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Ðîëü ì³òîõîíäð³àëüíî¿ ïîðè â ðîçâèòêó ñòîìëåííÿ
ñêåëåòíîãî ì�ÿçà ñîáàêè

Íà íàðêîòèçèðîâàííûõ ñîáàêàõ èññëåäîâàëè ðîëü ìèòîõîíäðèàëüíîé ïîðû (ÌÏ) â ðàçâèòèè
óòîìëåíèÿ èêðîíîæíîé ìûøöû ñîáàêè. Â êîíòðîëüíîé ñåðèè ýêñïåðèìåíòîâ áûëî ïîêàçàíî,
÷òî äåñÿòü êðàòêîâðåìåííûõ ýëåêòðè÷åñêèõ ñòèìóëÿöèé ïðèâîäèëè ê âûðàæåííîìó
óìåíüøåíèþ ñèëû ìûøå÷íûõ ñîêðàùåíèé è ðåçêîìó ïîâûøåíèþ êèñëîðîäíîé ñòîèìîñòè ðàáîòû
èêðîíîæíîé ìûøöû, îòíîñèòåëüíî èñõîäíûõ ïîêàçàòåëåé. Çàðåãèñòðèðîâàííîå óãíåòåíèå
ñèëû ìûøå÷íûõ ñîêðàùåíèé ñâèäåòåëüñòâîâàëî î ðàçâèòèè óòîìëåíèÿ èêðîíîæíîé ìûøöû
ñîáàêè, ÷òî ñîïðîâîæäàëîñü ïîÿâëåíèåì â êðîâè, îòòåêàþùåé îò ðàáîòàþùåé ìûøöû,
ìèòîõîíäðèàëüíîãî ôàêòîðà (ÌÔ), êîòîðûé, êàê ïîêàçàíî íàìè ðàíåå, ÿâëÿåòñÿ ìàðêåðîì
îòêðûòèÿ ÌÏ. Ïðåäâàðèòåëüíîå ââåäåíèå ñåëåêòèâíîãî áëîêàòîðà îòêðûòèÿ ÌÏ
öèêëîñïîðèíà À ïðèâîäèëî ê ñóùåñòâåííîìó óìåíüøåíèþ êîíöåíòðàöèè ÌÔ â îòòåêàþùåé
îò ðàáîòàþùåé ìûøöû êðîâè ïî ñðàâíåíèþ ñ ïîêàçàòåëÿìè, çàðåãèñòðèðîâàííûìè â
êîíòðîëüíûõ óñëîâèÿõ. Èñïîëüçîâàíèå äðóãîãî èíãèáèòîðà ÌÏ ìåëàòîíèíà ïðåäóïðåæäàëî
óãíåòåíèå ñèëû ìûøå÷íûõ ñîêðàùåíèé è ñíèæåíèå ýôôåêòèâíîñòè èñïîëüçîâàíèÿ êèñëîðîäà
ðàáîòàþùåé ìûøöåé ïðè óñëîâèÿõ, àíàëîãè÷íûõ êîíòðîëüíûì. Â ýòîì ñëó÷àå óòîìëåíèå
èêðîíîæíîé ìûøöû íå ðàçâèâàëîñü, à êîíöåíòðàöèÿ ÌÔ â îòòåêàþùåé îò ðàáîòàþùåé
ìûøöû êðîâè áûëà ñóùåñòâåííî íèæå, ÷åì â êîíòðîëå. Ýòî ñâèäåòåëüñòâîâàëî îá îòñóòñòâèè
îòêðûòèÿ ÌÏ. Ðàçâèòèå óòîìëåíèÿ ñîïðîâîæäàëîñü óãíåòåíèåì ñèëû ìûøå÷íûõ ñîêðàùåíèé,
âûðàæåííûì ñíèæåíèåì ýôôåêòèâíîñòè èñïîëüçîâàíèÿ êèñëîðîäà èêðîíîæíîé ìûøöåé, ÷òî
ïðåäóïðåæäàëîñü èíãèáèòîðàìè îòêðûòèÿ ÌÏ. Òàêèì îáðàçîì, îòêðûòèå ÌÏ ìîæåò
ëåæàòü â îñíîâå ðàçâèòèÿ óòîìëåíèÿ ðàáîòàþùåé ñêåëåòíîé ìûøöû.

ÂÑÒÓÏ

Ñåðåä ìåõàí³çì³â ðîçâèòêó ì�ÿçîâîãî
ñòîìëåííÿ âèä³ëÿþòü öåíòðàëüí³ (ãàëüìó-
âàííÿ â ìîòîðíèõ íåðâîâèõ öåíòðàõ) ³
ïåðèôåðè÷í³ íåðâîâ³ òà ãóìîðàëüíèé ìåõà-
í³çìè: âèñíàæåííÿ ïóë³â íåéðîìåä³àòîðà
àáî ïîðóøåííÿ çáóäëèâîñò³ ïðå- òà ïîñòñè-
íàïòè÷íèõ ìåìáðàí, íåäîñòàòíº êðîâîïîñ-
òà÷àííÿ ì�ÿçà, ôîðìóâàííÿ íåêîìïåíñî-
âàíî¿ êèñíåâî¿ çàáîðãîâàíîñò³, ùî ïðèçâî-
äèòü äî ïðèãí³÷åííÿ ïðîöåñ³â îêèñíîãî ôîñ-
ôîðèëþâàííÿ òà çíà÷íîãî ï³äâèùåííÿ
êîíöåíòðàö³¿ ëàêòàòó é ³íøèõ êèñëèõ ïðî-
äóêò³â ìåòàáîë³çìó â ñàðêîïëàçì³ ì³îöèò³â
[8, 12].
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Íèí³ â³äîì³ òà àêòèâíî âèêîðèñòîâóþòü-
ñÿ äåê³ëüêà êðèòåð³¿â ñòîìëåííÿ ñêåëåòíîãî
ì�ÿçà (ï³äâèùåííÿ âì³ñòó ëàêòàòó àáî
êðåàòèíôîñôîê³íàçè, à òàêîæ çìåíøåííÿ
ðÍ êðîâ³, ùî â³äò³êàº â³ä ïðàöþþ÷îãî ì�ÿ-
çà; ïîðóøåííÿ ÷àñîâèõ ïàðàìåòð³â ðåôëåê-
òîðíî¿ ðåàêö³¿ òîùî) ³ ñåðåä íèõ çáåð³ãàº
ñâîþ àêòóàëüí³ñòü êðèòåð³é øèðîêî âïðî-
âàäæåíèé â íàóêîâèõ øêîëàõ Ã.Â. Ôîëü-
áîðòà òà Ï.Ì. Ñºðêîâà � çíà÷íå çíèæåííÿ
ïðàöåçäàòíîñò³ ñêåëåòíîãî ì�ÿçà, òîáòî
âèðàçíå ïðèãí³÷åííÿ ñèëè ì�ÿçîâèõ ñêîðî-
÷åíü.

Ñó÷àñí³ íàóêîâ³ äàí³ òà ðåçóëüòàòè
íàøèõ ïîïåðåäí³õ äîñë³äæåíü ñâ³ä÷àòü, ùî
âïëèâ ð³çíèõ çà ïðèðîäîþ ³íäóêòîð³â
â³äêðèòòÿ ì³òîõîíäð³àëüíî¿ ïîðè (ÌÏ)
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ñóïðîâîäæóºòüñÿ ³ñòîòíèì çìåíøåííÿì
ñêîðî÷óâàëüíî¿ àêòèâíîñò³ ì³îêàðäà àáî
ñêåëåòíîãî ì�ÿçà, ùî, ìîæëèâî, ³ çóìîâ-
ëåíå â³äêðèòòÿì ÌÏ [3, 5, 18]. Öÿ ñòðóê-
òóðà ÿâëÿº ñîáîþ íåñåëåêòèâíèé êàíàë íà
âíóòð³øí³é ìåìáðàí³ ì³òîõîíäð³¿, êð³çü ÿêèé,
ó ðàç³ ïîøêîäæåííÿ êë³òèíè, â öèòîçîëü
ìîæå âèâ³ëüíþâàòèñÿ ö³ëèé ñïåêòð íèçüêî-
ìîëåêóëÿðíèõ ðå÷îâèíè (M

r
<1500 Äà) [9, 11,

17]. Òðèãåðàìè â³äêðèòòÿ ÌÏ íà êë³-
òèííîìó ð³âí³ ìîæóòü áóòè çá³ëüøåííÿ
âíóòð³øíüîêë³òèííî¿ êîíöåíòðàö³¿ Ñà2+,
çíà÷íå ï³äâèùåííÿ âì³ñòó â³ëüíîðàäè-
êàëüíèõ ñïîëóê, ïðèãí³÷åííÿ îêèñíîãî
ôîñôîðèëþâàííÿ. Ä³ÿ öèõ ÷èííèê³â ñïðè-
÷èíþº â³äêðèòòÿ ÌÏ, ùî, â ñâîþ ÷åðãó,
ïðèçâîäèòü äî êîëàïñó ì³òîõîíäð³àëüíîãî
ìåìáðàííîãî ïîòåíö³àëó, ïðèãí³÷åííÿ
åíåðãåòè÷íîãî ñòàíó êë³òèíè òà âñ³õ
åíåðãîçàëåæíèõ ïðîöåñ³â, ïîäàëüøîãî
çá³ëüøåííÿ ïðîäóêö³¿ â³ëüíîðàäèêàëüíèõ
ñïîëóê, ïîðóøåííÿ ö³ë³ñíîñò³ ìåìáðàííèõ
ñòðóêòóð êë³òèíè, àïîïòîçó àáî íåêðîçó
êë³òèí [10, 15, 16].

Äî íåäàâíüîãî ÷àñó ðåºñòðàö³ÿ â³äêðèò-
òÿ ÌÏ áóëà ìîæëèâîþ ëèøå â åêñïåðè-
ìåíòàõ in situ àáî in vitro çà äîïîìîãîþ ìå-
òîä³â êîíôîêàëüíî¿ ì³êðîñêîï³¿ òà ñïåêòðî-
ôîòîìåòðè÷íèõ ìåòîä³â [13]. Çàñòîñóâàííÿ
öèõ ìåòîäèê çà óìîâ ö³ë³ñíîãî îðãàí³çìó
äëÿ âèçíà÷åííÿ â³äêðèòòÿ ÌÏ òà îäíî÷àñíà
ðåºñòðàö³ÿ ôóíêö³îíàëüíèõ ïîêàçíèê³â
ðîáîòè îðãàíà áóëè íåìîæëèâèìè.

Íàìè áóëî ðîçðîáëåíî ìåòîä âèçíà-
÷åííÿ â³äêðèòòÿ ÌÏ â åêñïåðèìåíòàõ in
vivo çà ðåºñòðàö³ºþ ó â³äò³êàþ÷³é â³ä îðãàíà
êðîâ³ ì³òîõîíäð³àëüíîãî ôàêòîðà (ÌÔ),
ÿêèé çà íàøèìè äàíèìè º ìàðêåðîì â³äêðèò-
òÿ ÌÏ [2, 4, 6]. Öå äàº ìîæëèâ³ñòü âèçíà-
÷èòè â³äêðèòòÿ ÌÏ ³ ïàðàëåëüíî ðåºñòðó-
âàòè ôóíêö³îíàëüíèé ñòàí ïðàöþþ÷îãî ñêå-
ëåòíîãî ì�ÿçà òà ãåìîäèíàì³÷í³ ðåàêö³¿ â øê³-
ðî-ì�ÿçîâ³é ä³ëÿíö³ çàäíüî¿ ê³íö³âêè ñîáàêè.

Ìåòîþ ö³º¿ ðîáîòè ñòàëî âèçíà÷åííÿ
ðîë³ â³äêðèòòÿ ÌÏ ó ðîçâèòêó ñòîìëåííÿ
ñêåëåòíîãî ì�ÿçà.

ÌÅÒÎÄÈÊÀ

Ïðîâåäåíî òðè ñåð³¿ åêñïåðèìåíò³â (êîíò-
ðîëüíà, ñåð³¿ ç âèêîðèñòàííÿì ìåëàòîí³íó
òà öèêëîñïîðèíó À) íà 16 áåçïîðîäíèõ
ñîáàêàõ ç ïðåìåäèêàö³ºþ êåòàì³íîì (5 ìã/êã
âíóòð³øíüîì�ÿçîâî) ï³ä õëîðàëîçî-óðåòà-
íîâèì íàðêîçîì (0,05 òà 0,5 ã/êã âíóòð³ø-
íüîâåííî). ßê àíòèêîàãóëÿíò âèêîðèñ-
òîâóâàëè ãåïàðèí ó äîç³ 500 îä./êã.

Ï³ä ÷àñ îïåðàö³éíî¿ ï³äãîòîâêè â³äïðå-
ïàðîâóâàëè òà êàòåòåðèçóâàëè ïðàâó ÿðåìíó
âåíó, à òàêîæ ñóäèíè ïðàâîãî ñòåãíà � ñòåã-
íîâ³ àðòåð³þ ³ âåíó. Òèñê ó ñòåãíîâ³é àðòåð³¿
ðåºñòðóâàëè çà äîïîìîãîþ òåíçîäàò÷èêà
746 (�Elema�, Øâåéöàð³ÿ), êðîâîò³ê � çà
äîïîìîãîþ åëåêòðîìàãí³òíîãî ôëîóìåòðà
ÐÊÅ-2-Á². Ðîçðàõîâóâàëè ñåðåäí³é àðòå-
ð³àëüíèé òèñê (ÑÀÒ) òà ñóäèííèé îï³ð (ÑÎ)
ó áàñåéí³ ñòåãíîâî¿ àðòåð³¿. Êðîâ çàáèðàëè
ç ïðàâèõ ñòåãíîâèõ àðòåð³¿ ³ âåíè òà âèç-
íà÷àëè â í³é ïàðö³àëüíå íàïðóæåííÿ êèñíþ
(ðÎ2

) çà äîïîìîãîþ ì³êðîãàçîàíàë³çàòîðà
BMS 3 Mk2 (�Radiometer�, Äàí³ÿ). Íà
ï³äñòàâ³ ïîêàçíèê³â êðîâîïîñòà÷àííÿ òà
íàïðóæåííÿ êèñíþ ðîçðàõîâóâàëè ñïîæè-
âàííÿ êèñíþ òà êèñíåâó âàðò³ñòü ðîáîòè
ì�ÿçà [1].

Íàâàíòàæåííÿ ëèòêîâîãî ì�ÿçà â³äòâî-
ðþâàëè çà ñõåìîþ: äåñÿòü êîðîòêîòðèâàëèõ
(30 ñ) åëåêòðè÷íèõ ñòèìóëÿö³é (8 Ãö, 5 ìñ,
20 Â) ç ³íòåðâàëîì 5 ñ. ×àñ â³äïî÷èíêó ì³æ
ïà÷êàìè ñòèìóëÿö³é ñòàíîâèâ íå ìåíøå í³æ
20�25 õâ. Ì�ÿçîâ³ ñêîðî÷åííÿ â³äòâîðþâàëè
â ðåæèì³, íàáëèæåíîìó äî ³çîìåòðè÷íîãî.
Ñèëó ì�ÿçîâèõ ñêîðî÷åíü ðåºñòðóâàëè çà
äîïîìîãîþ òåíçîìåòðè÷íîãî äàò÷èêà.

Ðåºñòðàö³þ âñ³õ ïîêàçíèê³â ðåã³îíàðíî¿
ãåìîäèíàì³êè òà ñêîðî÷óâàëüíî¿ àêòèâíîñò³
ì�ÿçà ïðîâîäèëè ñèíõðîííî çà äîïîìîãîþ
ïîë³êàðä³îãðàôà �Mingograf-82� (�Siemens �
Elema�, Í³ìå÷÷èíà�Øâåéöàð³ÿ). Ïðîì³æí³
ðåçóëüòàòè òà îðèã³íàëüí³ çàïèñè îáðîáëÿëè
çà äîïîìîãîþ ïðîãðàì Global Lab V2.4 òà
ORIGIN 6.0.

Ðîëü ì³òîõîíäð³àëüíî¿ ïîðè
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Äëÿ ïðèãí³÷åííÿ â³äêðèòòÿ ÌÏ âèêîðèñ-
òîâóâàëè ñåëåêòèâíèé ³íã³á³òîð öèêëîñïîðèí
À (�Sigma�, ÑØA) â äîç³ 0,012 ìã/êã, ÿêèé
ðîç÷èíÿëè ó ì³í³ìàëüíîìó îá�ºì³ åòèëîâîãî
ñïèðòó. Ïîò³ì ðîç÷èíåíèé öèêëîñïîðèí À
äîâîäèëè ô³ç³îëîã³÷íèì ðîç÷èíîì äî 20 ìë
³ ïîâ³ëüíî ââîäèëè òâàðèíàì ó ñòåãíîâó âåíó
çà 10 õâ äî ïî÷àòêó åëåêòðè÷íèõ ñòèìó-
ëÿö³é. Òàêîæ âèêîðèñòîâóâàëè ìåëàòîí³í
(Óêðà¿íà) â äîç³ 0,75 ìã/êã, ÿêèé ðîç÷èíÿëè
â 20 ìë ô³ç³îëîã³÷íîãî ðîç÷èíó òà ïîâ³ëüíî
ââîäèëè â ñòåãíîâó âåíó çà 20 õâ äî ïî÷àòêó
åëåêòðè÷íèõ ñòèìóëÿö³é.

Ïðîáè êðîâ³ äëÿ ñïåêòðîôîòîìåòðè÷-
íîãî àíàë³çó â³äáèðàëèñÿ ó âèõ³äíîìó ñòàí³
òà ï³ñëÿ ââåäåííÿ ïðåïàðàò³â. Âèçíà÷åííÿ
ÌÔ ó ïðîáàõ ñèðîâàòêè êðîâ³ ïðîâîäèëè çà
ìåòîäèêîþ îïèñàíîþ ðàí³øå [2]. Ôóíêö³î-
íàëüíó êðèâó çàëåæíîñò³ îïòè÷íî¿ ãóñòèíè
ïîãëèíàííÿ â³ä äîâæèíè õâèë³ áóäóâàëè çà
äîïîìîãîþ ïðîãðàìè ORIGIN 6.0. Ñòàòèñ-
òè÷íó îáðîáêó ðåçóëüòàò³â ïðîâîäèëè çà
äîïîìîãîþ êðèòåð³þ t Ñòüþäåíòà.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ̄ Õ ÎÁÃÎÂÎÐÅÍÍß

Çà óìîâ íàâàíòàæåííÿ ëèòêîâîãî ì�ÿçà
â³äáóâàëîñÿ ïîñòóïîâå ï³äâèùåííÿ êðîâî-
òîêó â áàñåéí³ ñòåãíîâî¿ àðòåð³¿. Ìàêñè-
ìàëüí³ çíà÷åííÿ ôóíêö³îíàëüíî¿ ã³ïåðåì³¿
ðåºñòðóâàëè íà 10-é ñòèìóëÿö³¿ (ðèñ. 1,à).
Ïðè öüîìó êðîâîò³ê ï³äâèùóâàâñÿ ç 47,5 ±
3,59 äî 64 ìë/õâ ± 4,58 ìë/õâ (Ð<0,05). ÑÎ
ó áàñåéí³ ñòåãíîâî¿ àðòåð³¿ ïîñòóïîâî
çìåíøóâàâñÿ âïðîäîâæ óñüîãî ïåð³îäó
ñòèìóëÿö³¿ ì�ÿçà, àëå ìàêñèìàëüíå çíèæåí-
íÿ áóëî çàðåºñòðîâàíî ï³ä ÷àñ 10-¿ ñòè-
ìóëÿö³¿: (1,47±0,15) ìì ðò. ñò. . õâ . ìë-1

ïîð³âíÿíî ç (2,56±0,25) ìì ðò. ñò. . õâ .ìë-1

(Ð<0,001) ó âèõ³äíîìó ñòàí³. Íåçâàæàþ÷è
íà çá³ëüøåííÿ êðîâîòîêó â áàñåéí³ ñòåãíî-
âî¿ àðòåð³¿, ñèëà ì�ÿçîâèõ ñêîðî÷åíü çíè-
æóâàëàñÿ âæå ï³ñëÿ 2-¿ ñòèìóëÿö³¿, à ï³ñëÿ
5-¿ � â³äáóâàëîñÿ â³ðîã³äíå ïðèãí³÷åííÿ
ñêîðî÷óâàëüíî¿ àêòèâíîñò³ ëèòêîâîãî ì�ÿçà:
ñèëà ñêîðî÷åíü ì�ÿçà ï³ä ÷àñ 5-¿ ñòèìóëÿö³¿

áóëà 3,71 Í/êã ± 0,2 Í/êã ïîð³âíÿíî ç 6,16
Í/êã ± 0,3 Í/êã (Ð<0,01) ï³ä ÷àñ 1-¿
ñòèìóëÿö³¿ (ðèñ. 2,à). Ïðîãðåñóþ÷å çíèæåí-
íÿ ñèëè ì�ÿçîâèõ ñêîðî÷åíü â³äáóâàëîñÿ äî
10-¿ ñòèìóëÿö³¿, êîëè âîíà ñòàíîâèëà 3,52 Í/êã ±
0,2 Í/êã (Ð<0,01). Ð³çêå òà âèðàçíå ïðèãí³-
÷åííÿ ñêîðî÷óâàëüíî¿ àêòèâíîñò³ ëèòêîâîãî
ì�ÿçà ïðîòÿãîì ñåð³¿ ç 10 åëåêòðè÷íèõ
ñòèìóëÿö³é ñóïðîâîäæóâàëîñÿ çíà÷íèì
ï³äâèùåííÿì êèñíåâî¿ âàðòîñò³ éîãî ðîáîòè
(äèâ. ðèñ. 1,à). Òàê, ÿêùî êèñíåâà âàðò³ñòü ðî-
áîòè ëèòêîâîãî ì�ÿçà ïðè 1-é ñòèìóëÿö³¿ ñòà-

À.Þ. Áîãóñëàâñüêèé, À.Â. Äìèòð³ºâà., Â.Ô. Ñàãà÷

Ðèñ. 1. Çì³íè àìïë³òóäè ðîáî÷î¿ ã³ïåðåì³¿ (1), ñèëè (2)
òà êèñíåâî¿ âàðòîñò³ ðîáîòè (3) ïðè åëåêòðè÷í³é
ñòèìóëÿö³¿ ëèòêîâîãî ì�ÿçà â êîíòðîë³ (à) òà ï³ñëÿ
ïîïåðåäíüîãî ââåäåííÿ ìåëàòîí³íó (á). Àìïë³òóäó
ðîáî÷î¿ ã³ïåðåì³¿ òà êèñíåâó âàðò³ñòü ðîáîòè ïðåäñòàâ-
ëåíî ó â³äíîñíèõ âåëè÷èíàõ, ñèëó � â àáñîëþòíèõ
âåëè÷èíàõ
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íîâèëà 99 ìë . õâ -1 . Í-1 . êã ± 8,16 ìë . õâ -1 .

Í-1 . êã, òî íà 5-é ñòèìóëÿö³¿ âîíà áóëà âæå
212 ìë . õâ -1 . Í-1 . êã ± 17,7 ìë . õâ -1 . Í-1 . êã
(Ð<0,01), à íà 10-é ñòèìóëÿö³¿ � 256 ìë . õâ -1 .

Í-1 . êã ± 15,18 ìë . õâ -1 . Í-1 . êã (Ð<0,01).
Ð³çêå ïðèãí³÷åííÿ ñêîðî÷óâàëüíî¿ àêòèâíîñò³
òà ³ñòîòíå çìåíøåííÿ åôåêòèâíîñò³ âèêî-
ðèñòàííÿ êèñíþ âïðîäîâæ íàâàíòàæåííÿ
ëèòêîâîãî ì�ÿçà ñâ³ä÷èëè ïðî ðîçâèòîê éîãî
ñòîìëåííÿ.

Ñïåêòðîôîòîìåòðè÷íèé àíàë³ç ïðîá
ñèðîâàòêè êðîâ³, ç³áðàíèõ ç³ ñòåãíîâî¿ âåíè
ï³ñëÿ 5-¿ ñòèìóëÿö³¿ ëèòêîâîãî ì�ÿçà, êîëè
áóëî çàðåºñòðîâàíî â³ðîã³äíå çíèæåííÿ ñèëè
ì�ÿçîâèõ ñêîðî÷åíü, ïîêàçàâ íàÿâí³ñòü ó
ñèðîâàòö³ êðîâ³ ÌÔ, âèçíà÷åíîãî íàìè
ðàí³øå  [2, 3]. Ìè ðåºñòðóâàëè çá³ëüøåííÿ
îïòè÷íî¿ ãóñòèíè ïîãëèíàííÿ ðîç÷èíó íà
0,272 ± 0,02 ó ä³àïàçîí³ õâèëü 240�250 íì
(ðèñ. 3). Âèçíà÷åíà âåëè÷èíà ÌÔ çà óìîâ
ñòîìëåííÿ ñêåëåòíîãî ì�ÿçà ïðàêòè÷íî íå
â³äð³çíÿëîñÿ â³ä ðåçóëüòàò³â, îòðèìàíèõ
íàìè çà óìîâ ³øåì³¿�ðåïåðôóç³¿ ñåðöÿ, ÷è
çàñòîñóâàííÿ àêòèâàòîðà ÌÏ ôåí³ëàðñèí-
îêñèäó (ÔÀÎ) [2, 14].

Äëÿ äîâåäåííÿ òîãî, ùî çàðåºñòðîâàíèé
íàìè ï³ñëÿ 5-¿ ñòèìóëÿö³¿ ëèòêîâîãî ì�ÿçà
ÌÔ º ÌÏ-çàëåæíèì, áóëî ïðîâåäåíî ñåð³þ

äîñë³ä³â ³ç âèêîðèñòàííÿì ñåëåêòèâíîãî
áëîêàòîðà â³äêðèòòÿ ÌÏ � öèêëîñïîðèíó
À. Ó ö³é ñåð³¿ äîñë³ä³â ñïîñòåð³ãàëîñÿ
êðèòè÷íå çìåíøåííÿ êîíöåíòðàö³¿ ÌÔ ó
ïðîáàõ ñèðîâàòêè êðîâ³, â³äò³êàþ÷î¿ â³ä
ïðàöþþ÷îãî ì�ÿçà (äèâ. ðèñ. 3). Ïðè öüîìó
àìïë³òóäà îïòè÷íî¿ ãóñòèíè ïîãëèíàííÿ

Ðîëü ì³òîõîíäð³àëüíî¿ ïîðè

Ðèñ. 2. Çì³íè ñèëè ñêîðî÷åííÿ ëèòêîâîãî ì�ÿçà ïðè åëåêòðè÷í³é ñòèìóëÿö³¿ â êîíòðîë³ (à) òà ï³ñëÿ ïîïåðåäíüîãî
ââåäåííÿ ìåëàòîí³íó (á)
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Ðèñ. 3. Çì³íè îïòè÷íî¿ ãóñòèíè ïîãëèíàííÿ ñèðîâàòêè
êðîâ³ â³äò³êàþ÷î¿ â³ä ëèòêîâîãî ì�ÿçà: 1 � êðîâ, ç³áðàíà
äî ñòèìóëÿö³¿ (êîíòðîëü); 2 � ï³ñëÿ 5-¿ ñòèìóëÿö³¿; 3 �
ï³ñëÿ 5-¿ ñòèìóëÿö³¿ ì�ÿçà íà ôîí³ ä³¿ ìåëàòîí³íó; 4 �
ï³ñëÿ 5-¿ ñòèìóëÿö³¿ ì�ÿçà íà ôîí³ ä³¿ öèêëîñïîðèíó À
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ðîç÷èíó ï³ñëÿ 5-¿ ñòèìóëÿö³¿ áóëà ñóòòºâî
ìåíøîþ, í³æ ó êîíòðîë³ òà ñòàíîâèëà ëèøå
0,012 ± 0,001 (Ð<0,001).

Ðåçóëüòàòè íàøèõ äîñë³äæåíü âêàçóþòü
íà òå, ùî ðîçâèòîê ñòîìëåííÿ ëèòêîâîãî
ì�ÿçà ñóïðîâîäæóºòüñÿ ïîÿâîþ ó ïðîáàõ
ñèðîâàòêè êðîâ³ çíà÷íîãî âì³ñòó ÌÔ, ùî
ñâ³ä÷èòü ïðî â³äêðèòòÿ ÌÏ. Âîäíî÷àñ
ðîçâèòîê ñòîìëåííÿ ñêåëåòíîãî ì�ÿçà
ñóïðîâîäæóºòüñÿ âèðàçíèì ïðèãí³÷åííÿì
ñèëè ì�ÿçîâèõ ñêîðî÷åíü òà ³ñòîòíèì
çìåíøåííÿì åôåêòèâíîñò³ âèêîðèñòàííÿ
êèñíþ ïðàöþþ÷èì ì�ÿçîì, ïðî ùî ñâ³ä÷èòü
çíà÷íå ï³äâèùåííÿ êèñíåâî¿ âàðòîñò³
ðîáîòè ì�ÿçà.

Ó íàñòóïí³é ñåð³¿ åêñïåðèìåíò³â ì�ÿçîâå
íàâàíòàæåííÿ ñòâîðþâàëè íà ôîí³ ä³¿
³íøîãî ³íã³á³òîðà ÌÏ � ìåëàòîí³íó, ÿêèé íà
â³äì³íó â³ä öèêëîñïîðèíó À íå ñïðàâëÿº íà
ö³ë³ñíèé îðãàí³çì íåãàòèâíîãî âïëèâó. Ç
ë³òåðàòóðíèõ äàíèõ â³äîìî, ùî ìåëàòîí³í º
íå ò³ëüêè ïðèðîäíèì àíòèîêñèäàíòîì, à
òàêîæ çäàòíèé ïðÿìî ïðèãí³÷óâàòè â³äêðèò-
òÿ ÌÏ [7]. Åëåêòðè÷íà ñòèìóëÿö³ÿ ëèòêî-
âîãî ì�ÿçà íà ôîí³ ä³¿ ìåëàòîí³íó ñóïðîâîä-
æóâàëàñü, ÿê ³ â êîíòðîë³ ïîñòóïîâèì
ïîñèëåííÿì êðîâîòîêó â áàñåéí³ ñòåãíîâî¿
àðòåð³¿ (äèâ. ðèñ. 1,á). Ïðè öüîìó  ôóíêö³î-
íàëüíà ã³ïåðåì³ÿ â³ðîã³äíî íå â³äð³çíÿëàñÿ
â³ä êîíòðîëþ. Çì³íè ÑÎ òàêîæ áóëè ïîä³á-

íèìè äî êîíòðîëüíèõ. Ïðîòå äèíàì³êà ñèëè
ì�ÿçîâèõ ñêîðî÷åíü ïðè ïîïåðåäíüîìó
çàñòîñóâàíí³ ìåëàòîí³íó ñóòòºâî â³äð³ç-
íÿëàñÿ â³ä êîíòðîëüíî¿ ðåàêö³¿ (äèâ. ðèñ. 2).
Òàê, ó ö³é ñåð³¿ äîñë³ä³â, ïîð³âíÿíî ç
êîíòðîëåì, íå â³äáóâàëîñÿ òàêîãî ð³çêîãî
ïðèãí³÷åííÿ ñèëè ì�ÿçîâèõ ñêîðî÷åíü
ïðîòÿãîì 10 ñòèìóëÿö³é ì�ÿçà. Ï³ñëÿ 5-¿
ñòèìóëÿö³¿ ñèëè ì�ÿçîâèõ ñêîðî÷åíü çìåí-
øóâàëàñÿ ç 5,61 ± 0,39 äî 4,77 Í/êã ± 0,28 Í/êã,
ùî â³ðîã³äíî âèùå â³ä êîíòðîëüíèõ ïîêàç-
íèê³â (Ð<0,01). Ïðèãí³÷åííÿ ñèëè ì�ÿçîâèõ
ñêîðî÷åíü ï³ä ÷àñ 10-¿ ñòèìóëÿö³¿ äî 4,46
Í/êã ± 0,26 Í/êã áóëî çíà÷íî ìåíøèì, í³æ ó
êîíòðîë³ � 3,52 Í/êã ± 0,2 Í/êã (Ð<0,01). Ïðè
ïîïåðåäíüîìó çàñòîñóâàíí³ ìåëàòîí³íó íå
â³äáóâàëîñÿ òàêîãî ð³çêîãî, ÿê ó êîíòðîë³,
ï³äâèùåííÿ êèñíåâî¿ âàðòîñò³ ðîáîòè
ëèòêîâîãî ì�ÿçà âïðîäîâæ ñòèìóëÿö³é (äèâ.
ðèñ. 1, 4,á). Íà ïåðø³é ñòèìóëÿö³¿ êèñíåâà
âàðò³ñòü ðîáîòè ì�ÿçà â³ðîã³äíî íå â³ä-
ð³çíÿëàñÿ â³ä êîíòðîëüíèõ çíà÷åíü ³ ñòàíî-
âèëà 124 ìë . õâ -1 . Í-1 . êã ± 12 ìë . õâ -1 . Í-1 .

êã. Ïðîòÿãîì íàñòóïíèõ ñòèìóëÿö³é êèñíåâà
âàðò³ñòü ðîáîòè ì�ÿçà çá³ëüøóâàëàñü, àëå
çíà÷íîþ ìåíøîþ ì³ðîþ, í³æ ó êîíòðîë³.
Òàê, ï³ä ÷àñ 5-¿ ñòèìóëÿö³¿ âîíà ñòàíîâèëà
133 ìë . õâ -1 . Í-1 . êã ± 9,3 ìë . õâ -1 . Í-1 .

êã, à íà 10-é ñòèìóëÿö³¿ � ò³ëüêè 146 ìë . õâ -1 .

Í-1 . êã ± 7,4 ìë . õâ -1 . Í-1 . êã, ùî â³ðîã³äíî
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Ðèñ. 4. Çì³íè ïîêàçíèê³â ôóíêö³îíàëüíî¿ ã³ïåðåì³¿ (1), ñèëè (2) òà êèñíåâî¿ âàðòîñò³ ðîáîòè (3) ï³ä ÷àñ íàâàíòàæåííÿ
ëèòêîâîãî ì�ÿçà: à � êîíòðîëü; á � ââåäåííÿ ìåëàòîí³íó. *** P<0,001 â³äíîñíî êîíòðîëþ
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ìåíøå, í³æ ó êîíòðîë³ (Ð<0,001). Îòæå,
ñèëîâ³ òà êèñíåâ³ ïîêàçíèêè ðîáîòè ëèò-
êîâîãî ì�ÿçà ïðè çàñòîñóâàíí³ ìåëàòîí³-
íó çíà÷íî êðàù³ ïîð³âíÿíî ç êîíòðîëü-
íèìè.

Ðåçóëüòàòè ñïåêòðîôîòîìåòðè÷íîãî
àíàë³çó ïðîá ñèðîâàòêè êðîâ³, ç³áðàíèõ ³ç
ñòåãíîâî¿ âåíè ï³ñëÿ 5-¿ ñòèìóëÿö³¿ (àíàëî-
ã³÷íî êîíòðîëþ) ëèòêîâîãî ì�ÿçà íà ôîí³ ä³¿
ìåëàòîí³íó, ñâ³ä÷àòü ïðî çíà÷íî ìåíøó, í³æ
ó êîíòðîë³ êîíöåíòðàö³þ ÌÔ ó â³äò³êàþ÷³é
â³ä ïðàöþþ÷îãî ì�ÿçà êðîâ³. Çá³ëüøåííÿ
îïòè÷íî¿ ãóñòèíè ïîãëèíàííÿ ðîç÷èíó â ö³é
ñåð³¿ åêñïåðèìåíò³â ñòàíîâèëî ëèøå 0,016 ±
0,008 (Ð<0,001).

Òàêèì ÷èíîì, îäåðæàí³ ðåçóëüòàòè
ñâ³ä÷àòü ïðî òå, ùî ïðè ïîïåðåäíüîìó
ââåäåíí³ ìåëàòîí³íó íå â³äáóâàºòüñÿ
â³äêðèòòÿ ÌÏ ï³ä ÷àñ íàâàíòàæåííÿ
ñêåëåòíîãî ì�ÿçà, ùî, â ñâîþ ÷åðãó,
ïîïåðåäæàº âèðàæåíå ïðèãí³÷åííÿ éîãî
ñêîðî÷óâàëüíî¿ àêòèâíîñò³ òà ðîçâèòîê
ñòîìëåííÿ, à òàêîæ çàïîá³ãàº ð³çêîìó
çá³ëüøåííþ êèñíåâî¿ âàðòîñò³ ðîáîòè
ëèòêîâîãî ì�ÿçà.

Çã³äíî ç íàøèìè ðåçóëüòàòàìè, ñèëà
ñêîðî÷åíü ëèòêîâîãî ì�ÿçà âïðîäîâæ
ñòèìóëÿö³é ó êîíòðîëüí³é ñåð³¿ åêñïåðè-
ìåíò³â ïðîãðåñèâíî çíèæóºòüñÿ (äèâ. ðèñ.
1,à). Íà 5-é ñòèìóëÿö³¿ ¿¿ çíèæåííÿ, ïîð³âíÿ-
íî ç âèõ³äíèìè çíà÷åííÿìè, áóëî íàñò³ëüêè
âèðàçíèì (40 % ± 2,9 %), ùî ìîæíà áóëî
ãîâîðèòè ïðî ðîçâèòîê ñòîìëåííÿ ëèòêîâîãî
ì�ÿçà. Ñë³ä çàçíà÷èòè, ùî çà ë³òåðàòóðíèìè
äàíèìè êðèòåð³ºì ñòîìëåííÿ ñêåëåòíîãî
ì�ÿçà º çíà÷íå ïðèãí³÷åííÿ ñêîðî÷óâàëüíî¿
àêòèâíîñò³, ïðè ÿêîìó ñèëà ì�ÿçîâèõ
ñêîðî÷åíü çíèæóºòüñÿ á³ëüø í³æ íà 30 %
ïîð³âíÿíî ç âèõ³äíèì ð³âíåì. Ïðîòÿãîì
íàñòóïíèõ ñòèìóëÿö³é äèíàì³êà ñêîðî÷ó-
âàëüíî¿ àêòèâíîñò³ ëèòêîâîãî ì�ÿçà õàðàê-
òåðèçóâàëàñÿ ïîäàëüøèì ïðèãí³÷åííÿì
ñèëè éîãî ñêîðî÷åíü. Ñåðåä ÷èííèê³â, ÿê³
çóìîâëþþòü òàêå ³ñòîòíå ïðèãí³÷åííÿ ñèëè
ñêîðî÷åíü ëèòêîâîãî ì�ÿçà, íà íàøó äóìêó,
ìîæíà âèä³ëèòè ðîáî÷ó ã³ïîêñ³þ òà ð³çêå

ï³äâèùåííÿ ì³îïëàçìàòè÷íî¿ êîíöåíòðàö³¿
Ñà2+. Âàæëèâî, ùî âèðàæåí³ñòü ä³¿ öèõ
÷èííèê³â çíàõîäèòüñÿ â ïðÿì³é çàëåæíîñò³
â³ä ³íòåíñèâíîñò³ òà òðèâàëîñò³ íàâàíòà-
æåííÿ ì�ÿçà. Âïðîäîâæ íàâàíòàæåííÿ âèñ-
íàæóºòüñÿ åíåðãåòè÷íèé ïîòåíö³àë ñêåëåò-
íîãî ì�ÿçà, ùî ñóïðîâîäæóºòüñÿ ïîñèëåí-
íÿì ñòóïåíÿ ðîáî÷î¿ ã³ïîêñ³¿, ïîäàëüøèì
çá³ëüøåííÿì ñàðêîïëàçìàòè÷íî¿ êîíöåíò-
ðàö³¿ êàëüö³þ, ùî, â ñâîþ ÷åðãó, ìîæå
ïðèçâåñòè äî â³äêðèòòÿ ÌÏ [10, 15, 16].
Ä³éñíî, ï³ñëÿ 5-¿ ñòèìóëÿö³¿ ìè ðåºñòðóâàëè
â êðîâ³, â³äò³êàþ÷î¿ â³ä ïðàöþþ÷îãî ì�ÿçà,
çíà÷íó êîíöåíòðàö³þ ÌÔ, ùî ñâ³ä÷èëî ïðî
â³äêðèòòÿ ÌÏ. Ö³ ðåçóëüòàòè íå â³äð³ç-
íÿþòüñÿ â³ä ñïåêòðîôîòîìåòðè÷íèõ äàíèõ,
ÿê³ çàðåºñòðîâàí³ çà óìîâ ³øåì³¿�ðåïåðôóç³¿
ñåðöÿ, ÷è çàñòîñóâàííÿ õ³ì³÷íîãî àêòèâà-
òîðà ÌÏ ÔÀÎ [2, 6] òà â³ðîã³äíî â³äð³ç-
íÿþòüñÿ â³ä ïîêàçíèê³â, çàðåºñòðîâàíèõ çâ
óìîâ ä³¿ àíòèîêñèäàíòó ìåëàòîí³íó ÷è
ñåëåêòèâíîãî áëîêàòîðà àêòèâàö³¿ ÌÏ
öèêëîñïîðèíó À. Â³äîìî, ùî â³äêðèòòÿ ÌÏ
ïðèçâîäèòü äî ïðèãí³÷åííÿ êë³òèííîãî
äèõàííÿ, ð³çêîãî ïîðóøåííÿ ñèíòåçó ÀÒÔ ³
â³ëüíîðàäèêàëüíîãî âèáóõó [15, 16]. Çà öèõ
óìîâ â³äáóâàºòüñÿ âèðàçíå ïðèãí³÷åííÿ
ñêîðî÷óâàëüíî¿ ñèëè ì�ÿçà òà ³ñòîòíå
çìåíøåííÿ åôåêòèâíîñò³ âèêîðèñòàííÿ
êèñíþ ïðàöþþ÷èì ì�ÿçîì: ìîæëèâî, ùî íå
âåñü êèñåíü, ÿêèé ïîòðàïëÿº äî ì�ÿçà ç
êðîâ�þ çàëó÷àºòüñÿ äî öèêëó ðåàêö³é,
ñïðÿìîâàíèõ íà ñèíòåç ÀÒÔ, à çá³ëüøóº
³íòåíñèâí³ñòü óòâîðåííÿ â³ëüíîðàäèêàëüíèõ
ñïîëóê. Îòðèìàí³ ðåçóëüòàòè çá³ãàþòüñÿ ç
äàíèìè íàøèõ ïîïåðåäí³õ äîñë³äæåíü, â
ÿêèõ áóëî ïîêàçàíî ñóòòºâå ïðèãí³÷åííÿ
ñèëè ì�ÿçîâèõ ñêîðî÷åíü ³ çíà÷íå ï³äâè-
ùåííÿ êèñíåâî¿ âàðòîñò³ ðîáîòè ëèòêîâîãî
ì�ÿçà ïðè ïîïåðåäíüîìó ââåäåíí³ àêòèâà-
òîðà ÌÏ ÔÀÎ [3].

Ïðåìåäèêàö³ÿ ³íã³á³òîðîì â³äêðèòòÿ
ÌÏ ìåëàòîí³íîì çíà÷íî çìåíøóâàëà
÷óòëèâ³ñòü ÌÏ äî â³äêðèòòÿ òà åôåêòèâíî
éîãî ïîïåðåäæàëà ïðîòÿãîì íàâàíòàæåííÿ
ëèòêîâîãî ì�ÿçà (ðèñ. 3). Ïðè öüîìó íå

Ðîëü ì³òîõîíäð³àëüíî¿ ïîðè
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â³äáóâàëîñÿ òàêîãî ð³çêîãî ïðèãí³÷åííÿ ñèëè
ì�ÿçîâèõ ñêîðî÷åíü ³ çìåíøåííÿ åôåêòèâ-
íîñò³ âèêîðèñòàííÿ êèñíþ ïðàöþþ÷èì
ì�ÿçîì (äèâ. ðèñ. 1,á, 4), ÿê ó êîíòðîë³.
Òàêèì ÷èíîì, ñåð³ÿ ç äåñÿòè åëåêòðè÷íèõ
ñòèìóëÿö³é íà ôîí³ ïðåìåäèêàö³¿ ìåëàòîí³íîì
íå âèêëèêàëà ñòîìëåííÿ ëèòêîâîãî ì�ÿçà.

Îòæå, îäåðæàí³ ðåçóëüòàòè ñâ³ä÷àòü, ùî
â³äêðèòòÿ ÌÏ ìîæå â³ä³ãðàâàòè çíà÷íó
ðîëü ó ðîçâèòêó ñòîìëåííÿ ñêåëåòíîãî
ì�ÿçà, ïîòåíö³þþ÷è ïðîãðåñèâíå çìåíøåí-
íÿ ñèëè ì�ÿçîâèõ ñêîðî÷åíü ³ åôåêòèâíîñò³
âèêîðèñòàííÿ êèñíþ ïðàöþþ÷èì ñêåëåòíèì
ì�ÿçîì. Ìåëàòîí³í, ïðèãí³÷óþ÷è ÷óòëè-
â³ñòü ÌÏ äî â³äêðèòòÿ, åôåêòèâíî ïîïåðåä-
æàâ ïðèãí³÷åííÿ ñèëè ñêîðî÷åííÿ ì�ÿçà òà
çìåíøåííÿ åôåêòèâíîñò³ âèêîðèñòàííÿ
êèñíþ ïðàöþþ÷èì ëèòêîâèì ì�ÿçîì ï³ä ÷àñ
éîãî íàâàíòàæåííÿ.

A.Y. Boguslavskiy, A.V. Dmitrieva, V.F. Sagach

THE  ROLE  OF  THE  MITOCHONDRIAL
PERMEABILITY  TRANSITION  PORE
IN  THE  DEVELOPMENT
OF  A  DOG�S SKELETAL  MUSCLE  FATIGUE

On anaesthetized dogs the role of the mitochondrial perme-
ability transition ðîrå (mÐÒÐ) in the development of the m.
gastrocnemius fatigue was investigated. In a control series of
experiments it was shown, that 10 short-term (30'�) electrical
stimulation (8 Hz, 5 ms, 20 V) with 5" interval resulted in
significant reduction of the muscle contractions force (more
than 40%) and considerably increased oxygen cost of a
m.gastercnemicus work (more than 130%), comparison with
initial parameters. The registered inhibition of the muscle
contraction force pointed on the development of m. gastrocne-
mius fatigue, that was accompanied by an appearance in blood
from v. femoralis mitochondrial factor (MF), which, as shown
by us earlier, is a marker of the mPTP opening. Preliminary
injection of selective inhibitor of the mPTP opening
cyclosporine A (0,012 mg/kg, i.v.) resulted in the pronounced
fall of the MF concentration in blood from v. femoralis, in
comparison with the parameters registered under control
conditions. Pretreatment with the another inhibitor of the
mPTP opening melatonin (0,75 mg/kg, i.v.) prevented inhibition
of the muscle contractions force and reduction of the effi-
ciency of oxygen using by m.gastercnemicus under conditions
similar control. Thus, m.gastercnemius fatigue didn�t develop,
and the MF concentration in blood from v. femoralis was
much lower, than in the control, that testified to absence of the
mPTP opening. So then, fatigue development was accompa-

nied by inhibition of the muscle contractions force, marked
reduction of the efficiency of oxygen using by m.gastercnemicus
that was prevented by the mPTP opening inhibitors. Thus,
the mPTP opening can underlie the development of the working
skeletal muscle fatigue.

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