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Ðîáîòà º ôðàãìåíòîì ôóíäàìåíòàëüíî¿ ì³æêà-
ôåäðàëüíî¿ òåìè ÄÂÍÇ «Òåðíîï³ëüñüêèé äåðæàâíèé 
ìåäè÷íèé óí³âåðñèòåò ³ìåí³ ². ß. Ãîðáà÷åâñüêîãî ÌÎÇ 
Óêðà¿íè» «Ïàòîãåíåòè÷í³ çàêîíîì³ðíîñò³ òà ³íôîðìà-
ö³éí³ ìîäåë³ ðîçâèòêó ïàòîëîã³÷íèõ ïðîöåñ³â çà óìîâ 
ä³¿ íàäçâè÷àéíèõ ôàêòîð³â íà îðãàí³çì òà ¿õ êîðåêö³ÿ», 
¹ äåðæ. ðåºñòðàö³¿ 0113U001239. 

Âñòóï. Çà îñòàíí³ ðîêè îñîáëèâå çàíåïîêîºííÿ 
âèêëèêàº çðîñòàííÿ ïîêàçíèê³â çàõâîðþâàíîñò³, ³íâà-
ë³äèçàö³¿ ³ ñìåðòíîñò³ â³ä ñåðöåâî-ñóäèííî¿ ïàòîëîã³¿, 
ÿêå ñïîñòåð³ãàºòüñÿ, íåçâàæàþ÷è íà øèðîêîìàñø-
òàáí³ çàõîäè áàãàòüîõ êðà¿í ñâ³òó ùîäî ïîêðàùåííÿ 
ë³êóâàííÿ, à òàêîæ ïåðâèííî¿ òà âòîðèííî¿ ïðîô³ëàê-
òèêè ñåðöåâî¿ ïàòîëîã³¿. Ïîçèòèâí³ çì³íè ñïîñòåð³ãà-
þòüñÿ ò³ëüêè ó âèñîêîðîçâèíåíèõ êðà¿íàõ, ó òîé ÷àñ, ÿê 
ó êðà¿íàõ ç íèçüêèì òà ñåðåäí³ì åêîíîì³÷íèì ðîçâè-
òêîì çáåð³ãàºòüñÿ òåíäåíö³ÿ ïîäàëüøîãî çðîñòàííÿ 
çàõâîðþâàíîñò³ òà ñìåðòíîñò³ â³ä ñåðöåâî-ñóäèííî¿ 
ïàòîëîã³¿ [7]. 

Â óìîâàõ çíà÷íî¿ óðáàí³çàö³¿, çðîñòàííÿ ð³âíÿ ñî-
ö³àëüíèõ ïðîáëåì, æèòòÿ ñó÷àñíî¿ ëþäèíè ïîñò³éíî 
ñóïðîâîäæóºòüñÿ ä³ºþ ãîñòðîãî òà õðîí³÷íîãî ñòðåñó. 
Öå ïðèçâîäèòü äî ã³ïåðêàòåõîëàì³íåì³¿, ïîðóøåííÿ 
êàëüö³ºâîãî ãîìåîñòàçó, àêòèâàö³¿ ïðîöåñ³â ïåðîê-
ñèäíîãî îêèñíåííÿ ë³ï³ä³â, ùî çäàòí³ âèêëèêàòè ó òêà-
íèí³ ì³îêàðäà òèïîâèé ëàíöþæîê ïàòîëîã³÷íèõ çì³í, 
ÿê³ íåóõèëüíî âåäóòü äî ðîçâèòêó ô³áðîçó ì³îêàðäà 
[6, 9, 10]. 

 Àêòèâí³ñòü êàðä³îñêëåðîòè÷íîãî ïðîöåñó âèçíà-
÷àºòüñÿ ìîæëèâ³ñòþ ñâîº÷àñíî¿ òà àäåêâàòíî¿ ðåàêö³¿ 
ñèñòåìè àíòèîêñèäàíòíîãî çàõèñòó (ÀÎÇ), çì³íåíî¿ 
âíóòð³øíüî- òà ì³æêë³òèííî¿ âçàºìîä³¿, ³ìóííî¿ ðåàê-
òèâíîñò³, çì³íàìè ìåòàáîë³çìó, ÿê³ ìîæóòü áóòè íàä³-
ëåí³ ð³çíèìè ñïåöèô³÷íèìè ðèñàìè, çàëåæíî â³ä ³í-
äèâ³äóàëüíî¿ ðåàêòèâíîñò³ îðãàí³çìó, òà, çîêðåìà, â³ä 
ðåçèñòåíòíîñò³ äî ã³ïîêñ³¿ [3, 8]. Ñàìå òîìó îñîáëèâî¿ 
óâàãè çàñëóãîâóº âèâ÷åííÿ ñòàíó àíòèîêñèäàíòíî¿ 
ñèñòåìè (ÀÎÑ), â³ä àäåêâàòíî¿ ðåàêö³¿ ÿêî¿ çàëåæèòü 
³íòåíñèâí³ñòü ðîçâèòêó äèôóçíîãî ³øåì³÷íî-íåêðî-
òè÷íîãî êàðä³îñêëåðîçó (Ä²ÍÊÑ). 

Íàø³ ïîïåðåäí³ äîñë³äæåííÿ äîâîäÿòü, ùî âèðà-
æåíèé âïëèâ íà ïåðåá³ã äàíîãî ïàòîëîã³÷íîãî ïðîöåñó 
ìàº ³íäèâ³äóàëüíà ðåàêòèâí³ñòü òà ðåçèñòåíòí³ñòü îð-
ãàí³çìó [3]. Çíà÷íèé ³íòåðåñ äëÿ íàóêîâö³â â äàíîìó 
êîíòåêñò³ ïðåäñòàâëÿº ³íäèâ³äóàëüíà ðåçèñòåíòí³ñòü 
îðãàí³çìó äî ã³ïîêñ³¿, àäæå ñàìå ³øåì³÷íî-ã³ïîêñè÷í³ 
âïëèâè çàéìàþòü ïðîâ³äíó ëàíêó ó ïàòîãåíåç³ Ä²ÍÊÑ 
[3, 8, 10, 11]. 

Ìåòà äîñë³äæåííÿ – âèâ÷èòè îñîáëèâîñò³ àíòè-
îêñèäàíòíîãî çàõèñòó íà åòàïàõ ðîçâèòêó äèôóçíîãî 
³øåì³÷íî-íåêðîòè÷íîãî êàðä³îñêëåðîçó ó ùóð³â çà-
ëåæíî â³ä ¿õ âðîäæåíî¿ ñò³éêîñò³ äî ã³ïîêñ³¿. 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Åêñïåðèìåíòè 
ïðîâåäåíî íà 192 ñòàòåâîçð³ëèõ á³ëèõ íåë³í³éíèõ ùó-
ðàõ-ñàìöÿõ ìàñîþ 190-250 ã ³ç äîòðèìàííÿì «Çàãàëü-
íèõ åòè÷íèõ ïðèíöèï³â åêñïåðèìåíò³â íà òâàðèíàõ», 
óõâàëåíèõ Ïåðøèì íàö³îíàëüíèì êîíãðåñîì ç á³îåòè-
êè (Êè¿â, 2001) â³äïîâ³äíî äî ªâðîïåéñüêî¿ êîíâåíö³¿ 
ïðî çàõèñò õðåáåòíèõ òâàðèí, ùî âèêîðèñòîâóþòüñÿ â 
äîñë³äíèõ òà ³íøèõ íàóêîâèõ ö³ëÿõ. Â³äïîâ³äíî äî ìåòè 
³ çàâäàíü äîñë³äæåííÿ, òâàðèí ïîïåðåäíüî ïîä³ëèëè 
íà åêñïåðèìåíòàëüí³ ãðóïè, çàëåæíî â³ä ¿õ ñò³éêîñò³ 
äî ã³ïîêñ³¿: íèçüêîñò³éê³ (ÍÃÒ), ñåðåäíüîñò³éê³ (ÑÃÒ) 
òà âèñîêîñò³éê³ äî ã³ïîêñ³¿ òâàðèíè (ÂÃÒ) [3]. Óñ³ ì òâà-
ðèíàì îñíîâíèõ äîñë³äíèõ ãðóï ìîäåëþâàëè Ä²ÍÊÑ 
çà ìåòîäèêîþ, â îñíîâó ÿêî¿ ïîêëàäåíî â³äòâîðåííÿ 
òîêñè÷íîãî åôåêòó íà ì³îêàðä ã³ïåðêàòåõîëàì³íåì³¿ 
òà ã³ïåðêàëüö³éåì³¿ [2, 11], ç ïîäàëüøèì ðîçâèòêîì 
êàðä³îñêëåðîòè÷íèõ çì³í [4]. 

Äëÿ ê³ëüê³ñíî¿ îö³íêè ñòàíó ÀÎÇ ì³îêàðäà âèçíà÷à-
ëè àêòèâí³ñòü ñóïåðîêñèääèñìóòàçè (ÑÎÄ) òà êàòàëà-
çè (ÊÀÒ) [1, 5] íà ð³çíèõ åòàïàõ êàðä³îñêëåðîòè÷íîãî 
ïðîöåñó: ÷åðåç 7, 14 òà 30 ä³á. Åâòàíàç³þ òâàðèí çä³é-
ñíþâàëè øëÿõîì êðîâîïóñêàííÿ ï³ä çàãàëüíîþ àíåñ-
òåç³ºþ çà äîïîìîãîþ âíóòð³øíüîïåðèòîíåàëüíîãî 
ââåäåííÿ íàòð³þ ò³îïåíòàëó (50 ìã/êã). 

Ñòàòèñòè÷íó îáðîáêó ðåçóëüòàò³â âèêîíàíî ó â³ä-
ä³ë³ ñèñòåìíèõ ñòàòèñòè÷íèõ äîñë³äæåíü ÄÂÍÇ «Òåð-
íîï³ëüñüêèé äåðæàâíèé ìåäè÷íèé óí³âåðñèòåò ³ìåí³ ². 
ß. Ãîðáà÷åâñüêîãî ÌÎÇ Óêðà¿íè» â ïðîãðàìíîìó ïà-
êåò³ Statsoft STATISTICA ç âèêîðèñòàííÿì ïàðàìå-
òðè÷íèõ ³ íåïàðàìåòðè÷íèõ ìåòîä³â îö³íêè îòðèìàíèõ 
äàíèõ. 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. Âè-
çíà÷åííÿ àêòèâíîñò³ ÑÎÄ òà ÊÀÒ ó ãîìîãåíàò³ òêàíè-
íè ì³îêàðäà ùóð³â ³ç ð³çíîþ âðîäæåíîþ ñò³éê³ñòþ äî 
ã³ïîêñ³¿ ïîêàçàëî, ùî ó òâàðèí êîíòðîëüíèõ ãðóï ç 
íèçüêîþ òà âèñîêîþ ñò³éê³ñòþ äî ã³ïîêñ³¿ íå âèÿâëå-
íî ñòàòèñòè÷íî çíà÷èìèõ â³äì³ííîñòåé â³ä ïîêàçíèê³â 
ñåðåäíüîñò³éêèõ äî ã³ïîêñ³¿ òâàðèí, ùî ñâ³ä÷èòü ïðî 
â³äñóòí³ñòü â³äì³ííîñòåé â àíòèîêñèäàíòíîìó çàõèñò³ 
ì³îêàðäà çäîðîâèõ òâàðèí çàëåæíî â³ä ¿õ ñò³éêîñò³ äî 
ã³ïîêñ³¿. 

Ïðîòå òàê³ â³äì³ííîñò³ ïðîÿâèëèñÿ â óìîâàõ ïàòî-
ëîã³¿. Çîêðåìà, ìîäåëþâàííÿ Ä²ÍÊÑ çóìîâèëî äîñòî-
â³ðíî çíà÷èì³ çì³íè àêòèâíîñò³ ñóïåðîêñèääèñìóòàçè 
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òà êàòàëàçè íà óñ³õ åòàïàõ ñïîñòåðå-
æåííÿ. Íàéá³ëüø âèðàæåíî àêòèâí³ñòü 
ÑÎÄ çìåíøèëàñÿ ïðè ìîäåëþâàíí³ 
Ä²ÍÊÑ ó ãðóï³ òâàðèí ç íèçüêîþ ñò³é-
ê³ñòþ äî ã³ïîêñ³¿ (òàáë.) ³ âæå íà åòàï³ 
ñïîñòåðåæåííÿ 7 ä³á Ä²ÍÊÑ áóëà ó 2,8 
ðàçà ìåíøîþ, í³æ ó êîíòðîëüíèõ òâà-
ðèí. Äî íàñòóïíèõ åòàï³â ñïîñòåðå-
æåííÿ – 14 ³ 30 ä³á Ä²ÍÊÑ ïðîäîâæóâà-
ëàñÿ òåíäåíö³ÿ çìåíøåííÿ ïîêàçíèêà 
³ àêòèâí³ñòü ÑÎÄ áóëà ìåíøîþ ó 3,2 
ðàçà ÷åðåç 14 ä³á Ä²ÍÊÑ ³ â 3,4 ðàçà 
÷åðåç 30 ä³á Ä²ÍÊÑ. 

Ìåíø ³íòåíñèâíèìè áóëè çì³íè 
àêòèâíîñò³ îñíîâíîãî ôåðìåíòà ÀÎÇ 
ì³îêàðäà ó òâàðèí ³ç ñåðåäíüîþ ñò³é-
ê³ñòþ äî ã³ïîêñ³¿: íà åòàï³ ñïîñòåðå-
æåííÿ 7 ä³á Ä²ÍÊÑ àêòèâí³ñòü ÑÎÄ 
áóëà â 1,5 ðàçà ìåíøîþ, í³æ ó êîíòð-
îëüíèõ òâàðèí ç ñåðåäíüîþ ñò³éê³ñòþ 
äî ã³ïîêñ³¿. ×åðåç 14 ä³á Ä²ÍÊÑ àêòèâ-
í³ñòü ÑÎÄ áóëà â 1,6 ðàçà ìåíøîþ, 
í³æ ó êîíòðîëüíèõ òâàðèí ³ â 1,7 ðàçà 
ìåíøîþ – ÷åðåç 30 ä³á ï³ñëÿ ìîäåëþ-
âàííÿ Ä²ÍÊÑ. 

Ðåàêö³ÿ ÀÎÇ ì³îêàðäà ó òâàðèí 
³ç âèñîêîþ ñò³éê³ñòþ äî ã³ïîêñ³¿ ïðè 
ìîäåëþâàíí³ Ä²ÍÊÑ òàêîæ äåùî 

ñò³éêîñò³ òâàðèí äî ã³ïîêñ³¿ íåìàº. Ïðîòå â óìîâàõ 
ðîçâèòêó ïàòîëîã³¿ ÀÎÇ ì³îêàðäà ñïðàöüîâóº íåîäíà-
êîâî åôåêòèâíî, ùî, î÷åâèäíî íå ìîæå íå ïîçíà÷è-
òèñÿ íà ê³íöåâîìó ðåçóëüòàò³ – ïîøêîäæåíí³ á³îìåìá-
ðàí êàðä³îì³îöèò³â, çàãèáåëëþ êë³òèí ç íàñòóïíèì 
êàðä³îñêëåðîçóâàííÿì. 

Íà åòàï³ ñïîñòåðåæåííÿ 7 ä³á Ä²ÍÊÑ àêòèâí³ñòü 
ÊÀÒ ó ãðóï³ òâàðèí ç íèçüêîþ ñò³éê³ñòþ äî ã³ïîêñ³¿ áóëà 
â 1,8 ðàçà ìåíøîþ, í³æ ó êîíòðîëüíèõ òâàðèí. Äî íà-
ñòóïíèõ åòàï³â ñïîñòåðåæåííÿ – 14 ³ 30 ä³á Ä²ÍÊÑ öÿ 
òåíäåíö³ÿ çìåíøåííÿ ïîêàçíèêà ïðîäîâæóâàëàñÿ ³ 
àêòèâí³ñòü ÊÀÒ áóëà ìåíøîþ ó 2,0 ðàçà ÷åðåç 14 ä³á 
Ä²ÍÊÑ ³ óòðèìóâàëàñü íà òàêîìó æ ð³âí³ äî åòàïó ñïî-
ñòåðåæåííÿ 30 ä³á Ä²ÍÊÑ. 

Ó òâàðèí ³ç ñåðåäíüîþ ñò³éê³ñòþ äî ã³ïîêñ³¿: íà 
åòàï³ ñïîñòåðåæåííÿ 7 ä³á Ä²ÍÊÑ àêòèâí³ñòü ÊÀÒ áóëà 
â 1,4 ðàçà ìåíøîþ, í³æ ó êîíòðîëüíèõ òâàðèí ç ñåðåä-
íüîþ ñò³éê³ñòþ äî ã³ïîêñ³¿. ×åðåç 14 òà 30 ä³á Ä²ÍÊÑ 
àêòèâí³ñòü ÑÎÄ áóëà íà òîìó æ ð³âí³, ùî â³äð³çíÿëî ¿¿ 
â³ä ïîêàçíèêà êîíòðîëüíèõ òâàðèí â 1,4 ðàçà. 

×åðåç 7 ä³á ï³ñëÿ ìîäåëþâàííÿ Ä²ÍÊÑ, íà åòàï³ 
³í³ö³àö³¿ êàðä³îñêëåðîòè÷íèõ çì³í, àêòèâí³ñòü ÊÀÒ ó 
âèñîêîñò³éêèõ äî ã³ïîêñ³¿ òâàðèí áóëà â 1,3 ðàçà ìåí-
øîþ, í³æ ó êîíòðîëüíèõ òâàðèí ç âèñîêîþ ñò³éê³ñòþ 
äî ã³ïîêñ³¿. Ïîäàëüøå ñïîñòåðåæåííÿ ïîêàçàëî, ùî 
÷åðåç 14 ³ 30 ä³á Ä²ÍÊÑ àêòèâí³ñòü ÊÀÒ óòðèìóâàëàñÿ 
ìàéæå íà îäíîìó ð³âí³ ³ áóëà äîñòîâ³ðíî ìåíøîþ â³ä 
ïîêàçíèêà êîíòðîëüíèõ òâàðèí ç âèñîêîþ ñò³éê³ñòþ äî 
ã³ïîêñ³¿ ëèøå ó 1,2 ðàçà. 

Àíàë³ç çì³í àêòèâíîñò³ ÊÀÒ ó ì³îêàðä³ òâàðèí, çà-
ëåæíî â³ä ¿õ ñò³éêîñò³ äî ã³ïîêñ³¿ ó ð³çí³ òåðì³íè ðîç-
âèòêó êàðä³îñêëåðîòè÷íîãî ïðîöåñó ïîêàçàâ, ùî 
÷åðåç 7 ä³á ç ìîìåíòó ìîäåëþâàííÿ Ä²ÍÊÑ ïîêàçíèê 

Òàáëèöÿ 

Çì³íè ïîêàçíèê³â àíòèîêñèäàíòíîãî çàõèñòó â 
òêàíèí³ ì³îêàðäà ïðè ðîçâèòêó äèôóçíîãî ³øåì³÷íî-

íåêðîòè÷íîãî êàðä³îñêëåðîçó ó ùóð³â ç ð³çíîþ 
âðîäæåíîþ ñò³éê³ñòþ äî ã³ïîêñ³¿ (M ± m)

Ñò³éê³ñòü 
òâàðèí äî 

ã³ïîêñ³¿

Êîíòðîëüí³ 
ãðóïè òâàðèí

(n = 8)

Òåðì³í ðîçâèòêó Ä²ÍÊÑ
Ä²ÍÊÑ 7 ä³á

(n = 8)
Ä²ÍÊÑ 14 ä³á

(n = 8)
Ä²ÍÊÑ 30 ä³á

(n = 8)
ÑÎÄ, óì. îä. /ìã

Íèçüêà 0,2160,015
0,0760,013

ð0,001
ð*0,001

0,0680,009
ð0,001
ð*0,001

0,0640,010
ð0,001
ð*0,001

Ñåðåäíÿ 0,2460,012
0,1650,017

ð0,002
0,1520,017

ð0,001
0,1430,013

ð0,001

Âèñîêà 0,2730,015
0,1950,014

ð0,002
0,2330,012

ð*0,002
0,2310,016

ð*0,001
Êàòàëàçà, ìêêàò/êã

Íèçüêà 635,9 ± 20,2
345,3 ± 15,1

ð0,001
ð*0,001

323,5 ± 14,3
ð0,001
ð*0,001

315,3 ± 15,6
ð0,001
ð*0,001

Ñåðåäíÿ 647,4 ± 14,5
473,5 ± 13,0

ð0,001
467,2 ± 15,0

ð0,001
453,8 ± 16,7

ð0,001

Âèñîêà 659,7 ± 16,5
526,4 ± 21,3

ð0,001

563,5 ± 13,6
ð0,001
ð*0,001

572,3 ± 15,6
ð0,002
ð*0,001

Ïðèì³òêà: Ä²ÍÊÑ – äèôóçíèé ³øåì³÷íî-íåêðîòè÷íèé êàðä³îñêëåðîç; ð – äîñòîâ³ðí³ñòü 

â³äì³ííîñòåé ñòîñîâíî â³äïîâ³äíî¿ êîíòðîëüíî¿ ãðóïè; ð*– äîñòîâ³ðí³ñòü â³äì³ííîñòåé 

ì³æ ãðóïàìè òâàðèí ç íèçüêîþ ³ âèñîêîþ ñò³éê³ñòþ äî ã³ïîêñ³¿ â³äíîñíî ãðóïè 

ñåðåäíüîñò³éêèõ òâàðèí. 

îñëàáëà, àäæå íà åòàï³ ³í³ö³àö³¿ êàðä³îñêëåðîòè÷íèõ 
çì³í àêòèâí³ñòü ÑÎÄ áóëà â 1,4 ðàçà ìåíøîþ, í³æ ó 
êîíòðîëüíèõ òâàðèí ç âèñîêîþ ñò³éê³ñòþ äî ã³ïîêñ³¿. 
Ö³êàâèìè âèÿâèëèñÿ ðåçóëüòàòè ïîäàëüøîãî ñïîñòå-
ðåæåííÿ, àäæå äî íàñòóïíèõ åòàï³â ðîçâèòêó ïàòîëî-
ã³¿ àêòèâí³ñòü ÑÎÄ ìàéæå â³äíîâèëàñÿ ³ ÷åðåç 14 ³ 30 
ä³á Ä²ÍÊÑ äîñòîâ³ðíî íå â³äð³çíÿëàñÿ â³ä ïîêàçíèêà 
êîíòðîëüíèõ òâàðèí. 

Ðåçóëüòàòè àíàë³çó çì³í àêòèâíîñò³ ÑÎÄ ó âèñî-
êîñò³éêèõ òà íèçüêîñò³éêèõ äî ã³ïîêñ³¿ òâàðèí ñòîñîâíî 
òâàðèí ³ç ñåðåäíüîþ ñò³éê³ñòþ äî ã³ïîêñ³¿ ó ð³çí³ òåðì³-
íè ðîçâèòêó êàðä³îñêëåðîòè÷íîãî ïðîöåñó ïîêàçàëè, 
ùî ÷åðåç 7 ä³á ç ìîìåíòó ìîäåëþâàííÿ Ä²ÍÊÑ ïî-
êàçíèê ó íèçüêîñò³éêèõ äî ã³ïîêñ³¿ òâàðèí áóâ ìåíøèì 
ó 2,2 ðàçà ³ òàêà â³äì³íí³ñòü çáåð³ãàëàñÿ âïðîäîâæ 
óñüîãî òåðì³íó ñïîñòåðåæåííÿ. Âèñîêîñò³éê³ äî ã³ïîê-
ñ³¿ òâàðèíè íà åòàï³ 7 ä³á Ä²ÍÊÑ äîñòîâ³ðíî íå â³äð³ç-
íÿëèñÿ â³ä òâàðèí ³ç ñåðåäíüîþ ñò³éê³ñòþ äî ã³ïîêñ³¿ 
çà äàíèì ïîêàçíèêîì, àëå íà íàñòóïíèõ åòàïàõ ñïî-
ñòåðåæåííÿ ïðîÿâèëèñÿ ïåâí³ â³äì³ííîñò³: ÷åðåç 14 
ä³á Ä²ÍÊÑ àêòèâí³ñòü ÑÎÄ áóëà â 1,5 ðàçà ìåíøîþ, à 
÷åðåç 30 ä³á Ä²ÍÊÑ – â³äïîâ³äíî ó 1,6 ðàçà ìåíøîþ, 
í³æ ó ñåðåäíüîñò³éêèõ äî ã³ïîêñ³¿ òâàðèí. 

Ó ôóíêö³îíóâàíí³ ôåðìåíòíî¿ ëàíêè ÀÎÑ êëþ÷î-
âèì ôåðìåíòîì º ÑÎÄ, ÿêà êàòàë³çóº ðåàêö³þ çíå-
øêîäæåííÿ äâîõ ìîëåêóë ñóïåðîêñèäàí³îíó, ïåðå-
òâîðþþ÷è îäíó ç íèõ ó ìîëåêóëÿðíèé êèñåíü, à ³íøó 
– â ïåðîêñèä ã³äðîãåíó (ìåíø ñèëüíèé îêèñíþâà÷, 
í³æ ñóïåðîêñèäàí³îí). Òîìó äëÿ ïîâíîö³ííîãî çàõèñ-
òó ì³îêàðäà ÑÎÄ ïðàöþº â ïàð³ ç ÊÀÒ, ÿêà íåéòðàë³çóº 
ïåðîêñèä ã³äðîãåíó. 

Íàø³ äîñë³äæåííÿ ïîêàçàëè, ùî â³äì³ííîñòåé â 
àêòèâíîñò³ ÊÀÒ ó êîíòðîëüíèõ òâàðèí çàëåæíî â³ä 
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ó íèçüêîñò³éêèõ äî ã³ïîêñ³¿ òâàðèí áóâ ìåíøèì ó 1,4 
ðàçà ³ òàêà æ â³äì³íí³ñòü çàô³êñîâàíà ÷åðåç 14 ³ 30 ä³á 
Ä²ÍÊÑ. 

Âèñîêîñò³éê³ äî ã³ïîêñ³¿ òâàðèíè íà åòàï³ 7 ä³á 
Ä²ÍÊÑ äîñòîâ³ðíî íå â³äð³çíÿëèñÿ â³ä òâàðèí ³ç ñå-
ðåäíüîþ ñò³éê³ñòþ äî ã³ïîêñ³¿ çà äàíèì ïîêàçíèêîì, 
àëå íà íàñòóïíèõ åòàïàõ ñïîñòåðåæåííÿ ïðîÿâèëèñÿ 
ïåâí³ â³äì³ííîñò³: ÷åðåç 14 ä³á Ä²ÍÊÑ àêòèâí³ñòü ÊÀÒ 
áóëà á³ëüøîþ ó 1,2 ðàçà, à ÷åðåç 30 ä³á Ä²ÍÊÑ – â³ä-
ïîâ³äíî ó 1,3 ðàçà á³ëüøîþ í³æ ó ì³îêàðä³ ñåðåäíüî-
ñò³éêèõ äî ã³ïîêñ³¿ òâàðèí. Âèùà àêòèâí³ñòü ÑÎÄ ³ ÊÀÒ 
ó òâàðèí ç âèñîêîþ ñò³éê³ñòþ äî ã³ïîêñ³¿ çàáåçïå÷óº 
êðàùèé çàõèñò ì³îêàðäà â³ä ðóéí³âíîãî âïëèâó â³ëü-
íèõ ðàäèêàë³â ³ ã³äðîïåðåêèñ³â ë³ï³ä³â. 

Ïðîöåñè óòâîðåííÿ ïðîäóêò³â ë³ïîïåðîêñèäàö³¿ ó 
æèòòºä³ÿëüíîñò³ îðãàí³çìó â³ä³ãðàþòü äóæå âàæëèâó 
ðîëü îíîâëåííÿ á³îìåìáðàí, àëå â óìîâàõ ðîçâèòêó 
ïàòîëîã³¿, óòâîðþþ÷èñü â íàäì³ðí³é ê³ëüêîñò³, àáî ïðè 
íåçäàòíîñò³ ñèñòåìè ÀÎÇ ¿õ ñâîº÷àñíî çíåøêîäèòè, 
âîíè ñòàþòü íåáåçïå÷íèìè äëÿ êë³òèí ³ çäàòí³ íàâ³òü 
ïðèçâåñòè äî ¿õ çàãèáåë³. Â óìîâàõ ìîäåëþâàííÿ 
Ä²ÍÊÑ, äîñë³äæåííÿ àêòèâíîñò³ ÀÎÑ äîçâîëÿº çðî-
áèòè âèñíîâêè ïðî çíèæåíó ôóíêö³îíàëüíó çäàòí³ñòü 
ö³º¿ ñèñòåìè çàõèñòèòè òêàíèíó ì³îêàðäà â³ä íàãðî-
ìàäæåííÿ ïåðîêñèäíèõ ìåòàáîë³ò³â, ùî ñòàº ëàíêîþ 

ó ïàòîãåíåç³ êàðä³îñêëåðîòè÷íîãî ïðîöåñó ³ â ïîäàëü-
øîìó ï³äòðèìóº ïðîãðåñóâàííÿ ô³áðîçó ì³îêàðäà. 

Âèñíîâêè. 
1. Ñòóï³íü ïðèãí³÷åííÿ ôóíêö³îíóâàííÿ ñèñòåìè 

àíòèîêñèäàíòíîãî çàõèñòó ì³îêàðäà ïðè ìîäåëþâàíí³ 
êàðä³îñêëåðîòè÷íîãî ïðîöåñó çàëåæèòü â³ä ³íäèâ³äó-
àëüíî-òèïîëîã³÷íèõ âëàñòèâîñòåé îðãàí³çìó, çîêðå-
ìà, â³ä ñò³éêîñò³ äî ã³ïîêñ³¿. Ó íèçüêîñò³éêèõ äî ã³ïîê-
ñ³¿ òâàðèí ñïîñòåð³ãàþòüñÿ íàéãëèáø³ ïîðóøåííÿ â 
ñèñòåì³ àíòèîêñèäàíòíîãî çàõèñòó ì³îêàðäà â óìîâàõ 
ðîçâèòêó ïàòîëîã³¿, à ó âèñîêîñò³éêèõ – íàéìåíø âè-
ðàæåí³ ïîðóøåííÿ ÀÎÇ ì³îêàðäà. 

2. Äî 7 äîáè åêñïåðèìåíòó íàñòóïàº ð³çêå ïðè-
ãí³÷åííÿ àíòèîêñèäàíòíîãî çàõèñòó ì³îêàðäà, ç ïî-
äàëüøèì çìåíøåííÿì àêòèâíîñò³ ôåðìåíò³â àíòè-
îêñèäàíòíî¿ ñèñòåìè ó òâàðèí ç íèçüêîþ ³ ñåðåäíüîþ 
ñò³éê³ñòþ äî ã³ïîêñ³¿, à ó âèñîêîñò³éêèõ äî ã³ïîêñ³¿ òâà-
ðèí ï³ñëÿ 14 ä³á Ä²ÍÊÑ ñïîñòåð³ãàºòüñÿ òåíäåíö³ÿ äî 
â³äíîâëåííÿ àêòèâíîñò³ ö³º¿ ñèñòåìè. 

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Â ïî-
äàëüøîìó ïëàíóºòüñÿ âèçíà÷èòè îñîáëèâîñò³ öèòî-
ê³íîâîãî ïðîô³ëþ òà ³ìóííî¿ â³äïîâ³ä³ íà ð³çíèõ åòà-
ïàõ ðîçâèòêó Ä²ÍÊÑ çàëåæíî â³ä ñò³éêîñò³ òâàðèí äî 
ã³ïîêñ³¿. 
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ÀÍÒÈÎÊÑÈÄÀÍÒÍÈÉ ÇÀÕÈÑÒ Ì²ÎÊÀÐÄÀ ÙÓÐ²Â Ç Ð²ÇÍÎÞ ÂÐÎÄÆÅÍÎÞ ÑÒ²ÉÊ²ÑÒÞ ÄÎ Ã²ÏÎÊÑ²¯ 

ÍÀ ÅÒÀÏÀÕ ÐÎÇÂÈÒÊÓ ÄÈÔÓÇÍÎÃÎ ²ØÅÌ²×ÍÎ-ÍÅÊÐÎÒÈ×ÍÎÃÎ ÊÀÐÄ²ÎÑÊËÅÐÎÇÓ 
Ñàòóðñüêà Ã. Ñ., Áîíäàðåíêî Þ. ²., ×àðíîø Ñ. Ì. 
Ðåçþìå. Â åêñïåðèìåíòàõ íà ùóðàõ âñòàíîâëåíî, ùî ñòóï³íü ïðèãí³÷åííÿ ôåðìåíòíî¿ ëàíêè ÀÎÑ â óìîâàõ 

êàðä³îñêëåðîòè÷íîãî ïðîöåñó çàëåæèòü â³ä ³íäèâ³äóàëüíî-òèïîëîã³÷íèõ âëàñòèâîñòåé îðãàí³çìó, çîêðåìà, â³ä 
âðîäæåíî¿ ðåçèñòåíòíîñò³ äî ã³ïîêñ³¿. Ó íèçüêîñò³éêèõ äî ã³ïîêñ³¿ òâàðèí ñïîñòåð³ãàþòüñÿ íàéãëèáø³ ïîðóøåííÿ 
â ñèñòåì³ àíòèîêñèäàíòíîãî çàõèñòó ì³îêàðäà â óìîâàõ ðîçâèòêó ïàòîëîã³¿, à ó âèñîêîñò³éêèõ – íàéìåíø âè-
ðàæåí³ ïîðóøåííÿ. Äî 7 äîáè åêñïåðèìåíòó íàñòóïàº ð³çêå ïðèãí³÷åííÿ àíòèîêñèäàíòíîãî çàõèñòó ì³îêàðäà, 
ç ïîäàëüøèì çìåíøåííÿì àêòèâíîñò³ ôåðìåíò³â àíòèîêñèäàíòíî¿ ñèñòåìè ó òâàðèí ç íèçüêîþ ³ ñåðåäíüîþ 
ñò³éê³ñòþ äî ã³ïîêñ³¿, à ó âèñîêîñò³éêèõ äî ã³ïîêñ³¿ òâàðèí ï³ñëÿ 14 ä³á ìîäåëüîâàíî¿ ïàòîëîã³¿ ñïîñòåð³ãàºòüñÿ 
òåíäåíö³ÿ äî â³äíîâëåííÿ àêòèâíîñò³ ö³º¿ ñèñòåìè. 

Êëþ÷îâ³ ñëîâà: ã³ïîêñ³ÿ, ñåðöå, àíòèîêñèäàíòíà ñèñòåìà, äèôóçíèé êàðä³îñêëåðîç. 
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ÓÄÊ 616. 12-004-02:616. 152. 21-06:612. 015. 11]-092. 9 
ÀÍÒÈÎÊÑÈÄÀÍÒÍÀß ÇÀÙÈÒÀ ÌÈÎÊÀÐÄÀ Ó ÊÐÛÑ Ñ ÐÀÇÍÎÉ ÂÐÎÆÄÅÍÍÎÉ ÓÑÒÎÉ×ÈÂÎÑÒÜÞ Ê ÃÈ-

ÏÎÊÑÈÈ ÍÀ ÝÒÀÏÀÕ ÐÀÇÂÈÒÈß ÄÈÔÔÓÇÍÎÃÎ ÈØÅÌÈ×ÅÑÊÈ-ÍÅÊÐÎÒÈ×ÅÑÊÎÃÎ ÊÀÐÄÈÎÑÊËÅÐÎÇÀ
Ñàòóðñêàÿ À. Ñ., Áîíäàðåíêî Þ. È., ×àðíîø Ñ. Ì. 
Ðåçþìå. Â ýêñïåðèìåíòàõ íà êðûñàõ óñòàíîâëåíî, ÷òî ñòåïåíü óãíåòåíèÿ ôåðìåíòíîãî çâåíà ÀÎÑ â 

óñëîâèÿõ êàðäèîñêëåðîòè÷åñêîãî ïðîöåññà çàâèñèò îò èíäèâèäóàëüíî-òèïîëîãè÷åñêèõ ñâîéñòâ îðãàíèçìà, 
â ÷àñòíîñòè, îò âðîæäåííîé ðåçèñòåíòíîñòè ê ãèïîêñèè. Ó íèçêîóñòîé÷èâûõ ê ãèïîêñèè æèâîòíûõ íàáëþäà-
þòñÿ ãëóáîêèå íàðóøåíèÿ â ñèñòåìå àíòèîêñèäàíòíîé çàùèòû ìèîêàðäà â óñëîâèÿõ ðàçâèòèÿ ïàòîëîãèè, à 
ó âûñîêîóñòîé÷èâûõ – íàèìåíåå âûðàæåííûå íàðóøåíèÿ. Äî 7 ñóòîê ýêñïåðèìåíòà íàñòóïàåò ðåçêîå óãíå-
òåíèå àíòèîêñèäàíòíîé çàùèòû ìèîêàðäà, ñ ïîñëåäóþùèì óìåíüøåíèåì àêòèâíîñòè ôåðìåíòîâ àíòèîêñè-
äàíòíîé ñèñòåìû ó æèâîòíûõ ñ íèçêîé è ñðåäíåé óñòîé÷èâîñòüþ ê ãèïîêñèè, à ó âûñîêîóñòîé÷èâûõ ê ãèïîêñèè 
æèâîòíûõ ïîñëå 14 ñóòîê ìîäåëèðîâàííîé ïàòîëîãèè íàáëþäàåòñÿ òåíäåíöèÿ ê âîññòàíîâëåíèþ àêòèâíîñòè 
ýòîé ñèñòåìû. 

Êëþ÷åâûå ñëîâà: ãèïîêñèÿ, ñåðäöå, àíòèîêñèäàíòíàÿ ñèñòåìà, äèôôóçíûé êàðäèîñêëåðîç. 
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Antioxidant Protection of Myocardium in Rats with Different Congenital Resistance to Hypoxia in the 

Development Phase of Diffuse Ischemic Necrotic Cardiosclerosis
Saturska H. S., Bondarenko Yu. I., Charnosh S. M. 
Abstract. Increasing concentration of catecholamine at the acute and chronic stress, disorders of calcium ho-

meostasis, activation of lipid peroxidation can cause typical chain of pathological changes that steadily lead to the 
development of fibrosis of the myocardium. Individual reactivity, which is able to make significant adjustments in the 
course of the disease process, is very important to be considered. 

Resistance of animals to hypoxia in this context is of considerable interest to scientists because myocardial hy-
poxia occupies a central link in the pathogenesis of diffuse ischemic necrotic cardiosclerosis. Despite numerous 
scientific data about the functioning of antioxidative system in case of ischemic heart disease, the peculiarities of 
fibrosis myocardium pathogenesis remains unclear. Therefore, the aim of the study was to investigate the peculiarities 
of functioning of the antioxidative system in the development phase of diffuse ischemic necrotic cardiosclerosis in rats 
with different congenital resistance to hypoxia. 

In experiments on rats it has been established that the degree of antioxidant enzyme inhibition depends on indi-
vidual typological properties of the organism, in particular, on innate resistance to hypoxia. 

The experiments were done on 192 laboratory white rats (190-250 g). The experimental animals were divided into 3 
groups according to their different resistance to hypoxia. We used the model of experimental diffuse ischemic necrotic 
cardiosclerosis which included adrenaline and calcium mechanisms of necrosis of cardiomyocytes in rats with differ-
ent resistance to hypoxia. The research was based on the changes of antioxidant enzymes (superoxide dismutase, 
catalase) concentration in heart tissue 7, 14 and 30 days after modeling of the pathology. Statistic research was done 
in the Statistics Department of SHEI «I. Y. Horbachevsky Ternopil State Medical University of the Ministry of Public 
Health of Ukraine». 

Experimentally it was proved that animals of control groups with low and high resistance to hypoxia have no statisti-
cally significant differences in antioxidant indexes from animals of control group with medium resistance to hypoxia. 
However during the development of diffuse ischemic necrotic cardiosclerosis (DINC) concentration of antioxidant 
enzymes (superoxide dismutase, catalase) decreased. 

The most significant changes took place at the early period of myocardium fibrosis. Superoxide dismutase activ-
ity decreased in the group of animals with low resistance to hypoxia 2.8 times at the observation stage after 7 days of 
DINC. Up to the next observation stage – 14 and 30 days of DINC – the trend continued and superoxide dismutase 
activity was reduced 3.2 times at 14 days of DINC and 3.4 times at 30 days of DINC. In groups of animals with medium 
and high resistance to hypoxia superoxide dismutase activity decreased less intensively: 1.5 times in animals with 
medium resistance to hypoxia and 1.4 times in animals with high resistance to hypoxia at the observation stage of 7 
days of DINC. However superoxide dismutase activity has no statistically significant difference in animals with high 
resistance to hypoxia up to the next observation stage – 14 and 30 days of DINC. 

This result makes it possible to assume that the most pronounced decrease of concentration of antioxidant en-
zymes (superoxide dismutase, catalase) is observed in animals with low resistance to hypoxia, slightly less – in animals 
with medium resistance to hypoxia, and the lowest – in animals with high resistance to hypoxia. This pattern was ob-
served at all stages of observation, but it was most expressed in the early period of cardiosclerotic process. 

Key words: hypoxia, heart, antioxidant system, diffuse cardiosclerosis. 
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