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Ðîëü öèêëó òðèêàðáîíîâèõ êèñëîò
ó ïðîöåñàõ åíåðãîçàáåçïå÷åííÿ òà àíòèîêñèäàíòíîãî
çàõèñòó êë³òèí ïðè ãîñòð³é ã³ïîêñ³¿

Â îïûòàõ íà êðûñàõ  ëèíèè Âèñòàð èññëåäîâàëè ñîñòîÿíèå ñèñòåìû àíòèîêñèäàíòíîé
çàùèòû è èíòåíñèâíîñòü ïðîöåññîâ ïåðåêèñíîãî îêèñëåíèÿ ëèïèäîâ â êðîâè è òêàíè ïå÷åíè
êðûñ â óñëîâèÿõ îñòðîé ãèïîêñèè, ââåäåíèÿ ñóêöèíàòà è α-êåòîãëóòàðàòà íàòðèÿ íà ôîíå
äåéñòâèÿ áëîêàòîðîâ õîëèíî- è àäðåíîðåöåïòîðîâ. Ïîêàçàíî, ÷òî ñòèìóëÿöèÿ ýêçîãåííûì
α-êåòîãëóòàðàòîì íàòðèÿ ïðîäóêöèè îêñèäà àçîòà, îöåíèâàåìàÿ ïî ñîäåðæàíèþ íèò-
ðèò-àíèîíà, â çíà÷èòåëüíîé ñòåïåíè îïîñðåäóåòñÿ õîëèíîðåöåïòîðàìè.

ÂÑÒÓÏ

Ïðîòåêòîðíèé åôåêò ³íòåðìåä³àòà öèêëó
òðèêàðáîíîâèõ êèñëîò (ÖÒÊ) ñóêöèíàòó
(ÑÊ) ïîâ�ÿçóºòüñÿ ç ïîñèëåííÿì êîìïåí-
ñàòîðíî¿ ðîë³ ñóêöèíàòîêñèäàçíîãî øëÿ-
õó îêèñíåííÿ ïðè ïàòîëîã³÷íèõ ñòàíàõ,
ÿê³ ñóïðîâîäæóþòüñÿ ã³ïîêñè÷íèìè ïðî-
öåñàìè [8]. Îäíàê çàñòîñóâàííÿ ÑÊ ÿê àí-
òèã³ïîêñè÷íîãî ïðåïàðàòó äàº ïîçèòèâíèé
ðåçóëüòàò íå ó âñ³õ âèïàäêàõ ÷åðåç ïîãà-
íó êë³òèííó ïðîíèêëèâ³ñòü îñòàííüîãî,
õî÷ ïðè ã³ïîêñ³¿ âîíà ìîæå çá³ëüøóàòèñÿ
[7]. Íèí³ àêòèâíî äîñë³äæóºòüñÿ ìîæëè-
â³ñòü âèêîðèñòàííÿ ÿê àíòèã³ïîêñàíò³â ïðè
³øåì³¿ ì³îêàðäà ïîïåðåäíèê³â ÑÊ ó ðåàê-
ö³ÿõ ïåðåàì³íóâàííÿ (α-êåòîãëóòàðàòó
íàòð³þ (ÊÃË), àëàí³íó, ï³ðóâàòó), ùî ìî-
æóòü óòâîðþâàòèñÿ çà ã³ïîêñè÷íèõ óìîâ
òà çàáåçïå÷óâàòè äèõàëüíèé ëàíöþã åí-
äîãåííèì ÑÊ ïðè îáìåæåíí³ ÍÀÄ-çà-
ëåæíîãî îêèñíåííÿ [4]. Ç�ÿñîâàíî äåê³ëü-
êà òàêèõ öèêë³â, ç ÿêèìè ôóíêö³îíàëüíî
ïîâ�ÿçàíèé öèêë îêñèäó àçîòó (NO) [14].
Ìåòàáîë³çì NO ðîçãëÿäàºòüñÿ ÿê ÷àñòè-
íà ñòðàòåã³¿ çàõèñòó åíåðãåòè÷íîãî àïà-
ðàòó êë³òèíè çà åêñòðåìàëüíèõ íàâàíòà-

æåíü [15, 17]. Öå ìîæå çàïîá³ãàòè ðîçâèò-
êó ïîðóøåíü ó ä³ëÿíö³ åëåêòðîíîòðàíñ-
ïîðòíîãî ëàíöþãà ì³òîõîíäð³é (ÌÕ).

Â³äîìî, ùî ðåãóëÿö³ÿ áàãàòüîõ êèñíå-
çàëåæíèõ ïðîöåñ³â îðãàí³çìó (ì³òîõîíäð³-
àëüíå äèõàííÿ, ì³êðîñîìàëüíå îêèñíåííÿ,
³íòåíñèâí³ñòü ïðîöåñ³â ë³ïîïåðîêñèäàö³¿ ³
ñòàí ñèñòåì åë³ì³íàö³¿ àêòèâíèõ ôîðì êèñ-
íþ òîùî) çä³éñíþºòüñÿ ÷åðåç ðåöåïòîðí³
ñòðóêòóðè ïàðàñèìïàòè÷íî¿ òà ñèìïàòè÷-
íî¿ ëàíêè âåãåòàòèâíî¿ íåðâîâî¿ ñèñòåìè.

Ìåòîþ íàøîãî äîñë³äæåííÿ áóëî ç�ÿ-
ñóâàííÿ ìîæëèâî¿ ðîë³ õîë³íî- ³ àäðåíî-
ðåöåïòîð³â òà ³íòåðìåä³àò³â öèêëó òðèêàð-
áîíîâèõ êèñëîò ÑÊ ³ ÊÃË â NO-çàëåæíèõ
ïðîöåñàõ ë³ïîïåðîêñèäàö³¿ ó êðîâ³ òà òêà-
íèí³ ïå÷³íêè á³ëèõ ùóð³â ïðè ãîñòð³é ã³-
ïîêñ³¿.

ÌÅÒÎÄÈÊÀ

Äîñë³äæåííÿ ïðîâåäåíî íà 36 ùóðàõ-ñàì-
öÿõ ë³í³¿ Â³ñòàð ìàñîþ 0,2 � 0,22 êã. Ïå-
ðåä äîñë³äæåííÿì òâàðèí ïîä³ëèëè íà 6
ãðóï ïî 6 òâàðèí ó êîæí³é. Äî ïåðøî¿ ãðó-
ïè ââ³éøëè ³íòàêòí³ ùóðè, ÿêèì ïåðåä äîñ-
ë³äîì ïàðåíòåðàëüíî ââîäèëè 1 ìë ô³ç³î-
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ëîã³÷íîãî ðîç÷èíó. Òâàðèíàì äîñë³äíèõ ãðóï
(²² � VI) ïàðåíòåðàëüíî ââîäèëè ðîç÷èí CÊ
(50 ìã/êã) àáî ÊÃË (200 ìã/êã). ×àñ ä³¿
ïðåïàðàò³â 30 õâ. Òâàðèí äîñë³äíèõ ãðóï
ïîì³ùàëè â îáëàäíàíó êàìåðó, ÿêà âåí-
òèëþâàëàñÿ ãàçîâîþ ñóì³øøþ ç 7% êèñ-
íþ â àçîò³. Ç ìåòîþ ïîãëèíàííÿ âóãëåêèñ-
ëîãî ãàçó òà âîäÿíèõ ïàð³â ó êàìåð³ âè-
êîðèñòîâóâàëè àäñîðáåíò. Ïðè öüîìó òâà-
ðèíàì V ãðóïè çà 30 õâ äî ïî÷àòêó åêñïå-
ðèìåíòó ïåðåíòåðàëüíî ââîäèëè áëîêàòî-
ðè M- ³ N-õîë³íîðåöåïòîð³â (5 ìã àòðîï³íó
³ 10 ìã áåíçîãåêñîí³þ) òàÊÃË, à òâàðèíàì
VI ãðóïè � áëîêàòîðè α- ³ β-àäðåíîðåöåï-
òîð³â (ôåíòîëàì³í ³ îáçèäàí  � ïî 2 ìã) ³ ÑÊ.

²íòåíñèâí³ñòü îáì³íó îêñèäó àçîòó îö³-
íþâàëè çà êîíöåíòðàö³ºþ éîãî ñòàá³ëü-
íîãî ìåòàáîë³òó í³òðèò-àí³îíà (NO

2
-) ñïåê-

òðîôîòîìåòðè÷íèì ìåòîäîì [16]. Äîñ-
ë³äæóâàëè àêòèâí³ñòü ñóïåðîêñèääèñìó-
òàçè (ÑÎÄ) [6], êàòàëàçè [5], ãëóòàò³îí-
ðåäóêòàçè [12], ãëóòàò³îíïåðîêñèäàçè [10],
ìàëîíîâîãî ä³àëüäåã³äó çà âì³ñòîì ÒÁÊ-
ðåàêòèâíèõ ïðîäóêò³â [1, 11] ³ öåðóëîïëàç-
ì³íó (ÖÏ) [3]. Ðåçóëüòàòè äîñë³äæåíü îá-
ðîáëÿëè ñòàòèñòè÷íî, âèêîðèñòîâóþ÷è êðè-
òåð³é t Ñòüþäåíòà.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Ãîñòðà ã³ïîêñ³ÿ ñóïðîâîäæóâàëàñÿ çíè-
æåííÿì ïðîäóêö³¿ îêñèäó àçîòó, ÿêó îö³-
íþâàëè çà âì³ñòîì éîãî ñòàá³ëüíîãî ìå-
òàáîë³òó í³òðèò-àí³îíà, íà 34% (Ð<0,05,
ðèñ.1). Ð³çêå çíèæåííÿ âì³ñòó êèñíþ ó âäè-
õóâàíîìó ïîâ³òð³, ùî ñóïðîâîäæóâàëîñÿ
âèðàæåíèìè îçíàêàìè òêàíèííî¿ ã³ïîêñ³¿,
³íã³áóâàëî àêòèâí³ñòü NO-ñèíòàçíèõ ôåð-
ìåíòàòèâíèõ ñèñòåì â³ðîã³äíèì îáìåæåí-
íÿì ïðîäóêö³¿ îêñèäó àçîòó ó òêàíèí³ ïå-
÷³íêè. Äîäàâàííÿ ÑÊ âäâ³÷³ ï³äâèùóâàëî
âì³ñò í³òðèò-àí³îíà çà óìîâ ãîñòðî¿ ã³ïîê-
ñ³¿, à ÊÃË ïîòðîþâàâ éîãî êîíöåíòðàö³þ.
Òàêèì ÷èíîì, åêçîãåííèé ÊÃË ìàº á³ëü-
øèé ñòèìóëþâàëüíèé åôåêò ïîð³âíÿíî ç
âïëèâîì ÑÊ íà âì³ñò í³òðèò-àí³îíà ó òêà-
íèí³ ïå÷³íêè çà óìîâ ã³ïîêñ³¿ (äèâ.ðèñ.1).
ßê ïîêàçàëè íàø³ ïîïåðåäí³ äîñë³äæåí-
íÿ [13], âèêîðèñòàííÿ ÊÃË ç ìåòîþ êîðåêö³¿
ì³òîõîíäð³àëüíîãî åíåðãîçàáåçïå÷åííÿ
÷åðåç âïëèâ íà ñèñòåìó îêñèäó àçîòó çà
óìîâ ãîñòðî¿ ã³ïîêñ³¿ âèêëèêàº çì³íè îñ-
íîâíèõ âåëè÷èí ôóíêö³îíóâàííÿ ÌÕ, ÿê³,
ç îäíîãî áîêó, çäàòí³ ìîäèô³êóâàòè åíåð-
ãîâèòðàòè, à ç ³íøîãî � ïðîäóêö³þ àêòèâ-
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Ðèñ.1. Çì³íè âì³ñòó í³òðèò-àí³îíà ó òêàíèí³ ïå÷³íêè ùóð³â çà óìîâ ãîñòðî¿ ã³ïîêñ³¿ òà ââåäåííÿ ñóêöèíàòó ³ à-
êåòîãëóòàðàòó íàòð³þ: 1 � êîíòðîëü, 2 � ãîñòðà ã³ïîêñ³ÿ, 3 � ñóêöèíàò ³ ãîñòðà ã³ïîêñ³ÿ, 4 � α-êåòîãëóòàðàò íàòð³þ
³ ãîñòðà ã³ïîêñ³ÿ.
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íèõ ôîðì êèñíþ (ÀÔÊ). Îêèñíåííÿ, ñïðÿ-
æåíå ç òðàíñôîðìàö³ºþ åíåðã³¿, çíà÷íîþ
ì³ðîþ ìîäèô³êóºòüñÿ ï³ä âïëèâîì ÀÔÊ,
ùî óòâîðþþòüñÿ âíàñë³äîê ïîðóøåííÿ
ïðîöåñ³â åíåðãîçàáåçïå÷åííÿ ïðè ã³ïîêñ³¿
[2]. Ó öüîìó äîñë³äæåíí³ íàìè âñòàíîâ-
ëåíî (ðèñ. 2), ùî ñòèìóëÿö³ÿ â³ëüíîðàäè-
êàëüíîãî îêèñíåííÿ ïðè ãîñòð³é ã³ïîêñ³¿,
îö³íåíà çà âì³ñòîì ÒÁÊ-ðåàêòèâíèõ ïðî-
äóêò³â ó òêàíèí³ ïå÷³íêè, çì³íþºòüñÿ ïðè
åêçîãåííîìó ââåäåíí³ ñóáñòðàò³â ÖÒÊ (ÑÊ
³ ÊÃË), ïðè öüîìó âèùèé åôåêò îáìåæåííÿ
³íòåíñèâíîñò³ ïðîöåñ³â ïåðåêèñíîãî îêèñ-
íåííÿ ë³ï³ä³â (ÏÎË) ñïîñòåð³ãàºòüñÿ ïðè ââå-
äåíí³ ÊÃË (çíèæåííÿ íà 32%; P<0,001) ïî-
ð³âíÿíî ç ââåäåííÿì ÑÊ (çìåíøåííÿ ëèøå
íà 25%; P<0,05).

Îäíî÷àñíå ââåäåííÿ ùóðàì àäðåíî-
áëîêàòîð³â ôåíòîëàì³íó é îáçèäàíó òà
ÑÊ â³ðîã³äíî çíèæóâàëî âì³ñò ÒÁÊ-ðåàê-
òèâíèõ ïðîäóêò³â ó òêàíèí³ ïå÷³íêè (íà
21,5%, P<0,001) ïîð³âíÿíî ç åôåêòàìè ï³ñ-
ëÿ ââåäåííÿ ëèøå ÑÊ ïðè ãîñòð³é ã³ïîêñ³¿.
Çà óìîâ ââåäåííÿ áëîêàòîð³â õîë³íîðå-

öåïòîð³â àòðîï³íó òà áåíçîãåêñîí³þ ðàçîì
ç ÊÃË íàìè îòðèìàíî íàéâèù³ çíà÷åííÿ
ïîêàçíèê³â ³íòåíñèô³êàö³¿ ïðîöåñ³â ÏÎË,
ÿê³ ïåðåâèùóâàëè òàê³, êîòð³ áóëè ò³ëüêè
ïðè ââåäåíí³ ÊÃË (íà 57%; P<0,001). Òàêèì
÷èíîì, ôóíêö³îíàëüíèé ñòàí õîë³íîðåöåï-
òîð³â îïîñåðåäêîâóº åôåêòè âïëèâó ÊÃË,
à, â³äïîâ³äíî, ³ ïðîäóêîâàíîãî ï³ä éîãî
âïëèâîì îêñèäó àçîòó.

Ðåçóëüòàòè íàøîãî äîñë³äæåííÿ ñâ³ä-
÷àòü, ùî ãîñòðà ã³ïîêñ³ÿ çíà÷íî çì³íþº
àêòèâí³ñòü îñíîâíèõ àíòèîêñèäàíòíèõ ôåð-
ìåíò³â êðîâ³ (òàáëèöÿ). Ñïîñòåð³ãàºòüñÿ
ï³äâèùåííÿ àêòèâíîñò³ ÑÎÄ, ÿêå ï³äñè-
ëþºòüñÿ äîäàâàííÿì ÑÊ ³ ùå á³ëüøîþ ì³-
ðîþ � ÊÃË. Àäðåíîáëîêàòîðè çìåíøóþòü
ö³ åôåêòè, à õîë³íîáëîêàòîðè âçàãàë³ óñó-
âàþòü ðåàêö³þ ï³äâèùåííÿ àêòèâíîñò³ ÑÎÄ
ïðè ãîñòð³é ã³ïîêñ³¿.

Ã³ïîêñ³ÿ òàêîæ âèêëèêàëà â³ðîã³äíå çíè-
æåííÿ àêòèâíîñò³ êàòàëàçè, ãëóòàò³îíïå-
ðîêñèäàçè òà ãëóòàò³îíðåäóêòàçè. Äîäà-
âàííÿ ÑÊ íå çì³íþâàëî àêòèâíîñò³ êà-
òàëàçè òà ãëóòàò³îíïåðîêñèäàçè, ïðîòå

Ðîëü öèêëó òðèêàðáîíîâèõ êèñëîò

Ðèñ. 2. Çì³íè âì³ñòó ÒÁÊ-ðåàêòèâíèõ ïðîäóêò³â ó òêàíèí³ ïå÷³íêè ùóð³â ï³ä âïëèâîì áëîêàòîð³â àäðåíî- òà
õîë³íîðåöåïòîð³â, ³íòåðìåä³àò³â öèêëó òðèêàðáîíîâèõ êèñëîò ³ ãîñòðî¿ ã³ïîêñ³¿: 1 � êîíòðîëü, 2 � ãîñòðà ã³ïîêñ³ÿ,
3 � ñóêöèíàò ³ ãîñòðà ã³ïîêñ³ÿ, 4 � α-êåòîãëóòàðàò íàòð³þ ³ ãîñòðà ã³ïîêñ³ÿ, 5 � àäðåíîáëîêàòîðè, ñóêöèíàò ³
ãîñòðà ã³ïîêñ³ÿ, 6 � õîë³íîáëîêàòîðè, α-êåòîãëóòàðàò ³ ãîñòðà ã³ïîêñ³ÿ.
* â³ðîã³äí³ çì³íè (P<0,05) ì³æ ãîñòðîþ ã³ïîêñ³ºþ ³ êîíòðîëåì, ** â³ðîã³äí³ çì³íè ì³æ ã³ïîêñ³ºþ ³ ââåäåííÿì
ïðåïàðàò³â.
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ñóòòºâî ï³äâèùóâàëî àêòèâí³ñòü ãëóòà-
ò³îíðåäóêòàçè ïðè ãîñòð³é ã³ïîêñ³¿. Äî-
äàâàííÿ ÊÃË, íàâïàêè, çíà÷íî ï³äâè-
ùóâàëî àêòèâí³ñòü êàòàëàçè òà ãëóòà-
ò³îíïåðîêñèäàçè, ñóòòºâî íå çì³íþþ÷è àê-
òèâí³ñòü ãëóòàò³îíðåäóêòàçè. Àäðåíîáëî-
êàòîðè â³ðîã³äíî íå âïëèâàëè íà àêòèâ-
í³ñòü êàòàëàçè, ãëóòàò³îíïåðîêñèäàçè òà
ãëóòàò³îíðåäóêòàçè ïðè äîäàíí³ ÑÊ, à
õîë³íîáëîêàòîðè ïîâí³ñòþ óñóâàëè åôåê-
òè äîäàííÿ ÊÃË íà àêòèâí³ñòü öèõ ôåð-
ìåíò³â ïðè ã³ïîêñ³¿.

Òàêèì ÷èíîì, áëîêàòîðè àäðåíî- òà õî-
ë³íîðåöåïòîð³â çíà÷íî ìîäèô³êóþòü àê-
òèâí³ñòü ôåðìåíò³â ïåðøîãî é äðóãîãî
ð³âíÿ àíòèîêñèäàíòíîãî çàõèñòó. Íàé-
á³ëüøèé åôåêò â³äì³÷åíî ùîäî ââåäåííÿ
ÊÃË, ÿêèé çà óìîâ ãîñòðî¿ ã³ïîêñ³¿ âèÿâ-
ëÿº âèðàæåíèé ïðîòåêòîðíèé åôåêò çàâ-
äÿêè çíèæåííþ ³íòåíñèâíîñò³ ïðîöåñ³â ÏÎË
³ ìîäóëÿö³¿ àêòèâíîñò³ îñíîâíèõ ôåðìåí-
ò³â ñèñòåìè àíòèîêñèäàíòíîãî çàõèñòó.
Íàø³ ðåçóëüòàòè ñâ³ä÷àòü, ùî òàêèé âïëèâ
ÊÃË â îðãàí³çì³ îïîñåðåäêîâóºòüñÿ õî-
ë³íîðåöåïòîðàìè.

Äàí³ ë³òåðàòóðè äîâîäÿòü, ùî çà óìîâ
ã³ïîêñ³¿ ç êðîâ³ óòèë³çóºòüñÿ L-àðã³í³í ç

óòâîðåííÿì îêñèäó àçîòó ³ éîãî ïðîäóêò³â
ìåòàáîë³÷íîãî îáì³íó � àí³îí³â  NO

3
- ³ NO

2
-.

Í³òðèò-àí³îíè çä³éñíþþòü àêöåïòóâàííÿ
åëåêòðîí³â öèòîõðîìîêñèäàçîþ çà ã³ïîê-
ñè÷íèõ óìîâ. Òîìó àêòèâàö³ÿ öèêëó îêñè-
äó àçîòó [14] ïîâ�ÿçàíà ç âèêîðèñòàííÿì
åôåêòèâíèõ ïðîäóêò³â éîãî ìåòàáîë³çìó �
í³òðàò³â ³ í³òðèò³â � äëÿ åêîíîì³÷íèõ ó
åíåðãåòè÷íîìó â³äíîøåíí³ ðåàêö³é, ïîâ�ÿ-
çàíèõ ïåðåäóñ³ì ç ôóíêö³îíóâàííÿì öÃÌÔ.
Ïîñèëåííÿ õîë³íåðã³÷íèõ ðåãóëÿòîðíèõ
âïëèâ³â çà ó÷àñòþ öÃÌÔ âèêëèêàº çíè-
æåííÿ ïîòðåáè òêàíèí ó êèñí³ é ³íòåíñèâ-
íîñò³ ïðîöåñ³â ë³ïîïåðîêñèäàö³¿. Íàø³ ðå-
çóëüòàòè âêàçóþòü íà òå, ùî ââåäåííÿ ÊÃË
çà óìîâ ãîñòðî¿ ã³ïîêñ³¿ ñòèìóëþº ïðî-
äóêö³þ îêñèäó àçîòó, îö³íåíó çà ï³äâè-
ùåííÿì ó òêàíèí³ ïå÷³íêè âì³ñòó éîãî ñòà-
á³ëüíîãî ìåòàáîë³òó í³òðèò-àí³îíà. Åôåê-
òè ñòèìóëÿö³¿ äëÿ ÊÃË áóëè çíà÷íî âè-
ùèìè ïîð³âíÿíî ç òàêèìè äëÿ ÑÊ. Îòæå,
ãåíåðàö³ÿ îêñèäó àçîòó çà L-àðã³í³íçàëåæ-
íèì øëÿõîì ï³ä âïëèâîì ÊÃË ìîæå âèñ-
òóïàòè äîäàòêîâèì àëüòåðíàòèâíèì ³ íå
ìåíø âàæëèâèì ïîð³âíÿíî ç ÑÊ ÷èííèêîì
êîðåêö³¿ çà óìîâ çíèæåíîãî ðÎ

2
. Òîìó äî-

ì³íóþ÷à ðîëü ÑÊ, ÿêèé ìîæå ìîäèô³êó-

Í.Ì. Êóðãàëþê, Ò.Â. Ñåðåáðîâñüêà

Êîíòðîëü 230,41±40,59 118,39±14,12 119,39±14,36 38,50±2,09

Ãîñòðà ã³ïîêñ³ÿ 316,33±34,56 78,54±7,58* 69,51±7,39** 18,70±1,45**

Ñóêöèíàò ³ ãîñòðà ã³ïîêñ³ÿ 396,39±56,31 69,31±6,89 78,56±9,96 39,26±5,66**

α-êåòîãëóòàðàò íàòð³þ ³ ãîñòðà
ã³ïîêñ³ÿ 412,87±48,52 139,66±15,23** 136,59±12,33** 25,56±5,89

Àäðåíîáëîêàòîðè, ñóêöèíàò
³ ãîñòðà ã³ïîêñ³ÿ 341,21±32,14 65,39±6,14 51,39±9,51 29,56±5,78

Õîë³íîáëîêàòîðè, α-êåòîãëóòàðàò
íàòð³þ ³ ãîñòðà ã³ïîêñ³ÿ 204,63±36,45*** 61,13±5,56*** 59,34±8,16*** 19,87±4,15

* â³ðîã³äí³ çì³íè (P<0,05) ùîäî êîíòðîëþ òà ãîñòðî¿ ã³ïîêñ³¿;
** � ùîäî ãîñòðî¿ ã³ïîêñ³¿ òà ââåäåííÿ ïðåïàðàò³â; *** � ùîäî áëîêàäè ðåöåïòîð³â ³ ââåäåííÿ ïðåïàðàò³â
ïðè ãîñòð³é ã³ïîêñ³¿.

Ñòàí ñèñòåìè àíòèîêñèäàíòíîãî çàõèñòó çà óìîâ ä³¿ áëîêàòîð³â õîë³íî- ³ àäðåíîðåöåïòîð³â òà ³íòåðìåä³àò³â
öèêëó Êðåáñà (M±m, n=6)

Óìîâè äîñë³äy

Ñóïåðîêñèä-
äèñìóòàçà,

îä. àêò. . ìã
-1. õâ

-1

Êàòàëàçà,
ìêìîëü . õâ

-1
 . 

-1
ë

Ãëóòàò³îí-
ïåðîêñèäàçà,

ìêìîëü . õâ
-1
 . ã

-1

Ãëóòàò³îíðåäóêòàçà,
ìêìîëü ÍÀÄÔÍ .

õâ
-1
 . ìë

-1
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âàòè åôåêòè îêèñíåííÿ ³íøèõ ñóáñòðàò³â
öèêëó Êðåáñà, ³ íàñàìïåðåä ÊÃË, íàìè
ðîçãëÿäàºòüñÿ ÿê êîíêóðåíòíèé ìåõàí³çì
âïëèâó ó �áîðîòüá³� çà êèñåíü äèõàëüíîãî
ëàíöþãà ÌÕ.

Ïîðÿä ç õ³ì³÷íîþ âçàºìîä³ºþ îêñèäó
àçîòó ³ ñóïåðîêñèäíîãî ðàäèêàëà, ðåãó-
ëÿòîðíå çíà÷åííÿ ìàº âçàºìîâïëèâ ñèã-
íàëüíèõ ìåõàí³çì³â NO ³ ÀÔÊ. Çîêðåìà,
ãàëüìóâàííÿ ôóíêö³é ÌÕ NO-çàëåæíèìè
ìåõàí³çìàìè [17] ïðèçâîäèòü äî çá³ëüøåí-
íÿ óòâîðåííÿ ÀÔÊ. Âíàñë³äîê âçàºìîä³¿
NO ç ñóïåðîêñèäîì çâîðîòíå ³íã³áóâàííÿ
äèõàííÿ ÌÕ ñòàº íåçâîðîòíèì ÷åðåç âíóò-
ð³øíüîêë³òèííå óòâîðåííÿ ïåðîêñèí³òðè-
òó [14]. Ã³ïîêñ³ÿ âèêëèêàº îïîñåðåäêîâàíå
ïåðîêèñí³òðèòîì ³íã³áóâàííÿ äèõàííÿ ³
ïðÿìå â³äíîøåííÿ äî öüîãî ìàþòü ³îíè
ñóïåðîêñèäó, ÿê³ óòâîðþþòüñÿ â åíäîòåë³¿
ñóäèí ï³ä âïëèâîì öèêëîîêñèãåíàçè òà
êñàíòèíîêñèäàçè. Çíà÷íà ðîëü â³äâîäèòüñÿ
çà öèõ óìîâ ïåðåêèñó âîäíþ, ÿêèé âèê-
ëèêàº åíäîòåë³éçàëåæíó òà ïðîñòàãëàí-
äèííåçàëåæíó ðåàêö³¿ äèëàòàö³¿. Ö³ ìåõà-
í³çìè çóìîâëåí³ çá³ëüøåííÿì ï³ä âïëèâîì
ïåðåêèñó âîäíþ âì³ñòó êë³òèííîãî êàëü-
ö³þ, ÿêèé ìîæå áðàòè ó÷àñòü ó ñòèìóëÿö³¿
NOS. Êð³ì òîãî, NO ìîæå ³íã³áóâàòè àê-
òèâí³ñòü êàòàëàçè òà ¿¿ ó÷àñòü ó ïåðîê-
ñèäçàëåæí³é ñòèìóëÿö³¿ ðîç÷èííî¿ ãóàí³ë-
àòöèêëàçè. Âçàºìîä³ÿ ñèãíàëüíèõ ñèñòåì
NO ³ ÀÔÊ çàëåæàòü â³ä ¿õ ô³ç³îëîã³÷íèõ
êîíöåíòðàö³é, íåîáõ³äíèõ äëÿ ïðîÿâó åôåê-
ò³â íà êë³òèííîìó ð³âí³, ³ ñòàíó ðåöåï-
òîð³â.

Òàêèì ÷èíîì, ãîñòðà íåñòà÷à êèñíþ ó
âäèõóâàíîìó ïîâ³òð³ ïîñèëþº ðîëü ðåöåï-
òîðíèõ ñòðóêòóð ó ï³äòðèìàíí³ ìåõàí³ç-
ì³â åíåðãîçàáåçïå÷åííÿ ÌÕ. ßêùî áëî-
êàäà àäðåíîðåöåïòîð³â ïîñèëþº åôåêòè
îêèñíåííÿ ÍÀÄ-çàëåæíèõ ñóáñòðàò³â, çîê-
ðåìà ÊÃË, òî áëîêàòîðè õîë³íîðåöåïòî-
ð³â, íàâïàêè, í³âåëþþòü åôåêòè ñòàá³ë³-
çóþ÷î¿ ä³¿ åêçîãåííîãî ÊÃË çà öèõ óìîâ.
Öå ñâ³ä÷èòü ïðî âàæëèâå çíà÷åííÿ õîë³íî-
ðåöåïòîðíèõ ñòðóêòóð ³ îêñèäó àçîòó â

ï³äòðèìàíí³ â³ëüíîðàäèêàëüíîãî ãîìåî-
ñòàçó çà óìîâ ãîñòðî¿ ã³ïîêñ³¿.

N.M.Kurhalyuk, T.V.Serebrovskaya

ROLE OF KREBS CYCLE INTERMEDIATES IN
LIPID PEROXIDATION AND ANTIOXIDANT
ENZYMES ACTIVITY UNDER ACUTE HYPOXIA

The object of this study was to investigate the effects of exog-
enous succinate (SC) and α-ketoglutarate (KGL) on intensity
of NO metabolism, lipid peroxidation and antioxidant enzymes
activity in rat liver tissues under acute hypoxia (AH). Six groups
of Wistar male rats participated in the study. Animals of Gr.I
underwent i.p. saline injection, Gr.II - saline injection and AH
(inhalation of 7% O

2
, 30 min). Gr. III and IY were examined

after i.p. injection of SC (50 mg/kg) or KGL (200 mg/kg) and
AH test; Gr.Y -after i.p. injection of SC with α- β-adrenoblock-
ers phentolamine and obzidane (2 mg each) and AH test, Gr. 6 -
after i.p. injection of KGL with M- and N-cholinoreceptor bloc-
kers athropine (5 mg) and benzohexonium (10 mg) and AH
test. It was shown that AH provoked the decrease of NO
production by 34%, the addition of SC augmented twice the
nitrite anion content, the addition of KGL � in three times.
KGL decreased malon dialdehyde content under AH by 32%
and SC- by 25%. The least level of lipid peroxidation was
registered in Gr.YI. Adrenoblockers did not influence on anti-
oxidant enzymes activity under AH, but cholinoblockers com-
pletely eliminated the increase of SOD, catalase, glutathione
peroxidase and glutathione reductase activities under KGL treat-
ment. We conclude that nitric oxide production under α-keto-
glutarate influence is mediated by cholinoreceptors.

Ivan Franko Lviv National University; À.À.Bogomoletz
Institute of Physiology Ukrainian Academy of Sciences, Kiev
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