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РЕЗЮМЕ 

Â îñíîâå ïàòîãåíåçà ìíîãèõ ðàñïðîñòðàíåííûõ è ñîöèàëüíî-çíà÷èìûõ çàáîëåâàíèé ëåæèò ôîðìè-
ðîâàíèå îêèñëèòåëüíîãî ñòðåññà. Ëèìôîöèòû êðîâè ÿâëÿþòñÿ êëåòêàìè, îáåñïå÷èâàþùèìè èììó-
íîëîãè÷åñêèé êîíòðîëü îðãàíèçìà. Â ðåçóëüòàòå ïðîèñõîäèò êîíòàêò ëèìôîöèòîâ êðîâè ñ ðàçëè÷-
íûìè ýíäîãåííûìè è ýêçîãåííûìè ôàêòîðàìè, ÷òî ìîæåò ïðèâîäèòü ê èíòåíñèôèêàöèè ïðîäóêöèè 
àêòèâíûõ ôîðì êèñëîðîäà, îêèñëèòåëüíîé ìîäèôèêàöèè ìàêðîìîëåêóë è èçìåíåíèþ âûæèâàåìî-
ñòè êëåòîê. Àêòóàëüíûì ÿâëÿåòñÿ ðàñøèðåíèå è óãëóáëåíèå ôóíäàìåíòàëüíûõ çíàíèé îá îñîáåííî-
ñòÿõ ðåãóëÿöèè àïîïòîçà ëèìôîöèòîâ êðîâè. 

Öåëü èññëåäîâàíèÿ – óñòàíîâèòü âçàèìîñâÿçü ìåæäó èçìåíåíèåì ñîñòîÿíèÿ ñèñòåìû ãëóòàòèîíà, 
óðîâíåì êàðáîíèëèðîâàíèÿ, ãëóòàòèîíèëèðîâàíèÿ áåëêîâ è àêòèâíîñòüþ êàñïàçû-3 â ëèìôîöèòàõ 
êðîâè ïðè îêèñëèòåëüíîì ñòðåññå in vitro. 

å‡ÚÂË‡Î Ë ÏÂÚÓ‰˚. Ìàòåðèàëîì äëÿ èññëåäîâàíèÿ ñëóæèëè ëèìôîöèòû êðîâè, êóëüòèâèðîâàííûå 
ñ äîáàâëåíèåì ïåðîêñèäà âîäîðîäà â êîíå÷íîé êîíöåíòðàöèè 0,5 ììîëü è (èëè) áëîêàòîðà SH-
ãðóïï ïðîòåèíîâ N-ýòèëìàëåèìèäà – 5 ììîëü, ïðîòåêòîðà – 5 ììîëü – 1,4-äèòèîýðèòðèòîëà. 

Ìåòîäîì ñïåêòðîôîòîìåòðèè îïðåäåëÿëè êîíöåíòðàöèþ âîññòàíîâëåííîãî, îêèñëåííîãî è áåëêîâî-
ñâÿçàííîãî ãëóòàòèîíà, äîïîëíèòåëüíî ðàññ÷èòûâàëè âåëè÷èíó ñîîòíîøåíèÿ âîññòàíîâëåííîé ôðàêöèè 
òèîëà ê îêèñëåííîé. Ñ ïîìîùüþ èììóíî-ôåðìåíòíîãî àíàëèçà îöåíèâàëè óðîâåíü êàðáîíèëüíûõ ïðî-
èçâîäíûõ ïðîòåèíîâ, àêòèâíîñòü êàñïàçû-3 ðåãèñòðèðîâàëè ñïåêòðîôëþîðèìåòðè÷åñêèì ìåòîäîì. 

êÂÁÛÎ¸Ú‡Ú˚. Áëîêèðîâàíèå SH-ãðóïï ïðîòåèíîâ â ëèìôîöèòàõ êðîâè ïðè îêèñëèòåëüíîì ñòðåññå in 
vitro ñîïðîâîæäàëîñü ðåçêèì ïàäåíèåì êîíöåíòðàöèè áåëêîâî-ñâÿçàííîãî ãëóòàòèîíà íà ôîíå óâå-
ëè÷åíèÿ ñîäåðæàíèÿ êàðáîíèëüíûõ ïðîèçâîäíûõ áåëêîâ è àêòèâíîñòè êàñïàçû-3. Ïðîòåêöèÿ SH-
ãðóïï áåëêîâ â ëèìôîöèòàõ êðîâè ïðè îêèñëèòåëüíîì ñòðåññå in vitro ñîïðîâîæäàëàñü âîçðàñòàíè-
åì êîíöåíòðàöèè áåëêîâî-ñâÿçàííîãî ãëóòàòèîíà, êàðáîíèëüíûõ ïðîèçâîäíûõ ïðîòåèíîâ ïðè ñî-
ïîñòàâèìûõ çíà÷åíèÿõ àêòèâíîñòè èçó÷àåìîãî ôåðìåíòà.  

Ç˚‚Ó‰˚. Ïðîâåäåííûå èññëåäîâàíèÿ ñâèäåòåëüñòâóþò î òîì, ÷òî êàñïàçà-3 è áåëêîâî-ñâÿçàííûé 
ãëóòàòèîí ÿâëÿþòñÿ ìîëåêóëÿðíûìè ìèøåíÿìè ñåëåêòèâíîãî óïðàâëåíèÿ ïðîãðàììèðîâàííîé êëå-
òî÷íîé ãèáåëüþ. 

Ïîëó÷åííûå ïîêàçàòåëè èçìåíåíèÿ àêòèâíîñòè êàñïàçû-3 è êîíöåíòðàöèè áåëêîâî-ñâÿçàííîãî ãëó-
òàòèîíà â ëèìôîöèòàõ êðîâè ïðè îêèñëèòåëüíîì ñòðåññå in vitro ìîãóò áûòü èñïîëüçîâàíû ïðè 
ðàçðàáîòêå ïîäõîäîâ òàðãåòíîé òåðàïèè çàáîëåâàíèé, ñîïðîâîæäàþùèõñÿ äèñðåãóëÿöèåé àïîïòîçà. 

КЛЮЧЕВЫЕ СЛОВА: ëèìôîöèòû êðîâè, îêèñëèòåëüíûé ñòðåññ, ñèñòåìà ãëóòàòèîíà, ðåäîêñ-
ñòàòóñ êëåòêè, îêèñëèòåëüíàÿ ìîäèôèêàöèÿ áåëêîâ, êàñïàçà-3. 

 
 

Введение 

Ëèìôîöèòû êðîâè ÿâëÿþòñÿ âàæíûì è íåîòúåìëå-
ìûì êîìïîíåíòîì ñèñòåìû ãîìåîñòàçà îðãàíèçìà ÷å-
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ëîâåêà. Íà ñåãîäíÿøíèé äåíü óñòàíîâëåíî, ÷òî ìíîãèå 
çàáîëåâàíèÿ, ñâÿçàííûå ñ âîâëå÷åíèåì ëèìôîöèòîâ 
êðîâè â ïàòîëîãè÷åñêèé ïðîöåññ, ñîïðîâîæäàþòñÿ 
íàðàáîòêîé àêòèâíûõ ôîðì êèñëîðîäà (ÀÔÊ), íàðó-
øåíèåì ðåäîêñ-áàëàíñà êëåòêè ñ ïîñëåäóþùèì ðàçâè-
òèåì îêèñëèòåëüíîãî ñòðåññà è äèñðåãóëÿöèåé àïîïòî-
çà. Êîíòàêò ëèìôîöèòîâ êðîâè ñ äðóãèìè êëåòêàìè è 
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òêàíÿìè îðãàíèçìà, à òàêæå ñ ðàçëè÷íûìè ýíäîãåííû-
ìè è ýêçîãåííûìè ôàêòîðàìè ìîæåò ïðèâîäèòü ê èí-
òåíñèôèêàöèè ïðîäóêöèè ÀÔÊ, êîòîðûå ìîãóò âûñòó-
ïàòü â ðîëè ïîâðåæäàþùèõ àãåíòîâ áåëêîâûõ ìîëåêóë, 
ëèïèäîâ, ÄÍÊ êëåòêè.  

Îäíèì èç ôóíäàìåíòàëüíûõ ìåõàíèçìîâ ïîääåð-
æàíèÿ ãîìåîñòàçà è ðåãóëèðîâàíèÿ äåÿòåëüíîñòè êëå-
òîê ÿâëÿåòñÿ àïîïòîç, êîòîðûé ïðåäñòàâëÿåò ñîáîé 
àêòèâíóþ ôîðìó ãèáåëè êàê ôèçèîëîãè÷åñêèé ìåõà-
íèçì óñòðàíåíèÿ ôóíêöèîíàëüíî íåïîëíîöåííûõ, äå-
ôåêòíûõ ïî ðåöåïòîðíîìó ïðåäñòàâèòåëüñòâó êëåòîê. 
Ê êëþ÷åâûì ìåõàíèçìàì ðåàëèçàöèè àïîïòîçà îòíîñÿò 
àêòèâàöèþ êàñïàçíîãî êàñêàäà ôåðìåíòîâ [1]. Êàñïà- 
çû – öèñòåèíîâûå ïðîòåàçû, ïðåäñòàâëÿþùèå ñîáîé 
ïîòåíöèàëüíûå ìèøåíè äëÿ àòàêè ÀÔÊ.  

Äëÿ ïîääåðæàíèÿ îêèñëèòåëüíî-âîññòàíîâèòåëüíîãî 
ðàâíîâåñèÿ êëåòêè áîëüøîå çíà÷åíèå èìåþò ñîïðÿæåí-
íûå ýôôåêòû ãëóòàòèîíà è ÍÀÄÔÍ-çàâèñèìîé ãëóòàòè-
îíðåäóêòàçû, îñóùåñòâëÿþùåé åãî âîññòàíîâëåíèå [2]. 
Îäíà èç âàæíûõ ôóíêöèé ãëóòàòèîíà â ðåäîêñ-
ðåãóëÿöèè êëåòêè ñâÿçàíà ñ îáðàçîâàíèåì ñìåøàííûõ 
äèñóëüôèäîâ ñ òèîëîâûìè ãðóïïàìè áåëêîâ, ÷òî îáåñïå-
÷èâàåò çàùèòó ôóíêöèîíàëüíûõ SH-ãðóïï áåëêîâ îò 
äàëüíåéøåãî íåîáðàòèìîãî îêèñëåíèÿ [3]. Àêöåïòîðàìè 
ýëåêòðîíîâ â ñâîáîäíî-ðàäèêàëüíûõ ðåàêöèÿõ ìîãóò 
ÿâëÿòüñÿ íå òîëüêî ñóëüôãèäðèëüíûå ãðóïïû, íî è êàð-
áîêñèëüíûå, àìèäíûå, çàðÿæåííûå àìèíîãðóïïû, ïåï-
òèäíûå è äèñóëüôèäíûå ñâÿçè, à òàêæå àðîìàòè÷åñêèå 
ðàäèêàëû àìèíîêèñëîò [4, 5], ÷òî ïðèâîäèò ê èçìåíåíèþ 
ôóíêöèîíàëüíîé àêòèâíîñòè ðåãóëÿòîðíûõ áåëêîâ. 

Öåëü èññëåäîâàíèÿ – óñòàíîâèòü âçàèìîñâÿçü ìå-
æäó èçìåíåíèåì ñîñòîÿíèÿ ñèñòåìû ãëóòàòèîíà, óðîâ-
íåì êàðáîíèëèðîâàíèÿ, ãëóòàòèîíèëèðîâàíèÿ áåëêîâ è 
àêòèâíîñòüþ êàñïàçû-3 â ëèìôîöèòàõ êðîâè ïðè îêèñ-
ëèòåëüíîì ñòðåññå in vitro. 

Материал и методы 

Â ðàáîòå èñïîëüçîâàëèñü ëèìôîöèòû, âûäåëåííûå 
èç ôðàêöèè ìîíîíóêëåàðíûõ ëåéêîöèòîâ êðîâè çäîðî-
âûõ äîíîðîâ (15 ìóæ÷èí è 13 æåíùèí â âîçðàñòå îò 20 
äî 45 ëåò). 

Âûäåëåíèå ìîíîíóêëåàðíûõ ëåéêîöèòîâ èç âåíîçíîé 
êðîâè ïðîâîäèëè ìåòîäîì ãðàäèåíòíîãî öåíòðèôóãèðî-
âàíèÿ ñ ïîìîùüþ Ficoll-Paque (Sigma-Aldrich, ÑØÀ) 
(ρ = 1,077 ã/ñì3) [6], à çàòåì ëèìôîöèòîâ – íà ãðàäèåíòå 
Ïåðêîëëà (Sigma-Aldrich, ÑØÀ) (ρ = 1,130 ã/ñì3) [7]. 
Æèçíåñïîñîáíîñòü êëåòîê îöåíèâàëè ñ ïîìîùüþ òðè-
ïàíîâîãî ñèíåãî (Serva, ÑØÀ). Äëÿ ïîñòàíîâêè ýêñïå-
ðèìåíòà èñïîëüçîâàëèñü êóëüòóðû êëåòîê, ñîäåðæàùèå 
íå áîëåå 5% ïîãèáøèõ êëåòîê.  

Äëÿ ìîäåëèðîâàíèÿ ýêñïåðèìåíòàëüíîãî îêèñëè-
òåëüíîãî ñòðåññà âûäåëåííûå ëèìôîöèòû êðîâè êóëü-

òèâèðîâàëè â ñòåðèëüíûõ óñëîâèÿõ â ïîëíîé ïèòàòåëü-
íîé ñðåäå (90% RPMI-1640 («Âåêòîð-Áåñò», Ðîññèÿ), 
10% ýìáðèîíàëüíîé òåëÿ÷üåé ñûâîðîòêè (Invitrogen, 
ÑØÀ), èíàêòèâèðîâàííîé â òå÷åíèå 30 ìèí ïðè òåìïå-
ðàòóðå +56 °Ñ, Hepes â êîíöåíòðàöèè 2 ììîëü (Flow, 
Âåëèêîáðèòàíèÿ), ãåíòàìèöèí (100 ìêã/ìë) (KRKA, 
Ñëîâåíèÿ) è L-ãëóòàìèí (0,3 ìã/ìë) («Âåêòîð-Áåñò», 
Ðîññèÿ)) â òå÷åíèå 18 ÷ â ïîëóîòêðûòîé ñèñòåìå ïðè 
òåìïåðàòóðå +37 °Ñ â àòìîñôåðå 5% ÑÎ2 â ïðèñóòñò-
âèè ïåðîêñèäà âîäîðîäà â êîíå÷íîé êîíöåíòðàöèè 
0,5 ììîëü [8]. Äëÿ óñòàíîâëåíèÿ ðîëè îêèñëèòåëüíîé 
ìîäèôèêàöèè áåëêîâ â ðåãóëÿöèè ôóíêöèîíàëüíîé 
àêòèâíîñòè êàñïàçû-3 ïðè ýêñïåðèìåíòàëüíîì îêèñëè-
òåëüíîì ñòðåññå èçìåíÿëè ðåäîêñ-ñòàòóñ èçó÷àåìûõ êëå-
òîê ñ ïîìîùüþ áëîêàòîðà SH-ãðóïï – N-ýòèëìàëåèìèä 
(NEM) (Sigma-Aldrich, ÑØÀ) â êîíå÷íîé êîíöåíòðàöèè 
5 ììîëü [9] è ïðîòåêòîðà SH-ãðóïï ïðîòåèíîâ – 1,4-
äèòèîýðèòðèòîë (DTE) (Sigma-Aldrich, ÑØÀ) â êîíå÷-
íîé êîíöåíòðàöèè 5 ììîëü [10].  

Ïîñëå èíêóáàöèè ëèìôîöèòû êðîâè òðèæäû îòìû-
âàëè 0,01 ìîëü íàòðèé-ôîñôàòíûì áóôåðîì (ðÍ = 7,4) 
(Amresco, ÑØÀ), öåíòðèôóãèðîâàëè, ðåñóñïåíäèðîâà-
ëè â áóôåðå ñ äîáàâëåíèåì 1%-ãî òðèòîíà X-100, âû-
äåðæèâàëè íà ëüäó è ãîòîâèëè ëèçàò ñ ñîõðàíåíèåì 
ñòàíäàðòíîé êîíöåíòðàöèè êëåòîê äëÿ îïðåäåëåíèÿ 
óðîâíÿ êàðáîíèëüíûõ ïðîèçâîäíûõ áåëêîâ è àêòèâíî-
ñòè êàñïàçû-3. Äëÿ îïðåäåëåíèÿ ñîäåðæàíèÿ âîññòà-
íîâëåííîãî, îêèñëåííîãî è áåëêîâî-ñâÿçàííîãî ãëóòà-
òèîíà ëèçàò ëèìôîöèòîâ êðîâè äåïðîòåèíèðîâàëè ñ 
5%-ì ðàñòâîðîì ñóëüôîñàëèöèëîâîé êèñëîòû. 

Äàëåå ñïåêòðîôîòîìåòðè÷åñêè îöåíèâàëè ñîäåð-
æàíèå âîññòàíîâëåííîãî (GSH) è îêèñëåííîãî ãëóòà-
òèîíà (GSSG) ìåòîäîì ôåðìåíòàòèâíîé ðåöèðêóëÿöèè 
è áëîêèðîâàíèÿ SH-ãðóïï GSH âèíèëïèðèäèíîì 
(Wako, ßïîíèÿ). Äëÿ ðàñ÷åòà êîíöåíòðàöèè ãëóòàòèî-
íà ñòðîèëè êàëèáðîâî÷íûé ãðàôèê, èñïîëüçóÿ ðàñòâîð 
GSH è GSSG (Sigma-Aldrich, ÑØÀ) ñ êîíöåíòðàöèÿìè 
îò 3 äî 100 ìêìîëü [11]. Ðåçóëüòàòû ïðåäñòàâëÿëè â 
íìîëü/ìã áåëêà. Äîïîëíèòåëüíî ðàññ÷èòûâàëè âåëè÷è-
íó ñîîòíîøåíèÿ GSH/GSSG êàê ïîêàçàòåëü ðåäîêñ-
ñòàòóñà êëåòêè. 

Óðîâåíü áåëêîâî-ñâÿçàííîãî ãëóòàòèîíà îïðåäåëÿ-
ëè ñïåêòðîôîòîìåòðè÷åñêèì ìåòîäîì ïîñëå ïðåäâàðè-
òåëüíîãî åãî âûñâîáîæäåíèÿ 1%-ì áîðãèäðàòîì íà-
òðèÿ (Sigma-Aldrich, ÑØÀ) èç ñâÿçè ñ áåëêàìè [12]. 
Ðåçóëüòàòû ïðåäñòàâëÿëè â íìîëü/ìã áåëêà.  

Îöåíêó ñîäåðæàíèÿ êàðáîíèëüíûõ ïðîèçâîäíûõ 
áåëêîâ ïðîâîäèëè ìåòîäîì èììóíî-ôåðìåíòíîãî àíà-
ëèçà ñ èñïîëüçîâàíèåì íàáîðà Carbonyl Proteine 
ELISA Kit (Immundiagnostik AG, Ãåðìàíèÿ) ñîãëàñíî 
èíñòðóêöèè ôèðìû-ïðîèçâîäèòåëÿ. Ìåòîä îñíîâàí íà 
ðåàêöèè êàðáîíèëüíûõ ïðîèçâîäíûõ áåëêîâ ñ 2,4-äè-
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íèòðîôåíèëãèäðàçèíîì. Ðåçóëüòàòû ïðåäñòàâëÿëè â 
íìîëü/ìã áåëêà. 

Àêòèâíîñòü êàñïàçû-3 îïðåäåëÿëè ñïåêòðîôëþî-
ðèìåòðè÷åñêèì ìåòîäîì ïî ñïîñîáíîñòè èçáèðàòåëü-
íîãî ãèäðîëèçà ñèíòåòè÷åñêîãî òåòðàïåïòèäíîãî 
ôëþîðèãåííîãî ñóáñòðàòà N-acetyl-(Asp-Glu-Val-Asp)-
7-amino-4-methylcoumarin (Ac-DEVD-AMC) (Sigma-
Aldrich, ÑØÀ) ñ îáðàçîâàíèåì amino-4-methylcoumarin 
(ÀÌÑ), êîòîðûé ôëþîðåñöèðîâàë â äèàïàçîíå äëèí 
âîëí 430–460 íì (ìàêñèìóì âîçáóæäåíèÿ ôëþîðåñ-
öåíöèè ïðè äëèíå âîëíû 380 íì). Ðåçóëüòàòû ïðåä-
ñòàâëÿëè â ïìîëü îñâîáîæäàåìîãî ÀÌÑ/ìèí íà 1 ìã 
áåëêà â ïðîáå [13, 14]. 

Ñîäåðæàíèå áåëêà â êëåòêàõ îïðåäåëÿëè ïî âçàè-
ìîäåéñòâèþ êðàñèòåëÿ Êóìàññè ãîëóáîãî G-250 ñ îñ-
òàòêàìè àìèíîêèñëîò ëèçèíà è àðãèíèíà áåëêîâûõ 
ìîëåêóë [15], èñïîëüçóÿ êàëèáðîâî÷íûé ãðàôèê, ïî-
ñòðîåííûé íà îñíîâå ñòàíäàðòíûõ ðàñòâîðîâ áû÷üåãî 
ñûâîðîòî÷íîãî àëüáóìèíà ñ êîíöåíòðàöèÿìè îò 1 äî 
10 ìêã/100 ìë. 

Ñòàòèñòè÷åñêóþ îáðàáîòêó ïîëó÷åííûõ ðåçóëüòà-
òîâ ïðîâîäèëè ïðè ïîìîùè ïðîãðàììû Statistica 6,0 
for Windows. Ïðîâåðêó íîðìàëüíîñòè ðàñïðåäåëåíèÿ 
êîëè÷åñòâåííûõ ïîêàçàòåëåé âûïîëíÿëè ñ èñïîëüçîâà-
íèåì êðèòåðèÿ Øàïèðî–Óèëêè. Äîñòîâåðíîñòü ðàçëè-
÷èé îöåíèâàëè ñ ïîìîùüþ íåïàðàìåòðè÷åñêîãî êðèòå-
ðèÿ Ìàííà–Óèòíè. Äàííûå ïðåäñòàâëåíû â âèäå ìå-
äèàíû Ìå, âåðõíåãî è íèæíåãî êâàðòèëåé Q1–Q3. 
Íàëè÷èå ñâÿçè ìåæäó ïîêàçàòåëÿìè îïðåäåëÿëè ñ èñ-
ïîëüçîâàíèåì êîððåëÿöèîííîãî àíàëèçà ïî ìåòîäó 
Ñïèðìåíà. Ñòàòèñòè÷åñêè çíà÷èìûìè ñ÷èòàëè ðàçëè-
÷èÿ ïðè ð < 0,05 [16]. 

Результаты и обсуждение 

Ïîâûøåíèå âíóòðèêëåòî÷íîé ãåíåðàöèè ÀÔÊ â 
ëèìôîöèòàõ êðîâè ïðèâîäèò ê íàðóøåíèþ áàëàíñà ìåæ-
äó ïðî- è àíòèîêñèäàíòàìè. Àêòèâíûå ôîðìû êèñëîðî-
äà, òàêèå êàê ñóïåðîêñèäíûé àíèîí-ðàäèêàë, ïåðåêèñü 
âîäîðîäà, ãèäðîêñèëüíûé è ïåðîêñèäíûé ðàäèêàëû, 
ñèíãëåíòíûé êèñëîðîä, ãèïîõëîðèò, ïåðîêñèíèòðèò ìî-
ãóò âûñòóïàòü â êà÷åñòâå âòîðè÷íûõ ìåññåíæäåðîâ, ïðè-
íèìàþùèõ ñèãíàë îò âíåøíåãî âîçäåéñòâèÿ íà êëåòêó 
[17]. ÀÔÊ òàêæå ñïîñîáíû èíäóöèðîâàòü îêèñëèòåëü-
íûå ïîâðåæäåíèÿ îñíîâíûõ ìàêðîìîëåêóë êëåòêè, â 
ïåðâóþ î÷åðåäü áåëêîâ. Áåëêè, ïîäâåðãøèåñÿ îêèñëè-
òåëüíîé äåñòðóêöèè, èçìåíÿþò ñâîþ ôóíêöèîíàëüíóþ 
àêòèâíîñòü è èìåþò áîëåå äëèòåëüíûé ïåðèîä ðàñïàäà, 
ïî ñðàâíåíèþ ñ ïðîäóêòàìè ëèïèäíîé ìîäèôèêàöèè, 
÷òî äåëàåò ýòè ïðîòåèíû ïåðñïåêòèâíûì ìàðêåðîì 
èíòåíñèâíîñòè ñâîáîäíî-ðàäèêàëüíîãî îêèñëåíèÿ [18]. 
Âàæíóþ ðîëü â àíòèîêñèäàíòíîé çàùèòå è ïîääåðæà-
íèè ðåäîêñ-áàëàíñà êëåòêè èãðàþò ëåãêî îêèñëÿåìûå 

ïåïòèäû, â ñîñòàâ êîòîðûõ âõîäÿò SH-ãðóïïû öèñòåè-
íà. Ñðåäè òàêèõ ñîåäèíåíèé ïåðâîå ìåñòî çàíèìàåò 
òðèïåïòèä ãëóòàòèîí [3].  

Ïðè ìîäåëèðîâàíèè îêèñëèòåëüíîãî ñòðåññà in vitro 
â ëèìôîöèòàõ êðîâè áûëî óñòàíîâëåíî ñòàòèñòè÷åñêè 
çíà÷èìîå óâåëè÷åíèå ñîäåðæàíèÿ GSH (â 2,77 ðàçà, 
ð < 0,05), GSSG (â 1,54 ðàçà, ð < 0,05), áåëêîâî-
ñâÿçàííîãî ãëóòàòèîíà (â 2,80 ðàçà, ð < 0,05), íåðåïà-
ðèðóåìûõ êàðáîíèëüíûõ ïðîèçâîäíûõ áåëêîâ (â 2,40 
ðàçà, ð < 0,05), êîòîðîå ñîïðîâîæäàëîñü ïîâûøåíèåì 
àêòèâíîñòè êàñïàçû-3 â 2,07 ðàçà (ð < 0,05) ïî ñðàâíå-
íèþ ñ èíòàêòíûìè êëåòêàìè (òàáëèöà). 

Ïðè îöåíêå êëåòî÷íîãî îòâåòà íà äîïîëíèòåëüíîå 
âíåñåíèå NEM è ïåðîêñèäà âîäîðîäà â ñðåäó èíêóáà-
öèè ëèìôîöèòîâ êðîâè áûëî óñòàíîâëåíî ñòàòèñòè÷å-
ñêè çíà÷èìîå ñíèæåíèå êîíöåíòðàöèè áåëêîâî-
ñâÿçàííîãî ãëóòàòèîíà (â 7,00 ðàçà, ð < 0,05) è âåëè-
÷èíû ñîîòíîøåíèÿ GSH/GSSG (â 8,41 ðàçà, ð < 0,05) 
çà ñ÷åò ðåçêîãî ñíèæåíèÿ êîíöåíòðàöèè GSH (â 41,60 
ðàçà, ð < 0,05) è GSSG (â 5,66 ðàçà, ð < 0,05) íà ôîíå 
óâåëè÷åíèÿ êîíöåíòðàöèè êàðáîíèëüíûõ ïðîèçâîäíûõ 
áåëêîâ â 1,59 ðàçà (ð < 0,05) è àêòèâíîñòè êàñïàçû-3 â 
1,49 ðàçà (ð < 0,05) ïî ñðàâíåíèþ ñ êëåòêàìè â óñëî-
âèÿõ îêèñëèòåëüíîãî ñòðåññà in vitro, à òàêæå ñòàòè-
ñòè÷åñêè çíà÷èìîå ñíèæåíèå êîíöåíòðàöèè áåëêîâî-
ñâÿçàííîãî ãëóòàòèîíà â 9,50 ðàçà (ð < 0,05) íà ôîíå 
óâåëè÷åíèÿ êîíöåíòðàöèè êàðáîíèëüíûõ ïðîèçâîäíûõ 
áåëêîâ â 1,30 ðàçà (ð < 0,05) è àêòèâíîñòè êàñïàçû-3  
â 2,45 ðàçà (ð < 0,05) ïî ñðàâíåíèþ ñ êëåòêàìè â óñëî-
âèÿõ áëîêèðîâàíèÿ SH-ãðóïï ïðîòåèíîâ ëèìôîöèòîâ 
êðîâè (òàáëèöà). Ïîëó÷åííûå ðåçóëüòàòû óêàçûâàþò 
íà àêòèâàöèþ ôåðìåíòàòèâíîé àêòèâíîñòè ýôôåêòîð-
íîé êàñïàçû-3 â ñëó÷àå äîïîëíèòåëüíîãî âíåñåíèÿ 
NEM â ñðåäó èíêóáàöèè ëèìôîöèòîâ êðîâè â óñëîâèÿõ 
îêèñëèòåëüíîãî ñòðåññà èç-çà íàêîïëåíèÿ íåðåïàðè-
ðóåìûõ êàðáîíèëüíûõ ïðîèçâîäíûõ áåëêîâ. 

Äîïîëíèòåëüíîå âíåñåíèå DTE è ïåðîêñèäà âîäî-
ðîäà â ñðåäó èíêóáàöèè ëèìôîöèòîâ êðîâè ñîïðîâîæ-
äàëîñü ñòàòèñòè÷åñêè çíà÷èìûì óâåëè÷åíèåì ñîîòíî-
øåíèÿ GSH/GSSG â 2,71 ðàçà (ð < 0,05) çà ñ÷åò ñíè-
æåíèÿ êîíöåíòðàöèè GSH â 1,61 ðàçà (ð < 0,05) è 
GSSG â 3,40 ðàçà (ð < 0,05) íà ôîíå ñîïîñòàâèìûõ 
çíà÷åíèé êîíöåíòðàöèè áåëêîâî-ñâÿçàííîãî ãëóòàòèî-
íà, êàðáîíèëüíûõ ïðîèçâîäíûõ áåëêîâ è àêòèâíîñòè 
êàñïàçû-3 ïî ñðàâíåíèþ ñ êëåòêàìè â óñëîâèÿõ îêèñ-
ëèòåëüíîãî ñòðåññà in vitro, à òàêæå ñòàòèñòè÷åñêè 
çíà÷èìûì óâåëè÷åíèåì ñîäåðæàíèÿ êàê áåëêîâî-
ñâÿçàííîãî ãëóòàòèîíà â 1,57 ðàçà (ð < 0,05) çà ñ÷åò 
ðåçêîãî ñíèæåíèÿ GSSG â 2,80 ðàçà (ð < 0,05), òàê è 
íåðåïàðèðóåìûõ êàðáîíèëüíûõ ïðîèçâîäíûõ áåëêîâ  
â 2,24 ðàçà (ð < 0,05) íà ôîíå ìåíåå çíà÷èòåëüíîé àê- 
òèâàöèè

 êàñïàçû-3 â 1,84 ðàçà (ð < 0,05) ïî ñðàâíåíèþ 
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ëÓ‰ÂÊ‡ÌËÂ Ù‡ÍˆËÈ „ÎÛÚ‡ÚËÓÌ‡, ÓÍËÒÎËÚÂÎ¸ÌÓ-ÏÓ‰ËÙËˆËÓ‚‡ÌÌ˚ı ÔÓËÁ‚Ó‰Ì˚ı ·ÂÎÍÓ‚ Ë ‡ÍÚË‚ÌÓÒÚ¸ Í‡ÒÔ‡Á˚-3 ‚ ÎËÏÙÓˆËÚ‡ı ÍÓ‚Ë  
Ë (ËÎË) ‚ ÛÒÎÓ‚Ëflı ÓÍËÒÎËÚÂÎ¸ÌÓ„Ó ÒÚÂÒÒ‡ in vitro, ÔË ‰ÂÈÒÚ‚ËË ·ÎÓÍ‡ÚÓ‡ (N-˝ÚËÎÏ‡ÎÂËÏË‰), ÔÓÚÂÍÚÓ‡ (1,4-‰ËÚËÓ˝ËÚËÚÓÎ)  

SH-„ÛÔÔ ÔÓÚÂËÌÓ‚ (Må (Q1–Q3)) 

Ïîêàçàòåëü 

Ãðóïïà Âîññòàíîâëåííûé 
ãëóòàòèîí (GSH), 
íìîëü/ìã áåëêà 

Îêèñëåííûé  
ãëóòàòèîí (GSSG), 
íìîëü/ìã áåëêà 

GSH/ 
GSSG 

Êàñïàçà-3, 
ïìîëü/(ìèí · ìã 

áåëêà) 

Áåëêîâî-ñâÿçàííûé 
ãëóòàòèîí,  

íìîëü/ìã áåëêà 

Êàðáîíèëüíûå  
ïðîèçâîäíûå áåëêîâ, 

íìîëü/ìã áåëêà 

Ëèìôîöèòû 0,75 
(0,74–0,88) 

0,11 
(0,10–0,12) 

7,17 
(6,52–8,00) 

108,44 
(103,48–112,66) 

0,05 
(0,04–0,06) 

0,149 
(0,142–0,151) 

Ëèìôîöèòû +  
N-ýòèëìàëåèìèä 

0,25 
(0,20–0,28)* 

0,08 
(0,05–0,10) 

3,20 
(2,60–3,79)* 

136,46 
(135,41–137,33)*

0,19 
(0,12–0,29)* 

0,437 
(0,429–0,441)* 

Ëèìôîöèòû +  
1,4-äèòèî-
ýðèòðèòîë 

1,04 
(0,51–1,15) 

0,14 
(0,12–0,17) 

6,90 
(4,77–7,33) 

121,22 
(120,90–122,73)*

0,07 
(0,06–0,07)  

0,164 
(0,161–0,179) 

Ëèìôîöèòû + 
Í2Î2 

2,08 
(1,52–2,16)* 

0,17 
(0,15–0,17)* 

12,46 
(10,71–12,78)* 

224,16 
(220,34–227,18)*

0,14 
(0,13–0,15)* 

0,359 
(0,354–0,362)* 

Ëèìôîöèòû + 
Í2Î2 + N-ýòèë-
ìàëåèìèä 

0,05 
(0,04–0,06)▼, ◊ 

0,03 
(0,03–0,04)▼, ◊ 

1,48 
(1,22–1,99)▼, ◊ 

334,67 
(331,25–337,56)▼, ◊

0,02 
(0,017–0,023)▼, ◊ 

0,572 
(0,562–0,577)▼, ◊ 

Ëèìôîöèòû + 
Í2Î2 + 1,4-äèòèî-
ýðèòðèòîë 

1,29 
(1,25–1,33)▼, ● 

0,05 
(0,04–0,07)▼, ● 

27,07 
(19,68–32,02)▼, ● 

223,87 
(221,56–226,09)● 

0,11 
(0,10–0,12)● 

0,368 
(0,362–0,374)● 

 

Ï ð è ì å ÷ à í è å. * – ð < 0,05 óðîâåíü ñòàòèñòè÷åñêîé çíà÷èìîñòè ðàçëè÷èé ïî ñðàâíåíèþ ñ ëèìôîöèòàìè êðîâè; ▼ – ð < 0,05 óðîâåíü 
çíà÷èìîñòè ðàçëè÷èé ïî ñðàâíåíèþ ñ ãðóïïîé ëèìôîöèòû + Í2Î2; ◊ – ð < 0,05 óðîâåíü çíà÷èìîñòè ðàçëè÷èé ïî ñðàâíåíèþ ñ ãðóïïîé ëèìôîöè-
òû + N-ýòèëìàëåèìèä; ● – ð < 0,05 óðîâåíü çíà÷èìîñòè ðàçëè÷èé ïî ñðàâíåíèþ ñ ãðóïïîé ëèìôîöèòû + 1,4-äèòèîýðèòðèòîë. 

 
ñ êëåòêàìè â óñëîâèÿõ ïðîòåêöèè SH-ãðóïï ïðîòåèíîâ 
ëèìôîöèòîâ êðîâè (òàáëèöà). Ó÷àñòèå ãëóòàòèîíà â 
àêòèâàöèè êàñïàçû-3 ïîäòâåðæäàåòñÿ íàëè÷èåì îòðè-
öàòåëüíîé êîððåëÿöèîííîé ñâÿçè ìåæäó áåëêîâî-
ñâÿçàííûì ãëóòàòèîíîì è àêòèâíîñòüþ ôåðìåíòà 
(r = –0,89, ð < 0,05) ïðè äîáàâëåíèè ïðîòåêòîðà  
SH-ãðóïï â ñðåäó èíêóáàöèè ëèìôîöèòîâ êðîâè. 

Èñõîäÿ èç ïîëó÷åííûõ äàííûõ, ìîæíî çàêëþ÷èòü, 
÷òî êîìïîíåíòû ñèñòåìû ãëóòàòèîíà è îêèñëèòåëüíàÿ 
ìîäèôèêàöèÿ áåëêîâ âëèÿþò íà àêòèâàöèþ ýôôåêòîð-
íîé êàñïàçû-3 â óñëîâèÿõ èçìåíåíèÿ ðåäîêñ-ñòàòóñà 
ëèìôîöèòîâ êðîâè. 

Заключение 

Íàëè÷èå öèñòåèíîâûõ îñòàòêîâ â ñòðîåíèè êàñïà-
çû-3 ïîçâîëÿåò îòíåñòè åå ê ïîòåíöèàëüíûì ìîëåêó-
ëÿðíûì ýôôåêòîðàì, âûñòóïàþùèì â êà÷åñòâå ñåíñî-
ðîâ ÀÔÊ ïðè èçìåíåíèè ðåäîêñ-ñòàòóñà ëèìôîöèòîâ 
êðîâè. Îêèñëåííàÿ ôîðìà ãëóòàòèîíà, ÿâëÿÿñü âûñî-
êî-ðåàêöèîííîé ìîëåêóëîé, ñïîñîáíà âçàèìîäåéñòâî-
âàòü ñ SH-ãðóïïàìè áåëêîâ, â òîì ÷èñëå ñ êàñïàçîé-3, 
ïðèâîäÿ ê èçìåíåíèþ ôóíêöèîíàëüíîé àêòèâíîñòè. 

Ïîèñê ïîäõîäîâ ðåäîêñ-ðåãóëÿöèè àïîïòîçà, èí-
äóöèðîâàííîãî îêèñëèòåëüíûì ñòðåññîì, ïîçâîëèò 
ïîâûñèòü ýôôåêòèâíîñòü ñóùåñòâóþùèõ ìåòîäîâ ïàòî-
ãåíåòè÷åñêîé òåðàïèè áîëüøîãî ÷èñëà ñîöèàëüíî-
çíà÷èìûõ çàáîëåâàíèé ñ âîâëå÷åíèåì â ïðîöåññ ëèì-
ôîöèòîâ êðîâè è îòêðîåò øèðîêèå ïåðñïåêòèâû äëÿ 

ìîëåêóëÿðíûõ òåõíîëîãèé ñåëåêòèâíîãî óïðàâëåíèÿ 
ïðîãðàììèðîâàííîé êëåòî÷íîé ãèáåëüþ.  

 
Èññëåäîâàíèå âûïîëíåíî ïðè ôèíàíñîâîé ïîääåðæ-

êå Ðîññèéñêîãî ãóìàíèòàðíîãî íàó÷íîãî ôîíäà â ðàì-

êàõ íàó÷íîãî ïðîåêòà ¹ 15-36-01289. 
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THE ROLE OF PROTEIN OXIDATIVE MODIFICATION IN REDOX-REGULATION  

OF CASPASE-3 ACTIVITY IN BLOOD LYMPHOCYTES DURING OXIDATIVE  

STRESS IN VITRO 
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ABSTRACT 

The formation of oxidative stress lies at the heart of many frequent and socially-important diseases. 
Blood lymphocytes are the cells which provide immunological control of our organism. As a result of 
their function implementation blood lymphocytes contact with different endogenic and exogenic factors, 
which can lead to active oxygen species production activation, macromolecules oxidative modification 
and to cell survival alteration. At the present time it is essential to expand and deepen the fundamental 
knowledge of blood lymphocytes apoptosis regulation peculiarities. 

The research objective was to establish the interaction among alterations of glutathione system condi-
tion, carbonylation level, protein glutathionylation and caspase-3 activity in blood lymphocytes during 
oxidative stress in vitro. 

Material and Methods. The material for research was blood lymphocytes cultivated with addition of 
hydrogen peroxide in final concentration of 0,5 mmol and/or protein SH-group inhibitor N-
ethylmaleimide – 5 mmol, protector – 5 mmol – 1,4-dithioerythritol. 

Reduced, oxidized and protein-bound glutathione concentration was measured by method of spectropho-
tometry, additionally, the ratio size of reduced to oxidized thiol fraction was estimated. With help of 
enzymoimmunoassay the level of protein carbonyl derivatives was evaluated; caspase-3 activity was regis-
tered by spectrofluorometric method. 

Results. Protein SH-group blocking in blood lymphocytes during oxidative stress in vitro was accompa-
nied by protein-bound glutathione concentration rapid decrease in connection with increase of protein 
carbonyl derivatives content and caspase-3 activity. Protein SH-group protection in blood lymphocytes 
during oxidative stress in vitro was accompanied by concentration increase of protein-bound glutathione 
and protein carbonyl derivatives under comparable values of enzyme activity under study. 

Conclusion. The carried out research shows that caspase-3 and protein-bound glutathione are the mo-
lecular targets of selective control over programmed cell death. 

The received indices of caspase-3 activity change and protein-bound glutathione concentration alteration 
in blood lymphocytes during oxidative stress in vitro can be used when elaborating target therapy ap-
proaches to diseases accompanied by apoptosis disregulation. 

KEY WORDS: blood lymphocytes, oxidative stress, glutathione system, cell redox-status, oxidative 
protein modification, caspase-3. 
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