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Îñîáëèâîñò³ êàðä³îãåìîäèíàì³êè
òà åíäîòåë³éçàëåæíî¿ ñóäèííî¿ ðåàêòèâíîñò³
ó ìåøêàíö³â âèñîêîã³ð�ÿ

Ó æèòåëåé âûñîêîãîðüÿ èçó÷àëè êàðäèîãåìîäèíàìèêó è ýíäîòåëèéçàâèñèìóþ ñîñóäèñòóþ ðå-
àêòèâíîñòü, êîòîðàÿ îöåíèâàëàñü ïî ñòåïåíè ðåàëèçàöèè îäíîé èç ýíäîòåëèéçàâèñèìûõ ñîñó-
äèñòûõ ðåàêöèé � ðåàêòèâíîé ãèïåðåìèè. Ïðè ñðàâíåíèè îñíîâíûõ ïîêàçàòåëåé öåíòðàëüíîé
ãåìîäèíàìèêè è ñîêðàòèòåëüíîé àêòèâíîñòè ìèîêàðäà ó 55 çäîðîâûõ æèòåëåé âûñîêîãîðüÿ
(2200 ì íàä óðîâíåì ìîðÿ) è 55 çäîðîâûõ æèòåëåé ðàâíèíû ñ òàêèì æå ðàñïðåäåëåíèåì ïî
ïîëó, âîçðàñòó, ìàññå òåëà è ðîñòó áûë âûÿâëåí öåëûé ðÿä ñòàòèñòè÷åñêè äîñòîâåðíûõ ðàçëè-
÷èé. Ó æèòåëåé âûñîêîãîðüÿ îòìå÷àëîñü íåêîòîðîå ïîâûøåíèå äèàñòîëè÷åñêîãî àðòåðèàëüíî-
ãî äàâëåíèÿ, óâåëè÷åíèå óäàðíîãî îáúåìà êðîâè  è îáúåìíîé ñêîðîñòè âûáðîñà êðîâè. Óâåëè÷å-
íèå óäàðíîãî îáúåìà êðîâè îáóñëîâëèâàëîñü ïîâûøåíèåì ñîêðàòèòåëüíîé àêòèâíîñòè ìèîêàðäà,
î ÷åì ñâèäåòåëüñòâîâàëî äîñòîâåðíîå óâåëè÷åíèå èíäåêñîâ ñîêðàòèìîñòè. Ó æèòåëåé âûñîêî-
ãîðüÿ çíà÷èòåëüíî ÷àùå íàáëþäàëàñü óìåðåííàÿ ãèïåðòðîôèÿ ìèîêàðäà æåëóäî÷êîâ è ïðèçíà-
êè ëåãî÷íîé ãèïåðòåíçèè. Ïðè âîñïðîèçâåäåíèè ýíäîòåëèéçàâèñèìîé ðåàêòèâíîé ãèïåðåìèè â
ñîñóäàõ ïðåäïëå÷üÿ ó íèõ îòìå÷àëàñü áîëåå âûðàæåííàÿ âàçîäèëàòàòîðíàÿ ðåàêöèÿ: çíà÷åíèÿ
êðîâîòîêà íà ïèêå ýòîé ðåàêöèè êàê àáñîëþòíûå, òàê è îòíîñèòåëüíûå áûëè äîñòîâåðíî
âûøå, ÷åì ó æèòåëåé ðàâíèíû. Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò ñäåëàòü çàêëþ÷åíèå, ÷òî â
ðåçóëüòàòå äëèòåëüíîãî âîçäåéñòâèÿ óìåðåííîé ãèïîêñèè ïðîèñõîäèò óñèëåíèå íàñîñíîé è
ñîêðàòèòåëüíîé ôóíêöèè ñåðäöà, ïîâûøåíèå ýíäîòåëèéçàâèñèìîé ñîñóäèñòîé ðåàêòèâíîñòè
è ðàñøèðåíèå âàçîäèëàòàòîðíîãî ðåçåðâà âñëåäñòâèå óâåëè÷åíèÿ ïðîäóêöèè è/èëè âûñâîáîæ-
äåíèÿ âàçîäèëàòàòîðíûõ âåùåñòâ, â ÷àñòíîñòè, îêñèäà àçîòà. Òàêîå ðàñøèðåíèå âàçîäèëàòà-
òîðíîãî ðåçåðâà ìîæíî ðàññìàòðèâàòü êàê îäèí èç ìåõàíèçìîâ àäàïòàöèè ñåðäå÷íî-ñîñóäèñ-
òîé ñèñòåìû ê ýêñòðåìàëüíûì âîçäåéñòâèÿì.

ÂÑÒÓÏ

Ìåøêàíö³  âèñîêîã³ð�ÿ çàçíàþòü ä³¿ áàãàòüîõ
÷èííèê³â, âïëèâ ÿêèõ íà îðãàí³çì íàäçâè-
÷àéíî ð³çíîìàí³òíèé. Ñåðåä íèõ íàéá³ëüøèé
òåîðåòè÷íèé ³ ïðàêòè÷íèé ³íòåðåñ ÿê äëÿ íîð-
ìàëüíî¿, òàê ³ ïàòîëîã³÷íî¿ ô³ç³îëîã³¿ ìàº íå-
ñòà÷à êèñíþ ó âäèõóâàíîìó ïîâ³òð³ àáî òàê
çâàíà «ã³ïîêñè÷íà ã³ïîêñ³ÿ» [1, 9]. Îñîáëèâî
âàæëèâèì äëÿ îðãàí³çìó º âïëèâ ã³ïîêñè÷íî¿
ã³ïîêñ³¿ íà ôóíêö³îíàëüí³ ñèñòåìè, ÿê³ âèç-
íà÷àþòü êèñíåâ³ ðåæèìè îðãàí³çìó, çîêðåìà
íà ñåðöåâî-ñóäèííó ñèñòåìó. Ïðî òðåíóâàëü-
íó, ïðîô³ëàêòè÷íó òà ë³êóâàëüíó ä³þ ïî-
ì³ðíèõ âèñîò â³äîìî äóæå äàâíî. Ïîì³ðíó
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ã³ïîêñ³þ åôåêòèâíî âèêîðèñòîâóþòü äëÿ çì³ö-
íåííÿ çàãàëüíîãî ñòàíó çäîðîâ�ÿ, ï³äâèùåí-
íÿ ôóíêö³îíàëüíèõ ðåçåðâ³â îðãàí³çìó â ïå-
ð³îä ï³äãîòîâêè ñïîðòñìåí³â äî çìàãàíü, à
òàêîæ ÿê íåôàðìàêîëîã³÷íèé àãåíò äëÿ ïðîô³-
ëàêòèêè ³ ë³êóâàííÿ ð³çíîìàí³òíèõ çàõâîðþ-
âàíü îðãàí³â äèõàííÿ ³ ñåðöåâî-ñóäèííî¿ ñèñ-
òåìè. Ïðè öüîìó ìåõàí³çìè òàêî¿ áëàãî-
òâîðíî¿ ä³¿ ïîì³ðíî¿ ã³ïîêñ³¿ íà îðãàí³çì ó
ö³ëîìó ³ ôóíêö³îíàëüíó àêòèâí³ñòü ñåðöåâî-
ñóäèííî¿ ñèñòåìè çîêðåìà  çàëèøàþòüñÿ íå-
äîñòàòíüî âèâ÷åíèìè. Â îñòàíí³ ðîêè ç�ÿâè-
ëèñÿ äàí³ ïðî çàëó÷åííÿ äî ìåõàí³çì³â àäàï-
òàö³¿ äî ã³ïîêñ³¿ âàçîäèëàòàòîðíîãî ôàêòîðà,
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ùî âèä³ëÿºòüñÿ åíäîòåë³ºì, ³äåíòèô³êîâàíî-
ãî ÿê îêñèä àçîòó (NO) [3, 4, 17]. Ìåòà ö³º¿
ðîáîòè - îö³íêà êàðä³îãåìîäèíàì³êè òà ôóíê-
ö³îíàëüíîãî ñòàíó åíäîòåë³þ ó ìåøêàíö³â
âèñîêîã³ð�ÿ, ÿêèé äîñë³äæóâàëè íå³íâàçèâíî
çà ñòóïåíåì ðåàë³çàö³¿ îäí³º¿ ç åíäîòåë³éçà-
ëåæíèõ ñóäèííèõ ðåàêö³é � ïîñòîêëþç³éíî¿
ðåàêòèâíî¿ ã³ïåðåì³¿ [6, 7, 14, 18].

ÌÅÒÎÄÈÊÀ

Âèâ÷àëè åíäîòåë³éçàëåæíó ñóäèííó ðåàê-
òèâí³ñòü òà îñíîâí³ ïîêàçíèêè êàðä³îãåìîäè-
íàì³êè ó 55 ïðàêòè÷íî çäîðîâèõ ìåøêàíö³â
âèñîêîã³ð�ÿ (ñ. Òåãåíåêë³, ñ. Òåðñêîë, ÊÁÐ,
2100-2200 ì íàä ð³âíåì ìîðÿ) â³êîì â³ä 27 äî
42 ðîê³â (26 ÷îëîâ³ê³â ³ 29 æ³íîê). Îòðèìàí³
ðåçóëüòàòè ïîð³âíþâàëè ç â³äïîâ³äíèìè äà-
íèìè ó ìåøêàíö³â ì. Êèºâà òàêèõ ñàìèõ â³êó
³ ñòàò³, à òàêîæ ç ïîð³âíÿíèìè çíà÷åííÿìè
ðîñòó ³ ìàñè ò³ëà, ðàíäîì³çîâàíî âèáðàíèõ ç
íàÿâíî¿ ó íàñ êîìï�þòåðíî¿ áàçè äàíèõ äëÿ
çäîðîâèõ ëþäåé.

Ñòàí ñåðöåâî-ñóäèííî¿ ñèñòåìè äîñë³ä-
æóâàëè çà äîïîìîãîþ åëåêòðîêàðä³îãðà-
ô³¿ (êîìï�þòåðíèé åëåêòðîêàðä³îãðàô «ÃÅÎ-
Ë²ÍÊ», Ðîñ³ÿ-Øâåö³ÿ, íàï³âàâòîìàòèçîâàíèé
åëåêòðîêàðä³îãðàô «Cardiette», ²òàë³ÿ), åõî-
êàðä³îãðàô³¿ («ALOKA SSD-500» ³ «ALOKA
SSD-1500», ßïîí³ÿ) ³ç ê³ëüê³ñíîþ îö³íêîþ
ôóíêö³¿ ë³âîãî øëóíî÷êà, òåòðàïîëÿðíî¿ ³ìïå-
äàíñíî¿ ðåîïëåòèçìîãðàô³¿ (ðåîïëåòèçìîãðàô
ÐÏÃ 2-02, Ðîñ³ÿ, òà êîìï�þòåðíèé ðåîàíàë³-
çàòîð ÏÀ5-01, Óêðà¿íà). Ñèñòîë³÷íèé ³ ä³àñ-
òîë³÷íèé àðòåð³àëüíèé òèñê (ÀÒñ ³ ÀÒä) âèç-
íà÷àëè îñöèëîìåòðè÷íèì ìåòîäîì çà äîïî-
ìîãîþ àâòîìàòèçîâàíèõ òîíîìåòð³â ð³çíîìàí-
³òíî¿ ìîäèô³êàö³¿. Äëÿ îö³íêè öåíòðàëüíî¿ òà
ïåðèôåðè÷íî¿ ãåìîäèíàìèêè âèçíà÷àëè ³ ðîç-
ðàõîâóâàëè òàê³ ïîêàçíèêè: ÷àñòîòà ñåðöåâèõ
ñêîðî÷åíü (×ÑÑ), ïåð³îä âèãíàííÿ êðîâ³ ç
ë³âîãî øëóíî÷êà (Ò), ê³íöåâî-ä³àñòîë³÷íèé òà
ê³íöåâî-ñèñòîë³÷íèé îá�ºìè ë³âîãî øëóíî÷êà
(ÊÄÎ, ÊÑÎ), óäàðíèé ³ õâèëèííèé îá�ºì
êðîâ³ (ÓÎÊ, ÕÎÊ), îá�ºìíà øâèäê³ñòü âè-
êèäó êðîâ³ (ÎØÂ), ³íäåêñè ñêîðîòëèâîñò³
ì³îêàðäà - ³íäåêñ ñêîðîòëèâîñò³ (²Ñ) òà ³íäåêñ

ïðèñêîðåííÿ (²Ï) [2], çàãàëüíèé ïåðèôåðè÷-
íèé îï³ð (ÇÏÎ); ðåã³îíàðíèé êðîâîò³ê (ÐÊ)
³ ðåã³îíàðíèé ïåðèôåðè÷íèé îï³ð (ÐÏÎ) ó
ñóäèíàõ ïåðåäïë³÷÷ÿ.

Ðåàêòèâíó ã³ïåðåì³þ (ÐÃ) ðåºñòðóâàëè
çà äîïîìîãîþ ìîäèô³êîâàíî¿ ìåòîäèêè òåò-
ðàïîëÿðíî¿ ³ìïåäàíñíî¿ ðåîïëåòèçìîãðàô³¿ [5]
³ â³äòâîðþâàëè ÷åðåç ïðèïèíåííÿì îêëþç³¿
ñóäèí âåðõíüî¿ òðåòèíè ïëå÷à, ñòâîðåíî¿ ïíåâ-
ìàòè÷íîþ ìàíæåòîþ, íàïîâíåíîþ ïîâ³òðÿì ï³ä
òèñêîì, ùî ïåðåâèùóº íà 20 ìì ðò. ñò. ÀÒñ ó
äàíîãî ïàö³ºíòà. Ðåºñòðàö³þ êðîâîòîêó ó ïå-
ðåäïë³÷÷³ ïðè â³äòâîðåíí³ ðåàêòèâíî¿ ã³ïåðåì³¿
çä³éñíþâàëè áåçïåðåðâíî àæ äî ïîâíîãî éîãî
â³äíîâëåííÿ äî ïî÷àòêîâîãî çíà÷åííÿ. ßê õà-
ðàêòåðèñòèêè ðåàêö³¿ ðîçðàõîâóâàëè ðåã³îíàð-
íèé êðîâîò³ê ó ïåðåäïë³÷÷³ (ÐÊ) íà ï³êó ðå-
àêòèâíî¿ ã³ïåðåì³¿ òà éîãî â³äñîòêîâå â³äíî-
øåííÿ äî ïî÷àòêîâîãî êðîâîòîêó.

Ðåçóëüòàòè äîñë³äæåííÿ îáðîáëÿëè ñòà-
òèñòè÷íî ç âèçíà÷åííÿì ñåðåäíüîãî àðèôìå-
òè÷íîãî òà ñòàíäàðòíî¿ ïîõèáêè (M ± m), à
òàêîæ äîâ³ð÷îãî ³íòåðâàëó, ùî âèêîðèñòîâó-
âàâñÿ ïðè îö³íö³ ñòóïåíÿ äîñòîâ³ðíîñò³ ðîç-
õîäæåíü (Ð) çà äîïîìîãîþ êðèòåð³þ t Ñòüþ-
äåíòà. Ðîçá³æíîñò³ ââàæàëèñü ñòàòèñòè÷íî
äîñòîâ³ðíèìè ïðè Ð < 0,05.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ̄ Õ ÎÁÃÎÂÎÐÅÍÍß

Ïîð³âíÿííÿ îñíîâíèõ ïîêàçíèê³â öåíòðàëü-
íî¿ ãåìîäèíàì³êè òà ñêîðî÷óâàëüíî¿ àêòèâ-
íîñò³ ì³îêàðäà ó ìåøêàíö³â âèñîêîã³ð�ÿ òà
ð³âíèíè âèÿâèëî äåÿê³ ñòàòèñòè÷í³ äîñòîâ³ðí³
ðîçá³æíîñò³. ßê âèäíî ç ðåçóëüòàò³â, íàâåäå-
íèõ íà  ðèñóíêó, ó ìåøêàíö³â âèñîêîã³ð�ÿ â³ä-
çíà÷àëîñÿ äåÿêå ï³äâèùåííÿ ÀÒä (íà 7,9 %),
ÿêèé ïðè öüîìó çàëèøàâñÿ â ìåæàõ ô³ç³îëî-
ã³÷íî¿ â³êîâî¿ íîðìè, çá³ëüøåííÿ ÓÎÊ (íà
17,2 %) ³ ÎØÂ êðîâ³ (íà 13,8 %). Çìåíøåí-
íÿ ×ÑÑ áóëî õî÷à é íåçíà÷íèì, àëå äîñòàòí³ì,
ùîá í³âåëþâàòè ðîçá³æíîñò³ ³íòåãðàòèâíîãî
ïîêàçíèêà íàñîñíî¿ ôóíêö³¿ ñåðöÿ - ñåðöåâî-
ãî âèêèäó: çì³íè ÕÎÊ âèÿâèëèñÿ íåäîñòîâ³-
ðíèìè. Òàêå çá³ëüøåííÿ ÓÎÊ ñóïðîâîäæó-
âàëîñÿ ïîñèëåííÿì ñêîðî÷óâàëüíî¿ àêòèâíîñò³
ì³îêàðäà: ²Ñ ³ ²Ï ó ìåøêàíö³â âèñîêîã³ð�ÿ

Îñîáëèâîñò³ êàðä³îãåìîäèíàì³êè
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Ïîð³âíÿëüíà îö³íêà ãåìîäèíàì³êè ³ ñêîðî÷óâàëüíî¿ àêòèâíîñò³ ì³îêàðäà (à-ï) òà ìàêñèìàëüí³ çì³íè êðîâî-
òîêó ó ïåðåäïë³÷÷³ ïðè ðåàêòèâí³é ã³ïåðåì³¿ (ð) ó ìåøêàíö³â ð³âíèíè (1) ³ âèñîêîã³ð�ÿ (2).

* P < 0,05.  ** P < 0,01
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áóëè äîñòîâ³ðíî âèù³, í³æ ó ìåøêàíö³â ð³âíè-
íè (íà 17,5  ³ 22,3 % â³äïîâ³äíî). Â³äçíà÷åíî
çá³ëüøåííÿ ÀÒä íà ôîí³ íåçì³ííîãî ÀÒñ ðà-
çîì ³ç ïîñèëåííÿì íàñîñíî¿ òà ñêîðî÷óâàëü-
íî¿ ôóíêö³¿ ë³âîãî øëóíî÷êà äîáðå óçãîä-
æóºòüñÿ ç ðåçóëüòàòàìè, îòðèìàíèìè íàìè
çà äîïîìîãîþ åëåêòðî- òà åõîêàðä³îãðàô³¿,
ÿê³ ñâ³ä÷àòü ïðî òå, ùî ó ìåøêàíö³â âèñîêî-
ã³ð�ÿ çíà÷íî ÷àñò³øå ñïîñòåð³ãàºòüñÿ ïîì³ðíà
ã³ïåðòðîô³ÿ ì³îêàðäà òà îçíàêè ï³äâèùåííÿ
òèñêó â ëåãåíåâ³é àðòåð³¿, í³æ ó ìåøêàíö³â
ð³âíèíè. Çíà÷åííÿ êðîâîòîêó ó ïåðåäïë³÷÷³
â ñòàí³ ñïîêîþ, òàê ñàìî ÿê ³ çàãàëüíîãî òà
ðåã³îíàðíîãî ñóäèííîãî îïîðó, ó ìåøêàíö³â
âèñîêîã³ð�ÿ òà ð³âíèíè äîñòîâ³ðíî íå ðîçð³ç-
íÿëèñÿ.

Âèÿâëåí³ ó ìåøêàíö³â âèñîêîã³ð�ÿ îñîá-
ëèâîñò³ ñåðöåâî-ñóäèííî¿ ä³ÿëüíîñò³, î÷åâèä-
íî, çóìîâëåí³ äåÿêèì ï³äâèùåííÿì òîíóñó
ðåçèñòèâíèõ ñóäèí âåëèêîãî ³ ìàëîãî êîëà
êðîâîîá³ãó. Îäíèì ³ç ìåõàí³çì³â òàêî¿ êîí-
ñòðèêö³¿ ìîæå áóòè çá³ëüøåííÿ ïðîäóêö³¿
òà/àáî âèâ³ëüíåííÿ ï³ä ä³ºþ ã³ïîêñ³¿ âàçî-
êîíñòðèêòîðà åíäîòåë³àëüíîãî ïîõîäæåííÿ
åíäîòåë³íó-1 [11, 12]. Äëÿ ï³äòðèìêè àäåê-
âàòíî¿ ïåðôóç³¿ òêàíèí ïðè ï³äâèùåíîìó
êîíñòðèêòîðíîìó ïîòåíö³àë³ çà óìîâ ã³ïîêñ³¿
íåîáõ³äíå êîìïåíñàòîðíå çá³ëüøåííÿ ïðî-
äóêö³¿ ð³çíîìàí³òíèõ ðå÷îâèí, ÿê³ ÷èíÿòü
âàçîäèëàòàòîðíó ä³þ, âêëþ÷àþ÷è îêñèä àçî-
òó.

Íà ïîñèëåííÿ ïðîäóêö³¿ àáî âèâ³ëüíåí-
íÿ îêñèäó àçîòó ó ìåøêàíö³â âèñîêîã³ð�ÿ âêà-
çóþòü ðåçóëüòàòè, îòðèìàí³ ïðè â³äòâîðåíí³
åíäîòåë³éçàëåæíî¿ ðåàêö³¿ ðåàêòèâíî¿ ã³ïåðåì³¿
â ñóäèíàõ ïåðåäïë³÷÷ÿ. Àáñîëþòí³ òà â³äíîñò³
çíà÷åííÿ êðîâîòîêó íà ï³êó ö³º¿ ðåàêö³¿ ó
ìåøêàíö³â âèñîêîã³ð�ÿ áóëè äîñòîâ³ðíî âè-
ùèìè, í³æ ó ìåøêàíö³â ð³âíèíè (ðèñóíîê).
Òàêèì ÷èíîì, îá�ºìíà òà ë³í³éíà øâèäêîñò³
êðîâîòîêó (ÿêùî ïðèïóñòèòè, ùî â ãðóïàõ
îáñòåæåíèõ, ï³ä³áðàíèõ çà ñàìîþ òà ðîñòîì,
ä³àìåòð ñóäèí ïåðåäïë³÷÷ÿ íå ðîçð³çíÿºòüñÿ)
ïðè ðåàêòèâí³é ã³ïåðåì³¿ ó ìåøêàíö³â âèñî-
êîã³ð�ÿ âèù³. Åêñïåðèìåíòàëüíèìè äîñë³ä-
æåííÿìè äîâåäåíî, ùî ï³äâèùåííÿ ë³í³éíî¿
øâèäêîñò³ êðîâîòîêó, àáî òàê çâàíà «íàïðó-

ãà çñóâó» (shear-stress), àêòèâ³çóº ìåõàíî-
÷óòëèâ³ ðåöåïòîðè ìåìáðàíè åíäîòåë³àëüíèõ
êë³òèí, çàâäÿêè ÷îìó â³äáóâàºòüñÿ çá³ëüøåí-
íÿ ïðîäóêö³¿ òà âèâ³ëüíåííÿ åíäîòåë³ºì îê-
ñèäó àçîòó ³ çìåíøåííÿ ïðîäóêö³¿ òà âèâ³ëü-
íåííÿ åíäîòåë³íó-1, ùî ïðèçâîäèòü äî âàçî-
äèëàòàö³¿ [8, 10, 15, 16]. Îòæå, ïîñèëåííÿ
ðåàêòèâíî¿ ã³ïåðåì³¿ ó ìåøêàíö³â âèñîêîã³ð�ÿ
ìîæå áóòè çóìîâëåíî äîäàòêîâîþ ïðîäóêö³ºþ
òà/àáî âèâ³ëüíåííÿì îêñèäó àçîòó çàâäÿêè
ñòèìóëÿö³¿ åíäîòåë³àëüíèõ ìåõàíîðåöåïòîð³â
³ ñâ³ä÷èòü ïðî çá³ëüøåííÿ ðåàë³çàö³¿ âàçîäè-
ëàòàòîðíîãî ïîòåíö³àëó çà óìîâ ïîì³ðíî¿ ã³ïî-
êñ³¿. Öå ï³äòâåðäæóºòüñÿ îòðèìàíèìè íàìè
ðàí³øå ðåçóëüòàòàìè ïðî ï³äâèùåííÿ âì³ñòó
ñòàá³ëüíèõ ìåòàáîë³ò³â îêñèäó àçîòó NO2

- i
NO3

- ó êðîâ³ ìåøêàíö³â ð³âíèíè.
Ö³êàâî â³äçíà÷èòè, ùî ñïðÿìîâàí³ñòü

âèÿâëåíèõ íàìè çì³í êàðä³îãåìîäèíàì³êè ó
æèòåë³â âèñîêîã³ð�ÿ, àáî, ³íøèìè ñëîâàìè,
ïðè òðèâàë³é ä³¿ ïîì³ðíî¿ ã³ïîêñ³¿, äóæå íà-
ãàäóº äîáðå â³äîìó ïåðåáóäîâó ä³ÿëüíîñò³ ñåð-
öåâî-ñóäèííî¿ ñèñòåìè ñïîðòñìåí³â, ÿêà â³ä-
áóâàºòüñÿ âíàñë³äîê ðåãóëÿðíèõ ô³çè÷íèõ íà-
âàíòàæåíü, ùî òàêîæ ìîæíà ðîçãëÿäàòè ÿê
âïëèâ ã³ïîêñ³¿.

Òàêèì ÷èíîì, â ðåçóëüòàò³ òðèâàëîãî
âïëèâó ïîì³ðíî¿ ã³ïîêñ³¿ â³äáóâàºòüñÿ ï³äâè-
ùåííÿ åíäîòåë³éçàëåæíî¿ ñóäèííî¿ ðåàêòèâ-
íîñò³ òà ðîçøèðåííÿ âàçîäèëàòàòîðíîãî ðå-
çåðâó âíàñë³äîê êîìïåíñàòîðíîãî çá³ëüøåííÿ
ïðîäóêö³¿ òà/àáî âèâ³ëüíåííÿ âàçîäèëàòà-
òîðíèõ ðå÷îâèí, çàâäÿêè ÷îìó çáåð³ãàºòüñÿ
àäåêâàòíà ïåðôóç³ÿ òêàíèí çà óìîâ ï³äâè-
ùåííÿ òîíóñó ðåçèñòèâíèõ ñóäèí ïðè ä³¿
ã³ïîêñ³¿. ×è íå ö³ºþ àêòèâ³çàö³ºþ âàçîäèëà-
òàòîðíèõ ìåõàí³çì³â ïîÿñíþºòüñÿ âèÿâëåíà
íåùîäàâíî ³òàë³éñüêèìè â÷åíèìè [13)] îáåð-
íåíî ïðîïîðö³éíà çàëåæí³ñòü ì³æ âèñîòîþ
ïîñò³éíîãî ïðîæèâàííÿ ³ ïîøèðåí³ñòþ åñåí-
ö³àëüíî¿ ã³ïåðòîí³¿? Ó÷àñòü îêñèäó àçîòó ó
ðåãóëÿö³¿ ñóäèííîãî òîíóñó ó ìåøêàíö³â ã³ð
ìè ñïîä³âàºìîñÿ ç�ÿñóâàòè ï³ñëÿ çàâåðøåííÿ
äîñë³äæåííÿ, ïðèñâÿ÷åíîãî áåçïîñåðåäíüî
îö³íö³ ìåõàí³çì³â âàçîäèëàòàòîðíî¿ àêòèâ-
íîñò³ åíäîòåë³þ ó ëþäèíè ïðè ä³¿ åêñòðå-
ìàëüíèõ ôàêòîð³â.

Îñîáëèâîñò³ êàðä³îãåìîäèíàì³êè
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ÂÈÑÍÎÂÊÈ

1. Ó ìåøêàíö³â âèñîêîã³ð�ÿ â ðåçóëüòàò³ ïî-
ñò³éíîãî âïëèâó ïîì³ðíî¿ ã³ïîêñè÷íî¿ ã³ïîêñ³¿
â³äáóâàºòüñÿ çíà÷íà ïåðåáóäîâà ôóíêö³îíó-
âàííÿ ñåðöåâî-ñóäèííî¿ ñèñòåìè, ÿêà ïðîÿâ-
ëÿºòüñÿ ó ïîñèëåíí³ íàñîñíî¿ òà ñêîðîòëèâî¿
ôóíêö³¿ ñåðöÿ, ïîì³ðíî¿ ã³ïåðòðîô³¿ ì³îêàð-
äà òà ïîÿâ³ îçíàê ëåãåíåâî¿ ã³ïåðòåíç³¿.

2. Ðåàë³çàö³ÿ ïåðèôåðè÷íî¿ âàçîêîíñò-
ðèêö³¿ ï³ä ä³ºþ ã³ïîêñ³¿ ó ìåøêàíö³â ã³ð ïî-
ïåðåäæóºòüñÿ êîìïåíñàòîðíèì ïîñèëåííÿì
NO-ñèíòàçíî¿ àêòèâíîñò³ åíäîòåë³þ, ïðî ùî
ñâ³ä÷èòü çá³ëüøåííÿ åíäîòåë³éçàëåæíî¿ ñóäèí-
íî¿ ðåàêòèâíîñò³, çàâäÿêè ÷îìó çáåð³ãàºòüñÿ
àäåêâàòíà ïåðôóç³ÿ òêàíèí ³ îïòèìàëüíå çà
äàíèõ óìîâ ïîñòà÷àííÿ îðãàí³çìó êèñíåì.

3. Ó ìåõàí³çìàõ òàêî¿ êîìïåíñàö³¿ çíà÷-
íó ðîëü â³ä³ãðàº îêñèä àçîòó, íà ùî âêàçóº
çá³ëüøåííÿ åíäîòåë³éçàëåæíî¿ ðåàêòèâíî¿ ã³ïå-
ðåì³¿ òà êîíöåíòðàö³¿ ñòàá³ëüíèõ ìåòàáîë³ò³â
NO ó êðîâ³.

4. Òàêå êîìïåíñàòîðíå ðîçøèðåííÿ âà-
çîäèëàòàòîðíîãî ðåçåðâó ìîæíà ðîçãëÿäàòè
ÿê îäèí ³ç ìåõàí³çì³â àäàïòàö³¿ ñåðöåâî-ñó-
äèííî¿ ñèñòåìè äî ä³¿ ã³ïîêñè÷íî¿ ã³ïîêñ³¿.

L.B. Doloman, V.F. Sagach, H.À. Kurdanov,
I.À. Beslaneev, S.A.Bekuzarova

PECULIARITIES IN CARDIO-
HEMODYNAMICS AND ENDOTHELIUM-
DEPENDENT VASCULAR REACTIVITY IN
HIGHLANDERS

The present investigation was designed to study cardio-
hemodynamics and endothelium-dependent vascular
reactivity estimated by the reactive hyperemia � one
of the endothelium-dependent vascular responses � in
55 healthy highlanders (2,200 m a.s.l.) compared
to 55 healthy lowlanders matched by sex, age, body
weight and height. Among the basic parameters of the
central hemodynamics and myocardium contractility,
there was revealed statistically significant increase in
diastolic blood pressure, stroke volume and blood flow
rate in the highlanders. The stroke volume increment
was stipulated by rising in myocardial contractile
activity. A mild hypertrophy of the myocardial ven-
tricles  and signs of pulmonary hypertension were
observed in the highlanders much more often than in
the residents of sea level. The endothelium-dependent

reactive hyperemia simulation revealed more pronoun-
ced vasodilator responses in the highlanders. The peak
values of the forearm blood flow, both absolute and
relative, were significantly higher compared to those
in the lowlanders. The obtained results allow to make
a conclusion that continuous action of moderate hypo-
xia causes strengthening in cardiac pump and con-
tractile functions, increase in endothelium-dependent
vascular reactivity and widening the vasodilator re-
serve due to increasing the production and/or release
of vasodilator agents, in particular nitric oxide. Such
widening of the vasodilator reserve might be considered
as one of the adaptive mechanisms of cardiovascular
regulation in extreme conditions.

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