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Âïëèâ ã³ïîêñè÷íèõ òðåíóâàíü
íà ÷óòëèâ³ñòü ôåí³ëàðñèíîêñèä³íäóêîâàíîãî â³äêðèòòÿ
ì³òîõîíäð³àëüíî¿ ïîðè â ñåðö³ ùóð³â

Íà ìèòîõîíäðèÿõ, èçîëèðîâàííûõ èç òêàíè ñåðäöà âçðîñëûõ êðûñ, â óñëîâèÿõ âëèÿíèÿ íà íèõ
äâóõ ðåæèìîâ íîðìîáàðè÷åñêîé èíòåðâàëüíîé ãèïîêñè÷åñêîé òðåíèðîâêè (ÈÃÒ): áîëåå ìÿãêîãî,
íî ïðîäîëæèòåëüíîãî (15-ìèíóòíîå äûõàíèå ãàçîâîé ñìåñüþ ñ 11%-ì ñîäåðæàíèåì êèñëîðîäà
â àçîòå, ðåæèì 1) è áîëåå æåñòêîãî, íî êðàòêîâðåìåííîãî (5-ìèíóòíîå äûõàíèå ñ 8%-ì
ñîäåðæàíèåì êèñëîðîäà â àçîòå, ðåæèì 2) èçó÷àëè ÷óâñòâèòåëüíîñòü ôåíèëàðñèíîêñèä (ÔÀÎ)-
èíäóöèðóåìîãî îòêðûòèÿ ìèòîõîíäðèàëüíîé ïîðû (ÌÏ) ïî èçìåíåíèþ íàáóõàíèÿ
ìèòîõîíäðèé, ðåãèñòðèðóåìîãî ñïåêòðîôîòîìåòðè÷åñêè ïðè äëèíå âîëíû 520 íì. Ïîêàçàíî,
÷òî ÈÃÒ â ðåæèìå 1 ñóùåñòâåííî íå âëèÿëè íà ÔÀÎ-èíäóöèðóåìîå öèêëîñïîðèí À-
÷óâñòâèòåëüíîå íàáóõàíèå ìèòîõîíäðèé, à òàêæå íà ïîêàçàòåëè ïåðåêèñíîãî îêèñëåíèÿ
ëèïèäîâ (ÏÎË) è ôåðìåíòîâ àíòèîêñèäàíòíîé çàùèòû. Òàê, íàáëþäàëàñü ëèøü òåíäåíöèÿ ê
ñíèæåíèþ êîíöåíòðàöèè ìàëîíîâîãî äèàëüäåãèäà (ÌÄÀ) â êðîâè è â ïå÷åíè (â ñðåäíåì íà 20 %).
Àêòèâíîñòü ñóïåðîêñèääèñìóòàçû (ÑÎÄ) íåçíà÷èòåëüíî óâåëè÷èâàëàñü, à êàòàëàçû (ÊÀÒ),
íàïðîòèâ, óìåíüøàëàñü. Óñòàíîâëåíî, ÷òî ÈÃÒ â ðåæèìå 2 îêàçûâàëè ïîëîæèòåëüíûé
êîððèãèðóþùèé ýôôåêò â îòíîøåíèè ÔÀÎ-èíäóöèðóåìîãî îòêðûòèÿ ÌÏ â ñåðäöå âçðîñëûõ
êðûñ, ïðè÷åì çàùèòíîå äåéñòâèå áîëåå æåñòêîãî ðåæèìà ãèïîêñèè ñîõðàíÿëîñü äàæå ÷åðåç
45 ñóò ïîñëå ïðåêðàùåíèÿ ÈÃÒ. Íåîáõîäèìî îòìåòèòü, ÷òî óêàçàííûé ðåæèì òðåíèðîâîê
âûçûâàë èíòåíñèôèêàöèþ ïðîöåññîâ ÏÎË, ÷òî âûðàæàëîñü â çíà÷èòåëüíîì ïîâûøåíèè
ñîäåðæàíèÿ ÌÄÀ (êàê â êðîâè, òàê è â ïå÷åíè) è àêòèâíîñòè ÑÎÄ ïðè îäíîâðåìåííîì
óìåíüøåíèè àêòèâíîñòè ÊÀÒ. Äåëàåòñÿ çàêëþ÷åíèå, ÷òî ÈÃÒ â ðåæèìå 2 ïîâûøàþò
÷óâñòâèòåëüíîñòü ìèòîõîíäðèàëüíîé ìåìáðàíû ê èíäóêòîðó îòêðûòèÿ ÌÏ � ÔÀÎ.
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ÂÑÒÓÏ

Òðåíóâàííÿ îðãàí³çìó êîðîòêî÷àñíèìè
íîðìîáàðè÷íèìè ïåð³îäè÷íèìè ã³ïîêñè÷-
íèìè ñòèìóëàìè, ÿê³ çà ñâîºþ ä³ºþ ìîæíà
ïðèð³âíÿòè äî ã³ïîêñè÷íîãî ïðåêîíäèö³î-
íóâàííÿ, ñóïðîâîäæóþòüñÿ íàñàìïåðåä çíè-
æåííÿì âì³ñòó êèñíþ â òêàíèíàõ ³ ÷åðãó-
þòüñÿ ç ïåð³îäàìè íîðìîêñ³¿. Ââàæàºòüñÿ,
ùî ñàìå ï³ä ÷àñ îñòàíí³õ � âêëþ÷àþòüñÿ
êàðä³îïðîòåêòîðí³ ìåõàí³çìè, ä³ÿ ÿêèõ
ïîä³áíà äî åôåêòó ³øåì³÷íîãî ïðåêîíäèö³î-
íóâàííÿ. Îñê³ëüêè ìîëåêóëÿðí³ ìåõàí³çìè
îáîõ òèï³â îïèñàíèõ ÿâèù ùå íå çîâñ³ì äîñ-
ë³äæåíî, âèâ÷åííÿ ä³¿ çîêðåìà ã³ïîêñè÷íîãî

ïðåêîíäèö³îíóâàííÿ ÿê in vitro, òàê ³ in vivo
º àêòóàëüíèì.

Ì³òîõîíäð³¿ � îäíî÷àñíî ³ ñåíñîðè, ³
ðåãóëÿòîðè çì³í êèñíåâîãî ñòàíó îðãàí³çìó.
Êð³ì òîãî, âîíè çàáåçïå÷óþòü êë³òèííèé
åíåðãåòè÷íèé ìåòàáîë³çì, ³ ¿ì íàëåæàòü
êëþ÷îâ³  ïîçèö³ ¿  â  ïðîöåñ³  àïîïòîçó  �
çàïðîãðàìîâàí³é çàãèáåë³ êë³òèí. Ì³òî-
õîíäð³ ¿  º  ãîëîâíèì äæåðåëîì â³ëüíèõ
ðàäèêàë³â ³ âîäíî÷àñ ì³øåííþ ¿õ óøêîä-
æóâàëüíî¿ ä³¿. Â³äêðèòòÿ òàê çâàíî¿ ì³òî-
õîíäð³àëüíî¿  ïîðè (ÌÏ) ó âíóòð³øí³é
ì³òîõîíäð³àëüí³é ìåìáðàí³, ùî ïðèçâîäèòü
äî íàáóõàííÿ ìàòðèêñó, ðóéíóâàííÿ çîâí³ø-
íüî¿ ìåìáðàíè ì³òîõîíäð³é, âèâ³ëüíåííÿ ç
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ì³æìåìáðàííîãî ïðîñòîðó òàêèõ àïîïòî-
òè÷íèõ ñèãíàëüíèõ ìîëåêóë, ÿê öèòîõðîì ñ,
Ñà2+, ôàêòîð, ùî ³íäóêóºòüñÿ àïîïòîçîì,
ââàæàºòüñÿ êðèòè÷íèì ìîìåíòîì â ðîçâèò-
êó äåÿêèõ ïàòîëîã³÷íèõ ñòàí³â îðãàí³çìó ³,
íàñàìïåðåä, ïîñò³øåì³÷íèõ ðåïåðôóç³éíèõ
óøêîäæåíü ñåðöÿ [13, 16, 32]. Äàí³ ë³òåðà-
òóðè îñòàíí³õ ðîê³â ñâ³ä÷àòü ïðî òå, ùî
îäíèì ³ç ñïåöèô³÷íèõ òðèãåð³â â³äêðèòòÿ
ÌÏ º â³ëüí³ ðàäèêàëè [20, 28]. Òàê, ñóïåðîê-
ñèäíèé ðàäèêàë ìîæå âèêëèêàòè íàáóõàííÿ
ì³òîõîíäð³é ³ âèâ³ëüíåííÿ íèçüêîìîëåêóëÿð-
íèõ ðå÷îâèí (ìîëåêóëÿðíà ìàñà ìåíøà í³æ
1500 Äà), ùî âêëþ÷àþòüñÿ â ïîñòì³òîõîíä-
ð³àëüí³ ìåòàáîë³÷í³ ïðîöåñè, íàâ³òü çà â³ä-
ñóòíîñò³ äåïîëÿðèçàö³¿ ì³òîõîíäð³àëüíî¿
ìåìáðàíè [13, 15, 16].

Ã³ïîêñ³ÿ º îäíèì ³ç óí³âåðñàëüíèõ ìîäó-
ëÿòîð³â åíåðãåòè÷íèõ ïðîöåñ³â çà ô³ç³îëî-
ã³÷íèõ óìîâ ³ âàæëèâîþ ïðè÷èíîþ ïîðóøåíü
ìåòàáîë³çìó ³ ôóíêö³é êë³òèíè ïðè áàãàòüîõ
ïàòîëîã³÷íèõ ñòàíàõ îðãàí³çìó. Äåô³öèò
åíåðã³¿, ùî ñòâîðþºòüñÿ çà ïåâíèõ óìîâ â
ì³òîõîíäð³ÿõ, àêòèâóº â³ëüíîðàäèêàëüíå
îêèñíåííÿ â êë³òèí³ [26, 27].

Ó íàøèõ ïîïåðåäí³õ äîñë³äæåííÿõ áóëî
ïîêàçàíî ïîçèòèâíó ä³þ ³íòåðâàëüíèõ
ã ³ïîêñè÷íèõ òðåíóâàíü  ( ²ÃÒ)  íà  ñòàí
â³ëüíîðàäèêàëüíèõ ïðîöåñ³â ó ëþäåé ³
òâàðèí [3, 6]. Ïðîòå â öèõ äîñë³äæåííÿõ
áóëî âèêîðèñòàíî ò³ëüêè îäèí, á³ëüø ì�ÿêèé,
ðåæèì ²ÃÒ. Ðàçîì ç òèì ôàêòîð ÷àñó òà
³íòåíñèâí³ñòü ïîäðàçíåííÿ ã³ïîêñè÷íèì
ñòèìóëîì ìîæóòü â³ä³ãðàâàòè ãîëîâíó ðîëü
ó çì³í³ ³íòåíñèâíîñò³ â³ëüíîðàäèêàëüíèõ
ïðîöåñ³â. Çã³äíî ç äåÿêèìè äàíèìè [12],
ìîæíà â³äçíà÷èòè äâà ð³âíÿ ãåíåðàö³ ¿
àêòèâíèõ ôîðì êèñíþ (ÀÔÊ): ðàííº íåâå-
ëèêå çá³ëüøåííÿ òà á³ëüø ï³çíº ¿õíº ïîñè-
ëåííÿ, ïîâ�ÿçàíå ç âèñíàæåííÿì âì³ñòó
â³äíîâëåíîãî ãëóòàò³îíó ³ êîëàïñîì ì³òî-
õîíäð³àëüíîãî ìåìáðàííîãî ïîòåíö³àëó. ª
â³äîìîñò³ ïðî òå, ùî åêçîãåíí³ â³ëüí³ ðàäè-
êàëè òàêîæ âèêëèêàþòü â³äêðèòòÿ ÌÏ, ÿêå
áëîêóºòüñÿ çà äîïîìîãîþ êëàñè÷íîãî ³íã³-
á³òîðà ÌÏ � öèêëîñïîðèíó À. Ðåçóëüòàòè
åêñïåðèìåíò³â ñâ³ä÷àòü, ùî ï³çíÿ ïðîäóêö³ÿ

ðàäèêàë³â àñîö³þºòüñÿ ç ï³äâèùåííÿì ÷óò-
ëèâîñò³ â³äêðèòòÿ ÌÏ [20]. Îäíèì ³ç ³íäóê-
òîð³â â³äêðèòòÿ ÌÏ ìîæå áóòè ôåí³ëàðñèí-
îêñèä (ÔÀÎ) � ìîäèô³êàòîð ñóëüôã³äðèëü-
íèõ ãðóï, ÿêèé âèêîðèñòîâóþòü äëÿ ìîäåëþ-
âàííÿ in vitro óìîâ îêñèäàòèâíîãî ñòðåñó.

Ìåòà íàøî¿ ðîáîòè � äîñë³äèòè ÔÀÎ-³í-
äóêîâàíå â³äêðèòòÿ ÌÏ ó ñåðö³ ùóð³â, à òà-
êîæ ³íòåíñèâí³ñòü ïåðåêèñíîãî îêèñíåííÿ
ë³ï³ä³â (ÏÎË), àêòèâí³ñòü àíòèîêñèäàíòíèõ
ôåðìåíò³â ïðè àäàïòàö³¿ äî äâîõ, ì�ÿêîãî òà
æîðñòêîãî, ðåæèì³â ²ÃÒ ³ ïåðåâ³ðèòè ¿õ ï³ñëÿ-
ä³þ íà âèùåçãàäàí³ ïîêàçíèêè ÷åðåç 45 ä³á.

ÌÅÒÎÄÈÊÀ

Äîñë³äè ïðîâåäåíî íà 24 äîðîñëèõ ùóðàõ-
ñàìöÿõ ë³í³¿ Â³ñòàð ìàñîþ 200�220 ã, ÿêèõ
óòðèìóâàëè  íà  ñòàíäàðòíîìó ðàö ³îí ³
â³âàð³þ. Ïåðåä äîñë³äàìè òâàðèí ïîä³ëèëè
íà ÷îòèðè ãðóïè ïî ø³ñòü òâàðèí ó êîæí³é.
Ïåðøó (êîíòðîëüíó) ãðóïó ñêëàëè ³íòàêòí³
òâàðèíè, ÿêèõ êîæíîãî äíÿ ïðèâ÷àëè äî
ïåðåáóâàííÿ â êàìåð³ äëÿ ²ÃÒ, àëå áåç
ïîäà÷³ ã³ïîêñè÷íî¿ ãàçîâî¿ ñóì³ø³, ³ çàáèâàëè
îäíî÷àñíî ç êîæíîþ äîñë³äíîþ ãðóïîþ.
Òâàðèí ²², ²²² ³ IV ãðóï âèêîðèñòîâóâàëè ó
äîñë³äàõ ï³ñëÿ êóðñó 14-äîáîâèõ ²ÃÒ ó
ð³çíèõ ðåæèìàõ.

Äëÿ ùóð³â ²² ãðóïè âèêîðèñòîâóâàëè
ðåæèì 1: ùîäåííå ïåðåáóâàííÿ òâàðèí â
ãåðìåòè÷í³é íîðìîáàðè÷í³é êàìåð³, ÿêó
âïðîäîâæ 15-õâèëèíèõ ³íòåðâàë³â âåíòè-
ëþâàëè ã³ïîêñè÷íîþ ãàçîâîþ ñóì³øøþ, ùî
ì³ñòèëà 11 % êèñíþ â àçîò³, ùî ÷åðãóâà-
ëèñÿ ç 15-õâèëèííèìè ³íòåðâàëàìè âåíòè-
ëÿö³¿ ê³ìíàòíèì ïîâ³òðÿì. Òàê³ öèêëè ïîâòî-
ðþâàëè ï�ÿòü ðàç³â íà äåíü ïðîòÿãîì 14 ä³á.
Ç ìåòîþ ïîãëèíàííÿ âèä³ëåíîãî òâàðèíàìè
âóãëåêèñëîãî ãàçó ³ âîäÿíèõ ïàð³â ó êàìåð³
âèêîðèñòîâóâàëè àäñîðáåíò. Äëÿ òâàðèí ²²²
òà IV ãðóï çàñòîñîâóâàëè ñåàíñè á³ëüø
æîðñòêî¿, àëå ìåíø òðèâàëî¿ ã³ïîêñ³¿ (ðåæèì 2):
5-õâèëèíí³ ³íòåðâàëè âåíòèëÿö³¿ ãàçîâîþ
ñóì³øøþ, ùî ì³ñòèëà 8 % êèñíþ â àçîò³,
êîòð³ ÷åðãóâàëèñÿ ç 15-õâèëèííèìè ³íòåð-
âàëàìè âåíòèëÿö³¿ ê³ìíàòíèì ïîâ³òðÿì; öèê-

Âïëèâ ã³ïîêñè÷íèõ òðåíóâàíü
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ëè ïîâòîðþâàëè ï�ÿòü ðàç³â íà äåíü ïðîòÿ-
ãîì 14 ä³á.

Òâàðèí ²�²²² ãðóï äåêàï³òóâàëè ï³ä åô³ð-
íèì íàðêîçîì íà íàñòóïíó äîáó ï³ñëÿ
14-äîáîâîãî êóðñó ä³éñíîãî àáî ³ì³òîâàíîãî
²ÃÒ. Ç ìåòîþ äîñë³äèòè â³ääàëåí³ åôåêòè
²ÃÒ òâàðèí IV ãðóïè çàáèâàëè ÷åðåç 45 ä³á
ï³ñëÿ 14-äîáîâîãî êóðñó ²ÃÒ.

Âèä³ëåííÿ ì³òîõîíäð³é ³ç ñåðöÿ ùóð³â.
Ñåðöÿ, âèäàëåí³ ç äåêàï³òîâàíèõ ùóð³â,
ïðîìèâàëè îõîëîäæåíèì 0,9 %-ì ðîç÷èíîì
KCl (4°C). Ì³òîõîíäð³¿ âèä³ëÿëè çà îïèñà-
íèì íàìè ìåòîäîì [7] ³ â ñóñïåíç³¿ âèçíà-
÷àëè âì³ñò á³ëêà çà Ëîóð³ .

Äîñë³äæåííÿ â³äêðèòòÿ ÌÏ. Â³äêðèòòÿ
ÌÏ ðåºñòðóâàëè íà ñïåêòðîôîòîìåòð³ ÑÔ-46
ïðè äîâæèí³ õâèë³ 520 íì çà çíèæåííÿì
îïòè÷íî¿ ãóñòèíè (D) ³çîëüîâàíèõ ì³òîõîíä-
ð³é ïðîòÿãîì 20 õâ â ³íêóáàö³éíîìó ñåðåäî-
âèù³ ³çîòîí³÷íîãî ñêëàäó ï³ñëÿ ¿õ íàáóõàííÿ
çà óìîâ ä³¿ ÔÀÎ, ÿêèé º ìîäèô³êàòîðîì
ñóëüôã³äðèëüíèõ ãðóï. Äëÿ öüîãî ì³òîõîíä-
ð³¿ ³íêóáóâàëè â 3 ìë ñåðåäîâèùà íàñòóï-
íîãî ñêëàäó (ììîëü/ë): òð³ñ-HCl � 25 (ðÍ
7,4, ïðè 23°Ñ), KCl � 120, KH

2
PO

4
 � 3,

ñóêöèíàò íàòð³þ � 5. Êîíöåíòðàö³ÿ á³ëêà ñòà-
íîâèëà 0,5 ìã/ìë. Êîíòðîëåì áóëà ñóñïåí-
ç³ÿ ì³òîõîíäð³é â ³íêóáàö³éíîìó ñåðåäîâèù³
áåç íàÿâíîñò³ ³íäóêòîðà ç ïîäàëüøîþ ðåºñò-
ðàö³ºþ ¿õ îïòè÷íî¿ ãóñòèíè. Äëÿ ï³äòâåðä-
æåííÿ òîãî, ùî çìåíøåííÿ îïòè÷íî¿ ãóñòèíè
ì³òîõîíäð³é âíàñë³äîê ¿õ íàáóõàííÿ â³äáó-
âàºòüñÿ ÷åðåç â³äêðèòòÿ ÌÏ, ïåðåä äîäà-
âàííÿì äî ì³òîõîíäð³é ³íäóêòîðà ¿õ äîäàò-
êîâî ³íêóáóâàëè ç êëàñè÷íèì ³íã³á³òîðîì �
öèêëîñïîðèíîì À (10-5 ìîëü/ë) ïðîòÿãîì 5 õâ.

Ó äîñë³äàõ ç âèâ÷åííÿ ÔÀÎ-³íäóêîâà-
íîãî â³äêðèòòÿ ÌÏ ó ñåðö³ ùóð³â ³íäóêòîð
âèêîðèñòîâóâàëè â êîíöåíòðàö³ÿõ 10-5 òà 10-4

ìîëü/ë, îñê³ëüêè çà íàøèìè ïîïåðåäí³ìè
äàíèìè ñàìå çà öèõ óìîâ ñïîñòåð³ãàëè ìàê-
ñèìàëüíå íàáóõàííÿ ì³òîõîíäð³é òà âèâ³ëü-
íåííÿ ì³òîõîíäð³àëüíîãî ôàêòîðà ç ñåðöÿ
äîðîñëèõ ùóð³â [7, 8].

Äîñë³äæåííÿ ³íòåíñèâíîñò³ ÏÎË ³ âèçíà-
÷åííÿ àêòèâíîñò³ ôåðìåíò³â àíòèîêñèäàíò-
íîãî çàõèñòó. Êîíöåíòðàö³þ ïðîäóêò³â ÏÎË

ó ñèðîâàòö³ êðîâ³ òà ¿õ âì³ñò ó ãîìîãåíàò³
ïå÷³íêè âèçíà÷àëè çà òåñòîì ç ò³îáàðá³-
òóðîâîþ êèñëîòîþ (ÒÁÊ) [18]. Àêòèâí³ñòü
ñóïåðîêñèääèñìóòàçè (ÑÎÄ) ó ãåìîë³çàò³
åðèòðîöèò³â ³ ïå÷³íö³ âèçíà÷àëè çà ñòóïåíåì
³íã³áóâàííÿ â³äíîâëåííÿ í³òðîñèíüîãî
òåòðàçîë³þ ñóïåðîêñèäîì, ÿêèé óòâîðþ-
ºòüñÿ â ðåçóëüòàò³ âçàºìîä³¿ ôåíàçèíåìå-
òàñóëüôàòó òà í³êîòèíàì³ääèíóêëåîòèäó, çà
äîïîìîãîþ ñïåêòðîôîòîìåòðè÷íîãî ìåòî-
äó [22], ìîäèô³êîâàíîãî ×åâàð³ òà ñï³âàâò.
[9]. Àêòèâí³ñòü êàòàëàçè (ÊÀÒ) âèçíà÷àëè
çà ñòóïåíåì ³íã³áóâàííÿ â³äíîâëåíîãî
ìîë³áäàòà ïåðåêèñîì âîäíþ ç óòâîðåííÿì
ñò³éêîãî çàáàðâëåíîãî êîìïëåêñó [2].

Ðå çóëüòàòè  äî ñë ³äæåíü  îáðîáëÿëè
ñòàòèñòè÷íî, âèêîðèñòîâóþ÷è êðèòåð³é t
Ñòüþäåíòà, çà äîïîìîãîþ ïðîãðàìè Origin
6.0 ô³ðìè «Microcall Inc.» (ÑØÀ).

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Íà ðèñ. 1 ïðåäñòàâëåíî òèïîâ³ êðèâ³ ÔÀÎ-
³íäóêîâàíîãî íàáóõàííÿ ì³òîõîíäð³é ñåðöÿ
äîðîñëèõ ùóð³â (êîíòðîëü, ² ãðóïà). Äîäà-
âàííÿ â ³íêóáàö³éíå ñåðåäîâèùå ÔÀÎ â
êîíöåíòðàö³¿ 10-5 àáî 10-4 ìîëü/ë ïðèç-
âîäèòü äî â³ðîã³äíîãî çíèæåííÿ ó ïîð³âíÿíí³
ç êîíòðîëåì îïòè÷íî¿ ãóñòèíè ³çîëüîâàíèõ
ì³òîõîíäð³é çà  ðåçóëüòàòàìè íà 20-òó
õâèëèíó (â ñåðåäíüîìó íà ∆%=17, Ð< 0,05;
∆% � öå âåëè÷èíà, ùî ïîêàçóº ð³çíèöþ ó
â³äñîòêàõ ì³æ 1-þ ³ 20-þ õâèëèíàìè íàáó-
õàííÿ ì³òîõîíäð³é). Êëàñè÷íèé ³íã³á³òîð â³ä-
êðèòòÿ ÌÏ öèêëîñïîðèí À â êîíöåíòðàö³¿
10-5 ìîëü/ë ïîïåðåäæóº ÔÀÎ-³íäóêîâàíå
íàáóõàííÿ ì³òîõîíäð³é, ùî ñâ³ä÷èòü ïðî ïðÿ-
ìó ïðè÷åòí³ñòü íàáóõàííÿ äî â³äêðèòòÿ ïîðè.

Çà óìîâ òðåíóâàííÿ ùóð³â ó ðåæèì³ 1
(²² ãðóïà) íå áóëî âèÿâëåíî äîñòîâ³ðíèõ çì³í
ùîäî ÔÀÎ-³íäóêîâàíîãî â³äêðèòòÿ ÌÏ
ïîð³âíÿíî ç êîíòðîëåì: âåëè÷èíà íàáóõàííÿ
ì³òîõîíäð³é ñåðöÿ çà óìîâ ä³¿ âèùåçãàäà-
íîãî ³íäóêòîðà â êîíöåíòðàö³¿ 10-5 ìîëü/ë
ñóòòºâî íå çì³íþâàëàñü ³ áóëà ïîä³áíîþ äî
òàêî¿ ó ùóð³â êîíòðîëüíî¿ ãðóïè (äèâ. ðèñ. 1).

Óìîâè òðåíóâàííÿ â ðåæèì³ 2 (²²² ãðóïà)

Ã.Ë. Âàâ³ëîâà, Ò.Â. Ñåðåáðîâñüêà, Î.Â. Ðóäèê, Ì.Â. Áºë³êîâà,  ª.Å. Êîëºñí³êîâà, Ò.Â. Êóêîáà, Â.Ô. Ñàãà÷
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ñïðè÷èíÿëè  çìåíøåííÿ  ìàéæå  âäâ ³÷ ³
âåëè÷èíè íàáóõàííÿ ì³òîõîíäð³é ïðè ä³¿
ÔÀÎ (10-5 ìîëü/ë) ïîð³âíÿíî ç êîíòðîëåì
(∆%=10, Ð<0,05; ðèñ. 2,à). ² íàâ³òü ÷åðåç
45 ä³á ï³ñëÿ ²ÃÒ (IV ãðóïà) öåé ïîêàçíèê
çíàõîäèâñÿ  íà  ð ³âí ³  êîíò ðîëþ,  òîáòî
ì³òîõîíäð³¿ áóëè ìåíø ÷óòëèâèìè äî ä³¿
³íäóêòîðà ÔÀÎ (ðèñ. 2,á). Ïðå³íêóáàö³ÿ
ì³òîõîíäð³é ç öèêëîñïîðèíîì À ïîïåðåä-
æóâàëà ÔÀÎ-³íäóêîâàíå ¿õ íàáóõàííÿ, ùî
äàº çìîãó ñòâåðäæóâàòè,  ùî öå â³äáó-
âàºòüñÿ ñàìå ÷åðåç â³äêðèòòÿ ÌÏ. Òîé
ôàêò, ùî ï³ñëÿ ²ÃÒ ó ðåæèì³ 2 ñïîñòåð³ãàëè
ìàéæå îäíàêîâèé ñòóï³íü íàáóõàííÿ ì³òî-
õîíäð³é ñåðöÿ ïðè ä³¿ ÔÀÎ â êîíöåíòðàö³¿
10-5 òà 10-4 ìîëü/ë,  ìîæå ñâ³ä÷èòè ïðî
çìåíøåííÿ ÷óòëèâîñò³ äî öüîãî ³íäóêòîðà
â³äêðèòòÿ ÌÏ. ²ñíóþòü äàí³ ïðî òå, ùî
ã³ïîêñè÷íå ïðåêîíäèö³îíóâàííÿ çá³ëüøóº
÷àñ, íåîáõ³äíèé äëÿ â³äêðèòòÿ ÌÏ, óäâ³÷³,
ùî íàïðÿìó ïîâ�ÿçàíî ³ç çàõèñòîì ì³îêàðäà
â³ä ³øåì³÷íî-ðåïåðôóç³éíîãî ïîøêîäæåííÿ
ó â³äïîâ³äü íà îêñèäàòèâíèé ñòðåñ çà
äîïîìîãîþ çìåíøåííÿ éìîâ³ðíîñò³ â³ä-
êðèòòÿ ÌÏ [17]. Íà äóìêó ³íøèõ àâòîð³â,
óïîâ³ëüíåíå â³äêðèòòÿ ÌÏ ìîæå â³ä³ã-
ðàâàòè ãîëîâíó ðîëü â ³øåì³÷íîìó ïðåêîí-
äèö³îíóâàíí³ [10].  Ñë³ä çàçíà÷èòè, ùî
ïðåêîíäèö³îíóâàííÿ êîðîòêèìè âïëèâàìè

íàâ³òü ³íäóêòîðà â³äêðèòòÿ ÌÏ � êàëüö³þ �
³íã³áóº â³äêðèòòÿ ÌÏ ³ ðîçâèòîê àïîïòîçó â
ñåðö³ [31]. ²ñíóþòü ùå é ³íø³ ïîÿñíåííÿ
ùîäî çàõèñíèõ ìåõàí³çì³â ²ÃÒ íà ñåðöå. Òàê
ïîêàçàíî, ùî â ïðîòåêòîðíèé âïëèâ ãîñòðî¿
³íòåðâàëüíî¿ ã³ïîêñ³¿ íà ïîñòðåïåðôóç³éí³
³øåì³÷í³ óøêîäæåííÿ ñåðöÿ ðîáëÿòü ñâ³é
âíåñîê îêñèä àçîòó òà ì³òîõîíäð³àëüí³
ÀÒÔ-çàëåæí³ êàë³ºâ³ êàíàëè [11].

Îêðåìî¿ óâàãè çàñëóãîâóþòü åêñïåðè-
ìåíòàëüí³ äàí³ â³äíîñíî íåçíà÷íîãî íàáó-
õàííÿ ì³òîõîíäð³é, ³çîëüîâàíèõ ³ç ñåðöÿ äî-
ðîñëèõ ùóð³â, äî òà ï³ñëÿ ²ÃÒ ó ðåæèì³ 2 áåç
íàÿâíîñò³ ³íäóêòîðà ÔÀÎ â ³íêóáàö³éíîìó
ñåðåäîâèù³ (ðèñ. 3). Ó êîíòðîëüí³é ãðóï³ â
óìîâàõ çáåð³ãàííÿ ì³òîõîíäð³é â ³íêóáà-
ö³éíîìó ñåðåäîâèù³ çàâæäè ñïîñòåð³-
ãàºòüñÿ íåçíà÷íå ¿õ íàáóõàííÿ (∆%=5,
Ð<0,05). Îäíàê ï³ñëÿ 14-äîáîâèõ ²ÃÒ ó
ðåæèì³ 2 (äèâ. ðèñ. 2,à) âåëè÷èíà íàáóõàííÿ
ì³òîõîíäð³é çà â³äñóòíîñò³ ÔÀÎ çíà÷íî
çá³ëüøóºòüñÿ (∆%=8, Ð<0,05). Ïîä³áíå ìè
ñïîñòåð³ãàëè ðàí³øå ïðè âèâ÷åíí³ â³äêðèòòÿ
ÌÏ ó ñåðö³ ñòàðèõ ùóð³â [8]. Î÷åâèäíî,
òàêå íàáóõàííÿ ì³òîõîíäð³é â³äáóâàºòüñÿ
âíàñë³äîê ïîñèëåííÿ îêèñíèõ ïðîöåñ³â, ÿê³
ñïðèÿþòü ï³äâèùåííþ ïðîíèêíîñò³ ì³òî-
õîíäð³àëüíèõ ìåìáðàí ³ ïîðîóòâîðåííþ â
íèõ. Çà â³äñóòíîñò³ ÔÀÎ, âåëè÷èíà íàáó-

Ðèñ. 1. Íàáóõàííÿ ì³òîõîíäð³é, ³çîëüîâàíèõ ³ç ñåðöÿ äîðîñëèõ ùóð³â: 1 � êîíòðîëü (áåç ä³¿ ôåí³ëàðñèíîêñèäó);
2 � ä³ÿ ôåí³ëàðñèíîêñèäó (10-5 ìîëü/ë); 3 � ä³ÿ ôåí³ëàðñèíîêñèäó (10-4 ìîëü/ë); 4 � ïðå³íêóáàö³ÿ ç öèêëîñïîðèíîì
À (10-5 ìîëü/ë), ä³ÿ ôåí³ëàðñèíîêñèäó (10-5 ìîëü/ë)
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õàííÿ ì³òîõîíäð³é ÷åðåç 45 ä³á ï³ñëÿ ²ÃÒ
(ðåæèì 2) çìåíøóºòüñÿ ³ íàáëèæàºòüñÿ äî
çíà÷åíü êîíòðîëüíî¿ ãðóïè (äèâ. ðèñ. 3;
∆%= 4,5;  Ð<0,05) .  Òàêèì ÷èíîì, íàìè
âèÿâëåíî ïîçèòèâíèé êîðèãóþ÷èé åôåêò 14-
äîáîâèõ ²ÃÒ ó æîðñòêîìó ðåæèì³ ùîäî
ÔÀÎ-³íäóêîâàíîãî â³äêðèòòÿ ÌÏ ó ñåðö³
äîðîñëèõ  ùóð³â .  Ïðè÷îìó öåé  åôåêò
çáåð³ãàºòüñÿ ïðîòÿãîì 45 ä³á ï³ñëÿ ²ÃÒ.

Ðåçóëüòàòè äîñë³äæåííÿ á³îõ³ì³÷íèõ
ïîêàçíèê³â â³ëüíîðàäèêàëüíîãî îêèñíåííÿ é
àêòèâíîñò³ àíòèîêñèäàíòíèõ ôåðìåíò³â
ïðåäñòàâëåíî â òàáëèö³. ²ÃÒ ó ðåæèì³ 1
ïðèçâîäèëè äî äåÿêîãî çíèæåííÿ ³íòåíñèâ-
íîñò³ ÏÎË ó ñòàí³ ñïîêîþ, à ñàìå ñïîñòå-
ð³ãàëàñÿ òåíäåíö³ÿ äî çíèæåííÿ êîíöåíòðàö³¿
ÌÄÀ â êðîâ³ òà â³ðîã³äíå çìåíøåííÿ ¿¿ íà
20 % ó ïå÷³íö³. Ïðè öüîìó ñïîñòåð³ãàëîñÿ

â³ðîã³äíå ï³äâèùåííÿ àêòèâíîñò³ ÑÎÄ ó
êðîâ³ òà ïå÷³íö³ íà 29 òà 23 % â³äïîâ³äíî,
òà çìåíøåííÿ àêòèâíîñò³ ÊÀÒ, ùî îñîáëèâî
âèðàçíî ñïîñòåð³ãàºòüñÿ â ïå÷³íö³. Íà â³ä-
ì³íó â³ä öüîãî, òðåíóâàííÿ á³ëüø æîðñòêîþ
ã³ïîêñ³ºþ ñïðè÷èíÿëî çíà÷íå ï³äâèùåííÿ
êîíöåíòðàö³¿ ÌÄÀ ÿê â êðîâ³ (íà 67 %), òàê
³ â ïå÷³íö³ (íà 32 %). Êð³ì òîãî, ñïîñòå-
ð³ãàëè á³ëüø âèðàæåíå ï³äâèùåííÿ àêòèâ-
íîñò³ ÑÎÄ ó êðîâ³ òà ïå÷³íö³ íà 49 òà 32 %
â³äïîâ³äíî, òà çìåíøåííÿ àêòèâíîñò³ ÊÀÒ �
íà 18 òà 43 % â³äïîâ³äíî. Ï³äâèùåíà êîí-
öåíòðàö³ÿ ÌÄÀ çáåð³ãàëàñü íàâ³òü ÷åðåç 45
ä³á ï³ñëÿ ïðèïèíåííÿ ²ÃÒ ³ ñòàíîâèëà 50 %
â êðîâ³ òà 29 % â ïå÷³íö³. Íåñïîä³âàí³ ðå-
çóëüòàòè îäåðæàí³ ùîäî àêòèâíîñò³ ÑÎÄ:
÷åðåç 45 ä³á ï³ñëÿ ïðèïèíåííÿ ²ÃÒ ñïîñòå-
ð³ãàëîñü ¿¿ òðèêðàòíå ï³äâèùåííÿ ÿê ó êðîâ³,

Ã.Ë. Âàâ³ëîâà, Ò.Â. Ñåðåáðîâñüêà, Î.Â. Ðóäèê, Ì.Â. Áºë³êîâà,  ª.Å. Êîëºñí³êîâà, Ò.Â. Êóêîáà, Â.Ô. Ñàãà÷

Ðèñ. 2. Íàáóõàííÿ ì³òîõîíäð³é, ³çîëüîâàíèõ ³ç ñåðöÿ äîðîñëèõ ùóð³â çðàçó (à) òà ÷åðåç 45 ä³á (á) ï³ñëÿ ³íòåðâàëüíèõ
ã³ïîêñè÷íèõ òðåíóâàíü, ðåæèì 2: 1 � êîíòðîëü (áåç ä³¿ ôåí³ëàðñèíîêñèäó); 2 � ä³ÿ ôåí³ëàðñèíîêñèäó (10-5 ìîëü/ë);
3 � ä³ÿ ôåí³ëàðñèíîêñèäó (10-4 ìîëü/ë); 4 � ïðå³íêóáàö³ÿ ç öèêëîñïîðèíîì À (10-5 ìîëü/ë), ä³ÿ ôåí³ëàðñèíîêñèäó
(10-5 ìîëü/ë)
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òàê ³ ïå÷³íö³. Ðàçîì ç òèì àêòèâí³ñòü ÊÀÒ
ó êðîâ³ ñÿãàëà êîíòðîëüíîãî ð³âíÿ ³ çàëè-
øàëàñÿ çíèæåíîþ íà 31 % ó ïå÷³íö³. Â³ä-
íîñíî çíà÷íîãî (â 3 ðàçè) ï³äâèùåííÿ àê-
òèâíîñò³ ÑÎÄ ìîæå áóòè äåê³ëüêà ïîÿñ-
íåíü. Ç îäíîãî áîêó, ²ÃÒ ìîæóòü çá³ëü-
øóâàòè åêñïðåñ³þ ãåí³â ôåðìåíòó, à ç äðó-
ãîãî � ï³äâèùåííÿ âì³ñòó ñóáñòðàòó, ñóïåð-
îêñèäíîãî ðàäèêàëà, ùî òàêîæ ìîæå çíà÷íî

àêòèâóâàòè öåé ôåðìåíò. Íåçâàæàþ÷è íà
òå, ùî ìåõàí³çìè ã³ïîêñè÷íîãî òà ³øåì³÷-
íîãî ïðåêîíäèö³îíóâàííÿ ïîñò³éíî äîñë³ä-
æóþòüñÿ íà ð³çíèõ îðãàíàõ ÿê in vitro, òàê
in vivo, ïðèéíÿòî ââàæàòè, ùî îáèäâà òèïè
êîðåêö³é ñóïðîâîäæóþòüñÿ ñèíòåçîì íîâèõ
ÐÍÊ ³ á³ëê³â [30]. Òàêèì ÷èíîì, ðåçóëüòàòè
äîñë³äæåíü ñâ³ä÷àòü, ùî á³ëüø æîðñòêèé
ðåæèì òðåíóâàííÿ ã³ïîêñ³ºþ âèêëèêàâ ³í-

Â³ëüíîðàäèêàëüíå îêèñíåííÿ é àêòèâí³ñòü àíòèîêñèäàíòíèõ ôåðìåíò³â ó êðîâ³ òà ïå÷³íö³ ùóð³â ïðè ð³çíèõ
ðåæèìàõ ã³ïîêñè÷íîãî òðåíóâàííÿ

²íòåðâàëüí³ ã³ïîêñè÷í³ òðåíóâàííÿ

Ïîêàçíèê Êîíòðîëü Ðåæèì 1                Ðåæèì 2

÷åðåç 1 äîáó ÷åðåç 45 ä³á

Ìàëîíîâèé ä³àëüäåã³ä
ó êðîâ³, ìêìîëü/ë 1,43 ± 0,04 1,24±0, 29 2,39 ± 0,34** 2,15 ± 0,51**

(+67 %) (+50 %)
ó ïå÷³íö³, ìêìîëü/ã 15,2 ± 0,43 12,2±1,28* 20,05 ± 1,6* 19,6± 2,07*

(-20 %) (+32 %) (+29 %)
Ñóïåðîêñèääèñìóòàçà,óì.îä./ìã

ó êðîâ³ 2,5 ± 0,27 3,23±0,22* 3,73 ± 0,22* 10,24± 2,68**
(+29 %) (+49 %)

ó ïå÷³íö³ 3,57 ± 0,14 4,38±0,47* 4,84 ±0,64* (+309 %)
(+23 %) (+36 %) 16,77 ± 3,77**

(+370 %)
Êàòàëàçà, ììîëü . õâ-1 . ã á³ëêà

ó êðîâ³ 46,04 ± 3,5 43,36±5,42 37,69 ±2,5* 40,01 ±6,16
(-18 %)

ó ïå÷³íö³ 70,3 ± 1,44 55,5±1,37* 40,19 ± 3,65** 48,65 ± 9,6**
(-21 %) (-43 %) (-31 %)

Ïðèì³òêà: çì³íè â³ðîã³äí³ ùîäî êîíòðîëþ: * Ð<0,05; ** Ð<0,01. Ó äóæêàõ � çíà÷åííÿ ó â³äñîòêàõ.

Ðèñ. 3. Íàáóõàííÿ ì³òîõîíäð³é, ³çîëüîâàíèõ ³ç ñåðöÿ äîðîñëèõ ùóð³â äî ³ ï³ñëÿ ³íòåðâàëüíèõ ã³ïîêñè÷íèõ òðåíóâàíü,
ðåæèì 2, çà â³äñóòíîñò³ ä³¿ ôåí³ëàðñèíîêñèäó: 1 � êîíòðîëü; 2 � äîðîñë³ ùóð³ ï³ñëÿ ³íòåðâàëüíèõ ã³ïîêñè÷íèõ
òðåíóâàíü, ðåæèì 2; 3 � äîðîñë³ ùóðè ÷åðåç 45 ä³á ï³ñëÿ ³íòåðâàëíèõ ã³ïîêñè÷íèõ òðåíóâàíü, ðåæèì 2
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òåíñèô³êàö³þ ïðîöåñ³â â³ëüíîðàäèêàëüíîãî
îêèñíåííÿ òà á³ëüø âèðàæåíå ï³äâèùåííÿ
àêòèâíîñò³ ÑÎÄ ç îäíî÷àñíèì çíèæåííÿì
àêòèâíîñò³ ÊÀÒ ó ïîð³âíÿíí³ ç ²ÃÒ ó ðåæèì³ 1.

Ùîäî ³íòåíñèâíîñò³ â³ëüíîðàäèêàëüíèõ
ïðîöåñ³â ó ñåðö³ ïðè ²ÃÒ ïîêàçàíî, ùî ã³-
ïîêñ³ÿ ï³äâèùóº íàêîïè÷åííÿ ñóïåðîê-
ñèäíîãî ðàäèêàëà, ùî ³í³ö³þº çàõèñíèé
åôåêò çà äîïîìîãîþ ïðåêîíäèö³îíóâàííÿ.
Àêöåíòóºòüñÿ íà òîìó, ùî äèñìóòàö³ÿ äî
ïåðåêèñó âîäíþ, ÿêà â³äáóâàºòüñÿ â öèòî-
çîë³, ìîæå áóòè âàæëèâèì êðîêîì äî ³í-
äóêö³¿ îêñèäàíò³â çà óìîâ ã³ïîêñè÷íîãî
ïðåêîíäèö³îíóâàííÿ [29]. Ðàí³øå íàìè áóëî
ïîêàçàíî, ùî ï³ñëÿ ²ÃÒ ï³äâèùóºòüñÿ âì³ñò
ñóïåðîêñèäíîãî ðàäèêàëà â ñåðö³ ñòàðèõ
ùóð³â ïîð³âíÿíî ç³ ñòàðèìè íåòðåíîâàíèìè
òâàðèíàìè. Îäíî÷àñíî ñïîñòåð³ãàºòüñÿ
çíèæåííÿ âì³ñòó ïåðåêèñó âîäíþ ³ ã³äðîê-
ñèëüíîãî ðàäèêàëà, à òàêîæ êîðèãóþ÷à
ñòîñîâíî ÔÀÎ-³íäóêîâàíîãî â³äêðèòòÿ ÌÏ
ó ñåðö³ ñòàðèõ ùóð³â ï³ñëÿ ä³é ²ÃÒ [8].
Ðåçóëüòàòè, îòðèìàí³ íàìè â ö³é ðîáîò³,
âêàçóþòü íà ï³äâèùåííÿ ³íòåíñèâíîñò³
â³ëüíîðàäèêàëüíèõ ïðîöåñ³â ó êðîâ³ òà
ïå÷³íö³. ²ÃÒ íå ëèøå ïðèçâîäÿòü äî íàêîïè-
÷åííÿ ïðîäóêö³¿ ÀÔÊ, àëå é âèêëèêàþòü
ïîâ�ÿçàíó ç öèì çì³íó ôóíêö³îíàëüíî¿
àêòèâíîñò³ ôåðìåíòíî¿ àíòèîêñèäàíòíî¿
ñèñòåìè [1]. Äîâåäåíî, ùî äîçîâàí³ ïåð³î-
äè÷í³ ãèïîêñè÷í³ ïîäðàçíåííÿ ïîçèòèâíî
âïëèâàþòü íà ïðîöåñè àíòèîêñèäàíòíîãî
çàõèñòó ³ çàïîá³ãàþòü ðóéí³âí³é ä³¿ â³ëüíèõ
ðàäèêàë³â ïðè åï³çîäàõ ãîñòðî¿ ã³ïîêñ³¿ [4,
5, 6].

Îñòàíí³ìè äîñë³äæåííÿìè ïîêàçàíî, ùî
òàê³ àíòèîêñèäàíòè, ÿê ÑÎÄ, ÊÀÒ, àñêîðáàò
àáî ðóòèí ïîïåðåäæóþòü âòðàòó æèòòº-
çäàòíîñò³ êë³òèí, ñïðè÷èíåíó ä³ºþ òîêñè÷-
íèõ ðå÷îâèí íà ÌÏ [23]. Ïðîòå ³ñíóþòü
äàí³ ,  ùî  ÊÀÒ íå  çìåíøóº  ïî ñèëåííÿ
ì³òîõîíäð³àëüíî¿ ïðîíèêíîñò³, çóìîâëåíî¿
ä³ºþ  õëîðãåêñèäèíó [21]. ª ³ ³íø³ â³äîìîñò³
ùîäî ÊÀÒ, ÿê³ ï³äêðåñëþþòü íåîäíîçíà÷-
í³ñòü ðåàêö³é ç áîêó öüîãî ôåðìåíòó. Òàê,
îïèñàíî [14], ùî ôóíêö³îíóâàííÿ ÊÀÒ íå
ñïðèÿëî çìåíøåííþ íàáóõàííÿ ì³òîõîíä-

ð³é, ñïðè÷èíåíîãî ä³ºþ ³îí³â Ñà. ²íø³ àâòîðè
[19] âêàçóþòü íà òå, ùî öåé ôåðìåíò in vitro
ïîïåðåäæàâ ¿õ íàáóõàííÿ, çóìîâëåíå äîäà-
âàííÿì íåîðãàí³÷íîãî ôîñôàòó àáî àðñåíàòó.

Ïðè ³íòåðïðåòàö³¿ öèõ ðåçóëüòàò³â ìîæíà
ïðèïóñòèòè, ùî çìåíøåííÿ àêòèâíîñò³ ÊÀÒ
ïðè ä³¿ ²ÃÒ ó ðåæèì³ 2 íà ôîí³ ï³äâèùåííÿ
àêòèâíîñò³ ÑÎÄ â³äáóâàºòüñÿ íàé³ìîâ³ð-
í³øå âíàñë³äîê çìåíøåííÿ ê³ëüêîñò³ äîñ-
òóïíîãî äëÿ ÊÀÒ ñóáñòðàòó.

Ç³ñòàâëåííÿ îòðèìàíèõ íàìè ðåçóëü-
òàò³â ùîäî çì³íè ïðîíèêíîñò³ ìåìáðàí
ì³òîõîíäð³é  ÿê  çà  íàÿâíîñò³ ,  ò àê  ³  çà
â³äñóòíîñò³  ³íäóêòîðà ÔÀÎ ç³  çì³íàìè
ïîêàçíèê³â â³ëüíîðàäèêàëüíèõ ïðîöåñ³â ó
ðåçóëüòàò³ ²ÃÒ ó ðåæèìàõ 1 ³ 2 ïåâíîþ
ì³ðîþ ñâ³ä÷èòü ïðî óçãîäæåí³ñòü öèõ
ïðîöåñ³â. Ïåð³îäè÷í³ ã³ïîêñè÷í³ ñòèìóëè
çì³íþþòü îäíî÷àñíî ñòàí ì³òîõîíäð³àëüíî¿
ìåìáðàíè êë³òèí ñåðöÿ ³ àíòèîêñèäàíòíî¿
ñèñòåìè, ïðè÷îìó ïðîòåêòîðíèé åôåêò ²ÃÒ
çàëåæèòü â³ä äîçè ã³ïîêñè÷íîãî ïîäðàçíåí-
íÿ, à ñàìå â³ä âì³ñòó êèñíþ â ã³ïîêñè÷í³é
ñóì³ø³ .  Â íàøèõ äîñë³äæåííÿõ á³ëüø
ì�ÿêèé ðåæèì ã³ïîêñè÷íîãî âïëèâó, ïðè
ÿêîìó ïðîöåñè ïåðåêèñíîãî îêèñíåííÿ
íåçíà÷íîþ ì³ðîþ ãàëüìóþòüñÿ, ³ñòîòíî íå
âïëèâàº íà íàáóõàííÿ ì³òîõîíäð³é, òîä³ ÿê
ïðè ä³¿ á³ëüø æîðñòêîãî ðåæèìó ã³ïîêñ³¿,
êîëè ñïîñòåð³ãàºòüñÿ âèðàæåíå çá³ëüøåííÿ
ïðîäóêö³¿ â³ëüíèõ ðàäèêàë³â íà ôîí³ çíà÷-
íîãî ï³äâèùåííÿ àêòèâíîñò³ ÑÎÄ, ñïîñòå-
ð³ãàºòüñÿ ï³äâèùåííÿ ñò³éêîñò³ ì³òîõîíä-
ð³àëüíî¿ ìåìáðàíè äî ÔÀÎ-³íäóêîâàíîãî
â³äêðèòòÿ ÌÏ, ïðè÷îìó çàõèñíèé åôåêò ä³¿
²ÃÒ çáåð³ãàºòüñÿ ÷åðåç 45 ä³á ï³ñëÿ çàê³í-
÷åííÿ êóðñó òðåíóâàíü. Íàø³ ðåçóëüòàòè
óçãîäæóþòüñÿ ç äàíèìè ³íøèõ àâòîð³â, ÿê³
íàãîëîøóþòü, ùî ïðîòåêòîðíèé åôåêò ïðè
çàñòîñóâàíí³ ã³ïîêñè÷íîãî ïðåêîíäèö³î-
íóâàííÿ çàëåæèòü â³ä âì³ñòó êèñíþ 8�9 %
â ã³ïîêñè÷í³é ñóì³ø³ [25]. Ó íàøèõ äîñë³ä-
æåííÿõ ç âèâ÷åííÿ ÔÀÎ-³íäóêîâàíîãî â³ä-
êðèòòÿ ÌÏ ó ñåðö³ äîðîñëèõ ùóð³â çà óìîâ
æîðñòêîãî ðåæèìó ²ÃÒ ç âì³ñòîì êèñíþ 8 %
ñïîñòåð³ãàëîñÿ çíèæåííÿ ÷óòëèâîñò³ ì³òî-
õîíäð³é ñåðöÿ äî ä³¿ ³íäóêòîðà ÔÀÎ.

Ã.Ë. Âàâ³ëîâà, Ò.Â. Ñåðåáðîâñüêà, Î.Â. Ðóäèê, Ì.Â. Áºë³êîâà,  ª.Å. Êîëºñí³êîâà, Ò.Â. Êóêîáà, Â.Ô. Ñàãà÷
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Ñë³ä çàçíà÷èòè, ùî â îö³íö³ âïëèâ³â ð³ç-
íèõ ðåæèì³â ²ÃÒ ³ñíóº ïðèíöèïîâà â³äì³í-
í³ñòü ä³¿ ³íòåðâàëüíî¿ ã³ïîêñ³¿ â³ä õðîí³÷íî¿.
Âîíà ïîëÿãàº â òîìó, ùî ïðè ²ÃÒ ï³ñëÿ
êîæíîãî ñåàíñó ã³ïîêñ³¿ ³ñíóþòü ïåð³îäè
ðåîêñèãåíàö³¿ ,  êîòð³  ñóïðîâîäæóþòüñÿ
àêòèâàö³ºþ ïðîöåñ³â ÏÎË. Öå ïðèçâîäèòü
äî ôîðìóâàííÿ â îðãàí³çì³ çàõèñíèõ ìåõà-
í³çì³â, ÿê³ çàïîá³ãàþòü ïîäàëüø³é àêòèâàö³¿
â³ëüíîðàäèêàëüíèõ ïðîöåñ³â. Òîáòî ó ðàç³
âèêîðèñòàííÿ á³ëüø æîðñòêî¿ ã³ïîêñ³¿ ³íòåð-
âàëüí³ òðåíóâàííÿ âèðàæåí³øå ñòèìóëþþòü
àêòèâí³ñòü ôåðìåíò³â àíòèîêñèäàíòíîãî
çàõèñòó. ²ñíóþòü äàí³ ïðî òå, ùî ²ÃÒ º á³ëüø
âïëèâîâèìè é ³íåðö³éíèìè òà ñïðè÷èíÿþòü
äîâãîòðèâàëó ñèñòåìíó àêòèâàö³þ íà â³äì³íó
â³ä õðîí³÷íî¿ ã³ïîêñ³¿ [24].

Ìîæëèâî, ùî ïîñèëåíå óòâîðåííÿ â³ëü-
íèõ ðàäèêàë³â â åêñïåðèìåíòàõ ç âèêîðèñ-
òàííÿì ðåæèìó 2 ²ÃÒ ïðèçâîäèòü äî íàêîïè-
÷åííÿ ïðîäóêò³â ÏÎË ³ º òðèãåðíèì ìåõàí³ç-
ìîì çàïóñêó êàñêàäó ñèãíàëüíî¿ òðàíñäóê-
ö³¿, ùî â ñâîþ ÷åðãó ïðèçâîäèòü äî ï³äâè-
ùåííÿ àêòèâíîñò³ ôåðìåíò³â àíòèîêñè-
äàíòíîãî çàõèñòó. Îòæå, íàìè ïîêàçàíî, ùî
æîðñòêèé ðåæèì ã³ïîêñè÷íèõ òðåíóâàíü �
á³ëüø âïëèâîâèé ôàêòîð ï³äâèùåííÿ ñò³é-
êîñò³ ì³òîõîíäð³àëüíî¿ ìåìáðàíè äî ³íäóê-
òîð³â â³äêðèòòÿ ÌÏ.

Ìåõàí³çìè, ùî ëåæàòü â îñíîâ³ ïðîòåê-
òîðíèõ âïëèâ³â ²ÃÒ, íå âèêëþ÷àþòü íàÿâíîñò³
ñï³ëüíèõ ç ³øåì³÷íèì ïðåêîíäèö³îíóâàííÿì
ñèãíàëüíèõ øëÿõ³â, ïîãëèáëèíå âèâ÷åííÿ ÿêèõ
òà ¿õ çàõèñíèõ ìåõàí³çì³â ïîòðåáóº ïîäàëüøèõ
â öüîìó íàïðÿìêó çóñèëü äîñë³äíèê³â.

G.L. Vavilova, T.V. Serebrovskaya, O.V. Rudyk,
M.V. Belikova, E.E. Kolesnikova, T.V. Kukoba,
V.F. Sagach

INFLUENCE OF  THE  INTERMITTENT
HYPOXIA  TRAINING  ON  THE  SENSITIVITY
OF  PHENYLARSINEOXIDE-INDUCED  MITO-
CHOHDRIAL  PERMEABILITY  TRANSITION
PORE  OPENING  IN  RAT  HEART

On the mitochondria isolated from the heart tissue of
adult rats we studied the sensitivity of mitochondrial

permeability transition pore (MPTP) opening to its in-
ductor � phenylarsine oxide (PAO) after mitochondrial
swelling, registered by spectrophotometric technique
at ë=520 nm. In adult rat under influence of two modes
of normobaric intermittent hypoxic training (IHT): i)
softer but prolonged one induced by breathing in
normobaric chamber with 11% O2 gas mixture, 15 minuets
sessions with 15 minuets rest intervals, 5 times daily
(first mode) and ii) more severe but shorter one induced
by breathing with 8 % O2 gas mixture (second mode)
were used. The intensity of lipid peroxidation and anti-
oxidant defense mechanisms in rat organism were esti-
mated before and after IHT by measuring malon
dialdehyde (MDA) content and enzymatic activity of
superoxide dismutase (SOD) and catalase (CAT) in the
blood and the liver. It has been shown that IHT in the
first mode didn�t essentially influence both on PAO �
induced, cyclosporin A � sensitive mitochondrial swell-
ing and indexes of lipid peroxidation as well as the SOD
and CAT enzymatic activity. It was established that IHT
in the second mode caused pronounced increase in
MDA content both in the blood and the liver by 67 %
and  32% respectively; considerable augmentation of
SOD activity in this tissues (by 49% and 32% res-
pectively) and CAT activity (by 18% and 43%
respectively). Moreover, in forty five days the activity
of SOD exceeded its initial level in three times in both
the blood and the liver. It has been established that IHT
in the second mode  provoke to twice decrease in PAO-
induced mitochondrial swelling as compared with mito-
chondria of the control group, and even in forty five
days after IHT stopping the protective effect on mito-
chondrial PTP opening was well-preserved. These ef-
fects were completely abolished in the presence of an
inhibitor � cyclosporin A (10-5 mol/l) that demonstrated
mitochondrial swelling to be due to the mitochondrial
PTP opening. Our experiments showed that the influen-
ce of IHT in more severe mode decreased the sensitivi-
ty of mitochondria to the PAO in rat heart mitochondria.
Thus resistance of the mitochondrial membrane to an
inductor of PTP opening � PAO increase under the
influence of IHT in the second mode.

Î.Î. Bogomolets Institute of  Physiology, National Academy
of Sciences of Ukraine, Kyiv
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