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Âïëèâ ìîäóëÿö³¿ ïðîíèêíîñò³
ì³òîõîíäð³àëüíèõ ìåìáðàí ìåäóëÿðíèõ íåéðîí³â
íà àðòåð³àëüíèé òèñê ó ùóð³â

Â îñòðûõ ýêñïåðèìåíòàõ íà íàðêîòèçèðîâàííûõ óðåòàíîì (1,7 ã/êã) êðûñàõ ñ íîðìàëüíûì
àðòåðèàëüíûì äàâëåíèåì èçó÷àëè ýôôåêòû ìîäóëÿöèè ïðîíèöàåìîñòè ìèòîõîíäðèàëüíûõ
ìåìáðàí íåéðîíîâ ìåäóëëÿðíûõ ÿäåð, êîòîðûå âêëþ÷åíû â ñèñòåìó íåðâíîãî êîíòðîëÿ ôóíêöèè
êðîâîîáðàùåíèÿ, è ñðåäè êîòîðûõ ðàçìåùåíû íåéðîíû, ñèíòåçèðóþùèå îêñèä àçîòà (NO) �
ÿäðî ñîëèòàðíîãî òðàêòà, ïàðàìåäèàííîå ðåòèêóëÿðíîå ÿäðî, îáîþäíîå ÿäðî, ëàòåðàëüíîå
ðåòèêóëÿðîíå ÿäðî. Ïðîíèöàåìîñòü ìèòîõîíäðèàëüíûõ ìåìáðàí óâåëè÷èâàëè èíúåêöèÿìè
èíäóêòîðà îòêðûâàíèÿ ìèòîõîíäðèàëüíîé ïîðû (ÌÏ) ôåíèëàðñèí îêñèäà (ÔÀÎ, 10�8�10�14

ìîëü/ë), à óìåíüøàëè � ââåäåíèåì èíãèáèòîðîâ îòêðûâàíèÿ ÌÏ öèêëîñïîðèíà À è ìåëàòîíèíà
(10�8�10�12 ìîëü/ë). Ïðè èçó÷åíèè çàâèñèìîñòè ìåæäó ïðîíèöàåìîñòüþ ìèòîõîíäðèàëüíûõ
ìåìáðàí è ñîäåðæàíèåì NO èñïîëüçîâàëè ñóáñòðàò äëÿ ñèíòåçà ýíäîãåííîãî NO àìèíîêèñëîòó
L-àðãèíèí è èíãèáèòîð íåéðîíàëüíîé NO-ñèíòàçû (NOS1) 7-íèòðîèíäàçîë (30 ìã/êã).
Ïðîâåäåííîå èññëåäîâàíèå ïîêàçàëî, ÷òî óâåëè÷åíèå ïðîíèöàåìîñòè ìèòîõîíäðèàëüíûõ
ìåìáðàí íåéðîíîâ èññëåäóåìûõ ÿäåð ïðîäîëãîâàòîãî ìîçãà çà ñ÷åò ÔÀÎ ñîïðîâîæäàëîñü
çàêîíîìåðíûì ñíèæåíèåì óðîâíÿ ñèñòåìíîãî àðòåðèàëüíîãî äàâëåíèÿ (ÑÀÄ), äîçîçàâèñèìûì:
â äîçå 10�12 ìîëü/ë îíî íîñèëî îáðàòèìûé õàðàêòåð, à â äîçå 10�8 ìîëü/ë � íåîáðàòèìûé,
íåñîâìåñòèìûé ñ æèçíüþ. Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò îá óãíåòåíèè
àêòèâíîñòè íåéðîíîâ èññëåäóåìûõ ÿäåð ïðè óâåëè÷åíèè ïðîíèöàåìîñòè èõ ìèòîõîíäðèàëüíûõ
ìåìáðàí. Óìåíüøåíèå ïðîíèöàåìîñòè ìèòîõîíäðèàëüíûõ ìåìáðàí ñ ïîìîùüþ èíúåêöèé
èíãèáèòîðîâ îòêðûâàíèÿ ÌÏ öèêëîñïîðèíà À è ìåëàòîíèíà â èññëåäóåìûå ÿäðà
ïðîäîëãîâàòîãî ìîçãà ñîïðîâîæäàëîñü â çíà÷èòåëüíîé ÷àñòè îïûòîâ äîçîçàñèâèñèìûì
ïîâûøåíèåì óðîâíÿ ÑÀÄ. Ïîñëå ïðåäâàðèòåëüíîãî ââåäåíèÿ ìåëàòîíèíà îòðèöàòåëüíûé
ýôôåêò ÔÀÎ íà ìåäóëëÿðíûå íåéðîíû îñëàáëÿëñÿ, ÷òî ñâèäåòåëüñòâóåò î ïîëîæèòåëüíîì,
ïðîòåêòîðíîì âëèÿíèè èíãèáèòîðîâ íà àêòèâíîñòü ìåäóëëÿðíûõ êàðäèîâàñêóëÿðíûõ íåéðîíîâ
ó êðûñ. Ïðåäâàðèòåëüíîå ââåäåíèå L-àðãèíèíà îñëàáëÿëî ýôôåêòû èíúåêöèé ÔÀÎ â èññëåäóåìûå
ìåäóëëÿðíûå ÿäðà, ÷òî ìîæåò ãîâîðèòü î ïðîòåêòîðíîì âëèÿíèè ýíäîãåííîãî NO, â òî æå
âðåìÿ ïðåäâàðèòåëüíîå óãíåòåíèå NOS1 íå îêàçûâàëî ñóùåñòâåííîãî âëèÿíèÿ íà ýôôåêòè
èíúåêöèé ÔÀÎ â êàðäèîâàñêóëÿðíûå ÿäðà ïðîäîëãîâàòîãî ìîçãà. Íàøè ðåçóëüòàòû
ñâèäåòåëüñâóþò î òîì, ÷òî ôóíêöèîíàëüíàÿ àêòèâíîñòü íåéðîíîâ ÿäåð ïðîäîëãîâàòîãî ìîçãà,
êîòîðûå âêëþ÷åíû â íåðâíûé êîíòðîëü ôóíêöèè êðîâîîáðàùåíèÿ, è èõ ýôôåêòû íà ñèñòåìó
êðîâîîáðàùåíèÿ, áåçóñëîâíî, çàâèñÿò îò óðîâíÿ ïðîíèöàåìîñòè èõ ìèòîõîíäðèàëüíûõ
ìåìáðàí. Ìåæäó ñîñòîÿíèåì ïðîíèöàåìîñòè ìèòîõîíäðèàëüíûõ ìåìáðàí íåéðîíîâ è
ñîäåðæàíèåì NO â èññëåäîâàííûõ ìåäóëëÿðíûõ ÿäðàõ åñòü îïðåäåëåííàÿ ñâÿçü, äåòàëüíîå
èçó÷åíèå êîòîðîé òðåáóåò äàëüíåéøåãî èññëåäîâàíèÿ.
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ÂÑÒÓÏ

Íå âèêëèêàº ñóìí³âó, ùî ì³òîõîíäð³¿, îñíîâ-
íîþ ôóíêö³ºþ ÿêèõ º çàáåçïå÷åííÿ êë³òèíè
åíåðã³ºþ ³ íà ÿêèõ çîñåðåäæåíî áàãàòî ñèã-

íàëüíèõ øëÿõ³â, ìàþòü ñóòòºâå çíà÷åííÿ
äëÿ ä³ÿëüíîñò³ êë³òèí ð³çíèõ ôóíêö³îíàëüíèõ
ñèñòåì îðãàí³çìó, âêëþ÷àþ÷è íåéðîíè ÖÍÑ.
Íèí³ ³íòåðåñ äî îñîáëèâîñòåé ôóíêö³îíó-
âàííÿ ì³òîõîíäð³é ïîíîâèâñÿ â çâ�ÿçêó ç
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îòðèìàíèìè äàíèìè ïðî ¿õ ó÷àñòü ó ðîçâèò-
êó àïîïòîçó ³ äåÿêèõ ïàòîëîã³÷íèõ ñòàí³â
îðãàí³çìó [1, 13, 15, 16, 19, 20, 29, 30, 35].
Çà óìîâ íîðìè âíóòð³øíÿ ìåìáðàíà ì³òî-
õîíäð³é º ìàéæå íåïðîíèêíîþ äëÿ ìîëåêóë,
ùî íå ìàþòü ñïåöèô³÷íîãî íîñ³ÿ, à â çîâ-
í³øí³é ìåìáðàí³ º êàíàëè, çäàòí³ ïðîïóñ-
êàòè ìîëåêóëè ðîçì³ðîì äî 1000 Äà [8]. Ï³ä
ä³ºþ ð³çíèõ ôàêòîð³â, ñåðåä ÿêèõ çíà÷íå
ì³ñöå  ïîñ³äàþòü îêñèä àçîòó  (NO) òà
àêòèâí³ ôîðìè êèñíþ, ïðîíèêí³ñòü ì³òî-
õîíäðàëüíèõ ìåìáðàí ìîæå çíà÷íî çá³ëü-
øóâàòèñü ³ ñïðèÿòè â³äêðèâàííþ òàê çâàíî¿
ì³òîõîíäð³àëüíî¿ ïîðè (ÌÏ), ÷åðåç ÿêó
çäàòí³ ïðîõîäèòè â îáîõ íàïðÿìêàõ ìîëåêó-
ëè ðîçì³ðîì á³ëüøå í³æ 1500 Äà [38]. Ââà-
æàþòü, ùî ñàìå ñò³éêå çá³ëüøåííÿ ïðîíèê-
íîñò³ âíóòð³øíüî¿ ìåìáðàíè ì³òîõîíäð³é
ëåæèòü â îñíîâ³ àïîïòîçó òà ñïîñòåð³ãàºòü-
ñÿ ïðè ð³çíèõ ïàòîëîã³÷íèõ ñòàíàõ.

Ç ë³òåðàòóðè â³äîìî [27, 28, 31, 32], ùî
â ³íäóêö³¿ àïîïòîçó â êàðä³îì³îöèòàõ áåðå
ó÷àñòü îêñèä àçîòó ÷åðåç éîãî âïëèâ íà
âèâ³ëüíåííÿ öèòîõðîìó ñ ³  çá³ëüøåííÿ
ì³òîõîíäð³àëüíî¿ ïðîíèêíîñò³ [12]. Âîäíî-
÷àñ ïîêàçàíî, ùî åíäîãåííèé NO â³ä³ãðàº
çíà÷íó ðîëü ó ì³òîõîíäð³àëüíîìó á³îãåíåç³
ññàâö³â [9, 11, 21, 24, 25] ³ çäàòíèé ïðèã-
í³÷óâàòè àïîïòîç, ïîïåðåäæóþ÷è çá³ëüøåííÿ
àêòèâíîñò³ êàñïàç [21]. Ñë³ä çàçíà÷èòè, ùî
çíà÷íà ÷àñòèíà ³íôîðìàö³¿ ïðî åôåêòè çì³í
ïðîíèêíîñò³ ì³òîõîíäð³àëüíèõ ìåìáðàí
áàçóºòüñÿ íà ðåçóëüòàòàõ ãåíåòè÷íèõ ³ á³î-
õ³ì³÷íèõ äîñë³äæåíü, òîä³ ÿê ðîá³ò, âèêîíà-
íèõ íà ö³ëîìó îðãàí³çì³, áðàêóº. Çíà÷åííÿ
çì³í ïðîíèêíîñò³ ì³òîõîíäð³àëüíèõ ìåìáðàí
íåéðîí³â ÖÍÑ ó ðåàë³çàö³¿ ¿õ âïëèâ³â íà
ä³ÿëüí³ñòü ñåðöåâî-ñóäèííî¿ ñèñòåìè âçà-
ãàë³ ùå íå àíàë³çóâàëîñÿ.

Ã³ñòîõ³ì³÷íèìè, ³ìóíîã³ñòîõ³ì³÷íèìè,
ô³ç³îëîã³÷íèìè äîñë³äæåííÿìè â äîâãàñ-
òîìó ìîçêó ùóð³â âèÿâëåíî âåëèêó ê³ëü-
ê³ñòü íåéðîí³â, ÿê³ ñèíòåçóþòü NO ³ çàëó-
÷åí³ â íåðâîâèé êîíòðîëü ôóíêö³¿ êðîâîîá³ãó
[14, 17, 23, 33, 36, 37]. Íåçâàæàþ÷è íà
äîñèòü âåëèêó ê³ëüê³ñòü ïóáë³êàö³é, ÿê³

ñâ³ä÷àòü ïðî ó÷àñòü NO â íåðâîâîìó êîíò-
ðîë³ ôóíêö³¿ êðîâîîá³ãó, áàãàòî ïèòàíü ùîäî
ìåõàí³çì³â ö¿º¿ ó÷àñò³, çàëèøàþòüñÿ íåâèâ-
÷åíèìè, çîêðåìà ïèòàííÿ ïðî çâ�ÿçîê ì³æ
ôóíêö³îíàëüíèì ñòàíîì ì³òîõîíäð³é êàðä³î-
âàñêóëÿðíèõ íåéðîí³â, ùî ñèíòåçóþòü NO,
³ ¿õ åôåêòàìè íà ñèñòåìó êðîâîîá³ãó.

Ìåòà íàøîãî äîñë³äæåííÿ � âèçíà÷èòè
âïëèâ ìîäóëÿö³¿ ì³òîõîíäð³àëüíî¿ ïðîíèê-
íîñò³ êàðä³îâàñêóëÿðíèõ íåéðîí³â äîâãàñ-
òîãî ìîçêó, çîêðåìà òèõ, ùî ñèíòåçóþþòü
NO, íà ð³âåíü ñèñòåìíîãî àðòåð³àëüíîãî
òèñêó (ÑÀÒ) ÿê ³íòåãðàëüíèé ïîêàçíèê ñòà-
íó ñåðöåâî-ñóäèííî¿ ñèñòåìè.

ÌÅÒÎÄÈÊÀ

Äîñë³äæåííÿ ïðîâåäåíî â ãîñòðèõ åêñïå-
ðèìåíòàõ íà ùóðàõ ìàñîþ 290�350 ã, íàð-
êîòèçîâàíèõ óðåòàíîì (1,7 ã/êã, âíóòð³ø-
íüîî÷åðåâèííî). Â ñîííó àðòåð³þ ââîäèëè
êàíþëþ äëÿ âèì³ðþâàííÿ ÑÀÒ çà äîïîìîãîþ
òåíçîäàò÷èêà ãåìîäèíàì³÷íî¿ óñòàíîâêè
(�Ì³êðîìåä�, Óãîðùèíà). Äîâãàñòèé ìîçîê
â³äêðèâàëè ï³ñëÿ ô³êñóâàííÿ ãîëîâè ó ñòå-
ðåîòàêñè÷íîìó ïðèëàä³ ÑÅÆ-3, ìîäèô³-
êîâàíîìó äëÿ ðîáîòè íà äð³áíèõ òâàðèíàõ.
Ñòåðåîòàêñè÷í³ êîîðäèíàòè äîñë³äæóâàíèõ
ÿäåð äîâãàñòîãî ìîçêó � ÿäðà ñîë³òàðíîãî
òðàêòó (NTS), îáîï³ëüíîãî ÿäðà (AMB),
ïàðàìåä³àííîãî ðåòèêóëÿðíîãî ÿäðà (PMn)
³ ëàòåðàëüíîãî ðåòèêóëÿðíîãî ÿäðà (LRN)
âèçíà÷àëè çà àòëàñîì [26]. Äëÿ ³í�ºêö³é
âèêîðèñòîâóâàëè ì³êðîøïðèö ç ì³êðîìåò-
ðè÷íèì ãâèíòîì. Ó ïîïóëÿö³¿ íåéðîí³â
äîñë³äæóâàíèõ ìåäóëÿðíèõ ÿäåð ââîäèëè
³íäóêòîð ÌÏ ôåí³ëàðñèíîêñèä (ÔÀÎ, 10�8�
10�14 ìîëü/ë); ³íã³á³òîðè � öèêëîñïîðèí À
(10�8�10�12 ìîëü/ë) ³ ìåëàòîí³í (10�8�10�12

ìîëü/ë). Ñóáñòðàò äëÿ ñèíòåçó åíäîãåííîãî
NO L-àðã³í³í ââîäèëè âíóòð³øíüîâåííî
(10�8 ìîëü/ë) ³  ó ïîïóëÿö³¿ ìåäóëÿðíèõ
íåéðîí³â (10�12 ìîëü/ë). Áëîêàòîð íåéðî-
íàëüíî¿ NO-ñèíòàçè (NOS1) 7-í³òðî³íäàçîë
ââîäèëè âíóòð³øíüîî÷åðåâèííî ç ðîçðà-
õóíêó 30 ìã/êã. Ï³ñëÿ çàê³í÷åííÿ åêñïåðè-

Âïëèâ ìîäóëÿö³¿ ïðîíèêíîñò³
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ìåíòó òâàðèí äåêàï³òóââàëè. Ñòàòèñòè÷íèé
àíàë³ç ïðîâîäèëè ç âèêîðèñòàííÿì êðèòåð³þ
t Ñòüþäåíòà çà äîïîìîãîþ ñòàíäàðòíî¿
êîìï�þòåðíî¿ ïðîãðàìè. ßê ñòàòèñòè÷íî
çíà÷èì³ ðîçãëÿäàëè â³äì³íè ³ç çíà÷åííÿì
P<0,05.

ÐÅÇÓËÜÒÀÒÈ ÄÎÑË²ÄÆÅÍÜ

Âïëèâ ³íäóêòîðà â³äêðèâàííÿ ÌÏ íà åôåêòè
ìåäóëÿðíèõ NO-ñèíòåçóâàëüíèõ êàðä³îâàñ-
êóëÿðíèõ íåéðîí³â. Ó ïîïåðåäí³õ åêñïåðè-
ìåíòàõ íàìè áóëî ïîêàçàíî, ùî ïîñèëåííÿ
àáî ïðèãí³÷åííÿ àêòèâíîñò³ NOS1 ³í�ºê-
ö³ÿìè ñóáñòðàòó äëÿ ñèíòåçó NO (L-àðã³-
í³í) àáî ¿¿ ³íã³á³òîðà (L-NNA) â ïîïóëÿö³¿
íåéðîí³â êàðä³îâàñêóëÿðíèõ ÿäåð äîâãàñ-
òîãî ìîçêó ñóïðîâîäæóâàëèñÿ ðîçâèòêîì
äîçîçàëåæíèõ çì³í ð³âíÿ ÑÀÒ [4]. Ðàçîì ç
ìîðôîëîã³÷íèìè äàíèìè [17, 37] âîíè ñâ³ä-
÷àòü ïðî ëîêàë³çàö³þ íåéðîí³â, ÿê³ ñèíòå-
çóþòü NO, â äîñë³äæåíèõ íàìè ÿäðàõ äîâ-
ãàñòîãî ìîçêó. Ìè êåðóâàëèñÿ ö³ºþ ³íôîð-
ìàö³ºþ ïðè ïðîâåäåíí³ äîñë³äæåííÿ, ñïðÿìî-
âàíîãî íà âèçíà÷åííÿ âïëèâó çì³í ïðîíèêíîñò³
ì³òîõîíäð³àëüíèõ ìåìáðàí ìåäóëÿðíèõ
íåéðîí³â, ÿê³ ñèíòåçóþòü NO, íà ¿õ åôåêòè.

Çá³ëüøåííÿ ïðîíèêíîñò³ ì³òîõîíäð³àëü-
íèõ ìåìáðàí ïîïóëÿö³é íåéðîí³â êàðä³îâàñ-

êóëÿðíèõ ìåäóëÿðíèõ ÿäåð, ñåðåä ÿêèõ º ò³,
ùî ñèíòåçóþòü NO, ³í�ºêö³ÿìè ³íäóêòîðà  ÌÏ
ÔÀÎ, ïðèçâîäèëî äî äîçîçàëåæíîãî çíè-
æåííÿ ð³âíÿ ÑÀÒ, ÿêå áóëî ÿê³ñíî ïîä³áíèì
ïðè ââåäåíí³ ÔÀÎ ó âñ³ äîñë³äæóâàí³ ÿäðà.

Àíàë³ç äèíàì³êè ÑÀÒ ï³ñëÿ ³í�ºêö³é ÔÀÎ
(10�12 ìîëü/ë) ó PMn ïîêàçàâ, ùî éîãî ð³âåíü
çíèæóâàâñÿ äîñèòü øâèäêî: ÷åðåç 10 ñ íà
15,7 % (P<0,05),  ÷åðåç 20 ñ íà 17,6 %
(P<0,05) ÷åðåç 60 ñ íà 18,5 % (P<0,05; ðèñ.
1,à), ï³ñëÿ ÷îãî ïî÷èíàëîñÿ ïîâ³ëüíå ï³äâè-
ùåííÿ ð³âíÿ ÑÀÒ. ²í�ºêö³¿ ÔÀÎ NTS ïðèçâî-
äèëè äî çíèæåííÿ ÑÀÒ íà 18,8 % (P<0,05),
â ëàòåðàëüíå ðåòèêóëÿðíå ÿäðî � íà 16,8 %
(P<0,05). Äëÿ ã³ïîòåíçèâíèõ ðåàêö³é íà
ââåäåííÿ ÔÀÎ â óñ³ äîñë³äæóâàí³ ìåäóëÿðí³
ÿäðà õàðàêòåðíèì áóâ äîñèòü øâèäêèé
ðîçâèòîê, ³ çíà÷íà ¿õíÿ òðèâàë³ñòü (äî 30
õâ ó îêðåìèõ äîñë³äàõ), ïðè÷îìó ð³âåíü
ÑÀÒ, ÿê ïðàâèëî, íå â³äíîâëþâàâñÿ ïîâí³ñ-
òþ. ²í�ºêö³¿ ÔÀÎ (10�10 ìîëü/ë) ó âñ³ äîñë³ä-
æåí³ ìåäóëÿðí³ ÿäðà ñóïðîâîäæóâàëèñÿ
ðîçâèòêîì á³ëüø âèðàæåíîãî çíèæåííÿ ÑÀÒ,
ÿêå ó äåÿêèõ âèïàäêàõ ïðèçâîäèëî äî
çàãèáåë³ òâàðèíè. Íà ðèñ. 1,á ïîêàçàíî
çíèæåííÿ  ÑÀÒ, çóìîâëåíå ³í�ºêö³ÿìè ÔÀÎ
(10�10 ìîëü/ë) ó PMn. Ó êîíöåíòðàö³¿ 10�8

ìîëü/ë ³í�ºêö³¿ ÔÀÎ ïðèçâîäèëè äî äóæå
çíà÷íîãî çíèæåííÿ ÑÀÒ ³ çàãèáåë³ òâàðèíè.

Ë.Ì. Øàïîâàë, Ë.Ñ. Ïîá³ãàéëî, Î.Â. Äìèòðåíêî, Ë.Ã. Ñòåïàíåíêî, Â.Ô. Ñàãà÷

Ðèñ. 1. Çíèæåííÿ ñèñòåìíîãî àðòåð³àëüíîãî òèñêó, çóìîâëåíå ³í�ºêö³ÿìè ³íäóêòîðà ì³òîõîíäð³àëüíî¿ ïîðè
ôåí³ëàðñèíîêñèäó (à � 10�12 ìîëü/ë; á � 10�10 ìîëü/ë) ó ïîïóëÿö³¿ íåéðîí³â ïàðàìåä³àííîãî ðåòèêóëÿðíîãî ÿäðà
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Îòæå, ó ùóð³â ç íîðìàëüíèì àðòåð³àëü-
íèì òèñêîì, çá³ëüøåííÿ ïðîíèêíîñò³ ì³òî-
õîíäð³àëüíèõ ìåìáðàí íåéðîí³â äîñë³äæó-
âàíèõ ìåäóëÿðíèõ ÿäåð ³í�ºêö³ÿìè ³íäóêòîðà
ÌÏ ÔÀÎ, çàëåæíî â³ä ñòóïåíÿ çá³ëüøåííÿ
ïðîíèêíîñò³ ì³òîõîíäð³àëüíèõ ìåìáðàí,
ñóïðîâîäæóâàëîñÿ çíèæåííÿì ÑÀÒ, ÿêèé
ì³ã ïîíîâëþâàòèñÿ ìàéæå äî âèõ³äíîãî, àáî
çíèæóâàòèñÿ äî ð³âíÿ, íå ñóì³ñíîãî ç æèò-
òÿì òâàðèíè.

Âïëèâ ³íã³á³òîð³â ÌÏ íà åôåêòè ìåäóë-
ëÿðíèõ NO-ñèíòåçóâàëüíèõ êàðä³îâàñêó-
ëÿðíèõ íåéðîí³â. Çìåíøåííÿ ïðîíèêíîñò³
ì³òîõîíäð³àëüíèõ ìåìáðàí íåéðîí³â äîñë³ä-
æåíèõ ìåäóëÿðíèõ ÿäåð ³í�ºêö³ÿìè ³íã³á³òî-
ðà ÌÏ öèêëîñïîðèíó À ñóïðîâîäæóâàëèñÿ
äîçîçàëåæíèìè çì³íàìè ð³âíÿ ÑÀÒ. Òàê,
ââåäåííÿ öèêëîñïîðèíó À (10�12 ìîëü/ë) â
ÀÌÂ ñóïðîâîäæóâàëîñÿ çíà÷íèì ï³äâèùåí-
íÿì ð³âíÿ ÑÀÒ, ÿêå ñòàíîâèëî â ñåðåäíüîìó
52,5 % (P<0,05; ðèñ. 2,à). Ìàêñèìóì ðåàêö³é
ñïîñòåð³ãàâñÿ ÷åðåç 30�40 ñ, ¿õ òðèâàë³ñòü
çäåá³ëüøîãî áóëà 3�5 õâ, õî÷ ³íêîëè ñÿãàëà
20 õâ. Ïðè çá³ëüøåíí³ êîíöåíòðàö³¿ öèêëî-
ñïîðèíó À äî 10�8 ìîëü/ë ÑÀÒ çíèæóâàâñÿ
(äèâ. ðèñ. 2,á). Îòðèìàí³ ðåçóëüòàòè ñâ³ä-
÷àòü ïðî òå, ùî öèêëîñïîðèí À ìàº ïîòóæíó
ä³þ íà íåéðîíè ÖÍÑ, ùî ñë³ä âðàõîâóâàòè
ïðè ïðîâåäåíí³ äîñë³äæåíü.

²í�ºêö³¿ ³íøîãî ³íã³á³òîðà ÌÏ ìåëàòîí³íó
(10�12 ìîëü/ë) ó äîñë³äæóâàí³ ìåäóëÿðí³
ÿäðà çâè÷àéíî òåæ ñóïðîâîäæóâàëèñÿ
ðîçâèòêîì ã³ïåðòåíçèâíèõ ðåàêö³é ÑÀÒ, àëå

âîíè áóëè ê³ëüê³ñíî ìåíøå âèðàæåíèìè,
ïîð³âíÿíî ç òèìè, ùî ðîçâèâàëèñÿ íà ä³þ
öèêëîñïîðèíó À. Òàê, ââåäåííÿ ìåëàòîí³íó
â PMn ñóïðîâîäæóâàëîñÿ ï³äâèùåííÿì
ÑÀÒ íà 13,8 % (P<0,05; ðèñ. 3,à), â NTS �
íà 16,8 % (P<0,05; äèâ. ðèñ. 3,á), â ÀÌÂ �
íà 11,1 % (äèâ. ðèñ. 3,â). Ðåàêö³¿ ÑÀÒ ìàëè
äîñèòü êîðîòêèé ëàòåíòíèé ïåð³îä � éîãî
ð³âåíü ï³äâèùóâàâñÿ â³äíîñíî âèõ³äíîãî âæå
÷åðåç 5 ñ ï³ñëÿ ³í�ºêö³¿ ïðåïàðàòó, ç ìàêñè-
ìóìîì ÷åðåç 30�40 ñ; òðèâàë³ñòü ðåàêö³¿
ñòàíîâèëà 2�3 õâ, õî÷ â îêðåìèõ âèïàäêàõ
äî 10 õâ. Ñë³ä çàçíà÷èòè, ùî ââåäåííÿ
ìåëàòîí³íó  â  êàóäàëüíó ÷àñòèíó LRN
(10�12 ìîëü/ë) ñóïðîâîäæóâàëîñÿ ïåðåâàæíî
çíèæåííÿì ÑÀÒ (16,6 %; P>0,05).

Äëÿ åôåêò³â ìåëàòîí³íó õàðàêòåðíîþ
áóëà ¿õ çàëåæí³ñòü â³ä äîçè. Ó NTS ìåëà-
òîí³í ó äîç³  10�10 ìîëü/ë ñïðè÷èíþâàâ
ï³äâèùåííÿ ÑÀÒ â³ä 89,1±1,73 äî 115,1 ìì
ðò.ñò. ± 13,53 ìì ðò.ñò., ùî â ñåðåäíüîìó
ñòàíîâèëî 29,2 % (P>0,05). Îñîáëèâ³ñòþ
åôåêò³â ìåëàòîí³íó áóëà òàêîæ ñòàá³ë³çàö³ÿ
ÑÀÒ ïðîòÿãîì òðèâàëîãî ÷àñó. Ï³ñëÿ ³í�ºê-
ö³é ìåëàòîí³íó ó ö³é äîç³ â PMn ñïîñòå-
ð³ãàëîñÿ ïî÷àòêîâå çíèæåííÿ ð³âíÿ ÑÀÒ â³ä
116,5±3,8 äî 108,4 ìì ðò ñò. ± 4,6 ìì ðò
ñò., ÿêå áóëî ñòàòèñòè÷íî íåâ³ðîã³äíèì
(P>0,05) ,  ï³ñëÿ ÷îãî â³äáóâàëîñÿ éîãî
ï³äâèùåííÿ, ÿêå ñÿãàëî 139,3 ìì ðò.ñò. ±
39,2 ìì ðò.ñò. ÷åðåç 40 ñ (28,5 %). Òðèâà-
ë³ñòü ðåàêö³¿ ñòàíîâèëà 10 õâ.

Îòæå, åôåêòè ³í�ºêö³é ìåëàòîí³íó ó
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äîñë ³äæóâàí³  ÿäðà  äîâãàñòîãî  ìîçêó
ïîñèëþâàëèñÿ ïðè çá³ëüøåíí³ éîãî äîçè.

Îäíî÷àñíå ââåäåííÿ ìåëàòîí³íó (10�10

ìîëü/ë) ³ ÔÀÎ (10�12 ìîëü/ë) ó PMn ñóïðî-
âîäæóâàëîñÿ ïî÷àòêîâèì íåçíà÷íèì ³ êî-
ðîòêî÷àñíèì çíèæåííÿì ÑÀÒ, ï³ñëÿ ÷îãî â³í
ï³äâèùóâàâñÿ, ç ìàêñèìóìîì ÷åðåç 40 ñ
ïðè çàãàëüí³é òðèâàëîñò³ ðåàêö³¿ 3�4 õâ,
òîáòî â öüîìó ðàç³ íå áóëî õàðàêòåðíî¿ äëÿ
ÔÀÎ ãåìîäèíàì³÷íî¿  ðåàêö³ ¿ .  Åôåêòè
³í�ºêö³é ÔÀÎ (10�12 ìîëü/ë) ó äîñë³äæóâàí³
ÿäðà ïîñëàáëþâàëèñÿ òàêîæ ï³ñëÿ ïîïåðåä-
íüîãî (çà 1 ãîä) âíóòð³øíüîî÷åðåâèííîãî
ââåäåííÿ ìåëàòîí³íó. Ñë³ä çàçíà÷èòè, ùî
ââåäåííÿ ÔÀÎ ó äîç³ 10�14 ìîëü/ë ó ÀÌÂ
ï³ñëÿ ïîïåðåäíüîãî âíóòð³øíüîâåííî¿
³í�ºêö³¿ ìåëàòîí³íó ñóïðîâîäæóâàëîñÿ ðîç-
âèòêîì ã³ïåðòåíçèâíèõ ðåàêö³é ïðè ï³äâè-
ùåíí³ ð³âíÿ ÑÀÒ â ñåðåäíüîìó íà 19,2 %
(P<0,05). Îòðèìàí³ ðåçóëüòàòè ñâ³ä÷àòü ïðî
òå, ùî ìåëàòîí³í çäàòíèé ïîïåðåäæóâàòè
âïëèâ ³íäóêòîðà ÌÏ ÔÀÎ íà àêòèâí³ñòü
êàðä³îâàñêóëÿðíèõ íåéðîí³â äîñë³äæåíèõ
ÿäåð äîâãàñòîãî ìîçêó.

Ï³ä ÷àñ âèâ÷åííÿ âçàºìîâ³äíîñèí ñèñòå-
ìè îêñèäó àçîòó òà ñòàíó ì³òîõîíäð³àëüíèõ
ìåìáðàí íåéðîí³â äîñë³äæóâàíèõ ìåäóëÿð-
íèõ ÿäåð áóëè îòðèìàí³ ðåçóëüòàòè, ÿê³
ñâ³ä÷àòü ïðî ïåâíèé çâ�çîê ì³æ íèìè. ßê
ç�ÿñóâàëîñü, ³í�ºêö³¿ ÔÀÎ (10�12 ìîëü/ë) ó
äîñë³äæóâàí³ ïîïóëÿö³¿ êàðä³îâàñêóëÿðíèõ
íåéðîí³â íà âèñîò³ ã³ïåðòåíçèâíî¿ ðåàêö³¿,
âèêëèêàíî¿ ïîïåðåäí³ì âíóòð³øíüîâåííèì
ââåäåííÿì L-àðã³í³íó, ñóïðîâîäæóâàëèñÿ
ðîçâèòêîì ìåíø âèðàæåíèõ ã³ïîòåíçèâíèõ
ðåàêö³é ÑÀÒ ïîð³âíÿíî ç äîñë³äàìè áåç éîãî
ââåäåííÿ. Òàê, ââåäåííÿ L-àðã³í³íó (10�8

ìîëü/ë)  ïðèçâîäèëî äî çàêîíîì³ðíîãî
ï³äâèùåííÿ ÑÀÒ ó ñåðåäíüîìó íà 22,9 %
(P<0,05). ²í�ºêö³¿ ÔÀÎ ó PMn íà âèñîò³
ã³ïåðòåíçèâíî¿ ðåàêö³¿, âèêëèêàíî¿ ââåäåí-
íÿì L-àðã³í³íó, ñóïðîâîäæóâàëèñÿ ñòàòèñ-
òè÷íî íåâ³ðîã³äíèì çíèæåííÿì ÑÀÒ ó
ñåðåäíüîìó íà 8,9 % (pèñ. 4,à). Ï³ñëÿ ïîïå-
ðåäíüîãî ïðèãí³÷åííÿ NOS1 ââåäåííÿì
7-í³òðî³íäàçîëó ³í�ºêö³¿ ÔÀÎ (10�12 ìîëü/ë)

Ë.Ì. Øàïîâàë, Ë.Ñ. Ïîá³ãàéëî, Î.Â. Äìèòðåíêî, Ë.Ã. Ñòåïàíåíêî, Â.Ô. Ñàãà÷

Ðèñ. 3. Åôåêòè ³í�ºêö³é ³íã³á³òîðà ì³òîõîíäð³àëüíî¿ ïîðè
ìåëàòîí³íó (10�12 ìîëü/ë) â ÿäðà äîâãàñòîãî ìîçêó
ùóð³â íà ð³âåíü ñèñòåìíîãî àðòåð³àëüíîãî òèñêó: à �
îáîï³ëüíå ÿäðî, á � ïàðàìåä³àííå ðåòèêóëÿðíå ÿäðî,
â � ÿäðî ñîë³òàðíîãî òðàêòó
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ó PMn ñóïðîâîäæóâàëèñÿ çíèæåííÿì ÑÀÒ
íà 14,2 % (P>0,05).  Äëÿ ã³ïîòåíçèâíî¿
ðåàêö³¿ õàðàêòåðíèì áóëî ïîâ³ëüíå çíèæåííÿ
ÑÀÒ, ÿêå òðèâàëî ïðîòÿãîì 180 ñ (äèâ. pèñ.
4,á). Ïðè äîç³ ÔÀÎ 10�14 ìîëü/ë ðîçâèâà-
ëèñÿ ã³ïåðòåíçèâí³ ðåàêö³¿ ÑÀÒ 24,0 %
(P<0,05; äèâ. ðèñ.4,á). Äëÿ ã³ïåðòåíçèâíèõ
³ ã³ïîòåíçèâíèõ ðåàêö³é ÑÀÒ õàðàêòåðíèì
áóëè ïîâ³ëüíèé ðîçâèòîê ³ çíà÷íà ¿õ òðèâà-
ë³ñòü.

Âíóòð³øíüîâåííå ââåäåííÿ ìåëàòîí³íó
(10�12 ìîëü/ë, 0,5 ìë) âèêëèêàëî ï³äâèùåííÿ
ÑÀÒ ó ñåðåäíüîìó íà 11,8 % (P>0,05).
²í�ºêö³¿ L-àðã³í³íó (10�12 ìîëü/ë) ó äîñë³ä-
æóâàí³ ìåäóëÿðí³ ÿäðà íà âèñîò³ ã³ïåðòåí-
çèâíî¿ ðåàêö³¿ ÑÀÒ, âèêëèêàíî¿ ïîïåðåäí³ì
ââåäåííÿì ìåëàòîí³íó, ñóïðîâîäæóâàëèñÿ
ðîçâèòêîì ã³ïîòåíçèâíèõ ðåàêö³é ÑÀÒ ç
ìàêñèìóìîì ÷åðåç 30 ñ ³ òðèâàë³ñòþ 3�5 õâ.
Òàê, ³í�ºêö³¿ àì³íîêèñëîòè ó ÀÌÂ ñïðè÷è-

Âïëèâ ìîäóëÿö³¿ ïðîíèêíîñò³

Ðèñ. 4. Çì³íè ñèñòåìíîãî àðòåð³àëüíîãî òèñêó, çóìîâëåí³ ³í�ºêö³ÿìè ôåí³ëàðñèíîêñèäó ó ïàðàìåä³àííå ðåòèêóëÿðíå
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íþâàëè çíèæåííÿ ÑÀÒ íà 18,5 % (P<0,05) ó
LRN � íà 27,3 % (P<0,05). Ï³ñëÿ ââåäåííÿ
L-àðã³í³íó ó PMn ñïîñòåð³ãàëîñÿ çíèæåííÿ
ÑÀÒ íà 18,6 % (P<0,05) ÷åðåç 30 ñ ï³ñëÿ
³í�ºêö³¿, ï³ñëÿ ÷îãî éîãî ð³âåíü ïî÷èíàâ
ï³äâèùóâàòèñü ³ ÷åðåç 5 õâ ïåðåâèùóâàâ
âèõ³äíèé íà 37,2 % (P<0,05). Îòðèìàí³
ðåçóëüòàòè ñâ³ä÷àòü ïðî òå, ùî ïîïåðåäíº
âíóòð³øíüîâåííå ââåäåííÿ ìåëàòîí³íó íå
ìàëî ñóòòºâîãî âïëèâó íà âèðàæåí³ñòü
ã³ïîòåíçèâíèõ ðåàêö³é, âèêëèêàíèõ ³í�ºê-
ö³ÿìè L-àðã³í³íó â äîñë³äæóâàí³ ìåäóëÿðí³
ÿäðà, àëå â îêðåìèõ âèïàäêàõ ïðèçâîäèëî
äî ÿê³ñíèõ çì³í ó ðåàêö³ÿõ ÑÀÒ (çîêðåìà,
ïðè ââåäåíí³ àì³íîêèñëîòè â PMn).

ÎÁÃÎÂÎÐÅÍÍß ÐÅÇÓËÜÒÀÒ²Â

Ïðîâåäåíå íàìè äîñë³äæåííÿ ñâ³ä÷èòü ïðî
òå, ùî çì³íè ïðîíèêíîñò³ ì³òîõîíäð³àëüíèõ
ìåìáðàí  êàðä³îâàñêóëÿðíèõ íåéðîí³â
äîâãàñòîãî ìîçêó ñóïðîâîäæóþòüñÿ çì³íà-
ìè ¿õ ôóíêö³îíàëüíî¿ àêòèâíîñò³, ïðî ùî
ñâ³ä÷èòü àíàë³ç çì³í ÑÀÒ ÿê ³íòåãðàòèâíîãî
ïîêàçíèêà ä³ÿëüíîñò³ ñåðöåâî-ñóäèííî¿
ñèñòåìè ó â³äïîâ³äü íà ³í�ºêö³¿ ³íäóêòîðà
ÌÏ ÔÀÎ àáî ¿¿ ³íã³á³òîð³â (öèêëîñïîðèí À,
ìåëàòîí³í).

Òàêèì ÷èíîì,  îòðèìàí³  ðåçóëüòàòè
ìîæóòü ñâ³ä÷èòè ïðî òå, ùî çá³ëüøåííÿ
ïðîíèêíîñò³ ì³òîõîíäð³àëüíèõ ìåìáðàí
êàðä³îâàñêóëÿðíèõ íåéðîí³â äîñë³äæåíèõ
ÿäåð çà äîïîìîãîþ ³íäóêòîðà ÌÏ ÔÀÎ
âèêëèêàº ïðèãí³÷åííÿ ôóíêö³îíàëüíî¿
à êòèâíî ñò ³  ìåä óëÿðíèõ  ñèìïàòîà êò è-
âóþ÷èõ íåéðîí³â, ùî ïðèçâîäèòü äî çàëåæ-
íîãî  â ³ä  äîçè  çíèæåííÿ  ÑÀÒ.  Çíà÷íå
çá³ëüøåííÿ ïðîíèêíîñò³ ì³òîõîíäð³àëüíèõ
ìåìáðàí  êàðä³îâàñêóëÿðíèõ íåéðîí³â
ñïðè÷èíþº ¿õ  çàãèáåëü,  ùî ñóïðîâîä-
æóºòüñÿ âèðàæåíèì ³ íåçâîðîòíèì çíèæåí-
íÿì ÑÀÒ ³, ÿê íàñë³äîê, çàãèáåëëþ òâàðèíè,
à ïðè ìåíø âèðàæåíîìó çá³ëüøåíí³ ïðî-
íèêíîñò³ ðîçâèâàþòüñÿ ã³ïîòåíçèâí³ ðåàê-
ö³¿, îñîáëèâ³ñòþ ÿêèõ º ¿õ äîñèòü øâèäêèé
ðîçâèòîê,  íàÿâí³ñòü ïëàòî òà  íåïîâíå

â³äíîâëåííÿ âèõ³äíîãî ð³âíÿ ÑÀÒ. Ó ë³òå-
ðàòóð³ º äàí³ ïðî òå, ùî â³äêðèâàííÿ ÌÏ
çà äîïîìîãîþ ÔÀÎ ìîæå âèêëèêàòè çàãè-
áåëü êàðä³îì³îöèò³â [22].

Â³äîìî, ùî NO ÿê â³ëüíèé ðàäèêàë âè-
êîíóº ñèãíàëüíó ôóíêö³þ [18]. ßê ç�ÿñóâà-
ëîñÿ, â³í çäàòíèé ïðÿìî ÷è îïîñåðåäêîâàíî
âçàºìîä³ÿòè ç ì³òîõîíäð³ÿìè [9, 10]. Âïëèâ
NO ìîæå áóòè íåãàòèâíèì, êîëè â³í, çâ�ÿ-
çóþ÷èñü ç öèòîõðîìîêñèäàçîþ ïðèãí³÷óº
êë³òèííå äèõàííÿ, à âçàºìîä³þ÷è ç ñóïåðîê-
ñèäíèì ðàäèêàëîì,  ñïðèÿº óòâîðåííþ
ïåðîêñèí³òðèò³â, ÿê³, â ñâîþ ÷åðãó, ïîòåí-
ö³þþòü åôåêòè NO. Ïåðîêñèí³òðèòè º äæå-
ðåëîì âèñîêî ðåàêòèâíèõ â³ëüíèõ ðàäèêàë³â,
ÿê³ º åôåêòîðàìè òîêñè÷íîñò³ òà âèêëè-
êàþòü íåéðîäåñòðóêö³þ. Ó ô³ç³îëîã³÷íèõ
êîíöåíòðàö³ÿõ ä³ÿ îêñèäó àçîòó ðåàë³çó-
ºòüñÿ ÷åðåç àêòèâàö³þ ðîç÷èííî¿ ãóàí³ëàò-
öèêëàçè, çìåíøóþ÷è ÷óòëèâ³ñòü ÌÏ äî
âïëèâó ¿¿ àêòèâàòîð³â [7, 21, 25, 32]. NO ó
ô³ç³îëîã³÷íèõ êîíöåíòðàö³ÿõ òàêîæ ñïðèÿº
ïðèãí³÷åííþ ÌÏ, âïëèâàþ÷è íà ïðîöåñè
³íàêòèâàö³¿ êàñïàç çà äîïîìîãîþ ¿õ S-í³òðî-
çîëþâàííÿ [21]. Àíàë³ç îòðèìàíèõ íàìè
ðåçóëüòàò³â ñâ³ä÷èòü ïðî òå, ùî àêòèâàö³ÿ
ñèíòåçó åíäîãåííîãî NO ïîïåðåäí³ì ââå-
äåííÿì L-àðã³í³íó ïîñëàáëþâàëà íåãàòèâ-
íèé âïëèâ ³í�ºêö³é ³íäóêòîðà ÌÏ ó äîñë³ä-
æóâàí³ ÿäðà äîâãàñòîãî ìîçêó íà ð³âåíü
ÑÀÒ. Öåé ôàêò ìîæå ñâ³ä÷èòè òàêîæ ïðî
òå, ùî àêòèâàö³ÿ NOS1 íå áóëà íàäì³ðíîþ
³ òîìó ñèíòåçîâàíèé NO ñïðèÿâ çíèæåííþ
ïðîíèêíîñò³ ì³òîõîíäð³àëüíèõ ìåìáðàí
ìåäóëÿðíèõ êàðä³îâàñêóëÿðíèõ íåéðîí³â.
Âîäíî÷àñ, ï³ñëÿ ïîïåðåäíüîãî ïðèãí³÷åííÿ
NOS1 ³í�ºêö³¿ ³íäóêòîðà â³äêðèâàííÿ ÌÏ
(10�12 ìîëü/ë) â äîñë³äæåí³ ìåäóëÿðí³ ÿäðà,
çîêðåìà â PMn, ñóïðîâîäæóâàëèñÿ ðîçâèò-
êîì ã³ïîòåíçèâíèõ ðåàêö³é ÑÀÒ, ÿê³ ìàéæå
íå â³äð³çíÿëèñÿ â³ä òèõ, ùî áóëè ðåçóëü-
òàòîì ââåäåííÿ ÔÀÎ â öå ÿäðî áåç ïîïå-
ðåäíüî¿ áëîêàäè åíçèìó (14,5, 18,5 % â³äïî-
â³äíî). Ö³ ðåçóëüòàòè ìîæóòü ñâ³ä÷èòè ïðî
òå, ùî åôåêòè L-àðã³í³íó ìîæóòü áóòè ðåà-
ë³çîâàí³ íå ò³ëüêè ÷åðåç àêòèâàö³þ NOS1;
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çîêðåìà, íå âèêëþ÷åíà ìîæëèâ³ñòü àêòè-
âàö³¿ ³íøîãî åíçèìó àðã³íàçè, ùî òåæ âèêî-
ðèñòîâóº L-àðã³í³í ÿê ñóáñòðàò äëÿ ìåòàáî-
ë³÷íèõ ïåðåòâîðåíü.

Çâ�ÿçîê ì³æ çì³íàìè ïðîíèêíîñò³ ì³òî-
õîíäð³àëüíèõ ìåìáðàí êàðä³îâàñêóëÿðíèõ
íåéðîí³â, ÿê³ ñèíòåçóþòü NO, ³ ¿õ àêòèâí³ñòþ
ìîæíà óÿâèòè íàñòóïíèì ÷èíîì. Çá³ëü-
øåííÿ ïðîíèêíîñò³ ì³òîõîíäð³àëüíèõ ìåìá-
ðàí ìåäóëÿðíèõ íåéðîí³â ³í�ºêö³ÿìè ÔÀÎ
(10�12 ìîëü/ë) ñïðèÿº ï³äâèùåííþ âì³ñòó
âíóòð³øíüîêë³òèííîãî Ñà2+ âíàñë³äîê éîãî
øâèäêîãî âèõîäó ç ì³òîõîíäð³é, ÿêå â ñâîþ
÷åðãó, àêòèâóº NOS1, ùî ïðèçâîäèòü äî
ïîñèëåííÿ ñèíòåçó NO. Îñê³ëüêè â ô³ç³îëî-
ã³÷íèõ ìåæàõ NO ä³º ïåðåâàæíî ÿê ãàëüì³â-
íèé ìåä³àòîð,  ðîçâèòîê ã³ïîòåíçèâíèõ
ðåàêö³é ÑÀÒ íà ³í�ºêö³¿ ³íäóêòîðà â³äêðè-
âàííÿ ÌÏ ó äîñë³äæóâàí³ ìåäóëÿðí³ ÿäðà º
ëîã³÷íèì.

Ñò³éêå çá³ëüøåííÿ ïðîíèêíîñò³ ì³òîõî-
íäð³àëüíèõ ìåìáðàí äëÿ ìîëåêóë ðîçì³ðîì
ïîíàä 1500 Äà ïðè ä³¿ ð³çíèõ ôàêòîð³â,
âêëþ÷àþ÷è NO, ïðèçâîäèòü äî ïîðóøåííÿ
ìåòàáîë³çìó ì³òîõîíäð³é, âíàñë³äîê ÷îãî
çìåíøóºòüñÿ ìåìáðàííèé ïîòåíö³àë, ïðèïè-
íÿºòüñÿ ñèíòåç ì³òîõîíäð³àëüíèõ á³ëê³â òà
³ìïîðò ñèíòåçîâàíèõ ó öèòîçîë³ á³ëê³â,
ðîç�ºäíóºòüñÿ îêèñíå ôîñôîðèëþâàííÿ,
ïðèïèíÿºòüñÿ ñèíòåç ÀÒÔ, ïî÷èíàºòüñÿ
ã³ïåðïðîäóêö³ÿ .Î-2 òà âè÷åðïóþòüñÿ â³ä-
íîâí³ åêâ³âàëåíòè. Ïðè çíà÷íîìó çá³ëüøåíí³
ì³òîõîíäð³àëüíî¿ ïðîíèêíîñò³ ³í�ºêö³ÿìè
ÔÀÎ (10�8 ìîëü/ë) çá³ëüøóºòüñÿ òàêîæ ³
âèõ³ä Ñà2+ ³ç ì³òîõîíäð³é, ùî ñïðèÿº çíà÷í³é
àêòèâàö³¿ NOS1 ³ ïîÿâ³ íàäì³ðíî¿ ê³ëüêîñò³
NO. Ââàæàþòü, ùî äåïîëÿðèçàö³ÿ ì³òîõîíä-
ð³àëüíèõ ìåìáðàí â³ä³ãðàº äîì³íóþ÷ó ðîëü
ó ìåõàí³çì³ ïîðóøåííÿ íåéðîíàëüíîãî
êàëüö³ºâîãî ãîìåîñòàçó, âèêëèêàíîãî ãëóòà-
ìàòîì [3] .  Ì³òîõîíäð³ ¿ ,  ÿê  â ³äîìî,  º
îñíîâíèì äæåðåëîì ñóïåðîêñèäíèõ ðàäè-
êàë³â, ÿê³ óòâîðþþòüñÿ âíàñë³äîê âèòîêó
åëåêòðîí³â ç äèõàëüíîãî ëàíöþãà. Âçàºìî-
ä³ÿ NO ³ç ñóïåðîêñèäíèì ðàäèêàëîì ïðèç-
âîäèòü äî óòâîðåííÿ òîêñè÷íîãî ïåðîêñè-

í³òðèòó (ONOO-), ÿêèé ³íàêòèâóº ñóïåðîê-
ñèääèñìóòàçó òà âïëèâàº íà ì³òîõîíä-
ð³àëüíèé äèõàëüíèé ëàíöþã, çá³ëüøóþ÷è
ê³ëüê³ñòü .Î-2 ó ìàòðèêñ³ ì³òîõîíäð³é. Ïî-
ñèëåííÿ ïðîäóêö³¿ ïåðîêñèí³òðèò³â òàêîæ
àêòèâóº âèõ³ä Ñà2+ ³ç ì³òîõîíäð³é. Ó öüîìó
ðàç³ åôåêò NO, ÿêèé äèôóíäóº â ì³òîõîíä-
ð³þ àáî ïðîäóêóºòüñÿ ì³òîõîíäð³àëüíîþ
NOS,  ïîëÿãàº â ³íã³áóâàíí³ ì³òîõîíä-
ð³àëüíîãî äèõàííÿ, ³íàêòèâàö³¿ ôåðìåíò³â ³
â³äêðèâàíí³ ÌÏ. Ç ðåøòîþ öå ìîæå ïðèçâî-
äèòè äî óøêîäæåííÿ êë³òèíè. Â íàøèõ
äîñë³äàõ ³í�ºêö³¿ çíà÷íèõ äîç ÔÀÎ ñóïðîâîä-
æóâàëèñÿ çíà÷íèì çíèæåííÿì ð³âíÿ ÑÀÒ ³
çàãèáåëëþ òâàðèíè. Ç îãëÿäó íà ö³ ðåçóëü-
òàòè ìåëàòîí³í, ïðÿìèé ñêàâåíæåð â³ëüíèõ
ðàäèêàë³â,  ÿêèé ñïðèÿº çìåíøåííþ ¿õ
ê³ëüêîñò³, ìîæå áóòè åôåêòèâíèì çàñîáîì
çíèæåííÿ ïðîíèêíîñò³ ì³òîõîíäð³àëüíèõ
ìåìáðàí êë³òèí ÖÍÑ. Ï³ñëÿ ïîïåðåäíüîãî
ââåäåííÿ ìåëàòîí³íó â íàùèõ äîñë³äàõ
åôåêò ³íäóêòîðà ÌÏ ïîñëàáëþâàâñÿ. Íèí³
º â³äîìîñò³ ïðî ïðèãí³÷åííÿ ìåëàòîí³íîì
àêòèâíîñò³ NOS ³ àêòèâàö³¿ àðã³íàçè â íèðö³
[6], à òàêîæ ïðî ïðÿìå ïðèãí³÷åííÿ ìåëàòî-
í³íîì ÌÏ [5], ïðî ïîïåðåäæåííÿ ïîñò-
ðåïåðôóç³éíèõ ïîðóøåíü ôóíêö³¿ ñåðöÿ òà
íååôåêòèâíîãî âèêîðèñòàííÿ êèñíþ çà
äîïîìîãîþ ³íã³á³òîð³â ÌÏ [2]. Îòæå, íå
âèêëþ÷åíî, ùî ìåëàòîí³í çäàòíèé ïðèãí³-
÷óâàòè ³ NOS1. ²íàêòèâàö³ÿ îñòàííüî¿ ó
íåéðîíàõ ìîãëà áóòè ïðè÷èíîþ òîãî, ùî â
ïðîâåäåíîìó íàìè äîñë³äæåíí³ ³í�ºêö³¿
ìåëàòîí³íó (10�12 ìîëü/ë) ñóïðîâîäæó-
âàëèñÿ ï³äâèùåííÿì ð³âíÿ ÑÀÒ âíàñë³äîê
çìåíøåííÿ ãàëüì³âíîãî âïëèâó NO ³ àêòè-
âàö³¿ ñèìïàòîàêòèâóþ÷èõ íåéðîí³â ÿäåð
äîâãàñòîãî ìîçêó.

Òàêèì ÷èíîì, ïðè àíàë³ç³ ìåõàí³çì³â
ìåäóëÿðíîãî êàðä³îâàñêóëÿðíîãî êîíòðîëþ
çîêðåìà íåéðîíàìè, ùî ñèíòåçóþòü îêñèä
àçîòó,  ñë³ä  âðàõîâó âàòè áàãàòî ð³çíèõ
ôàêòîð³â, ñåðåä ÿêèõ âàæëèâå ì³ñöå ïîñ³äàº
âèçíà÷åííÿ ñòàíó ïðîíèêíîñò³ ì³òîõîíä-
ð ³àëüíèõ  ìåìáðàí  êàðä ³îâàñêóëÿðíèõ
íåéðîí³â.

Âïëèâ ìîäóëÿö³¿ ïðîíèêíîñò³
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1. Çá³ëüøåííÿ ïðîíèêíîñò³ ì³òîõîíäð³àëüíèõ
ìåìáðàí íåéðîí³â äîñë³äæåíèõ ìåäóëÿðíèõ
ÿäåð ³íäóêòîðîì ÌÏ ÔÀÎ ñóïðîâîäæóâàëîñÿ
çàêîíîì³ðíèì äîçîçàëåæíèì çíèæåííÿì ÑÀÒ.

2. Çìåíøåííÿ ïðîíèêíîñò³ ì³òîõîíä-
ð³àëüíèõ ìåìáðàí íåéðîí³â äîñë³äæåíèõ
ÿäåð  äîâãàñòîãî  ìîçêó  çà  äîïîìîãîþ
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ñóïðîâîäæóâàëîñÿ ðîçâèòêîì äîçîçàëåæíèõ
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3. Ïîïåðåäíº ââåäåííÿ ìåëàòîí³íó çìåí-
øóâàëî íåãàòèâíèé åôåêò ³í�ºêö³é ÔÀÎ ó
äîñë³äæóâàí³ ÿäðà äîâãàñòîãî ìîçêó.

4. Ï³ñëÿ ïîïåðåäíüîãî ââåäåííÿ L-àðã³í³íó
åôåêòè ³í�ºêö³é ÔÀÎ ó äîñë³äæåí³ ÿäðà äîâ-
ãàñòîãî ìîçêó ïîñëàáëþâàëèñÿ.

5. Ïîïåðåäíº ïðèãí³÷åííÿ íåéðîíàëüíî¿ NO-
ñèíòàçè ñóòòºâî íå âïëèâàëî íà åôåêòè ³í�ºêö³é
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Çà ï³äòðèìêè ÄÔÔÄ ÌÎÍ Óêðà¿íè
10.04/009

L.N.Shapoval, L.S.Pobegailo, O.V.Dmytrenko,
L.G.Stepanenko, V.F.Sagach

EFFECTS OF CHANGES IN MITOCHONDRIAL
PERMEABILITY TRANSITION
OF MEDULLARY CARDIOVASCULAR
NEURONS ON ARTERIAL PRESSURE  IN RATS

In acute experiments on anaesthetized with urethane
normotensive rats we studied effects of modulating the mito-
chondrial permeability transition (MPT) of the neurons in
the medullary cardiovascular nuclei � nucleus of the tractus
solitarius (NTS), paramedian reticular nucleus (PMn),
n.ambiguus (AMB), and lateral reticular nucleus (LRN) on
the systemic arterial pressure level (SAP). An increase in the
MPT with injections of an inductor for MPT phenylarsine
oxide (10 �12 Ì - 10 �8 Ì) into the medullary nuclei under
exploration has been shown to induce the lowering in the
SAP level in a dose-dependent manner. A decrease in the
MPT of the medullary neurons with either cyclosporine A or
melatonin (10 �12 Ì - 10 �10 Ì) resulted in hypertensive
responses of the SAP. Effects of phenylarsine oxide injec-
tions into the medullary nuclei were attenuated after prelimi-
nary intravenous administration of L-arginine. The data ob-
tained give evidence that functional activity of the medullary
cardiovascular neurons and their effects depend to a large
extent on the functional state of their mitochondria.

Bogomoletz Institute of Physiology, Kyiv, Ukraine.

Ë.Ì. Øàïîâàë, Ë.Ñ. Ïîá³ãàéëî, Î.Â. Äìèòðåíêî, Ë.Ã. Ñòåïàíåíêî, Â.Ô. Ñàãà÷

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. Âëàäèìèðîâ Þ.Â. Íàðóøåíèå áàðüåðíûõ ñâîéñòâ
âíóòðåííåé è íàðóæíîé ìåìáðàí ìèòîõîíäðèé,
íåêðîç è àïîïòîç// Áèîë. ìåìáðàíû. � 2002. � 19,
¹5. � Ñ.356�377.

2. Ñàãà÷ Â.Ô.,  Øèìàíñüêà Ò.Â.,  Íàäòî÷³é Ñ.Ì.
Ïîïåðåäæåííÿ ïîñòðåïåðôóç³éíèõ ïîðóøåíü
ôóíêö³¿ ñåðöÿ òà íååôåêòèâíîãî âèêîðèñòàííÿ
êèñíþ çà äîïîìîãîþ ³íã³á³òîð³â ì³òîõîíäð³àëüíî¿
ïîðè// Ô³ç³îë. æóðí. � 2002. � 48, ¹ 6. � Ñ. 3�9.

3. Õîäîðîâ Á.È., Ñòîðîæåâûõ Ò.Ï., Ñóðèí À.Ì. è äð.
Ìèòîõîíäðèàëüíàÿ äåïîëÿðèçàöèÿ èãðàåò äîìè-
íèðóþùóþ ðîëü â ìåõàíèçìå íàðóøåíèÿ íåéðî-
íàëüíîãî êàëüöèåâîãî ãîìåîñòàçà, âûçâàííîãî
ãëóòàìàòîì// Áèîë. ìåìáðàíû. � 2001. � 18, ¹ 6. �
Ñ. 421�432.

4. Øàïîâàë Ë.Í., Ñàãà÷ Â.Ô., Ïîáåãàéëî Ë.Ñ.è äð.
Ó÷àñòèå îêñèäà àçîòà â ìåäóëëÿðíîì êîíòðîëå
ôóíêöèè êðîâîîáðàùåíèÿ ó íîðìîòåíçèâíûõ êðûñ/
/ Íåéðîôèçèîëîãèÿ. � 2002. � 34, ¹ 4. � Ñ. 294�302.

5. Andrabi S.A., Sayeed I., Siemen D. et al. Direct inhibi-
tion of the mitochondrial permeability transition pore:
a possible mechanism responsible for apoptotic ef-
fects of melatonin// FASEB J. � 2004. � 18, ¹7. �
P. 869�871.

6. Aydogdu N., Erbas N., Atmaca G., Erten O., Kaymak
K. Melatonin reduces nitric oxide via increasing arginase
in rhabdomyolysis-induced acute renal failure in rats//
Ren.Fail. �2006. � 28, ¹ 5. � P. 435�440.

7. Balakirev M.Y., Khramtsov V.V., Zimmer G. et al.
Modulation of the mitochondrial permeability transi-
tion by nitric oxide// Eur. J.Biochem. �1997. � 246, ¹
3. � P. 710�718.

8. Bernardi P. Mitochondrial transport of cations:
channels, exchangers and permeability transition//
Physiol.Rev. � 1999. � 79. � P. 1127�1135.

9. Brown G.C. Regulation of mitochondrial respiration
by nitric oxide inhibition of cytochrome c oxydase//
Biochem. and Biophys. Acta. � 2001. � 1504, ¹ 1. �
P. 46�57.

10. Brown G.C., Borutaite V. Nitric oxide inhibition of mito-
chondrial respiration and its role in cell death// Free
Radic.Biol.Med. � 2002. � 33, ¹11. � Ð. 1440�1450.

11. Brookes P.S.. Mitochondrial nitric oxide synthase//
Mitochondrion. � 2004. � 3, ¹4. � Ð. 187�204.

12. Brookes P.S., Salinas E.P., Darley K. et al. Concentration-
dependent effects of nitric oxide on mitochondrial per-
meability transition and cytochrome c release// J. Biol.
Chem. � 2000. � 275, ¹27. � P. 20474�20479.

13. Cassarino D.S., Bennett J.P. An evaluation of the role
of mitochondria in neurodegenerative diseases: mito-
chondrial mutations and oxydative pathology, protec-
tive nuclear responses, and cell death in neurode-
generation// Brain Res.Rev. � 1999. � 29, ¹1. � Ð. 1�25.

14. Chowdhary S., Townend J.N. Role of nitric oxide in
the regulation of cardiovascular autonomic control//



ISSN 0201-8489    Ô³ç³îë. æóðí., 2006, Ò. 52, ¹ 624

Clin. Sci. � 1999. � 97. � Ð. 5�17.
15. Crompton M., Barksby E., N.Johnson, M.Capano. Mi-

tochondrial intermembrane junctional complexes and
their involvement in cell death// Biochimie. � 2002. �
84, ¹ 2�3. � Ð. 143�152.

16. Duchen M.R. Mitochondria in health an disease: per-
spectives on a new mitochondrial biology//Mol. As-
pects Med. � 2004. � 25, ¹4. � Ð. 365�451.

17. Gai W.P., Messenger J.P., Yu Y.H. et al. Nitric oxide
synthesizing neuons in the central subnucleus of the
nucleus tractus solitarius provide a major innervation
of the rostral nucleus ambiguus in the rabbit //
J.Comp.Neurol. � 1995. � 357. � Ð. 348�361.

18. .Garthwaite J, Bolton C.I.. Nitric oxide signalling in
the central nervous system// Annu.Rev.Physiol. � 1995. �
57. � Ð. 683�706.

19. Green L.S., Kroemer G. The pathophysiology of mito-
chondrial cell death// Science. � 2004. � 305,  ¹ 5684. �
Ð. 626�629.

20. Halestrap A.P. The mitochondrial permeability transi-
tion: its molecular mechanism and role in reperfusion in-
jury// Biochem.Soc. Symp. � 1999. � 66. � Ð. 181�203.

21. Kim Y.M, Talanian Ò,.Billiar T.R. Nitric oxide inhibits
apoptosis by preventing increases in caspase-3-like
activity via two distinct mechanisms// J.Biol.Chem. �
1997. � 272, ¹49. � Ð. 31138�31148.

22. Korge P, Goldhaber J.I., Weiss J N. Phenylarsine oxide
induces mitochondrial permeabili ty transition,
hypercontracture, and cardiac cell death// Amer.
.J.Physiol.Heart Circ.Physiol. � 2001. � 280. � ¹5. �
H2203�H2213.

23. Krukoff T.L.. Central actions of nitric oxide in
regulation of autonomic functions// Brain Res. � 1999. �
30. � Ð. 52�65.

24. Moncada S., Erusalimsky J.D. Does nitric oxide modu-
late mitochondrial energy generation and apoptosis?//
Nat.Rev.Mol.Cell.Biol. � 2002. � 3, ¹3. � Ð. 214�220.

25. Nizoli E., Clementi E., Paolucci C. et al. Mitochondrial
biogenesis in mammals: the role of endogenous nitric ox-
ide// Science. � 2003. � 299, ¹ 5608. � Ð. 896�899.

26. Paxinos G., Watson C. The Rat Brain in Stereotazic
Coordinates. New York: Acad. Press, 1982.

27. Piantadosi C.A., Tatro L.G, Whorton. A.R. Nitric oxide and
differential effects of ATP on mitochondrial permeability
transition// Nitric oxide. � 2002. � 6, ¹1. � Ð. 45�60.

28. Ravagnan L, Roumier T., Kroemer G. Mitochondria,
the killer organelles and their weapons// J.Cell Physiol. �
2002. � 192 , ¹2. � Ð. 131�137.

29. Sastre J., Pallardo F.V., Vina J. Mitochondrial oxida-
tive stress plays a kea role in aging and apoptosis//
IUBMB. Life � 2000. � 49, ¹5. � Ð. 427�435.

30. Shapira A.H.V., Gu M., Taanman J.-W. Mitochondria
in the ideology and pathogenesis of Parkinson�s dis-
ease. � In: Neuroprotection in Parkinson�s disease,
Wells Med.Lim., Wells Kent. � 1998. � Ð. 177�185.

31. Taimor G., Hofstaetter B., Piper H.M. Apoptosis induc-
tion by nitric oxide in adult cardiomyocytes via cGMP-
signalling and its impairment after simulated ischemia//
Cardiovasc.Res. �2000. � 45, ¹ 3. � 588�594.

32. Takuma K., Phuagphong P., Lee E. et al. Anti-apoptotic
effect of cGMP in cultured astrocytes: inhibition by
cGMP � dependent protein kinase of mitochondrial
permeable transition pore // J. Biol. Chem. � 2001. �
276. � 51. � P.48093�48099.

33. Vincent S.R., Kimura H.. Histochemical mapping of
nitric oxide synthase in the rat brain// Neuroscience. �
1992. � 46. � Ð. 755�784.

34. Weiss J.N., Korge P., Honda H.M., Ping P. Role of
mitochondrial permeability transition in myocardial
disease// Circulat. Res. �2003. � 93, ¹4. � P. 292�301.

35. Zanzami N. , Kroemer G. The mitochondrion in
apoptosis: how Pandora�s box opens// Nat. Rev. Mol.
Cell. Biol. � 2001. � 2, ¹1. � Ð. 67�71.

36. Zanzinger J. Role of nitric oxide in the neural control
of cardiovascular function// Cardiovascular Res. � 1999. �
43. � Ð. 639�649.

37. Zanzinger J., Seller H. Species differences in the dis-
tribution of nitric oxide synthase in brain stem regions
that regulate sympathetic activity// Brain Res. � 1997. �
764. � P. 265�268.

38. Zoratti M., Szabo I.,. De Marchi U. Mitochondrial
permeability transitions: how many doors to the
house?// Bichem.Biophys.Acta. �2005. � 1706, ¹ 1�
2. � P. 40�52.

Âïëèâ ìîäóëÿö³¿ ïðîíèêíîñò³

²í-ò ô³ç³îëîã³¿ ³ì. Î.Î.Áîãîìîëüöÿ ÍÀÍ Óêðà¿íè, Êè¿â
Ìàòåð³àë íàä³éøîâ äî
ðåäàêö³¿ 20.09.2006


