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Âïëèâ ³íòåðâàëüíîãî ã³ïîêñè÷íîãî òðåíóâàííÿ íà
ãåìîäèíàì³÷í³ åôåêòè ìîäóëÿö³¿ íåéðîíàëüíî¿
NO-ñèíòàçè â ìåäóëÿðíèõ êàðä³îâàñêóëÿðíèõ
íåéðîíàõ äîâãàñòîãî ìîçêó ùóð³â

²íòåðâàëüíå ã³ïîêñè÷íå òðåíóâàííÿ (²ÃÒ) ùóð³â ïðîâîäèëè ó ñêëÿí³é êàìåð³ ì³ñòê³ñòþ 10 ë ó
íîðìîáàðè÷íèõ óìîâàõ çà äîïîìîãîþ âåíòèëÿö³¿ êàìåðè ã³ïîêñè÷íîþ ñóì³øøþ (12 % Î
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5 ðàç³â ïî 15 õâ ç ³íòåðâàëîì ó 15 õâ ùîäíÿ ïðîòÿãîì 10 ä³á. Ï³ñëÿ ÷îãî â ãîñòðèõ åêñïåðèìåíòàõ
íà íàðêîòèçîâàíèõ óðåòàíîì ùóðàõ (1,7 ã/êã, âíóòð³øíüîî÷åðåâèííî) âèâ÷àëè âïëèâ ìîäóëÿö³¿
íåéðîíàëüíî¿ NO-ñèíòàçè (nNOS) â ìåäóëÿðíèõ íåéðîíàõ, ÿê³ çàëó÷åí³ â íåðâîâèé êîíòðîëü
ñóäèííîãî òîíóñó òà ñåðöåâî¿ ä³ÿëüíîñò³. Îòðèìàí³ ðåçóëüòàòè ñâ³ä÷àòü ïðî òå, ùî ²ÃÒ
ñóïðîâîäæóâàëîñü àêòèâàö³þ nNOS ó íåéðîíàõ äîñë³äæåíèõ ÿäåð. Åôåêò ö³º¿ àêòèâàö³¿
âèÿâèâñÿ êîðîòêî÷àñíèì: íàéá³ëüø âèðàæåíå çíèæåííÿ ñèñòåìíîãî àðòåð³àëüíîãî òèñêó
(ÑÀÒ) â³äì³÷àëîñÿ â ïåðøó äîáó ï³ñëÿ çàê³í÷åííÿ ²ÃÒ, íà äðóãó äîáó åôåêò ïîñëàáëþâàâñÿ, à
÷åðåç òðè äîáè íå ñïîñòåð³ãàâñÿ çîâñ³ì. Ïðèãí³÷åííÿ nNOS ó êàðä³îâàñêóëÿðíèõ íåéðîíàõ çà
äîïîìîãîþ ³í�ºêö³é ¿¿ ³íã³á³òîðà L-NNA â ìåäóëÿðí³ ÿäðà ñóïðîâîäæóâàëîñÿ çäåá³ëüøîãî
ï³äâèùåííÿì ð³âíÿ ÑÀÒ ÿê ó êîíòðîëüíèõ, òàê ³ ó òðåíîâàíèõ ùóð³â. Ï³ñëÿ ïîïåðåäíüîãî
ïðèãí³÷åííÿ nNOS çà äîïîìîãîþ 7-í³òðî³íäàçîëó ³í�ºêö³¿ L-àðã³í³íó â ìåäóëÿðí³ ÿäðà íå
ïðèçâîäèëè äî ðîçâèòêó ã³ïîòåíçèâíèõ ðåàêö³é. Ñë³ä çàçíà÷èòè, ùî â ïåðøó äîáó ï³ñëÿ çàê³í÷åííÿ
²ÃÒ âèõ³äíèé ð³âåíü ÑÀÒ âèÿâèâñÿ ï³äâèùåíèì, õî÷ öå ï³äâèùåííÿ áóëî ñòàòèñòè÷íî
íåâ³ðîã³äíèì. Íå âèêëþ÷åíî, ùî îñíîâîþ ï³äâèùåííÿ ÑÀÒ îäðàçó ï³ñëÿ ²ÃÒ áóëà àêòèâàö³ÿ
ñèìïàòè÷íî¿ íåðâîâî¿ ñèñòåìè ùóð³â âíàñë³äîê ñòðåñîðíîãî âïëèâó ã³ïîêñ³¿ àáî ¿õ ðîçì³ùåííÿ
ó êàìåðó äëÿ äîñë³äæåííÿ âïëèâó ã³ïîêñ³¿.
Êëþ÷îâ³ ñëîâà: ³íòåðâàëüíå ã³ïîêñè÷íå òðåíóâàííÿ, íåéðîíàëüíà NO-ñèíòàçà, ìåäóëÿðí³
êàðä³îâàñêóëÿðí³ íåéðîíè.

ÂÑÒÓÏ

Â³äîìî, ùî îêñèä àçîòó (NO) âèêîíóº â
îðãàí³çì³ íàéâàæëèâ³ø³ ñèãíàëüí³ ôóíêö³¿,
âèÿâëÿþ÷è øèðîêèé ñïåêòð á³îëîã³÷íî¿ àê-
òèâíîñò³. Éîãî ó÷àñòü ó íåðâîâîìó êîíòðîë³
êðîâîîá³ãó çíà÷íîþ ì³ðîþ ðåàë³çóºòüñÿ
÷åðåç íåéðîíí³ ñèñòåìè äîðñîìåä³àëüíîãî
òà âåíòðîëàòåðàëüíîãî â³ää³ë³â äîâãàñòîãî
ìîçêó [10, 17, 25, 26, 29]. Ó äîâãàñòîìó
ìîçêó ð³çíèõ âèä³â òâàðèí ³äåíòèô³êîâàí³ ³
íàâ³òü êàðòîâàí³ NO-ñèíòåçóþ÷³ íåéðîíè,
ÿê³ çàëó÷åí³ â íåðâîâèé êîíòðîëü ôóíêö³¿

êðîâîîá³ãó [30]. Â íåðâîâèõ êë³òèíàõ NO
ñèíòåçóºòüñÿ ÷åðåç îêèñíåííÿ òåðì³íàëüíî¿
ãóàí³äèíîâî¿ ãðóïè L-àðã³í³íó, ³ ïðîöåñ
êàòàë³çóºòüñÿ ïåðåâàæíî íåéðîíàëüíîþ
NO-ñèíòàçîþ (nNOS). Òîìó ëîã³÷íèì º
ïðèïóùåííÿ, ùî ã³ïîêñ³ÿ ïîâèííà âïëèâàòè
íà åêñïðåñ³þ íåéðîíàëüíî¿ NO-ñèíòàçè
(nNOS) ó êàðä³îâàñêóëÿðíèõ íåéðîíàõ ³,
îòæå, íà ïðîäóêö³þ NO. ²ñíóþòü äàí³, ùî
NO ìàº âàæëèâå çíà÷åííÿ â àäàïòèâíèõ
ìåõàí³çìàõ  ³íòåðâàëüíî¿  ã ³ïîêñ ³ ¿ ,  ÿê ³
âêëþ÷àþòü àêòèâàö³þ ñèíòåçó NO ³ îáìå-
æåííÿ éîãî íàäì³ðíî¿ ïðîäóêö³¿ [20, 21].
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Ìåõàí³çìè àäàïòàö³¿  ñåðöåâî-ñóäèííî¿
ñèñòåìè äî ³íòåðâàëüíî¿ ã³ïîêñ³¿ äîñë³äæåí³
äîñèòü øèðîêî [11, 21, 28]. Â³äîìî, ùî òðè-
âàë³ñòü, ÷àñòîòà òà æîðñòê³ñòü ã³ïîêñ³¿ º
òèìè êðèòè÷íèìè ôàêòîðàìè, êîòð³ âèçíà-
÷àþòü íàïðÿìîê ¿¿ âïëèâó íà ñåðöåâî-ñó-
äèííó ñèñòåìó � â³ä ïðîòåêòîðíîãî (àíòè-
ñòðåñîâèé, àíòèã³ïåðòåíçèâíèé) äî øê³äëè-
âîãî (ëåãåíåâà òà ñèñòåìíà ã³ïåðòåíç³ÿ,
³íôàðêò ì³îêàðäà, ³íñóëüò). Àäàïòàö³þ äî
³íòåðâàëüíî¿ ã³ïîêñ³¿ ïîâ�ÿçóþòü ç êàðä³î-
âàñêóëÿðíîþ ïðîòåêö³ºþ ïðîòè á³ëüø
æîðñòêî¿ òà ñò³éêî¿ ã³ïîêñ³¿, à òàêîæ ïðîòè
³íøèõ ñòðåñ³â [8, 32]. Ïîêàçàíî, ùî ²ÃÒ
âïëèâàº íà ñåðöåâî-ñóäèííó òà öåíòðàëüíó
íåðâîâó ñèñòåìó, ïîë³ïøóþ÷è ìåòàáîë³÷í³
ïðîöåñè âíàñë³äîê çá³ëüøåííÿ óòâîðåííÿ
ì³òîõîíäð³é ó ìîçêó òà ïå÷³íö³, àêòèâàö³¿
ðåñï³ðàòîðíîãî êîìïëåêñó 1 òà åôåêòèâ-
íîñò³ îêñèäàòèâíîãî ôîñôîðèëþâàííÿ [4,
15, 18]. Àíàë³ç íàÿâíî¿ ë³òåðàòóðè ñâ³ä÷èòü
ïðî òå, ùî â çíà÷í³é ÷àñòèí³ äîñë³äæåíü
âèâ÷àëè âïëèâ ²ÃÒ íà ïåðèôåðè÷í³ êîìïî-
íåíòè ñåðöåâî-ñóäèííî¿ ñèñòåìè. Çîêðåìà,
ç�ÿñîâàíî, ùî àäàïòàö³ÿ äî ïåð³îäè÷íî¿
ã³ïîêñ³¿ àêòèâóº ñòðåñ-ë³ì³òóþ÷ó ñèñòåìó
ïðîñòàãëàíäèí³â ó ñåðö³ é îðãàí³çì³ â ö³ëîìó
³ ìîæå â³ä³ãðàâàòè âàæëèâó ðîëü ó êàðä³î-
ïðîòåêö³¿ çà äîïîìîãîþ îáìåæåííÿ ñòðåñ-
ðåàêö³¿ òà ïîïåðåäæåííÿ ñòðåñîðíèõ óøêîä-
æåíü [3], à òàêîæ âíàñë³äîê ï³äâèùåííÿ
àêòèâíîñò³ êàëüö³ºâîãî íàñîñà â ìåìáðàíàõ
ñàðêîïëàçìàòè÷íîãî ðåòèêóëóìà [1]. Ï³äâè-
ùåíà ïðîäóêö³ÿ NO âíàñë³äîê õðîí³÷íî¿
ã³ïîêñ³¿ ðîáèòü ñâ³é âíåñîê ó ïîñëàáëåííÿ
ñèñòåìíî¿ âàçîêîíñòðèêö³¿ [24]. Ïðîòåêòîð-
íèé âïëèâ àäàïòàö³¿ äî ³íòåðâàëüíî¿ ã³ïîêñ³¿
âæå øèðîêî âèêîðèñòîâóºòüñÿ äëÿ ë³êóâàí-
íÿ òà ïîïåðåäæåííÿ áàãàòüîõ çàõâîðþâàíü,
äëÿ ï³äâèùåííÿ åôåêòèâíîñò³ òðåíóâàíü.
Îäíàê âïëèâ ²ÃÒ íà íåðâîâèé êàðä³îâàñ-
êóëÿðíèé êîíòðîëü  ìåäóëÿðíèìè NO-
ñèíòåçóþ÷èìè íåéðîíàìè äî öüîãî ÷àñó íå
äîñë³äæåíî. Ó çâ�ÿçêó ç öèì ìåòà íàøî¿
ðîáîòè � âèâ÷åííÿ âïëèâó ²ÃÒ íà åôåêòè
ìîäóëÿö³¿ àêòèâíîñò³ nNOS â êàðä³îâàñêó-
ëÿðíèõ íåéðîíàõ äîâãàñòîãî ìîçêó ùóð³â.

ÌÅÒÎÄÈÊÀ

Äîñë³äè ïðîâåäåíî íà ùóðàõ ë³í³¿ Â³ñòàð,
â³êîì 12 ì³ñ, ñåðåäíüîþ ìàñîþ 300 ã ± 40 ã.
Òâàðèí óòðèìóâàëè ó â³âàð³¿ ³ ðåãóëÿðíî
çàáåçïå÷óâàëè ñâ³æîþ ï³äñòèëêîþ, ¿æåþ òà
âîäîþ. Ó âñ³õ äîñë³äàõ äîòðèìóâàëèñÿ ïî-
ëîæåííÿ ì³æíàðîäíèõ óãîä ³ íàö³îíàëüíîãî
çàêîíîäàâñòâà ç  á³îåòèêè.  Êîíòðîëüíó
ãðóïó ñêëàäàëè ùóðè (n=10), ÿê³ äèõàëè
ê³ìíàòíèì ïîâ³òðÿì. Ùóðè äîñë³äíî¿ ãðóïè
(n=10) ï³äëÿãàëè ²ÃÒ, ÿêå ïðîâîäèëè ó
ñêëÿí³é êàìåð³ îá�ºìîì 10 ë ó íîðìîáà-
ðè÷íèõ óìîâàõ çà äîïîìîãîþ âåíòèëÿö³¿
êàìåðè ã³ïîêñè÷íîþ ñóì³øøþ (12 % Î
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ùîäíÿ ïðîòÿãîì 10 ä³á. Ï³ñëÿ ÷îãî â ãîñò-
ðèõ åêñïåðèìåíòàõ íà íàðêîòèçîâàíèõ
óðåòàíîì (1,7 ã/êã, âíóòð³øíüîî÷åðåâèííî)
ùóðàõ âèâ÷àëè âïëèâ ìîäóëÿö³¿ nNOS ó
ìåä óëÿðíèõ íåéðîíàõ ,  ÿê ³  çàëó÷åí³  â
íåðâîâèé êîíòðîëü ñóäèííîãî òîíóñó ³
ñåðöåâî¿ ä³ÿëüíîñò³. Îäíî÷àñíî â êàìåð³
ïåðåáóâàëè 5 ùóð³â. Äîñë³äæåííÿ ïðîâî-
äèëè ïðîòÿãîì òðüîõ ä³á ï³ñëÿ çàê³í÷åííÿ
ã³ïîêñè÷íîãî òðåíóâàííÿ. Â ñîííó àðòåð³þ
ââîäèëè êàíþëþ äëÿ âèì³ðþâàííÿ ñèñòåì-
íîãî àðòåð³àëüíîãî òèñêó (ÑÀÒ) çà äîïîìî-
ãîþ òåíçîäàò÷èêà ãåìîäèíàì³÷íî¿ óñòàíîâêè.
×àñòîòó ñåðöåâèõ ñêîðî÷åíü (×ÑÑ) ðîç-
ðàõîâóâàëè çà ïóëüñîâèìè êîëèâàííÿìè
àðòåð³àëüíîãî òèñêó. Ï³ñëÿ ô³êñàö³¿ ãîëîâè
ùóðà â ñòåðåîòàêñè÷íîìó ïðèëàä³ â³äêðèâàëè
äîðñàëüíó ïîâåðõíþ äîâãàñòîãî ìîçêó. Òåñò-
ðå÷îâèíè ââîäèëè ó ìåäóëÿðí³ ÿäðà (ÿäðî
ñîë³òàðíîãî òðàêòó � NTS, îáîï³ëüíå ÿäðî �
ÀÌÂ, ëàòåðàëüíå ðåòèêóëÿðíå ÿäðî � LRN)
çà äîïîìîãîþ ì³êðî³í�ºêö³é çã³äíî ç êîîðäè-
íàòàìè ñòåðåîòàêñè÷íîãî àòëàñó [23]. Ó
ìåäóëÿðí³ ñòðóêòóðè ââîäèëè ñóáñòðàò äëÿ
ñèíòåçó åíäîãåííîãî NO àì³íîêèñëîòó
L-àðã³í³í (5,8; 58,0 íìîëü) ³ àíòàãîí³ñò nNOS
L-NGí³òðî-L-àðã³í³í (L-NNA, 23,0 íìîëü).
Ñïåöèô³÷íèé àíòàãîí³ñò nNOS 7-í³òðî³íäàçîë
(30 ìã/êã) ââîäèëè âíóòð³øíüîî÷åðåâèííî çà
30 õâ äî ïî÷àòêó åêñïåðèìåíòó. Çì³íè ÑÀÒ
ðåºñòðóâààëè â³ä ìîìåíòó ³í�ºêö³¿ àãåíòà,
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ùî äîñë³äæóâàâñÿ, â ìåäóëÿðí³ ÿäðà äî
ïîâíîãî â³äíîâëåííÿ âèõ³äíîãî ð³âíÿ ÑÀÒ.

Ñòàòèñòè÷íèé àíàë³ç îòðèìàíèõ ðåçóëü-
òàò³â çä³éñíþâàëè çà äîïîìîãîþ êðèòåð³þ
t Ñòüþäåíòà ³ç çàñòîñóâàííÿì ñòàíäàðòíî¿
êîìï�þòåðíî¿ ïðîãðàìè. Çíà÷åííÿ P<0,05
ââàæàëè ñòàòèñòè÷íî äîñòîâ³ðíèìè.

ÐÅÇÓËÜÒÀÒÈ

Âïëèâ ³í�ºêö³é L-àðã³í³íó â  ìåäóëÿðí³
ÿäðà êîíòðîëüíèõ ùóð³â íà ð³âåíü ÑÀÒ. Ó
êîíòðîëüíèõ ùóð³â, ÿê³ ïåðåáóâàëè â óìîâàõ
íîðìîêñ³¿, àêòèâàö³ÿ nNOS óí³ëàòåðàëüíèìè
³í�ºêö³ÿìè ñóáñòðàòà äëÿ ñèíòåçó åíäîãåí-
íîãî NO L-àðã³í³íó â ïîïóëÿö³¿ íåéðîí³â
äîñë³äæåíèõ ÿäåð ñóïðîâîäæóâàëàñÿ ïåðå-
âàæíî äîçîçàëåæíèì çíèæåííÿì ÑÀÒ. Ñë³ä
â³äçíà÷èòè, ùî â äåÿêèõ äîñë³äàõ (30 %)
ñïîñòåð³ãàëèñÿ ã³ïåðòåíçèâí³ ðåàêö³¿ íà ³í�ºêö³¿
L-àðã³í³íó ó ìåäóëÿðí³ ÿäðà, ³ ¿õ âåëè÷èíà òåæ
çàëåæàëà â³ä äîçè àì³íîêèñëîòè. Ìè àíàë³-
çóâàëè ëèøå ã³ïîòåíçèâí³ ðåàêö³¿, çóìîâëåí³
àêòèâàö³ºþ nNOS. Ð³âåíü ÑÀÒ ïðè ââåäåíí³
5,8 íìîëü L-àðã³í³íó â NTS çíèæóâàâñÿ íà
27,2 % (â³ä 101,7 ± 2,2 äî 74,0 ìì ðò.ñò. ± 3,5
ìì ðò.ñò.; P<0,05), â ÀÌÂ � 23,8 % (â³ä 98,2
± 2,8 äî 74,8 ìì ðò.ñò. ± ìì ðò. ñò.; P<0,05), à ó
LRN � 18,8 % (P<0,05). ²í�ºêö³¿ 58 íìîëü

L-àðã³í³íó ó ìåäóëÿðí³ ÿäðà ñóïðîâîä-
æóâàëèñÿ á³ëüø âèðàæåíèì çíèæåííÿì ÑÀÒ.
Òàê, ï³ñëÿ ââåäåííÿ ö³º¿ àì³íîêèñëîòè â NTS
ÑÀÒ çìåíøèâñÿ â ñåðåäíüîìó íà 41,4 %
(P<0,01, n=10), â AMB ³ LRN � íà 35,2 %
(P<0,01, n=10) ³ 32,8 % (P<0,01, n=8) â³äïî-
â³äíî. Äëÿ ã³ïîòåíçèâíèõ ðåàêö³é õàðàêòåðíèì
áóëè êîðîòêèé ëàòåíòíèé ïåð³îä ðåàêö³¿ (5 ñ),
¿¿ ìàêñèìóì â³äì³÷àëè â ñåðåäíüîìó ÷åðåç
20�40 ñ. Âèõ³äíèé ð³âåíü ÑÀÒ â³äíîâëþâàâñÿ
÷åðåç 3�6 õâ.

Âïëèâ ²ÃÒ íà åôåêòè àêòèâàö³¿ nNOS ó
ìåäóëÿðíèõ êàðä³îâàñêóëÿðíèõ íåéðîíàõ.
Åôåêòè àêòèâàö³¿ nNOS ó êàðä³îâàñêóëÿð-
íèõ ÿäðàõ äîðñîìåä³àëüíîãî â³ää³ëó äîâãàñ-
òîãî ìîçêó äîñë³äæóâàëè ïðîòÿãîì òðüîõ
ä³á ï³ñëÿ çàê³í÷åííÿ ²ÃÒ. Â ïåðøó äîáó
³í�ºêö³ ¿  L-àðã³í³íó (5,8  íìîëü)  â  NTS
ïðèçâîäèëè äî çíèæåííÿ ÑÀÒ â ñåðåäíüîìó
íà 35,8 % (â³ä 109,4 ± 4,2 äî 70,2 ìì ðò.ñò. ±
5 ,4  ìì ðò.ñò. ;  P<0 ,05)  â ³äíî ñíî  éîãî
âèõ³äíîãî ð³âíÿ. ßêùî ïîð³âíÿòè çíèæåííÿ
ÑÀÒ íà àêòèâàö³þ nNOS â íåéðîíàõ öüîãî
ÿäðà ó àäàïòîâàíèõ äî ³íòåðâàëüíî¿ ã³ïîêñ³¿
ùóð³â (35,8 %) ç òèìè, ùî ïåðåáóâàëè â
óìîâàõ íîðìîêñ³¿ (27,2 % ), òî ñòàº î÷åâèä-
íèì, ùî ã³ïîòåíçèâíà ðåàêö³ÿ ó ùóð³â â
ïåðøó äîáó ï³ñëÿ çàê³í÷åííÿ ²ÃÒ áóëà â
ñåðåäíüîìó íà 8 % á³ëüø âèðàæåíà (ðèñ.1,à).

Ðèñ.1. Âïëèâ ³íòåðâàëüíîãî ã³ïîêñè÷íîãî òðåíóâàííÿ (²ÃÒ) íà çíèæåííÿ ð³âíÿ ñèñòåìíîãî àðòåð³àëüíîãî òèñêó
(ÑÀÒ), âèêëèêàíå ³í�ºêö³ÿìè L-àðã³í³íó â ÿäðî ñîë³òàðíîãî òðàêòó (NTS) ùóð³â: à � àáñîëþòí³ çì³íè, á � â³äíîñí³
çì³íè. Íà à: ² � íîðìîêñ³ÿ, ²² � 1-øà äîáà ï³ñëÿ ²ÃÒ; 1 � âèõ³äíèé ð³âåíü, 2 � ï³ñëÿ ââåäåííÿ L-àðã³í³íó; íà á � 1� íîðìîêñ³ÿ,
2, 3, 4 � 1-øà, 2-ãà ³ 3-òÿ äîáà ï³ñëÿ ²ÃÒ â³äïîâ³äíî
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Éìîâ³ðíî, ùî ²ÃÒ â îáðàíîìó íàìè ðåæèì³
ïîì³ðíî ïîñèëþâàëî àêòèâí³ñòü nNOS ó
íåéðîíàõ öüîãî ÿäðà. Ñë³ä çàçíà÷èòè, ùî
²ÃÒ ñïðèÿëî ï³äâèùåííþ âèõ³äíîãî ð³âíÿ
ÑÀÒ (ó ñåðåäíüîìó íà 7,6 %) â³äðàçó ï³ñëÿ
çàê³í÷åííÿ ²ÃÒ (ïåðøà äîáà) â³í ñòàíîâèâ
â ñåðåäíüîìó 109,4  ±  4 ,2 ,  à  â  óìîâàõ
íîðìîêñ³¿ � 101,7 ìì ðò.ñò. ± 2,2 ìì ðò.ñò.
×åðåç äâ³ äîáè ³í�ºêö³¿ L-àðã³í³íó â öå ÿäðî
ñïðè÷èíþâàëè çíèæåííÿ ÑÀÒ ó ñåðåäíüîìó
íà 30,8 % (P<0,05) â³äíîñíî éîãî âèõ³äíîãî
ð³âíÿ, òîáòî åôåêò ³íòåðâàëüíî¿ ã³ïîêñ³¿
çìåíøóâàâñÿ ïîð³âíÿíî ç ïåðøîþ äîáîþ
(35,8 %), õî÷ çàëèøàâñÿ á³ëüø âèðàæåíèì
â³äíîñíî êîíòðîëþ (27,2 %). ×åðåç òðè äîáè
³í�ºêö³¿ L-àðã³í³íó â öå ÿäðî ïðèçâîäèëè äî
çíèæåííÿ ÑÀÒ,  ÿêå  ñò àíîâèëî 28 ,6  %
(P<0,05) ùîäî éîãî âèõ³äíîãî ð³âíÿ (äèâ.
ðèñ.1,á) ,  òîáòî çì³íè öüîãî ïîêàçíèêà
ïðàêòè÷íî íå â³äð³çíÿëèñÿ â³ä òèõ, ùî áóëè
çà óìîâ íîðìîêñ³¿. Àíàëîã³÷íó çàêîíîì³ð-
í³ñòü ìè â³äì³÷àëè ï³ñëÿ ³í�ºêö³é L-àðã³í³íó
â óñ³ äîñë³äæóâàí³ ìåäóëÿðí³ ÿäðà.

Òàê, â ïåðøó äîáó ï³ñëÿ çàê³í÷åííÿ ²ÃÒ
³í�ºêö³¿ L-àðã³í³íó â ÀÌÂ ïðèçâîäèëè äî
çìåíøåííÿ ÑÀÒ â³ä 106,6 ± 2,8 äî 72,6 ìì
ðò.ñò. ± 3,1 ìì ðò.ñò. (íà 31,9 %; P<0,05;
ðèñ.2,à). Âîäíî÷àñ ó êîíòðîëüíèõ ùóð³â
ÑÀÒ çíèæóâàâñÿ â³ä 98,2 ± 2,8 äî 74,8 ìì

ðò.ñò. ± 3,2 ìì ðò.ñò., ùî ñòàíîâèëî 23,8 %
(P<0,05).  Ïîð³âíÿëüíèé àíàë³ç åôåêò³â
àêòèâàö³¿ nNOS ñâ³ä÷èòü ïðî òå, ùî ï³ñëÿ
²ÃÒ ã³ïîòåíçèâíà ðåàêö³ÿ íà ä³þ L-àðã³í³íó
â öå ÿäðî çá³ëüøèëàñÿ â ñåðåäíüîìó íà 8,1 %,
³ âèõ³äíèé ð³âåíü ÑÀÒ ï³äâèùèâñÿ â ñåðåä-
íüîìó íà 8,6 % â³äíîñíî êîíòðîëüíèõ çíà-
÷åíü. ×åðåç äâ³ äîáè åôåêò òðåíóâàííÿ ïîñ-
ëàáëþâàâñÿ: ÿêùî â ïåðøó äîáó çíèæåííÿ
ÑÀÒ áóëî â ñåðåäíüîìó 31,9 %, òî ÷åðåç
äâ³ äîáè ï³ñëÿ ³í�ºêö³é àì³íîêèñëîòè âîíî
ñòàíîâèëî 28,6 % (P<0,05). ×åðåç òðè äîáè
çíèæåííÿ ÑÀÒ íà àêòèâàö³þ nNOS áóëî â
ñåðåäíüîìó 24,8 % (P<0,05), òîáòî ã³ïîòåí-
çèâíà ðåàêö³ÿ íà ââåäåííÿ L-àðã³í³íó â
ïîïóëÿö³¿ íåéðîí³â ÀÌÂ ïðàêòè÷íî íå
â³äð³çíÿëàñÿ â³ä êîíòðîëüíî¿ (23,8 %; äèâ.
ðèñ.2,á).

²í�ºêö³¿ L-àðã³í³íó â LRN àäàïòîâàíèõ
äî ²ÃÒ ùóð³â, ÿê³ ïðîâîäèëèñÿ â ïåðøó äîáó
ï³ñëÿ éîãî çàê³í÷åííÿ, ñóïðîâîäæóâàëèñÿ
çíèæåííÿì ÑÀÒ â³ä 102,2 ± 2,6 äî 74,8 ìì
ðò.ñò. ± 3,2 ìì ðò.ñò. (26,8 %; P<0,05).
Çíèæåííÿ öüîãî ïîêàçíèêà áóëî â ñåðåäíüî-
ìó íà 8 % á³ëüø âèðàæåíèì ó ïîð³âíÿíí³ ç
êîíòðîëüíèìè ùóðàìè (18,8 %; ðèñ.3,à).
Êð³ì òîãî, ó îñòàíí³õ ÑÀÒ íà ³í�ºêö³¿ L-àðã³-
í³íó â LRN çíèæóâàâñÿ â³ä 94,6 ± 2,2 äî 76,8
ìì ðò.ñò. ±2,8 ìì ðò.ñò. (P<0,05), òîáòî ²ÃÒ

Ðèñ.2. Âïëèâ ³íòåðâàëüíîãî ã³ïîêñè÷íîãî òðåíóâàííÿ (²ÃÒ) íà çíèæåííÿ ð³âíÿ ñèñòåìíîãî àðòåð³àëüíîãî òèñêó
(ÑÀÒ), âèêëèêàíå ³í�ºêö³ÿìè L-àðã³í³íó â îáîï³ëüíå ÿäðî (ÀÌÂ) ùóð³â: : à � àáñîëþòí³ çì³íè, á � â³äíîñí³ çì³íè.
Íà à: ² � íîðìîêñ³ÿ, ²² � 1-øà äîáà ï³ñëÿ ²ÃÒ; 1 � âèõ³äíèé ð³âåíü, 2 � ï³ñëÿ ââåäåííÿ L-àðã³í³íó; íà á � 1� íîðìîêñ³ÿ,
2, 3, 4 � 1-øà, 2-ãà ³ 3-òÿ äîáà ï³ñëÿ ²ÃÒ â³äïîâ³äíî
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ñïðèÿëî, ç îäíîãî áîêó, ï³äâèùåííþ âèõ³ä-
íîãî ð³âíÿ ÑÀÒ, à ç ³íøîãî, � ïîñèëþâàëî
åôåêò àì³íîêèñëîòè â öå ÿäðî (äèâ. ðèñ.
3,à). ßê ³ ïðè àêòèâàö³¿ nNOS ó íåéðîíàõ
³íøèõ ìåäóëÿðíèõ ÿäåð, âïëèâ ²ÃÒ âèÿâèâñÿ
êîðîòêî÷àñíèì, â³í ïîñëàáëþâàâñÿ íà äðóãó
äîáó ï³ñëÿ çàê³í÷åííÿ ã³ïîêñè÷íîãî òðåíó-
âàííÿ òà ÷åðåç òðè äîáè ïðàêòè÷íî íå
â³äì³÷àâñÿ (äèâ. ðèñ.3,á). ×åðåç òðè äîáè
ï³ñëÿ çàê³í÷åííÿ ²ÃÒ ³í�ºêö³¿ L-àðã³í³íó â öå
ÿäðî ñóïðîâîäæóâàëèñÿ çíèæåííÿì ÑÀÒ,
çíà÷åííÿ ÿêîãî ïðàêòè÷íî íå â³äð³çíÿëîñÿ
â³ä êîíòðîëüíîãî.

Ïðè ³í�ºêö³ÿõ 58 íìîëü L-àðã³í³íó â
ìåäóëÿðí³ ÿäðà ñïîñòåð³ãàëèñÿ òàê³ ñàì³
çàêîíîì³ðíîñò³, ÿê ïðè ââåäåíí³ ìåíøî¿ äîçè
àì³íîêèñëîòè. Â ïåðøó äîáó ï³ñëÿ çàê³í-
÷åííÿ ²ÃÒ àêòèâàö³ÿ ñèíòåçó åíäîãåííî¿
nNOS ñïðè÷èíþâàëî çíèæåííÿ ÑÀÒ ó
ñåðåäíüîìó íà 49,2 % (P<0,01) ïðè ³í�ºêö³ÿõ
L-àðã³í³íó â NTS, íà 39,2 % (P<0,01) ïðè
³í�ºêö³ÿõ L-àðã³í³íó â AMB, ³ íà 38,4 %
(P<0,01) � â LRN. ×åðåç òðè äîáè åôåêò
ââåäåííÿ L-àðã³í³íó â  ìåäóëÿðí³  ÿäðà
ïðàêòè÷íî íå â³äð³çíÿâñÿ â³ä êîíòðîëþ.

Ó ïðîâåäåíîìó äîñë³äæåíí³  ìè íå
ñïîñòåð³ãàëè ñóòòºâèõ çì³í ×ÑÑ ï³ñëÿ
ââåäåííÿ L-àðã³í³íó â ìåäóëÿðí³ ÿäðà. Öå
áóëî çóìîâëåíî îñîáëèâîñòÿìè ïðîâåäåííÿ

åêñïåðèìåíòó: â ïåðåâàæí³é ÷àñòèí³ äîñë³-
ä³â ïðîâîäèëè ë³âîñòîðîíí³ ³í�ºêö³¿ àì³íîêèñ-
ëîòè .  Â  ïîïåðåäí³õ  äîñë ³äæåííÿõ  ìè
ïðîàíàë³çóâàëè ñòðóêòóðó ãåìîäèíàì³÷íî¿
ðåàêö³¿ íà âïëèâ ð³çíèõ ÷èííèê³â ó ïîïóëÿö³¿
íåéðîí³â äîâãàñòîãî ìîçêó [5,  6,  27] ³
ç�ÿñóâàëè, ùî â îñíîâ³ çíèæåííÿ ÑÀÒ ÿê
³íòåãðàòèâíîãî ïîêàçíèêà ñòàíó ñåðöåâî-
ñóäèííî¿ ñèñòåìè íà ë³âîñòîðîíí³ ³í�ºêö³¿
ãàëüì³âíèõ àãåíò³â  ëåæàëî ïåðåâàæíî
çìåíøåííÿ îïîðó â ïåðèôåðè÷íèõ ñóäèíàõ
áåç ³ñòîòíèõ çì³í ñåðöåâîãî êîìïîíåíòà
ðåàêö³¿, â òîé ÷àñ ÿê ïðàâîñòîðîíí³ ³í�ºêö³¿
ñóïðîâîäæóâàëèñÿ çíèæåííÿì ÑÀÒ, çóìîâ-
ëåíèì ïåðåâàæíî çìåíøåííÿì ×ÑÑ. Â
îêðåìèõ âèïàäêàõ ïðè ïðîâåäåíí³ ïðàâîñòî-
ðîíí³õ ³í�ºêö³é L-àðã³í³íó ìè â³äì³÷àëè
íåçíà÷íå çìåíøåííÿ ×ÑÑ.

Àíàë³ç ðåçóëüòàò³â ïîêàçóº, ùî ²ÃÒ â
îáðàíîìó íàìè ðåæèì³ ñïðèÿëî ïîì³ðí³é
àêòèâàö³¿ nNOS, ïðî ùî ñâ³ä÷èëî çá³ëüøåííÿ
âèðàæåíîñò³ ã³ïîòåíçèâíî¿ ðåàêö³¿ íà ³í�ºêö³¿
L-àðã³í³íó ïîð³âíÿíî ç³ çíà÷åííÿìè ó êîíò-
ðîëüíèõ ùóð³â. Öåé åôåêò ²ÃÒ âèÿâèâñÿ äóæå
êîðîòêî÷àñíèì: ïîñèëåííÿ ðåàêö³¿ ÑÀÒ ñïîñ-
òåð³ãàëîñü ó ïåðøó äîáó ï³ñëÿ éîãî çàê³í÷åííÿ,
â íàñòóïí³ äîáè âïëèâ ã³ïîêñè÷íîãî òðåíó-
âàííÿ ïîñëàáëþâàâñÿ ³ ÷åðåç òðè äîáè áóâ
ïðàêòè÷íî â³äñóòí³ì. Òîáòî âåëè÷èíà ã³ïîòåí-
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Ðèñ.3. Âïëèâ ³íòåðâàëüíîãî ã³ïîêñè÷íîãî òðåíóâàííÿ (²ÃÒ) íà çíèæåííÿ ð³âíÿ ñèñòåìíîãî àðòåð³àëüíîãî òèñêó
(ÑÀÒ), âèêëèêàíå ³í�ºêö³ÿìè L-àðã³í³íó â ëàòåðàëüíå ðåòèêóëÿðíå ÿäðî (LRN) ùóð³â: : à � àáñîëþòí³ çì³íè, á �
â³äíîñí³ çì³íè. Íà à: ² � íîðìîêñ³ÿ, ²² � 1-øà äîáà ï³ñëÿ ²ÃÒ; 1 � âèõ³äíèé ð³âåíü, 2 � ï³ñëÿ ââåäåííÿ L-àðã³í³íó; íà
á � 1� íîðìîêñ³ÿ, 2, 3, 4 � 1-øà, 2-ãà ³ 3-òÿ äîáà ï³ñëÿ ²ÃÒ â³äïîâ³äíî
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çèâíî¿ ðåàêö³¿ íà ³í�ºêö³¿ L-àðã³í³íó â óñ³
äîñë³äæóâàí³ ìåäóëÿðí³ ÿäðà, ÷åðåç òðè äîáè
ïðàêòè÷íî íå â³äð³çíÿëàñü â³ä ò³º¿,  ùî
ñïîñòåð³ãàëàñü â óìîâàõ íîðìîêñ³¿.

Âïëèâ ²ÃÒ íà åôåêòè ïðèãí³÷åííÿ nNOS
â ìåäóëÿðíèõ êàðä³îâàñêóëÿðíèõ íåéðîíàõ.
Çà óìîâ íîðìîêñ³¿ ³í�ºêö³¿ ³íã³á³òîðà nNOS
L-NNA â óñ³ äîñë³äæóâàí³ ìåäóëÿðí³ ÿäðà
ïðèçâîäèëè äî ï³äâèùåííÿ ÑÀÒ ó ïåðåâàæ-
í³é á³ëüøîñò³ äîñë³ä³â. Òàê, ï³ñëÿ éîãî
ââåäåííÿ â NTS öåé ïîêàçíèê ï³äâèùèâñÿ
â ñåðåäíüîìó íà 35,2 % (P<0,05); ó ÀÌÂ �
íà 25,0 % (P<0,05) ³ â LRN � íà 24,1 %
(P<0,05; ðèñ.4,à).  ²í�ºêö³¿ L-àðã³í³íó ó
ìåäóëÿðí³ ÿäðà ï³ñëÿ ïîïåðåäíüîãî ââåäåí-
íÿ ñïåöèô³÷íîãî àíòàãîí³ñòà nNOS 7-
í³òðî³íäàçîëó ³ñòîòíî íå âïëèâàëè.

Ï³ñëÿ ²ÃÒ ïðèãí³÷åííÿ nNOS ³í�ºêö³ÿìè
¿¿ ³íã³á³òîðà L-NNA ó ìåäóëÿðí³ ÿäðà, ñóï-
ðîâîäæóâàëèñÿ ðîçâèòêîì ã³ïåðòåíçèâíèõ
ðåàêö³é, ÿê³ áóëè ïîä³áíèìè äî òàêèõ ó
ùóð³â çà óìîâ íîðìîêñ³¿. Òàê, ï³ñëÿ ââåäåí-
íÿ L-NNA â NTS ð³âåíü ÑÀÒ ï³äâèùèâñÿ â
ñåðåäíüîìó íà 36,2 %(P<0,05), â ÀÌÂ � íà
26 ,0  %(P<0,05)  ³  â  LRN �  íà  25 ,4  %
(P<0,05). ²í�ºêö³¿ L-àðã³í³íó â óñ³ äîñë³äæó-
âàí³ ÿäðà íå ñïðè÷èíþâàëè ñóòòºâèõ çì³í
ÑÀÒ ï³ñëÿ ïîïåðåäíüîãî ââåäåííÿ ñïåöè-
ô³÷íîãî àíòàãîí³ñòà nNOS 7-í³òðî³íäàçîëó.

ÎÁÃÎÂÎÐÅÍÍß  ÐÅÇÓËÜÒÀÒ²Â

Ï³ä ÷àñ ïðîâåäåííÿ äîñë³äæåííÿ ìè ç�ÿñó-
âàëè, ùî ó ùóð³â ³íòåðâàëüíà ã³ïîêñ³ÿ
ñïðèÿëà ï³äâèùåííþ ÑÀÒ â ïåðøó äîáó
ï³ñëÿ çàê³í÷åííÿ ã³ïîêñè÷íîãî òðåíóâàííÿ
â ñåðåäíüîìó íà 7,6 ìì ðò.ñò (7,6�8,6 %,
P>0,05) â³äíîñíî êîíòðîëüíîãî, õî÷ âîíî ³
áóëî ñòàòèñòè÷íî íåâ³ðîã³äíèì. Òåíäåíö³ÿ
äî ï³äâèùåííÿ ÑÀÒ ñêîð³øå çà âñå áóëà
íàñë³äêîì òîãî, ùî ùóðè ïåâíîþ ì³ðîþ
ðåàãóâàëè íà ã³ïîêñè÷í³ ³íòåðâåíö³¿, ÿê íà
ñòðåñîðí³ âïëèâè. Ââàæàþòü, ùî âèêëèêàíå
³íòåðâàëüíîþ ã³ïîêñ³ºþ ï³äâèùåííÿ ÑÀÒ
çàëåæèòü â³ä íèçêè ôàêòîð³â, íàñàìïåðåä
â³ä íåðâîâèõ ³  ãîðìîíàëüíèõ çì³í, ÿê³
âïëèâàþòü íà ðåãóëÿö³þ ñåðöåâî-ñóäèííî¿
ñèñòåìè íà öåíòðàëüíîìó òà ïåðèôåðè÷-
íîìó ð³âí³. Òàê, îòðèìàíî äàí³, ùî ³íòåð-
âàëüíà ã³ïîêñ³ÿ ñòèìóëþº ïåðèôåðè÷í³
õåìîðåöåïòîðè, ïîñèëþþ÷è ñèìïàòè÷í³
âïëèâè íà íàäíèðêîâ³ çàëîçè, ñåðöå ³ ñóäèíè
ï³äâèùóþ÷è ÑÀÒ [7, 16], òîìó ï³ñëÿ ïîïå-
ðåäíüî¿ äåíåðâàö³¿  êàðîòèäíîãî ò³ëüöÿ
ï³äâèùåííÿ àðòåð³àëüíîãî òèñêó íå â³äì³-
÷àºòüñÿ [31]. Á³ëüø âèðàæåíå ï³äâèùåííÿ
ÑÀÒ (íà 13,7 ìì ðò.ñò.) ,  àëå â ³íøîìó
ðåæèì³ ã³ïîêñ³¿ ñïîñòåð³ãàëè ³íø³ äîñë³äíèêè
[11]. ßê ç�ÿñóâàëîñü, ³íòåðâàëüíà ã³ïîêñ³ÿ
ñïðèÿº ï³äâèùåííþ åêñïðåñ³¿ ñ-fos ó NTS ³
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Ðèñ.4. Çì³íè ð³âíÿ ñèñòåìíîãî àðòåð³àëüíîãî òèñêó (ÑÀÒ), âèêëèêàí³ ³í�ºêö³ÿìè ³íã³á³òîðà íåéðîíàëüíî¿ NO-ñèíòàçè
â ÿäðî ñîë³òàðíîãî òðàêòó (1), îáîï³ëüíå ÿäðî (2) ³ ëàòåðàëüíå ðåòèêóëÿðíå ÿäðî (3) ùóð³â çà óìîâ íîðìîêñ³¿ (à)
òà ï³ñëÿ ³íòåðâàëüíîãî ã³ïîêñè÷íîãî òðåíóâàííÿ (á)
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ó âåíòðîëàòåðàëüíîìó â³ää³ë³ äîâãàñòîãî
ìîçêó [13], òîáòî â òèõ â³ää³ëàõ äîâãàñòîãî
ìîçêó ùóð³â, ÿê³ âêëþ÷åí³ â òîí³÷íèé ³
ðåôëåêòîðíèé êîíòðîëü ñèìïàòè÷íî¿ àêòèâ-
íîñò³ ³ ÿê³ ³íòåãðóþòü ïåðèôåðè÷í³ àôåðåíò-
í³ âõîäè â³ä õåìîðåöåïòîð³â ³ç ñèìïàòè÷-
íèì âèõîäîì äî îðãàí³â-ì³øåíåé. Îòæå,
ñóêóïí³ñòü îòðèìàíèõ äàíèõ ñâ³ä÷èòü ïðî
òå, ùî ³íòåðâàëüíà ã³ïîêñ³ÿ ìîæå ñïðèÿòè
ïîì³ðí³é àêòèâàö³¿ öåíòðàëüíîãî òà ïåðèôå-
ðè÷íîãî àïàðàòó ñèìïàòè÷íî¿ íåðâîâî¿
ñèñòåìè, ùî ïîÿñíþº äåÿêå ï³äâèùåííÿ
ÑÀÒ çà öèõ óìîâ. Àíàë³ç ïðîâåäåíèõ äî
öüîãî ÷àñó äàíèõ ùîäî âïëèâó ³íòåðâàëüíî¿
ã³ïîêñ³¿ íà ÑÀÒ ïîêàçóº íàÿâí³ñòü â³äì³ííîñ-
òåé ó íàïðÿìêó éîãî çì³í, çíà÷íîþ ì³ðîþ
çóìîâëåíèõ îñîáëèâîñòÿìè ã³ïîêñè÷íîãî
ðåæèìó, âèêîðèñòàíîãî ð³çíèìè àâòîðàìè
[28]. Òàê, îòðèìàí³ äàí³, ùî êîðîòêî÷àñíà ³
æîðñòêà ã³ïîêñ³ÿ ìîæå âèêëèêàòè ñò³éêó
ã³ïåðòåíç³þ ó ëþäåé ³ òâàðèí, à àäàïòàö³ÿ
äî íîðìî- ³ ã³ïîáàðè÷íîãî ã³ïîêñè÷íîãî
òðåíóâàííÿ çäàòíà ïîïåðåäæóâàòè ðîçâè-
òîê åêñïåðèìåíòàëüíî¿ ã³ïåðòåíç³¿ ³ íàâ³òü
çìåíøóâàòè ÑÀÒ ó òâàðèí ç ã³ïåðòåíç³ºþ
[12, 16]. Ñë³ä çàçíà÷èòè, ùî â áàãàòüîõ
êë³í³÷íèõ äîñë³äæåííÿõ àäàïòàö³ÿ  äî
³íòåðâàëüíî¿  ã ³ïîêñ³ ¿  äåêëàðóºòüñÿ ÿê
àíòèã³ïåðòåíçèâíèé çàñ³á [29]. Îäíàê äåÿê³
àâòîðè [2] ââàæàþòü, ùî ó ùóð³â ç³ ñïîíòàí-
íîþ ã³ïåðòåíç³ºþ àäàïòàö³ÿ äî ²ÃÒ íå
çàâæäè ñóïðîâîäæóºòüñÿ çíèæåííÿì ÑÀÒ,
³ âîíî âçàãàë³ íå ñïîñòåð³ãàºòüñÿ ó ùóð³â ç
íîðìàëüíèì àðòåð³àëüíèì òèñêîì [16].
Ñêëàäàºòüñÿ âðàæåííÿ, ùî ³ñíóþòü ïåâí³
â³äì³ííîñò³ ì³æ ëþäèíîþ òà ùóðàìè â ¿õ
ðå àêö³ ¿  íà  ²ÃÒ.  Ó  ïðîâåäåíîìó íàìè
äîñë³äæåíí³ âèêîðèñòàíî ùóð³â ç íîðìàëü-
íèì àðòåð³àëüíèì òèñêîì ³ òåæ íå ñïîñòåð³-
ãàëè çíèæåííÿ ÑÀÒ ï³ñëÿ çàê³í÷åííÿ ²ÃÒ.
Á³ëüøå òîãî, îäðàçó ï³ñëÿ çàê³í÷åííÿ ã³ïîê-
ñè÷íîãî òðåíóâàííÿ ÑÀÒ ìàâ òåíäåíö³þ äî
ï³äâèùåííÿ. Ìîæëèâî, öå ïîâ�ÿçàíî ç òèì,
ùî ïðîöåäóðà ã³ïîêñè÷íîãî òðåíóâàííÿ äëÿ
òâàðèí º á³ëüøèì ñòðåñîì, í³æ äëÿ ëþäåé.
Òà îáñòàâèíà, ùî ²ÃÒ â îáðàíîìó íàìè
ðåæèì³ íå ñóïðîâîäæóâàëîñÿ çíà÷íèì ³

ñò³éêèì ï³äâèùåííÿì ÑÀÒ, ñâ³ä÷èòü ïðî òå,
ùî ã³ïîêñ³ÿ áóëà â³äíîñíî ì�ÿêîþ. Ç ³íøîãî
áîêó, òà îáñòàâèíà, ùî íåçíà÷íå ï³äâèùåí-
íÿ ÑÀÒ ìè â³äì³÷àëè ëèøå â ïåðøó äîáó
ï³ñëÿ çàê³í÷åííÿ ²ÃÒ ³ íå ñïîñòåð³ãàëè â
íàñòóïí³ äîáè äàº ï³äñòàâó äóìàòè, ùî,
ìîæëèâî, ï³äâèùåííÿ öüîãî ïîêàçíèêà
á³ëüøîþ ì³ðîþ º ðåàêö³ºþ ùóðà íà ñòðåñ ïðè
éîãî ïåðåáóâàíí³ â êàìåð³, í³æ íà ã³ïîêñ³þ.

Ââàæàþòü,  ùî îêñèä àçîòó â³ä³ãðàº
êëþ÷îâó ðîëü â àäàïòèâíèõ ìåõàí³çìàõ äî
ã³ïîêñ³¿ âíàñë³äîê ñòèìóëÿö³¿ éîãî ñèíòåçó
é îáìåæåííÿ íàäì³ðíî¿  ïðîäóêö³¿ ,  ùî
ñïðèÿº êàðä³îïðîòåêö³¿ ,  âàçîïðîòåêö³¿ ,
íåéðîïðîòåêö³¿ òà àíòèñòðåñîâîìó çàõèñòó
[19�21]. ßê â³äîìî, ïðîäóêö³ÿ NO º êàëü-
ö³éçàëåæíèì ïðîöåñîì. Íèí³ îòðèìàíî äàí³
[1], ùî àäàïòàö³ÿ äî ïåð³îäè÷íî¿ ã³ïîêñ³¿
ï³äâèùóº àêòèâí³ñòü êàëüö³ºâîãî íàñîñà â
ìåìáðàíàõ ñàðêîïëàçìàòè÷íîãî ðåòèêóëó-
ìà êàðä³îì³îöèò³â, ùî ñïðèÿº çá³ëüøåííþ
ïðîäóêö³¿ NO. Äîâåäåíî òàêîæ [14], ùî
ã³ïîêñ³ÿ ïîòåíö³þº ñèíòåç NO ³ çá³ëüøóº
âì³ñò öèòîçîëüíîãî êàëüö³þ â åíäîòåë³àëü-
íèõ êë³òèíàõ ëåãåíåâî¿ àðòåð³¿. Â íàøèõ
ïîïåðåäí³õ äîñë³äæåííÿõ ïîêàçàíî, ùî
àêòèâàö³ÿ nNOS çà äîïîìîãîþ ³í�ºêö³é L-
àðã³í³íó â ïîïóëÿö³¿ ìåäóëÿðíèõ íåéðîí³â,
çàëó÷åíèõ ó íåðâîâèé êîíòðîëü ôóíêö³¿
êðîâîîá³ãó, ñóïðîâîäæóºòüñÿ ðîçâèòêîì
ïåðåâàæíî ã³ïîòåíçèâíèõ ðåàêö³é âíàñë³äîê
ïîñëàáëåííÿ íèçõ³äíèõ ñèìïàòîàêòèâóþ÷èõ
âïëèâ³â äî ñåðöÿ ³ ñóäèí [27]. Ó ïðîâåäå-
íîìó íàìè äîñë³äæåíí³ ²ÃÒ ïîñèëþâàëî
ã³ïîòåíçèâí³ åôåêòè àêòèâàö³¿  nNOS ó
ïîð³âíÿíí³ ç òèìè ðåàêö³ÿìè, ùî ñïîñòåð³-
ãàëèñÿ íà ââåäåííÿ àíàëîã³÷íèõ äîç L-àðã³í³íó
â ìåäóëÿðí³  ÿäðà â  óìîâàõ íîðìîêñ³ ¿ .
Ïîð³âíÿëüíèé àíàë³ç ã³ïîòåíçèâíî¿ ðåàêö³¿,
êîòðà ðîçâèâàºòüñÿ íà ³í�ºêö³¿ ñóáñòðàòó
äëÿ ñèíòåçó åíäîãåííîãî NO àì³íîêèñëîòè
ó ïîïóëÿö³¿ êàðä³îâàñêóëÿðíèõ íåéðîí³â
ïîêàçàâ, ùî åôåêòè àêòèâàö³¿ nNOS ó âñ³õ
äîñë³äæåíèõ ÿäðàõ äîâãàñòîãî ìîçêó áóëè
ÿê³ñíî ³ ê³ëüê³ñíî ïîä³áíèìè. Ñë³ä çàçíà÷èòè,
ùî íàéá³ëüø âèðàæåíå çá³ëüøåííÿ ã³ïîòåí-
çèâíèõ ðåàêö³é íà ³í�ºêö³¿ L-àðã³í³íó â

Âïëèâ ³íòåðâàëüíîãî ã³ïîêñè÷íîãî òðåíóâàííÿ
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ìåäóëÿðí³ ÿäðà â³äíîñíî òèõ, ùî â³äì³÷àëèñÿ
íàìè ó ùóð³â, ÿê³ ïåðåáóâàëè â óìîâàõ
íîðìîêñ³¿, ìè ñïîñòåð³ãàëè ò³ëüêè â ïåðøó
äîáó ï³ñëÿ çàê³í÷åííÿ ²ÃÒ, ï³ñëÿ ÷îãî åôåêò
³íòåðâàëüíî¿ ã³ïîêñ³¿ ïîñëàáëþâàâñÿ. Òîáòî
²ÃÒ ó òîìó ðåæèì³, ÿêèé ìè âèêîðèñòàëè, ìàëî
äîñèòü êîðîòêî÷àñíèé âïëèâ íà ñèñòåìó
íåðâîâîãî êîíòðîëþ ôóíêö³¿ êðîâîîá³ãó NO-
ñèíòåçóþ÷èìè íåéðîíàìè äîâãàñòîãî ìîçêó.
Ñêëàäàºòüñÿ âðàæåííÿ, ùî òðèâàë³ñòü ³ åôåêò
²ÃÒ ÷àñòêîâî çàëåæàòü â³ä éîãî ðåæèìó. Òàê,
àäàïòàö³ÿ äî ã³ïîêñ³¿ (12�10 % Î

2
, 4�5 ãîä íà

äîáó ïðîòÿãîì 40 ä³á) âèÿâëÿëà âèðàæåíèé
ã³ïîòåíçèâíèé åôåêò ó ùóð³â ç³ ñïîíòàííîþ
ã³ïåðòåíç³ºþ [20, 22]. Àíàëîã³÷íèì ÷èíîì,
ã³ïîòåíçèâí³ åôåêòè ñïîñòåð³ãàëèñü ó ùóð³â ³
ïàö³ºíò³â ï³ñëÿ íîðìîáàðè÷íîãî äèõàííÿ
ãàçîâîþ ñóì³øøþ (9�14 % Î

2
, 3�8 õâ ç

òðèõâèëèííèìè íîðìîêñè÷íèìè ³íòåðâàëàìè,
40�60 õâ íà äîáó, ïðîòÿãîì 20�30 ä³á) [9].
Ðåçóëüòàòè ïðîâåäåíîãî íàìè äîñë³äæåííÿ
ñâ³ä÷àòü ïðî òå, ùî ïîì³ðíà ã³ïîêñ³ÿ (12 %
Î

2 
) ïðîòÿãîì äîñèòü êîðîòêîãî ÷àñó (10 ä³á)

çäàòíà àêòèâóâàòè ñèíòåç îêñèäó àçîòó
ìåäóëÿðíèìè êàðä³îâàñêóëÿðíèìè íåéðîíàìè,
ùî ìîæå ìàòè ïîçèòèâíå çíà÷åííÿ äëÿ îñ³á ç
ï³äâèùåíèì ÑÀÒ. Àíàë³ç îòðèìàíèõ ðåçóëüòàò³â
äàº çìîãó äóìàòè, ùî ï³ä ÷àñ ²ÃÒ ìè ñïîñòå-
ð³ãàëè äâ³ ïðîòèëåæíî ñïðÿìîâàí³ òåíäåíö³¿: ç
îäíîãî áîêó, ïåâíîþ ì³ðîþ â³äáóâàëàñü
àêòèâàö³ÿ ñèìïàòè÷íî¿ íåðâîâî¿ ñèñòåìè, ÿêà
ñïðèÿëà ï³äâèùåííþ âèõ³äíîãî ÑÀÒ, à ç ³íøîãî �
ïîñèëþâàëàñü àêòèâí³ñòü nNOS, ùî ñòâîðþâàëî
ïåðåäóìîâè äëÿ çíèæåííÿ ÑÀÒ.

Ðîáîòà âèêîíàíà çà ï³äòðèìêè ÄÔÔÄ
Óêðà¿íè.
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ÂËÈßÍÈÅ ÈÍÒÅÐÂÀËÜÍÎÉ
ÃÈÏÎÊÑÈ×ÅÑÊÎÉ ÒÐÅÍÈÐÎÂÊÈ
ÍÀ ÃÅÌÎÄÈÍÀÌÈ×ÅÑÊÈÅ ÝÔÔÅÊÒÛ
ÌÎÄÓËßÖÈÈ ÍÅÉÐÎÍÀËÜÍÎÉ
NO-ÑÈÍÒÀÇÛ Â ÌÅÄÓËßÐÍÛÕ
ÊÀÐÄÈÎÂÀÑÊÓËßÐÍÛÕ ÍÅÉÐÎÍÀÕ
ÏÐÎÄÎËÃÎÂÀÒÎÃÎ ÌÎÇÃÀ ÊÐÛÑ

Â ýêñïåðèìåíòàõ èñïîëüçîâàëèñü êðûñû ëèíèè Âèñòàð

ìàññîé 300 ã ± 40 ã. Èíòåðâàëüíóþ ãèïîêñè÷åñêóþ
òðåíèðîâêó (ÈÃÒ) ó êðûñ ïðîâîäèëè â ñïåöèàëüíîé
êàìåðå îáúåìîì 10 ë â íîðìîáàðè÷åñêèõ óñëîâèÿõ ñ
ïîìîùüþ âåíòèëÿöèè êàìåðû ãèïîêñè÷åñêîé ñìåñüþ
(12 % Î

2
 â N

2
) 5 ðàç ïî 15 ìèí ñ èíòåðâàëîì â 15 ìèí

åæåäíåâíî â òå÷åíèå 10 ñóò. Ïîñëå îêîí÷àíèÿ ãèïîêñè÷åñêîé
òðåíèðîâêè â îñòðûõ îïûòàõ íà íàðêîòèçèðîâàííûõ
óðåòàíîì êðûñàõ (1,7 ã/êã, âíóòðèáðþøèííî) èññëåäîâàëè
âëèÿíèå ÈÃÒ íà ýôôåêòû ìîäóëÿöèè àêòèâíîñòè íåéðî-
íàëüíîé NO-ñèíòàçû (nNOS) â íåéðîíàõ êàðäèîâàñêó-
ëÿðíûõ ÿäåð ïðîäîëãîâàòîãî ìîçãà (ÿäðî ñîëèòàðíîãî
òðàêòà, îáîþäíîå ÿäðî, ëàòåðàëüíîå ðåòèêóëÿðíîå ÿäðî).
Ïîêàçàíî, ÷òî ÈÃÒ â óêàçàííîì ðåæèìå ñîïðîâîæäàëàñü
ðàçâèòèåì áîëåå âûðàæåííûõ ãèïîòåíçèâíûõ ðåàêöèé íà
èíúåêöèè L-àðãèíèíà â èññëåäîâàííûå ìåäóëëÿðíûå ÿäðà
ïî ñðàâíåíèþ ñ òåìè, êîòîðûå ðàçâèâàëèñü íà èíúåêöèè
ýòîé àìèíîêèñëîòû ó êîíòðîëüíûõ êðûñ â óñëîâèÿõ
íîðìîêñèè. Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò î
òîì, ÷òî ÈÃÒ ñïîñîáñòâîâàëà óìåðåííîé àêòèâàöèè nNOS
â íåéðîíàõ èññëåäîâàííûõ ÿäåð. Ýôôåêò àêòèâàöèè nNOS
îêàçàëñÿ êðàòêîâðåìåííûì è íå íàáëþäàëñÿ ÷åðåç 3 cóò
ïîñëå åå îêîí÷àíèÿ. Óãíåòåíèå nNOS ñ ïîìîùüþ èíúåêöèé
åå èíãèáèòîðà L-NNA (23,0 íìîëü) â ìåäóëëÿðíûå ÿäðà
ñîïðîâîæäàëîñü ïðåèìóùåñòâåííî ïîâûøåíèåì óðîâíÿ
ÑÀÄ, êîòîðîå áûëî ïîäîáíûì ó òðåíèðîâàííûõ æèâîòíûõ
è ó êðûñ â óñëîâèÿõ íîðìîêñèè. Ýôôåêòû èíúåêöèé L-
àðãèíèíà â ìåäóëëÿðíûå ÿäðà èñêëþ÷àëèñü ïðåäâàðè-
òåëüíûì ââåäåíèåì ñïåöèôè÷åñêîãî àíòàãîíèñòà nNOS 7-
íèòðîèíäàçîëà. Â ïåðâûå ñóòêè ïîñëå îêîí÷àíèÿ ãèïîêñè-
÷åñêîé òðåíèðîâêè îòìå÷àëàñü òåíäåíöèÿ ê ïîâûøåíèþ
èñõîäíîãî óðîâíÿ ÑÀÄ, ÷òî ìîãëî áûòü ñëåäñòâèåì
íåçíà÷èòåëüíîé àêòèâàöèè ñèìïàòè÷åñêîé íåðâíîé ñèñòåìû
â ðåçóëüòàòå ñòðåññîðíîãî âîçäåéñòâèÿ, ñ îäíîé ñòîðîíû,
ãèïîêñèè, à ñ äðóãîé ñòîðîíû, íåëüçÿ èñêëþ÷èòü
âîçìîæíîñòü íåêîòîðîãî ñòðåññîðíîãî âîçäåéñòâèÿ
ïîìåùåíèÿ êðûñ â êàìåðó äëÿ ãèïîêñè÷åñêèõ òðåíèðîâîê.
Êëþ÷åâûå ñëîâà: èíòåðâàëüíàÿ ãèïîêñè÷åñêàÿ òðåíèðîâêà,
íåéðîíàëüíàÿ NO-ñèíòàçà, ìåäóëëÿðíûå êàðäèîâàñêó-
ëÿðíûå íåéðîíû.

L.M.Shapoval, LS.Pobigailo, LG.Stepanenko,
OV.Dmytrenko, VO.Bury, VF.Sagach

INFLUENCE OF INTRRMITTENT HYPOXIC
TRAINING ON HAEMODYNAMIC EFFECTS
OF NNOS ACTIVATION IN MEDULLARY
CARDIOVASCULAR NEURONS OF RATS

In our experiments, male Wistar rats, body weight 300 g ± 40 g,
were exposed to intermittent hypoxia in a special chamber by
its ventilation with hypoxic mixture containing 12 % Î

2
 in

N
2
5 times a day for 15 minutes with 15 min break for 10 days.

After completing intermittent hypoxic training, in acute ex-
periments on anesthetized with urethane (1.7 g/kg) rats, we
studied changes in the systemic arterial pressure (SAP) in-
duced by a modulation of neuronal NO-synthase (nNOS) ac-
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tivity in the neurons of the medullary cardiovascular nuclei
(nucleus of tractus solitarius, NTS; nucleus ambiguous, AMB,
lateral reticular nucleus, LRN). In control rats housed in
normoxic conditions, nNOS activation with injections of L-
arginine (5.8 -58.0 nmol) into the medullary nuclei involved in
the cardiovascular control induced the SAP lowering in most
experiments in a dose-dependent manner. In rats submitted to
intermittent hypoxic training, nNOS activation with injections
of L-arginine (5.8 -58.0 nmol) into the medullary nuclei under
study resulted in hypotensive responses which were more
expressed as compared with those responses induced by its
injections into the medullary nuclei in rats under normoxia.
The data obtained give evidence for some additional activation
of neuronal NO-synthase in the neurons of the medullary
nuclei following intermittent hypoxic training. Effects of nNOS
activation were comparable in all the tested nuclei. The effect
of nNOS activation was quite short- lasting, it was the most
pronounced on the first day after completing hypoxic training.
In three days after hypoxic training, injections of L-arginine
into tested medullary nuclei resulted in the SAP drop that was
similar to that in control animals housed in normoxic conditions.
On the contrary, inhibition of nNOS in the neurons induced by
injections of NOS-1-antagonist L-NNA (23.0 nmol) into the
medullary cardiovascular nuclei resulted in a comparable in-
crease in the SAP in both control and hypoxically trained rats.
Effects of L-arginine injections into the medullary nuclei were
blocked by preliminary administration of a specific nNOS
inhibitor 7-nitroindazol. We noticed that intermittent hypoxic
training was followed with the SAP elevation observed on the
first day after training. Although it was statistically insignificant,
and we observed the elevated SAP just after completing hy-
poxic training, these data provide evidence to support the
concept that rats submitted to intermittent hypoxia exhibit an
increase in sympathetic activity. The SAP elevation might be
also induced by the stressor effect of keeping rats in a chamber
to provide hypoxic training. There is an impression that inter-
mittent hypoxic training might lead to two simultaneous but
opposite directed results: an activation of sympathetic nervous
system and an activation of nNOS in the medullary neurons.
Key words: Intermittent hypoxic training, neuronal NO-syn-
thase, medullary cardiovascular neurons.

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