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Äîñë³äæåííÿ ó÷àñò³ ì³òîõîíäð³àëüíî¿ ïîðè
â ðîçâèòêó ïîðóøåíü ñêîðî÷óâàëüíî¿ àêòèâíîñò³
ì³îêàðäà òà ñóäèí

Â ýêñïåðèìåíòàõ íà èçîëèðîâàííûõ ìèîêàðäèàëüíûõ è ñîñóäèñòûõ ïðåïàðàòàõ áûëà
èññëåäîâàíà ðîëü ìèòîõîíäðèàëüíîé ïîðû (ÌÏ) òðàíçèòîðíîé ïðîíèöàåìîñòè â ðàçâèòèè
ðåïåðôóçèîííûõ ïîâðåæäåíèé ìèîêàðäà è ñîñóäîâ. Ñóïåðôóçèÿ ïðåäâàðèòåëüíî àêòè-
âèðîâàííûõ ìèîêàðäèàëüíîé òðàáåêóëû (ÌÒ) è àðòåðèàëüíîé ïîëîñêè (ÀÏ) ñîëåâûì
ðàñòâîðîì, êîòîðûé áûë ñîáðàí â òå÷åíèå ïåðâûõ 5 ìèí ðåïåðôóçèè èçîëèðîâàííîãî
èøåìèçèðîâàííîãî ñåðäöà, âûçûâàëà ðåçêîå è çíà÷èòåëüíîå ïàäåíèå òîíè÷åñêîãî íàïðÿæåíèÿ
ìèîêàðäèàëüíîãî è ñîñóäèñòîãî ïðåïàðàòîâ. Êðîìå òîãî, çàðåãèñòðèðîâàíî çíà÷èòåëüíîå
óãíåòåíèå ñîêðàòèòåëüíûõ îòâåòîâ ÌÒ è ÀÏ íà òåñòîâóþ ýëåêòðè÷åñêóþ ñòèìóëÿöèþ, à
òàêæå ìîäóëèðóþùåãî âëèÿíèÿ ïðåïàðàòà-äîíîðà íà ñîêðàòèòåëüíûå ðåàêöèè ïðåïàðàòà-
ðåöèïèåíòà. Ñîâîêóïíîñòü íàøèõ ðåçóëüòàòîâ è äàííûõ, ïîëó÷åííûõ â äîïîëíèòåëüíûõ
ýêñïåðèìåíòàõ íà èçîëèðîâàííûõ ìèòîõîíäðèÿõ, ïîçâîëèëè óòâåðæäàòü, ÷òî â îòòåêàþùåì
îò èøåìèçèðîâàííîãî ñåðäöà ðàñòâîðå ïðèñóòñòâóåò ìèòîõîíäðèàëüíûé ñòàáèëüíûé
ôàêòîð (ÌÑÔ), îáëàäàþùèé âûðàæåííûì äèëàòàòîðíûì äåéñòâèåì. Äîáàâëåíèå â
ðåïåðôóçèîííûé ðàñòâîð ìåòèëåíîâîãî ñèíåãî è äèýòèëìàëåàòà íèâåëèðîâàëî åãî
äèëàòàòîðíîå âëèÿíèå. Ñóïåðôóçèÿ (10 ìèí) ïîâðåæäåííûõ ÌÒ è ÀÏ ðàñòâîðîì
íèòðîçîãëóòàòèîíà (10-5 ìîëü/ë) âîññòàíàâëèâàëà íîðìàëüíûå ñîêðàòèòåëüíûå ðåàêöèè
èçîëèðîâàííûõ ïðåïàðàòîâ è ìîäóëèðóþùåå âëèÿíèå ïðåïàðàòà-äîíîðà íà ðåàêöèè ïðåïàðàòà-
ðåöèïèåíòà, ÷òî åùå ðàç ïîäòâåðæäàåò íàëè÷èå â ñîñòàâå ÌÑÔ NO-ñîäåðæàùåãî
ñîåäèíåíèÿ. Òàêèì îáðàçîì, àêòèâàöèÿ ÌÏ èãðàåò âåäóùóþ ðîëü â ðàçâèòèè ðåïåðôóçèîííûõ
ïîâðåæäåíèé ìèîêàðäà è ïðèâîäèò ê âûñâîáîæäåíèþ ÌÑÔ, êîòîðûé ìîæåò áûòü îñíîâíûì
àãåíòîì ïàðàêðèííîé ðåãóëÿöèè ñîêðàòèòåëüíîé àêòèâíîñòè ìèîêàðäà, òîíóñà êîðîíàðíûõ
è ïåðèôåðè÷åñêèõ ñîñóäîâ.
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ÂÑÒÓÏ

Ïðîáëåìà ³øåì³¿�ðåïåðôóç³¿ ì³îêàðäà äî-
ñèòü äîáðå îïèñàíà â ë³òåðàòóð³. Â³äîìà
äîñòàòíÿ ê³ëüê³ñòü á³îëîã³÷íî àêòèâíèõ ðå-
÷îâèí ³ ìåòàáîë³ò³â, ùî áåðóòü ó÷àñòü ó
ðîçâèòêó çâîðîòíèõ ³ íåçâîðîòíèõ ïîðóøåíü
ä³ÿëüíîñò³ ñåðöÿ [5, 13]. Ïðîòå ³ íèí³ ñóïå-
ðå÷íèìè ëèøàþòüñÿ ïîãëÿäè ÿê íà øëÿõè
ðîçâèòêó, òàê ³ íà ìåä³àòîðíó ïðèðîäó ïîñò-
³øåì³÷íèõ äèñôóíêö³é. Â³äîìîñò³ ïðî
ó÷àñòü ñóïåðîêñèäíèõ ðàäèêàë³â â óøêîä-
æåíí³ ì³îêàðäà ï³ä ÷àñ ³øåì³¿�ðåïåðôóç³¿
ç'ÿâèëèñÿ äîñèòü äàâíî [10], àëå ì³ñöå ³ ñïî-

ñ³á ¿õíüîãî óòâîðåííÿ îñòàòî÷íî íå ç'ÿñî-
âàíî. Íàïðèê³íö³ 90-õ ðîê³â óâàãó äîñë³ä-
íèê³â ö³º¿ ïðîáëåìè ïðèâåðíóëè ì³òîõîíäð³¿
â çâ'ÿçêó ç çàðåºñòðîâàíèìè òðàíçèòíèìè
çì³íàìè ïðîíèêíîñò³ ¿õíüî¿ ìåìáðàíè [8, 9].
Ó ìåìáðàí³ ì³òîõîíäð³é çíàéøëè ñòðóêòóðó,
ùî îäåðæàëà íàçâó ì³òîõîíäð³àëüíî¿ ïîðè
(ÌÏ) òðàíçèòíî¿ ïðîíèêíîñò³, ÿêà áóëà
çäàòíà äî àêòèâàö³¿ ³ â³äêðèòòÿ ï³ä âïëèâîì
ð³çíèõ ôàêòîð³â, ó òîìó ÷èñë³ ³øåì³¿, àíîêñ³¿
òà ã³ïîêñ³¿ [8, 9, 15, 16]. Á³ëüøó ÷àñòèíó
äîñë³ä³â ç àêòèâàö³ºþ òà ³íã³á³ö³ºþ ÌÏ áóëî
ïðîâåäåíî íà ³çîëüîâàíèõ ì³òîõîíäð³ÿõ àáî
êàðä³îì³îöèòàõ, à âïëèâ ìîäóëÿòîð³â
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â³äêðèòòÿ ÌÏ íà ïðàöþþ÷å ñåðöå ³ ñåðöå-
âî-ñóäèííó ñèñòåìó ³ äîñ³ çàëèøàºòüñÿ
ìàéæå íåâèâ÷åíèì. Òîìó íàøîþ ìåòîþ
ñòàëî äîñë³äèòè âïëèâ àêòèâàö³¿ òà ³íã³á³ö³¿
ÌÏ íà ñêîðî÷óâàëüíó ôóíêö³þ ì³îêàðäà òà
ñóäèí ³ ðîëü ÌÏ ó ðîçâèòêó äèëàòàòîðíèõ
ðåàêö³é ïåðèôåðè÷íèõ ñóäèí.

ÌÅÒÎÄÈÊÀ

Åêñïåðèìåíòè ïðîâîäèëè íà ³çîëüîâàíèõ
ì³îêàðä³àëüíèõ òðàáåêóëàõ ç âóøêà ïðàâîãî
ïåðåäñåðäÿ òà ê³ëüöåâèõ ñìóæêàõ ³ç ñîííî¿
àðòåð³¿ ìîðñüêèõ ñâèíîê ìàñîþ 350�450 ã.
Òâàðèí äåêàï³òóâàëè, øâèäêî ïðîâîäèëè
òîðàêîòîì³þ, â³äòèíàëè âóøêî ïðàâîãî ïå-
ðåäñåðäÿ ³ ñåãìåíòè çàãàëüíî¿ ñîííî¿ àðòå-
ð³¿. Â³äïðåïàðîâàí³ òêàíèíè ïåðåíîñèëè â
îõîëîäæåíèé ðîç÷èí íàñòóïíîãî ñêëàäó
(ììîëü/ë): NaCl � 118, KCl � 4,7, MgSO
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âèä³ëÿëè òîíê³ òðàáåêóëè, ùî ñêëàäàëèñÿ ç
îäíîñïðÿìîâàíèõ ì'ÿçîâèõ âîëîêîí. Ñåã-
ìåíòè ñîííî¿ àðòåð³¿ íàð³çàëè íà ê³ëüöÿ
òîâùèíîþ 1,5�2 ìì â³äïîâ³äíî äî íàïðÿìêó
ì'ÿçîâèõ âîëîêîí. Ì³îêàðä³àëüí³ òà ñóäèíí³
ïðåïàðàòè ïåðåíîñèëè â òåðìîñòàòîâàíó,
äâîêàìåðíó óñòàíîâêó, ùî äàâàëà ìîæëè-
â³ñòü ÿê ïîñë³äîâíî¿, òàê ³ ³çîëüîâàíî¿ ïåð-
ôóç³¿ äîñë³äæóâàíèõ ïðåïàðàò³â ðîç÷èíîì
òîãî ñàìîãî ñêëàäó [1]. Ó äîñë³äàõ âèêî-
ðèñòîâóâàëè ñèíõðîííó òà ïîñë³äîâíó åëåêò-
ðè÷íó ñòèìóëÿö³þ ³çîëüîâàíèõ ïðåïàðàò³â ç
òàêèìè ïàðàìåòðàìè: 5 Ãö, 50 ìñ, 30 Â, 30�31îÑ.

²øåì³þ�ðåïåðôóç³þ ñåðöÿ ìîäåëþâàëè
çà äîïîìîãîþ ïîâíî¿ çóïèíêè ïåðôóç³¿
³çîëüîâàíîãî çà Ëàíãåíäîðôîì ñåðöÿ íà 20
õâ ³ íàñòóïíî¿ ðåïåðôóç³¿ ïðîòÿãîì 40 õâ.
Ïåðôóç³éíèé ðîç÷èí, ùî â³äò³êàâ ç ëåãåíåâî¿
àðòåð³¿, çáèðàëè çà ïåðø³ 5 õâ ðåïåðôóç³¿ ³
ïåðôóçóâàëè íèì ì³îêàðä³àëüíó òðàáåêóëó
òà ñóäèíí³ ñìóæêè. Îêñèäàòèâíèé ñòðåñ
äëÿ ì³îêàðäà ìîäåëþâàëè çà äîïîìîãîþ
³íêóáàö³¿ ì³îêàðä³àëüíî¿ òðàáåêóëè â ðîç÷èí³
àêòèâàòîðà ÌÏ ôåí³ëàðñèíîêñèäó (ÔÀÎ,
10-5 ìîëü/ë) ïðîòÿãîì 2�3 õâ [12], ï³ñëÿ

÷îãî ðîç÷èí âèäàëÿëè, êàìåðó äîäàòêîâî
ïðîìèâàëè êîíòðîëüíèì ðîç÷èíîì ³ â³äíîâ-
ëþâàëè ïîñë³äîâíó ïåðôóç³þ. Ñóäèííà
ñìóæêà ï³ä ÷àñ ³íêóáàö³¿ òðàáåêóëè ç ÔÀÎ
³çîëüîâàíî ïåðôóçóâàëàñÿ êîíòðîëüíèì
ñîëüîâèì ðîç÷èíîì. Ðåºñòðóâàëè òîí³÷íå
íàïðóæåííÿ ÿê ì³îêàðä³àëüíî¿ òðàáåêóëè
(ÌÒ), òàê ³ ïîñë³äîâíî ïåðôóçîâàíî¿ àðòå-
ð³àëüíî¿ ñìóæêè (ÀÑ), ùî äàâàëî çìîãó
îö³íèòè âïëèâ â³äò³êàþ÷îãî â³ä ïîøêîäæåíî¿
òðàáåêóëè ïåðôóç³éíîãî ðîç÷èíó íà ÀÑ.
Ñòàòèñòè÷íó îáðîáêó äàíèõ ïðîâîäèëè
ð³çíèöåâèì ìåòîäîì ³ çà äîïîìîãîþ êðèòå-
ð³þ t Ñòüþäåíòà.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ̄ Õ ÎÁÃÎÂÎÐÅÍÍß

Ï³ñëÿ ïîïåðåäíüî¿ àêòèâàö³¿ ³çîëüîâàíèõ
ïðåïàðàò³â ÌÒ ³ ÀÑ çà äîïîìîãîþ åëåêò-
ðè÷íî¿ ñòèìóëÿö³¿, ïîñë³äîâíà 2-õâèëèííà
ïåðôóç³ÿ ïðåïàðàò³â ðîç÷èíîì, ÿêèé çáèðàëè
çà ïåðø³ 5 õâ ðåïåðôóç³¿ ³øåì³çîâàíîãî
³çîëüîâàíîãî ñåðöÿ, âèêëèêàëà çíà÷íå
çìåíøåííÿ òîí³÷íîãî íàïðóæåííÿ ÿê ÌÒ, òàê
³ ÀÑ íà 2,36 ± 0,3 ³ 2,24 ìÍ ± 0,32 ìÍ
â³äïîâ³äíî (n=10, Ð<0,05; ðèñ. 1). Ó òèõ
âèïàäêàõ, êîëè ³øåì³ÿ âèêëèêàëà ãëèáîêó òà
íåçâîðîòíó äåïðåñ³þ ì³îêàðäà ³çîëüîâàíîãî
ñåðöÿ, ïåðôóç³ÿ ðîç÷èíîì, ç³áðàíèì çà
ïåðø³ 5 õâ éîãî ðåïåðôóç³¿, âèêëèêàëà á³ëüø
ãëèáîêó äåïðåñ³þ ñêîðî÷óâàëüíî¿ àêòèâ-
íîñò³ ÌÒ ³ ÀÑ, ÿêà íå â³äíîâëþâàëàñÿ
ïðîòÿãîì 20 õâ â³äìèâàííÿ êîíòðîëüíèì
ðîç÷èíîì. Òðèâàëà 10-õâèëèííà ïåðôóç³ÿ
³çîëüîâàíèõ ïðåïàðàò³â â³äò³êàþ÷èì â³ä
³øåì³çîâàíîãî ñåðöÿ ðîç÷èíîì ùå á³ëüøå
ïðèãí³÷óâàëà òîí³÷íå íàïðóæåííÿ ì³îêàð-
ä³àëüíîãî òà ñóäèííîãî ïðåïàðàò³â íà 3,38 ±
0,37 ³ 3,1 ìÍ ± 0,28 ìÍ â³äïîâ³äíî (n=10,
Ð<0,05; äèâ. ðèñ. 1). Ï³ñëÿ òàêî¿ ïåðôóç³¿
ð³çêî ïðèãí³÷óâàëèñÿ ñêîðî÷óâàëüí³ ðåàêö³¿
ïðåïàðàò³â ó â³äïîâ³äü íà òåñòîâó ïîñë³äîâ-
íó åëåêòðè÷íó ñòèìóëÿö³þ. ÌÒ ï³äâèùó-
âàëà òîí³÷íå íàïðóæåííÿ ò³ëüêè íà 0,5 ±
0,07, à ÀÑ � íà 0,87 ìÍ ± 0,09 ìÍ, ó òîé
÷àñ ÿê ó êîíòðîë³ ñêîðî÷óâàëüíà â³äïîâ³äü
ñòàíîâèëà 3,52 ± 0,67 ³ 1,11 ìÍ ± 0,13 ìÍ
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â³äïîâ³äíî (n=10, Ð<0,001). Ïîòóæíà
íåãàòèâíà ³íîòðîïíà òà äèëàòàòîðíà ä³ÿ
â³äò³êàþ÷îãî â³ä ³øåì³çîâàíîãî ñåðöÿ
ðîç÷èíó íå çíèæóâàëàñÿ ïðè éîãî íàãð³âàíí³
³ çáåðåæåíí³ âïðîäîâæ îäí³º¿ äîáè ïðè
ê³ìíàòí³é òåìïåðàòóð³. Òàêèì ÷èíîì, ç
ïîøêîäæåíîãî ì³îêàðäà âèâ³ëüíþºòüñÿ
ñòàá³ëüíèé ôàêòîð, ÿêèé ìàº ïîòóæíèé
äèëàòàòîðíèé åôåêò [3, 4]. Ñïåêòðîôîòîìåò-
ðè÷íå äîñë³äæåííÿ â³äò³êàþ÷îãî â³ä ñåðöÿ
ðîç÷èíó òà äîäàòêîâ³ äîñë³äè íà ³çîëüîâàíèõ
ì³òîõîíäð³ÿõ âèÿâèëè íàÿâí³ñòü ó öèõ ðîç-
÷èíàõ ì³òîõîíäð³àëüíîãî ñòàá³ëüíîãî ôàêòîðà,
êîíöåíòðàö³ÿ ÿêîãî ò³ñíî êîðåëþâàëà ç³
ñòóïåíåì ïðèãí³÷åííÿ ôóíêö³¿ ñåðöÿ [2, 4].

Â³äîìî, ùî äåÿê³ á³îëîã³÷íî àêòèâí³
ðå÷îâèíè ³ ïåðåä óñ³ì NO, çä³éñíþþòü
äèëàòàòîðíó ä³þ ÷åðåç àêòèâàö³þ ðîç÷èííî¿
ãóàí³ëàòöèêëàçè [1]. Òîìó ìè ïåðåâ³ðèëè ÷è
íå º âèÿâëåíèé íàìè ñòàá³ëüíèé äåïðåñîð-
íèé ôàêòîð òàêîþ NO-âì³ñíîþ ñïîëóêîþ.
Ïåðôóç³ÿ ïîïåðåäíüî îáðîáëåíèõ ìåòèëå-
íîâèì ñèí³ì (10-4 ìîëü/ë) ³çîëüîâàíèõ
ïðåïàðàò³â ðîç÷èíîì, ç³áðàíèì çà ïåðø³ 5 õâ
ðåïåðôóç³¿, âèêëèêàëà ëèøå íåçíà÷íå çíè-
æåííÿ òîí³÷íîãî íàïðóæåííÿ ÌÒ íà 0,72 ìÍ ±
0,5 ìÍ, ó òîé ÷àñ ÿê ÀÑ ñêîðî÷óâàëàñÿ íà
0,58 ìÍ ± 0,3 ìÍ (ðèñ. 2), ùî â³ðîã³äíî

Ðèñ. 1. Âïëèâ ðîç÷èíó, ç³áðàíîãî ï³ä ÷àñ ðåïåðôóç³¿
³çîëüîâàíîãî ñåðöÿ, íà òîí³÷íå íàïðóæåííÿ ì³îêàð-
ä³àëüíî¿ òðàáåêóëè (1) ³ àðòåð³àëüíî¿ ñìóæêè (2). Çâåðõó
íàòèâíèé çàïèñ
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Ðèñ. 2. Âïëèâ ìåòèëåíîâîãî ñèíüîãî, äèò³îòðèåòîëó òà ä³åòèëìàëåàòó íà çì³íè òîí³÷íîãî íàïðóæåííÿ ì³îêàðä³àëüíî¿
òðàáåêóëè (1) ³ àðòåð³àëüíî¿ ñìóæêè (2) ï³ä ä³ºþ ðîç÷èíó, ç³áðàíîãî ï³ä ÷àñ ðåïåðôóç³¿ ³øåì³çîâàíîãî ñåðöÿ:
² � ïåðôóç³ÿ, ²² � ä³ÿ ìåòèëåíîâîãî ñèíüîãî: ²²² � ä³ÿ äèò³îòðèåòèëó, ²V � ä³ÿ ä³åòèëìàëåàòó
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â³äð³çíÿëîñÿ â³ä êîíòðîëüíèõ óìîâ. Ïîñëàá-
ëåííÿ äèëàòàòîðíîãî âïëèâó ì³òîõîíä-
ð³àëüíîãî ñòàá³ëüíîãî ôàêòîðà ï³ä ä³ºþ
³íã³á³òîðà ðîç÷èííî¿ ãóàí³ëàòöèêëàçè ìåòè-
ëåíîâîãî ñèíüîãî ìîæå ñâ³ä÷èòè ïðî òå, ùî
â ñêëàä³ ôàêòîðà ìîæå áóòè NO-âì³ñíèé
êîìïîíåíò, øâèäøå çà âñå í³òðîçîò³îëüíà
ñïîëóêà [11]. Äëÿ ïåðåâ³ðêè öüîãî ìè
âèð³øèëè âèêîðèñòàòè ìîäèô³êàòîð ò³îëî-
âèõ ãðóï äèò³îòðèåòîë (ÄÒÒ, 2 . 10-5 ìîëü/ë).
Ïåðôóç³ÿ ³çîëüîâàíèõ ïðåïàðàò³â â³äò³-
êàþ÷èì â³ä ³øåì³çîâàíîãî ñåðöÿ ðîç÷èíîì
ç äîäàâàííÿì ÄÒÒ ð³çêî ïîñëàáëþâàëà éîãî
äèëàòàòîðíèé âïëèâ � ÌÒ ðîçñëàáëþâàëàñÿ
ò³ëüêè íà 0,4 ± 0,3, à ÀÑ íà 0,23 ìÍ ± 0,3 ìÍ
(äèâ. ðèñ. 2), ùî â³ðîã³äíî ìåíøå (n=8,
Ð<0,001) âïëèâó â³äò³êàþ÷îãî ðîç÷èíó â
êîíòðîë³. Ó íàñòóïí³é ñåð³¿ åêñïåðèìåíò³â
äîäàâàííÿ ó â³äò³êàþ÷èé â³ä ³øåì³çîâàíîãî
ñåðöÿ ðîç÷èí ñêàâåíäæåðà ãëóòàò³îíó ä³åòèë-
ìàëåàòó (ÄÅÌ, 2 . 10-5 ìîëü/ë) ïðèçâîäèëî
äî ³íâåðñ³¿ ðåàêö³¿ ³çîëüîâàíèõ ïðåïàðàò³â �
ÌÒ ï³äâèùóâàëà òîí³÷íå íàïðóæåííÿ íà 2,41
± 0,9, à ÀÑ � íà 1,8 ìÍ ± 0,4 ìÍ (n=8, Ð<0,001).
Á³ëüø òîãî, ç³áðàíèé ï³ä ÷àñ ïåðøèõ õâèëèí
ðåïåðôóç³¿ ðîç÷èí ç äîäàâàííÿì ÄÅÌ íå
ïðèãí³÷óâàâ ñêîðî÷óâàëüí³ â³äïîâ³ä³ ïðåïà-
ðàò³â íà ïîñë³äîâíó åëåêòðè÷íó ñòèìóëÿö³þ
� âîíè áóëè áëèçüê³ äî êîíòðîëüíèõ. Îòðèìàí³
ðåçóëüòàòè ñâ³ä÷àòü, ùî â ñêëàä³ íå³äåí-
òèô³êîâàíîãî ì³òîõîíäð³àëüíîãî ñòàá³ëüíîãî
ôàêòîðà º NO-âì³ñí³ ñòðóêòóðè, ìîæëèâî,
í³òðîçîãëóòàò³îí [14, 17, 18].

Äëÿ ïîð³âíÿííÿ çì³í ñêîðî÷óâàëüíî¿
àêòèâíîñò³ ì³îêàðäà òà ñóäèííèõ ïðåïà-
ðàò³â ï³ä âïëèâîì â³äò³êàþ÷îãî â³ä ³øåì³-
çîâàíîãî ñåðöÿ ðîç÷èíó òà çà óìîâ ïðÿìî¿
àêòèâàö³¿ ÌÏ, ìè âèêîðèñòîâóâàëè ÔÀÎ.
Ì³îêàðä³àëüíó òðàáåêóëó ïðå³íêóáóâàëè â
ðîç÷èí³ ç ÔÀÎ âïðîäîâæ 2 õâ. ̄ ¿ ðåïåðôóç³ÿ
ïðèçâîäèëà äî ãëèáîêîãî çíèæåííÿ òîí³÷-
íîãî íàïðóæåííÿ îáîõ ïðåïàðàò³â íà 8,7 ±
2 ³ 5,92 ìÍ ± 0,89 ìÍ â³äïîâ³äíî (n=10,
Ð<0,001; ðèñ. 3). Çàðåºñòðîâàíà ðåàêö³ÿ
áóëà ÿê³ñíî ïîä³áíà äî âïëèâó ðîç÷èíó,
â³äò³êàþ÷îãî â³ä ³øåì³çîâàíîãî ñåðöÿ (äèâ.

ðèñ. 1), àëå çíèæåííÿ, âèêëèêàíå ä³ºþ ÔÀÎ,
ïåðåâèùóâàëî àìïë³òóäó çíèæåííÿ òîí³÷-
íîãî íàïðóæåííÿ ïðåïàðàò³â ï³ä âïëèâîì
ðåïåðôóç³éíîãî ðîç÷èíó. Ïîñèëåííÿ äåïðå-
ñîðíèõ ðåàêö³é ó ö³é ñåð³¿ äîñë³ä³â ïîÿñ-
íþºòüñÿ, íà íàøó äóìêó, ïðÿìèì âïëèâîì
óøêîäæóþ÷îãî ôàêòîðà íà ÌÒ, ïîøêîä-
æåííÿì ì³òîõîíäð³é ³ âèâ³ëüíåííÿì á³ëüøî¿
ê³ëüêîñò³ í³òðîçîò³îëüíèõ ç'ºäíàíü [7, 11].
Ïðèãí³÷åííÿ ðåàêö³é íà åëåêòðè÷íó ñòèìó-
ëÿö³þ ³çîëüîâàíèõ ñóïåðôóçîâàíèõ ïðåïà-
ðàò³â ï³ñëÿ ä³¿ àêòèâàòîðà ÌÏ íà ÌÒ áóëî
ïîä³áíèì äî çàðåºñòðîâàíèõ çà óìîâ ïåðôó-
ç³¿ ³çîëüîâàíèõ ïðåïàðàò³â ðîç÷èíîì, ÿêèé
â³äò³êàâ â³ä ³øåì³çîâàíîãî ñåðöÿ. Òîí³÷íå
íàïðóæåííÿ óøêîäæåíî¿ ÌÒ çá³ëüøóâàëîñÿ
ëèøå íà 0,13 ìÍ ± 0,19 ìÍ (n=10, Ð<0,001),

Ðèñ. 3. Âïëèâ ðåïåðôóç³¿ ì³îêàðä³àëüíî¿ òðàáåêóëè,
ïðå³íêóáîâàíî¿ ç ôåí³ëàðñèíîêñèäîì, íà òîí³÷íå
íàïðóæåííÿ ì³îêàðä³àëüíî¿ òðàáåêóëè (1) ³ àðòåð³àëüíî¿
ñìóæêè (2). Çì³íè âïëèâó ðåïåðôóç³¿ çà óìîâ ä³¿: ² �
ôåí³ëàðñèíîêñèäó, ²² � ôåí³ëàðñèíîêñèäó òà ìåòè-
ëåíîâîãî ñèíüîãî, ²²² � ôåí³ëàðñèíîêñèäó òà ä³åòèë-
ìàëåàòó. Çâåðõó íàòèâíèé çàïèñ
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à ÀÑ ñêîðî÷óâàëàñÿ íà 2,33 ìÍ ± 0,58 ìÍ
(ðèñ. 4). Îòæå, ìè îäåðæàëè ìîäåëü, êîòðà
ëåãêî â³äòâîðþº óøêîäæåííÿ ì³îêàðäà, ÿêå
ñïðè÷èíÿº àêòèâàö³ÿ ÌÏ, ³ ðåàêö³þ íà öå
ïåðèôåðè÷íèõ ñóäèí ï³ä ÷àñ ðåïåðôóç³¿
ïîøêîäæåíîãî ì³îêàðäà. Îòðèìàí³ ðåçóëü-
òàòè ñâ³ä÷àòü ïðî ÿê³ñíó ïîä³áí³ñòü ïðîöå-
ñ³â, ùî â³äáóâàþòüñÿ. Äîäàòêîâèì ï³ä-
òâåðäæåííÿì áóëî âèçíà÷åííÿ ì³òîõîíä-
ð³àëüíîãî ñòàá³ëüíîãî ôàêòîðà, ÿêèé âèâ³ëü-
íþºòüñÿ ³ç ì³îêàðäà çà óìîâ éîãî ïåðôóç³¿
ðîç÷èíîì ç ÔÀÎ [4].

Ïîñë³äîâíà 10-õâèëèííà ïåðôóç³ÿ ïîø-
êîäæåíèõ ïðåïàðàò³â ç í³òðîçîãëóòàò³îíîì
(10-5 ìîëü/ë) ïîâí³ñòþ â³äíîâëþâàëà ñêîðî-
÷óâàëüí³ ðåàêö³¿ ÌÒ ³ ÀÑ íà åëåêòðè÷íó
ñòèìóëÿö³þ. Ïðè öüîìó òîí³÷íå íàïðóæåííÿ
ÌÒ çá³ëüøóâàëîñÿ íà 3,76 ± 0,4, à ÀÑ � íà
2,3 ìÍ ± 0,15 ìÍ, ùî â³ðîã³äíî â³äð³çíÿºòüñÿ
â³ä ðåàêö³é, çàðåºñòðîâàíèõ ó ïîïåðåäí³é
ñåð³¿ äîñë³ä³â. Ñë³ä îñîáëèâî â³äçíà÷èòè
â³äíîâëåííÿ ìîäóëþþ÷îãî âïëèâó ðîç÷èíó,
ÿêèé â³äò³êàº â³ä ÌÒ, íà ñêîðî÷óâàëüíó
ðåàêö³þ ÀÑ (äèâ. ðèñ. 4).Òàêà ðåàêö³ÿ
ðåºñòðóºòüñÿ ò³ëüêè çà óìîâ íîðìàëüíîãî
ôóíêö³îíàëüíîãî ñòàíó åíäîòåë³àëüíèõ
êë³òèí [1]. Äîäàâàííÿ â ïåðôóç³éíèé ðîç÷èí

ÄÅÌ ïåðåä ðåïåðôóç³ºþ ³íêóáîâàíî¿ ç ÔÀÎ
òðàáåêóëè, ÿê ³ â ðàç³ ïåðôóç³¿ ïðåïàðàò³â
ðîç÷èíîì, â³äò³êàþ÷èì â³ä ³øåì³çîâàíîãî
ñåðöÿ ç äîäàâàííÿì ÄÅÌ, ïðèçâîäèëî íå
äî çìåíøåííÿ òîí³÷íîãî íàïðóæåííÿ ³çî-
ëüîâàíèõ ïðåïàðàò³â ó ïðîöåñ³ ðåïåðôóç³¿,
à äî ¿¿ ï³äâèùåííÿ ó ÌÒ íà 4,77 ± 1 ³ íà 2,42 ìÍ ±
0,4 ìÍ ó ÀÑ (n=8, Ð<0,001; äèâ. ðèñ. 3).
Ðåàêö³ÿ ³çîëüîâàíèõ ïðåïàðàò³â íà åëåêò-
ðè÷íó ñòèìóëÿö³þ çà öèõ óìîâ íå â³äð³ç-
íÿëàñÿ â³ä êîíòðîëüíî¿ (äèâ. ðèñ. 4). Â îñ-
òàíí³é ñåð³¿ åêñïåðèìåíò³â ìè âèêîðèñòàëè
ðåïåðôóç³þ ³íêóáîâàíî¿ ç ÔÀÎ òðàáåêóëè ç
³íã³á³òîðîì ðîç÷èííî¿ ãóàí³ëàòöèêëàçè
ìåòèëåíîâèì ñèí³ì (10-4 ìîëü/ë). Òàêà
ìîäèô³êàö³ÿ ðåïåðôóç³¿ ³íêóáîâàíî¿ ç ÔÀÎ
ÌÒ â³ðîã³äíî á³ëüøå í³æ ó 3 ðàçè çìåí-
øóâàëà ðîçñëàáëþþ÷³ ðåàêö³¿ ÌÒ ³ ÀÑ
(äèâ. ðèñ. 3), ùî áóëî çíîâó æ òàêè ïîä³áíèì
äî ðåàêö³é, çàðåºñòðîâàíèõ çà óìîâ ïåðôóç³¿
³çîëüîâàíèõ ïðåïàðàò³â â³äò³êàþ÷èì â³ä
³øåì³çîâàíîãî ñåðöÿ ðîç÷èíîì. Îòðèìàí³
ðåçóëüòàòè ñâ³ä÷àòü ïðî ì³òîõîíäð³àëüíå
ïîõîäæåííÿ âèÿâëåíîãî äèëàòàòîðíîãî
ì³òîõîíäð³àëüíîãî ñòàá³ëüíîãî ôàêòîðà ³
íàÿâíîñò³ â éîãî ñòðóêòóð³ NO-âì³ñíîãî
êîìïîíåíòà [18].

Ðèñ. 4. Ñêîðî÷óâàëüí³ ðåàêö³¿ ì³îêàðä³àëüíî¿ òðàáåêóëè (1) òà àðòåð³àëüíî¿ ñìóæêè (2) íà åëåêòðè÷íó ñòèìóëÿö³þ
çà óìîâ âïëèâó: ² � êîíòðîëüíèé ðîç÷èí, ²² � ôåí³ëàðñèíîêñèä, ²²² � ôåí³ëàðñèíîêñèä ³ í³òðîçîãëóòàò³îí, ²V �
ôåí³ëàðñèíîêñèä ³ ä³åòèëìàëåàò

Äîñë³äæåííÿ ó÷àñò³ ì³òîõîíäð³àëüíî¿ ïîðè

4

I I I I I I IV
0

2

1

3

2

ìH

1



ISSN 0201-8489    Ô³ç³îë. æóðí., 2005, Ò. 51, ¹ 3 23

Òàêèì ÷èíîì, îêñèäàòèâíèé ñòðåñ ì³òî-
õîíäð³àëüíîãî ïîõîäæåííÿ áåðå àêòèâíó
ó÷àñòü ó ðîçâèòêó ïîðóøåíü ñêîðî÷óâàëüíî¿
ôóíêö³¿ ì³îêàðäà çà óìîâ ³øåì³¿�ðåïåðôóç³¿,
ùî çá³ãàºòüñÿ ç äàíèìè, îòðèìàíèìè
³íøèìè àâòîðàìè [6, 9, 15, 16]. Ì³òîõîíäð³¿
³ ïîò³ì óøêîäæåíà îêñèäàòèâíèì ñòðåñîì
ñàðêîëåìà ìîæóòü áóòè îñíîâíèìè äæåðå-
ëàìè í³òðîçîò³îëüíèõ ñïîëóê, ìîæëèâî
í³òðîçîãëóòàò³îíó [14], ÿêèé çäàòíèé áóòè
îñíîâíèì ä³þ÷èì ÷èííèêîì ì³òîõîíä-
ð³àëüíîãî ñòàá³ëüíîãî ôàêòîðà. Íàâåäåí³
äàí³ ñâ³ä÷àòü, ùî ñòàá³ëüíèé ôàêòîð, ÿêèé
âèâ³ëüíþºòüñÿ ³ç ì³îêàðäà ï³ä ÷àñ ³øåì³¿�
ðåïåðôóç³¿, ìîæå çä³éñíþâàòè ïàðàêðèííó
ðåãóëÿö³þ íå ò³ëüêè ñêîðî÷óâàëüíî¿ àêòèâ-
íîñò³ ñåðöÿ, ãëàäåíüêèõ ì�ÿç³â êîðîíàðíèõ
ñóäèí, àëå ³ ãóìîðàëüíî çóìîâëåí³ çì³íè
òîíóñó ïåðèôåðè÷íèõ ñóäèí [17] â³äïîâ³äíî
ç³ ñòóïåíåì óøêîäæåííÿ ì³îêàðäà. Êð³ì
òîãî, îòðèìàí³ ðåçóëüòàòè âêàçóþòü íà
ìîæëèâ³ñòü âèêîðèñòàííÿ í³òðîçîò³îëüíèõ
ñïîëóê ÿê ïðîòåêòîð³â îêñèäàòèâíèõ ïîø-
êîäæåíü ì³îêàðäà, àëå öå ïîòðåáóº äîäàò-
êîâèõ äîñë³äæåíü.

 A.V. Dmitrieva,  V.F. Sagach, A. Yu. Boguslavsky

THE  INVESTIGATION  OF  MITHOCHONDRIAL
PERMEABILITY  TRANSITION PORE  (MPTP)  IN
THE  DEVELOPMENT  OF  MYOCARDIAL  AND
VASCULAR  CONTRACTILITY  DISFUNCTIONS

In experiments on the isolated myocardial and vascular
preparations the role of the mithochondrial permiability tran-
sition pore (mPTP) in the development of reperfusion injury
was investigated. Co-perfusion of the previously activated
myocardial trabecula (ÌÒ) and arterial rings (AR) by solution
collected during the first 5 min of isolated heart reperfusion,
caused a sharp and significant decrease of tonic tension of both
isolated preparations. Besides the significant inhibition of the
ÌÒ and ÀR reactions after electrical stimulation, modulation
of AR reaction by the influence of MT is also registered. The
solution collected at first minutes of heart reperfusion, pre-
serve a dilation property within 24 hours of storage at room
temperature. Preliminary perfusion of ÌÒ and ÀR with
methylen blue (ÌB, 10-4 Ì/l) or the addition to the solution
dithiothreitol (DTT, 2.10-5 Ì/l) and diethyl maleate (DEM,
2.10-5 Ì/l) resulted in an almost complete inhibition of this
dilatation influence on the isolated preparations. The data

received testify that the solution comprise a NO-containing
substance, possible nitrosoglutation. Pre-incubation (2 min)
ÌÒ in a solution with mPTP activator phenylarsine oxide
(PAO, 10-5 Ì/l) and subsequent reperfusion with a control
solution resulted in deep and irreversible decrease of tonic
tension and inhibition of contractility of both isolated prepa-
rations. The received data are qualitatively similar to results
described above. Our data and results received in additional
experiments on isolated mitochondria allow us to assert that
solution flowing from the ischemized heart contains the stable
mitochondrial factor (SMF) with a significant dilatation prop-
erty. An addition of ÌB and DEM in the reperfusion solution
abrogated its dilation influence. Co-perfusion (10 min) of the
injured ÌÒ and ÀR by the solution with nitrosoglutation (10-

5 Ì/l) restored normal contractility of the isolated prepara-
tions and modulation of the AR reaction by the influence of
MT. It once again confirms the presence of an NO-containing
substance in the SMF content. Thus, the mPTP activation
plays the key role in the development of myocardial reperfusion
injury and results in release of SMF, which can be the basic
agent of paracrine regulation of myocardial contractility,
coronary and peripheral vessels tone.

A.A. Bogomoletz Institute of Physiology National Academy of
Sciences of Ukraine, Kiev
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