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Âàæëèâèì á³îëîã³÷íèì ìåä³àòîðîì ô³ç³îëîã³÷íèõ 
ïðîöåñ³â â îðãàí³çì³ ëþäèíè º îêñèä àçîòó ²² (NO) [31, 
44, 48, 53], ÿêèé ðåãóëþº êðîâ’ÿíèé òèñê, âíóòð³øíüî-
êë³òèííó ñèãíàëüíó òðàíñäóêö³þ òà àíòèì³êðîáíèé çà-
õèñò [4, 7].

Â óòâîðåíí³ NO îñíîâíà ðîëü â³äâîäèòüñÿ àì³íî-
êèñëîò³ L–àðã³í³í òà îêñèäàçîòíèì ñèíòåòàçàì (Nitric 
Oxide Synthase – NOS) NOS [23], ÿê³ çíàõîäÿòüñÿ â åí-
äîòåë³¿, ì³îöèòàõ ñóäèí, íåéðîíàõ, ë³ìôîöèòàõ, íåé-
òðîô³ëàõ, òðîìáîöèòàõ, ìàêðîôàãàõ, ô³áðîáëàñòàõ ³ 
ãåïàòîöèòàõ [11, 17, 46, 47]. Ñòðåñ òà ã³ïîêñ³ÿ çì³íþþòü 
àêòèâí³ñòü NOS [57]. ²ñíóº ê³ëüêà NOS: åíäîòåë³àëüíà 
(å–NOS), êîíñòèòóòèâíà (ñ–NOS) òà ³íäóöèáåëüíà (³í-
äóêîâàíà) (³–NOS). Åíäîòåë³àëüíà NOS àêòèâóºòüñÿ ï³ä 
âïëèâîì âåëèêî¿ ê³ëüêîñò³ êàëüö³þ òà ñèíòåçóº åíäî-
òåë³àëüíèé NO, ùî äèôóíäóº ó ãëàäêîì’ÿçîâ³ êë³òèíè 
ñóäèí [30]. Êîíñòèòóòèâíà NOS ïîñò³éíî çíàõîäèòüñÿ 
â öèòîïëàçì³ êë³òèí, º îñíîâíèì ôàêòîðîì çàõèñòó îð-
ãàí³çìó â³ä ³íôåêö³¿, ³øåì³¿, çá³ëüøåíîãî òðîìáîóòâî-
ðåííÿ òà áàãàòüîõ ³íøèõ ïîøêîäæåíü [51]. Ïðè íèçüê³é 
êîíöåíòðàö³¿ â³ëüíîãî êàëüö³þ ñ–NOS ³íàêòèâóºòüñÿ. 
²íäóöèáåëüíà NOS (³-NOS) íå çàâæäè ïðèñóòíÿ â êë³-
òèíàõ òà àêòèâí³ñòü ¿¿ íå çàëåæèòü â³ä ð³âíÿ ³îí³â êàëü-
ö³þ ó êë³òèí³ [49, 50]. ³–NOS ñèíòåçóº NO ò³ëüêè ïðè 
ïàòîëîã³÷íèõ ñòàíàõ (ñòðåñ, ñåðöåâî-ñóäèíí³ õâîðî-
áè, ïóõëèíè òà ³íø³) [14, 15] ï³ä âïëèâîì ãëþêî-êîð-
òèêî¿ä³â, åñòðîãåí³â, ³íòåðëåéê³íó–1, –³íòåðôåðî-
íó, -ôàêòîðà íåêðîçó ïóõëèíè, -òðàíñôîðìóþ÷îãî 
ôàêòîðà ðîñòó, åíäîòîêñèí³â òà öèòîê³í³â [38]. Â³äîìî 
á³ëÿ 20 êë³òèí, ó ÿêèõ ïðîõîäèòü åêñïðåñ³ÿ ³–NOS, ùî 
çàáåçïå÷óº ñèíòåç NO ñóäèííèì åíäîòåë³ºì ³ çàõèùàº 
îðãàí³çì â³ä áàêòåð³é, â³ðóñ³â, ðàêîâèõ êë³òèí [45, 55]. 
Ó ïóõëèíàõ º áàãàòî ³–NOS, ÿêà ñèíòåçóº NO, ùî ï³ä-
âèùóº ïðîíèêí³ñòü ñóäèí, çá³ëüøóº äîñòóï ïîæèâíèõ 
ðå÷îâèí äî ïóõëèí ³ ïðèñêîðþº ¿õ ð³ñò [23]. 

NO ìàº êîðîòêèé ïåð³îä íàï³âæèòòÿ (2–50 ñåê). 
Ó æèâèõ îðãàí³çìàõ NO øâèäêî ïåðåòâîðþºòüñÿ 
â ìåòàáîë³òè (í³òðèòè ÷è í³òðàòè), ùî çíèæóº éîãî 
òîêñè÷íó ä³þ. Ïðè ïîðóøåíí³ ïðîöåñó óòâîðþºòüñÿ 

ïåðîêñèí³òðèò (ÎNOÎ–), ÿêèé ðîçïàäàºòüñÿ íà NO2 ³ 
ã³äðîêñèëðàäèêàë (ÎÍ–). Ïåðîêñèí³òðèò àêòèâóº ïðî-
öåñè ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â (ÏÎË), óòâîðþ-
þ÷è ðàäèêàëè ãëóòàò³îíó, ÿê³ ç àíòèîêñèäàíòó ñòàþòü 
ïðîîêñèäàíòîì [12, 41]. Ó òêàíèíàõ NO ³ñíóº ÿê â³ëü-
íèé ðàäèêàë, ùî ìàº ñèëüí³ ë³ïîô³ëüí³ (ëåãêî äèôóí-
äóº ÷åðåç êë³òèíí³ îáîëîíêè) ³ ã³äðîô³ëüí³ (ëåãêî ïåðå-
õîäèòü ó í³òðèòè, í³òðàòè, ïåðîêñèí³òðèò ³ ïîë³îêèñè 
àçîòó) âëàñòèâîñò³.

Ïðè àêòèâàö³¿ NO–ñèñòåìè ï³äâèùóþòüñÿ ïðîöåñè 
ÏÎË [3], à â òêàíèíàõ ïîñèëþºòüñÿ ã³ïîêñ³ÿ. Ã³ïîêñ³ÿ 
ñòèìóëþº ñèíòåç NO â ñóäèíàõ, éîãî åêñïðåñ³þ ³-NOS, 
ï³äâèùóº ð³âåíü äèí³òðîçèëüíèõ êîìïëåêñ³â çàë³çà 
òà S–í³òðîçîò³îë³â (äåïî NO). Ïðè òÿæê³é òà õðîí³÷í³é 
ã³ïîêñ³¿ ó êðîâ³ çíèæóºòüñÿ ð³âåíü L–àðã³í³íó, ïðèãí³÷ó-
ºòüñÿ ñèíòåç NO òà ïðèñêîðþºòüñÿ éîãî ³íàêòèâàö³ÿ. 
Ïðè ïîì³ðí³é ã³ïîêñ³¿ ï³äâèùóºòüñÿ ð³âåíü NO [37]. 

Â åíäîòåë³¿ ñóäèí ³ç àðàõ³äîíîâî¿ æèðíî¿ êèñëîòè 
òà àì³íîêèñëîòè L–àðã³í³íó óòâîðþºòüñÿ NO ³ ë³ï³ä-
íèé ïðîñòàöèêë³í (ÏÃ–²2). NO óòðèìóº íèçüêèé òîíóñ 
ñò³íêè àðòåð³é (äèëàòàòîðíèé åôåêò), à ïðîñòàöèêë³í 
ñòàá³ë³çóº òðîìáîðåçèñòåíòí³ñòü åíäîòåë³þ. Ïðè ïî-
ñèëåíîìó ðóéíóâàíí³ NO ïîë³ìîðôíîÿäåðíèìè ëåé-
êîöèòàìè ðåãóëÿö³ÿ òîíóñó áëîêóºòüñÿ. 

Ïðè ñòðåñàõ NO ïðîÿâëÿº çàõèñí³ âëàñòèâîñò³ òà 
ôîðìóº øâèäêó ³ òðèâàëó àäàïòàö³þ [14, 24], ïðè ÿê³é 
çá³ëüøóºòüñÿ àáî çíèæóºòüñÿ ïðîäóêö³ÿ NO â îðãàíàõ. 
Ïðè êîðîòêî÷àñíèõ òà ³ìóííèõ ñòðåñàõ ê³ëüê³ñòü NO 
çðîñòàº, ïðè òðèâàëèõ ³ òÿæêèõ ñòðåñàõ – çìåíøóºòü-
ñÿ. Ï³ñëÿ àäàïòàö³¿ ð³âåíü NO â³äíîâëþºòüñÿ. Ñòðåñ 
çá³ëüøóº ó êðîâ³ ê³ëüê³ñòü NO òà åíäîòåëèíó [48], ÿê³ 
âïëèâàþòü íà ðîçâèòîê àòåðîñêëåðîçó òà âàçîñïàñ-
òè÷íèõ ðåàêö³é ³ ïîøêîäæóþòü ñëèçîâó øëóíêà. Ïðè 
àäàïòàö³¿ ñåðöÿ äî ñòðåñó ³ ô³çè÷íîãî íàâàíòàæåííÿ 
ñèíòåç NO çðîñòàº [14]. 

Êîðîòêèé ïåð³îä íàï³âæèòòÿ NO ïîÿñíþº âàæê³ñòü 
éîãî âèÿâëåííÿ â á³îëîã³÷íèõ ð³äèíàõ, òîìó íàé÷àñ-
ò³øå âèçíà÷àþòü ê³íöåâ³ ìåòàáîë³òè NO (í³òðèòè/í³-
òðàòè), ê³ëüê³ñòü ÿêèõ ó êðîâ³ çäîðîâèõ äîðîñëèõ îñ³á 
äîð³âíþº 10 ìêìîëü/ìë, à â ä³òåé – 25 ìêìîëü/ìë. Ó 
ë³òåðàòóð³ â³äçíà÷åíî, ùî â ñå÷³ ïðîòÿãîì äîáè ð³âåíü 
í³òðèò³â/í³òðàò³â íå çì³íþºòüñÿ ³ íå çàëåæèòü â³ä ñòàò³ 
òà â³êó (îêð³ì íîâîíàðîäæåíèõ, äå ê³ëüê³ñòü ¿õ ó ñå÷³ 
âäåíü – 2-3 íìîëü/ìë, à âíî÷³ – 14-16 íìîëü/ìë). Ó 
êðîâ³ ñèíòåç NÎ ç â³êîì ïðèãí³÷óºòüñÿ (ñòàð³ííÿ îð-
ãàí³çìó): â îñ³á ñòàðøèõ çà 75 ðîê³â éîãî ð³âåíü ñòàº 
ìåíøèì (ó 3–4 ðàçó), í³æ ó â³ö³ 25–30 ðîê³â. Ó êðîâ³ 
çäîðîâèõ îñ³á ð³âåíü àçîòó ñêëàäàº 203 íìîëü/ìë [38], 
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ó áðîíõîàëüâåîëÿðí³é ðå÷îâèí³ ð³âåíü í³òðèò³â/í³òðà-
ò³â ñêëàäàº 0,8 íìîëü/ìë [10]. 

Ó ï³çíþ ñåêðåòîðíó ôàçó ìåíñòðóàëüíîãî öèêëó 
âì³ñò NO ó êðîâ³ âèùèé, í³æ ó ïðîë³ôåðàòèâíó [42]. 
Åñòðîãåíè ï³äâèùóþòü ð³âåíü í³òðèò³â/ í³òðàò³â – ó 
âàã³òíèõ ê³ëüê³ñòü ìåòàáîë³ò³â NO á³ëüøà (çðîñòàº ³ç 
ñòðîêîì âàã³òíîñò³), í³æ ó íå âàã³òíèõ, à íà ïî÷àòêó ïî-
ëîãîâî¿ ä³ÿëüíîñò³ ¿õ ð³âåíü ñóòòºâî çìåíøóºòüñÿ [39]. 

 Ï³äâèùåíèé ð³âåíü NO òà éîãî äåô³öèò º øê³äëè-
âèìè äëÿ îðãàí³çìó. Çà äàíèìè íàóêîâö³â âèñîêèé ð³-
âåíü NO - öå îñíîâíèé ôàêòîð ó ðîçâèòêó ïàòîëîã³÷íèõ 
ñòàí³â îðãàí³çìó òà ïîñèëåííÿ ¿õ çàïàëüíîãî ïðîöåñó 
[2], äå âàæëèâà ðîëü â³äâîäèòüñÿ ³–NOS òà ñ–NOS. Ó 
ë³òåðàòóð³ º ñóïåðå÷íîñò³ ùîäî ðîë³ ³ ä³¿ NO íà ì³î-
êàðä. Äåÿê³ àâòîðè ââàæàþòü, ùî NO º êàðä³îïðîòåê-
òîðîì ³ çìåíøóº ³øåì³÷í³ óðàæåííÿ ì³îêàðäà [43]. Ïðè 
ñåðöåâî-ñóäèíí³é íåäîñòàòíîñò³ ê³ëüê³ñòü NO ó ïëàçì³ 
êðîâ³ çðîñòàº [4], ùî ïðèãí³÷óº àãðåãàö³þ òà àäãåç³þ 
òðîìáîöèò³â, ïîïåðåäæóº ðîç-âèòîê àòåðîñêëåðîòè÷-
íèõ áëÿøîê òà ñïðèÿº ä³àñòîë³÷íîìó ðîçñëàáëåííþ 
ì³îêàðäà [23]. Çíà÷íå íàêîïè÷åííÿ NO â îðãàí³çì³ 
ïîøêîäæóº ñóäèíè ïðè öóêðîâîìó ä³àáåò³, ùî ñïðèÿº 
óñêëàäíåííÿì. Ï³äâèùåíèé ð³âåíü NO ïðèãí³÷óº ïðîë³-
ôåðàö³þ ë³ìôîöèò³â ³ ìàêðîôàã³â, çá³ëüøóº ¿õ àïîïòîç 
òà ñïðèÿº âèíèêíåííþ âòîðèííèõ ³ìóíîäåô³öèò³â [53], 
ïóõëèí, øîêó, çàïàëüíèõ ³ àóòî³ìóííèõ çàõâîðþâàíü. 

Äåô³öèò NO ñòâîðþº óìîâè äëÿ àòåðîãåíåçó, âàçî-
êîíñòðèêö³¿, óòâîðåííÿ òðîìáîç³â òà ³øåì³¿. Çà äàíè-
ìè ³íøèõ àâòîð³â – ïðèãí³÷åííÿ ñèíòåçó NO ïîçèòèâíî 
âïëèâàº íà ñòóï³íü ïîøêîäæåííÿ ñåðöÿ ïðè ³íôàðêò³ 
[56]. Ïðè ï³äâèùåí³é ñêîðî÷óâàëüí³é çäàòíîñò³ ñåðöÿ 
ó íüîìó çðîñòàº ñèíòåç NO òà çìåíøóºòüñÿ ïîòðåáà â 
êèñí³, à ïðè áëîêàä³ ñèíòåçó NO – çá³ëüøóºòüñÿ ïîòðå-
áà ñåðöÿ â êèñí³, ùî ³ñíóº ïðè éîãî õâîðîáàõ.

Ïðè ïàòîëîã³÷íèõ çì³íàõ ñåðöÿ â êàðä³îì³îöèòàõ 
ç’ÿâëÿºòüñÿ ³–NOS, â ðåçóëüòàò³ ÷îãî ï³äâèùóºòüñÿ 
âì³ñò NO ó êðîâ³ ïðè ³íôàðêò³ ì³îêàðäà, ì³îêàðäèò³ ³ 
êàðä³îì³îïàò³ÿõ [6]. Ó ïåðøèé äåíü ³íôàðêòó ì³îêàðäó 
³ñíóº ê³ëüêà ñòàí³â NO: ïðèãí³÷åííÿ ÷è ïîñèëåííÿ éîãî 
ñèíòåçó òà â³äñóòí³ñòü çì³í [23]. Ïðè ïðîëàïñ³ ì³òðàëü-
íîãî êëàïàíà ó êðîâ³ ä³òåé çðîñòàº ð³âåíü ìåòàáîë³ò³â 
NO; ïðè ³øåì³÷í³é õâîðîá³ ñåðöÿ, õðîí³÷í³é ñåðöåâ³é 
íåäîñòàòíîñò³ òà àðòåð³àëüí³é ã³ïåðòåíç³¿ ñèíòåç NO 
çíèæåíèé [5, 15, 35]. 

NO ³í³ö³þº àïîïòîç (ñòèìóëþº ñèíòåç ïðîàïîïòè÷-
íîãî á³ëêà ð53), ùî çàõèùàº â³ä ³íôåêö³é òà åë³ì³íóº 
ìóòàö³éí³ êë³òèíè. Çà ³íøèìè äàíèìè ë³òåðàòóðè NO 
ïðèãí³÷óº ìåõàí³çì çàïóñêàííÿ àïîïòîçó [2], ïîðó-
øåííÿ ÿêîãî ïðèâîäèòü äî âèíèêíåííÿ ïàòîëîã³÷íèõ 
ñòàí³â òà çàõâîðþâàíü. Õðîí³÷íà ã³ïîêñ³ÿ ³ íåäîñòàò-
í³ñòü êðîâîîá³ãó ñòèìóëþþòü àïîïòîç êàðä³îì³îöèò³â, 
äå çíà÷íî çðîñòàº NO ³ ñïðèÿº ã³ïåðòðîô³¿ ñåðöÿ [55]. 

Âèñîêèé ð³âåíü ìåòàáîë³ò³â NO ³ñíóº ïðè ðåâìà-
òî¿äíîìó àðòðèò³, öåðåáðàëüíîìó âàñêóë³ò³ (ó ñïèííî-
ìîçêîâ³é ð³äèí³) [32, 36], ð³âåíü ¿õ çì³íþºòüñÿ ïðè âóç-
ëîâ³é òèðåî¿äí³é ïàòîëîã³¿ [9] òà øèçîôðåí³¿ [29]. NO 
– âàæëèâèé ìåä³àòîð ñå÷îñòàòåâî¿, òðàâíî¿ ³ äèõàëüíî¿ 
ñèñòåì [25, 30, 31]. Ó ë³òåðàòóð³ â³äçíà÷åíî, ùî ïðè 
íåôðèòàõ ³ ì³õóðíî–ñå÷îâèííîìó ðåôëþêñó ð³âåíü NÎ 
ó êðîâ³ çíèæåíèé, ïðè ï³ºëîíåôðèò³ (ãîñòðîìó, õðî-
í³÷íîìó) òà õðîí³÷íîìó ãëîìåðóëîíåôðèò³ ð³âåíü NO 
ï³äâèùåíèé. Ïðè ðåì³ñ³¿ õðîí³íîãî ãëîìåðóëîíåôðèòó 
ñèíòåç NO ïðèãí³÷óºòüñÿ [12]. NO ñòèìóëþº æîâ÷î-
âèä³ëåííÿ [18, 34], ðîçñëàáëÿº ãëàäåíüê³ ì’ÿçè ñò³íîê 
øëóíêîâî-êèøêîâîãî êàíàëó [51] ³ ñòðàâîõîäó, ðåãó-
ëþº ¿õ ä³ÿëüí³ñòü [12, 23] òà âïëèâàº íà ¿õ ñëèçîâó [13, 
19]. Ïîñèëþºòüñÿ åêñêðåö³ÿ í³òðèò³â/í³òðàò³â ³ç ñå÷åþ 

ïðè ³íôåêö³éí³é ä³àðå¿ [12] â ðåçóëüòàò³ æèòòºä³ÿëü-
íîñò³ ì³êðîôëîðè êèøê³âíèêà [2], ïðè çàãîñòðåíí³ íå-
ñïåöèô³÷íîãî âèðàçêîâîãî êîë³òó ³ õâîðîá³ Êðîíà [23], 
ïðè ÿêèõ ó ñëèçîâ³é îáîëîíö³ òîâñòî¿ êèøêè ð³âåíü NO 
çðîñòàº [26]. NO – ôàêòîð àíòèñòðåñîâî¿ ñò³éêîñò³ òà 
àäàïòàö³¿ îðãàí³çìó ïðè âèðàçêàõ øëóíêà ³ 12–ïàëî¿ 
êèøêè. Ïðèãí³÷åííÿ éîãî ñèíòåçó ïîðóøóº êðîâîîá³ã 
ó ñëèçîâ³é îáîëîíö³ òà ³íäóêóº ïðèëèïàííÿ ëåéêîöèò³â 
äî ñóäèííîãî åíäîòåë³þ [31]. 

NO âëàñòèâà àíòèì³êðîáíà ä³ÿ [4]. Â³í ïðèãí³÷óº 
ä³þ çáóäíèê³â ³íôåêö³éíèõ õâîðîá òà åë³ì³íóº ¿õ ç îð-
ãàí³çìó [1]. Äåô³öèò NO ñïðèÿº ðîçìíîæåííþ çáóä-
íèê³â ó êë³òèíàõ, çàãîñòðåííþ õâîðîáè òà ¿¿ õðîí³÷íî-
ìó ïåðåá³ãó [4]. Ïðè ³íôåêö³ÿõ ïîñèëþºòüñÿ äåïðåñ³ÿ 
åôåêò³â NO, ùî ³ñòîòí³øå ïîðóøóº ãåìîöèðêóëÿö³þ, 
ïîøêîäæóº åíäîòåë³é ³ äåçîðãàí³çóº òêàíèíè. Ð³âåíü 
NO çðîñòàº â ñò³íö³ ñóäèí [17] òà ó âîëîç³ âèäèõàþ÷îãî 
ïîâ³òðÿ ïðè ñåïñèñ³ ³ çàïàëüíèõ ³íôåêö³éíèõ ïðîöåñàõ 
[1], à ïðè Â²Ë–³íôåêö³¿ – çìåíøóºòüñÿ. Âèñîê³ êîíöåí-
òðàö³¿ NO ä³þòü öèòîòîêñè÷íî àáî öèòîñòàòè÷íî [4], à 
äåô³öèò NO ó ìàêðîôàãàõ – ïðè÷èíà íåçàâåðøåíîãî 
ôàãîöèòîçó òà ðîçìíîæåííÿ ì³êðîá³â ó íèõ [1, 45]. 

Ó çäîðîâèõ ëþäåé àêòèâí³ñòü NOS íèçüêà [23]. 
NO (á³ëüøå 90 %) óòâîðþºòüñÿ â íîñîâ³é ïîðîæíèí³, 
50–70 % ÿêîãî ñàìîïîãëèíàºòüñÿ ³ ïîòðàïëÿº â ëåãå-
í³. Ê³ëüê³ñòü NO çíèæåíà â êóðö³â [16] ³ ïðè ô³çè÷íîìó 
íàâàíòàæåíí³ çäîðîâèõ îñ³á òà çàëåæèòü â³ä êë³ðåíñó 
àëüâåîë, ñåðöåâîãî âèêèäó, âåíòèëÿö³¿ ³ âì³ñòó êèñíþ ó 
âèäèõíóòîìó ïîâ³òð³. 

NO ðîçñëàáëÿº áðîíõè. Çá³ëüøåíèé ñèíòåç NO 
ñïðèÿº àäåêâàòí³é áðîíõîäèëàòàö³¿ òà ïîñèëþº ôóíê-
ö³þ ìèãîòëèâîãî åï³òåë³þ áðîíõ³â. Ó ïîðîæíèí³ íîñà, 
íîñîãëîòö³ òà íàâêîëîíîñîâèõ ïàçóõàõ êîíöåíòðàö³ÿ 
NO çíà÷íî âèùà, í³æ ó íèæí³õ äèõàëüíèõ øëÿõàõ: ó 
áðîíõàõ – 3–11 part per billion (ppb) (÷àñòèí íà 1 ìëðä. 
ìîëåêóë âîäè), ó ïîðîæíèí³ íîñà ³ íîñîãëîòö³ – 1000 
ppb [16]. Ó êîíäåíñàò³ ïîâ³òðÿ, ùî âèäèõàºòüñÿ (ÊÂÏ) 
ó ä³òåé ð³âåíü í³òðèò³â/í³òðàò³â âèùèé (2,8 ìêìîëü/ë), 
í³æ ó äîðîñëèõ (1,5 ìêìîëü/ë).

Âèâ÷àëèñü ìåòàáîë³÷í³ ïåðåòâîðåííÿ NO ïðè 
áðîíõîëåãåíåâèõ çàõâîðþâàííÿõ [23, 33, 40], ïðè ¿õ 
àäàïòàö³¿ äî ã³ïîêñ³¿ [24, 37]. Ð³âåíü NO çíèæåíèé ó 
ÊÂÏ ä³òåé ïðè áðîíõ³àëüí³é àñòì³, à â äîðîñëèõ â³í ï³ä-
âèùåíèé ïîð³âíÿíî ³ç çäîðîâèìè îñîáàìè [7]. Ð³âåíü 
NO çðîñòàº ïðè çàãîñòðåíí³ áðîíõ³àëüíî¿ àñòìè òà 
çíèæóºòüñÿ ïðè õðîí³÷íîìó áðîíõ³ò³ ³ ïðèéîì³ êîðòè-
êîñòåðî¿ä³â. Òÿæ÷èé ïåðåá³ã áðîíõ³àëüíî¿ àñòìè êîðå-
ëþº ç âèùèì ð³âíåì NO ó ÊÂÏ ³ áðîíõîàëüâåîëÿðí³é 
ðå÷îâèí³ [16]. 

Ïðè çàïàëüíèõ ïðîöåñàõ îðãàí³â äèõàííÿ ó âèäèõà-
þ÷îìó ïîâ³òð³ íàêîïè÷óºòüñÿ NO, à â ÊÂÏ – ïðîäóêòè 
éîãî ìåòàáîë³çìó, ùî â³äì³÷àºòüñÿ ïðè áðîíõ³ò³ [15], 
ãîñòð³é ðåñï³ðàòîðí³é â³ðóñí³é ³íôåêö³¿ òà äåÿêèõ ïî-
çàëåãåíåâèõ õâîðîáàõ [57]. Öèòîê³íè òà åíäîòîêñèíè 
ïðèãí³÷óþòü àêòèâí³ñòü ñ NOS, ùî ïðèâîäèòü äî ñïàç-
ìó äèõàëüíèõ øëÿõ³â [38, 47]. Ïðè àêòèâàö³¿ ïðîöåñ³â 
ÏÎË NO áåðå ó÷àñòü â óòâîðåíí³ â³ëüíèõ ðàäèêàë³â, ÿê³ 
ïîøêîäæóþòü äèõàëüí³ øëÿõè òà ïðèãí³÷óþòü àäàïòà-
ö³éí³ ìåõàí³çìè.

 Áóëè ñïðîáè âèâ÷åííÿ NO ó ôòèç³àòð³¿ [20, 21, 22]. 
Ïðè àêòèâíîìó òóáåðêóëüîç³ NO çðîñòàâ ó ëåéêîöèòàõ 
[8]. Ó ä³òåé ³ç ïîøèðåíèìè ôîðìàìè òóáåðêóëüîçó ð³-
âåíü í³òðèò³â ó ñèðîâàòö³ êðîâ³ âèùèé, í³æ ïðè ëîêàëü-
íèõ ôîðìàõ [27]. Ó ë³òåðàòóð³ ³ñíóþòü â³äîìîñò³ ïðî 
ñòàí ìåòàáîë³ò³â NO ó õâîðèõ íà òóáåðêóëüîç ëåãåíü 
(ïîñòðàæäàëèõ ³ íå ïîñòðàæäàëèõ â³ä íàñë³äê³â àâàð³¿ 
íà ×ÀÅÑ), òàêîæ âèñâ³òëåí³ ïèòàííÿ ïðî çâ’ÿçîê ì³æ 
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ìåòàáîë³÷íèìè çì³íàìè NO, ÏÎË òà ñïåêòðîì æèðíèõ 
êèñëîò ë³ï³ä³â êðîâ³ é ÊÂÏ ó öèõ ïàö³ºíò³â. Âñòàíîâëå-
íà ðîëü NO ó ïàòîãåíåç³ òóáåðêóëüîçó, êîðåêö³ÿ ð³âíÿ 
ÿêîãî ìîæå âïëèâàòè íà åôåêòèâí³ñòü ë³êóâàííÿ õâî-
ðèõ ³ç öèì çàõâîðþâàííÿì [20, 21] òà ñïðèÿòè óñóíåí-
íþ çàïàëüíîãî ïðîöåñó â áðîíõàõ ³ çìåíøåííþ êàâåðí 
ó ê³ëüêà ðàç³â [22].

Âèñíîâîê. NO áåðå ó÷àñòü ó ðåãóëÿö³¿ áàãàòüîõ 
ôóíêö³é îðãàí³çìó, ñèíòåçóþ÷è àçîòîâì³ñí³ ñïîëóêè, 
ÿê³ ïðè ïåâíèõ óìîâàõ ïåðåòâîðþþòüñÿ çíîâó â NO. 
Â³í àêòèâóº ³ ïðèãí³÷óº ëàíöþãîâ³ â³ëüíîðàäèêàëüí³ 

ðåàêö³¿. Íàäëèøêîâà ÷è íåäîñòàòíÿ ïðîäóêö³ÿ NO 
ôàãîöèòàìè – öå ïðè÷èíà ðîçâèòêó ³ íåñïðèÿòëèâîãî 
ïåðåá³ãó çàõâîðþâàíü îðãàí³â äèõàííÿ, îñê³ëüêè NO º 
ôàêòîðîì íåñïåöèô³÷íîãî çàõèñòó îðãàí³çìó. 

Äîñë³äæåííÿ NO-ñèñòåìè ðîçøèðÿþòü ³ ïîãëè-
áëþþòü äåÿê³ ïèòàííÿ ïàòîãåíåçó ïðè áàãàòüîõ çà-
õâîðþâàííÿõ (â òîìó ÷èñë³ áðîíõîëåãåíåâèõ, çîêðåìà 
- òóáåðêóëüîçó), âèçíà÷àþòü ìîæëèâ³ñòü ïðîâåäåííÿ 
á³ëüø ö³ëåñïðÿìîâàíî¿ êîðåãóþ÷î¿ òåðàï³¿ öèì õâî-
ðèì, ùî º âàæëèâèì ³ ñóòòºâèì ó ôîðìóâàíí³ íàñë³äê³â 
òà çàëèøêîâèõ çì³í ïàòîëîã³÷íîãî ïðîöåñó.
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ÓÄÊ 616-092:577.121
ÎÑÎÁËÈÂÎÑÒ² Ä²¯ ÎÊÑÈÄÓ ÀÇÎÒÓ ÒÀ ÉÎÃÎ ÌÅÒÀÁÎË²Ò²Â Â ÎÐÃÀÍ²ÇÌ² ËÞÄÈÍÈ, ̄ Õ ÇÍÀ×ÅÍÍß Ó ÂÈ-

ÍÈÊÍÅÍÍ² ÏÀÒÎËÎÃ²×ÍÈÕ ÏÐÎÖÅÑ²Â
Ï³êàñ Î.Á.
Ðåçþìå. Ïîêàçàíî çíà÷åííÿ îêñèäó àçîòó ²² (NO) â îðãàí³çì³ ëþäèíè, ÿê á³îëîã³÷íîãî ìåä³àòîðà ô³ç³îëîã³÷íèõ 

ïðîöåñ³â. NO ðåãóëþº òèñê êðîâ³, âíóòð³øíüîêë³òèííó ñèãíàëüíó òðàíñäóêö³þ òà àíòèì³êðîáíèé çàõèñò. Â óòâî-
ðåíí³ NO îñíîâíà ðîëü â³äâîäèòüñÿ àì³íîêèñëîò³ L–àðã³í³í òà îêñèäàçîòíèì ñèíòåòàçàì (Nitric Oxide Synthase 
– NOS) NOS. NOS çíàõîäèòüñÿ â åíäîòåë³¿, ì³îöèòàõ ñóäèí, íåéðîíàõ, ë³ìôîöèòàõ, íåéòðîô³ëàõ, òðîìáîöèòàõ, 
ìàêðîôàãàõ, ô³áðîáëàñòàõ ³ ãåïàòîöèòàõ. 

NO óòðèìóº íèçüêèé òîíóñ ñò³íêè àðòåð³é, ï³äâèùóº ïðîíèêí³ñòü ñóäèí ïðè ïóõëèíàõ, çá³ëüøóº äî íèõ äîñòóï 
ïîæèâíèõ ðå÷îâèí ³ ïðèñêîðþº ð³ñò ïóõëèí. Ïðè ïîñèëåíîìó ðóéíóâàíí³ NO ðåãóëÿö³ÿ òîíóñó áëîêóºòüñÿ. Ïðè 
òÿæê³é òà õðîí³÷í³é ã³ïîêñ³¿ ó êðîâ³ çíèæóºòüñÿ ð³âåíü L–àðã³í³íó ³ ïðèãí³÷óºòüñÿ ñèíòåç NO, ïðè ïîì³ðí³é ã³ïîêñ³¿ 
ð³âåíü NO ï³äâèùóºòüñÿ. Ïðè ñòðåñàõ NO ïðîÿâëÿº çàõèñí³ âëàñòèâîñò³ òà ôîðìóº øâèäêó ³ òðèâàëó àäàïòàö³þ. 
Ï³äâèùåíèé ð³âåíü NO òà éîãî äåô³öèò º øê³äëèâèìè äëÿ îðãàí³çìó.Çíà÷íå íàêîïè÷åííÿ NO â îðãàí³çì³ ïîøêî-
äæóº ñóäèíè ïðè öóêðîâîìó ä³àáåò³ òà ñïðèÿº óñêëàäíåííÿì. Äåô³öèò NO ñòâîðþº óìîâè äëÿ àòåðîãåíåçó, âàçî-
êîíñòðèêö³¿, óòâîðåííÿ òðîìáîç³â òà ³øåì³¿. NO – âàæëèâèé ìåä³àòîð ñå÷îñòàòåâî¿, òðàâíî¿ ³ äèõàëüíî¿ ñèñòåì, 
ñòèìóëþº æîâ÷îâèä³ëåííÿ, ðîçñëàáëÿº ãëàäåíüê³ ì’ÿçè ñò³íîê øëóíêîâî-êèøêîâîãî êàíàëó ³ ñòðàâîõîäó òà ðå-
ãóëþº ¿õ ä³ÿëüí³ñòü. 

NO áåðå ó÷àñòü ó ðåãóëÿö³¿ áàãàòüîõ ôóíêö³é îðãàí³çìó ëþäèíè, àêòèâóº ³ ïðèãí³÷óº ëàíöþãîâ³ â³ëüíîðàäè-
êàëüí³ ðåàêö³¿. NO º ôàêòîðîì íåñïåöèô³÷íîãî çàõèñòó îðãàí³çìó. Íàäëèøêîâà ÷è íåäîñòàòíÿ ïðîäóêö³ÿ NO ôà-
ãîöèòàìè – ïðè÷èíà ðîçâèòêó ³ íåñïðèÿòëèâîãî ïåðåá³ãó çàõâîðþâàíü îðãàí³â äèõàííÿ. 

Êëþ÷îâ³ ñëîâà: îêñèä àçîòó, í³òðàòè, í³òðèòè, îêñèä àçîòí³ ñèíòåòàçè.

ÓÄÊ 616-092:577.121
ÎÑÎÁÅÍÍÎÑÒÈ ÄÅÉÑÒÂÈß ÎÊÑÈÄÀ ÀÇÎÒÀ È ÅÃÎ ÌÅÒÀÁÎËÈÒÎÂ Â ÎÐÃÀÍÈÇÌÅ ×ÅËÎÂÅÊÀ, ÈÕ 

ÇÍÀ×ÅÍÈÅ Â ÂÎÇÍÈÊÍÎÂÅÍÈÈ ÏÀÒÎËÎÃÈ×ÅÑÊÈÕ ÏÐÎÖÅÑÑÎÂ
Ïèêàñ Î.Á.
Ðåçþìå. Ïîêàçàíà çíà÷åíèå îêñèäà àçîòà ²² (NO) â îðãàíèçìå ÷åëîâåêà, êàê áèîëîãè÷åñêîãî ìåäèàòîðà ôè-

çèîëîãè÷åñêèõ ïðîöåññîâ. NO ðåãóëèðóåò äàâëåíèå êðîâè, âíóòðèêëåòî÷íóþ ñèãíàëüíóþ òðàíñäóêöèþ è àíòè-
ìèêðîáíóþ çàùèòó. Â îáðàçîâàíèè NO îñíîâíàÿ ðîëü ïðèíàäëåæèò àìèíîêèñëîòå L-àðãèíèí è îêñèäàçîòíûì 
ñèíòåòàçàì (Nitric Oxide Synthase - NOS) NOS. NOS íàõîäèòñÿ â ýíäîòåëèè, ìèîöèòàõ ñîñóäîâ, íåéðîíàõ, ëèì-
ôîöèòàõ, íåéòðîôèëàõ, òðîìáîöèòàõ, ìàêðîôàãàõ, ôèáðîáëàñòàõ è ãåïàòîöèòàõ. 

NO óäåðæèâàåò íèçêèé òîíóñ ñòåíêè àðòåðèé, ïîâûøàåò ïðîíèöàåìîñòü ñîñóäîâ ïðè îïóõîëÿõ, óâåëè÷èâàåò 
ê íèì äîñòóï ïèòàòåëüíûõ âåùåñòâ è óñêîðÿåò ðîñò îïóõîëåé. Ïðè óñèëåííîì ðàçðóøåíèè NO ðåãóëÿöèÿ òîíó-
ñà áëîêèðóåòñÿ. Ïðè òÿæåëîé è õðîíè÷åñêîé ãèïîêñèè â êðîâè ñíèæàåòñÿ óðîâåíü L-àðãèíèíà è ïîäàâëÿåòñÿ 
ñèíòåç NO, ïðè óìåðåííîé ãèïîêñèè óðîâåíü NO ïîâûøàåòñÿ. Ïðè ñòðåññàõ NO ïðîÿâëÿåò çàùèòíûå ñâîéñòâà, 
ôîðìèðóåò áûñòðóþ è äëèòåëüíóþ àäàïòàöèþ. Ïîâûøåííûé óðîâåíü NO è åãî äåôèöèò âðåäíûå äëÿ îðãàíèçìà. 
Çíà÷èòåëüíîå íàêîïëåíèå NO â îðãàíèçìå ïîâðåæäàåò ñîñóäû ïðè ñàõàðíîì äèàáåòå è ñïîñîáñòâóåò îñëîæ-
íåíèÿì. Äåôèöèò NO ñîçäàåò óñëîâèÿ äëÿ àòåðîãåíåçà, âàçîêîíñòðèêöèè, îáðàçîâàíèÿ òðîìáîçîâ è èøåìèè. 
NO - âàæíûé ìåäèàòîð ìî÷åïîëîâîé, ïèùåâàðèòåëüíîé è äûõàòåëüíîé ñèñòåì, ñòèìóëèðóåò æåë÷åîòäåëåíèå, 
ðàññëàáëÿåò ãëàäêèå ìûøöû ñòåíîê æåëóäî÷íî-êèøå÷íîãî òðàêòà è ïèùåâîäà è ðåãóëèðóåò èõ äåÿòåëüíîñòü. 

NO ó÷àñòâóåò â ðåãóëÿöèè ìíîãèõ ôóíêöèé îðãàíèçìà ÷åëîâåêà, àêòèâèðóåò è ïîäàâëÿåò öåïíûå 
ñâîáîäíîðàäèêàëüíûå ðåàêöèè. NO ÿâëÿåòñÿ ôàêòîðîì íåñïåöèôè÷åñêîé çàùèòû îðãàíèçìà. Èçáûòî÷íàÿ èëè 
íåäîñòàòî÷íàÿ ïðîäóêöèÿ NO ôàãîöèòàìè – ïðè÷èíà ðàçâèòèÿ è íåáëàãîïðèÿòíîãî òå÷åíèÿ çàáîëåâàíèé îðãà-
íîâ äûõàíèÿ.

Êëþ÷åâûå ñëîâà: îêñèä àçîòà, íèòðàòû, íèòðèòû, îêñèä àçîòíûå ñèíòåòàçû.

UDC 616-092:577.121
Features Action of Nitric Oxide and its Metabolites in Human Body, their Importance in the Pathological 

Processes Development
Pikas O.B.
Abstract. Nitric oxide II (NO) is an important biological mediator of physiological processes of the human body 

that regulates blood pressure, intracellular signal transduction and antimicrobial protection. In the formation of NO 
basic role is given to amino acid L-Arginine and nitrogen oxide synthetases (Nitric Oxide Synthase - NOS) NOS. NOS is 
located in the endothelium, vascular myocytes, neurons, lymphocytes, neutrophils, platelets, macrophages, fibroblasts 
and hepatocytes.

Endothelial NOS synthesizes endothelial NO, that diffuses into smooth muscle cells of blood vessels. Constitutive 
NOS is the main factor in protecting the body from infection, ischemia, of increased thrombosis and many other 
damage. Inducible NOS synthesizes NO only in pathological states (stress, cardiovascular disease, cancer and others). 
NO increases the permeability of blood vessels at tumors, increases access them nutrients and accelerates the growth 
of tumors. NO has a short half-life (2-50 seconds). In living organisms NO rapidly converted to metabolites (nitrites or 
nitrates), that reduces its toxic action. When activated NO-system grows process of LPO.
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NO maintains low tonus walls of the arteries (creates dilatation effect). With intensified destruction NO tone regulation 
blocked. Hypoxia stimulates the synthesis of NO in blood vessels. In severe and chronic hypoxia decreases blood levels 
of L-arginine and inhibited the synthesis of NO, at moderate hypoxia level of NO increases. When stresses NO manifests 
protective properties and forms the quick and long adaptation. In the short amount and immune of stresses quantity 
NO, increases during long and severe stresses - is reduced. After adapting the level of NO is restored.

Elevated level of NO and its deficit is harmful to the body. NO is cardioprotectors and reduces ischemic myocardial 
injury. With cardiovascular failure in blood plasma increases the number of NO, which inhibits thrombocytes aggregation 
and adhesion, prevents the development of atherosclerotic plaques and promotes diastolic myocardial relaxation. 
Significant accumulation of NO in the body damages the blood vessels in diabetes and contributes to complications. 
Elevated level of NO inhibits proliferation of lymphocytes and macrophages, and increases their apoptosis contributes 
emergence of the secondary immunodeficiency, tumors, shock, inflammatory and autoimmune diseases.

NO deficiency creates conditions for atherogenesis, vasoconstriction, formation of thrombosis and ischaemia. NO - 
an important mediator urinary, digestive and respiratory systems. The level of NO in the blood is reduced when nephritis. 
Elevated level of NO are acute and chronic pyelonephritis, chronic glomerulonephritis (with its synthesis is inhibited 
remission). NO stimulates bile secretion, relaxes smooth muscle walls of the gastrointestinal tract and esophagus and 
regulates their activities. Inflammation in the bronchi, acute respiratory viral infection and some extrapulmonary disease 
increase the level of NO metabolites in exhaled air and condensate in it. The level of NO increases during exacerbations 
of asthma and reduced when administered corticosteroids. Heavier course of asthma correlates with higher level of 
condensate NO in exhaled air and bronchoalveolar substance.

Conclusion. NO is involved in the regulation of many functions of the human body. It activates and inhibits free 
radical chain reactions. NO is a factor of non specific protection of an organism against bacteria incoming. Excess or 
insufficient production of NO by phagocytes - this reason of development and adverse flow respiratory diseases.

Keywords: nitric oxide, nitrates, nitrites, nitric oxide synthases.
Ðåöåíçåíò – ïðîô.  Äîðîøåíêî Â.Î.

Ñòàòòÿ íàä³éøëà 07.06.2015 ð.




