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Âïëèâ ãîñòðî¿ ã³ïîêñè÷íî¿ ã³ïîêñ³¿
íà ³íäóêö³þ ñèíòàçè îêñèäó àçîòó ó ùóð³â

Êðûñ � ñàìöîâ ëèíèè Âèñòàð ïîäâåðãàëè îñòðîé íîðìîáàðè÷åñêîé ãèïîêñè÷åñêîé ãèïîêñèè
(10% Î

2
) íà ïðîòÿæåíèè 1 èëè 3 ÷. ×åðåç 24 ÷ îáíàðóæåíî ïðåîáëàäàíèå ýêñïðåññèè ïðîòå-

èíà iNOS (ìåòîäîì Western blotting) â ïðàâîì æåëóäî÷êå ñåðäöà ïî ñðàâíåíèþ ñ ëåâûì (ó
èíòàêòíûõ è îïûòíûõ êðûñ), à òàêæå ðîñò ýêñïðåññèè iNOS â ìèîêàðäå è ëåãêèõ â îòâåò
íà ãèïîêñèþ. Òàêèì îáðàçîì, îñòðàÿ ãèïîêñèÿ ïðèâîäèò ê èíäóêöèè iNOS, ñòåïåíü êîòîðîé
çàâèñèò îò ïðîäîëæèòåëüíîñòè âîçäåéñòâèÿ. Ïðåîáëàäàíèå èíäóêöèè iNOS â ïðàâîì æå-
ëóäî÷êå ñåðäöà è ëåãêèõ ìîæåò óêàçûâàòü íà âàæíóþ ðîëü NO-çàâèñèìûõ ìåõàíèçìîâ â
ìàëîì êðóãå êðîâîîáðàùåíèÿ ïðè ãèïîêñèè.

ÂÑÒÓÏ

Ìîíîîêñèä àçîòó (NO) º ðåãóëÿòîðîì ñó-
äèííîãî òîíóñó, ì³æêë³òèííî¿ êîîïåðàö³¿
êë³òèí êðîâ³ òà ñóäèííîãî åíäîòåë³þ, ïðî-
öåñ³â êë³òèííî¿ àêòèâàö³¿, àïîïòîçó, êîà-
ãóëÿö³¿ êðîâ³, ðåàêö³é íåñïåöèô³÷íî¿ ðåçè-
ñòåíòíîñò³ òà ³íøèõ ôóíêö³é. Òîìó çíà÷-
íèé ³íòåðåñ âèêëèêàº äîñë³äæåííÿ ó÷àñò³
NO ó ìåõàí³çìàõ ïîøêîäæåííÿ òà êîìïåí-
ñàö³¿ ïðè ã³ïîêñ³¿. Ïîêàçàíî ï³äâèùåííÿ
åêñïðåñ³¿ ³íäóöèáåëüíî¿ ñèíòàçè îêñèäó
àçîòó (iNOS) ó êë³òèíàõ ð³çíèõ îðãàí³â
ïðè õðîí³÷í³é ³ ïåðåðèâ÷àñò³é ã³ïîêñ³¿, ùî
ñâ³ä÷èòü ïðî ðîëü NO ó ïðîöåñàõ àäàï-
òàö³¿ äî ã³ïîêñ³¿ [1, 5, 8]. Îäíàê ðåçóëüòàòè
âïëèâó ãîñòðî¿ ã³ïîêñ³¿ íà åêñïðåñ³þ iNOS
º ñóïåðå÷ëèâèìè [3, 4, 6].

Ìåòîþ íàøî¿ ðîáîòè áóëî äîñë³äæåííÿ
çàëåæíîñò³ åêñïðåñ³¿ iNOS ó ð³çíèõ îðãà-
íàõ ³ òêàíèíàõ äîñë³äíèõ òâàðèí â³ä òðè-
âàëîñò³ âïëèâó ãîñòðî¿ ã³ïîêñè÷íî¿ ã³ïîêñ³¿.

ÌÅÒÎÄÈÊÀ

Ùóð³â-ñàìö³â ë³í³¿ Â³ñòàð ìàñîþ 350 �
380 ã ï³ääàâàëè ä³¿ íîðìîáàðè÷íî¿ ã³ïîêñ³¿
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ïðîòÿãîì 1 ãîä (² ãðóïà, n=6) àáî 3 ãîä (²²
ãðóïà, n=6), âì³ùóþ÷è òâàðèí äî ñêëÿíî¿
êàìåðè ç ïîñò³éíèì ïðîòîêîì ã³ïîêñè÷íî¿
ãàçîâî¿ ñóì³ø³ (90% N

2
, 10% Î

2
). Êîíò-

ðîëüíèõ òâàðèí óòðèìóâàëè çà àíàëîã³÷-
íèõ óìîâ, àëå ïðè äèõàíí³ àòìîñôåðíèì
ïîâ³òðÿì. ×åðåç 24 ãîä òâàðèí äåêàï³òó-
âàëè, òêàíèíè ñåðöÿ (ë³âèé øëóíî÷îê ç
ì³æøëóíî÷êîâîþ ïåðåãîðîäêîþ òà ïðà-
âèé øëóíî÷îê), ëåãåíü ³ ïå÷³íêè íåãàéíî
çàìîðîæóâàëè â ð³äêîìó àçîò³.

Åêñïðåñ³þ iNOS âèçíà÷àëè ìåòîäîì
Western blotting ç âèêîðèñòàííÿì îáëàä-
íàííÿ òà ïðîòîêîë³â ô³ðìè �Bio-Rad Labo-
ratories� (ÑØÀ), ðåàãåíò³â ³ àíòèò³ë � ô³ð-
ìè �Sigma�(ÑØÀ). Òêàíèíè ãîìîãå-
í³çóâàëè â ë³çèñ-áóôåð³ (òð³ñ-HCl �
5 ììîëü/ë, ðÍ 7,5, ãë³öåðîë � 10%, ÅÄÒÀ
òà ÅÃÒÀ � ïî 0,5 ììîëü/ë, äèò³îòðå¿òîë �
2 ììîëü/ë, ôåí³ëìåòèëñóëüôîí³ëôòîðèä �
0,2 ììîëü/ë, �êîêòåéëü ³íã³á³òîð³â ïðîòåàç� �
1%, Òðèòîí Õ-100 � 0,1%), öåíòðèôóãóâàëè
20 õâ (10000 g, 4 îÑ). Ó ñóïåðíàòàíòàõ
âèçíà÷àëè âì³ñò á³ëêà ìåòîäîì ÂÑÀ-1
(�Sigma�, ÑØÀ). Ñóïåðíàòàíòè (ïî 50 �
100 ìêã á³ëêà) ðîçä³ëÿëè íà 7,5% -ìó ïî-
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ë³àêðèëàì³äíîìó ãåë³ (n=3 ó êîæí³é ïðîá³)
òà ïåðåíîñèëè íà PVDF-ìåìáðàíè. Îñ-
òàíí³ áëîêóâàëè 4%-ì ðîç÷èíîì æåëàòè-
íó, îáðîáëÿëè ïîë³êëîíàëüíèìè àíòè-
iNOS-àíòèò³ëàìè 2 ãîä, àíòè-êðîëÿ÷èì
IgG êîçè òà çàáàðâëþâàëè çà äîïîìîãîþ
íàáîðó ðåàêòèâ³â ExtrAvidin Peroxidase
Staining Kit (�Sigma�, ÑØÀ).

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Àíàë³ç ðåçóëüòàò³â ïîêàçàâ, ùî åêñïðåñ³ÿ
ïðîòå¿íó iNOS ó ïðàâîìó øëóíî÷êó ñåðöÿ
áóëà ó âñ³õ ãðóïàõ âèùîþ, í³æ ó ë³âîìó
øëóíî÷êó (ðèñóíîê). Ïðè êîðîòêîñòðî-
êîâîìó âïëèâ³ ã³ïîêñ³¿ (1 ãîä) ð³âåíü åêñ-
ïðåñ³¿ iNOS äåùî ï³äâèùóâàâñÿ ïîð³âíÿíî
ç êîíòðîëüíèìè ïîêàçíèêàìè ò³ëüêè â ë³-
âîìó øëóíî÷êó ñåðöÿ. Ïðè á³ëüø òðè-
âàëîìó âïëèâ³ ã³ïîêñ³¿ (3 ãîä) åêñïðåñ³ÿ
çá³ëüøóâàëàñÿ â îáîõ øëóíî÷êàõ.

Íà â³äì³íó â³ä öüîãî, âèõ³äíèé íåâè-
ñîêèé ð³âåíü åêñïðåñ³¿ iNOS ó òêàíèí³ ëå-
ãåíü ï³äâèùóâàâñÿ âæå ïðè êîðîòêîñòðî-
êîâ³é ã³ïîêñ³¿, à ïðè á³ëüø òðèâàëîìó
âïëèâ³ ïîäàëüøîãî ï³äâèùåííÿ çíà÷åíü
ïîêàçíèê³â íå ñïîñòåð³ãàëè. Ó ïå÷³íö³
êîíòðîëüíèõ òâàðèí iNOS âèçíà÷àëàñÿ ó
äóæå íåçíà÷í³é ê³ëüêîñò³, à ã³ïîêñ³ÿ ïðèç-

âîäèëà ëèøå äî äåÿêîãî çá³ëüøåííÿ åêñï-
ðåñ³¿ ôåðìåíòó. Îäåðæàí³ íàìè â³äì³í-
íîñò³ âèõ³äíèõ ïîêàçíèê³â åêñïðåñ³¿ ïðî-
òå¿íó iNOS ó òêàíèíàõ ñåðöÿ, ëåãåíü ³
ïå÷³íêè â³äïîâ³äàþòü äàíèì ë³òåðàòó-
ðè ïðî ð³çíó åêñïðåñ³þ â öèõ òêàíèíàõ
ìÐÍÊ iNOS [4].

Áåçïåðå÷íî, ïð³îðèòåòíèì ðåçóëüòà-
òîì öüîãî äîñë³äæåííÿ º ñïîñòåðåæåííÿ
â³äì³ííîñò³ åêñïðåñ³¿ iNOS ó ë³âîìó òà
ïðàâîìó øëóíî÷êàõ ñåðöÿ. Â³äîìî, ùî ðå-
ãóëÿö³ÿ êðîâîòîêó òà ìåòàáîë³çìó â ïðà-
âîìó øëóíî÷êó çíà÷íî â³äð³çíÿºòüñÿ â³ä
òàêèõ ó ë³âîìó øëóíî÷êó, à ³íã³á³ö³ÿ ñèí-
òåçó NO çíèæóº êîðîíàðíèé êðîâîò³ê ïå-
ðåâàæíî â ïðàâîìó øëóíî÷êó [7]. Îäíàê
ïðè÷èííî-íàñë³äêîâèé çâ�ÿçîê ì³æ çíà÷-
íîþ åêñïðåñ³ºþ iNOS ó ïðàâîìó øëóíî÷-
êó òà ìîæëèâîþ ó÷àñòþ NO ó ëîêàëüí³é
ðåãóëÿö³¿ êîðîíàðíîãî êðîâîòîêó â íîðì³
òà ïðè ã³ïîêñ³¿ çàëèøàºòüñÿ ïîêè íå ç�ÿñîâà-
íèì. Êð³ì òîãî, NO çíèæóº ñïîæèâàííÿ êèñíþ
ïðàâèì øëóíî÷êîì ñåðöÿ [7], ùî òàêîæ ìîæå
ìàòè ïðîòåêòèâíèé åôåêò ïðè ã³ïîêñ³¿.

Âîäíî÷àñ äîñë³äæåííÿ ã³ïîêñè÷íî¿ âà-
çîêîíñòðèêö³¿ â ³çîëüîâàíèõ ëåãåíÿõ ìè-
øåé, äåô³öèòíèõ çà ãåíàìè ð³çíèõ ³çîôîðì
NOS, ïîêàçàëî, ùî åíäîòåë³àëüíà NOS òà
iNOS áåðóòü ó÷àñòü ó ìîäóëÿö³¿ áàçàëü-

Åêñïðåñ³ÿ iNOS ó ë³âîìó (ç ïåðåãîðîäêîþ), ïðàâîìó øëóíî÷êàõ ñåðöÿ òà ëåãåíÿõ ùóð³â ÷åðåç 24 ãîä ï³ñëÿ âïëèâó
ãîñòðî¿ ã³ïîêñè÷íî¿ ã³ïîêñ³¿: 1 � êîíòðîëü, 2, 3 � ï³ñëÿ âïëèâó ã³ïîêñ³¿ ïðîòÿãîì 1 ³ 3 ãîä â³äïîâ³äíî.

Âïëèâ ãîñòðî¿ ã³ïîêñè÷íî¿ ã³ïîêñ³¿
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íîãî òîíóñó ëåãåíåâî¿ àðòåð³¿ [2]. Öå äîç-
âîëÿº ïðèïóñòèòè ìîæëèâó ó÷àñòü iNOS
ïðàâîãî ñåðöÿ ³ ëåãåíü ó ðåãóëÿö³¿ ëåãåíå-
âîãî êðîâîòîêó, â òîìó ÷èñë³ ïðè ã³ïîêñ³¿.

Â³äîìî, ùî ³í³ö³àëüíà â³äïîâ³äü ì³êðî-
ñóäèííîãî ðóñëà íà ã³ïîêñ³þ ñóïðîâîä-
æóºòüñÿ óòâîðåííÿì àêòèâíèõ ìåòàáîë³-
ò³â êèñíþ, ïðè öüîìó ñïîñòåð³ãàºòüñÿ ïðî-
òåêòèâíà ä³ÿ NO. Ïðè ã³ïîêñ³¿ âì³ñò êèñ-
íåâèõ ðàäèêàë³â çá³ëüøóºòüñÿ, àëå â³í íîð-
ìàë³çóºòüñÿ ï³ñëÿ ïîâåðíåííÿ äî íîðìîêñ³¿
[5]. Ó íàøèõ äîñë³äæåííÿõ â³äì³ííîñò³ ³í-
äóêö³¿ iNOS ó òêàíèíàõ ïðè ä³¿ ã³ïîêñ³¿
ð³çíî¿ òðèâàëîñò³ (ç íàñòóïíîþ íîðìîêñ³-
ºþ) ìîæóòü ñâ³ä÷èòè ïðî ³ñíóâàííÿ ïîðîãà
ã³ïîêñè÷íîãî âïëèâó, íåîáõ³äíîãî äëÿ ³í-
äóêö³¿ ôåðìåíòó. Öå ìîæå áóòè ïîâ�ÿçàíî
ç³ ñòóïåíåì çì³ùåííÿ áàëàíñó àêòèâíèõ
ìåòàáîë³ò³â êèñíþ/NO.

Ñë³ä âðàõîâóâàòè, ùî ðåãóëÿö³ÿ ïðî-
äóêö³¿ NO êë³òèíàìè ó â³äïîâ³äü íà ã³-
ïîêñ³þ ìîæå çä³éñíþâàòèñÿ íà ð³âíÿõ òðàí-
ñêðèïö³¿, åêñïðåñ³¿ ôåðìåíòó, ìîäóëÿö³¿
éîãî àêòèâíîñò³, íàÿâíîñò³ ñóáñòðàòó, à
òàêîæ ÷åðåç ìåõàí³çìè ñèñòåìíîãî ð³âíÿ
òà îðãàí³çìó â ö³ëîìó [1, 3 � 6, 8], ùî ìî-
æå áóòè äæåðåëîì ñóïåðå÷ëèâèõ ðåçóëü-
òàò³â. Òàê, ð³âåíü òðàíñêðèïö³¿ ìÐÍÊ
 iNOS ìîæå íå çá³ãàòèñÿ ç ð³âíåì åêñïðåñ³¿
öüîãî á³ëêà ïðè ãîñòð³é ã³ïîêñ³¿ [3, 4], îä-
íàê ñòâîðþâàòè ìîæëèâ³ñòü ïîäàëüøî¿
³íäóêö³¿ á³ëêà-ôåðìåíòó ³ ñèíòåçó NO çà-
ëåæíî â³ä ³íòåíñèâíîñò³ âïëèâó òà ÷àñó
ðîçâèòêó â³äïîâ³ä³ íà íüîãî.

Òàêèì ÷èíîì, îäåðæàí³ ðåçóëüòàòè ìî-
æóòü ñâ³ä÷èòè ïðî çàëåæí³ñòü ³íäóêö³¿ á³ë-
êà iNOS â³ä òðèâàëîñò³ ãîñòðî¿ ã³ïîêñ³¿, à
òàêîæ ïðî ð³çíó øâèäê³ñòü ³ ñòóï³íü ³í-
äóêö³¿ ôåðìåíòó ó ð³çíèõ îðãàíàõ ³ òêà-
íèíàõ, ùî âêàçóº íà ïîñë³äîâíå âêëþ÷åí-
íÿ îðãàí³â ³ ñèñòåì â NO-çàëåæí³ êîìïåí-
ñàòîðí³ ìåõàí³çìè ïðè ã³ïîêñ³¿. Ï³äâèùå-
íà åêñïðåñ³ÿ ïðîòå¿íó iNOS ó ïðàâîìó
øëóíî÷êó ñåðöÿ, à òàêîæ ¿¿ çðîñòàííÿ â
ì³îêàðä³ òà ëåãåíÿõ ó â³äïîâ³äü íà ã³ïîê-

ñ³þ, ìîæóòü ñâ³ä÷èòè ïðî âàæëèâ³ñòü NO-
çàëåæíèõ êîìïåíñàòîðíèõ ðåàêö³é íà ã³-
ïîêñ³þ â ìàëîìó êîë³ êðîâîîá³ãó.

A.G. Portnychenko, M.I. Vasylenko, A.A. Moybenko

INFLUENCE OF ACUTE HYPOXIC HYPOXIA ON NI-
TRIC OXIDE SYNTHASE INDUCTION IN RATS

Male Wistar rats were exposed to acute normobaric hypoxia
(10% O2) during 1 or 3 h. After 24 h iNOS protein expression
was estimated in tissues by Western blotting. It was found,
that iNOS protein expression was higher in heart right ventri-
cles versus left ventricles in both control (intact) and hypoxic
animals. Hypoxia caused marked time-depending iNOS induc-
tion in both heart ventricles and lungs but not significant in
livers. These results suggest that iNOS-produced NO can play
a role in response to acute hypoxia, acting at least on pulmo-
nary circulation.
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