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Ñòàòòÿ ïðèñâÿ÷åíà àíòèîêñèäàíòí³é ñèñòåì³ îðãàí³çìó ëþäèíè â êîíòåêñò³ á³îëîã³÷íîãî
òà ìåäè÷íîãî çíà÷åííÿ. Ïîäàíî êëàñèô³êàö³þ àíòèîêñèäàíò³â â³äïîâ³äíî äî ô³çèêî-
õ³ì³÷íèõ âëàñòèâîñòåé, á³îîðãàí³÷íèõ ñïîëóê, á³îõ³ì³÷íèõ åôåêò³â òà ìåõàí³çì³â ðåàë³-
çàö³¿ àíòèîêñèäàíòíîãî çàõèñòó. Íàâåäåíî ïðîöåñè â³ëüíîðàäèêàëüíîãî îêèñíåííÿ ³ ìå-
õàí³çìè àíòèîêñèäàíòíîãî çàõèñòó â ô³ç³îëîã³÷íèõ òà ïàòîëîã³÷íèõ óìîâàõ. Ïîäàíî õà-
ðàêòåðèñòèêó êîìïîíåíò³â ãëóòàò³îíîâî¿ ñèñòåìè, à ñàìå: ãëóòàò³îíó òà åíçèì³â – ãëóòà-
ò³îíïåðîêñèäàçè, ãëóòàò³îíðåäóêòàçè òà ãëóòàò³îíòðàíñôåðàçè. Çíà÷íó óâàãó ïðèä³ëåíî
ìàðãàíåöü-ñóïåðîêñèääèñìóòàç³, ôåðìåíòó àíòèðàäèêàëüíîãî çàõèñòó, ÿê ôóíäàìåíòàëü-
íîìó ðåãóëÿòîðó êë³òèííî¿ ïðîë³ôåðàö³¿, ìåä³àòîðó ìåòàáîë³çìó òà àïîïòîçó. ²íòåðïðåòà-
ö³ÿ çì³í àíòèîêñèäàíòíîãî åíçèìó ì³òîõîíäð³àëüíîãî ïîõîäæåííÿ ç ïðîãíîñòè÷íèõ ïî-
çèö³é òðàêòóºòüñÿ íà ï³äñòàâ³ ðåçóëüòàò³â êë³í³÷íèõ ñïîñòåðåæåíü, ïðîâåäåíèõ ó÷åíèìè
ïðè ð³çíèõ çàõâîðþâàííÿõ ëþäåé. Ï³äêðåñëþºòüñÿ äîö³ëüí³ñòü âèçíà÷åííÿ ìàðãàíåöü-
ñóïåðîêñèääèñìóòàçè â êë³í³÷í³é ïðàêòèö³ äëÿ ä³àãíîñòè÷íîãî ïîøóêó íàïðàâëåíîñò³
ïàòîëîã³÷íîãî ïðîöåñó, ñâîº÷àñíîãî âèÿâëåííÿ óñêëàäíåíü òà ïðèçíà÷åííÿ àäåêâàòíî¿
òåðàï³¿.
Êëþ÷îâ³ ñëîâà: àíòèîêñèäàíòíà ñèñòåìà, êëàñèô³êàö³ÿ, ãëóòàò³îíîâà ñèñòåìà, ìàð-
ãàíåöü-ñóïåðîêñèääèñìóòàçà.

Åêñïåðèìåíòàëüíèìè òà êë³í³÷íèìè äî-
ñë³äæåííÿìè âñòàíîâëåíî, ùî â îðãàí³çì³ ëþ-
äèíè â³ëüíîðàäèêàëüíå ïåðåêèñíå îêèñíåííÿ
(ÂÐÏÎ) âèêîíóº ôóíäàìåíòàëüíó ðîëü ³ áåðå
ó÷àñòü ó ïðîâ³äíèõ ìåòàáîë³÷íèõ ïðîöåñàõ.
Ïðîäóêòè ÂÏÐÎ – öå àêòèâí³ ôîðìè êèñíþ,
ùî ïîñò³éíî óòâîðþþòüñÿ â îðãàí³çì³, º êîì-
ïîíåíòàìè êë³òèííîãî àåðîáíîãî ìåòàáîë³çìó,
³îííîãî òðàíñïîðòó, â³äïîâ³äàëüí³ çà ïîáóäîâó
íåîáõ³äíèõ åíçèì³â, ïðîë³ôåðàö³þ Ò-êë³òèí,
àïîïòîçó, ðå÷îâèí äëÿ çàõèñòó â³ä áàêòåð³é,
â³ðóñ³â, ÷óæîð³äíèõ êë³òèí òà çä³éñíþþòü ³ìó-
íîìîäóëÿö³þ ³ ³ìóííèé çàõèñò [1, 2].

Â³ëüíîðàäèêàëüí³ ðåàêö³¿ íåîáõ³äí³ äëÿ àê-
òèâàö³¿ òðàíñêðèïòèö³éíèõ ôàêòîð³â çà ó÷àñò³
åêñïðåñ³¿ ãåí³â, çä³éñíþþòü òðàíñäóêö³þ ãîð-

ìîíàëüíèõ òà êë³òèííèõ ñèãíàë³â, ðåãóëþþòü
ïðîöåñè á³îåíåðãåòè÷íîãî îáì³íó, åêñïðåñ³þ
öèòîê³í³â, ôàêòîðà ðîñòó, ëåæàòü â îñíîâ³ ñèí-
òåçó áàãàòüîõ á³îëîã³÷íî àêòèâíèõ ðå÷îâèí,
òàêèõ ÿê ëåéêîòð³ºíè, ìàêðîåðã³÷í³ ñïîëóêè, ïó-
ðèíîâ³ äåçîêñèðèáîíóêëåîòèäè òà ³í. [3].

Ïðîäóêòè ÂÐÏÎ – âòîðèíí³ â³ëüí³ ðàäè-
êàëè, ïðîîêñèäàíòè, ïðåäñòàâëåí³ ìîëåêóëÿð-
íèìè ÷àñòèíêàìè ç íåïàðíèìè åëåêòðîíàìè
íà çîâí³øí³é îðá³ò³, íåñòàá³ëüí³, õàðàêòåðèçó-
þòüñÿ âèñîêèìè ðåàêö³éíèìè âëàñòèâîñòÿìè,
òîìó çäàòí³ âçàºìîä³ÿòè ÿê ì³æ ñîáîþ, òàê ³ ç
á³îëîã³÷íèìè ìàêðîìîëåêóëàìè, îðãàí³÷íèìè
ñóáñòðàòàìè, òàêèìè ÿê ë³ï³äè, ïðîòå¿íè, ÄÍÊ,
³í³ö³þþòü åòàïè ³îííîãî òðàíñïîðòó, êîíôîð-
ìàö³þ á³ëê³â ³ ë³ï³ä³â, îòæå, çä³éñíþþòü ðóø³é-
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íèé âïëèâ íà ñòðóêòóðè ³ ôóíêö³¿ ìåìáðàí,
ïðèçâîäÿ÷è äî ¿õí³õ çì³í. Â³ëüí³ ðàäèêàëè
çäàòí³ çâ’ÿçóâàòèñÿ ç ÄÍÊ òà á³ëêàìè ÿäåð-
íîãî õðîìàòèíó ç ïîäàëüøèì ïîðóøåííÿì ðå-
ïë³êàö³¿ òà òðàíñêðèïö³¿.

Ñåðåä ìíîæèííèõ ÷èííèê³â ïàòîëîã³¿ ëþ-
äèíè íàëåæíà óâàãà ïðèä³ëåíà âïëèâó îêñè-
äàíò³â, ÿê³ çàïóñêàþòü ïàòîô³ç³îëîã³÷íèé êàñ-
êàä ôîðìóâàííÿ çàõâîðþâàíü [4]. Íàêîïè÷åí-
íÿ ïðîîêñèäàíò³â â³äáóâàºòüñÿ äâîìà øëÿõà-
ìè: âèêîðèñòîâóþ÷è åíäîãåíí³ òà åêçîãåíí³
äæåðåëà. Åíäîãåíí³ â³ëüí³ ðàäèêàëè óòâîðþ-
þòüñÿ âíàñë³äîê ³ìóííî¿ àêòèâàö³¿ êë³òèí, çà-
ïàëåííÿ, ³íôåêö³¿, ³øåì³¿, ñòàð³ííÿ, çíà÷íîãî
ô³çè÷íîãî íàâàíòàæåííÿ, íàâ³òü ïñèõ³÷íîãî
ñòðåñó, çàõâîðþâàíü ³ç ìåòàáîë³÷íèìè ïîðó-
øåííÿ òà ³íøèõ ïðè÷èí. Äæåðåëîì åêçîãåí-
íèõ â³ëüíèõ ðàäèêàë³â º ³îí³çóþ÷à ðàä³àö³ÿ,
ñèãàðåòíèé äèì, ñîë³ âàæêèõ ìåòàë³â, çàáðóä-
íåííÿ íàâêîëèøíüîãî ñåðåäîâèùà, õàð÷îâ³
êîíñåðâàíòè òà ³í.

Õàðàêòåð ïðîöåñ³â ÂÐÏÎ â îðãàí³çì³ ëþ-
äèíè çàëåæèòü â³ä êîíöåíòðàö³¿ êèñíþ â òêà-
íèíàõ, à òàêîæ â³ä àêòèâíîñò³ ñòâîðåíî¿ â ïðî-
öåñ³ åâîëþö³¿ ñèñòåìè, ÿêà ì³ñòèòü ñïîëóêè,
ùî êîíòðîëþþòü âñ³ åòàïè â³ëüíîðàäèêàëüíèõ
ðåàêö³é, çàâäÿêè ÷îìó ³ñíóº áàëàíñ ì³æ ïðî-
öåñàìè â³ëüíîðàäèêàëüíîãî îêèñíåííÿ ³ ìåõà-
í³çìàìè çàõèñòó â³ä ä³¿ â³ëüíèõ ðàäèêàë³â. Â
óìîâàõ çíèæåííÿ ð³âíîâàãè ì³æ ñèíòåçîì òà
åë³ì³íàö³ºþ ôîðì àêòèâíîãî êèñíþ (ñóïåðîê-
ñèäðàäèêàë, ã³äðîêñèëðàäèêàë, àí³îíðàäèêàë
³ ñèíãëåòíèé êèñåíü), çàâàíòàæåííÿ íàäëèøêó
â³ëüíèìè ðàäèêàëàìè òà çíèæåííÿ çàõèñòó
ôîðìóºòüñÿ ôåíîìåí îêèñíîãî ñòðåñó, ùî â³ä³-
ãðàº çíà÷íó ðîëü ó ðîçâèòêó õðîí³÷íèõ òà äå-
ãåíåðàòèâíèõ õâîðîá. Äëÿ ïðîòèä³¿ îêèñíîìó
ñòðåñó ïðîâ³äíå çíà÷åííÿ ìàº àíòèîêñèäàíò-
íà ñèñòåìà çàõèñòó (ÀÎÇ) çàâäÿêè íàÿâíîñò³
ðå÷îâèí, ÿê³ âèðîáëÿþòüñÿ ïðèðîäíî [5]. Ö³
ìîëåêóëè ñï³ëüíî ä³þòü íà â³ëüí³ ðàäèêàëè
ç ìåòîþ ïðîòèñòîÿòè ¿õí³ì åôåêòàì, ùî ïî-
øêîäæóþòü êë³òèíè òà â³äïîâ³äíî òêàíèíè
îðãàí³çìó.

Êëàñèô³êàö³ÿ àíòèîêñèäàíòíî¿ ñèñòåìè
çàõèñòó. ÀÎÇ – öå êîìïëåêñ ìåõàí³çì³â êë³òèí,
òêàíèí, îðãàí³â òà ñèñòåì, ñïðÿìîâàíèõ íà
êîíòðîëü ³ êîðåêö³þ îêèñëþâàëüíîãî ãîìåî-
ñòàçó â îðãàí³çì³. ²ñíóþòü äåê³ëüêà ï³äõîä³â
äî êëàñèô³êàö³¿ êîìïîíåíò³â ÀÎÇ. Çàïðîïîíî-
âàíî ðîçïîä³ë íà åêçîãåíí³ òà åíäîãåíí³ àíòè-
îêñèäàíòè â³äïîâ³äíî äî ¿õíüîãî ïîõîäæåííÿ.

Ó ïðèðîäíîìó ñåðåäîâèù³ íàë³÷óþòüñÿ ð³çí³
ñïîëóêè, ÿê³ çäàòí³ ðåàãóâàòè ç â³ëüíèìè ðà-
äèêàëàìè â îðãàí³çì³ ³ òîìó ìàþòü çàõèñí³
âëàñòèâîñò³, òàê çâàí³ åêçîãåíí³ àíòèîêñèäàí-
òè, äî ÿêèõ íàëåæàòü õàð÷îâ³ àíòèîêñèäàíòè,
âîíè íå çäàòí³ óòâîðþâàòèñÿ â îðãàí³çì³, òîìó
ïîâèíí³ äîñòàâëÿòèñÿ ó ñêëàä³ ¿æ³ àáî ñïå-
ö³àëüíèõ äîäàòê³â. Åíäîãåííèìè àíòèîêñèäàí-
òàìè º: ôåíîëüí³ ñïîëóêè – òîêîôåðîëè, ïîë³-
ôåðîëè (â³òàì³í Ð); óá³õ³íîíè - óá³õ³íîí, êîåí-
çèì Q10; ðåòèíîëè òà -êàðîòèíè; ñòàòåâ³ ãîð-
ìîíè; ð³çí³ ôåðìåíòè òà ³í. Âîíè º áàçîâèìè
ðåãóëÿòîðàìè êë³òèííîãî ìåòàáîë³çìó â³äïî-
â³äíî äî çàêëþ÷íîãî ðåçóëüòàòó ä³¿, ñïðÿìîâà-
íî¿ íà â³äíîâëåííÿ ìàêðîìîëåêóë íóêëå¿íîâèõ
êèñëîò ³ á³ëê³â, äåÿêèõ ñêëàäîâèõ ìåìáðàí.

Â ³ñòîðè÷íîìó àñïåêò³ ñë³ä çãàäàòè êëà-
ñèô³êàö³þ, ÿêà çà îñíîâó ðîçïîä³ëó àíòèîêñè-
äàíò³â îáðàëà ¿õí³ ô³çèêî-õ³ì³÷í³ âëàñòèâîñò³,
ó òàêèé ñïîñ³á áóëè âèä³ëåí³ æèðîðîç÷èíí³ ³
âîäîðîç÷èíí³ ñïîëóêè. Äî ïåðøî¿ ãðóïè
âêëþ÷åí³ â³òàì³íè ãðóïè Å (òîêîôåðîë) – îñ-
íîâíèé àíòèîêñèäàíò á³îëîã³÷íèõ ìåìáðàí;
â³òàì³íè ãðóïè Ê, â³òàì³í À ³ éîãî ïðîâ³òàì³í
Ð-êàðîòèí; á³ë³ðóá³í; ñòåðî¿äí³ ãîðìîíè òà ³í.
Äî âîäîðîç÷èííèõ àíòèîêñèäàíò³â â³äíîñèòüñÿ
ïåðø çà âñå â³òàì³í Ñ (àñêîðá³íîâà êèñëîòà);
à òàêîæ ãëóòàò³îí (òðèïåïòèä, ÿêèé ñêëàäàºòü-
ñÿ ³ç çàëèøê³â àì³íîêèñëîò ãë³öèíó, öèñòå¿íó
òà ãëóòàì³íîâî¿ êèñëîòè); ñ³ðêîâì³ñí³ àì³íîêèñ-
ëîòè; ñå÷îâà êèñëîòà; öèñòå¿í; ñåëåí òà ³í.
Äåÿê³ ç íèçüêîìîëåêóëÿðíèõ àíòèîêñèäàíò³â
(ãëóòàò³îí, óá³õ³íîí, ñå÷îâà êèñëîòà) º åíäî-
ãåííèìè àíòèîêñèäàíòàìè, ³íø³ (â³òàì³íè À,
Å, Ñ ³ êàðîòèíî¿äè) – åêçîãåííèìè àíòèîêñè-
äàíòàìè, òîìó ùî íå ñèíòåçóþòüñÿ â îðãàí³çì³
³ ïîâèíí³ ïîñòóïàòè ç ¿æåþ.

²íøà êëàñèô³êàö³ÿ âèä³ëÿº äâ³ êàòåãîð³¿
àíòèîêñèäàíò³â: åíçèìàòè÷í³ òà íååíçèìà-
òè÷í³. Åíçèìàòè÷íà ÀÎÇ ïðåäñòàâëåíà ñó-
ïåðîêñèääèñìóòàçîþ (ÑÎÄ), êàòàëàçîþ, ãëó-
òàò³îíïåðîêñèäàçîþ, ãëóòàò³îíòðàíñôåðàçîþ,
ãëóòàò³îíðåäóêòàçîþ, ò³îðåäîêñèíîì òà ïå-
ðîêñèðåäîêñèíîì. Äî íååíçèìàòè÷íî¿ ÀÎÇ
â³äíîñÿòü ðÿä ðå÷îâèí, ÿê³ º ïðåäñòàâíèêàìè
ð³çíèõ êëàñ³â õ³ì³÷íèõ ñïîëóê íèçüêîìîëåêó-
ëÿðíî¿ ³ á³ëêîâî¿ ïðèðîäè. Íååíçèìàòè÷í³ àí-
òèîêñèäàíòè ðîçïîä³ëÿþòü íà ìåòàáîë³÷í³ òà
ò³, ùî ïîòðàïëÿþòü â îðãàí³çì ³ç õàð÷îâèìè
ïðîäóêòàìè àáî äîäàòêîâî ó ð³çíèõ ôîðìàõ.
Ìåòàáîë³÷í³ àíòèîêñèäàíòè íàëåæàòü äî åíäî-
ãåííèõ ³ óòâîðþþòüñÿ â îðãàí³çì³ âíàñë³äîê

ÒÅÐÀÏ²ß



ÌÅÄÈÖÈÍÀ ÑÜÎÃÎÄÍ² ² ÇÀÂÒÐÀ. 2021. ¹ 1 (90)

23

ïåðåòâîðåíü, íàïðèêëàä: ãëóòàò³îí, -ë³ïîºâà
êèñëîòà, L-aðãèí³í, êîåíçèì Q10, ìåëàòîí³í,
ñå÷îâà êèñëîòà, á³ë³ðóá³í, òðàíñôåðèí òà ³í.
Íååíçèìàòè÷íèé ïðîöåñ â³äáóâàºòüñÿ ï³ä ÷àñ
îêñèäàòèâíîãî ôîñôîðèëþâàííÿ (àåðîáíîãî
äèõàííÿ) ó ì³òîõîíäð³ÿõ [6]. Íååíçèìàòè÷íè-
ìè åêçîãåííèìè ñêàâåíäæåðàìè ÀÎÇ ââàæà-
þòü: â³òàì³í À (ðåòèíîë 2), â³òàì³í Å (àëüôà-
òîêîôåðîë), â³òàì³í Ñ (àñêîðá³íîâà êèñëîòà),
ôëàâîíî¿äè, êàðîòèíî¿äè, ìåòàëè (ñåëåí, öèíê,
ìàðãàíåöü), óá³õ³íîíè òà ³í.

²ñíóº êëàñèô³êàö³ÿ àíòèîêñèäàíòíî¿ ñè-
ñòåìè ç îãëÿäó íà á³îîðãàí³÷íó êîíêðåòíó
ñïîëóêó òà ¿¿ á³îõ³ì³÷í³ åôåêòè. Âèä³ëÿþòü
òàê³ êàòåãîð³¿ àíòèîêñèäàíò³â: ãëóòàò³îí; åí-
çèìè; â³òàì³íè; â³òàì³íîïîä³áí³ ðå÷îâèíè; ìå-
òàëè òà ì³êðîåëåìåíòè. Äî åíçèì³â íàëåæàòü:
ãëóòàò³îíïåðîêñèäàçà, ãëóòàò³îíðåäóêòàçà, ñó-
ïåðîêñèääèñìóòàçà, ãëþêîçî-6-ôîñôàò-äåã³ä-
ðîãåíàçà, êàòàëàçà; äî â³òàì³í³â – -òîêîôå-
ðîë (â³òàì³í Å), ðåòèíîë (â³òàì³í À), L-àñêîð-
á³íîâà êèñëîòà (â³òàì³í Ñ), ðóòèí (â³òàì³í Ð),
í³êîòèíàì³ä (â³òàì³í ÐÐ, â³òàì³í Â5), á³îòèí
(â³òàì³í Í), ï³ðèäîêñèí, ö³àíîêîáàëàì³í
(â³òàì³í Â12). Äî â³òàì³íîïîä³áíèõ ðå÷îâèí –
-ë³ïîºâà êèñëîòà, óá³õ³íîí, äî ìåòàë³â òà ì³êðî-
åëåìåíò³â – ñåëåí, öèíê, ì³äü, çàë³çî, ìàðãà-
íåöü òà êîáàëüò. Ñåëåí âõîäèòü äî ñêëàäó ãëó-
òàò³îíïåðîêñèäàçè; öèíê, ì³äü ³ ìàðãàíåöü –
äî ñêëàäó ÑÎÄ; çàë³çî – äî ñêëàäó êàòàëàçè.

Ó çâ’ÿçêó ç ïîäàëüøèì ïîãëèáëåíèì âè-
â÷åííÿì âëàñòèâîñòåé àíòèîêñèäàíòíèõ ñïî-
ëóê ó æèâèõ îðãàí³çìàõ òà õàðàêòåðó â³äïîâ³ä³
íà ïîøêîäæóþ÷³ åôåêòè â³ëüíèõ ðàäèêàë³â
îñòàíí³ì ÷àñîì áóëî çàïðîïîíîâàíî êëàñèô³-
êàö³þ çà ìåõàí³çìîì ðåàë³çàö³¿ ÀÎÇ. Ç îã-
ëÿäó íà ìåõàí³çìè ðåäîêñ-çàëåæíî¿ ðåãóëÿö³¿
ìåòàáîë³÷íèõ ïðîöåñ³â àíòèîêñèäàíòí³ ìîëå-
êóëè ðîçïîä³ëÿþòüñÿ íà ð³çí³ êàòåãîð³¿. Çà îñ-
íîâó â³äíåñåííÿ àíòèîêñèäàíò³â äî êîíêðåò-
íî¿ ë³í³¿ ïîêëàäåíî ¿õíþ ñòðàòåã³þ çàõèñòó â
æèâèõ îðãàí³çìàõ, ùî ïîëÿãàº â ãàëüìóâàíí³
ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â, ïðèãí³÷åíí³
ëàíöþãîâî¿ ðåàêö³¿ øëÿõîì ïîãëèíàííÿ ïåðîê-
ñèëüíèõ ðàäèêàë³â òà âèêîíàííÿ ðîë³ ñêàâåíä-
æåð³â, çàõèñòó êë³òèí â³ä ðóéíóâàííÿ òà ¿õíüî-
ãî â³äíîâëåííÿ. Áàçóþ÷èñü íà ìåõàí³çìàõ ðå-
àë³çàö³¿ àíòèîêñèäàíòíîãî åôåêòó, áóëî çàïðî-
ïîíîâàíî âèä³ëÿòè àíòèîêñèäàíòè ïåðøî¿, äðó-
ãî¿, òðåòüî¿ òà ÷åòâåðòî¿ ë³í³¿ çàõèñòó [7].

Äî ïåðøî¿ ë³í³¿ çàõèñòó â³äíîñÿòü òàê³
àíòèîêñèäàíòè: êàòàëàçó, ãëóòàò³îíïåðîêñèäàçó,

ÑÎÄ. ̄ õíÿ ðîëü ïîëÿãàº ó ïðèãí³÷åíí³ òà ïîïå-
ðåäæåíí³ ôîðìóâàííÿ â³ëüíèõ ðåàêòèâ³â ó
êë³òèíàõ. Ö³ òðè êëþ÷îâèõ åíçèìè øâèäêî êà-
òàë³òè÷íî ïåðåòâîðþþòü ñóïåðîêñèäí³ ðàäè-
êàëè â ïåðåêèñ âîäíþ ³ êèñåíü, òèì ñàìèì
íåéòðàë³çóþòü ìîëåêóëè, ùî ïîòåíö³éíî ñïðî-
ìîæí³ ìàòè âëàñòèâîñò³ â³ëüíèõ ðàäèêàë³â àáî
³íäóêóâàòè óòâîðåííÿ ³íøèõ ðàäèêàë³â. Êàòà-
ëàçà êàòàë³çóº ðîçùåïëåííÿ ïåðîêñèäó âîäíþ,
ãëóòàò³îíïåðîêñèäàçà – ðóéíóâàííÿ ïåðîêñè-
äó âîäíþ, ÑÎÄ – ðåàêö³¿ çíåøêîäæåííÿ ïå-
ðîêñèäíèõ ñïîëóê.

Àíòèîêñèäàíòè äðóãî¿ ë³í³¿ çàõèñòó ðîç-
ãëÿäàþòü ÿê ñêàâåíäæåðè, ÿê³ âïëèâàþòü íà
àêòèâí³ ðàäèêàëè çàâäÿêè âòðó÷àííþ â ëàí-
öþãîâó îêèñíó-â³äíîâíó ðåàêö³þ. Âîíè íåéò-
ðàë³çóþòü àáî ïîãëèíàþòü â³ëüí³ ðàäèêàëè,
ïåðåòâîðþþ÷èñü ñàì³ íà àêòèâí³ ðàäèêàëè,
àëå ç ìåíøèìè ïîøêîäæóþ÷èìè âëàñòèâîñ-
òÿìè. «Íîâ³ ðàäèêàëè» äóæå ëåãêî íåéòðàë³-
çóþòüñÿ ³ ñòàþòü çîâñ³ì áåçïå÷íèìè. Äî ö³º¿
êàòåãîð³¿ â³äíîñÿòü òàê³ àíòèîêñèäàíòè: àñêîð-
á³íîâà êèñëîòà, óá³õ³íîí, ãëóòàò³îí òà ³í.

Àíòèîêñèäàíòè òðåòüî¿ ë³í³¿ çàõèñòó
âèêîíóþòü ñâîþ ðîëü â óìîâàõ, êîëè âæå â³ä-
áóâñÿ ïðîöåñ ïîøêîäæåííÿ êë³òèí íà òë³ îê-
ñèäàíòíîãî ñòðåñó. Âîíè áåðóòü ó÷àñòü ó ðå-
ïàðàö³¿ á³îìîëåêóë òà ðåêîíñòðóêö³¿ ïîøêîä-
æåíèõ ìåìáðàí êë³òèí. Äî àíòèîêñèäàíò³â ö³º¿
ë³í³¿ íàëåæàòü ñèñòåìí³ åíçèìè ðåïàðàö³¿ ÄÍÊ
(ïîë³ìåðàçè, íóêëåàçè, ãëþêîçèëàçè), ïðîòåî-
ë³òè÷í³ åíçèìè (ïðîòå¿íàçè, ïðîòåàçè, ïåïòè-
äàçè), ÿê³ ðîçòàøîâàí³ â öèòîçîë³ òà ì³òîõîíä-
ð³ÿõ êë³òèí. Ìåõàí³çì àíòèîêñèäàíòíîãî åôåê-
òó öèõ ñïîëóê ïîëÿãàº â ðîçï³çíàâàíí³, ðóéíó-
âàíí³ òà âèäàëåíí³ îêèñëåíèõ ïðîòå¿í³â, ÄÍÊ
òà ë³ï³ä³â. Ïîä³áíèé ìåõàí³çì ðåïàðàö³¿ ïî-
øêîäæåíèõ á³îìîëåêóë äîçâîëÿº ïîïåðåäèòè
¿õíþ àêóìóëÿö³þ, çíèçèòè òîêñè÷íó ä³þ â òêà-
íèíàõ òà øê³äëèâèé âïëèâ íà ìîëåêóëÿðíó
ñòðóêòóðó ïëàçìàòè÷íî¿ ìåìáðàíè.

Àíòèîêñèäàíòè ÷åòâåðòî¿ ë³í³¿ çàõèñòó
çàëó÷àþòü àäàïòèâí³ ìåõàí³çìè, ùî ñïðèéìà-
þòü ñèãíàëè, ïîòð³áí³ äëÿ ïðîäóêö³¿ â³ëüíèõ
ðàäèêàë³â ç ìåòîþ çàïîá³ãàííÿ ¿õíüîìó óòâî-
ðåííþ àáî ïîäàëüø³é ðåàêö³¿. Ñèãíàëè, ùî ãå-
íåðóþòüñÿ ó â³äïîâ³äü íà â³ëüí³ ðàäèêàëè, ³íäó-
êóþòü óòâîðåííÿ òà òðàíñïîðò â³äïîâ³äíîãî
àíòèîêñèäàíòó.

Á³îëîã³÷í³ åôåêòè àíòèîêñèäàíòíèõ
åíçèì³â. Â îðãàí³çì³ ³ñíóº îïòèìàëüíå ñï³â-
â³äíîøåííÿ ì³æ ïðîöåñàìè â³ëüíîðàäèêàëüíîãî
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îêèñíåííÿ ³ ìåõàí³çìàìè çàõèñòó â³ä ä³¿ â³ëü-
íèõ ðàäèêàë³â, ùî õàðàêòåðíî äëÿ íîðìàëü-
íèõ ô³ç³îëîã³÷íèõ ïðîöåñ³â. Çà ïåâíèõ óìîâ öåé
áàëàíñ ìîæå çðóøèòèñÿ, ùî ïðèçâîäå äî ôîð-
ìóâàííÿ îêñèäàíòíîãî ñòðåñó ç ðîçâèòêîì ïàòî-
ô³ç³îëîã³÷íîãî êàñêàäó, ÿêèé º ôóíäàìåíòîì
ôîðìóâàííÿ ð³çíèõ çàõâîðþâàíü. Ïðè÷èíà öüî-
ãî âåëüìè âàæëèâîãî ôåíîìåíà ïîëÿãàº â íà-
ÿâíîñò³ òðèâàëî¿, çíà÷íî¿ ä³¿ ïðîîêñèäàíòíèõ
ôàêòîð³â òà ãàëüìóâàíí³ òîãî ÷è ³íøîãî ëàí-
öþãà ÀÎÇ. Çàõèñò â³ä àêòèâíèõ ôîðì êèñíþ
çàëåæèòü ãîëîâíèì ÷èíîì â³ä àêòèâíîñò³ àíòè-
îêñèäàíòíî¿ ñèñòåìè, ¿¿ çäàòíîñò³ åôåêòèâíî¿
óòèë³çàö³¿ æèðíîêèñëîòíèõ ³ ë³ï³äíèõ ã³äðîïå-
ðåêèñ³â – ïðîäóêò³â ïåðåêèñíîãî îêèñíåííÿ
ë³ï³ä³â, ùî ñòèìóëþþòü â³ëüíîðàäèêàëüí³ ðå-
àêö³¿ ë³ïîïåðåîêèñíåííÿ çà ïðèíöèïîì ëàíöþ-
ãîâî¿ ðåàêö³¿. Íàéá³ëüø âàæëèâèìè åíäîãåí-
íèìè êîìïîíåíòàìè, ùî áåçïîñåðåäíüî çàëó-
÷åí³ äî íåéòðàë³çàö³¿ â³ëüíèõ ðàäèêàë³â, º: ãëó-
òàò³îíîâà ñèñòåìà ç³ ñêëàäîâèìè åëåìåíòà-
ìè, à ñàìå: âëàñíå ãëóòàò³îí ³ åíçèìè, à òàêîæ
ÑÎÄ ³ êàòàëàçà.

Ãëóòàò³îí (L--ãëóòàì³ë-L-öèñòå¿í³ë-
ãë³öèí) – á³îëîã³÷íî àêòèâíèé òðèïåïòèä, ÿêèé
ì³ñòèòü -ãëóòàì³íîâó êèñëîòó, öèñòå¿í òà
ãë³öèí. Éîãî àíòèîêñèäàíòíà ä³ÿ ïîâ’ÿçàíà
ç ïåðåíåñåííÿì ñóëüôã³äðèëüíèõ ãðóï. Ãëóòà-
ò³îíó íàëåæèòü íàäçâè÷àéíî âàæëèâà ðîëü ó
çä³éñíåíí³ àíòèîêñèäàíòíîãî åôåêòó ÿê âíóò-
ð³øíüîêë³òèííî, òàê ³ â îðãàíàõ. Äî åíçèì³â
ãëóòàò³îíîâî¿ ñèñòåìè â³äíîñÿòü ãëóòàò³îíïå-
ðîêñèäàçó, ãëóòàò³îíðåäóêòàçó òà ãëóòàò³îí-
òðàíñôåðàçó, ÿê³ êàòàë³çóþòü ðåàêö³¿ çâîðîò-
íîãî ïåðåòâîðåííÿ ãëóòàò³îíó. Çà äîïîìîãîþ
öèõ êîìïîíåíò³â â³äáóâàºòüñÿ çàõèñò êë³òèí â³ä
ïðîäóêò³â â³ëüíîðàä³êàëüíîãî îêèñíåííÿ òà
êñåíîá³îòèê³â, òîìó âîíè ââàæàþòüñÿ âàæëè-
âèìè ïðåäñòàâíèêàìè ñèñòåìè äåòîêñèêàö³¿
òîêñè÷íèõ ìåòàáîë³ò³â.

Ãëóòàò³îíïåðîêñèäàçè – öå âàæëèâà ãðó-
ïà âíóòð³øíüîêë³òèííèõ àíòèîêñèäàíòíèõ ôåð-
ìåíò³â, ïîíàä 70 % ÿêèõ ëîêàë³çóºòüñÿ ó öèòî-
çîë³ òà 25–30 % – ó ìàòðèêñ³ ì³òîõîíäð³é. ̄ õíÿ
àêòèâí³ñòü çàëåæèòü â³ä êîôàêòîðà ñåëåíó, òîìó
âîíè íàëåæàòü äî ñåëåíîöèñòå¿íîâèõ ïåðîêñè-
äàç. Îñíîâíà êëþ÷îâà ôóíêö³ÿ ãëóòàò³îíïåðîê-
ñèäàçè ïîëÿãàº â ðóéíóâàíí³ òà ³íàêòèâàö³¿ òîê-
ñè÷íèõ ñïîëóê êèñíþ øëÿõîì êàòàë³òè÷íî¿ ðå-
àêö³¿ âçàºìîä³¿ ãëóòàò³îíó ç ã³äðîïåðåêèñàìè
æèðíèõ êèñëîò ³ ïåðåêèñó âîäíþ, ïðè öüîìó
çä³éñíþºòüñÿ îêèñíåííÿ â³äíîâëåíîãî ãëóòàò³-

îíó â îêèñíåíó ôîðìó, îòæå, â³äáóâàþòüñÿ âòðó-
÷àííÿ â ëàíöþãîâó ðåàêö³þ â³ëüíîðàäèêàëüíî-
ãî ïðîöåñó ³ çàõèñò êë³òèí â³ä îêñèäàíòíîãî
ñòðåñó [8]. Êð³ì òîãî, öåé åíçèì ìàº ì³òîõîíä-
ð³àëüíó ³çîôîðìó, ÿêà ðåãóëþº àïîïòè÷íó
â³äïîâ³äü íà îêñèäàíòíèé ñòðåñ [9].

Ñ³ìåéñòâî ãëóòàò³îíïåðîêñèäàç ó ëþäèíè
íàë³÷óº 8 ³çîôîðì, ãåíè ÿêèõ ðîçòàøîâàí³ íà
õðîìîñîìàõ 3, 14, 5, 19, 6, 1 [5]. Íàéá³ëüø ïî-
øèðåíîþ º ãëóòàò³îíñåëåíîïåðîêñèäàçà-1, ùî
çóñòð³÷àºòüñÿ ïðàêòè÷íî â óñ³õ êë³òèíàõ [10].
Ãëóòàò³îíïåðîêñèäàçà-2 çäåá³ëüøîãî ëîêàë³-
çóºòüñÿ â êë³òèíàõ ãàñòðî³íòåñòèíàëüíîãî
òðàêòó, ãëóòàò³îíïåðîêñèäàçà-3 – ó êë³òèíàõ
íèðîê, à òàêîæ ó ïîçàêë³òèíí³é ð³äèí³ [11]. Ãëó-
òàò³îíïåðîêñèäàçà-4 â³äð³çíÿºòüñÿ â³ä ³íøèõ
ïåðîêñèäàç ñòðóêòóðîþ, òîìó ùî º ìîíîìå-
ðîì, ³ çàâäÿêè ö³é âëàñòèâîñò³ ò³ëüêè âîíà
çäàòíà ðóéíóâàòè ôîñôîë³ï³äí³ ã³äðîïåðîêñè-
äè, à òàêîæ áðàòè ó÷àñòü ó äîçð³âàíí³ ñïåðìè
[12, 13]. Ãëóòàò³îíïåðîêñèäàçà-5 ëþäèíè ³ ãðè-
çóí³â òà ãëóòàò³îíïåðîêñèäàçà-6 ãðèçóí³â
â³äð³çíÿþòüñÿ â³ä ³íøèõ ïåðîêñèäàç, òîìó ùî
¿õíÿ àêòèâí³ñòü íå çàëåæèòü â³ä ñåëåíó, ó çâ’ÿç-
êó ç ÷èì âîíè íå çäàòí³ åôåêòèâíî âèêîíóâàòè
ðîëü ñêàâåíäæåð³â H2O2.

Ãëóòàò³îíðåäóêòàçà – ôëàâ³íîâèé åíçèì,
ôóíêö³ÿ ÿêîãî ïîëÿãàº ó çâîðîòíîìó â³äíîâ-
ëåíí³ îêèñíîãî ãëóòàò³îíó øëÿõîì êàòàë³òè÷-
íî¿ ðåàêö³¿, òàêèì ÷èíîì, ï³äòðèìóºòüñÿ éîãî
âèñîêà âíóòð³øíüîêë³òèííà êîíöåíòðàö³ÿ.

Ãëóòàò³îíòðàíñôåðàçè çä³éñíþþòü íåé-
òðàë³çàö³þ òîêñè÷íèõ ã³äðîôîáíèõ ³ åëåêòðî-
ô³ëüíèõ ñïîëóê ïåðåêèñíîãî îêèñíåííÿ á³î-
ìåìáðàí, çàõèñò êë³òèí â³ä êñåíîá³îòèê³â çàâ-
äÿêè ¿õíüîìó çâ’ÿçóâàííþ ç â³äíîâëåíèì ãëó-
òàò³îíîì. Äàíèé åíçèì ëîêàë³çîâàíèé ïåðå-
âàæíî â öèòîçîë³ êë³òèí.

Êàòàëàçà – öå òåòðàìåðíèé ïðîòå¿í, ÿêèé
ñêëàäàºòüñÿ ç 4 ñóáîäèíèöü òà êîäóºòüñÿ ãå-
íîì CTT 1. Êàòàëàçà ÿâëÿº ñîáîþ çàãàëüíèé
àíòèîêñèäàíòíèé åíçèì, ùî º ó ñïåö³àëüíèõ
îðãàíåëàõ – ïåðîêñèñîìàõ, ó ÿêèõ çîñåðåäæåí³
ñïåöèô³÷í³ ôåðìåíòí³ ñèñòåìè ÂÐÏÎ, àëå
â³äñóòí³é ó ì³òîõîíäð³ÿõ ëþäèíè. Ïðè öüîìó
êàòàëàçà ñïîñòåð³ãàºòüñÿ â ì³òîõîíäð³ÿõ ñåð-
öÿ ùóð³â. Êàòàëàçà, åíçèì êëàñó îêñèðåäóê-
òàç, âèêîðèñòîâóº ÿê êîôàêòîð çàë³çî àáî ìàð-
ãàíåöü. Äëÿ êàòàëàçè õàðàêòåðíà âèñîêà åôåê-
òèâí³ñòü, çóìîâëåíà øâèäê³ñòþ ðóéíóâàííÿ
ïåðîêñèäíèõ ìîëåêóë – äî ì³ëüéîíà â 1 ñå-
êóíäó [14].
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ÑÎÄ âèêîíóº ðîëü ãîëîâíîãî êîìïîíåíòà
ÀÎÇ ó ïðèðîäíèõ óìîâàõ çàâäÿêè êîíòðîëþ
ê³ëüêîñò³ â³ëüíèõ ðàäèêàë³â. Ìåõàí³çì çàõèñ-
íî¿ ä³¿ çóìîâëåíèé êàòàë³òè÷íîþ ðåàêö³ºþ, ùî
ïðèçâîäå äî äèñìóòàö³¿ ìîëåêóë ñóïåðîêñèä-
íîãî àí³îíà, óíàñë³äîê ÷îãî ðóéíóþòüñÿ íàé-
íåáåçïå÷í³ø³ äëÿ êë³òèí òîêñèíè, ÿê³ ï³ñëÿ ðîç-
ïàäó ïåðåòâîðþþòüñÿ íà ïåðåêèñ âîäíþ
(H2O2), òèì ñàìèì â³äáóâàºòüñÿ òðàíñôîðìà-
ö³ÿ ïîòåíö³éíî øê³äëèâîãî ñóïåðîêñèäíîãî
àí³îíà íà ìåíø òîêñè÷íèé. Îòæå, ÑÎÄ áåðå
ó÷àñòü ó äåç³íòîêñèêàö³¿ ïðîöåñ³â, çóìîâëåíèõ
ÂÐÏÎ. Òàê, ÑÎÄ º êëþ÷îâèì ôåðìåíòîì àí-
òèðàäèêàëüíîãî çàõèñòó.

Â³äïîâ³äíî, çíèæåííÿ àêòèâíîñò³ àíòèîê-
ñèäàíòó ÑÎÄ çà ïåâíèõ óìîâ ïðèçâîäèòü äî
ðîçâèòêó ïàòîëîã³÷íèõ ïðîöåñ³â óíàñë³äîê íå-
äîñòàòíüîãî çàõèñòó â³ä àêòèâíèõ ôîðì êèñ-
íþ. Ðàçîì ³ç òèì çíà÷íå ï³äâèùåííÿ àêòèâ-
íîñò³ ÑÎÄ º íåñïðèÿòëèâèì ÿâèùåì, òîìó ùî
ïåðåêèñ âîäíþ, ùî óòâîðþºòüñÿ â ðåçóëüòàò³
äèñìóòàö³¿ ïåðîêñèäó, ñïðîìîæíèé ïîøêîäèòè
ìîëåêóëè ÑÎÄ, ÿêà ïåðåòâîðþºòüñÿ íà ó ðå-
çóëüòàò³ ïîñèëåííÿ öèòîòîêñè÷íî¿ ä³¿ ïåðåêèñó
âîäíþ, ³í³ö³þþ÷è óòâîðåííÿ ñóïåðîêñèäíîãî
àí³îíà é ã³äðîêñèëüíîãî ðàäèêàëà [14].

Äóæå âàæëèâî, ùî ïðè òàê³é íàïðàâëåíîñò³
ïåðåòâîðåíü ÑÎÄ çàõèñíèêàìè âèñòóïàþòü
êàòàëàçà, ãëóòàò³îíïåðîêñèäàçà, ïåðîêñèðå-
äîêñèí, ÿê³ ðîçùåïëþþòü øê³äëèâèé äëÿ ÑÎÄ
ïåðåêèñ âîäíþ íà âîäó ³ êèñåíü. Ñóïåðîêñèä-
äèñìóòàçà ìàº ñàéò äëÿ çâ’ÿçóâàííÿ ç ³îíàìè
ìåòàë³â, ÿêèé ðîçãëÿäàºòüñÿ ÿê ìåòàëîåíçèì,
òîìó ùî ïîòðåáóº êîôàêòîð äëÿ ñâîº¿ àêòèâ-
íîñò³ (çàë³çî, öèíê, ì³äü òà ìàðãàíåöü). Ìåòà-
ëè âèêîíóþòü êàòàë³òè÷íó ôóíêö³þ, ïîñë³äîâ-
íî â³äíîâëþþòüñÿ ³ îêèñíþþòüñÿ â àêòèâíî-
ìó öåíòð³ åíçèìó. Çàëåæíî â³ä ³îíà ìåòàëó,
ÿêèé ïðèñóòí³é, ðîçð³çíÿþòü òðè ôîðìè: Fe-,
Zn-Cn- òà Mn-çàëåæí³ ÑÎÄ, ÿê³ êîäóþòüñÿ
â³äïîâ³äíèìè ãåíàìè [15].

Òðè ôîðìè ÑÎÄ åêñïðåñóþòüñÿ êë³òèíàìè,
ì³äü-öèíê-çàëåæíà ÑÎÄ (ÑÎÄ1) – öå ãîìîäè-
ìåð, ùî ïåðâèííî ðîçòàøîâàíèé ó öèòî-ïëàçì³,
õî÷à íåâåëèêà ê³ëüê³ñòü ëîêàë³çîâàíà â ì³æìåì-
áðàííîìó ïðîñòîð³ ì³òîõîíäð³é. Çàë³çî-çàëåæ-
íà ÑÎÄ á³ëüøîþ ì³ðîþ ïðåäñòàâëåíà â åðèò-
ðîöèòàõ. Ñóïåðîêñèääèñìóòàçà ìàðãàíåöü-
çàëåæíà (ÑÎÄ2) – öå ãîìîòåòðàìåð, ùî ëî-
êàë³çóºòüñÿ âèêëþ÷íî â ì³òîõîíäð³àëüíîìó
ìàòðèêñ³. Âîíà ÿâëÿº ñîáîþ á³ëîê, ÿêèé êî-
äóºòüñÿ ãåíîì (Gene 06q25/SOD2), ðîçòàøî-

âàíèì íà êîðîòêîìó ïëå÷³ 6-¿ õðîìîñîìè [16].
Çàâäÿêè ëîêàë³çàö³¿ â ì³òîõîíäð³ÿõ ÑÎÄ2 ââà-
æàºòüñÿ ïðîâ³äíèì åíçèìîì äåòîêñèêàö³¿ àíòè-
îêñèäàíòíî¿ ñèñòåìè. Öå çóìîâëåíî òèì, ùî
ì³òîõîíäð³¿ º âàæëèâèìè îðãàíåëàìè, ÿê³ â ñó-
êóïíîñò³ º ìåòàáîë³÷íèì öåíòðîì êë³òèí. Ó äî-
ñë³äæåííÿõ îñòàíí³õ ðîê³â ïîêàçàíî, ùî ÑÎÄ2,
îêð³ì âèêîíàííÿ ñâî¿õ àíòèîêñèäàíòíèõ
ôóíêö³é, òàêîæ ä³º ÿê ôóíäàìåíòàëüíèé ðåãó-
ëÿòîð êë³òèííî¿ ïðîë³ôåðàö³¿, ìåä³àòîð ìåòàáî-
ë³çìó òà àïîïòîçó. Öåé ïðîòå¿í âèêîíóº àíòè-
àïîïòè÷íó ðîëü ïðîòè îêñèäàòèâíîãî ñòðåñó,
³îí³çóþ÷î¿ ðàä³àö³¿, ïðîçàïàëüíèõ öèòîê³í³â.

Ìåäè÷íå çíà÷åííÿ ì³òîõîíäð³àëüíî¿
àíòèîêñèäàíòíî¿ ñèñòåìè çàõèñòó îðãàí³-
çìó ëþäèíè. Ó ïóáë³êàö³ÿõ, â ÿêèõ ïîäàíî ðå-
çóëüòàòè åêñïåðèìåíòàëüíèõ òà êë³í³÷íèõ äî-
ñë³äæåíü, ïðîäåìîíñòðîâàíî äåñòðóêòèâíå
çíà÷åííÿ àêòèâíèõ ôîðì êèñíþ â ïàòîãåíåç³
ð³çíèõ çàõâîðþâàíü. Íåêîíòðîëüîâàíå íàêîïè-
÷åííÿ òîêñè÷íèõ ïðîäóêò³â ïåðåêèñíîãî îêèñ-
íåííÿ ë³ï³ä³â ðóø³éíî âïëèâàº íà ñòðóêòóðó,
ôóíêö³þ òà ãîìåîñòàç êë³òèí, âèêëèêàº ãåíå-
ðàë³çîâàí³ çì³íè êàï³ëÿð³â òà ì³êðîöèðêóëÿö³¿,
òêàíèíí³ óøêîäæåííÿ, ùî òðàíñôîðìóþòüñÿ
â ïîë³îðãàíí³ ïðîÿâè. Îêñèäàòèâíèé ñòðåñ º
ñêëàäîâîþ áàãàòüîõ çàõâîðþâàíü: ñåðöåâî-
ñóäèííèõ, åíäîêðèííèõ, íåéðîäåãåíåðàòèâíèõ
òà çëîÿê³ñíèõ ïóõëèí, õâîðîá ³ç çàïàëüíèì êîì-
ïîíåíòîì [17–20].

Á³îìàðêåðîì îêñèäàòèâíîãî ñòðåñó º ³çî-
ìåðíèé ïðîñòàãëàíä³í F2 – 8-³çîïðîñòàí, ïðî-
äóêò ìåòàáîë³çìó â ðåàêö³ÿõ ïåðåêèñíîãî
îêèñíåííÿ àðàõ³äîíîâî¿ êèñëîòè, ê³ëüê³ñòü ÿêî-
ãî ïðÿìî ïðîïîðö³îíàëüíà ð³âíþ óòâîðåíèõ
â³ëüíèõ ðàäèêàë³â. Ó ë³òåðàòóð³ º äàí³ ùîäî
ï³äâèùåííÿ ð³âíÿ 8-³çîïðîñòàíó ïðè íåéðîäå-
ãåíåðàòèâíèõ çàõâîðþâàííÿõ, ñêëåðîäåðì³¿,
³øåì³÷í³é õâîðîá³ ñåðöÿ, àðòåð³àëüí³é ã³ïåð-
òåíç³¿ òà ïðîãðåñóâàíí³ ñåðöåâî¿ íåäîñòàòíîñò³.
Íàìè âñòàíîâëåíî ï³äâèùåííÿ ð³âíÿ 8-³çîïðî-
ñòàíó òà çíèæåííÿ àêòèâíîñò³ ÑÎÄ ó ñèðîâàòö³
õâîðèõ íà ã³ïåðòîí³÷íó õâîðîáó é ñåðöåâó íå-
äîñòàòí³ñòü [21].

Ïðè ñåðöåâ³é íåäîñòàòíîñò³ ç ïîã³ðøåííÿì
òÿæêîñò³ ïåðåá³ãó çðîñòàº ïîòóæí³ñòü êîðåëÿ-
ö³éíèõ çâ’ÿçê³â ì³æ âì³ñòîì 8-³çîïðîñòàíó òà
ÑÎÄ, ùî º ïðîÿâîì íàïðóæåííÿ çàõèñíèõ àíòè-
îêñèäàíòíèõ ðåñóðñ³â ïðè ðîçâèòêó îêñèäàòèâ-
íîãî ñòðåñó â îðãàí³çì³ ëþäèíè [22].

Îäíèì ³ç åòàï³â îêñèäàíòíîãî ñòðåñó, ùî
â³ä³ãðàº íàäçâè÷àéíó ðîëü ó ôîðìóâàíí³ ïàòî-
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ô³ç³îëîã³÷íèõ íàñë³äê³â, º çíèæåííÿ àíòèîêñè-
äàíòíîãî çàõèñòó îðãàí³çìó. Îñîáëèâîãî çíà-
÷åííÿ íàáóâàº ÑÎÄ, ÿêó âèçíàíî ïîòóæíèì
åíäîãåííèì àíòèîêñèäàíòîì, ùî çä³éñíþº äå-
àêòèâàö³þ â³ëüíèõ ðàäèêàë³â ó ì³ñö³ ¿õíüîãî
óòâîðåííÿ. Çã³äíî ç íàøèìè äàíèìè, àêòèâ-
í³ñòü àíòèîêñèäàíòíèõ ôåðìåíò³â, çàçâè÷àé
ÑÎÄ, áóëà ìàêñèìàëüíî çíèæåíà â ñèðîâàòö³
õâîðèõ ç àðòåð³àëüíîþ ã³ïåðòåíç³ºþ 2-ãî òà
3-ãî ñòóïåí³â òà îæèð³ííÿì 2-ãî òà 3-ãî ñòó-
ïåí³â ç îäíî÷àñíèì äîñòîâ³ðíèì çá³ëüøåííÿì
ð³âíÿ 8-³çîïðîñòàíó [23]. Âèñëîâëþºòüñÿ ïðè-
ïóùåííÿ, ùî ó çä³éñíåíí³ â³äòîðãíåííÿ òðàíñ-
ïëàíòîâàíîãî ñåðöÿ îäíèì ³ç ìåõàí³çì³â ìîæå
áóòè âèñîêèé îêñèäàòèâíèé ñòðåñ óíàñë³äîê
çíèæåíî¿ àêòèâíîñò³ ÑÎÄ2 ó ðåçóëüòàò³ òðàíñ-
ëÿö³éíî¿ ìîäèô³êàö³¿, çóìîâëåíî¿ ³íäóöèáåëü-
íèì îêñèäîì àçîòó [24]. C.M. Roos, M. Hagler,
B. Zhang et al. (2013) ïðîïîíóþòü ðîçãëÿäàòè
òðàíñêðèïö³éí³ òà ôåíîòèï³÷í³ çì³íè àîðòè ³
êëàïàí³â àîðòè âíàñë³äîê ñòàð³ííÿ òà äåô³öè-
òó ÑÎÄ2 ÿê ôàêòîðà ðîçâèòêó ñåðöåâî-ñóäèí-
íî¿ ïàòîëîã³¿ [25].

Ïðè àíàë³ç³ íàïðàâëåíîñò³ çì³í ÑÎÄ2 ïðè
ïàòîëîã³÷íèõ ñòàíàõ áóëî çâåðíåíî óâàãó íà
ð³çíîá³÷í³ñòü ïîêàçíèê³â, ùî º àðãóìåíòîì äëÿ
âèçíà÷åííÿ ìíîæèííèõ ôóíêö³é ÑÎÄ2. Íà
ï³äñòàâ³ êë³í³÷íèõ ñïîñòåðåæåíü óñòàíîâëåíî
àêòèâàö³þ âíóòð³øíüîêë³òèííî¿ àíòèîêñèäàíò-
íî¿ ñèñòåìè, ùî ìîæíà ðîçãëÿäàòè ÿê àäàï-
òèâíó â³äïîâ³äü â óìîâàõ íàÿâíîñò³ îêñèäàíò-
íîãî ñòðåñó. Â åêñïåðèìåíò³ ïðè ìîäåëþâàíí³
öóêðîâîãî ä³àáåòó äîâåäåíî âçàºìîçâ’ÿçîê ì³æ
ì³òîõîíäð³àëüíèì îêñèäàòèâíèì ñòðåñîì òà
ì³êðîöèðêóëÿòîðíèìè óñêëàäíåííÿìè ç â³äïî-
â³äíèì çá³ëüøåííÿì åêñïðåñ³¿ ÑÎÄ2, ÿêà âè-
êîíóº çàõèñíó ôóíêö³þ ïðè ôîðìóâàíí³ ä³àáå-
òè÷íî¿ ðåòèíîïàò³¿ [26, 27].

Ó äîñë³äæåíí³, ùî ïðîâîäèëîñü ñåðåä
ï³äë³òê³â ç àíäðîãåííîþ íåäîñòàòí³ñòþ òà ñóá-
êë³í³÷íèì ã³ïîòèðåîçîì, ïîêàçàíî, ùî á³ëüø
í³æ ó ïîëîâèíè ïàö³ºíò³â â³äì³÷àºòüñÿ äèñáà-
ëàíñ êëþ÷îâèõ àíòèîêñèäàíòíèõ ôåðìåíò³â –
çá³ëüøóºòüñÿ àêòèâí³ñòü êàòàëàçè, ÑÎÄ òà
çíèæóºòüñÿ àêòèâí³ñòü ãëóòàò³îíïåðîêèäàçè 2
[28]. Ó íàøîìó äîñë³äæåíí³ áóëî âèÿâëåíî, ùî
ó õâîðèõ ìîëîäîãî â³êó ç ãàñòðîåçîôàãåàëü-
íîþ ðåôëþêñíîþ õâîðîáîþ â ñèðîâàòö³ êðîâ³
äîñòîâ³ðíî âèùèé ð³âåíü ÑÎÄ2, í³æ ó çäîðî-
âèõ îñ³á àíàëîã³÷íîãî â³êó [29]. Áóëî ïîêàçà-
íî, ùî ïîì³ðíå (ó 2–3 ðàçè) çá³ëüøåííÿ ð³âíÿ
ÑÎÄ2 åôåêòèâíî ðåãóëþº ì³òîõîíäð³àëüíèé

îêèñíèé áàëàíñ, çíèæóþ÷è ïðîäóêö³þ àêòèâ-
íèõ ôîðì êèñíþ, îòæå, çàõèùàº â³ä ïðîîêñè-
äàíòíèõ ³ ïðîàïîïòîòè÷íèõ ñòèìóë³â, à òàêîæ
â³ä ³øåì³÷íîãî ïîøêîäæåííÿ, ó òàêèé ñïîñ³á
ïîêðàùóº ì³òîõîíäð³àëüíèé ãîìåîñòàç [30–33].

Îäíàê çà ïåâíèõ îáñòàâèí ïðè çíèæåíí³
ïîçàêë³òèííî¿ àíòèîêñèäàíòíî¿ àêòèâíîñò³ (ãëó-
òàò³îíïåðîêñèäàçà, ïåðîêñèðåäîêñèí, êàòàëà-
çà) ÑÎÄ ìîæå âòðàòèòè àíòèîêñèäàíòíó çäàò-
í³ñòü, òîìó ùî êàòàëàçà ³ ãëóòàò³îí çàïîá³ãà-
þòü óòâîðåííþ ïåðåêèñó âîäíþ, ÿêèé ïðîäó-
êóºòüñÿ ï³ñëÿ ñïåöèô³÷íîãî âïëèâó ÑÎÄ íà
àêòèâíó ôîðìó êèñíþ ó âèãëÿä³ ñóïåðîêñèäà-
í³îíà, îòæå, ÑÎÄ çäàòíà ä³ÿòè ÿê ïåðîêñèäà-
çà, ãåíåðóþ÷è òîêñè÷í³ ðåàêòèâí³ ôîðìè êèñ-
íþ ç âèêîðèñòàííÿì H2O2, ùî ñïðè÷èíþº óø-
êîäæåííÿ ì³òîõîíäð³àëüíî¿ ÄÍÊ [34]. Á³ëüø
òîãî, âèñëîâëþþòüñÿ êîíôë³êòí³ ïîëîæåííÿ,
ùî äèñðåãóëÿö³ÿ ÑÎÄ2 ãåíà òà ãëóòàò³îíïå-
ðîêñèäàçè 1 ìîæå ïðèçâîäèòè äî ïðîîêñèäàí-
òíèõ åôåêò³â, íàâ³òü äî îíòîãåíåçó, ùî çíàéø-
ëî ï³äòâåðäæåííÿ â äîñë³äæåííÿõ [35]. Êë³-
í³÷íèìè ñïîñòåðåæåííÿìè âñòàíîâëåíî, ùî
ÑÎÄ2 ³íäóêóº ³íâàç³þ òà ìåòàñòàçóâàííÿ êë³-
òèí ïóõëèíè ó õâîðèõ íà ðàê ÿº÷íèê³â, ÿçèêà
[36, 37]. Ó á³îïòàò³, îòðèìàíîìó ç³ ñëèçîâî¿
ñòðàâîõîäó, óðàæåíîãî çëîÿê³ñíèì ïðîöåñîì,
âèçíà÷åíî âèñîê³ ð³âí³ ÑÎÄ2, ùî ñïîëó÷àëîñÿ
ç åêñïðåñ³ºþ ôàêòîðà ïóõëèí- òà ïîãàíîþ
âèæèâàí³ñòþ õâîðèõ [38]. Åêñïðåñ³ÿ ÑÎÄ2
ó õâîðèõ ³ç ðàêîì ãðóäíî¿ çàëîçè äîñòîâ³ðíî
êîðåëþº ç êë³í³÷íîþ ñòàä³ºþ çàõâîðþâàííÿ òà
ìå-òàñòàçóâàííÿì ó ïàõâîâ³ ë³ìôàòè÷í³ âóç-
ëè [39].

Ïðè äîñë³äæåíí³ ìîëîäèõ õâîðèõ ³ç ãàñòðî-
åçîôàãåàëüíîþ ðåôëþêñíîþ õâîðîáîþ òà àóòî-
³ìóííèì òèðåî¿äèòîì íàìè áóëî âñòàíîâëåíî
äîñòîâ³ðíå çíèæåííÿ çàãàëüíî¿ àíòèîêñèäàíò-
íî¿ àêòèâíîñò³ ç îäíî÷àñíèì ï³äâèùåííÿì
ð³âíÿ ÑÎÄ2, ÿêèé ïåðåâèùóâàâ ïîêàçíèêè ÿê
çäîðîâèõ îñ³á, òàê ³ õâîðèõ ç ³çîëüîâàíîþ
ãàñòðîåçîôàãåàëüíîþ ðåôëþêñíîþ õâîðîáîþ
[40].

Òàêèì ÷èíîì, â³äïîâ³äíî äî ïóáë³êàö³é
îñòàíí³õ ðîê³â, ç'ÿâèëàñÿ íîâà äîäàòêîâà ³íòåð-
ïðåòàö³ÿ åíäîãåííî¿ àíòèîêñèäàíòíî¿ ñèñòåìè,
ùî ïîòðåáóº ïîãëèáëåíîãî ðîçãëÿäó. Ðåçóëü-
òàòè äåÿêèõ äîñë³äæåíü ñâ³ä÷àòü ïðî öèòî-
ïðîòåêòèâíó ðîëü àíòèîêñèäàíòó ì³òîõîíäð³-
àëüíîãî ïîõîäæåííÿ, ùî ïðîÿâëÿºòüñÿ êîì-
ïåíñàòîðíèì çá³ëüøåííÿì ð³âíÿ ÑÎÄ2 ïðè
ïàòîëîã³÷íèõ ôåíîòèïàõ îðãàí³çìó ëþäèíè.
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Ðàçîì ç òèì ïàòîãåíåòè÷íîþ ëàíêîþ äåñòà-
á³ë³çàö³¿ êë³í³÷íîãî ïåðåá³ãó ð³çíèõ çàõâîðþ-
âàíü, âèíèêíåííÿ óñêëàäíåíü, îñîáëèâî çà íà-
ÿâíîñò³ êîìîðá³äíîñò³, º íàäåêñïðåñ³ÿ ÑÎÄ2,
äèñáàëàíñ ñï³ââ³äíîøåííÿ ì³æ êîìïîíåíòàìè
ïîçàêë³òèííî¿ òà ì³òîõîíäð³àëüíî¿ àíòèîêñè-
äàíòíî¿ ñèñòåìè, ùî ïðèçâîäèòü äî âòðàòè
çàõèñíèõ âëàñòèâîñòåé òà ôîðìóâàííÿ ïðîîê-
ñèäàíòíî¿ ñïðÿìîâàíîñò³ ïðîöåñ³â. Äëÿ îö³íþ-
âàííÿ îïòèìàëüíî¿ çàõèñíî¿ ñïðîìîæíîñò³
îðãàí³çìó íåîáõ³äíî êîìïëåêñíî âèâ÷àòè êîì-
ïîíåíòè àíòèîêñèäàíòíî¿ ñèñòåìè ç îãëÿäó íà

¿õíþ ìîæëèâ³ñòü ä³ÿòè ó âçàºìîä³¿ àáî ïðîòè-
ñòîÿòè îäèí îäíîìó, ï³äñèëþþ÷è åôåêòè çà-
õèñòó àáî ïîøêîäæåííÿ êë³òèí çàëåæíî â³ä
êîíêðåòíèõ ïàòîëîã³÷íèõ ñòàí³â. Ó êë³í³÷í³é
ïðàêòèö³ äîö³ëüíî ñâîº÷àñíî àíàë³çóâàòè ïî-
êàçíèêè, ùî â³äîáðàæàþòü ïðîöåñè â³ëüíîðà-
äèêàëüíîãî îêèñíåííÿ òà àíòèîêñèäàíòíîãî
çàõèñòó, ïðîâîäèòè ¿õí³é ìîí³òîðèíã ó äèíàì³ö³
ïåðåá³ãó çàõâîðþâàííÿ ç ìåòîþ ñâîº÷àñíîãî
çàëó÷åííÿ ïðåâåíòèâíèõ çàõîä³â ñòîñîâíî ðîç-
âèòêó óñêëàäíåíü òà ïðèçíà÷åííÿ àäåêâàòíî-
ãî, ïàòîãåíåòè÷íî îá´ðóíòîâàíîãî ë³êóâàííÿ.

Ñïèñîê ë³òåðàòóðè
1. T cell apoptosis and reactive oxygen species / D. A. Hildeman, T. Mitchell, J. Kappler, P. Marrack //

The Journal of Clinical Investigation. – 2003. – Vol. 111, No. 5. – P. 575–581.
2. ROS signaling: the new wave? / R. Mittler, S. Vanderauwera, N. Suzuki [et al.] // Trends in Plant

Science. – 2011. – Vol. 16, issue 6. – P. 300–309.
3. Finkel T. Signal transduction by reactive oxygen species / T. Finkel // The Journal of Cell Biology. –

2011. – Vol. 194, No. 1. – P. 7–15.
4. Pham-Huy L. A. Free radicals, antioxidants in disease and health / L. A. Pham-Huy, H. He,

C. Pham-Huy // International Journal of Biomedical Science: IJBS. – 2008. – Vol. 4, No. 2. – P. 89–96.
5. Oxidative stress and antioxidant defense / E. Birben, U. M. Sahiner, C. Sackesen [et al.] // The

World Allergy Organization Journal. – 2012. – Vol. 5, issue 1. – P. 9–19.
6. Genestra M. Oxyl radicals, redox-sensitive signalling cascades and antioxidants / M. Genestra //

Cellular Signaling. – 2007. – Vol. 19, issue 9. – P. 1807–1819.
7. Ighodaro O. M. First line defence antioxidants-superoxide dismutase (SOD), catalase (CAT) and

glutathione peroxidase (GPX): Their fundamental role in the entire antioxidant defence grid / O. M. Ig-
hodaro, O. A. Akinloye // Alexandria Journal of Medicine. – 2018. – Vol. 54, issue 4. – P. 287–293. https:/
/doi.org/10.1016/j.ajme.2017.09.001

8. Gill S. S. Reactive oxygen species and antioxidant machinery in abiotic stress tolerance in crop
plants / S. S. Gill, N. Tuteja // Plant Physiology and Biochemistry: PPB. – 2010. – Vol. 48, issue 12. –
P. 909–930.

9. Glutathione peroxidase 4 differentially regulates the release of apoptogenic proteins from mito-
chondria / H. Liang, Q. Ran, Y. C. Jang [et al.] // Free Radical Biology & Medicine. – 2009. – Vol. 47,
issue 3. – P. 312–320.

10. Characterization of mammalian selenoproteomes / G. V. Kryukov, S. Castellano, S. V. Novoselov
[et al.] // Science (New York). – 2003. – Vol. 300, issue 5624. – P. 1439–1443.

11.  Glutathione peroxidase-3 produced by the kidney binds to a population of basement membranes
in the gastrointestinal tract and in other tissues / R. F. Burk, G. E. Olson, V. P. Winfrey [et al.] // American
Journal of Physiology. Gastrointestinal and Liver Physiology. – 2011. – Vol. 301, issue 1. – P. 32–38.

12. Tissue expression and cellular localization of phospholipid hydroperoxide glutathione peroxidase
(PHGPx) mRNA in male mice / I. J. Baek, D. S. Seo, J. M. Yon [et al.] // Journal of Molecular Histology. –
2007. – Vol. 38, issue 3. – P. 237–244.

13. Glutathione peroxidases at work on epididymal spermatozoa: an example of the dual effect of
reactive oxygen species on mammalian male fertilizing ability / A. Noblanc, A. Kocer, E. Chabory [et al.] //
Journal of Andrology. – 2011. – Vol. 32, No. 6. – P. 641–650.

14. Á³îëîã³÷íå çíà÷åííÿ ñèñòåìè àíòèîêñèäàíòíîãî çàõèñòó îðãàí³çìó òâàðèí / Þ. Þ. Ëàâðè-
øèí, ². Ñ. Âàðõîëÿê, Ò. Â. Ìàðòèøóê [òà ³í.] // Íàóêîâèé â³ñíèê Ëüâ³âñüêîãî íàö³îíàëüíîãî óí³âåð-
ñèòåòó âåòåðèíàðíî¿ ìåäèöèíè òà á³îòåõíîëîã³é ³ìåí³ Ñ. Ç. ¥æèöüêîãî. – 2016. – Ò. 18, ¹ 2 (66). –
Ñ. 100–111.

ÒÅÐÀÏ²ß



ÌÅÄÈÖÈÍÀ ÑÜÎÃÎÄÍ² ² ÇÀÂÒÐÀ. 2021. ¹ 1 (90)

28

15. Zelko I. N. Superoxide dismutase multigene family: a comparison of the CuZn-SOD (SOD1),
Mn-SOD (SOD2), and EC-SOD (SOD3) gene structures, evolution, and expression / I. N. Zelko, T. J. Ma-
riani, R. J. Folz // Free Radical Biology & Medicine. – 2002. – Vol. 33, issue 3. – P. 337–349.

16. Ho Y. S. Isolation and characterization of complementary DNAs encoding human manganese-containing
superoxide dismutase / Y. S. Ho, J. D. Crapo // FEBS letters. – 1988. – Vol. 229, No. 2. – P. 256–260.

17. Oxidative stress, inflammation, and cancer: how are they linked? / S. Reuter, S. C. Gupta, M. M. Cha-
turvedi, B. B. Aggarwal // Free Radical Biology & Medicine. – 2010. – Vol. 49, issue 11. – P. 1603–1616.

18. Flynn J. M. SOD2 in mitochondrial dysfunction and neurodegeneration / J. M. Flynn, S. Melov //
Free Radical Biology & Medicine. – 2013. – Vol. 62. – P. 4–12.

19. Oxidative stress and antioxidants in disease and cancer: a review / R. K. Gupta, A. K. Patel,
N. Shah [et al.] // Asian Pacific Journal of Cancer Prevention: APJCP. – 2014. – Vol. 15, issue 11. –
P. 4405–4409.

20. Sharma K. Obesity and diabetic kidney disease: role of oxidant stress and redox balance /
K. Sharma // Antioxidants & Redox Signaling. – 2016. – Vol. 25, No. 4. – P. 208–216.

21. Çàèêà Ì. Â. 8-èçîïðîñòàí êàê ìàðêåð îêñèäàíòíîãî ñòðåññà ó áîëüíûõ ñ õðîíè÷åñêîé ñåð-
äå÷íîé íåäîñòàòî÷íîñòüþ / Ì. Â. Çàèêà, Î. Í. Êîâàë¸âà // Óêðà¿íñüêèé êàðä³îëîã³÷íèé æóðíàë. –
2006. – ¹ 4. – Ñ. 55–57.

22. Ðîëü îêñèäàòèâíîãî ñòðåññà â ñòàíîâëåíèè è ïðîãðåññèðîâàíèè ãèïåðòîíè÷åñêîé áîëåçíè /
Î. Í. Êîâàë¸âà, Ò. Â. Àùåóëîâà, Í. Í. Ãåðàñèì÷óê, Í. À. Ñàôàðãàëèíà-Êîðíèëîâà // Íàó÷íûå âåäî-
ìîñòè. Ñåðèÿ Ìåäèöèíà. Ôàðìàöèÿ. – 2015. – ¹ 4 (201), âûï. 29. – Ñ. 5–10.

23. Êîâàëüîâà Î. Ì. Âïëèâ íàäì³ðíî¿ ìàñè ò³ëà òà îæèð³ííÿ íà ð³âåíü 8-³çîïðîñòàíó, àêòèâí³ñòü
ñóïåðîêñèääèñìóòàçè ³ êàòàëàçè ó ïàö³ºíò³â ç ã³ïåðòîí³÷íîþ õâîðîáîþ / Î. Ì. Êîâàëüîâà, Í. Ì. Ãå-
ðàñèì÷óê, Í. À. Ñàôàðãàë³íà-Êîðí³ëîâà // Êðîâîîá³ã òà ãåìîñòàç. – 2012. – ¹ 1–2. – Ñ. 70–74.

24. Yamakura F. Post-translational modifications of superoxide dismutase / F. Yamakura, H. Kawasaki //
Biochimica et Biophysica Acta. – 2010. – Vol. 1804, issue 2. – P. 318–325.

25. Transcriptional and phenotypic changes in aorta and aortic valve with aging and MnSOD deficiency
in mice / C. M. Roos, M. Hagler, B. Zhang [et al.] // American Journal of Physiology. Heart and Circulatory
Physiology. – 2013. – Vol. 305, issue 10. – P. 1428–1439.

26. Miller D. J. Diabetic retinopathy: the role of mitochondria in the neural retina and microvascular
disease / D. J. Miller, M. A. Cascio, M. G. Rosca // Antioxidants (Basel, Switzerland). – 2020. – Vol. 9,
issue 10. – Article 905.

27. Santos J. M. A compensatory mechanism protects retinal mitochondria from initial insult in diabetic
retinopathy / J. M. Santos, S. Tewari, R. A. Kowluru // Free Radical Biology & Medicine. – 2012. – Vol. 53,
issue 9. – P. 1729–1737.

28. Îñîáëèâîñò³ ïðîöåñ³â â³ëüíîðàäèêàëüíîãî îêèñëåííÿ òà àíòèîêñèäàíòíîãî çàõèñòó ó õëîïö³â-
ï³äë³òê³â ³ç ã³ïîàíäðîãåí³ºþ â çàëåæíîñò³ â³ä ôóíêö³îíàëüíîãî ñòàíó ùèòîïîä³áíî¿ çàëîçè / Ä. À. Êàø-
êàëäà, Ã. Â. Êîñîâöîâà, Ñ. ². Òóð÷èíà [òà ³í.] // Ïðîáëåìè åíäîêðèííî¿ ïàòîëîã³¿. – 2020. – ¹ 1. –
Ñ. 30–35.

29. Kovalyova O. M. The activity of mitochondrial antioxidant defense system in young patients with
gastroesophageal reflux disease / O. M. Kovalyova, T. M. Pasiieshvili // Inter Collegas. – 2020. – ¹ 4. –
P. 164–167.

30. Chandra M. Manganese superoxide dismutase: guardian of the heart dysfunction / M. Chandra,
M. Panchatcharam, S. Miriyala // MOJ Anatomy & Physiology. – 2015. – Vol. 1, issue 2. – P. 27–28.

31. Antioxidants maintain cellular redox homeostasis by elimination of reactive oxygen species /
L. He, T. He, S. Farrar [et al.] // Cell Physiol. Biochem. – 2017. – Vol. 44, No. 2. – P. 532–553.

32. Chen Y. Mitochondria, oxidative stress and innate immunity / Y. Chen, Z. Zhou, W. Min // Frontiers
in Physiology. – 2018. – Vol. 9. – Article 1487.

33. Manganese superoxide dismutase dysfunction and the pathogenesis of kidney disease / M. Kitada,
J. Xu, Y. Ogura [et al.] // Frontiers in Physiology. – 2020. – Vol. 11. – Article 755.

34. The peroxidase activity of mitochondrial superoxide dismutase / K. Ansenberger-Fricano,
D. Ganini, M. Mao [et al.] // Free Radical Biology & Medicine. – 2013. – Vol. 54. – P. 116–124.

ÒÅÐÀÏ²ß



ÌÅÄÈÖÈÍÀ ÑÜÎÃÎÄÍ² ² ÇÀÂÒÐÀ. 2021. ¹ 1 (90)

29

35. Manganese superoxide dismutase and glutathione peroxidase-1 contribute to the rise and fall of
mitochondrial reactive oxygen species which drive oncogenesis / D. N. Ekoue, C. He, A. M. Diamond,
M. G. Bonini // Biochimica et Biophysica Acta (BBA) – Bioenergetics. – 2017. – Vol. 1858, issue 8. –
P. 628–632.

36. Manganese superoxide dismutase induces migration and invasion of tongue squamous cell
carcinoma via H2O2-dependent Snail signaling / Z. Liu, S. Li, Y. Cai [et al.] // Free Radical Biology &
Medicine. – 2012. – Vol. 53, issue 1. – P. 44–50.

37. Mitochondrial superoxide dismutase has a protumorigenic role in ovarian clear cell carcinoma /
L. P. Hemachandra, D. H. Shin, U. Dier [et al.] // Cancer Research. – 2015. – Vol. 75, issue 22. –
P. 4973–4984.

38.TNF--mediated upregulation of SOD-2 contributes to cell proliferation and cisplatin resistance
in esophageal squamous cell carcinoma / J. Zuo, M. Zhao, B. Liu [et al.] // Oncology Reports. – 2019. –
Vol. 42, issue 4. – P. 1497–1506.

39. Li J. [Expression of superoxide dismutase 2 in breast cancer and its clinical significance] / J. Li,
Y. Liu, Q. Liu // Nan Fang Yi Ke Da Xue Xue Bao. – 2020. – Vol. 40, issue 8. – P. 1103–1111.

40. The state of antioxidant defense system in young persons with gastroesophageal reflux disease
and autoimmune thyroiditis / O. Kovalyova, N. Chukhrienko, T. Pasiieshvili [et al.] // Medicni Perspektivi
(Medical Perspectives). – 2020. – Vol. 25, No. 4. – P. 87–93.

References
1. Hildeman, D. A., Mitchell, T., Kappler, J., & Marrack, P. (2003). T cell apoptosis and reactive

oxygen species. The Journal of Clinical Investigation, 111(5), 575–581. DOI: 10.1172/JCI18007, PMID:
12618509, PMCID: PMC151907.

2. Mittler, R., Vanderauwera, S., Suzuki, N. Miller, G., Tognetti, V. B., Vandepoele, K. et al. (2011).
ROS signaling: the new wave? Trends in Plant Science, 16(6), 300–309. DOI: 10.1016/j.tplants.2011.03.007,
PMID: 21482172.

3. Finkel, T. (2011). Signal transduction by reactive oxygen species. The Journal of Cell Biology,
194(1), 7–15. DOI: 10.1083/jcb.201102095, PMID: 21746850, PMCID: PMC3135394.

4. Pham-Huy, L. A., He, H., & Pham-Huy, C. (2008). Free radicals, antioxidants in disease and
health. International Journal of Biomedical Science: IJBS, 4(2), 89–96. PMID: 23675073, PMCID:
PMC3614697.

5. Birben, E., Sahiner, U. M., Sackesen, C., Erzurum, S., & Kalayci, O. (2012). Oxidative stress and
antioxidant defense. The World Allergy Organization Journal, 5(1), 9–19. DOI: 10.1097/WOX.0b013e3182439613,
PMID: 23268465, PMCID: PMC3488923.

6. Genestra, M. (2007). Oxyl radicals, redox-sensitive signalling cascades and antioxidants. Cellular
Signalling, 19(9), 1807–1819. DOI: 10.1016/j.cellsig.2007.04.009, PMID: 17570640.

7. Ighodaro, O. M., & Akinloye, O. A. (2018). First line defence antioxidants-superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase (GPX): Their fundamental role in the entire antioxidant
defence grid. Alexandria Journal of Medicine, 54(4), 287–293. DOI: 10.1016/j.ajme.2017.09.001.

8. Gill, S. S., & Tuteja, N. (2010). Reactive oxygen species and antioxidant machinery in abiotic
stress tolerance in crop plants. Plant Physiology and Biochemistry: PPB, 48(12), 909–930. DOI: 10.1016/
j.plaphy.2010.08.016, PMID: 20870416.

9. Liang, H., Ran, Q., Jang, Y. C., Holstein D., Lechleiter J., McDonald-Marsh T. et al. (2009).
Glutathione peroxidase 4 differentially regulates the release of apoptogenic proteins from mitochondria.
Free Radical Biology & Medicine, 47(3), 312–320. DOI: 10.1016/j.freeradbiomed.2009.05.012, PMID:
19447173, PMCID: PMC2773016.

10. Kryukov, G. V., Castellano, S., Novoselov, S. V., Lobanov, A. V., Zehtab, O., Guigo, R., Glady-
shev, V. N. (2003). Characterization of mammalian selenoproteomes. Science (New York), 300(5624),
1439–1443. DOI: 10.1126/science.1083516, PMID: 12775843.

11.  Burk, R. F., Olson, G. E., Winfrey, V. P., Hill, K. E., Yin, D. (2011). Glutathione peroxidase-3
produced by the kidney binds to a population of basement membranes in the gastrointestinal tract and in
other tissues. American Journal of Physiology. Gastrointestinal and Liver Physiology, 301(1), 32–38.
DOI: 10.1152/ajpgi.00064.2011, PMID: 21493731, PMCID: PMC3280860.

ÒÅÐÀÏ²ß



ÌÅÄÈÖÈÍÀ ÑÜÎÃÎÄÍ² ² ÇÀÂÒÐÀ. 2021. ¹ 1 (90)

30

12. Baek, I. J., Seo, D. S., Yon, J. M., Lee, S. R., Jin, Y., Nahm, S. S. et al. (2007). Tissue expression
and cellular localization of phospholipid hydroperoxide glutathione peroxidase (PHGPx) mRNA in male
mice. Journal of Molecular Histology, 38(3), 237–244. DOI: 10.1007/s10735-007-9092-7, PMID:
17503194.

13. Noblanc, A., Kocer, A., Chabory, E., Vernet, P., Saez, F., Cadet, R. et al. (2011). Glutathione
peroxidases at work on epididymal spermatozoa: an example of the dual effect of reactive oxygen species
on mammalian male fertilizing ability. Journal of Andrology, 32(6), 641–650. DOI: 10.2164/jandrol.110.012823,
PMID: 21441427.

14. Lavryshyn, Y., Varkholyak, I., Martyschuk, T., Guta, Z., & Ivankiv, L. (2016). Biolohichne
znachennia systemy antyoksydantnoho zakhystu orhanizmu tvaryn [The biological significance of the
antioxidant defense system of animals body]. Naukovyi visnyk Lvivskoho natsionalnoho universytetu
veterynarnoi medytsyny ta biotekhnolohii imeni S.Z. Gzhytskoho. Seriia: Veteynarni Nauky – Scientific
Messenger of LNU of Veterinary Medicine and Biotechnologies. Series: Veterinary Sciences, 18(2(66)),
100–111. DOI: 10.15421/nvlvet6622.

15. Zelko, I. N., Mariani, T. J., & Folz, R. J. (2002). Superoxide dismutase multigene family: a
comparison of the CuZn-SOD (SOD1), Mn-SOD (SOD2), and EC-SOD (SOD3) gene structures,
evolution, and expression. Free Radical Biology & Medicine, 33(3), 337–349. DOI: 10.1016/s0891-
5849(02)00905-x, PMID: 12126755.

16. Ho, Y. S., & Crapo, J. D. (1988). Isolation and characterization of complementary DNAs encoding
human manganese-containing superoxide dismutase. FEBS Letters, 229(2), 256–260. DOI: 10.1016/
0014-5793(88)81136-0, PMID: 2831093.

17. Reuter, S., Gupta, S. C., Chaturvedi, M. M., & Aggarwal, B. B. (2010). Oxidative stress,
inflammation, and cancer: how are they linked? Free Radical Biology & Medicine, 49(11), 1603–1616.
DOI: 10.1016/j.freeradbiomed.2010.09.006, PMID: 20840865, PMCID: PMC2990475.

18. Flynn, J. M., & Melov, S. (2013). SOD2 in mitochondrial dysfunction and neurodegeneration.
Free Radical Biology & Medicine, 62, 4–12. DOI: 10.1016/j.freeradbiomed.2013.05.027, PMID:
23727323, PMCID: PMC3811078.

19. Gupta, R. K., Patel, A. K., Shah, N., Chaudhary, A. K., Jha, U. K., Yadav, U. C. et al. (2014).
Oxidative stress and antioxidants in disease and cancer: a review. Asian Pacific Journal Of Cancer
Prevention: APJCP, 15(11), 4405–4409. DOI: 10.7314/apjcp.2014.15.11.4405, PMID: 24969860.

20. Sharma, K. (2016). Obesity and diabetic kidney disease: role of oxidant stress and redox balance.
Antioxidants & Redox Signaling, 25(4), 208–216. DOI: 10.1089/ars.2016.6696, PMID: 26983586,
PMCID: PMC4964755.

21. Zaika, M. V., & Kovalyova, O. N. (2006). 8-izoprostan kak marker oksidativnoho stressa u
patsiientov s khronicheskoi serdechnoi nedostatochnostiu [8-isoprostane as a marker of oxidative stress
in patients with chronic heart failure]. Ukrainskyi kard³oloh³chnyi zhurnal – Ukrainian Journal of
Cardiology, (4), 55–57 [in Russian].

22. Kovalyova, O. N., Ashcheulova, T. V., Gerasimchuk, N. N., & Safargalina-Kornilova, N. À.
(2015). Rol oksidativnoho stressa v stanovlenii i prohressirovanii hipertonicheskoi bolezni [Role of oxidative
stress in the formation and progression of hypertensive diseas]. Nauchnyie vedomosti. Seriia Meditsina.
Farmatsiia – Scientific Statements. Series Medicine. Pharmacy, 4(201)(29), 5-10. Retrieved from https:/
/cyberleninka.ru/article/n/rol-oksidativnogo-stressa-v-stanovlenii-i-progressirovanii-gipertonicheskoy-
bolezni/viewer [in Russian].

23. Kovalyova, O. M., Gerasymchuk, N. M., & Safarhalina-Kornilova, N. A. (2012). Vplyv nadmirnoi
masy tila ta ozhyrinnia na riven 8-izoprostanu, aktyvnist superoksyddysmutazy i katalazy u patsiientiv z
hipertonichnoiu khvoroboiu [Influences of overwight and obesity on blood plasma 87isoprostane levels
and antioxidant enzyme activity in patients with arterial hypertension]. Krovoobih ta hemostaz – Circulation
and Haemostasis, (1–2), 70–74. Retrieved from http://circhem.org.ua/journal/j-2012_1-2.pdf [in Ukrainian].

24.Yamakura, F., & Kawasaki, H. (2010). Post-translational modifications of superoxide dismutase.
Biochimica et Biophysica Acta, 1804(2), 318–325. DOI: 10.1016/j.bbapap.2009.10.010, PMID: 19837190.

25. Roos, C. M., Hagler, M., Zhang, B., Oehler, E. A., Arghami, A., & Miller, J. D. (2013).
Transcriptional and phenotypic changes in aorta and aortic valve with aging and MnSOD deficiency in

ÒÅÐÀÏ²ß



ÌÅÄÈÖÈÍÀ ÑÜÎÃÎÄÍ² ² ÇÀÂÒÐÀ. 2021. ¹ 1 (90)

31

mice. American Journal of Physiology. Heart and Circulatory Physiology, 305(10), 1428–1439. DOI:
10.1152/ajpheart.00735.2012, PMID: 23997094, PMCID: PMC3840262.

26. Miller, D. J., Cascio, M. A., & Rosca, M. G. (2020). Diabetic retinopathy: the role of mitochondria
in the neural retina and microvascular disease. Antioxidants (Basel, Switzerland), 9(10), Article 905.
DOI: 10.3390/antiox9100905, PMID: 32977483, PMCID: PMC7598160.

27. Santos, J. M., Tewari, S., & Kowluru, R. A. (2012). A compensatory mechanism protects retinal
mitochondria from initial insult in diabetic retinopathy. Free Radical Biology & Medicine, 53(9), 1729–
1737. DOI: 10.1016/j.freeradbiomed.2012.08.588, PMID: 22982046, PMCID: PMC3632051.

28. Kashkalda, D. A., Kosovtsova, G. V., Turchina, S. I., Sukhova, L. L., & Sotnikova-Meleshkina, Zh. V.
(2020). Osoblyvosti protsesiv vilnoradykalnoho okyslennia ta antyoksydantnoho zakhystu u khloptsiv-
pidlitkiv iz hipoandroheniieiu v zalezhnosti vid funktsionalnoho stanu shchytopodibnoi zalozy [Features
of free radical oxidation and antioxidant protection in adolescent boys with hypoandrogenism depending
on the functional condition of the thyroid gland]. Problemy endokrynnoi patolohii – Problems of Endocrine
Pathology, (1), 30–35. DOI: 10.21856/j-PEP.2020.1.04.

29. Kovalyova, O. M., & Pasiieshvili, T. M. (2020). The activity of mitochondrial antioxidant defense
system in young patients with gastroesophageal reflux disease. Inter Collegas, (4), 164–167. DOI:
10.35339/ic.7.4.164-167.

30. Chandra, M., Panchatcharam, M., & Miriyala, S. (2015). Manganese superoxide dismutase: guardian
of the heart dysfunction. MOJ Anatomy & Physiology, 1(2), 27–28. DOI: 10.15406/mojap.2015.01.00006.

31. He, L., He, T., Farrar, S., Ji, L., Liu, T., & Ma, X. (2017). Antioxidants maintain cellular redox
homeostasis by elimination of reactive oxygen species. Cell Physiol. Biochem, 44(2), 532–553. DOI:
10.1159/000485089, PMID: 29145191.

32. Chen, Y., Zhou, Z., & Min, W. (2018). Mitochondria, oxidative stress and innate immunity. Frontiers
in Physiology, 9, Article 1487. DOI: 10.3389/fphys.2018.01487, PMID: 30405440, PMCID: PMC6200916.

33. Kitada, M., Xu, J., Ogura, Y., Monno, I., & Koya, D. (2020). Manganese superoxide dismutase
dysfunction and the pathogenesis of kidney disease. Frontiers in Physiology, 11, Article 755. DOI: 10.3389/
fphys.2020.00755, PMID: 32760286, PMCID: PMC7373076.

34. Ansenberger-Fricano, K., Ganini, D., Mao, M., Chatterjee, S., Dallas, S., Mason, R. P. et al.
(2013). The peroxidase activity of mitochondrial superoxide dismutase. Free Radical Biology & Medicine,
54, 116–124. DOI: 10.1016/j.freeradbiomed.2012.08.573, PMID: 31968997, PMCID: PMC7047081.

35. Ekoue, D. N., He, C., Diamond, A. M., & Bonini, M. G. (2017). Manganese superoxide dismutase
and glutathione peroxidase-1 contribute to the rise and fall of mitochondrial reactive oxygen species
which drive oncogenesis. Biochimica Et Biophysica Acta (BBA) – Bioenergetics, 1858(8), 628–632.
DOI: 10.1016/j.bbabio.2017.01.006, PMID: 28087256, PMCID: PMC5689482.

36. Liu, Z., Li, S., Cai, Y., Wang, A., He, Q., Zheng, C. et al. (2012). Manganese superoxide dismutase
induces migration and invasion of tongue squamous cell carcinoma via H2O2-dependent Snail signaling.
Free Radical Biology & Medicine, 53(1), 44–50. DOI: 10.1016/j.freeradbiomed.2012.04.031, PMID:
22580338, PMCID: PMC3377784.

37. Hemachandra, L. P., Shin, D. H., Dier, U., Iuliano, J. N., Engelberth, S. A., Uusitalo, L. M. et al.
(2015). Mitochondrial superoxide dismutase has a protumorigenic role in ovarian clear cell carcinoma.
Cancer Research, 75(22), 4973–4984. DOI: 10.1158/0008-5472.CAN-14-3799, PMID: 26359457, PMCID:
PMC4651777.

38. Zuo, J., Zhao, M., Liu, B., Han, X., Li, Y., Wang, W. et al. (2019). TNF--mediated upregulation
of SOD-2 contributes to cell proliferation and cisplatin resistance in esophageal squamous cell carcinoma.
Oncology Reports, 42(4), 1497–1506. DOI: 10.3892/or.2019.7252, PMID: 31364751.

39. Li, J., Liu, Y., Liu, Q. (2020). [Expression of superoxide dismutase 2 in breast cancer and its
clinical significance]. Nan Fang Yi Ke Da Xue Xue Bao, 40(8), 1103–1111. DOI: 10.12122/j.issn.1673-
4254.2020.08.06, PMID: 32895185, PMCID: PMC7429158 [in Chinese].

40. Kovalyova, O., Chukhrienko, N., Pasiieshvili, T., Pasiyeshvili, L., & Zhelezniakova, N. (2020).
The state of antioxidant defense system in young persons with gastroesophageal reflux disease and
autoimmune thyrioditis. Medicni Perspektivi (Medical Perspectives), 25(4), 87–93. DOI: 10.26641/
2307-0404.2020.4.221237

ÒÅÐÀÏ²ß



ÌÅÄÈÖÈÍÀ ÑÜÎÃÎÄÍ² ² ÇÀÂÒÐÀ. 2021. ¹ 1 (90)

32

Î.Í. Êîâàë¸âà, Ò.Ì. Ïàñèåøâèëè
ÁÈÎËÎÃÈ×ÅÑÊÎÅ È ÌÅÄÈÖÈÍÑÊÎÅ ÇÍÀ×ÅÍÈÅ ÀÍÒÈÎÊÑÈÄÀÍÒÍÎÉ ÑÈÑÒÅÌÛ ÇÀÙÈÒÛ
ÎÐÃÀÍÈÇÌÀ ×ÅËÎÂÅÊÀ

Ñòàòüÿ ïîñâÿùåíà àíòèîêñèäàíòíîé ñèñòåìå îðãàíèçìà ÷åëîâåêà â êîíòåêñòå áèîëîãè÷åñêîãî è
ìåäèöèíñêîãî çíà÷åíèÿ. Ïðåäñòàâëåíà êëàññèôèêàöèÿ àíòèîêñèäàíòîâ ñîãëàñíî ôèçèêî-õèìè÷åñ-
êèì ñâîéñòâàì, áèîîðãàíè÷åñêèì ñîåäèíåíèÿì, áèîõèìè÷åñêèì ýôôåêòàì, ìåõàíèçìàì ðåàëèçà-
öèè àíòèîêñèäàíòíîé çàùèòû. Ïðèâåäåíû ïðîöåññû ñâîáîäíîðàäèêàëüíîãî îêèñëåíèÿ è ìåõàíèçìû
àíòèîêñèäàíòíîé çàùèòû â ôèçèîëîãè÷åñêèõ è ïàòîëîãè÷åñêèõ óñëîâèÿõ. Ïðåäñòàâëåíà õàðàêòå-
ðèñòèêà êîìïîíåíòîâ ãëóòàòèîíîâîé ñèñòåìû, à èìåííî: ãëóòàòèîíà è ýíçèìîâ – ãëóòàòèîíïåðîêñèäàçû,
ãëóòàòèîíðåäóêòàçû è ãëóòàòèîíòðàíñôåðàçû. Çíà÷èòåëüíîå âíèìàíèå óäåëåíî ìàðãàíåö-ñóïåðîêñèä-
äèñìóòàçå, ôåðìåíòó àíòèðàäèêàëüíîé çàùèòû, êàê ôóíäàìåíòàëüíîìó ðåãóëÿòîðó êëåòî÷íîé ïðî-
ëèôåðàöèè, ìåäèàòîðó ìåòàáîëèçìà è àïîïòîçà. Èíòåðïðåòàöèÿ èçìåíåíèé àíòèîêñèäàíòíîãî ýíçèìà
ìèòîõîíäðèàëüíîãî ïðîèñõîæäåíèÿ ñ ïðîãíîñòè÷åñêèõ ïîçèöèé òðàêòóåòñÿ íà îñíîâàíèè ðåçóëüòà-
òîâ êëèíè÷åñêèõ íàáëþäåíèé, ïðîâåäåííûõ ó÷åíûìè ïðè ðàçëè÷íûõ çàáîëåâàíèÿõ ëþäåé. Ïîä÷¸ð-
êèâàåòñÿ öåëåñîîáðàçíîñòü îïðåäåëåíèÿ ìàðãàíåö-ñóïåðîêñèääèñìóòàçû â êëèíè÷åñêîé ïðàêòèêå
äëÿ äèàãíîñòè÷åñêîãî ïîèñêà íàïðàâëåííîñòè ïàòîëîãè÷åñêîãî ïðîöåññà, ñâîåâðåìåííîãî âûÿâëå-
íèÿ îñëîæíåíèé è íàçíà÷åíèÿ àäåêâàòíîé òåðàïèè.

Êëþ÷åâûå ñëîâà: àíòèîêñèäàíòíàÿ ñèñòåìà, êëàññèôèêàöèÿ, ãëóòàòèîíîâàÿ ñèñòåìà, ìàð-
ãàíåö-ñóïåðîêñèääèñìóòàçà.

O.M. Kovalyova, T.M. Pasiieshvili
BIOLOGICAL AND MEDICAL VALUE OF ANTIOXIDANT PROTECTION SYSTEM OF THE HUMAN BODY

The article is devoted to the antioxidant system of the human body in the context of biological and
medical significance. The classification of antioxidants in terms of their physical and chemical properties,
bioorganic compounds, biochemical effects, mechanisms of implementation of antioxidant protection is
presented. The given processes of extreme radical oxidation and mechanisms of antioxidant defense in
physiological and pathological conditions. The characteristics of the components of the glutathione system,
namely glutathione and enzymes – glutathione peroxidase, glutathione reductase and glutathione transferase
are presented. Much attention is paid to manganese superoxide dismutase, an antiradical defense enzyme,
as a fundamental regulator of cell proliferation, a mediator of metabolism and apoptosis. Interpretation of
changes in the antioxidant enzyme of mitochondrial origin from a prognostic point of view is interpreted
on the basis of the results of clinical observations carried out by scientists in various human diseases. The
expediency of determining manganese superoxide dismutase in clinical practice for the diagnostic search
for the direction of the pathological process, the timely detection of complications and the appointment of
adequate therapy is emphasized.

Keywords: antioxidant system, classification, glutathione system, manganese superoxide dismutase.
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