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Êàðä³îïðîòåêòèâíà ä³ÿ ³íäóêö³¿ ãåìîêñèãåíàçè-1
çà äîïîìîãîþ ãåì³íó ïðè ³øåì³¿ � ðåïåðôóç³¿
³çîëüîâàíîãî ñåðöÿ ùóðà

Â ýêñïåðèìåíòàõ íà èçîëèðîâàííûõ ñåðäöàõ êðûñ, ïåðôóçèðóåìûõ ïî ìåòîäó Ëàíãåíäîðôà,
èçó÷àëè ó÷àñòèå èíäóöèáåëüíîé èçîôîðìû ôåðìåíòà ãåìîêñèãåíàçû (ÃÎ-1) è ïðîäóêòîâ,
êîòîðûå îáðàçóþòñÿ ïðè êàòàáîëèçìå ãåìà (áèëèðóáèíà, ìîíîîêñèäà óãëåðîäà è èîíîâ
äâóõâàëåíòíîãî æåëåçà) â îáðàçîâàíèè àêòèâíûõ ôîðì êèñëîðîäà è çàùèòå ìèîêàðäà îò
ïîñòèøåìè÷åñêèõ ïîâðåæäåíèé. Áûëî ïîêàçàíî, ÷òî 20-ìèíóòíàÿ èøåìèÿ è ïîñëåäóþùàÿ
40-ìèíóòíàÿ ðåïåðôóçèÿ âûçûâàþò îñëàáëåíèå ôóíêöèé ñåðäöà � ñíèæàþò äàâëåíèå,
ðàçâèâàåìîå ëåâûì æåëóäî÷êîì, ïðèâîäÿò ê ïîâûøåíèþ êîíå÷íî-äèàñòîëè÷åñêîãî äàâëåíèÿ,
ïåðôóçèîííîãî äàâëåíèÿ â êîðîíàðíûõ ñîñóäàõ è èõ ñîïðîòèâëåíèÿ. Â ðåïåðôóçèîííûé ïåðèîä
îòìå÷àåòñÿ óñèëåíèå îáðàçîâàíèÿ ñâîáîäíûõ ðàäèêàëîâ êèñëîðîäà, ÷òî ïðèâîäèò ê ïîâðåæ-
äåíèþ êàðäèîìèîöèòîâ è óâåëè÷åíèþ âûõîäà â ïåðôóçàò êðåàòèíêèíàçû. Ïðåäâàðèòåëüíàÿ
èíäóêöèÿ ÃÎ-1 ïóòåì èíúåêöèè ãåìèíà (25 ìã/êã âíóòðèáðþøèííî çà 24 ÷ äî ýêñïåðèìåíòà)
ïðèâîäèò ê ïîâûøåíèþ àêòèâíîñòè ôåðìåíòà, óñèëåíèþ îáðàçîâàíèÿ êàðäèàëüíîãî áèëè-
ðóáèíà, ñóùåñòâåííî èíãèáèðóåò îáðàçîâàíèå àêòèâíûõ ôîðì êèñëîðîäà, óìåíüøàåò
ïîâðåæäåíèå êàðäèîìèîöèòîâ è ñîäåðæàíèå êðåàòèíêèíàçû â ïåðôóçàòå, âûçûâàåò ðàñøè-
ðåíèå êîðîíàðíûõ ñîñóäîâ è óëó÷øàåò ôóíêöèîíàëüíûå ïîêàçàòåëè ðàáîòû ñåðäöà.
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ÂÑÒÓÏ

Íèí³ ó ë³òåðàòóð³ º áàãàòî ïîâ³äîìëåíü
ñòîñîâíî ó÷àñò³ ãåìîêñèãåíàçè-1 (ÃÎ-1),
³íäóöèáåëüíî¿ ³çîôîðìè êëþ÷îâîãî ôåð-
ìåíòó êàòàáîë³çìó ãåìó, ó çàõèñò³ êë³òèí
â³ä ïîøêîäæåíü. Ïîêàçàíî, ùî ì³êðîñî-
ìàëüíèé ôåðìåíò ÃÎ-1, ÿêèé ³íäóêóºòüñÿ
ïðè ä³¿ íà îðãàí³çì ñòðåñîðíèõ ôàêòîð³â
ð³çíîãî ïîõîäæåííÿ, ìîæå â³ä³ãðàâàòè âàæ-
ëèâó ðîëü ó ìåõàí³çìàõ çàõèñòó êë³òèí,
çîêðåìà â³ä îêèñíîãî ñòðåñó. Á³ëüø³ñòü
äîñë³äíèê³â ïðè öüîìó ï³äêðåñëþþòü öèòî-
ïðîòåêòèâí³ åôåêòè, ÿê³ ñóïðîâîäæóþòü
ïîñèëåííÿ ³íäóêö³¿ ÃÎ-1. Ó äîñë³äàõ ³n vitro
ç âèêîðèñòàííÿì ìîäåëåé îêèñíîãî ñòðå-
ñó, ùî ñóïðîâîäæóþòüñÿ ñò³éêîþ åêñï-
ðåñ³ºþ ÃÎ-1 â åï³òåë³àëüíèõ êë³òèíàõ ëå-
ãåíü, áóëî ïðîäåìîíñòðîâàíî ï³äâèùåííÿ

ðåçèñòåíòíîñò³ êë³òèí äî ã³ïåðîêñè÷íèõ
ïîøêîäæåíü [14]. Ïîä³áíèé çàõèñíèé åôåêò
òàêîæ áóâ ïîêàçàíèé ïðè çàñòîñóâàíí³
ãåì³íó íà êóëüòóð³ åï³òåë³àëüíèõ êë³òèí
òðàõå¿ ëþäèíè [27]. Suttner ³ Dennery [23],
äîñë³äæóþ÷è âïëèâ ð³çíèõ ð³âí³â åêñïðåñ³¿
ÃÎ-1, ï³äòâåðäèëè ùî ïîì³ðíà ³íäóêö³ÿ
ÃÎ-1 º êîðèñíîþ äëÿ âèæèâàííÿ êë³òèí.
Ââàæàºòüñÿ, ùî ïðîòåêòèâíèé âïëèâ ÃÎ-1
îïîñåðåäêîâóºòüñÿ ÷åðåç åôåêòè ïðîäóê-
ò³â, ùî óòâîðþþòüñÿ ó ðåçóëüòàò³ ¿¿ ä³¿, à
ñàìå ìîíîîêñèäó âóãëåöþ (ÑÎ), ³îí³â â³ëü-
íîãî çàë³çà (Fe2+) òà á³ë³âåðäèíó, ÿêèé øâèä-
êî ïåðåòâîðþºòüñÿ íà á³ë³ðóá³í çà äîïî-
ìîãîþ ôåðìåíòó á³ë³âåðäèíðåäóêòàçè. ÑÎ
çà ô³ç³îëîã³÷íèõ óìîâ áåðå ó÷àñòü ó áàãà-
òüîõ ðåãóëÿòîðíèõ ïðîöåñàõ, çîêðåìà ó
ðåãóëÿö³¿ ñóäèííîãî òîíóñó, ïîä³áíî äî
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îêñèäó àçîòó, ñïðè÷èíþþ÷è âàçîäèëàòà-
ö³þ ÷åðåç àêòèâàö³þ ðîç÷èííî¿ ãóàí³ëàò-
öèêëàçè [7, 10]. Äåÿê³ àâòîðè ðîçãëÿäàþòü
éîãî ÿê ñèãíàëüíó ìîëåêóëó [21, 24]. Ìî-
íîîêñèä âóãëåöþ òàêîæ ìàº òàê³ ïðîòè-
çàïàëüí³ âëàñòèâîñò³ ÿê ïðèãí³÷åííÿ àê-
òèâíîñò³ òà àãðåãàö³¿ òðîìáîöèò³â ÷åðåç
óòâîðåííÿ öÃÌÔ [17]. Â îñòàíí³ ðîêè ç�ÿ-
âèëèñÿ ïîâ³äîìëåííÿ, ùî àíòèàïîïòîòè÷-
íà ä³ÿ ÃÎ-1 òàêîæ ïîâ�ÿçàíà ç åôåêòàìè
ìîíîîêñèäó âóãëåöþ [5, 19]. ²íø³ ïðîäóê-
òè, ùî óòâîðþòüñÿ ç ãåìó � á³ë³âåðäèí
³ á³ë³ðóá³í � âèÿâëÿþòü àíòèîêñèäàíòí³
âëàñòèâîñò³, îñê³ëüêè ¿õ ðåäîêñ-öèêëè º
ïàñòêàìè äëÿ â³ëüíèõ ðàäèêàë³â. Á³ë³ðó-
á³í, çîêðåìà, ñêëàäàº íàéá³ëüøó ÷àñòèíó
àíòèîêñèäàíòíî¿ àêòèâíîñò³ ïëàçìè êðîâ³
ëþäèíè, à çà åôåêòèâí³ñòþ ä³¿ ó ìîçêó íå
ïîñòóïàºòüñÿ òàêîìó ïîòóæíîìó àíòè-
îêñèäàíòó, ÿê α-òîêîôåðîë [11, 22]. Íåùî-
äàâíî áóëî ïîêàçàíî ïîçèòèâíèé âïëèâ
á³ë³ðóá³íó, ÿêèé óòâîðþºòüñÿ ïðè ïîñè-
ëåíí³ àêòèâíîñò³ ÃÎ-1, íà ôóíêö³îíóâàí-
íÿ ³øåì³çîâàíîãî ì³îêàðäà [6, 12] ², íàðåø-
ò³, ³îíè â³ëüíîãî çàë³çà ìîæóòü âïëèâàòè
ÿê íà óòâîðåííÿ â³ëüíèõ ðàäèêàë³â, òàê ³
íà ñèíòåç ïðîòåêòèâíîãî á³ëêà ôåðèòèíó,
ÿêèé ñåêâåñòðóº Fe2+ òà îïîñåðåäêîâóº
òðèâàëó öèòîïðîòåêòèâíó ä³þ ÃÎ-1 [9,
25]. Òàêîæ â³äîìî, ùî ³íäóêö³ÿ ñèíòåçó
ÃÎ-1, íàïðèêëàä, ³îíàìè âàæêèõ ìåòàë³â
(êàäì³þ, êîáàëüòó àáî ðòóò³), ñóïðîâîä-
æóºòüñÿ ïîñèëåííÿì ïðîöåñ³â â³ëüíîðà-
äèêàëüíîãî îêèñíåííÿ [1, 2]. Òîìó àêòó-
àëüíèì º äîñë³äæåííÿ çâ�ÿçêó ³íäóêö³¿ ÃÎ-1
ç â³ëüíîðàäèêàëüíèìè ïðîöåñàìè. Íåäîñ-
òàòíüî âèâ÷åíî ìåõàí³çìè ä³¿ á³ë³ðóá³íó
òà ðåãóëÿòîðíèé âïëèâ åíäîãåííîãî ÑÎ
íà ãåìîäèíàì³êó, îñîáëèâî ïðè ïîñèëåíí³
åêñïðåñ³¿ ÃÎ-1. Çàãàëîì ìåõàí³çìè ïðîòåê-
òèâíî¿ ä³¿ ÃÎ-1 ³ ïðîäóêò³â, ùî óòâîðþ-
þòüñÿ ïðè ðóéíóâàíí³ ãåìó, ùå äî ê³íöÿ
íå ðîçêðèò³.

Ìåòîþ íàøî¿ ðîáîòè áóëî âèâ÷åííÿ
âïëèâó ³íäóêö³¿ ÃÎ-1 ³ ïðîäóêò³â ãåìîê-
ñèãåíàçíî¿ ðåàêö³¿ íà â³ëüíîðàäèêàëüí³

ïðîöåñè òà ôóíêö³îíóâàííÿ ì³îêàðäà çà
óìîâ ³øåì³¿ � ðåïåðôóç³¿.

ÌÅÒÎÄÈÊÀ

Äîñë³äæåííÿ ïðîâåäåíî íà ñàìöÿõ ùóð³â
ìàñîþ 200 � 250 ã. Òâàðèí àíåñòåçóâàëè
óðåòàíîì (1,9 ã/êã [3]), øâèäêî âèëó÷àëè
ñåðöÿ òà ïîì³ùàëè ¿õ ó ëüîäÿíèé ðîç÷èí
Êðåáñà � Õåíçåëåéòà, ÿêèé ì³ñòèâ ( ììîëü/ë):
NaCl � 118,2, NaHCO

3
 � 25, KCl � 4,8, MgSO

4
 �

1,2, KH
2
PO

4
 � 1,2, CaCl

2
 � 1,7, ãëþêîçà � 12.

Ðîç÷èí íàñè÷óâàëè êàðáîãåíîì (95% Î
2

òà 5% ÑÎ
2
) òà òåðìîñòàòóâàëè äî 37°Ñ;

ðÍ 7,4. ²çîëüîâàí³ ñåðöÿ ïåðôóçóâàëè ðåò-
ðîãðàäíî çà êëàñè÷íèì ìåòîäîì Ëàíãåí-
äîðôà ç 20-õâèëèííîþ òîòàëüíîþ ³øåì³-
ºþ òà íàñòóïíîþ 40-õâèëèííîþ ðåïåð-
ôóç³ºþ. ²íòàêòí³ òâàðèíè ñêëàëè êîíò-
ðîëüíó ãðóïó. Ó ùóð³â äîñë³äíî¿ ãðóïè
âèêëèêàëè ³íäóêö³þ ÃÎ-1 âíóòð³øíüîî÷å-
ðåâèííîþ ³í�ºêö³ºþ ãåì³íó (�Sigma�, ÑØÀ)
ó äîç³ 25 ìã/êã. Îñòàíí³é ðîç÷èíþâàëè ó
0,1 ìîëü/ë NaOH, ðîçâîäèëè ô³ç³îëîã³÷íèì
ðîç÷èíîì ³ âñòàíîâëþâàëè ðÍ 7,4. Ïðå-
ïàðàò ââîäèëè çà äîáó äî åêñïåðèìåíòó.
Çà äàíèìè ë³òåðàòóðè ïîñèëåííÿ ³íäóêö³¿
ÃÎ-1 in vitro ðåºñòðóºòüñÿ âæå ÷åðåç 1 � 6 ãîä,
ó äîñë³äàõ in vivo ïîêàçàíî ïîñèëåííÿ åêñ-
ïðåñ³¿ ÃÎ-1 ÷åðåç 24 ãîä ï³ñëÿ ³í�ºêö³¿ ãåì³-
íó [9, 12]. Ï³ä ÷àñ åêñïåðèìåíòó ðåºñò-
ðóâàëè ïîêàçíèêè ôóíêö³îíàëüíî¿ àêòèâ-
íîñò³ ì³îêàðäà òà êîðîíàðíèõ ñóäèí, à
ñàìå: ÷àñòîòó ñåðöåâèõ ñêîðî÷åíü (×ÑÑ),
ê³íöåâî-ä³àñòîë³÷íèé òèñê (ÊÄÒ), òèñê, ùî
ðîçâèâàº ë³âèé øëóíî÷îê (ÒÐËØ), ÿêèé ðîç-
ðàõîâóâàëè ÿê ð³çíèöþ ì³æ ñèñòîë³÷íèì
òèñêîì ó ë³âîìó øëóíî÷êó òà ÊÄÒ, êîå-
ô³ö³ºíò ðîáîòè ñåðöÿ (ÊÐÑ = ÒÐËØ õ ×ÑÑ /
1000), ïåðôóç³éíèé òèñê ó êîðîíàðíèõ ñóäè-
íàõ òà ¿õ ã³äðàâë³÷íèé îï³ð. Á³îõ³ì³÷íèìè
ìåòîäàìè âèçíà÷àëè àêòèâí³ñòü ÃÎ-1 ó
ì³êðîñîìàëüí³é ôðàêö³¿ ãîìîãåíàò³â ì³î-
êàðäà [15] òà óòâîðåííÿ àêòèâíèõ ôîðì
êèñíþ (ÀÔÊ): ñóïåðîêñèäàí³îí-ðàäèêàëà
(.....Î

2
-) [16], ïåðåêèñó âîäíþ (Í

2
Î

2
) [13] òà
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ã³äðîêñèëüíîãî ðàäèêàëà (.....ÎÍ-) [8]. Âèêî-
ðèñòîâóþ÷è íàáîðè ðåàêòèâ³â ô³ðìè �Ëà-
õåìà� (×åõ³ÿ), ó ïåðôóçàò³ ó äèíàì³ö³ ³øå-
ì³¿ � ðåïåðôóç³¿ âèçíà÷àëè âì³ñò á³-
ë³ðóá³íó òà êðåàòèíê³íàçè, ùî äîçâîëÿëî
îö³íþâàòè ñòóï³íü ïîñò³øåì³÷íîãî ïîø-
êîäæåííÿ ì³îêàðäà.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Áóëî ïîêàçàíî, ùî áàçàëüíèé ð³âåíü ïåð-
ôóç³éíîãî òèñêó ó êîðîíàðíèõ ñóäèíàõ,
×ÑÑ, ÒÐËØ ³ øâèäê³ñòü ñêîðî÷åííÿ òà
ðîçñëàáëåííÿ ñåðöåâîãî ì�ÿçà â òâàðèí
îáîõ ãðóï áóâ ïîä³áíèì. Îäíàê ï³ñëÿ
20 õâ ³øåì³¿ ó òâàðèí êîíòðîëüíî¿ ãðóïè
ó ïåð³îä ðåïåðôóç³¿ ñïîñòåð³ãàëîñÿ çíà÷íå
ï³äâèùåííÿ ÊÄÒ ³ çíèæåííÿ ÒÐËØ. ²øåì³ÿ
òà íàñòóïíà ðåïåðôóç³ÿ âèêëèêàëè çâó-
æåííÿ êîðîíàðíèõ ñóäèí, ÿêå ñóïðîâîä-
æóâàëîñÿ ï³äâèùåííÿì ó íèõ ïåðôóç³é-
íîãî òèñêó òà îïîðó (òàáëèöÿ). Ó ïîñò-
³øåì³÷íèé ïåð³îä ðåºñòðóâàëè ïîñèëåííÿ
îêèñíîãî ñòðåñó, âíàñë³äîê ï³äâèùåííÿ
óòâîðåííÿ ÀÔÊ (ðèñ. 1, 2). Çá³ëüøåííÿ
âì³ñòó ÀÔÊ ïîãëèáëþâàëî â³ëüíîðàäè-
êàëüíå ïîøêîäæåííÿ ì³îêàðäà, ÿêå ñóï-
ðîâîäæóâàëîñÿ ïîñèëåííÿì âèõîäó ó ïåð-
ôóçàò êðåàòèíê³íàçè ïðîòÿãîì óñüîãî ïå-
ð³îäó ðåïåðôóç³¿, ùî äîäàòêîâî ñâ³ä÷èëî
ïðî ðóéíóâàííÿ ìåìáðàí êàðä³îì³îöèò³â
(ðèñ. 3,à). Ó ïåðôóçàò³ ï³ñëÿ ïåð³îäó ³øåì³¿
ñïîñòåð³ãàëîñÿ äåÿêå ï³äâèùåííÿ âì³ñòó
á³ë³ðóá³íó, ÿêèé óïðîäîâæ íàñòóïíîãî ïå-
ð³îäó ðåïåðôóç³¿ ïîñòóïîâî çíèæóâàâñÿ
(ðèñ. 3,á), à ó ãîìîãåíàò³ òêàíèíè ì³î-
êàðäà ï³ñëÿ ³øåì³¿ � ðåïåðôóç³¿ ðåºñòðó-
âàëîñÿ â³ðîã³äíå çíèæåííÿ àêòèâíîñò³ ÃÎ-
1 íà 21,8% ùîäî êîíòðîëþ (ðèñ. 4).

Ïîïåðåäíº çàñòîñóâàííÿ ñïåöèô³÷íîãî
³íäóêòîðà ÃÎ-1 ãåì³íó ç ìåòîþ ïîñèëåííÿ
³íäóêö³¿ ôåðìåíòó âèÿâëÿëî êàðä³îïðî-
òåêòèâíèé âïëèâ íà ³çîëüîâàíèé ì³îêàðä.
Ñåðöÿ òâàðèí, ÿêèì ïîïåðäíüî ââîäèëè
ãåì³í, áóëè á³ëüø ñò³éêèìè äî ³øåì³¿. ßê-
ùî òåðì³í çóïèíêè ñåðöÿ ï³ä ÷àñ ³øåì³¿ ó

êîíòðîë³ ñòàíîâèâ 5,7 õâ ± 0,83 õâ, òî ïðè
³íäóêö³¿ ÃÎ-1 óæå 16,4 õâ ± 0,4 õâ, à â 60%
âèïàäê³â ñåðöÿ òâàðèí ç äîñë³äíî¿ ãðóïè
ïðîäîâæóâàëè ñêîðî÷óâàòèñÿ ïðîòÿãîì

Êàðä³îïðîòåêòèâíà ä³ÿ

Ðèñ. 1. Âì³ñò àêòèâíèõ ôîðì êèñíþ ó ïåðôóçàò³ ó êîíò-
ðîë³ (1) òà ïðè ³íäóêö³¿ àêòèâíîñò³ ãåìîêñèãåíàçè-1
ãåì³íîì (2): à � ñóïåðîêñèäàí³îí-ðàäèêàë; á � ïåðåêèñ
âîäíþ; â � ã³äðîêñèëüíèé ðàäèêàë; ² � ïî÷àòêîâ³ çíà-
÷åííÿ; ²² � 1 õâ ðåïåðôóç³¿; ²²² � 5 õâ ðåïåðôóç³¿; IV �
15 õâ ðåïåðôóç³¿; V � 30 õâ ðåïåðôóç³¿; VI � 40 õâ
ðåïåðôóç³¿.
* â³ðîã³äíî äî ïî÷àòêîâèõ çíà÷åíü;
** â³ðîã³äíî äî êîíòðîëþ; P<0,05 (òóò ³ íà ðèñ. 2 � 4)
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óñüîãî ïåð³îäó ³øåì³¿. Ïîñèëåííÿ àêòèâ-
íîñò³ ÃÎ-1 íå âèêëèêàëî â³ðîã³äíèõ çì³í
×ÑÑ, îäíàê ÊÐÑ íà 40-é õâèëèí³ ðåïåð-
ôóç³¿ ïîð³âíÿíî ç êîíòðîëåì çá³ëüøóâàâ-
ñÿ. Äî ³øåì³¿ ó êîíòðîë³ â³í ñòàíîâèâ 5,65 ±
2,90, à ïðè âèêîðèñòàíí³ ãåì³íó � 5,55 ±
1,86. ×åðåç 40 õâ ðåïåðôóç³¿ ÊÐÑ ó êîíò-

ðîë³ áóâ 2,15 ± 0,50, à ó äîñë³äí³é ãðóï³ �
4,82 ± 1,16. ÊÄÒ ó ë³âîìó øëóíî÷êó, ïî÷è-
íàþ÷è ç 5 õâ ðåïåðôóç³¿ ³ äî ê³íöÿ åêñïå-
ðèìåíòó, áóâ â³ðîã³äíî íèæ÷èì, í³æ ó
êîíòðîëüí³é ãðóï³. ÒÐËØ áóâ â³ðîã³äíî
âèùèì ùîäî êîíòðîëþ (äèâ.òàáëèöþ). ²í-
äóêö³ÿ ÃÎ-1 ïðèçâîäèëà äî ðîçñëàáëåííÿ
êîðîíàðíèõ ñóäèí, çàïîá³ãàëà ñóòòºâîìó
ï³äâèùåííþ ïåðôóç³éíîãî òèñêó ó êîðî-
íàðíèõ ñóäèíàõ ó ïîñò³øåì³÷íèé ïåð³îä ³
ïðèçâîäèëà äî çíèæåííÿ ¿õ ã³äðàâë³÷íîãî
îïîðó (äèâ. òàáëèöþ, ðèñ. 5). Îñê³ëüêè
â³äîìî, ùî ç êîæíî¿ ìîëåêóëè ãåìó ï³ä
âïëèâîì ÃÎ îäíî÷àñíî óòâîðþºòüñÿ íå
ëèøå á³ë³ðóá³í, à é ìîíîîêñèä âóãëåöþ,
ìè, ïðèïóñêàºìî, ùî ñàìå çá³ëüøåííÿ óò-
âîðåííÿ ÑÎ âíàñë³äîê ïîñèëåííÿ àêòèâ-
íîñò³ ÃÎ-1 ï³ñëÿ ¿¿ ïîïåðåäíüî¿ ³íäóêö³¿,
ìîæå îïîñåðäêîâóâàòè ðîçñëàáëåííÿ
êîðîíàðíèõ ñóäèí ³, òàêèì ÷èíîì, áðàòè
ó÷àñòü ó îáìåæåíí³ ïîñò³øåì³÷íîãî óðà-
æåííÿ òêàíèíè ì³îêàðäà. Ó íàøîìó åêñïå-

Ò. Â. Êóêîáà, Î.Î. Ìîéáåíêî, À.Â. Êîöþðóáà

Ðèñ. 2. Âì³ñò àêòèâíèõ ôîðì êèñíþ ó ãîìîãåíàò³ òêà-
íèíè ì³îêàðäà ó êîíòðîë³ (²), ïðè ³øåì³¿ � ðåïåðôóç³¿
(²²) òà ïðè ³íäóêö³¿ àêòèâíîñò³ ãåìîêñèãåíàçè-1 ãåì³íîì
(²²²): à � ñóïåðîêñèäàí³îí-ðàäèêàë; á � ïåðåêèñ âîäíþ;
â � ã³äðîêñèëüíèé ðàäèêàë
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Ðèñ. 3. Âì³ñò êðåàòèíê³íàçè (à) òà á³ë³ðóá³íó (á) ó
ïåðôóçàò³ ó äèíàì³ö³ ³øåì³¿ � ðåïåôóç³¿ ó êîíòðîë³ (1)
òà ïðè ³íäóêö³¿ ãåìîêñèãåíàçè-1 ãåì³íîì (2): ² � ïî-
÷àòêîâ³ çíà÷åííÿ; ²² � 1 õâ ðåïåðôóç³¿; ²²² � 5 õâ ðå-
ïåðôóç³¿; IV � 15 õâ ðåïåðôóç³¿; V � 30 õâ ðåïåðôóç³¿; VI �
40 õâ ðåïåðôóç³¿
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ðèìåíò³ ââåäåííÿ ãåì³íó çíà÷íî ïîñèëþ-
âàëî àêòèâí³ñòü ÃÎ-1 (íà 28,7% ïîð³âíÿíî
ç êîíòðîëåì òà íà 64,6% ïîð³âíÿííî ç ðå-
çóëüòàòàìè çà óìîâ ³øåì³¿), ñóïðîâîä-
æóâàëîñÿ çá³ëüøåííÿì âèõîäó êàðä³àëü-
íîãî á³ë³ðóá³íó ó ïåðôóçàò: ó 1,4 ðàçà íà
1-é õâèëèí³ òà ó 6 ðàç³â íà 40-é õâèëèí³
ðåïåðôóç³¿ ïîð³âíÿííî ç êîíòðîëåì (äèâ.
3,á; 4). Ïîñèëåííÿ àêòèâíîñò³ ÃÎ-1 ïðèç-
âîäèëî äî â³ðîã³äíîãî ïðèãí³÷åííÿ â³ëüíî-
ðàäèêàëüíî¿ ïðîäóêö³¿ ó ïîñò³øåì³÷íèé
ïåð³îä ³ çíèæåííÿ âì³ñòó ó ïåðôóçàò³ êðå-
àòèíê³íàçè, ùî ñâ³ä÷èëî ïðî ïîñëàáëåííÿ
îêèñíîãî ñòðåñó. ²íäóêö³ÿ ÃÎ-1 ìîæå âèÿâ-
ëÿòè äâîÿêèé âïëèâ íà â³ëüíîðàäèêàëüí³

Êàðä³îïðîòåêòèâíà ä³ÿ
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ïðîöåñè. Ç îäíîãî áîêó, óòâîðåííÿ á³ë³-
âåðäèíó òà á³ë³ðóá³íó ìîæå ïîñèëþâàòè
àíòèîêñèäàíòíó ëàíêó çàõèñòó, îäíàê ç
³íøîãî áîêó, çá³ëüøåííÿ óòâîðåííÿ Fe2+

ìîæå ñòàòè ïîøòîâõîì äëÿ ï³äâèùåííÿ
ïðîäóêö³¿ â³ëüíèõ ðàäèêàë³â, çîêðåìà íàé-
á³ëüø ðåàêòèâíîãî .....ÎÍ--ðàäèêàëà ó ðåàê-
ö³¿ Ôåíòîíà, ÿêó êàòàë³çóþòü ³îíè çàë³çà
[18, 20, 26]. Ó íàøèõ äîñë³äàõ ³í�ºêö³ÿ ãåì³-
íó äåùî ï³äâèùóâàëà ïî÷àòêîâèé âì³ñò
.....Î

2
-- òà .....ÎÍ --ðàäèêàë³â ó ïåðôóçàò³, îä-

íàê ï³ñëÿ ³øåì³¿, âæå íà 1-é õâèëèí³ ðå-
ïåðôóç³¿ óòâîðåííÿ .....Î

2
--ðàäèêàëà íå â³ä-

ð³çíÿëîñÿ â³ä ïîêàçíèê³â ó êîíòðîëüí³é
ãðóï³, à óòâîðåííÿ .....ÎÍ--ðàäèêàëà òà ïå-
ðåêèñó âîäíþ çìåíøóâàëîñÿ ó 1,2 òà 7,8
ðàçà â³äïîâ³äíî. Íà 40-é õâèëèí³ ðåïåð-
ôóç³¿ âì³ñò .....ÎÍ--ðàäèêàëà áóâ íà ð³âí³
êîíòðîëþ, à âì³ñò Í

2
Î

2
 çíèæóâàâñÿ ó 9,1

ðàçà (äèâ. ðèñ. 1). Ùå á³ëüø âèðàæåíå ïðèã-
í³÷åííÿ ïðîäóêö³¿ ÀÔÊ ðåºñòðóâàëîñÿ ó
òêàíèí³ ì³îêàðäà (äèâ. ðèñ. 2). Ïðèãí³÷åí-
íÿ óòâîðåííÿ ÀÔÊ ó òêàíèí³ ³çîëüîâàíîãî
ñåðöÿ ï³ä ÷àñ ðåïåðôóç³¿ ñóïðîâîäæóâà-
ëîñÿ çìåíøåííÿ ïîøêîäæåííÿ êàðä³îì³î-
öèò³â, ïðî ùî ñâ³ä÷èëî îáìåæåííÿ âèõîäó
êðåàòèíê³íàçè ó ïåðôóçàò (äèâ. ðèñ. 3,à).
Òàê³ ðåçóëüòàòè éìîâ³ðíî º ï³äòâåðäæåí-
íÿì ïðèïóùåííÿ, ùî ³îíè çàë³çà òà ÀÔÊ,

ÿê³ ó íåçíà÷íèõ ê³ëüêîñòÿõ óòâîðþþòüñÿ
ïðè ïîïåðåäí³é ³íäóêö³¿ ÃÎ-1, ìîæóòü â³-
ä³ãðàâàòè ðîëü òàê çâàíèõ òðèãåð³â ôåíî-
ìåíó ïðåêîíäèö³þâàííÿ, ïîä³áíî äî íåâå-
ëèêèõ ïóë³â ÀÔÊ, ÿê³ óòâîðþþòüñÿ ï³ä
÷àñ êîðîòêèõ åï³çîä³â ³øåì³¿ òà îïîñåðåä-
êîâóþòü çàõèñò êë³òèí ì³îêàðäà â³ä íàñ-
òóïíî¿ òðèâàëî¿ ³øåì³¿ [4, 9].

Îòðèìàí³ ðåçóëüòàòè ñâ³ä÷àòü ïðî
ó÷àñòü ³ âàæëèâó ðîëü ³íäóêö³¿ ÃÎ-1 ó
çàõèñò³ ì³îêàðäà â³ä ³øåì³÷íèõ óðàæåíü
òà óçãîäæóþòüñÿ ç äàíèìè ³íøèõ äîñë³ä-
íèê³â, ÿê³ ñâ³ä÷àòü, ùî ³íäóêö³ÿ ÃÎ-1 çàõè-
ùàº ì³îêàðä â³ä ³øåì³÷íî-ðåïåðôóç³éíèõ
ïîøêîäæåíü, çíèæóþ÷è ðîçì³ð ³íôàðêòó
òà ïîë³ïøóþ÷è â³äíîâëåííÿ ñåðöåâèõ
ôóíêö³é [6]. Îêðåìî ñë³ä çàóâàæèòè, ùî
ïðè ïîïåðåäíüîìó âíóòð³øíüîî÷åðåâèí-
íîìó ââåäåíí³ ñåëåêòèâíîãî áëîêàòîðà
àêòèâíîñò³ ÃÎ-1 öèíêó ïðîòîïîðô³ðèíó
²Õ (ZnPP IX) ó äîç³ 20 ìã/êã ïîêàçíèêè
ðîáîòè ³çîëüîâàíîãî ñåðöÿ ïîã³ðøóâà-
ëèñü, àëå ïðàêòè÷íî íå â³äð³çíÿëèñÿ â³ä
êîíòðîëþ, à ïðè ³íôóç³¿ 20 ìêìîëü/ë ZnPP
IX ó ïåðôóçàò ðåºñòðóâàâñÿ ðîçâèòîê êî-
ðîíàðîêîíñòðèêö³¿ òà íåçâîðîòíî¿ ô³áðè-
ëÿö³¿ øëóíî÷ê³â (äèâ. ðèñ. 5, á), ùî, éìî-
â³ðíî, º íàñë³äêîì çíà÷íîãî ïðèãí³÷åííÿ
àêòèâíîñò³ ÃÎ-1.

Ò. Â. Êóêîáà, Î.Î. Ìîéáåíêî, À.Â. Êîöþðóáà

Ïîêàçíèêè ðîáîòè ³çîëüîâàíîãî ñåðöÿ ³íòàêòíèõ ùóð³â ³ ùóð³â, ùî îòðèìóâàëè ³íäóêòîð àêòèâíîñò³ ÃÎ-1 ãåì³í
(Ì±±±±±m, n=10-12)

      1 õâ          5 õâ          15 õâ       30 õâ         40 õâ

Ïåðôóç³éíèé òèñê ó êîðîíàðíèõ ñóäèíàõ, ìì ðò. ñò.
 êîíòðîëü 71,0 ± 2,24 120,0 ± 15,81 * 127,5 ± 9,27 * 118,0 ± 17,88 * 126,0 ± 8,94 * 124,0 ± 8,94 *
 äîñë³ä 69.99 ± 0,11 95,0 ± 5,0 * 82,22 ± 3,48 *,** 82,29 ± 2,88 * 79,25 ± 1,12 ∗∗ 85,25 ± 6,35**

Îï³ð êîðîíàðíèõ ñóäèí, ìì ðò. ñò..ìë-1.õâ-1

 êîíòðîëü 10,25 ± 2,02 20,85 ± 4,16 * 21,23 ± 6,02 * 20,08 ± 7,54 * 19,58 ± 5,42 * 23,49 ± 8,61 *
 äîñë³ä 6,28 ± 0,62 9,31 ± 1,57 *,** 8,50 ± 2,01 ∗∗  8,51 ± 2,13 ∗∗ 8,42 ± 2,48 ∗∗ 9,48 ± 2,81**

Òèñê, ùî ðîçâèâàº ë³âèé øëóíî÷îê, ìì ðò. ñò.
 êîíòðîëü 61,89 ± 13,98 24,55 ± 12,75 * 15,99 ± 11,16 * 21,04 ± 8,58 * 31,43 ± 7,73 * 28,90 ± 9,15 *
 äîñë³ä 54,36 ± 2,44 46,87 ± 2,54 * 46,41 ± 17,59** 44,92 ± 4,03** 49,18 ± 2,14** 43,58 ± 4,06

Ê³íöåâî-ä³àñòîë³÷íèé òèñê, ìì ðò. ñò.
 êîíòðîëü 1,16 ± 0,25 33,85 ± 10,61 51,62 ± 16,3 * 38,59 ± 10,45 * 31,98 ± 9,11* 35,1 ± 10,35 *
 äîñë³ä 1,43 ± 0,49 15,84 ± 5,20 * 11,97 ± 0,42 *,** 12,01 ± 0,04 *,∗∗ 11,81 ± 0,11 *,**12,03 ± 0,09 *,**

*â³ðîã³äíî äî ïî÷àòêîâèõ çíà÷åííü; ∗∗â³ðîã³äíî äî êîíòðîëþ; ð<0,05

Ðåïåðôóç³ÿ
Ïîêàçíèê Âèõ³äíèé ñòàí
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Òàêèì ÷èíîì, îòðèìàí³ ðåçóëüòàòè äîç-
âîëÿþòü çðîáèòè âèñíîâîê, ùî ³øåì³ÿ òà
íàñòóïíà ðåïåðôóç³ÿ ïðèçâîäÿòü äî ðîç-
âèòêó êîðîíàðîêîíñòðèêö³¿, ïîã³ðøåííÿ
ñêîðîòëèâî¿ ôóíêö³¿ ñåðöÿ, çá³ëüøåííÿ óò-
âîðåííÿ ÀÔÊ. Ïîñèëåííÿ îêèñíîãî ñòðå-
ñó çóìîâëþº â³ëüíîðàäèêàëüíå óðàæåííÿ
òêàíèíè ì³îêàðäà, ïðî ùî ñâ³ä÷èòü çá³ëü-
øåííÿ âì³ñòó êðåàòèíê³íàçè ó ïåðôóçàò³.
Ðàçîì ç öèì ³øåì³ÿ � ðåïåðôóç³ÿ ñóïðî-
âîäæóºòüñÿ çíèæåííÿì àêòèâíîñò³ ÃÎ-1 ó
òêàíèí³ ì³îêàðäà òà çìåíøåííÿì âì³ñòó
ó ïåðôóçàò³ êàðä³àëüíîãî á³ë³ðóá³íó. Ïî-
ïåðåäíÿ ³íäóêö³ÿ òà ïîñèëåííÿ àêòèâíîñò³
ÃÎ-1, ÿêà ñóïðîâîäæóºòüñÿ çá³ëüøåííÿì
óòâîðåííÿ ¿¿ êàòàë³òè÷íèõ ïðîäóêò³â (ÑÎ,
á³ë³ðóá³íó òà Fe2+), â³ä³ãðàº âàæëèâó ðîëü
ó çàõèñò³ ì³îêàðäà â³ä îêèñíîãî ñòðåñó,
çìåíøóþ÷è óòâîðåííÿ ÀÔÊ, òà çàïîá³ãàº
ðîçâèòêó ïîñò³øåì³÷íèõ ïîðóøåíü ôóíê-
ö³îíóâàííÿ ³çîëüîâàíîãî ñåðöÿ.

T.V. Kukoba, O.O. Moybenko, A.V. Kotsjuruba

CARDIOPROTECTIVE EFFECT
OF HEME OXIGENASE-1 INDUCTION BY HEMIN
ON THE  ISOLATED HEART OF RAT
AT ISCHEMIA/REPERFUSION

The aim of the study was to determine the role of both an
inducible isoform of heme oxygenase (HO-1)  and products
of heme catabolism (carbon monoxide (CO), cardiac bilirubin
and Fe2+) in protecting myocardium against post-ischemic
myocardial dysfunction. Rat hearts were isolated and per-
fused according to the Langendorff technique to evaluate the
recovery of myocardial function after  total ischemia (20 min)
and  reperfusion (40 min) and production of reactive oxygen
forms at a reperfusion phase. Ischemia/reperfusion caused
impairment in myocardial function: left ventricular develop-
ing pressure (LVDP) was shown to be decreased , while end-
diastolic pressure (EDP) and both coronary perfusion pres-
sure and coronary resistance increased.  Free oxygen radicals
were generated at the reperfusion phase which  led to injuries
to cardiomyocytes  and creatine kinase efflux into perfusate.
We have found that upregulation of HO-1 by preliminary
(24 h before ischemia) injections of  25 mg/kg hemin (i.p)
resulted in improving the  myocardial function due to increas-
ing the enzyme activity and forming the cardial bilirubine,
while generation of reactive oxygen forms was inhibited, as
well as the contents of creatine kinase reduced. As a result,
impairment in cardiomyocytes  diminished, and coronary

vessels dilated to improve the functional paramrtres of the
heart work
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