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Çá³ëüøåíèé âì³ñò ñòàá³ëüíèõ ìåòàáîë³ò³â îêñèäó
àçîòó â êðîâ³ ìåøêàíö³â âèñîêîã³ð�ÿ

Èçó÷àëè ñîäåðæàíèå îêñèäà àçîòà (NO) â êðîâè æèòåëåé âûñîêîãîðüÿ (2200 ì íàä óðîâíåì
ìîðÿ), êîòîðîå îöåíèâàëè ïî êîíöåíòðàöèè åãî ñòàáèëüíûõ ìåòàáîëèòîâ íèòðèòà (NO2

-) è
íèòðàòà (NO3

-). Êîíöåíòðàöèþ NO2
- è NO3

- îïðåäåëÿëè ñ ïîìîùüþ ñîîòâåòñòâåííî ðåàêòèâà
Ãðèññà è áðóöèíîâîãî ðåàêòèâà ïðè èñïîëüçîâàíèè ñïåêòðîôîòîìåòðè÷åñêîãî ìåòîäà. Íàìè
âïåðâûå ïîêàçàíî, ÷òî ó æèòåëåé âûñîêîãîðüÿ ïî ñðàâíåíèþ ñ æèòåëÿìè ðàâíèíû óâåëè÷åíà
êîíöåíòðàöèÿ NO2

- (37 ± 3,3 ïðîòèâ 28,5 íìîëü/ìë ± 1,3 íìîëü/ìë;  Ð < 0,05) è NO3
- (1362 ± 43

ïðîòèâ  845 íìîëü/ìë ± 65 íìîëü/ìë;  Ð < 0,001) â êðîâè. Íàèáîëåå âûðàæåííûì áûëî ïîâûøåíèå
êîíöåíòðàöèè NO2

- â ýðèòðîöèòàõ (ïî÷òè â 6 ðàç); ñîäåðæàíèå NO3
- â ýðèòðîöèòàõ îêàçàëîñü

óâåëè÷åííûì â 2,5 ðàçà, òîãäà êàê â ïëàçìå êðîâè êîíöåíòðàöèÿ ýòèõ ñòàáèëüíûõ ìåòàáîëèòîâ
íå èçìåíÿëàñü (äëÿ NO3

-) èëè äàæå íåñêîëüêî ñíèæàëàñü (äëÿ NO2
-). Òàêîå ïîâûøåííîå

ñîäåðæàíèå ñòàáèëüíûõ ìåòàáîëèòîâ NO â êðîâè ó æèòåëåé âûñîêîãîðüÿ ìîæåò îáúÿñíÿòü
âûÿâëåííûå íàìè ðàíåå ðàñøèðåíèå âàçîäèëàòàòîðíîãî ðåçåðâà è óñèëåíèå íàñîñíîé è ñîêðà-
òèòåëüíîé ôóíêöèè ñåðäöà. Àêòèâàöèÿ ñèñòåìû îêñèäà àçîòà â âûñîêîãîðüå ÿâëÿåòñÿ âàæíûì
è, âîçìîæíî, ïóñêîâûì ìåõàíèçìîì àäàïòàöèè ñåðäå÷íî-ñîñóäèñòîé ñèñòåìû ê ãèïîêñèè, ïîçâî-
ëÿþùèì ñîõðàíèòü àäåêâàòíóþ ïåðôóçèþ òêàíåé è îïòèìàëüíîå ñíàáæåíèå îðãàíèçìà êèñëî-
ðîäîì ïðè åãî ñíèæåííîì ïàðöèàëüíîì äàâëåíèè âî âäûõàåìîì âîçäóõå è, òåì ñàìûì, ïðå-
äîòâðàòèòü ðàçâèòèå çàáîëåâàíèé, îáóñëîâëåííûõ âàçîñïàñòè÷åñêèìè ïðîöåññàìè.
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ÂÑÒÓÏ

×èñëåííèìè åêñïåðèìåíòàëüíèìè äîñë³äæåí-
íÿìè in vitro òà in vivo äîâåäåíî, ùî ã³ïîêñ³ÿ
ñòèìóëþº ñèíòåç îêñèäó àçîòó (NO) � íàéïî-
òóæí³øîãî ç â³äîìèõ åíäîãåííèõ âàçîäèëà-
òàòîð³â � ÷åðåç àêòèâàö³þ ôåðìåíòàòèâíîãî
òà íåôåðìåíòàòèâíîãî øëÿõ³â éîãî óòâîðåííÿ
â îðãàí³çì³ ëþäèíè òà òâàðèí, ùî ïðèçâîäèòü
äî êîìïåíñàòîðíî¿ ñèñòåìíî¿ âàçîäèëàòàö³¿ äëÿ
çàáåçïå÷åííÿ àäåêâàòíî¿ ïåðôóç³¿ òêàíèí çà
óìîâ íåñòà÷³ êèñíþ [10, 13, 19, 20]. Ïðè öüîìó
NO çäàòíèé ä³ÿòè ÿê ïðÿìèé âàçîäèëàòàòîð,
ñòèìóëþþ÷è ãóàí³ëàòöèêëàçó ³ ïðèçâîäÿ÷è
äî ðîçñëàáëåííÿ ãëàäåíüêèõ ì�ÿç³â âíàñë³äîê
ï³äâèùåííÿ â íèõ êîíöåíòðàö³¿ öèêë³÷íîãî
ÃÌÔ, à òàêîæ ÿê íåïðÿìèé âàçîäèëàòàòîð,
çíèæóþ÷è ïðîäóêö³þ âàçîêîíñòðèêòîðíèõ
àãåíò³â [11] àáî âèêëèêàþ÷è ã³ïåðïîëÿðèçàö³þ

êë³òèí ñóäèííèõ ãëàäåíüêèõ ì�ÿç³â ³, òèì
ñàìèì, çìåíøóþ÷è ¿õ ÷óòëèâ³ñòü äî ä³¿ âàçî-
êîíñòðèêòîðíèõ àãåíò³â [9]. Â åêñïåðèìåíòàõ
íà â³âöÿõ ïîêàçàíî, ùî òðèâàëà âèñîêîã³ðíà
ã³ïîêñ³ÿ âèêëèêàº çá³ëüøåííÿ êîíöåíòðàö³¿
í³òðàòó (îäíîãî ³ç ñòàá³ëüíèõ ìåòàáîë³ò³â NO)
ó ïëàçì³ êðîâ³ [23]. Íà ìîæëèâå çá³ëüøåííÿ
ïðîäóêö³¿ NO çà óìîâ âèñîêîã³ðíî¿ ã³ïîêñ³¿
òàêîæ âêàçóþòü äàí³ ïðî ï³äâèùåííÿ êîíöåí-
òðàö³¿ í³òðàòó òà í³òðèòó ó ñå÷³ ëþäåé, ÿêèì
ïðîâîäèëè ë³êóâàííÿ ã³ïåðòîí³¿ çà äîïîìîãîþ
òðèâàëèõ ³íòåðâàëüíèõ ã³ïîêñè÷íèõ òðåíó-
âàíü [3]. Íåùîäàâíî àíòðîïîëîãè òà ïóëüìî-
íîëîãè ç óí³âåðñèòåòó Êë³âëåíäà (øòàò Îãàéî)
âèÿâèëè, ùî ó ëåãåíÿõ ìåøêàíö³â ã³ðñüêèõ
ðàéîí³â � òèáåòö³â ³ áîë³â³éö³â � ì³ñòèòüñÿ
ïðèáëèçíî ó äâà ðàçè á³ëüøå îêñèäó àçîòó,
í³æ ó ëþäåé, ÿê³ æèâóòü íà ð³âíèí³ [7]. Âì³ñò
îêñèäó àçîòó â êðîâ³ ìåøêàíö³â âèñîêîã³ð�ÿ
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íå âèâ÷àëè. Ìåòà íàøîãî äîñë³äæåííÿ - ïîð³â-
íÿëüíà îö³íêà êîíöåíòðàö³¿ ñòàá³ëüíèõ ìåòà-
áîë³ò³â îêñèäó àçîòó ó êðîâ³ ìåøêàíö³â ð³â-
íèíè òà âèñîêîã³ð�ÿ.

ÌÅÒÎÄÈÊÀ

Êîíöåíòðàö³þ ñòàá³ëüíèõ ìåòàáîë³ò³â îêñèäó
àçîòó � í³òðèòó (NO2

-) òà í³òðàòó (NO3
-) �

âèçíà÷àëè ó ïëàçì³ òà åðèòðîöèòàõ êðîâ³ 88
ïðàêòè÷íî çäîðîâèõ ìåøêàíö³â âèñîêîã³ð�ÿ
(ñ. Òåãåíåêë³, ñ. Òåðñêîë, ÊÁÐ, 2100-2200 ì
íàä ð³âíåì ìîðÿ) â³êîì â³ä 27 äî 63 ðîê³â
(39 ÷îëîâ³ê³â ³ 49 æ³íîê), ÿê³ æèâóòü ó âèñîêî-
ã³ð�¿ íå ìåíøå í³æ 10 ðîê³â. Îòðèìàí³ ðåçóëü-
òàòè ïîð³âíþâàëè ç äàíèìè 45 ìåøêàíö³â ì.
Êèºâà â³êîì â³ä 25 äî 60 ðîê³â (18 ÷îëîâ³ê³â
³ 27 æ³íîê). Ïåðåä âçÿòòÿì êðîâ³ ïðîâîäèëè
çàãàëüíîêë³í³÷íå îáñòåæåííÿ òà ðåºñòðóâàëè
åëåêòðîêàðä³îãðàìó. Ïðîáè âåíîçíî¿ êðîâ³ äëÿ
äîñë³äæåííÿ áðàëè âðàíö³ íàòùå â îá�ºì³ íå
ìåíøå í³æ 5 ìë. Êîíöåíòðàö³þ NO2

- âèç-
íà÷àëè â áåçá³ëêîâèõ çðàçêàõ ïëàçìè òà åðèò-
ðîöèò³â çà äîïîìîãîþ ðåàêòèâó Ãð³ñà çà ìåòî-
äîì Ãð³íà [14] ó âëàñí³é ìîäèô³êàö³¿ [2].
Åðèòðîöèòè âèä³ëÿëè öåòðèôóãóâàííÿì ñóì³-
ø³ êðîâ³ òà 5%-ãî öèòðàòó íàòð³þ (4:1 îá�ºì/
îá�ºì). Ôðàêö³þ åðèòðîöèò³â òðè÷³ â³äìèâàëè
ó ô³ç³îëîã³÷íîìó ðîç÷èí³. Ðåàêòèâ Ãð³ñà ãîòó-
âàëè, çì³øóþ÷è îäíàêîâ³ îá�ºìè 0,1%-ãî âîä-
íîãî ðîç÷èíó íàôòèëåòèëåíä³àì³í ã³äðîõëî-
ðèäó ç 1%-èì ðîç÷èíîì ñóëüôàí³ëàì³íó â
5%-³é îðòîôîñôîðí³é êèñëîò³ áåçïîñåðåäíüî
ïåðåä âèçíà÷åííÿì. Â àë³êâîò³ áåçá³ëêîâî¿
ïðîáè âèçíà÷àëè NO2

-, äîáàâëÿþ÷è ðåàêòèâ
Ãð³ñà ó ñï³ââ³äíîøåíí³ 1:1. Ï³ñëÿ ïåðåì³-
øóâàííÿ âèçíà÷àëè âåëè÷èíó åêñòèíêö³¿ íà
ñïåêòðîôîòîìåòð³ (ÑÔ-4-À, Ðîñ³ÿ) ïðè äîâ-
æèí³ õâèë³ 543 íì. Âì³ñò NO2

- ðîçðàõîâóâàëè
çà êàë³áðóâàëüíîþ êðèâîþ, ïîáóäîâàíîþ äëÿ
ñòàíäàðòíèõ ðîç÷èí³â íàòð³é NO2

-. Êîíöåí-
òðàö³þ NO3

- âèçíà÷àëè ó áåçá³ëêîâèõ àë³ê-
âîòàõ ïðîá ïëàçìè òà åðèòðîöèò³â çà äîïî-
ìîãîþ ñïåêòðîôîòîìåòðè÷íîãî ìåòîäó [18] ó
âëàñí³é ìîäèô³êàö³¿ (çàì³ñòü ñòðèõí³íó âèêî-
ðèñòîâóâàëè éîãî ã³äðîêñèëüîâàíå ïîõ³äíå �
10,11-äèìåòîêñèñòðèõí³í (áðóöèí)). Äî 0,5 ìë

áåçá³ëêîâî¿ ïðîáè äîäàâàëè 1,5 ìë áðóöè-
íîâîãî ðåàêòèâó. Äî êîíòðîëüíèõ ïðîá äîäà-
âàëè 0,5 ìë á³äèñòèëüîâàíî¿ âîäè. Ïðîáè
³íêóáóâàëè ïðîòÿãîì 10 õâ íà âîäÿí³é áàí³
ïðè 100 îC. Ï³ñëÿ øâèäêîãî ¿õ îõîëîäæåííÿ
âèçíà÷àëè åêñòèíêö³þ ïðè äîâæèí³ õâèë³
405 íì. Âì³ñò NO3

- ðîçðàõîâóâàëè çà êàë³á-
ðóâàëüíîþ êðèâîþ, ïîáóäîâàíîþ äëÿ ñòàí-
äàðòíèõ ðîç÷èí³â íàòð³é NO3

-. Áðóöèíîâèé
ðåàêòèâ ãîòóâàëè, ðîç÷èíÿþ÷è 60 ìã áðóöèíó
ó 100 ìë 48%-î¿ ñ³ð÷àíî¿ êèñëîòè.

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

ÐÅÇÓËÜÒÀÒÈ ÒÀ ̄ Õ ÎÁÃÎÂÎÐÅÍÍß

Âðàõîâóþ÷è âçàºìîïåðåòâîðåííÿ NO2
- ³ NO3

-

ó á³îëîã³÷íèõ ñåðåäîâèùàõ îðãàí³çìó, ìè ïðî-
àíàë³çóâàëè ñóìàðíèé âì³ñò öèõ ñòàá³ëüíèõ
ìåòàáîë³ò³â NO ó ïëàçì³ òà åðèòðîöèòàõ êðîâ³.
Ï³ñëÿ ðîçðàõóíêó çàãàëüíîãî âì³ñòó NO2

- ³
NO3

- ó êðîâ³ âèÿâèëîñÿ, ùî ó ìåøêàíö³â âè-
ñîêîã³ð�ÿ â³í äîñòîâ³ðíî âèùèé, í³æ ó ìåø-
êàíö³â ð³âíèíè: êîíöåíòðàö³ÿ NO2

- âèùà íà
29,8 %, NO3

- - íà 61,9 %, à çàãàëüíèé âì³ñò
NO2

-³ NO3
- - íà 60,2 % (ðèñóíîê).

Ïðè ïîð³âíÿíí³ êîíöåíòðàö³¿ NO2
- ³

NO3
- ó ïëàçì³ òà åðèòðîöèòàõ êðîâ³ ìåø-

êàíö³â âèñîêîã³ð�ÿ òà ð³âíèíè áóëî âèÿâ-
ëåíî ö³ëó íèçêó ñòàòèñòè÷íî äîñòîâ³ðíèõ
ðîçá³æíîñòåé. ßê âèäíî ç äàíèõ, íàâåäåíèõ
ó òàáëèö³, ó ìåøêàíö³â âèñîêîã³ð�ÿ ïî-
ð³âíÿíî ç ìåøêàíöÿìè ð³âíèíè âì³ñò NO2

-

ó ïëàçì³ êðîâ³ áóâ äåùî çìåíøåíèì
(íà 38,3 %), à â åðèòðîöèòàõ � çá³ëüøå-
íèì ìàéæå â 6 ðàç³â. Çá³ëüøåííÿ êîíöåí-
òðàö³¿ NO3

- (íà 21,7 %) ó ïëàçì³ êðîâ³
ìåøêàíö³â âèñîêîã³ð�ÿ âèÿâèëîñÿ íåäîñ-
òîâ³ðíèì, àëå â åðèòðîöèòàõ, çíîâó-òàêè,
ñïîñòåð³ãàëîñÿ çíà÷íå ï³äâèùåííÿ âì³ñòó
NO3

- (â 2,5 ðàçà).

Çá³ëüøåíèé âì³ñò ñòàá³ëüíèõ ìåòàáîë³ò³â îêñèäó àçîòó
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Íåçì³ííà êîíöåíòðàö³ÿ ñòàá³ëüíèõ ìåòà-
áîë³ò³â NO â ïëàçì³ êðîâ³ àáî ¿¿ çìåíøåííÿ
íà ôîí³ çíà÷íîãî ï³äâèùåííÿ ¿õ êîíöåíòðàö³¿
â åðèòðîöèòàõ ìîæå çóìîâëþâàòèñÿ ïåðåðîç-
ïîä³ëîì àí³îí³â í³òðèòó òà í³òðàòó ì³æ öèìè
äâîìà êîìïàðòìåíòàìè êðîâ³.

Ìåõàí³çìè âèÿâëåíîãî íàìè çá³ëüøåííÿ
êîíöåíòðàö³¿ ñòàá³ëüíèõ ìåòàáîë³ò³â NO ó
êðîâ³ ìåøêàíö³â âèñîêîã³ð�ÿ ìîæóòü áóòè
ð³çíèìè. Â åêñïåðèìåíòàëüíèõ äîñë³äæåííÿõ
äîâåäåíî, ùî ãîñòðà ã³ïîêñ³ÿ âèêëèêàº â ñåðö³
çá³ëüøåííÿ àêòèâíîñò³ âñ³õ 3-õ ³çîôîðì
NO-ñèíòàçè [6]. Àêòèâàö³ÿ êîíñòèòóòèâíèõ
³çîôîðì NO-ñèíòàçè ïðè ã³ïîêñ³¿ îïîñåðåä-
êîâàíà çá³ëüøåííÿì âíóòð³øíüîêë³òèííî¿ êîí-
öåíòðàö³¿ Ña2+ âíàñë³äîê ï³äâèùåííÿ ïðî-
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* Ð < 0,05; ** P < 0,001.

*

** **

â

íìîëü/ìë íìîëü/ìë

íèêíîñò³ êàëüö³ºâèõ êàíàë³â, ïðè öüîìó âíó-
òð³øíüîêë³òèííà êîíöåíòðàö³ÿ Ña2+ ò³ñíî êîðå-
ëþº ç âèâ³ëüíåííÿì åíäîòåë³àëüíîãî NO [16,
17]. Ó ñâîþ ÷åðãó îêñèä àçîòó çìåíøóº êîí-
öåíòðàö³þ Ña2+ ó ñóäèííèõ ãëàäåíüêèõ ì�ÿçàõ
ãàëüìóâàííÿì éîãî âõ³äíîãî ïîòîêó [8]. Åêñï-
ðåñ³þ ³íäóöèáåëüíî¿ NO-ñèíòàçè ìîæå âèêëè-
êàòè àêòèâàö³ÿ â³ëüíîðàäèêàëüíèõ ïðîöåñ³â
âíàñë³äîê ïîñèëåííÿ ñèíòåçó öèòîê³í³â [21]
³/àáî çá³ëüøåííÿ ïðîäóêö³¿ ñóïåðîêñèäðà-
äèêàëà [15].

Çá³ëüøåííÿ âì³ñòó NO ïðè ã³ïîêñ³¿ ìîæå
òàêîæ â³äáóâàòèñÿ íåçàëåæíî â³ä NO-ñèíòàçè �
÷åðåç éîãî óòâîðåííÿ ç í³òðèòó ó õîä³ í³òðèò-
ðåäóêòàçíî¿ ðåàêö³¿ [5] àáî íåôåðìåíòàòèâíî �
÷åðåç â³äíîâëåííÿ í³òðèòó ó êèñëîìó ñåðåäî-

Âì³ñò ñòàá³ëüíèõ ìåòàáîë³ò³â NO (íìîëü/ìë) ó ïëàçì³ òà åðèòðîöèòàõ êðîâ³
ìåøêàíö³â âèñîêîã³ð�ÿ òà ð³âíèíè

          Ïîêàçíèêè                    Í³òðèò (NO
2

-)                    Í³òðàò (NO
3

-)

Ïëàçìà êðîâ³ ó ìåøêàíö³â
           ð³âíèíè 24,8 + 1,1 590 + 68
           âèñîêîã³ð�ÿ 15,3 + 1,6 718 + 43

Ð < 0,001 Ð > 0,05
Åðèòðîöèòè ó ìåøêàíö³â
           ð³âíèíè 3,76 + 0,3 255 + 18
           âèñîêîã³ð�ÿ 21,6 + 3,2 643 + 42

Ð < 0,001 Ð < 0,001
Ð - äîñòîâ³ðí³ñòü ðîçá³æíîñòåé ïîð³âíÿíî ç ïîêàçíèêàìè ó ìåøêàíö³â ð³âíèíè
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âèù³ òà çà íàÿâíîñò³ âèñîêèõ êîíöåíòðàö³é
â³äíîâíèõ åêâ³âàëåíò³â çà óìîâ ã³ïîêñ³¿ [24].
Í³òðèò-àí³îí çà öèõ óìîâ ìîæå áóòè íå ïðî-
äóêòîì îêèñíåííÿ îêñèäó àçîòó, à ãîëîâíèì
äæåðåëîì éîãî óòâîðåííÿ ÷åðåç ôåðìåíòà-
òèâíå àáî íåôåðìåíòàòèâíå â³äíîâëåííÿ. Âðà-
õîâóþ÷è îòðèìàíå íàìè çíà÷íå ï³äâèùåííÿ
êîíöåíòðàö³¿ NO2

- ³ NO3
- ñàìå â åðèòðîöèòàõ,

ìè ââàæàºìî, ùî ó ìåøêàíö³â âèñîêîã³ð�ÿ
îñíîâíîþ ïðè÷èíîþ çá³ëüøåííÿ âì³ñòó öèõ
ìåòàáîë³ò³â NO ìîæå áóòè àêòèâàö³ÿ ÿê ôåð-
ìåíòàòèâíèõ, òàê ³ íåôåðìåíòàòèâíèõ øëÿõ³â
¿õ óòâîðåííÿ. Â³äîìî, ùî ïðè ã³ïîêñ³¿ çá³ëü-
øóºòüñÿ ê³ëüê³ñòü åðèòðîöèò³â, ÿê³ º îñíîâíèì
ì³ñöåì ôåðìåíòàòèâíîãî â³äíîâëåííÿ í³òðèò-
àí³îíà â êðîâ³. Öåé ïðîöåñ â³äáóâàºòüñÿ çà
ä³¿ äåçîêñèãåìîãëîá³íó, ùî âèñòóïàº ÿê í³òðèò-
ðåäóêòàçà ³ àêòèâóºòüñÿ ïðè ã³ïîêñ³¿, îñê³ëüêè
êèñåíü º ³íã³á³òîðîì í³òðèòðåäóêòàçíî¿ àêòèâ-
íîñò³ ãåìîãëîá³íó [4]. Çá³ëüøåííÿ êîíöåí-
òðàö³¿ NO3

- â åðèòðîöèòàõ ìîæå áóòè çóìîâ-
ëåíî ïîñèëåííÿì ïðè ã³ïîêñ³¿ ôåðìåíòàòèâíîãî
îêèñëåííÿ NO äî í³òðàò-àí³îíà. Ùå îäí³ºþ
ïðè÷èíîþ ï³äâèùåííÿ êîíöåíòðàö³¿ NO3

-  ïðè
õðîí³÷í³é ã³ïîêñ³¿ ìîæå áóòè àêòèâàö³ÿ éîãî
íåôåðìåíòàòèâíîãî óòâîðåííÿ ïðè ðîçïàä³
ïåðîêñèí³òðèòó çà óìîâ àöèäîçó. Îñòàíí³é
øëÿõ âèäàºòüñÿ òèì á³ëüø ³ìîâ³ðíèì, ùî çà
óìîâ ã³ïîêñ³¿ ï³äâèùóºòüñÿ íå ëèøå êîíöåí-
òðàö³ÿ ³îí³â âîäíþ, à é ãåíåðàö³ÿ ñóïåðîêñèä-
àí³îíà â åðèòðîöèòàõ.

Àêòèâàö³ÿ NO-çàëåæíèõ ìåõàí³çì³â àäàï-
òàö³¿ äî ã³ïîêñ³¿ â³äáóâàºòüñÿ äîñèòü øâèäêî.
Çà äåÿêèìè äàíèìè, ó ïðîöåñ³ àäàïòàö³¿ ó
êðîâîíîñíèõ ñóäèíàõ çá³ëüøóºòüñÿ åêñïðåñ³ÿ
ãåíó NO-ñèíòàçè [22]. Ïîïåðåäí³ ðåçóëüòàòè
íàøèõ äîñë³äæåíü âêàçóþòü íà òå, ùî ñèñòåìà
îêñèäó àçîòó çà óìîâ âèñîêîã³ð�ÿ àêòèâóºòüñÿ
äóæå øâèäêî, ³, ìîæëèâî, öå º îäíèì ³ç
ïåðøèõ ìåõàí³çì³â àäàïòàö³¿ ñåðöåâî-ñóäèííî¿
ñèñòåìè äî ã³ïîêñ³¿.

Âèÿâëåíèé ó ìåøêàíö³â âèñîêîã³ð�ÿ
çá³ëüøåíèé âì³ñò ñòàá³ëüíèõ ìåòàáîë³ò³â NO
ó êðîâ³ ìîæå ïîÿñíþâàòè ðîçøèðåííÿ âàçîäè-
ëàòàòîðíîãî ðåçåðâó òà ïîñèëåííÿ íàñîñíî¿ é
ñêîðîòëèâî¿ ôóíêö³¿ ñåðöÿ, ÿê³ ìè ñïîñòå-
ð³ãàëè ðàí³øå [1]. Òàêèì çá³ëüøåííÿì ïðî-

äóêö³¿ òà/àáî âèâ³ëüíåííÿ NO ìîæå òàêîæ
ïîÿñíþâàòèñÿ ìåíøà ïîøèðåí³ñòü àðòåð³àëüíî¿
ã³ïåðòîí³¿ ñåðåä ìåøêàíö³â âèñîêîã³ð�ÿ òà
â³äñóòí³ñòü õàðàêòåðíîãî äëÿ ð³âíèíè â³êîâîãî
ï³äâèùåííÿ àðòåð³àëüíîãî òèñêó [12]. Àêòè-
âàö³ÿ NO-çàëåæíèõ ìåõàí³çì³â àäàïòàö³¿ äî
ã³ïîêñ³¿ ìîæå âèêëèêàòè íå ò³ëüêè àíòèã³-
ïåðòåíçèâíèé åôåêò, àëå é îáìåæóâàòè ôàê-
òîðè ðèçèêó ðîçâèòêó ³øåì³÷íî¿ õâîðîáè ñåð-
öÿ, ãàëüìóâàòè óòâîðåííÿ àòåðîñêëåðîòè÷íèõ
òà ä³àáåòè÷íèõ ñóäèííèõ óðàæåíü, òîáòî ïîïå-
ðåäæóâàòè àáî çàòðèìóâàòè ðîçâèòîê ïàòî-
ëîã³÷íèõ ñòàí³â, ùî ñóïðîâîäæóþòüñÿ äèñ-
ôóíêö³ºþ åíäîòåë³þ ³ íåñòà÷åþ NO.

ÂÈÑÍÎÂÊÈ

1. Ó ìåøêàíö³â âèñîêîã³ð�ÿ âíàñë³äîê ä³¿
ïîì³ðíî¿ ã³ïîêñ³¿ çá³ëüøóºòüñÿ êîíöåíòðàö³ÿ
ñòàá³ëüíèõ ìåòàáîë³ò³â îêñèäó àçîòó â êðî-
â³.

2. Ó ëþäåé, ÿê³ æèâóòü ó âèñîêîã³ð�¿,
íàéá³ëüø âèðàçíèì âèÿâèëîñÿ ï³äâèùåííÿ
êîíöåíòðàö³¿ NO2

- ³ NO3
- â åðèòðîöèòàõ (ìàé-

æå â 6 ðàç³â ³ â 2,5 ðàçà â³äïîâ³äíî), òîä³ ÿê
ó ïëàçì³ êðîâ³ êîíöåíòðàö³ÿ öèõ ñòàá³ëüíèõ
ìåòàáîë³ò³â íå â³äð³çíÿëàñü (äëÿ NO3

-) àáî
áóëà íàâ³òü äåùî ìåíøîþ (äëÿ NO2

-) ïîð³â-
íÿíî ç â³äïîâ³äíèìè ïîêàçíèêàìè ó ìåø-
êàíö³â ð³âíèíè. Òàêà çíà÷íà ð³çíèöÿ ì³æ
êîíöåíòðàö³ºþ ñòàá³ëüíèõ ìåòàáîë³ò³â NO â
ïëàçì³ êðîâ³ òà åðèòðîöèòàõ çóìîâëþºòüñÿ
ìîæëèâèì ïåðåðîçïîä³ëîì àí³îí³â í³òðèòó òà
í³òðàòó ì³æ öèìè äâîìà êîìïàðòìåíòàìè
êðîâ³.

3. Àêòèâàö³ÿ ñèñòåìè îêñèäó àçîòó ìîæå
áóòè îäíèì ³ç ïåðøèõ ìåõàí³çì³â àäàïòàö³¿
ñåðöåâî-ñóäèííî¿ ñèñòåìè äî ä³¿ âèñîêîã³ðíî¿
ã³ïîêñ³¿, ñïðÿìîâàíèõ íà ïîäîëàííÿ âàçî-
êîíñòðèêö³¿, çàáåçïå÷åííÿ àäåêâàòíî¿ ïåð-
ôóç³¿ òêàíèí, îïòèìàëüíîãî ïîñòà÷àííÿ îðãà-
í³çìó êèñíåì ³ ïîïåðåäæåííÿ ðîçâèòêó çàõ-
âîðþâàíü, çóìîâëåíèõ âàçîñïàñòè÷íèìè ïðî-
öåñàìè.

Çá³ëüøåíèé âì³ñò ñòàá³ëüíèõ ìåòàáîë³ò³â îêñèäó àçîòó
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INCREASED NITRIC OXIDE STABLE
METABOLITES BLOOD LEVEL IN
HIGHLANDERS

The investigation was designed to study nitric oxide
(NO) blood level estimated by measuring its stable
metabolites nitrite (NO2

-) and nitrate (NO3
-) con-

centration in highlanders (2,200 m a.s.l.). NO2
- è NO3

-

concentration was measured with Griss reagent and
brucine reagent respectively with using the spec-
trophotometric method. We first found that high-
landers compared to lowlanders have increased blood
level of NO2

- (37 ± 3.3 nmol/ml vs. 28.5 ± 1.3 nmol/ml,
Ð < 0.05) and NO3

- (1362 ± 43 nmol/ml vs. 845 ±
65 nmol/ml, Ð < 0.001). As the most significant,
there was increase in NO2

- concentration in erythro-
cytes (by about 6 times), NO3

- level in erythrocytes
was revealed to be increased by 2.5 times, whereas the
plasma concentration of these stable metabolites was
the same (for NO3

-) or even slightly decreased (for
NO2

-). Such increased NO stable metabolites blood
level in highlanders may explain widening of vaso-
dilative reserve and strengthening of cardiac pump
and contractile functions, which we revealed pre-
viously. Activation of NO-system in high altitude is
important and probable trigger adaptive mechanism
of cardiovascular system to hypoxia. This mechanism
allows to retain adequate tissue perfusion and optimal
oxygen supply in its decreased partial pressure in
inhaled air and thereby to prevent diseases caused by
vasospastic processes.

1A. A. Bogomoletz Institute of Physiology NASU,
Kiev, Ukraine doloman@serv.biph.kiev.ua

2A.V. Palladin Institute of Biochemistry NASU,
Kiev, Ukraine

3International Centre for Astronomical, Medical
and Ecological Research NASU, RAS
and government of KBR, Terskol, Russia

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. Äîëîìàí Ë.Á., Ñàãà÷ Â.Ô., Êóðäàíîâ Õ.À. òà ³í.
Îñîáëèâîñò³ êàðä³îãåìîäèíàì³êè òà åíäîòåë³éçàëåæ-
íî¿ ñóäèííî¿ ðåàêòèâíîñò³ ó ìåøêàíö³â âèñîêî�
ã³ð�ÿ// Ô³ç³îë. æóðí.� 2002.� 48, ¹4.� Ñ. 33�38.

2. Êîöþðóáà À.Â., Ñåìèêîïíà Ò.Â., Â³êòîðîâ Î.Ï.
òà ³í. Äåêëàðàö³éíèé ïàòåíò íà âèíàõ³ä 31600 À.
15.12.2000.� Áþë. ¹7�11. Ñïîñ³á ê³ëüê³ñíîãî

âèçíà÷åíí³ í³òðèò�àí³îíó â á³îëîã³÷í³é ð³äèí³.
3. Ëÿìèíà Í.Ï., Ñåí÷èõèí Â.Í., Ïîêèäûøåâ  Ä.À.,

Ìàíóõèíà Å.Á. Íàðóøåíèå ïðîäóêöèè îêñèäà
àçîòà ó ìóæ÷èí ìîëîäîãî âîçðàñòà  ñ àðòåðèàëü-
íîé ãèïåðòåíçèåé è íåìåäèêàìåíòîçíûé ìåòîä åå
êîððåêöèè// Êàðäèîëîãèÿ.� 2001.� 41, ¹9.�
Ñ. 17�21.

4. Ðåóòîâ Â.Ï., Àæèïà ß.È., Êàþøèí Ë.Ï. Êèñëî-
ðîä êàê èíãèáèòîð íèòðèòðåäóêòàçíîé àêòèâíî-
ñòè ãåìîãëîáèíà// Äîêë. ÐÀÍ. Ñåðèÿ áèîë.�
1983.� ¹3.� Ñ. 408�417.

5. Ðåóòîâ Â.Ï., Ñîðîêèíà Å.Ã., Îõîòèí Â.Å., Êîñè-
öûí Í.Ñ. Öèêëè÷åñêèå ïðåâðàùåíèÿ îêñèäà àçîòà
â îðãàíèçìå ìëåêîïèòàþùèõ. � Ì.:Íàóêà, 1998. �
159 ñ.

6. Baker J.E., Holman P., Kalyanaraman B. et al.
Adaptation of hearts to chronic hypoxia increases
tolerance to subsequent ischemia by increased nit-
ric oxide production// Adv. Exp. Med. Biol.�
1998.� 454.� P. 203�217.

7. Beall C.M., Laskowski D., Strohl K.P. et al. Pul-
monary nitric oxide in mountain dwellers// Natu-
re.� 2001.� 414, N6862.� P411�412.

8. Blatter L., Wier W. Nitric oxide decreases [Ca 2+]
in vascular smooth muscle by inhibition of
the calcium current// Cell Calcium.� 1994.� 15.�
P.122�131

9. Earley S., Naik J.S., Walker B.R. 48�h Hypoxic
exposure results in endothelium�dependent systemic
vascular smooth muscle cell hyperpolarization//
Amer. J. Physiol. Regul. Integr. Comp. Physiol.�
2002.� 283, N1.� P. R79�85.

10. Ishimura N., Kitaguchi K., Tatsumi K., Furuya
H. Nitric oxide involvement in hypoxic dilatation
of pial arteries in the cat// Anesthesiology.�
1996.� 85, ¹6.� P.1350�1356.

11. Faller DV Endothelial cell responses to hypoxic
stress// Clin. Exp. Pharmacol. Physiol.� 1999.�
26, N1.� P. 74�84.

12. Fiori G., Facchini F., Pettener D. et al. Rela-
tionships between blood pressure, anthropometric
characteristics and blood lipids in high� and low�
altitude populations from Central Asia// Ann.
Hum. Biol.� 2000.� 27, N1.� P 19�28.

13. Giordano E., Guarnieri C., Muscari C., Caldarera
C.M. Molecular mechanisms of response to low
oxygen tension in the vascular wall // Cardio-
logia.� 1999.� 44, N9. � P.779�782.

14. Green L.C., David A.V., Glogowski J. et al.
Analysis of nitrate, nitrite and [15N] nitrate in
biological fluids// Ann. Biochem.� 1982.� 126,
N1.� P. 131�138.

15. Kuo P.C., Abe K., Schroeder R.A. Superoxide
inhances interleukin 1 beta � mediated transcrip-
tion of the hepatocyte�inducible nitric oxide syn-
thase gene// Gastroenterology.� 2000.� 118, N3.�
P.608�618.

Â.Ô. Ñàãà÷, Ë.Á. Äîëîìàí, À.Â. Êîöþðóáà òà ³íø.



8 ISSN 0201-8489    Ô³ç³îë. æóðí., 2002, Ò. 48, ¹ 5

16. Mulsch A.,  Bassenge E., Busse R. Nitric oxide
synthesis in endothelial cytosol: evidence for a
calcium�dependent and a calcium�independent
mechanism// Naunyn Schmiedeberg�s Arch. Phar-
macol.� 1989.� 340, N6(Pt 2).� P. 767�770.

17. Ochiai�Kanai R., Hasegawa K., Takeuchi Y. et al.
Immunohistochemical nitrotyrosine distribution in
neonatal rat cerebrocortical slices during and after
hypoxia// Brain Res.� 1999.� 847, N1.� P. 59�70.

18. Schmidt H.H.W. Determination of NO via measu-
rement of nitrite and nitrate in culture media//
Biochemica. � 1995.� 2.� P. 22�34.

19. Siegel G., Grote J., Schnalke F., Zimmer K. The
significance of the endothelium for hypoxic vasodila-
tation// Z. Kardiol.� 1989.� 78, N6.�  P. 124�131.

20. Vallet B., Winn M.J., Asante N.K., Cain S.M.
Influence of oxygen on endothelium�derived rela-
xation factor / nitric oxide and K+�dependent
regulation of vascular tone// J. Cardiovasc. Phar-

Ìàòåð³àë íàä³éøîâ äî
ðåäàêö³¿ 20.08.2002

²í-ò ô³ç³îëîã³¿ ³ì. Î.Î. Áîãîìîëüöÿ ÍÀÍ
Óêðà¿íè, Êè¿â;

²í-ò á³îõ³ì³¿ ³ì. Î.Â. Ïàëëàä³íà ÍÀÍ
Óêðà¿íè, Êè¿â;

Ì³æíàðîä. öåíòð àñòðîíîì.³ ìåä.-åêîë.
äîñë³äæåíü, Òåðñêîë, ÊÁÐ, Ðîñ³ÿ

Çá³ëüøåíèé âì³ñò ñòàá³ëüíèõ ìåòàáîë³ò³â îêñèäó àçîòó

macol.� 1994.� 24, N4.� P.596�602.
21. West M.A., Li M.H., Seatter S.C. Bubrick M.P.

Pre�exposure to hypoxia or septic stimuli differen-
tially regulates endotoxin release of tumor necrosis
factor, interleukin�6, interleukin�1, prostaglandin
E2, nitric oxide, and superoxide by macrophages
// J.Trauma.� 1994.� 37, N1.� P. 82�89.

22. Xue C., Rengasamy A., Le Cras T.D. et al. Distri-
bution of NOS in normoxic vs. hypoxic rat lung:
upregulation of NOS by chronic hypoxia// Amer.
J. Physiol.� 1994.� 267, N6 (Pt1).�  P. L667�L678.

23. Zhang L., Xiao D., Bouslough DB. Long�term high�
altitude hypoxia increases plasma nitrate levels in
pregnant ewes and their fetuses// Amer. J. Obstet.
Gynecol.� 1998.� 179, N6 (Pt 1).� P. 1594�1598.

24. Zweier J.L., Samouilov A., Kuppusamy P. Non�
enzimatic nitric oxide synthesis in biological sys-
tems// J. Biochem. And Biophys. Acta.� 1999.�
1411, N 2�3.� P. 250�262.


