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Â õîä³ äîñë³äæåííÿ íàìè áóëî ïîêàçàíî ï³äâèùåííÿ 
ð³âíÿ åêñïðåñ³¿ ãåí³â, çàëó÷åíèõ äî ðîçâèòêó çàïàëåí-
íÿ, Nos2 òà Nfkb1 ó êðîâ³ òà ñëèçîâ³é îáîëîíö³ 
ñòðàâîõîäó çà óìîâ ëóæíîãî îï³êó ñòðàâîõîäó 2 ñòó-
ïåíÿ (ËÎÑ 2). Áóëî âèÿâëåíî, ùî ïðè ËÎÑ 2 ó êðîâ³ 
òà ñëèçîâ³é îáîëîíö³ ñòðàâîõîäó ï³äâèùóâàëàñÿ àê-
òèâí³ñòü eNOS òà iNOS. Ïðè ââåäåíí³ ìåëàí³íó 
áóëî ïîêàçàíî çíèæåííÿ ð³âíÿ åêñïðåñ³¿ ãåí³â Nos2 òà 
Nfkb1 ó êðîâ³ òà òêàíèíàõ ñòðàâîõîäó ïîð³âíÿíî ç 
ïîêàçíèêàìè çà ËÎÑ 2. Òàêîæ, â³äçíà÷àëîñÿ çíèæåí-
íÿ àêòèâíîñò³ eNOS òà iNOS ïîð³âíÿíî ç ïîêàçíè-
êàìè ïðè ËÎÑ 2, ùî âêàçóº íà ïðîòèçàïàëüí³ âëàñ-
òèâîñò³ ö³º¿ ñïîëóêè òà ìîæëèâ³ñòü âèêîðèñòàííÿ 
ìåëàí³íó ÿê ðå÷îâèíè, ùî ñïðèÿº á³ëüø øâèäêîìó 
çàãîºííþ õ³ì³÷íîãî îï³êó ñòðàâîõîäó òà ïîïåðåäæåííþ 
ï³ñëÿîï³êîâèõ óñêëàäíåíü.

Êëþ÷îâ³ ñëîâà: ëóæíèé îï³ê ñòðàâîõîäó, åêñïðåñ³ÿ ãå-
í³â Nos2, Nfkb1, îêñèä àçîòó, ìåëàí³í.

Âñòóï. Íà îï³êîâó òðàâìó îðãàí³çì â³äïîâ³äàº 
íåñïåöèô³÷íîþ çàïàëüíîþ ðåàêö³ºþ, ÿêà ïðî-
ÿâëÿºòüñÿ óòâîðåííÿì àêòèâíèõ ôîðì êèñíþ, 
ìåä³àòîð³â çàïàëåííÿ òà öèòîê³í³â (Abo El-Noor, 
2017; Stanojcic, 2018). Ìåä³àòîðè çàïàëåííÿ ³í-
äóêóþòü àäãåç³þ íåéòðîô³ëüíèõ ãðàíóëîöèò³â 
³ íåïðÿìèì øëÿõîì ³í³ö³þþòü ïðîë³ôåðàö³þ 
ãëàäêîì’ÿçîâèõ êë³òèí (Wigenstama et al, 2016). 
Îäí³ºþ ç ôóíêö³é ëåéêîöèò³â º ïðîäóêóâàííÿ 
ìîëåêóëè ìåä³àòîðà – îêñèäó àçîòó (NO), ÿêó 
êàòàë³çóº ôåðìåíò ñèíòàçà îêñèäó àçîòó (NOS) 
(EC 1.14.13.39) (Zhou et al, 2017). 

Ãåí Nos2 êîäóº ôåðìåíò ³íäóöèáåëüíó ñèí-
òàçó îêñèäó àçîòó (³NOS), ÿêà ñïðèÿº ñèíòåçó 
âàæëèâî¿ ìåä³àòîðíî¿ ìîëåêóëè NO. ³NOS àáî 
ìàêðîôàãàëüíà (mNOS) º êàëüö³é íåçàëåæíîþ 
òà ³íäóêóºòüñÿ ìàêðîôàãàìè, öèòîê³íàìè àáî 
ë³ïîïîë³ñàõàðèäàìè ç êë³òèííèõ ñò³íîê áàêòå-
ð³é âíàñë³äîê ïàòîãåííîãî âïëèâó (Basaran et 

al, 2005). ³NOS º îäíèì ç îñíîâíèõ ìåä³àòîð³â 
çàïàëåííÿ â ð³çíèõ òèïàõ êë³òèí, âêëþ÷àþ÷è 
êë³òèíè ñòðàâîõîäó.

Òàêîæ, ³ñíóþòü ùå äâ³ ³çîôîðìè öüîãî ôåð-
ìåíòó, ÿê³ º êîíñòèòóòèâí³ (NOS I òà NOS III).  
NOS I, âîíà º æ ³ íåéðîíàëüíîþ (nNOS), åêñ-
ïðåñóºòüñÿ â íåéðîíàõ öåíòðàëüíî¿ òà ïåðè-
ôåð³éíî¿ íåðâîâî¿ ñèñòåìè, òðîìáîöèòàõ, ñêå-
ëåòíèõ ì’ÿçàõ òîùî (Eduardo et al, 2016). NOS 
III – åíäîòåë³àëüíà NOS (åNOS), ì³ñòèòüñÿ 
ó âåëèê³é ê³ëüêîñò³ â åíäîòåë³¿, ó òîìó ÷èñë³ 
åíäîòåë³¿ ñóäèí ì³êðîöèðêóëÿòîðíîãî ðóñëà 
ØÊÒ. Ôóíêö³îíóâàííÿ êîíñòèòóòèâíèõ ôîðì 
(ñNOS) º êàëüö³éçàëåæíèì ïðîöåñîì ³ ¿¿ àê-
òèâí³ñòü çàëåæèòü â³ä êîíöåíòðàö³¿ êàëüö³þ òà 
êàëüìîäóë³íó (Mees et al, 2007).

ßäåðíèé ôàêòîð «êàïà-á³» – öå ïîë³ïåï-
òèäíèé êîìïëåêñ ôàêòîð³â òðàíñêðèïö³¿ Â-
êë³òèí, ÿêèé ñêëàäàºòüñÿ ç 5 ñóáîäèíèöü. Çà 
ñòðóêòóðîþ ñóáîäèíèö³ ïîä³ëÿþòü íà äâ³ ãðó-
ïè: ïåðøà – öå ñóáîäèíèö³ NFKB1 (p105/p50) 
òà NFKB2 (p100/p52), äðóãà – öå RelA (òàêîæ 
éîãî íàçèâàþòü p65), RelB ³ c-Rel, ÿê³ ìàþòü 
Ñ-ê³íöåâ³ äîìåíè àêòèâàö³¿ òðàíñêðèïö³¿ íà 
â³äì³íó â³ä ïåðøî¿ ãðóïè (Cartwright et al, 2016). 
Ãåí Nfkb1 êîäóº ÿäåðíèé ôàêòîð «êàïà-á³»  
ñóáîäèíèöÿ 1, ÿêèé êîíòðîëþº âåëèêó ãðóïó 
ãåí³â, â³äïîâ³äàëüíèõ çà ïðîöåñ çàïàëåííÿ, ïðî-
ë³ôåðàö³þ êë³òèí òà àïîïòîç. Éîãî åêñïðåñ³þ 
ìîæóòü àêòèâóâàòè öèòîê³íè, àêòèâí³ ôîðìè 
êèñíþ, áàêòåð³¿ àáî â³ðóñè (Mitchell et al, 2016).

Îäèí ç îñíîâíèõ øëÿõ³â, çà äîïîìîãîþ
ÿêîãî NO òà éîãî ïîõ³äí³ (ïåðîêñèí³òðèò òà
ä³îêñèä àçîòó) ñïðè÷èíÿþòü ðîçâèòîê çàïàëü-
íîãî ïðîöåñó, º çäàòí³ñòü ³íäóêóâàòè ïîøêîä-
æåííÿ ÄÍÊ çà äîïîìîãîþ îäíî- òà äâîëàí-
öþãîâèõ ðîçðèâ³â, ï³äâèùåííÿì ð³âíÿ äåçà-
ì³íóâàííÿ ÄÍÊ (Bartesaghi et al, 2017), àáî 
³íã³áóþ÷è àêòèâí³ñòü ôåðìåíò³â â³äíîâëåííÿ 
ÄÍÊ (ÄÍÊ-ïîë³ìåðàçà, ÄÍÊ-ë³ãàçà, åêçî- òà
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Ð³âåíü åêñïðåñ³¿ ãåí³â NOS2 òà NFKB1 çà óìîâ îï³êó ñòðàâîõîäó òà ïðè ââåäåíí³ ìåëàí³íó

åíäîíóêëåàçà) çà ðàõóíîê í³òðîçèëþâàííÿ òè-
ðîçèíó òà öèñòå¿íó (Nakazawa et al, 2017).

Òðàíñêðèïö³éíà àêòèâí³ñòü iNOS êîíòð-
îëþºòüñÿ îäíèì ç îñíîâèõ ÿäåðíèé ôàêòîð³â,
ùî àêòèâóþòü åêñïðåñ³þ iNOS – ÿäåðíèì 
ôàêòîðîì «êàïà-á³» (NF-�B) (Duan, 2009; Na-
kazawa, 2015). Àëå, â ñâîþ ÷åðãó, âèñîêà àê-
òèâí³ñòü iNOS àêòèâóº NF-�B øëÿõîì ³íàêòè-
âàö³¿ îñíîâíîãî éîãî ³íã³á³òîðó Sirt1. Òàêèì 
÷èíîì, ñïîñòåð³ãàºòüñÿ çàìêíóòå êîëî âçàºì-
íî¿ ³íäóêö³¿ iNOS òà NF-�B. Îñê³ëüêè NF-�B 
òà iNOS º îäíèìè ç ãîëîâíèõ ëàíîê ðîçâèòêó 
çàïàëüíîãî ïðîöåñó, äîö³ëüíî áóëî äîñë³äèòè 
¿õ àêòèâí³ñòü çà õ³ì³÷íîãî îï³êó ñòðàâîõîäó 
(Nakazawa et al, 2017).  

ßê áóëî îïèñàíî â íàøèõ ïîïåðåäí³õ äî-
ñë³äæåííÿõ, ðå÷îâèíà ìåëàí³í, ÿêà º ïîë³ôå-
íîëüíîþ ñïîëóêîþ (Carletti et al, 2014), ìàº 
àíòèîêñèäàíòí³ (Ahmady El-Naggar et al, 2017), 
ðàíîçàãîþþ÷³ âëàñòèâîñò³ (Kunwar, 2012; Salih, 
2017), ñïðèÿº çíèæåííþ çàïàëüíèõ ïðîöåñ³â. 
Äî òîãî æ, ìåëàí³í âîëîä³º ³ìóíîìîäåëþþ-
÷èìè (Chornenka, 2017; Racca, 2005), ñòðåñ-
ïðîòåêòîðíèìè âëàñòèâîñòÿìè (Kunwar et al, 
2012), ïîêðàùóº ì³êðîöèðêóëÿö³þ â òêàíèíàõ 
(ElObeid et al, 2017). 

Òîìó, ìåòîþ äàíî¿ ðîáîòè áóëî âèçíà÷èòè 
ð³âåíü åêñïðåñ³¿ ãåí³â, çàëó÷åíèõ äî ðîçâèòêó 
çàïàëåííÿ, Nos2 òà Nfkb1, âèçíà÷èòè ð³âåíü 
îêèñíîãî ñòðåñó, ÿêèé ñïðè÷èíåíèé íàäì³ð-
íèì ñèíòåçîì îêñèäó àçîòó íà ð³çíèõ ñòàä³ÿõ 
åêñïåðèìåíòàëüíî¿ îï³êîâî¿ õâîðîáè òà çà 
ââåäåííÿ ìåëàí³íó.

Ìàòåð³àëè ³ ìåòîäè. Ìîäåëþâàííÿ îï³êó. Ó
ðîáîò³ äîòðèìóâàëèñü çàãàëüíèõ åòè÷íèõ ïðèí-
öèï³â åêñïåðèìåíò³â íà òâàðèíàõ, óõâàëåíèõ 
Ïåðøèì íàö³îíàëüíèì êîíãðåñîì Óêðà¿íè ç 
á³îåòèêè (âåðåñåíü 2001 ð.) òà ç äîòðèìàííÿì 
ì³æíàðîäíèõ ïðèíöèï³â ªâðîïåéñüêî¿ êîíâåí-
ö³¿ ïðî çàõèñò õðåáåòíèõ òâàðèí, ùî âèêîðèñ-
òîâóþòüñÿ äëÿ äîñë³äíèõ òà ³íøèõ íàóêîâèõ 
ö³ëåé, ³íøèõ ì³æíàðîäíèõ óãîä ³ íàö³îíàëüíîãî 
çàêîíîäàâñòâà â ö³é ãàëóç³. Äîñë³äè ïðîâîäèëè 
íà á³ëèõ íåë³í³éíèõ ñòàòåâîíåçð³ëèõ ùóðàõ 
(1-ì³ñÿ÷íèõ) ìàñîþ 90–110 ã (ùî â³äïîâ³äàº 
1–4-ð³÷íîìó â³êó ä³òåé). Îï³ê ìîäåëþâàëè 20%-
íèì ðîç÷èíîì NaOH, ùî â³äïîâ³äàº 2 ñòóïåíþ 
îï³êó, äëÿ öüîãî ââîäèëè çîíä ó ñòðàâîõ³ä 
çàïàÿíèì òîðöåì ³ îòâîðîì íà â³äñòàí³ 2 ìì 
â³ä íüîãî. Çîíä ââîäèëè íà ãëèáèíó 4 ñì 

â³ä âåðõí³õ ð³çö³â ùóðà òà ïîâ³ëüíî ââîäèëè
0,2 ìë 20 % NaOH, òàêèì ÷èíîì â³äòâîðþþ÷è
2 ñòóï³íü îï³êó. Êîíòðîëüíèì ùóðàì îäíîðà-
çîâî ïåðîðàëüíî ââîäèëè â³äïîâ³äíèé îá’ºì 
âîäè äëÿ ³í’ºêö³é (Raetska et al, 2013). Òâàðèí 
óòðèìóâàëè íà ñòàíäàðòíîìó ðàö³îí³ â³âàð³þ. 

Ôîðìóâàííÿ ãðóï. Äîñë³äíèõ òâàðèí ïîä³ëÿ-
ëè íà ãðóïè: ãðóïà 1 – êîíòðîëüíà, çäîðîâ³ 
ùóðè (³íòàêòíèé êîíòðîëü, n = 15); ãðóïà 2 – 
ùóðè, ÿêèì ìîäåëþâàëè ëóæíèé îï³ê ñòðàâî-
õîäó äðóãîãî ñòóïåíÿ (ËÎÑ 2), ÿêèì ââîäèëè 
ô³ç³îëîã³÷íèé ðîç÷èí ó â³äïîâ³äí³é äîç³ òà 
òåðì³íè (îï³ê-êîíòðîëü, n = 45); ãðóïà 3 – ùó-
ðè ç ËÎÑ 2 ñòóïåíÿ, ÿêèì ââîäèëè ïåðîðàëüíî 
ìåëàí³í, ïî÷èíàþ÷è ç 2-¿ äîáè åêñïåðèìåíòó, ó 
äîç³ 1 ìã/êã, ïðîòÿãîì 14 äí³â (n = 45). 

Îòðèìàííÿ ìåëàí³íó. Ïðîäóöåíòîì ìåëàí³íó, 
âèêîðèñòàíîãî â íàøîìó äîñë³äæåíí³, áóëè 
äð³æäæåïîä³áí³ ãðèáè Nadsoniella nigra øòàì 
Õ1, âèñ³ÿí³ ³ç çðàçê³â âåðòèêàëüíèõ ñêåëü î. Ãà-
ë³íäåç (Chyzhanska et al, 2007). Ñóõèé åêñòðàêò 
ìåëàí³íó ðîç÷èíÿëè â äèñòèëüîâàí³é âîä³, ó 
êîíöåíòðàö³¿ 1 ìã/êã òâàðèíè.

Îòðèìàííÿ á³îëîã³÷íîãî ìàòåð³àëó. Ìåòîäîì 
âèâåäåííÿ òâàðèí ³ç äîñë³äó áóëà öåðâ³êàëüíà 
äèñëîêàö³ÿ. Ö³ëüíó êðîâ òà òêàíèíè ñòðàâîõîäó 
äëÿ âèçíà÷åííÿ åêñïðåñ³¿ ãåí³â Nos2 òà Nfkb1 
òà ñèðîâàòêó êðîâ³ äëÿ âèçíà÷åííÿ àêòèâíîñò³ 
iNOS òà eNOS îòðèìóâàëè íà 7, 15 òà 21 äî-
áó, ÿê³ â³äïîâ³äàþòü ñòàä³ÿì îï³êîâî¿ õâîðîáè 
(Fistal et al, 2004).

Âèçíà÷åííÿ àêòèâíîñò³ NO-ñèíòàçè. Äëÿ âè-
çíà÷åííÿ çàãàëüíî¿ àêòèâíîñò³ NO-ñèíòàçè 
àë³êâîòè ñèðîâàòêè êðîâ³ òà ãîìîãåíàò³â êë³-
òèí ³íêóáóâàëè âïðîäîâæ 60 õâ ïðè 37 °Ñ â 
çàãàëüíîìó îá’ºì³ 120 ìêë ñóáñòðàòíî¿ ñóì³ø³ 
(pH = 7,0), ÿêà ì³ñòèëà: 50 ìêÌ KH2PO4,
1 ìêÌ MgCl2, 2 ìêÌ CaCl2, 4,8 ìÌ ÍÀÄÔÍ, 
2 ìêÌ L-àðã³í³í. Ðåàêö³þ çóïèíÿëè, äîäàþ-
÷è 0,3 ìë 2N HClO4. Êîíòðîëåì áóëè ïðî-
áè, ùî ì³ñòèëè ïîâíó ñóáñòðàòíó ñóì³ø òà 
ïîïåðåäíüî äåíàòóðîâàíèé á³ëîê 2N HClO4. 
Ìåòîäèêà âèçíà÷åííÿ àêòèâíîñò³ ³íäóöèáåëü-
íî¿ NOS áóëà àíàëîã³÷íà ïîïåðåäí³é ç äåÿêè-
ìè â³äì³ííîñòÿìè: äëÿ âèçíà÷åííÿ àêòèâíîñò³ 
Ca2+-íåçàëåæíî¿ NOS â ³íêóáàö³éíó ñóì³ø çà-
ì³ñòü CaCl2 äîäàâàëè 2 ìêÌ ÅÄÒÀ. Êîíòðîëü-
íó òà äîñë³äí³ ñóì³ø³ öåíòðèôóãóâàëè 10 õâ ïðè 
3500 îá/õâ ³ â íàäîñàäîâ³é áåçá³ëêîâ³é ñóì³ø³ 
âèçíà÷àëè âì³ñò L-öèòðóë³íó çà êîëüîðîâîþ 
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ðåàêö³ºþ ç àíòèï³ðèíîì. Öèòðóë³í âèçíà÷àëè 
âèñîêî÷óòëèâèì êîëîðèìåòðè÷íèì ìåòîäîì 
(Boyde et al, 1980). Áåçá³ëêîâ³ àë³êâîòè ïðîá, 
îá’ºìîì 100 ìêë, çì³øóâàëè ç 1 ìë 59 ìM äè-
àöåòèëìîíîîêñèìó òà 1 ìë 32 ìÌ àíòèï³ðèíó 
ç 55 ìêÌ ñóëüôàòó çàë³çà â 6N H2SO4, ñòàâèëè 
íà 15 õâ íà âîäÿíó áàíþ (96–100 °Ñ) ³ ï³ñëÿ 
îõîëîäæåííÿ âèçíà÷àëè åêñòèíö³þ ïðè � = 
= 465 íì. Âèì³ðþâàííÿ ïðîâîäèëè ïðîòè 
ïðîáè, ÿêà ì³ñòèëà 100 ìêë äèñòèëüîâàíî¿ âî-
äè, 1 ìë ä³àöåòèëìîíîîêñèìó òà 1 ìë àíòèï³-
ðèíó ç ñóëüôàòîì çàë³çà. Âì³ñò öèòðóë³íó âè-
çíà÷àëè çà äîïîìîãîþ êàë³áðóâàëüíîãî ãðàô³êó.

Ê³ëüê³ñíà ÇT-ÏËÐ ó ðåàëüíîìó ÷àñ³. ÐÍÊ 
îòðèìóâàëè çà ìåòîäîì Chomczynski. Ñèíòåç 
êÄÍÊ òà ê³ëüê³ñíó ïîë³ìåðàçíó ëàíöþãîâó ðå-
àêö³þ â ðåàëüíîìó ÷àñ³ (Real-time PCR, êÏËÐ) 
çà äîïîìîãîþ êîìåðö³éíîãî íàáîðó «Thermo 
Scientific Verso SYBR Green 1-Step qRT-PCR
ROX Mix» («Thermo Scientific», Ëèòâà), âèêî-
ðèñòîâóþ÷è ïî 0,4 ìêìîëü/ë êîæíîãî ïðàé-
ìåðà, ïðîâîäèëè çà òàêèõ, ðåêîìåíäîâàíèõ ô³ð-
ìîþ-âèðîáíèêîì, òåìïåðàòóðíèõ óìîâ: ñèíòåç 
êÄÍÊ 50 °Ñ – 30 õâ; ³í³ö³þþ÷à äåíàòóðàö³ÿ
95 °Ñ – 15 õâ; äàë³ 40 öèêë³â: äåíàòóðàö³ÿ ÄÍÊ 
95 °Ñ – 15 ñ; ã³áðèäèçàö³ÿ ïðàéìåð³â 50 –
53 °Ñ – 35 ñ; äîáóäîâà ëàíöþãà 72 °Ñ – 30 ñ; 
åëîíãàö³ÿ àìïë³ô³êàò³â 72 °Ñ – 5 õâ. 

Ó ðåàêö³ÿõ áóëî âèêîðèñòàíî òàê³ ïîñë³-
äîâíîñò³ ïðàéìåð³â: äëÿ Nos2 – ïðÿìèé – 
CTAGTCAACTACAAGCCCCA òà çâîðîòíèé –
CTTTCAGGTCACCTTGGTAG; Nfkb1 – ïðÿ-
ìèé – TTCCTGATCCCGACAAGAACTG òà 
çâîðîòíèé – CCCCCAGAGACCTCATAGTT-
GT; äëÿ Actb (ãåí �-àêòèíó, ùî âèêîðèñòî-
âóºòüñÿ â ÿêîñò³ âíóòð³øíüîãî êîíòðîëþ ðå-
àêö³¿ çàâäÿêè êîíñòèòóòèâí³é åêñïðåñ³¿) – ïðÿ-
ìèé – TGGGACGATATGGAGAAGAT òà çâî-
ðîòíèé – ATTGCCGATAGTGATGACCT. Â³ä-
òâîðþâàí³ñòü ðåçóëüòàò³â àìïë³ô³êàö³¿ áóëî ïå-
ðåâ³ðåíî â ïàðàëåëüíèõ åêñïåðèìåíòàõ øëÿõîì 
ïîâòîðåííÿ êÏËÐ íà çðàçêàõ ÐÍÊ óñ³õ òâàðèí, 
³ç êîæíèì ïðàéìåðîì íå ìåíøå òðüîõ ðàç³â. 
Ï³ñëÿ êîæíîãî öèêëó àìïë³ô³êàö³¿ ç÷èòóâàëàñü 
ôëóîðåñöåíö³ÿ áàðâíèêà SYBR Green I, à ïî 
çàê³í÷åíí³ ðåàêö³¿ áóäóâàëàñü êðèâà ïëàâëåííÿ 
äëÿ êîíòðîëþ óòâîðåííÿ äèìåð³â ïðàéìåð³â 
òà ñïåöèô³÷íîñò³ ðåàêö³¿. Ïî÷àòêîâó ê³ëüê³ñòü 
ìÐÍÊ îáðàõîâóâàëè çà ïîð³âíÿëüíèì CT ìå-
òîäîì «��CT Method», åôåêòèâí³ñòü ÏËÐ ðåàê-

ö³é áóëà îäíàêîâîþ (Ex =(10–1/slope)–1), slope < 
< 0,1. Â³äíîñíó ê³ëüê³ñòü ìÐÍÊ çàçíà÷åíèõ ãå-
í³â íîðìàë³çóâàëè äî ìÐÍÊ Actb (Chomczynski 
et al, 1987).  

Ñòàòèñòè÷íà îáðîáêà ðåçóëüòàò³â äîñë³äæåíü. 
Îòðèìàí³ äàí³ òåñòóâàëè íà íîðìàëüíå ðîç-
ïîä³ëåííÿ çà äîïîìîãîþ òåñòó Øàï³ðî-Â³ëêà ç 
âèêîðèñòàííÿì ïðîãðàìíîãî ïàêåòó GraphPad 
Prism 5.04 (GraphPad Software Inc., ÑØÀ). Ïî-
äàëüøèé îáðàõóíîê ðåçóëüòàò³â â³äáóâàâñÿ çà
äîïîìîãîþ äâîôàêòîðíîãî äèñïåðñ³éíîãî àíà-
ë³çó (two-way ANOVA) ³ç ïîñò òåñòîì Áîí-
ôåððîí³. Îòðèìàí³ ðåçóëüòàòè íàâåäåí³ ó âèã-
ëÿä³ ñåðåäíüîãî àðèôìåòè÷íîãî ± ñåðåäíüî-
êâàäðàòè÷íå â³äõèëåííÿ (äèñïåðñ³ÿ) – SD. 
Ðåçóëüòàòè ââàæàëè çíà÷óùèìè, êîëè p � 0,05. 

Ðåçóëüòàòè ³ îáãîâîðåííÿ. Íàìè áóëî ïðîâå-
äåíî ìîäåëþâàííÿ ëóæíîãî îï³êó ñòðàâîõîäó 
äðóãîãî ñòóïåíÿ, âèçíà÷åíî Ð³âåíü åêñïðåñ³¿ 
ãåíà Nos2 â ñëèçîâ³é îáîëîíö³ ñòðàâîõîäó â 
ãðóï³ òâàðèí ç ËÎÑ 2 áóâ âèùèì ó 7, 5,8 ³ 2 
ðàçè (p � 0,0001) íà 7, 15 ³ 21 äîáó çàãîºííÿ 
â³äïîâ³äíî â ïîð³âíÿíí³ ç êîíòðîëåì (ðèñ. 1).

Ó ùóð³â, ÿê³ âæèâàëè ìåëàí³í, öåé ïîêàçíèê 
áóâ â 1,2 òà 1,7 ðàçà (ð � 0,0001) íèæ÷èì íà 7 ³ 
15 äîáó â³äïîâ³äíî, í³æ ó òâàðèí äðóãî¿ ãðóïè 
(íà 21 äîáó ð³âåíü ìÐÍÊ çàçíà÷åíîãî ãåíà áóâ 
íà ð³âí³ êîíòðîëüíèõ çíà÷åíü), òà âèÿâèâñÿ 
ìåíø ï³äâèùåíèì â³äíîñíî êîíòðîëþ: ó 5,8, 
òà 3,4 ðàçà (ð � 0,0001) íà 7 ³ 15 äîáó çàãîºííÿ 
â³äïîâ³äíî. 

Ð³âåíü åêñïðåñ³¿ ãåíà Nos2 â êðîâ³, ó ãðóï³ 
òâàðèí ç îï³êàìè ñòðàâîõîäó, áóâ âèùèì ó 4,2 
³ 2,6 ðàçà (p � 0,0001) íà 7 ³ 15 äîáó çàãîºííÿ 
â³äïîâ³äíî â ïîð³âíÿíí³ ç êîíòðîëåì (ðèñ. 2). 
Íà 21 äîáó çàçíà÷åíèé ïîêàçíèê ïîâåðòàâñÿ äî 
êîíòðîëüíèõ çíà÷åíü.

Ó ùóð³â, ÿê³ âæèâàëè ìåëàí³í, öåé ïîêàçíèê 
áóâ â 1,5 ðàçà (ð � 0,0001 íèæ÷èì íà 7 äîáó, 
í³æ ó òâàðèí äðóãî¿ ãðóïè, òà âèÿâèâñÿ ìåíø 
ï³äâèùåíèì â³äíîñíî êîíòðîëþ: ó 2,8 ðàçà (ð � 
� 0,0001). ² âæå íà 15 äîáó ð³âåíü åêñïðåñ³¿ ãåíà 
Nos2 áóâ íà ð³âí³ êîíòðîëþ.

Àêòèâí³ ôîðìè êèñíþ ìîæóòü ôóíêö³îíó-
âàòè ÿê àêòèâàòîðè ì³æêë³òèííîãî ñèãíàëüíî-
ãî øëÿõó, à ñàìå, NF-kB ùî º îäíèì ç íàé-
âàæëèâ³øèõ ìîäóëÿòîð³â çàïàëüíîãî ïðîöåñó. 
Çà ô³ç³îëîã³÷íèõ óìîâ NF-kB ó êë³òèíàõ â³ä³ãðàº 
ðîëü êîîðäèíàòîðà ³ìóííî¿ â³äïîâ³ä³ äëÿ ð³çíî-
ìàí³òíèõ àíòèãåí³â. Àëå, ó òîé æå ÷àñ, çà îê-
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ñèäàòèâíîãî ñòðåñó, NF-kB ìîæå àêòèâóâà-
òè ïðîçàïàëüí³ ãåíè, â³äïîâ³äàëüí³ çà ñèíòåç 
ïðîçàïàëüíèõ öèòîê³í³â, öèêëîîêñèãåíàçè-2
òà ãåíè, ùî ñïðèÿþòü êàíöåðîãåíåçó (Wang et 
al, 2016).  

Òîìó, íàñòóïíèé êðîêîì áóëî âèçíà÷èòè 
ð³âåíü åêñïðåñ³¿ ãåíà Nfkb1. Ó ãðóï³ òâàðèí ç 
ËÎÑ ð³âåíü åêñïðåñ³¿  ãåíà Nfkb1 â ñëèçîâ³é 
îáîëîíö³ ñòðàâîõîäó áóâ âèùèì ó 4, 2,9 ³ 1,8 
ðàçà (p � 0,0001) íà 7, 15 ³ 21 äîáó çàãîºííÿ 
â³äïîâ³äíî â ïîð³âíÿíí³ ç êîíòðîëåì (ðèñ. 3).

Ó ùóð³â, ÿê³ âæèâàëè ìåëàí³í, öåé ïîêàçíèê 
áóâ â 1,1 (ð � 0,05) òà ìàéæå 1,5 ðàçà (ð �
� 0,0001) íèæ÷èì íà 7 ³ 15 äîáó â³äïîâ³äíî,
í³æ ó òâàðèí äðóãî¿ ãðóïè (íà 21 äîáó ð³âåíü 
ìÐÍÊ çàçíà÷åíîãî ãåíà áóâ íà ð³âí³ êîíòðîëü-
íèõ çíà÷åíü), òà âèÿâèâñÿ ìåíø ï³äâèùåíèì 
â³äíîñíî êîíòðîëþ: ó 3,6 òà 2 ðàçè (ð � 0,0001) 
íà 7 ³ 15 äîáó çàãîºííÿ â³äïîâ³äíî. 

Ð³âåíü åêñïðåñ³¿ ãåíà Nfkb1 â êðîâ³ ó ãðóï³ 
òâàðèí ç îï³êàìè ñòðàâîõîäó áóâ âèùèì ó 2,5 
òà 1,8 ðàçà (p � 0,0001) íà 7 ³ 15 äîáó çàãîºííÿ 
â³äïîâ³äíî â ïîð³âíÿíí³ ç êîíòðîëåì (ðèñ. 4). 
Íà 21 äîáó çàçíà÷åíèé ïîêàçíèê ïîâåðòàâñÿ
äî êîíòðîëüíèõ çíà÷åíü.

Ó ùóð³â, ÿê³ âæèâàëè ìåëàí³í, öåé ïîêàçíèê 
áóâ â 1,3 ðàçà (ð � 0,0001) íèæ÷èì íà 7 äîáó, 
í³æ ó òâàðèí äðóãî¿ ãðóïè òà âèÿâèâñÿ ìåíø 

ï³äâèùåíèì â³äíîñíî êîíòðîëþ: ó 2 ðàçè (ð � 
� 0,0001). Íà 15 äîáó ð³âåíü ìÐÍÊ çàçíà÷å-
íîãî ãåíà áóâ íà ð³âí³ êîíòðîëüíèõ çíà÷åíü.

Îòæå, çà ËÎÑ â³äáóâàëèñÿ çì³íè â ð³âí³ 
åêñïðåñ³¿ ãåí³â Nos2 òà Nfkb1 ÿê â êðîâ³, òàê ³ â 
òêàíèíàõ ñòðàâîõîäó ïîð³âíÿíî ç êîíòðîëüíîþ 
ãðóïîþ, çàñòîñóâàííÿ ìåëàí³íó ñïðèÿëî çíè-
æåííþ ð³âíÿ åêñïðåñ³¿ ãåí³â Nos2 òà Nfkb1 ó 
äîñë³äæóâàíèõ çðàçêàõ.

ßê â³äîìî, ìîëåêóëà îêñèäó àçîòó º îäíèì 
³ç á³îðåãóëÿòîð³â òîíóñà êðîâîíîñíèõ ñóäèí, 
ðåñï³ðàòîðíî¿ ôóíêö³¿, áåðå ó÷àñòü ó ðîçâèòêó 
áîëþ òà çàïàëåííÿ (Abo El-Noor, 2017; Basa-
ran, 2005; Zhou, 2017). Òîìó, íàñòóïíèì åòà-
ïîì áóëî âèçíà÷èòè àêòèâí³ñòü ð³çíèõ ³çîôîðì 
ñèíòàçè îêñèäó àçîòó – eNOS òà iNOS â ñè-
ðîâàòö³ êðîâ³ òà òêàíèíàõ ñëèçîâî¿ îáîëîíêè 
ñòðàâîõîäó çà óìîâ ËÎÑ 2 òà ïðè çàñòîñóâàíí³ 
ìåëàí³íó. Àêòè  âí³ñòü eNOS â ñèðîâàòö³ êðîâ³ 
çà óìîâ ËÎÑ 2 ïîñòóïîâî ï³äâèùóâàëàñü íà 
7 òà 15 äîáó íà 19,6 òà 55,1 % â³äïîâ³äíî, 
ïîð³âíÿíî ç êîíòðîëåì òà çíèæóâàëàñü íà 21 
äîáó òà íàáëèæàëàñü äî êîíòðîëüíèõ çíà÷åíü. 
Ó òêàíèíàõ ñòðàâîõîäó áóëî âèÿâëåíî ñõîæó 
òåíäåíö³þ äî çðîñòàííÿ àêòèâíîñò³ ôåðìåíòó
íà 7 òà 15 äîáó íà 35,4 òà 60 % â³äïîâ³äíî, 
ïîð³âíÿíî ç êîíòðîëüíèìè çíà÷åííÿìè. Àê-
òèâí³ñòü ³NOS â ñèðîâàòö³ êðîâ³ çà óìîâ îï³êó 

Ðèñ. 1. Ð³âåíü åêñïðåñ³¿ ãåíà Nos2 ó ñëèçîâ³é îáîëîí-ö³ ñòðàâîõîäó çà óìîâ ËÎÑ 2 òà ïðè ââåäåíí³ ìåëàí³íó 
â äîç³ 1ìã/êã. 1 – êîíòðîëü; 2 – ËÎÑ 2; 3 – ËÎÑ 2 + ìåëàí³í; **** – p � 0,0001 ËÎÑ 2 â³äíîñíî êîí-
òðîëþ; #### – p � 0,0001 ËÎÑ 2 + ìåëàí³íîì â³äíîñíî òâàðèí ËÎÑ 2; ÷÷÷÷ – p � 0,0001 ËÎÑ 2 + ìåëàí³í 
ïîð³âíÿíî ç êîíòðîëåì, n = 105

Ðèñ. 2. Ð³âåíü åêñïðåñ³¿ ãåíà Nos2 ó êðîâ³ çà óìîâ ËÎÑ 2 òà ïðè ââåäåíí³ ìåëàí³íó. 1 – êîíòðîëü; 2 – ËÎÑ 2; 
3 – ËÎÑ 2 + ìåëàí³í; **** – p � 0,0001 ËÎÑ 2 â³äíîñíî êîíòðîëþ; #### – p � 0,0001 ËÎÑ 2 + ìåëàí³íîì 
â³äíîñíî òâàðèí ËÎÑ 2; ÷÷÷÷ – p � 0,0001 ËÎÑ 2 + ìåëàí³í ïîð³âíÿíî ç êîíòðîëåì, n = 105
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äîñòîâ³ðíî ï³äâèùóâàëàñü íà 7, 15 òà 21 äîáó 
íà 24,6, 43,9 òà 20,5 % â³äïîâ³äíî, ïîð³âíÿíî 
ç êîíòðîëüíèìè çíà÷åííÿìè. Ó òêàíèíàõ 
ñòðàâîõîäó àêòèâí³ñòü ôåðìåíòó çà ËÎÑ 2 
òàêîæ çðîñòàëà íà 7, 15 òà 21 äîáó íà 63,6, 69,6 
òà 51 % â³äïîâ³äíî, ïîð³âíÿíî ç êîíòðîëüíèìè 
çíà÷åííÿìè (ðèñ. 5).

Ïðè ââåäåíí³ ìåëàí³íó àêòèâí  ³ñòü eNOS â 
ñèðîâàòö³ êðîâ³ çà óìîâ îï³êó áóëà íèæ÷îþ 
ïîð³âíÿíî ç ïîêàçíèêàìè ó òâàðèí ç ËÎÑ 2. 

Âèçíà÷åíî íåçíà÷íå çíèæåííÿ àêòèâíîñò³ eNOS
â òêàíèíàõ ñòðàâîõîäó çà ËÎÑ 2 çà óìîâ ââå-
äåííÿ íà 7 òà 15 äîáó, íà 21 äîáó àêòèâí³ñòü 
ï³äâèùóâàëàñü íà 18,3 % ïîð³âíÿíî ç ïîêàç-
íèêàìè çà ËÎÑ 2.

Âñòàíîâëåíî, ùî àêòèâí³ñòü ³NOS â ñèðî-
âàòö³ êðîâ³ çà ËÎÑ 2 çà óìîâ ââåäåííÿ ìå-ëàí³íó 
áóëà íèæ÷îþ íà 7,15 òà 21 äîáó íà 22,2, 22,1 
òà 13,6 % â³äïîâ  ³äíî, ïîð³âíÿíî ç ïîêàçíèêàìè 
çà ËÎÑ 2. Ó òêàíèíàõ ñòðàâîõîäó ñïîñòåð³ãàëè 

Ðèñ. 3. Ð³âåíü åêñïðåñ³¿ ãåíà Nfkb1 ó ñëèçîâ³é îáî-ëîíö³ ñòðàâîõîäó çà óìîâ ËÎÑ 2 òà ïðè ââåäåíí³ ìåëàí³íó. 
1 – êîíòðîëü; 2 – ËÎÑ 2; 3 – ËÎÑ 2 + ìåëàí³í; **** – p � 0,0001 ËÎÑ 2 â³äíîñíî êîíòðîëþ; #### – p � 
� 0,0001 ËÎÑ 2 + ìåëàí³íîì â³äíîñíî òâàðèí ËÎÑ 2; ÷÷÷÷ – p � 0,0001 ËÎÑ 2 + ìåëàí³í ïîð³âíÿíî ç 
êîíòðîëåì, n = 105

Ðèñ. 4. Ð³âåíü åêñïðåñ³¿ ãåíà Nfkb1 ó êðîâ³ çà óìîâ ËÎÑ 2 òà ïðè ââåäåíí³ ìåëàí³íó. 1 – êîíòðîëü; 2 – ËÎÑ 
2; 3 – ËÎÑ 2 + ìåëàí³í; **** – p � 0,0001 ËÎÑ 2 â³äíîñíî êîíòðîëþ; #### – p � 0,0001 ËÎÑ 2 + ìåëàí³íîì 
â³äíîñíî òâàðèí ËÎÑ 2; ÷÷÷÷ – p � 0,0001 ËÎÑ 2 + ìåëàí³í ïîð³âíÿíî ç êîíòðîëåì, n = 105

Ðèñ. 5. Àêòèâí³ñòü eNOS (à) òà iNOS (á) (óì.î/ìã á³ëêà*õâ) â ñèðîâàòö³ êðîâ³ ùóð³â çà óìîâ ËÎÑ 2 òà ïðè 
çàñòîñóâàíí³ ìåëàí³íó (M ± m, n = 105). * – p < 0,05 ËÎÑ 2 â³äíîñíî êîíòðîëþ, # – p < 0,05 ËÎÑ 2 + 
+ ìåëàí³í â³äíîñíî ãðóïè ËÎÑ 2
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íèæ÷à àêòèâí³ñòü ôåðìåíòó íà âñ³ äîñë³äæóâàí³ 
äîáè åêñïåðèìåíòó, òàê íà 7,15 òà 21 äîáó 
àêòèâí³ñòü ôåðìåíòó áóëà íèæ÷îþ íà 28,5, 29,5 
òà 27,9 % â³äïîâ³äíî, ïîð³âíÿíî ç ïîêàçíèêàìè 
ïðè îï³êó ñòðàâîõîäó (ðèñ. 6).

Òàêèì ÷èíîì, ïðè ëóæíîìó îï³êó ñòðàâîõîäó 
áóëî ïîêàçàíî ï³äâèùåííÿ àêòèâíîñò³ îáîõ ³çî-
ôîðì NOS, ùî ìîæå âïëèâàòè íåãàòèâíî íà
ïðîöåñè çàãîºííÿ ïðè îï³êó ñòðàâîõîäó, àäæå ó
âèñîêèõ êîíöåíòðàö³ÿõ NO ìîæå ìàòè òîêñè÷-
íèé åôåêò, ïîâ’ÿçàíèé ç óòâîðåííÿì ñèëüíîãî 
îêèñëþâà÷à – ïåðîêñ³í³òð³òà (ONOO-), ÿêèé 
÷èíèòü íåãàòèâíèé âïëèâ íà òêàíèíè, ïîðó-
øóþ÷è ñòðóêòóðó êë³òèííèõ ìåìáðàí, åíåð-
ãåòè÷íèé îáì³í ó êë³òèí³, à òàêîæ ñèíòåç ÄÍÊ 
(Kobayashi et al, 2010). Çà óìîâ çàñòîñóâàííÿ 
ìåëàí³íó àêòèâí³ñòü eNOS òà iNOS çíèæóâà-
ëàñü ïåðåâàæíî íà âñ³ äîñë³äæóâàí³ äîáè åêñ-
ïåðèìåíòà, ³, ÿê íàñë³äîê, çíèæóâàëîñü óòâî-
ðåííÿ íàäì³ðíî¿ ê³ëüêîñò³ ïåðîêñèí³òðèòó.

Âèñíîâêè. Îòðèìàí³ ðåçóëüòàòè ïîêàçàëè, ùî 
çà ëóæíîãî îï³êó ñòðàâîõîäó äðóãîãî ñòóïåíÿ áóâ 
íàÿâíèé çàïàëüíèé ïðîöåñ, à ñàìå, ï³äâèùåííÿ 
ð³âíÿ åêñïðåñ³¿ ãåí³â, çàëó÷åíèõ äî ðîçâèòêó 
çàïàëåííÿ, Nos2 òà Nfkb1 ó êðîâ³ òà â òêàíèíàõ 
ñòðàâîõîäó. Òàêîæ áóëî âèÿâëåíî àêòèâàö³þ 
³NOS òà åNOS òà, ÿê íàñë³äîê, ï³äâèùåíèé 
ð³âåíü NO, ÿêèé ñïðèÿâ îêñèäàòèâíîìó ñòðåñó 
òà çàïóñêó ì³æêë³òèííîãî øëÿõó NF-kB. Ïðè 
ââåäåíí³ ìåëàí³íó áóëî ïîêàçàíî íîðìàë³çàö³þ 
ïîêàçíèê³â, ÿê³ õàðàêòåðèçóþòü çàïàëüí³ 
ïðîöåñè: çíèæåííÿ ð³âíÿ åêñïðåñ³¿ ãåí³â Nos2 òà 

Nfkb1,  çìåíøåííÿ àêòèâíîñò³ ³NOS òà åNOS ó 
ñèðîâàòö³ êðîâ³ òà òêàíèíàõ ñòðàâîõîäó ïîð³âíÿíî 
ç ïîêàçíèêàìè ïðè îï³êó ñòðàâîõîäó. Öå âêàçóº 
íà ïðîòèçàïàëüí³ âëàñòèâîñò³ ö³º¿ ðå÷îâèíè 
òà ðîáèòü ¿¿ ïåðñïåêòèâíîþ äëÿ ïîäàëüøîãî 
äîñë³äæåííÿ òà ìîæëèâîãî âïðîâàäæåííÿ ÿê 
äîïîì³æíî¿ ðå÷îâèíè äëÿ çíèæåííÿ çàïàëüíîãî 
ïðîöåñó çà ëóæíèõ îï³ê³â ñòðàâîõîäó. 

Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Óñ³ ïðîöåäó-
ðè, âèêîíàí³ â äîñë³äæåíí³ çà ó÷àñòþ ëþäåé, 
â³äïîâ³äàþòü åòè÷íèì ñòàíäàðòàì íàö³îíàëü-
íîãî Êîì³òåòó ç äîñë³äíèöüêî¿ åòèêè òà Ãåëü-
ñ³íñüêî¿ äåêëàðàö³¿ 1964 ð. ³ ¿¿ ïîäàëüøèõ çì³í 
àáî â³äïîâ³äíèì íîðìàì åòèêè. Â³ä êîæíîãî, ç 
âêëþ÷åíèõ â äîñë³äæåííÿ ó÷àñíèê³â, áóëî îòðè-
ìàíî ³íôîðìîâàíó äîáðîâ³ëüíó çãîäó.
Êîíôë³êò ³íòåðåñ³â. Àâòîðè çàÿâëÿþòü ïðî â³ä-
ñóòí³ñòü êîíôë³êòó ³íòåðåñ³â.
Ô³íàíñóâàííÿ. Öå äîñë³äæåííÿ íå îòðèìóâàëî 
áóäü ÿêîãî êîíêðåòíîãî ãðàíòó â³ä ô³íàíñóþ÷èõ 
óñòàíîâ â äåðæàâíîìó, êîìåðö³éíîìó àáî íå-
êîìåðö³éíîìó ñåêòîðàõ.

THE LEVEL OF EXPRESSION NOS2 AND NFKB1 
GENES IN ESOPHAGEAL ALKALINE BURNS 
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Ðèñ. 6. Àêòèâí³ñòü eNOS (à) òà iNOS (á) (óì.î/ìã á³ëêà*õâ) â ñëèçîâ³é îáîëîíö³ ñòðàâîõîäó ùóð³â çà óìîâ 
ëóæíîãî îï³êó ñòðàâîõîäó äðóãîãî ñòóïåíÿ òà ïðè çàñòîñóâàíí³ ìåëàí³íy (M ± m, n = 105). * – p<0,05
ËÎÑ 2 â³äíîñíî êîíòðîëþ. # – p < 0,05 ËÎÑ 2 + ìåëàí³í â³äíîñíî ãðóïè ËÎÑ 2
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In this study, we have shown an increase in the expression 
of pro-inflammatory agents – Nos2 and Nfkb1 genes – 
in the blood and mucous membrane of the esophagus 
under conditions of the 2nd degree esophageal alkaline 
burn (EAB 2). It was found that under AEB 2, the 
activity of eNOS and iNOS increased both in the blood 
and mucous membrane of the esophagus. After the 
introduction of melanin, there was a decrease in the 
expression of Nos2 and Nfkb1 genes in the blood and 
esophageal tissues as compared with AEB 2. Also, there 
was a decrease in the activity of eNOS and iNOS as 
compared with AEB 2, indicating the anti-inflammatory 
properties of this compound and the possibility of using 
melanin as a substance that promotes faster healing of 
chemical burns of the esophagus and prevents post-burn 
complications.

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

Abo El-Noor M, Elgazzar F, Alshenawy H. (2017) 
Role of Inducible Nitric Oxide Synthase and inter-
leukin-6 Expression in Estimation of Skin Burn Age 
and Vitality. J Forensic Leg Med. doi: 10.1016/j.
jflm.2017.09.001

Ahmady El-Naggar N, El-Ewasy S. (2017) Biopro-
duction, characterization, anticancer and antioxidant 
activities of extracellular melanin pigment pro-
duced by newly isolated microbial cell factories 
Streptomyces glaucescens NEAE-H. Sci Rep. doi: 
10.1038/srep42129

Bartesaghi S, Radi R. (2018) Fundamentals on the
Biochemistry of Peroxynitrite and Protein Tyro-
sine Nitration. Redox Biol. doi: 10.1016/j.redox.
2017.09.009

Basaran U, Eskiocak S, Altaner S et al. (2005) 
Inhibition of iNOS With S-methylisothiourea Was 
Impaired in Wound Healing in Caustic Esophageal 
Burn. Int J Pediatr Otorhinolaryngol. doi: 10.1016/j.
ijporl.2004.11.004 

Boyde T, Rahmatullah M. (1980) Optimization of 
conditions for the colorimetric determination of 
citrulline, using diacetyl monoxime. Analytical Bio-
chemistry. doi:10.1016/0003-2697(80)90404-2.

Carletti G, Nervo G, Cattivelli L. (2014) Flavonoids 
and Melanins: A Common Strategy across Two 
Kingdoms. Int J Biol Sci. doi: 10.7150/ijbs.9672 

Cartwright T, Perkins N, Wilson C. (2016) NFKB1: 
a suppressor of inflammation, ageing and cancer. 
FEBS Journal. doi:10.1111/febs.13627

Chomczynski P, Sacchi N. (1987) Single-step method 
of RNA isolation by acid guanidiniumthiocyanate-
phenol-chloroform extraction. Anal. Biochem. doi: 
10.1006/abio.1987.9999

Chornenka N, Raetska YA, Savchuk O et al. (2017) 
Effect of different doses of melanin in the blood 

protein changes in rats under alkaline esophageal 
burns. Research Journal of Pharmaceutical, Biolo-
gical and Chemical Sciences 8:261–269

Chyzhanska N, Tsyryuk O, Beregova T. (2007) The level 
of cortisol in the blood of rats before and after stress 
action against the background of melanin. Visnik of 
problems of biology and medicine 1:40–44 

Duan H, Chai J, Sheng Z et al. (2009) Effect of burn 
injury on apoptosis and expression of apoptosis-
related genes/proteins in skeletal muscles of rats. 
Apoptosis: an international journal on programmed 
cell death. doi: 10.1007/s10495-008-0277-7.

Eduardo D, Rezende B, Cortes F et al. (2016) Neuronal 
Nitric Oxide Synthase in Vascular Physiology and
Diseases. Front Physiol. doi: 10.3389/fphys.2016.00206

Elobeid A, Afaf Eldin K, Abdelhalim M et al. (2017) 
Pharmacological Properties of Melanin and its 
Function in Health. Basic Clin Pharmacol Toxicol. 
doi: 10.1111/bcpt.12748. 

Fistal E, Kozinets G, Samoilenko G et al (2005) 
Combustiology. Textbook, Donetsk, 315 p

Kobayashi Y. (2010) The Regulatory Role of Nitric Oxide 
in Proinflammatory Cytokine Expression During the 
Induction and Resolution of Inflammation. J Leukoc 
Biol. doi: 10.1189/jlb.0310149. 

Kunwar A, Adhikary B, Jayakumar S et al. (2012) Me-
lanin, a promising radioprotector: Mechanisms of 
actions in a mice model, Toxicology and Applied 
Pharmacology. doi: 10.1016/j.taap.2012.08.002

Mees B, Wagner S, Ninci E et al. (2007) Endothelial 
Nitric Oxide Synthase Activity Is Essential for Va-
sodilation During Blood Flow Recovery but not
for Arteriogenesis. Arteriosclerosis, Thrombosis, and
Vascular Biology. doi: 10.1161/ATVBAHA.107.
145375

Mitchell S, Vargas J, Hoffmann A. (2016) Signaling via 
the NF�B System.  Wiley Interdiscip Rev Syst Biol 
Med. doi: 10.1002/wsbm.1331

Nakazawa H, Chang K, Shinozaki S et al. (2017) 
iNOS as a Driver of Inflammation and Apoptosis in 
Mouse Skeletal Muscle After Burn Injury: Possible 
Involvement of Sirt1 S-Nitrosylation-Mediated 
Acetylation of p65 NF-�B and p53. PLoS One. doi: 
10.1371/journal.pone.0170391 

Nakazawa H, Yamada M, Tanaka T et al. (2015) Role 
of protein farnesylation in burn-induced metabolic 
derangements and insulin resistance in mouse ske-
letal muscle. PloS one. doi: 10.1371/journal.pone.
0116633

Racca S, Spaccamiglio A, Esculapio P et al. (2005) 
Effects of swim stress and alpha-MSH acute pre-
treatment on brain 5-HT transporter and corti-
costerone receptor. Pharmacol Biochem Behav. doi: 
10.1016/j.pbb.2005.06.014



33ISSN 0564–3783. Öèòîëîã³ÿ ³ ãåíåòèêà. 2021. Ò. 55. ¹ 4

Ð³âåíü åêñïðåñ³¿ ãåí³â NOS2 òà NFKB1 çà óìîâ îï³êó ñòðàâîõîäó òà ïðè ââåäåíí³ ìåëàí³íó

Raetska Ya, Ishchuk T, Savchuk O et al. (2013) 
Experimental modeling of first-degree chemically-
induced esophageal burns in rats. Medical chemistry 
15(4):30–34

Salih E, Afaf K, Mohamed Anwar K (2017) Phar-
macological Properties of Melanin and its Function 
in Health. Basic Clin Pharmacol Toxicol. doi: 10.
1111/bcpt.12748

Stanojcic M, Abdullahi A, Rehou S et al. (2018) 
Pathophysiological Response to Burn Injury in Adults. 
Ann Surg. doi: 10.1097/SLA.0000000000002097

Wang Z, Li S, Cao Y et al. (2016) Oxidative Stress and 
Carbonyl Lesions in Ulcerative Colitis and Associated 
Colorectal Cancer. Oxid Med Cell Longev. doi: 
10.1155/2016/9875298

Wigenstama E, Elfsmarka L, Buchtab A et al. (2016) 
Inhaled sulfur dioxide causes pulmonary and systemic 
inflammation leading to fibrotic respiratory disease 
in a rat model of chemical-induced lung injury. 
Toxicology. doi: 10.1016/j.tox.2016.08.018

Zhou X, Wang H, Zhang J et al. (2017) Functional Poly(�-
Caprolactone)/Chitosan Dressings With Nitric Oxi-
de-Releasing Property Improve Wound Healing. 
Acta Biomater. doi: 10.1016/j.actbio.2017.03.011 

Íàä³éøëà â ðåäàêö³þ 03.09.20
Ï³ñëÿ äîîïðàöþâàííÿ 20.12.20

Ïðèéíÿòà äî äðóêó 18.07.21



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


