òà 4 ôëàêîíà, êëåòêè ñíèìàëè ñ ïîâåðõíîñòè ðîñòà
ñìåñüþ âåðñåíà è òðèïñèíà, ñóñïåíäèðîâàëè â ðîñ-
òîâîé ñðåäå áåç ÑÊÐÑ è îöåíèâàëè êîëè÷åñòâî êëå-
òîê â êàæäîì ôëàêîíå ñ ïîìîùüþ 4 êàìåð Ãîðÿåâà.
Ïåðåä ïîäñ÷åòîì âñå ôëàêîíû øèôðîâàëè.

×åðåç 7 ñóò ïîñëå ïîñåâà â ïîëîâèíó îñòàâøèõ-
ñÿ ôëàêîíîâ äîáàâëÿëè ïî 15 ìêë ðàñòâîðà ÃÔ äî
êîíå÷íîé ðàñ÷åòíîé êîíöåíòðàöèè 10–19 Ì, à â äðó-
ãóþ ïîëîâèíó — ïî 15 ìêë äèñòèëëèðîâàííîé âîäû,
ïîñëå ÷åãî ïðîäîëæàëè êóëüòèâèðîâàíèå êëåòîê, ïå-
ðèîäè÷åñêè èçâëåêàÿ èç òåðìîñòàòà ïî 3 êîíòðîëüíûõ
è 3 îïûòíûõ ôëàêîíà, â êîòîðûõ îöåíèâàëè êîëè-
÷åñòâî êëåòîê ïî âûøåîïèñàííîé ñõåìå.

×åðåç 16 ñóò ïîñëå ïîñåâà â 9 èç îñòàâøèõñÿ
êîíòðîëüíûõ ôëàêîíîâ äîáàâëÿëè ïî 15 ìêë ðàñòâî-
ðà ÃÔ äî êîíå÷íîé ðàñ÷åòíîé êîíöåíòðàöèè 10–19 Ì,
à â äðóãèå 9 êîíòðîëüíûõ ôëàêîíîâ — ïî 15 ìêë
äèñòèëëèðîâàííîé âîäû. Êðîìå òîãî, â 9 îïûòíûõ
ôëàêîíîâ âòîðè÷íî äîáàâëÿëè ïî 15 ìêë ðàñòâîðà
ÃÔ äî êîíå÷íîé ðàñ÷åòíîé êîíöåíòðàöèè 10–19 Ì.
Âñå ôëàêîíû âîçâðàùàëè â òåðìîñòàò è ïðîäîëæàëè
êóëüòèâèðîâàíèå êëåòîê, ïåðèîäè÷åñêè èçâëåêàÿ èç
òåðìîñòàòà ïî 2—3 ôëàêîíà êàæäîé ñåðèè, â êî-
òîðûõ îöåíèâàëè êîëè÷åñòâî êëåòîê ïî âûøåîïè-
ñàííîé ñõåìå.

Â ñàìîì êîíöå ýòîãî ýêñïåðèìåíòà (÷åðåç 42 ñóò
ïîñëå ïîñåâà), êîãäà îñòàëîñü òîëüêî òðè îïûòíûõ
(îäíîêðàòíîå äîáàâëåíèå ÃÔ) è äâà êîíòðîëüíûõ (îä-

íîêðàòíîå äîáàâëåíèå âîäû) ôëàêîíà, êëåòêè äëÿ ïîä-

ñ÷åòà îòîáðàëè ñòåðèëüíî, ñóñïåíäèðîâàâ èõ â ñâåæåé

ðîñòîâîé ñðåäå ñ ÑÊÐÑ, ïîñëå ÷åãî, îñòàâèâ â êàæ-

äîì ôëàêîíå ïî 1,5 ìë ñóñïåíçèè, âåðíóëè èõ â òåð-

ìîñòàò. ×åðåç 4 ñóò ñòàíäàðòíûì îáðàçîì ïîäñ÷èòàëè

êîëè÷åñòâî êëåòîê â êàæäîì èç 5 ôëàêîíîâ.
Íàêîíåö, èññëåäóÿ âëèÿíèå ÃÔ íà ýôôåêòèâíîñòü

êîëîíèåîáðàçîâàíèÿ, êëåòêè 2-äíåâíîãî “âîçðàñòà”
ñíèìàëè ñ ïîâåðõíîñòè ôëàêîíà Êàððåëÿ ñìåñüþ ðàñ-
òâîðîâ âåðñåíà è òðèïñèíà, ñóñïåíäèðîâàëè è ðàç-
âîäèëè ïîëó÷åííóþ ñóñïåíçèþ ñíà÷àëà â îáû÷íîé
ðîñòîâîé ñðåäå ñ ÑÊÐÑ, à çàòåì (ïîñëåäíåå ðàçâå-
äåíèå) â ñðåäå, ñîñòîÿâøåé èç 90% ÄÌÑÈ è 10%
ýìáðèîíàëüíîé òåëÿ÷üåé ñûâîðîòêè (FetalClone® III,
HyClone, ÑØÀ), äî íåîáõîäèìîé êîíöåíòðàöèè êëå-
òîê. Ïîñëå ýòîãî ñåÿëè ïî 2,5 ìë ñóñïåíçèè â 10 ïëàñ-
òèêîâûõ ÷àøåê Ïåòðè (Nunclon™, Nunc, Äàíèÿ) äèà-
ìåòðîì 35 ìì (250 êëåòîê íà ÷àøêó). ×àøêè ïîìåùà-
ëè â òåðìîñòàò (37°C, 5%-é CO2). ×åðåç 1,5 ÷ â 5 ÷àøåê
ââîäèëè ïî 25 ìêë ðàñòâîðà ÃÔ äî êîíå÷íîé ðàñ÷åò-
íîé êîíöåíòðàöèè 10–19 Ì, à â äðóãèå 5 ÷àøåê —
ïî 25 ìêë äèñòèëëèðîâàííîé âîäû (êîíòðîëü). Çàòåì
÷àøêè âîçâðàùàëè â òåðìîñòàò. ×åðåç 7 ñóò èõ èçâëå-
êàëè è ôèêñèðîâàëè êëåòî÷íûå êîëîíèè 75%-ì ñïèð-
òîì (7 ìèí), ïîñëå ÷åãî îêðàøèâàëè 0,1%-ì âîäíûì
ðàñòâîðîì ìåòèëåíîâîãî ñèíåãî (3 ìèí) è ïîäñó-
øèâàëè ÷àøêè íà âîçäóõå. Çàòåì ñ ïîìîùüþ ìèêðî-
ñêîïà ïîäñ÷èòûâàëè êîëè÷åñòâî êëåòîê â êîëîíèÿõ,
îáðàçîâàâøèõñÿ íà êàæäîé ÷àøêå.

Ðàñïðåäåëåíèå êîëîíèé ïî ðàçìåðàì ñòðîèëè, ðàç-
áèâàÿ ðåçóëüòàòû íà 17 êëàññîâ, îïðåäåëÿåìûõ êî-
ëè÷åñòâîì êëåòîê â êîëîíèè: 1—15, 16—31, 32—47,
..., 240—255, 256 è áîëåå. Òàêèì îáðàçîì, ðàçìåðû
âñåõ êëàññîâ, êðîìå ïåðâîãî è ïîñëåäíåãî, áûëè îäè-
íàêîâûìè è ñîñòàâëÿëè 16 êëåòîê. Ñðåäíåâçâåøåí-
íûé íîìåð êëàññà (ÑÂÍÊ) äëÿ êàæäîãî ðàñïðåäåëåíèÿ
ðàññ÷èòûâàëè ïî ôîðìóëå

ÑÂÍÊ =
C

M
i

i

i 1

n

⋅⎛
⎝
⎜ ⎞

⎠
⎟

=
∑ ,

ãäå i — íîìåð êëàññà, n — êîëè÷åñòâî êëàññîâ, Ci —

êîëè÷åñòâî êîëîíèé â êëàññå i, M — îáùåå êîëè-

÷åñòâî êîëîíèé. ×åì ìåíüøå ÑÂÍÊ, òåì ìåíüøå â

ïîïóëÿöèè äîëÿ áîëüøèõ êîëîíèé. Èñïîëüçîâàíèå

ýòîãî ïîêàçàòåëÿ ïîçâîëÿåò îöåíèòü òîíêèå èçìåíå-

íèÿ ïðîëèôåðàòèâíîé àêòèâíîñòè êëåòîê äàæå ïðè íå-

èçìåííîé ýôôåêòèâíîñòè êîëîíèåîáðàçîâàíèÿ (ÝÊÎ).
ÝÊÎ ðàññ÷èòûâàëè ïî ôîðìóëå

ÝÊÎ =
Ê

N
⋅100%,

ãäå N — êîëè÷åñòâî ïîñåÿííûõ êëåòîê, à K — êîëè-

÷åñòâî âûðîñøèõ êîëîíèé.
Ìàòåìàòè÷åñêèå ðàñ÷åòû è ñòàòèñòè÷åñêóþ îá-

ðàáîòêó ðåçóëüòàòîâ ïðîèçâîäèëè ñ ïîìîùüþ ïðî-
ãðàìì Microsoft Excel 2007 è SigmaPlot 12.
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Ðåçóëüòàòû è îáñóæäåíèå

Êàê ñëåäóåò èç äàííûõ,
ïðåäñòàâëåííûõ íà ðèñ. 1, ëþ-
öèãåíèí-çàâèñèìàÿ áèîõåìèëþ-
ìèíåñöåíöèÿ êðîâè âîçðàñòàåò
â îäèíàêîâîé ñòåïåíè â îòâåò
íà âíåñåíèå â íåå ÃÔÑÌÊ íå-
çàâèñèìî îò òîãî, ïîäâåðãàåòñÿ
èëè íåò àâòîêëàâèðîâàíèþ çà-
ïàñíîé ðàñòâîð ÃÔ (10–7 M),
èç êîòîðîãî ïóòåì ïîñëåäîâàòåëü-
íûõ ðàçâåäåíèé ãîòîâÿò ÃÔÑÌÊ.
Â ñâÿçè ñ ýòèì ìû çàêëþ÷èëè,
÷òî àâòîêëàâèðîâàíèå çàïàñíîãî
ðàñòâîðà íå âëèÿåò íà áèîëî-
ãè÷åñêóþ àêòèâíîñòü ÃÔÑÌÊ,
è â äàëüíåéøèõ öèòîëîãè÷å-
ñêèõ ýêñïåðèìåíòàõ èñïîëüçî-
âàëè èìåííî ýòîò ñïîñîá ñòå-

ðèëèçàöèè ðàñòâîðîâ ÃÔ. Îäíà-
êî êàæäûé ðàç ìû ïðîâîäè-
ëè ïðîöåäóðó àâòîêëàâèðîâàíèÿ
è ðàçâåäåíèÿ çàïàñíîãî ðàñòâî-
ðà çà ñóòêè äî ýêñïåðèìåíòà,
èáî, êàê îêàçàëîñü, ïîäâåðãíó-
òûé àâòîêëàâèðîâàíèþ ðàñòâîð
ÃÔ ïîëíîñòüþ óòðà÷èâàåò ñâîþ àêòèâíîñòü, îöåíè-
âàåìóþ ïî åãî âëèÿíèþ íà áèîõåìèëþìèíåñöåíöèþ
öåëüíîé êðîâè, ÷åðåç 20 ñóò õðàíåíèÿ äàæå â õî-
ëîäèëüíèêå.

Â ïðåäâàðèòåëüíûõ èññëåäîâàíèÿõ, íàïðàâëåí-
íûõ íà ïîèñê öèòîòîêñè÷åñêèõ èëè ìèòîãåííûõ

ñâîéñòâ ÃÔÑÌÊ, ìû èçó÷èëè äåéñòâèå 10–19 Ì ÃÔ,
ââåäåííîãî ÷åðåç 1,5 ÷ ïîñëå ïîñåâà, íà ïðîëèôåðà-
òèâíóþ àêòèâíîñòü èçó÷àåìûõ êëåòîê. Òàêóþ êîí-
öåíòðàöèþ ìû âûáðàëè â ñâÿçè ñ òåì, ÷òî ðàíåå [14]
óæå ïðîäåìîíñòðèðîâàëè àêòèâíîñòü ÃÔ â ýòîé êîí-
öåíòðàöèè íà íåñêîëüêèõ ìîäåëüíûõ ñèñòåìàõ. Êàê

ÂÅÑÒÍ. ÌÎÑÊ. ÓÍ-ÒÀ. ÑÅÐ. 16. ÁÈÎËÎÃÈß. 2013. ¹ 1 17

Ðèñ. 2. Âëèÿíèå ÃÔ â ðàñ÷åòíîé êîíöåíòðàöèè 10–19 Ì íà êèíåòèêó “ñòàöèîíàðíîãî ñòàðåíèÿ” êóëüòóðû òðàíñôîðìèðîâàííûõ êëå-
òîê êèòàéñêîãî õîìÿ÷êà: 1 — êîíòðîëü; 2 — ÃÔ; 3 — êîíòðîëü, ê êîòîðîìó ïîâòîðíî äîáàâèëè âîäó; 4 — êîíòðîëü, ê êîòîðîìó äîáà-
âèëè ÃÔ; 5 — îïûòíûå îáðàçöû, ê êîòîðûì ïîâòîðíî äîáàâèëè ÃÔ. Âåðòèêàëüíûìè ñòðåëêàìè ïîêàçàíî âðåìÿ äîáàâëåíèÿ âîäû/ÃÔ.

Ïðèâåäåíû ñòàíäàðòíûå îøèáêè ñðåäíåãî

Ðèñ. 1. Ñðàâíåíèå áèîõåìèëþìèíåñöåíöèè öåëüíîé êðîâè â ïðèñóòñòâèè íàòèâíîãî èëè
ïîäâåðãíóòîãî àâòîêëàâèðîâàíèþ ÃÔ: I — êîíòðîëü, â êîòîðîì ê öåëüíîé êðîâè äîáàâëåí
ôèçèîëîãè÷åñêèé ðàñòâîð; II — ê öåëüíîé êðîâè äîáàâëåí ðàñòâîð ÃÔ â ôèçèîëîãè÷åñêîì
ðàñòâîðå äî ðàñ÷åòíîé êîíöåíòðàöèè 2,5 · 10–19 Ì (ðàñòâîð ÃÔ ïðèãîòîâëåí èç ñâåæåãî ìà-
òî÷íîãî 10–7 Ì ÃÔ); III — êîíòðîëü, â êîòîðîì ê öåëüíîé êðîâè äîáàâëåí ïîäâåðãíóòûé
àâòîêëàâèðîâàíèþ ôèçèîëîãè÷åñêèé ðàñòâîð; IV — ê öåëüíîé êðîâè äîáàâëåí ðàñòâîð ÃÔ
â ôèçèîëîãè÷åñêîì ðàñòâîðå äî ðàñ÷åòíîé êîíöåíòðàöèè 2,5 · 10–19 Ì (ðàñòâîð ïðèãîòîâ-

ëåí èç ïîäâåðãíóòîãî àâòîêëàâèðîâàíèþ ìàòî÷íîãî 10–7 Ì ÃÔ)



íè ïàðàäîêñàëüíî, íî â íàøèõ ýêñïåðèìåíòàõ ÃÔÑÌÊ
ïðîÿâëÿë î÷åâèäíóþ öèòîòîêñè÷íîñòü: ÷åðåç 4—5 ñóò
ïîñëå ïîñåâà ïëîòíîñòü êëåòîê â îïûòíûõ ôëàêîíàõ
áûëà äîñòîâåðíî (p < 0,05) íèæå, ÷åì â êîíòðîëå.

Â ñâÿçè ñ ýòèìè äàííûìè ïðåäñòàâëÿëî èíòåðåñ
âûÿñíèòü, êàêèì îáðàçîì ÃÔÑÌÊ ìîæåò ïîâëèÿòü
íà “ñòàðåíèå” êóëüòèâèðóåìûõ êëåòîê â ñòàöèîíàð-
íîé ôàçå ðîñòà (ïîäðîáíîå îïèñàíèå ìîäåëüíîé
ñèñòåìû ñì. â [16, 19—22]). Âûøåóïîìÿíóòûå ðå-
çóëüòàòû ïðåäâàðèòåëüíûõ ýêñïåðèìåíòîâ ïîçâîëÿ-
ëè ïðåäïîëàãàòü, ÷òî ÃÔÑÌÊ ìîæåò íå çàìåäëÿòü
(÷òî ìîãëî áû áûòü âïîëíå îïðàâäàííûì, åñëè ïðè-
íèìàòü âî âíèìàíèå ìíîãî÷èñëåííûå äàííûå ëèòåðà-
òóðû, ðàññìîòðåííûå âî ââåäåíèè), à óñêîðÿòü ýòîò
ïðîöåññ. Íà ðèñ. 2 ïðåäñòàâëåíû ðåçóëüòàòû èçó÷å-
íèÿ âëèÿíèÿ ÃÔ â ðàñ÷åòíîé êîíöåíòðàöèè 10–19 Ì
íà êèíåòèêó ãèáåëè òðàíñôîðìèðîâàííûõ êëåòîê êè-
òàéñêîãî õîìÿ÷êà â ìîäåëè “ñòàöèîíàðíîãî ñòàðå-
íèÿ”, ïðåäïîëàãàþùåé ñõîäñòâî èçìåíåíèé, êîòîðûå
ïðåòåðïåâàþò êóëüòèâèðóåìûå êëåòêè ïðè îãðàíè÷å-
íèè èõ ïðîëèôåðàöèè âñëåäñòâèå êîíòàêòíîãî òîðìî-
æåíèÿ, ñ èçìåíåíèÿìè êëåòîê ñòàðåþùåãî îðãàíèç-
ìà. Âèäíî, ÷òî ââåäåíèå ÃÔÑÌÊ íà 7-å ñóò êóëüòè-
âèðîâàíèÿ ðåçêî óñêîðÿåò ïðîöåññ “ñòàöèîíàðíîãî
ñòàðåíèÿ”, ÷òî ñâèäåòåëüñòâóåò îá óâåëè÷åíèè “áèî-
ëîãè÷åñêîãî âîçðàñòà” êëåòîê. Áîëåå òîãî, ïîâòîðíîå
äîáàâëåíèå âîäíîãî ðàñòâîðà ÃÔ äî óêàçàííîé ðàñ-
÷åòíîé êîíöåíòðàöèè ê êëåòêàì, óæå äîâîëüíî äîëãî

íàõîäÿùèìñÿ â ñòàöèîíàðíîé ôàçå ðîñòà (íà 16-å ñóò
êóëüòèâèðîâàíèÿ), îïÿòü âûçûâàëî áûñòðóþ (â òå-
÷åíèå íå áîëåå ÷åì 24 ÷) ãèáåëü ÷àñòè êëåòî÷íîé
ïîïóëÿöèè.

Ïîñåâ 42-äíåâíûõ êëåòîê â ñâåæóþ ñðåäó ïîêà-
çàë, ÷òî â ýòîì “âîçðàñòå” è â êîíòðîëüíûõ, è â îïûò-
íûõ ôëàêîíàõ î÷åíü âåëèêà äèñïåðñèÿ ñïîñîáíîñòè
êóëüòóðû ê ðàçìíîæåíèþ, îäíàêî ñ î÷åâèäíîñòüþ
â êîíòðîëå ñîõðàíÿåòñÿ ãîðàçäî áîëüøåå êîëè÷åñòâî
ïðîëèôåðèðóþùèõ êëåòîê.

È, íàêîíåö, èç äàííûõ, ïðåäñòàâëåííûõ íà ðèñ. 3,
âèäíî, ÷òî æèçíåñïîñîáíîñòü èçó÷åííûõ êëåòîê, îïðå-
äåëÿåìàÿ ïî èõ ñïîñîáíîñòè ê êîëîíèåîáðàçîâàíèþ
(ñ ïîìîùüþ îöåíêè êàê ÝÊÎ, òàê è ÑÂÍÊ), óìåíü-
øàåòñÿ ïîä âëèÿíèåì ÃÔ â ðàñ÷åòíîé êîíöåíòðà-
öèè 10–19 Ì.

Ìîæíî ïîëàãàòü, ÷òî îáíàðóæåííûå îñîáåííîñòè
äåéñòâèÿ ÃÔÑÌÊ îïðåäåëÿþòñÿ îñîáûìè ñâîéñòâà-
ìè âîäû, îêðóæàþùåé ìîëåêóëó ôóëëåðåíà, à èìåí-
íî òåì, ÷òî îíà ÿâëÿåòñÿ ñâîåîáðàçíûì äîíîðîì è
àêöåïòîðîì ýëåêòðîíîâ, îáåñïå÷èâàÿ óïîðÿäî÷åíèå
îêèñëèòåëüíî-âîññòàíîâèòåëüíûõ ïðîöåññîâ, ïðîòå-
êàþùèõ â âîäíûõ ñèñòåìàõ, è îñîáåííî òåõ, â êîòî-
ðûõ ïðèíèìàåò ó÷àñòèå êèñëîðîä. Íå èñêëþ÷åíî, ÷òî
òàêèì îáðàçîì ÃÔÑÌÊ âëèÿåò òîëüêî íà òðàíñôîð-
ìèðîâàííûå êëåòêè, òàê ÷òî â íàøèõ äàëüíåéøèõ èñ-
ñëåäîâàíèÿõ ìû ïëàíèðóåì ïîâòîðèòü ýêñïåðèìåíòû
íà íîðìàëüíûõ ôèáðîáëàñòàõ, îáëàäàþùèõ îãðàíè-
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Ðèñ. 3. Âëèÿíèå ÃÔ â ðàñ÷åòíîé êîíöåíòðàöèè 10–19 Ì íà ñïîñîáíîñòü òðàíñôîðìèðîâàííûõ êëåòîê êèòàéñêîãî õîìÿ÷êà ê îáðà-
çîâàíèþ êîëîíèé (I — êîíòðîëü, II — ÃÔ): à — âëèÿíèå ÃÔ íà ðàñïðåäåëåíèå êîëîíèé ïî ðàçìåðó; á — âëèÿíèå ÃÔ íà ýôôåêòèâ-
íîñòü îáðàçîâàíèÿ êîëîíèé (ó÷èòûâàëè òîëüêî êîëîíèè, ñîñòîÿùèå èç 16 è áîëåå êëåòîê); â — âëèÿíèå ÃÔ íà ñðåäíåâçâåøåííûé
íîìåð êëàññà ðàñïðåäåëåíèÿ ïî ðàçìåðàì êîëîíèé. Ïðèâåäåíû ñòàíäàðòíûå îøèáêè ñðåäíåãî, * — ðàçëè÷èÿ ñ êîíòðîëåì äîñòî-

âåðíû (p < 0,001)



÷åííûì ìèòîòè÷åñêèì ïîòåíöèàëîì. Âïîëíå âîçìîæ-
íî òàêæå, ÷òî âûÿâëåííîå äðóãèìè èññëåäîâàòåëÿìè
ãåðîïðîòåêòîðíîå äåéñòâèå ÃÔ íà ýêñïåðèìåíòàëüíûõ
æèâîòíûõ îïðåäåëÿåòñÿ åãî ïðîòèâîîïóõîëåâûìè, èì-
ìóíîñòèìóëèðóþùèìè, àíòèâèðóñíûìè è àíòèáàêòå-

ðèàëüíûìè ñâîéñòâàìè, ïðîÿâëÿþùèìèñÿ ëèøü íà
óðîâíå öåëîãî îðãàíèçìà.

Àâòîðû âûðàæàþò áëàãîäàðíîñòü Ã.Â. Àíäðèåâ-
ñêîìó çà îáñóæäåíèå ïîëó÷åííûõ ðåçóëüòàòîâ.
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A PARADOXICAL EFFECT OF HYDRATED C60-FULLERENE
AT ULTRA-LOW CONCENTRATION ON THE VIABILITY
AND AGING OF CULTURED CHINESE HAMSTER CELLS

O.I. Yablonskaya, T.S. Ryndina, V.L. Voeikov, A.N. Khokhlov

Hydrated fullerene (HyFn) is the molecule of C60-fullerene (C60) encased in a stable shell
of water molecules, providing hydrophilic properties to this complex and its solubility in aqueous so-
lutions. HyFn, as well as chemically modified fullerenes and fullerenes solubilized in water in other
ways, is known to have a broad spectrum of biological activities both in vivo and in vitro with
no signs of toxicity. HyFn and various chemically modified fullerenes in aqueous environment exhi-
bit a peculiar chemical activity — on the one hand, they can be regarded as strong antioxidants,
on the other hand — as electron donors for oxygen, i.e. prooxidants. Given that C60 is not very active
chemically and that in HyFn it is surrounded by a water shell, it could be assumed that the entire
pattern of HyFn activity is due to unique properties of the water shell formed around C60. There
are also some evidences of influence of HyFn at ultra-low concentrations on biochemical processes
and free-radical reactions occurring in vitro. Previously, we have shown the effect of HyFn at ult-
ra-low concentrations on redox processes in human whole blood as well as in aqueous bicarbonate
solutions. In the present study we investigated effect of HyFn aqueous solution on the growth and
“stationary phase aging” (accumulation of “age” changes in cultured cells during cell proliferation
slowing down within a single passage and subsequent “aging” in the stationary phase of growth)
of transformed B11-dii FAF28 Chinese hamster cells. The final calculated concentration of HyFn
in the growth medium after serial dilutions of its original solution was equivalent to 10–19 M. It is
paradoxical, but, in contrast to the known data about absence of HyFn cytotoxicity at higher con-
centrations, in our experiments it inhibited cell proliferation and accelerated the process of “statio-
nary phase aging” of the cell culture. Moreover, secondary addition of HyFn aqueous solution at
this calculated concentration to the cells that had already reached the stationary phase of growth ca-
used a rapid (within no more than 24 h) death of a significant part of the cell population. Perhaps,
the observed features of HyFn at ultra-low concentration are determined by some special properties
of the water surrounding C60, namely, its ability to serve as an electron donor and acceptor regulating
redox processes in aqueous systems, especially those in which oxygen is involved. At the moment
we cannot rule out the possibility that HyFn at ultra-low concentrations affect transformed cells
only. Therefore in our further studies we plan to carry out the similar experiments on normal fib-
roblasts possessing limited mitotic potential. Probably, the anti-aging effect of fullerenes revealed
by other researchers in experimental animals is related to their antitumor, antiviral, immunopotentia-
ting, and antibacterial activities which manifest themselves only at the level of the whole organism.

Key words: hydrated Ñ60-fullerene, ultra-low concentrations, cell cultures, viability, “stationary

phase aging”, colony-forming ability.
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