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Ïóáë³êàö³ÿ º ôðàãìåíòîì ïëàíîâàíî¿ íàóêîâî-
äîñë³äíî¿ ðîáîòè êàôåäðè íîðìàëüíî¿ ô³ç³îëîã³¿: 
“Ðîëü ã³äðîãåí ñóëüô³äó ó ìåõàí³çìàõ öèòîïðîòåêö³¿ 
ñëèçîâî¿ îáîëîíêè ñòðàâîõîäó”, ¹ äåðæàâíî¿ ðåº-
ñòðàö³¿ 0116U004503.

Âñòóï. Ó ãåíåç³ ðîçâèòêó øèðîêîïîøèðåíèõ ãà-
ñòðîåíòåðîëîã³÷íèõ õâîðîá, ÿê ãàñòðîåçîôàãàëüíà 
ðåôëþêñíà õâîðîáà, ïåïòè÷íà âèðàçêà òîùî, íà-
øèìè ïîïåðåäí³ìè äîñë³äæåííÿìè âñòàíîâëåíî 
âàæëèâó ðîëü ÷èñëåííèõ ïðîçàïàëüíèõ ÷èííèê³â, ÿê³ 
â³ä³ãðàþòü âàæëèâå çíà÷åííÿ ó ôîðìóâàíí³ äèñôóíê-
ö³¿ åï³òåë³àëüíîãî áàð’ºðó ñëèçîâî¿ îáîëîíêè ñòðà-
âîõîäó ³ øëóíêó (ÑÎÑ ³ ÑÎØ, â³äïîâ³äíî) çà ðàõóíîê 
óðàæåííÿ ñóäèííîãî êîìïîíåíòó, à ñàìå ðîçâèòêó 
åíäîòåë³àëüíî¿ äèñôóíêö³¿ â óìîâàõ ìîäåëþâàííÿ 
ÿê òîï³÷íèõ (êèñëîòíî-ïåïñèíîâèõ ³ àëêàë³÷íî-á³ë³-
àðíèõ), òàê ³ íåòîï³÷íèõ (ñòðåñ-³íäóêîâàíèõ) ïîøêî-
äæåíü [19,25].

Íåùîäàâíî äîñë³äæåíî, ùî äëÿ îö³íþâàííÿ 
âàçîòðîïíîãî êîìïîíåíòó öèòîïðîòåêö³¿ âàæëè-
âî âñòàíîâèòè ðîëü õåìîê³í³â (õåìîòàêòè÷íèõ öè-
òîê³í³â, ÑÑ – â³ä àíãë.; chemotactic cytokines, á³ëê³â 
5–15 kDa), ùî çàáåçïå÷óþòü ãîìåîñòàç ³ìóííî¿ ñèñ-
òåìè ³ ñòâîðþþòü çàõèñòí³ ðåàêö³¿ ó îðãàí³çì³ ãîñïî-
äàðÿ. Êð³ì òîãî, âîíè ìàþòü âàæëèâå ô³ç³îëîã³÷íå 
çíà÷åííÿ â àíã³îãåíåç³ òà îíêîãåíåç³, îñê³ëüêè ÷åðåç 
âçàºìîä³þ ç³ ñïåöèô³÷íèìè òðàíñìåìáðàííèìè ðå-
öåïòîðàìè, ïîâ’ÿçàíèìè ç G-á³ëêîì, ³íäóêóþòü âíó-
òð³øíüîêë³òèíí³ ñèãíàëüí³ ïðîöåñè, ÿê³ ñïðè÷èíÿþòü 
îêñèäàòèâíèé “ðåñï³ðàòîðíèé âèáóõ”, âèâ³ëüíåííÿ 
åíçèì³â ³ç ë³çîñîì ³ õåìîòàêñèñ [9,14]. Ó çàëåæíîñò³ 
â³ä ïîçèö³é öèñòå¿íîâèõ çàëèøê³â âèä³ëÿþòü äâ³ ï³ä-
ãðóïè: CC ³ CXC. Ó çàëåæíîñò³ â³ä íàÿâíîñò³ àáî â³ä-
ñóòíîñò³ àì³íîêèñëîòíî¿ ïîñë³äîâíîñò³ Glu-Leu-Arg 
(ELR) íà N-òåðì³íàë³ öèñòå¿íîâîãî çàëèøêó, ó ðîäèí³ 
CXC õåìîê³í³â âèä³ëÿþòü àíã³îãåíí³ (ELR+) ³ àíã³îñòà-
òè÷í³ (ELR–) á³ëêè. Â³äîìî, ùî ELR+CXC õåìîê³íè º 
ñïåöèô³÷íèìè ³ íåîáõ³äíèìè àêòèâàòîðàìè íåéòðî-
ô³ëüíèõ ëåéêîöèò³â, âàæëèâîãî ðåñóðñó õåìîòàêñè-
ñó. Ó àñïåêò³ ñòðóêòóðíîãî àíàë³çó GCP-2 – íàéá³ëüø 
ñïîð³äíåíèé ç íåéòðîô³ëüíèì àòòðàêòàíòîì-78 
(ENA-78)/CXCL5, ïîõ³äíèì åï³òåë³àëüíèõ êë³òèí (77% 
îäíàêîâèõ àì³íîêèñëîò), à çà á³îëîã³÷íèìè ôóíêö³ÿ-
ìè – ³íòåðëåéê³íîì-8 (IL-8)/CXCL8 (30% îäíàêîâèõ 
àì³íîêèñëîò), îñê³ëüêè âèêîðèñòîâóþòü ³äåíè÷í³ 
ðåöåïòîðè CXCR1 [2,22]. Âàæëèâèì âàçîòðîïíèì 
öèòîê³íîì º IL-6, âèñîêî÷óòëèâèé ïðîçàïàëüíèé á³î-
ìàðêåð ç ïëåéîòðîïíèì âïëèâîì, âêëþ÷íî ç ó÷àñòþ 
ó ðîçâèòêó ìåòàáîë³÷íèõ ïîðóøåíü, ì³òîõîíäð³àëü-
íèõ çì³í òà àóòî³ìóííèõ ðåàêö³é [16]. Çàâäÿêè òàêèì 
âëàñòèâîñòÿì äîñë³äæåííÿ åêñïðåñ³¿ GCP-2 i IL-6 äî-

ïîìàãàº êîìïëåêñíî îö³íþâàòè ô³ç³îëîã³÷í³ âëàñòè-
âîñò³ åíäîòåë³þ.

Àêòóàëüíèì ôóíäàìåíòàëüíèì çàâäàííÿì ñó-
÷àñíî¿ ìåäèöèíè òà âêðàé ïåðñïåêòèâíèì ó ãàëóç³ 
åêñïåðèìåíòàëüíî¿ ìåäèöèíè º ñòâîðåííÿ íîâèõ 
«ðîçóìíèõ» ë³ê³â, ä³ÿ ÿêèõ ´ðóíòóºòüñÿ íà ô³ç³îëî-
ã³÷íèõ ìåõàí³çìàõ òà ç’ÿñóâàííþ ìîëåêóëÿðíèõ 
ìåõàí³çì³â ¿õ åôåêò³â. Âðàõîâóþ÷è, ùî ñåðåä âàçî-
àêòèâíèõ ÷èííèê³â öèòîïðîòåêö³¿ îñîáëèâà ðîëü íà-
ëåæèòü åíäîãåííèì ãàçîòðîïíèì ÷èííèêàì, à ñàìå 
Í³òðîãåí ìîíîîêñèäó, Êàðáîí ìîíîîêñèäó, Ã³äðîãåí 
ñóëüô³äó, (ñ³ðêîâîäíþ, Í2

S), ÿê³ ëåãêî äèôóíäóþòü 
÷åðåç ìåìáðàíè ó êë³òèíè, ³ñíóº ìîæëèâ³ñòü çìåí-
øèòè öèòîàãðåñèâíèé âïëèâ ïàòîãåííèõ ÷èííèê³â 
[6-8,10,23]. Íåùîäàâíî âñòàíîâëåíî, ùî ñòâîðåí-
íÿ íîâèõ ñóáñòàíö³é, çáàãà÷åííÿì òðàäèö³éíèõ ë³-
êóâàëüíèõ ïðåïàðàò³â Í

2
S, äîïîìàãàº í³âåëþâàòè ¿õ 

ïîá³÷íó ä³þ (íàïð., ïðîâèðàçêîâó ä³þ íåñòåðî¿äíèõ 
ïðîòèçàïàëüíèõ ïðåïàðàò³â àáî äèñá³îç) çà ðàõóíîê 
âçàºìîä³¿ îäèíàðíîãî ãàçîòðîïíîãî âàçîäèëÿòàòîð-
íîãî òà ïðîòèçàïàëüíîãî âïëèâó Í

2
S ³/àáî âçàºìîä³¿ 

ìîäèô³êóâàííÿ àêòèâíîñò³ öèñòàò³îí³í- -ë³àçè (â³ä 
àíãë.: cystathionine -lyase, CSE), öèñòàò³îí³í- -
ñèíòàçè (â³ä àíãë.: cystathionine -synthetase, CBS), 
êëþ÷îâèõ åíçèì³â ñèíòåçó ñ³ðêîâîäíÿ [1,5,15,17,20]. 
Â åêñïåðèìåíòàëüí³é ìåäèöèí³ äëÿ äîñë³äæåííÿ 
ðåãóëÿòîðíî¿ ðîë³ øèðîêî âèêîðèñòîâóþòü ñïî-
òâîðåííÿ ñòåðåîòèïó â³äïîâ³ä³ ñ³ðêîâîäíÿ çà ðàõó-
íîê áëîêóâàííÿ CSE  àáî CBS [7]. Â³äîìî, ùî Í

2
S 

º êëþ÷îâîþ ñèãíàëüíîþ ìîëåêóëîþ ïëåéîòðîïíèõ 
ìåõàí³çì³â, ùî êîíòðîëþþòü íîö³öåïö³þ, ñåêðåòîð-
íó òà ìîòîðíî-åâàêóàòîðíó ôóíêö³¿ òðàâíî¿ ñèñòåìè 
øëÿõîì çìåíøåííÿ ëåéêîöèòàðíî-åíäîòåë³àëüíî¿ 
àäãåç³¿, çàïàëüíèõ ðåàêö³é, çì³íè àêòèâíîñò³ åêñ-
ïðåñ³¿ öèêëîîêñèãåíàçè ²² [5,12,18,19]. Ó ïîïåðå-
äí³õ äîñë³äæåííÿì íàìè âèêîðèñòîâóâàëèñü ìîäå-
ëþâàííÿ çì³í òðàíññóëüôóðóâàííÿ âèêîðèñòàííÿì 
Í

2
S ³íã³á³òîðà CSE, DL-ïðîïàðã³ëãë³öèíó (â³ä àíãë.: 

propargylglycine, PAG), òà ³íã³á³òîðà CBS – êàðáîê-
ñèìåòèë-ã³äðîêñèëàì³í ãåì³õëîðèä íàòð³é ñóëüô³ä 
(â³ä àíãë.: Î-carboxymethylhydroxylamine; ÑÍÍ), àáî 
åêçîãåííå ââåäåííÿ äîíîðó ñ³ðêîâîäíþ, ñóëüô³äó 
íàòð³þ (NaHS), ùî äîçâîëÿº âèâ÷èòè áàëàíñ ïðî- òà 
ïðîòèçàïàëüíèõ ðåàêö³é, ÿê³ ðîçâèâàþòüñÿ ï³ä ÷àñ 
ìîäèô³êàö³¿ á³îñèíòåçó Í

2
S [25]. Â îñòàííþ äåêàäó 

ðîçïî÷àòî ñòâîðåííÿ òà àïðîáàö³ÿ íîâèõ çáàãà÷åíèõ 
Í

2
S ë³ê³â, ÿê Í

2
S-àñîö³éîâàí³ íåñòåðî¿äí³ ïðîòèçà-

ïàëüí³ ïðåïàðàòè (Í
2
S-ÍÑÏÇÏ), ùî ïîïåðåäæóþòü 

ðîçâèòîê ïîòåíö³éíèõ æèòòºâîíåáåçïå÷íèõ óñêëàä-
íåíü, õàðàêòåðíèõ äëÿ ÍÑÏÇÏ, à ¿õ ä³ÿ ´ðóíòóºòüñÿ 
íà âèðàçíèõ ïðîòèçàïàëüíèõ åôåêòàõ [24]. Ïðîòå 
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Labs, Êàíàäà). ²íòåíñèâí³ñòü êîëüîðîâî¿ ðåàêö³¿ 
îö³íþâàëè çà äîïîìîãîþ GBG Stat-Fax 303 Plus 
Microstrip Reader (Shaker Stat-Fax 2200 Awareness 
Technology, Inc., Palm City, Ôëîðèäà, ÑØÀ) ïðè äî-
âæèí³ õâèë³ 450 íì ³ 620-655 íì â³äïîâ³äíî.

Äëÿ àíàë³çó äàíèõ ³ ðîçðàõóíê³â çàñòîñîâóâà-
ëè ïðîãðàìó Ì³ñrosoft Excel òà Origin, ðåçóëüòàòè 
còàòèñòè÷íî îïðàöüîâàíî òà ïðåäñòàâëåíî ó âèãëÿ-
ä³ ñåðåäíüîãî çíà÷åííÿ ± ñòàíäàðòíå â³äõèëåííÿ 
(Mean±Standard deviation, M±SD). Äëÿ ïîð³âíÿííÿ 
âñ³õ ãðóï ç êîíòðîëåì, âèêîðèñòîâóâàëè ANOVA ³ 
òåñò Äàííåòòà. Éìîâ³ðí³ñòü ñòàíäàðòíîãî â³äõèëåí-
íÿ ìåíøå 5% ââàæàëàñÿ çíà÷óùîþ.

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. 
Ïðîàíàë³çîâàíî çì³íè ó âì³ñò³ GCP-2 òà ²L-6 â áà-
çàëüíèõ óìîâàõ (ó òâàðèí ãðóïè êîíòðîëþ) òà óìîâ 
çàñòîñóâàííÿ íàïðîêñåíó òà ÀÒÂ-346 áåç òà ç ìîäè-
ô³êàö³ºþ á³îñèíòåçó Í

2
S òà ³íäóêö³ºþ ñòðåñó. Âñòà-

íîâëåíî, ùî â òâàðèí ãðóïè êîíòðîëþ âì³ñò GCP-2 
cêëàâ 7,86±0,51 ïã/ìë, ²L-6 – 30,10±0,45 ïã/ìë. 

Òàêà äèíàì³êà åêñïðåñ³¿ ïðîçàïàëüíèõ õåìîê³í³â 
ñâ³ä÷èòü ïðî òå, ùî çà óìîâ ïîðóøåííÿ åíäîãåííîãî 
ñèíòåçó H

2
S â³äáóâàºòüñÿ çìåíøåííÿ âàçîïðîòåê-

òîðíèõ âëàñòèâîñòåé ïðèðîäí³õ çàõèñíèõ ðåàêö³é, 
ùî ñï³âïàäàº ç äàíèìè ³íøèõ äîñë³äæåíü [7,12,17]. 
Òàêèì ÷èíîì, áëîêóâàííÿ àêòèâíîñò³ CSE òà CBS ó 
òâàðèí, ÿêèì ââîäèëè ÍÑÏÇÏ, ïðèçâåëî äî çíèæåí-
íÿ ïðîòèçàïàëüíèõ çàõèñíèõ ðåàêö³é òà ³íäóêö³¿ åí-
äîòåë³àëüíî¿ äèñôóíêö³¿. Öå äàº çìîãó êîíñòàíòóâà-
òè, ùî ó ùóð³â âèíèêíåííÿ çàïàëüíî¿ ðåàêö³¿ ñïðèÿº 
çì³í³ åíäîòåë³àëüíî¿ åêñïðåñ³¿ õåìîê³í³â, óíàñë³äîê 
÷îãî ïðîÿâëÿþòüñÿ àäãåçèâí³ âëàñòèâîñò³ òà ³í³ö³þ-
ºòüñÿ õåìîòàêñèñ. Îòðèìàí³ äàí³ âêàçóþòü, ùî îá-
ðàí³ ÑÑ ìîæóòü ñòàòè á³îìàðêåðàìè äèñáàëàíñó 
ì³æ ïðî- òà ïðîòèçàïàëüíèìè ðåàêö³ÿìè. Ðàí³øå 
áóëî â³äçíà÷åíî òàêîæ, ùî ê³ëüê³ñí³ òà ê³íåòè÷í³ äî-
ñë³äæåííÿ çì³í GCP-2 òàêîæ âêàçóþòü, ùî ñàìå åêñ-
ïðåñ³ÿ öüîãî õåìîê³íó, à íå ENA-78/CXCL5 àáî IL-8, 
åíäîòåë³îöèòàìè ð³çêî çá³ëüøóºòñÿ ó ïàö³ºíò³â ç çà-
ïàëüíèìè ïðîöåñàìè íà òë³ óëüöåðîãåííîãî êîë³òó 
[4,13].

Ïîºäíàííÿ öèòîë³òè÷íî¿ ä³¿ ÍÑÏÇÏ (íàïðîêñåíó 
òà ÀÒÂ-346) òà ³íäóêö³¿ ñòðåñó ç çìåíøóâàëà ó òâà-
ðèí ñåêðåö³þ îáîõ õåìîê³í³â: GCP-2 íà 23% òà 45%, 
²L-6 – 30% òà 45%, â³äïîâ³äíî. Íàø³ äîñë³äæåííÿ 
ïîêàçàëè, ùî çáà÷åíèé Í

2
S-ÍÑÏÇÏ âèÿâëÿâ á³ëüøó 

âàçîïðîòåêòîðíó ä³þ, ³ ìîæå áóòè ë³êóâàëüíèì çàñî-
áîì ³ ó á³ëüø³é ì³ð³ çìåíøóº ïðîÿâè åíäîòåë³àëüíî¿ 
äèñôóíêö³¿, ùî ñïðè÷èíÿþòü ïîðóøåííÿ ö³ë³ñíîñò³ 
åíäîòåë³þ òà óòâîðåííÿ åíäîâàçàò³â.

Âèñíîâêè. Òàêèì ÷èíîì, çì³íè ñåêðåö³¿ GCP-2 òà 
²L-6 ìîæóòü áóòè ³íñòðóìåíòîì àíàë³çó ñòàíó åíäîòå-
ë³é-çàëåæíèõ âàçîòðîïíèõ ðåàêö³é. Çíèæåííÿ ïðè-
ðîäíîãî ñèíòåçó Í

2
S óíàñë³äîê áëîêóâàííÿ òðàíñ-

ôóëüôóðóâàííÿ ñïðèÿº ïîñèëåííþ ïðîçàïàëüíèõ 
ðåàêö³é, àñîö³éîâàíèõ ç³ çì³íàìè âëàñòèâîñòåé åí-
äîòåë³þ. Âèêîðèñòàííÿ ó ÿêîñò³ íîâ³òí³õ Í

2
S-ÍÑÏÇÏ 

– ñóáñòàíö³¿ ÀÒÂ-346 – ñïðèÿº çì³í³ åêñïðåñ³¿ GCP-2 
òà ²L-6 çà ðàõóíîê äîíîðñüêîãî âïëèâó ñ³ðêîâîäíÿ, 
ùî ðåàë³çóºòüñÿ âèðàçíèì ïðîòèçàïàëüíèì ³ âàçî-
ïðîòåêòîðíèì åôåêòàìè.

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Ïðî-
âåäåííÿ äîñë³äæåíü º àêòóàëüíèì ³ ïåðñïåêòèâíèì 

ïðî îñîáëèâîñò³ âïëèâó Í
2
S-ÍÑÏÇÏ íà âëàñòèâîñò³ 

åíäîòåë³þ, ïîâ’ÿçàí³ ç âèâ³ëüíåííÿì âàçîàêòèâíèõ 
ìåä³àòîð³â, ùî ³í³ö³þþòü õåìîòàêñèñ, àäãåç³þ ëåé-
êîöèò³â òà çì³íè ïðîíèêëèâîñò³ åíäîòåë³þ äîòåïåð 
íåâ³äîìî.

Ïðîâåäåííÿ ïîð³âíÿëüíîãî àíàë³çó âì³ñòó GCP-2 
³ IL-6 çà ä³¿ êëàñè÷íèõ ÍÑÏÇÏ òà íîâîñèíòåçîâàíèõ 
ñóáñòàíö³é – Í

2
S-çáàãà÷åíèõ ïîõ³äíèõ ÍÑÏÇÏ (Í

2
S-

ÍÑÏÇÏ), ìîæå ñòàòè îñíîâîþ äëÿ ç’ÿñóâàííÿ ìîëå-
êóëÿðíèõ ìåõàí³çì³â ðåàë³çàö³¿ ¿õ âïëèâó òà âïðîâà-
äæåííÿ â ïðàêòèêó “ðîçóìíèõ” ë³ê³â. 

Ìåòîþ äîñë³äæåíü ñòàëî ïðîàíàë³çóâàòè çì³íè 
åêñïðåñ³¿ GCP-2 ³ IL-6 ó ñèâîðîòö³ êðîâ³ çà ä³¿ Í

2
S-

çáàãà÷åíîãî ïîõ³äíîãî ÍÑÏÇÏ (Í
2
S-ÍÑÏÇÏ) ÀÒÂ-

346 (Í
2
S-íàïðîêñåí) â³äïîâ³äíî äî ä³¿ íàïðîêñåíó. 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Åêñïåðèìåí-
òàëüí³ äîñë³äæåííÿ ïðîâåäåíî çã³äíî ñòàíäàðò³â ªâ-
ðîïåéñüêî¿ êîíâåíö³¿ ïðî çàõèñò õðåáåòíèõ òâàðèí, 
ÿê³ âèêîðèñòîâóþòüñÿ äëÿ åêñïåðèìåíòàëüíèõ òà 
³íøèõ íàóêîâèõ ö³ëåé (1986 ð.), òà óêðà¿íñüêèì çàêî-
íîäàâñòâîì òà ïîë³òèêîþ ç á³îåòèêè ³ íà ï³äñòàâ³ äî-
çâîëó Êîì³òåòó ç á³îåòèêè Ëüâ³âñüêîãî íàö³îíàëüíîãî 
ìåäè÷íîãî óí³âåðñèòåòó (ïðîòîêîë ¹ 5, 17.05.2014 
ð.) íà ùóðàõ ñàìöÿõ, âàãîþ 180-220 ã (n=95). Ùóðè 
ïåðåáóâàëè â ïîñò³éíèõ óìîâàõ â³âàð³þ íà ñòàíäàðò-
í³é ä³ºò³. Çà 18 ãîäèí äî ïî÷àòêó åêñïåðèìåíòó òâà-
ðèíàì çàñòîñîâóâàëè äåïðèâàö³þ äî ¿æ³, çàëèøàþ÷è 
â³ëüíèé äîñòóï äî âîäè. Äëÿ åâòàíàç³¿ âèêîðèñòî-
âóâàëè çíå÷óëåííÿ êåíòàì³íîì (60 ìã/êã-1). Òâàðèí 
ãðóïóâàëè (â êîæí³é ãðóï³ áóëî ïî 6-7 ùóð³â) ó äâ³ 
ñåð³¿ äîñë³äæåíü, âèä³ëÿþ÷è ãðóïó êîíòðîëþ, ÿêèì 
ââîäèëè 1,0 ìë ô³ç³îëîã³÷íîãî ðîç÷èíó. Äëÿ äîñë³-
äæåííÿ ðîë³ H

2
S ó çàõèñíèõ ðåàêö³ÿõ òâàðèíàì per or 

ââîäèëè ³íã³á³òîð CSE – PAG ó äîç³ 25 ìã/êã), ³íã³á³-
òîð CBS – ÑÍÍ ó äîç³ 20 ìã/êã ), ÿê êîíòðîëü ùóð³ îä-
í³º¿ ãðóïè îòðèìóâàëè ïåðîðàëüíî ïëàöåáî (1,0 ìë 
0,9% NaCl). Äëÿ åêñïåðèìåíòàëüíîãî ìîäåëþâàííÿ 
ÍÑÏÇÏ-àñîö³éîâàíèõ ïîøêîäæåíü ÑÎÑ ³ ÑÎØ âèêî-
ðèñòîâóâàëè ðàçîâå ââåäåííÿ «êëàñè÷íîãî» íàïðî-
êñåíó (â-âî «Áîðùàã³âñüêèé çàâîä», Êè¿â, Óêðà¿íà), ó 
äîç³ 30 ìã / êã, òà Í

2
S-íàïðîêñåíó (ÀÒÂ-346), ó äîç³ 

14,5 ìã/êã, per os, ³ õðîí³÷íîãî çàñòîñóâàííÿ óïðî-
äîâæ 28 äí³â. Äîçîçàëåæíèé åôåêò Í

2
S-ÍÑÏÇÏ ³ ìî-

äóëÿòîð³â á³îñèíòåçó H
2
S (â-âî «Antibe Therapeutics 

Inc», Ñanada) àïðîáîâàíî ó 2006-2013 ðð. â ëà-
áîðàòîðíèõ óìîâàõ J.L. Wallace*, ãîëîâíèì íà-
óêîâèì êåð³âíèêîì Farncombe Family Digestive 
Health Research Institute, McMaster University, «Antibe 
Therapeutics Inc, Toronto, Ontario» [1,3,17]. Íà 29 
äåíü åêñïåðèìåíòó ïîëîâèí³ òâàðèí ³íäóêóâàëè âîä-
íî-³ìîá³ë³çàö³éíèé ñòðåñ (Takagi, 1964), ï³ñëÿ ÷îãî 
çàñòîñîâóâàëè óñ³ì òâàðèíàì åâòàíàç³þ äëÿ âèâå-
äåííÿ ç åêñïåðèìåíòó.

Ï³ñëÿ âèâåäåííÿ òâàðèí ç åêñïåðèìåíò³â  áðàëè 
çðàçêè êðîâ³ áðàëè ç ÷åðåâíî¿ âåíè ³ ïîì³ùàëè â ÅÄ-
ÒÀ-ïðîá³ðêè, ï³ääàâàëè öåíòðèôóãóâàííþ, â³äáèðà-
ëè ïëàçìó äëÿ ìàéáóòíüîãî âèçíà÷åííÿ êîíöåíòðà-
ö³é ïðîçàïàëüíèõ ìåä³àòîð³â. Äëÿ âèçíà÷åííÿ âì³ñòó 
GCP-2 òà ²L-6 çðàçêè êðîâ³ öåíòðèôóãóâàëè ïðè 3500 
îá/õâ âïðîäîâæ 10 õâ ïðè òåìïåðàòóð³ 15°Ñ. Ïëàçìó 
êðîâ³ áóëî ç³áðàíî ³ çáåðåæåíî äî ³ìóíî-ôåðìåíòíî-
ãî àíàë³çó, ÿêèé ïðîâîäèëè â³äïîâ³äíî äî ³íñòðóêö³é 
âèðîáíèêà (Multi-Analyte ELISArray® Kit; Cedarlane 
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íàïðÿìêîì äëÿ âèð³øåííÿ ïðîáëåìè ïîïåðåäæåííÿ 
ìîæëèâèõ óñêëàäíåíü òà ïîêðàùåííÿ ïðîöåñ³â öèòî-
ïðîòåêö³¿ åï³òåë³àëüíîãî áàð’ºðó ñëèçîâî¿ îáîëîíêè 
òðàâíî¿ ñèñòåìè ó ðàç³ ïîòðåáè çàñòîñóâàííÿ áåç-
ïå÷íèõ ïîòóæíèõ ïðîòèçàïàëüíèõ ïðåïàðàò³â, ÿêèìè 
º ÍÑÏÇÏ. 

*Âèñëîâëþºìî ùèðó âäÿ÷í³ñòü Wallace J.L. 
(Farncombe Family Digestive Health Research 

Institute, McMaster University, Antibe Therapeutics Inc, 
Toronto, Ontario) çà äîïîìîãó ó çàáåçïå÷åíí³ íåîá-
õ³äíèìè ìàòåð³àëàìè äëÿ âèêîíàííÿ äîñë³äæåíü, òà 
Öåíòðàëüí³é íàóêîâî-äîñë³äí³é ëàáîðàòîð³¿ òà ëà-
áîðàòîð³¿ ïðîìèñëîâî¿ òîêñèêîëîã³¿ Ëüâ³âñüêîãî íà-
ö³îíàëüíîãî ìåäè÷íîãî óí³âåðñèòåòó (â.î. çàâ. ëàá. 
– Çàçóëÿê Ò.Ñ.) çà äîïîìîãó ó ïðîâåäåíí³ ³ìóíîëî-
ã³÷íèõ äîñë³äæåíü.

Ë³òåðàòóðà
1. Caliendo G. Synthesis and biological effects of hydrogen sulfide (H2S): development of H2S-releasing drugs as pharmaceuticals 

/ G. Caliendo, J. Med Chem, G. Cirino, V. Santagada, J.L. Wallace // 2010. – Sep 9; 53 (17). – Ð. 6275-6286. 
2. Chan A.S. Differential regulation of cxcl8 production by different g protein subunits with synergistic stimulation by g i-and g 

q-regulated pathways / A.S. Chan, W.W. Lau, A.C. Szeto, J. Wang, Y.H. Wong // Journal of molecular biology. – 2016. – Sep 25; 
428 (19). – Ð. 3869-3884. 

3. Cicco D. ATB-346, a novel hydrogen sulfide-releasing anti-inflammatory drug, induces apoptosis of human melanoma cells and 
inhibits melanoma development in vivo / D. Cicco, Paola // Pharmacological Research. – 2016. – 114. – Ð. 67-73.

4. Gijsbers K. CXCR1-binding chemokines in inflammatory bowel diseases: down-regulated IL-8/CXCL8 production by leukocytes 
in Crohn’s disease and selective GCP-2/CXCL6 expression in inflamed intestinal tissue / K. Gijsbers // European Journal of 
Immunology. – 2004. – 34.7. – Ð. 1992-2000. 

5. Kashfi K. Biology and therapeutic potential of hydrogen sulfide and hydrogen sulfide-releasing chimeras / K. Kashfi, K.R. Olson // 
Biochemical pharmacology. – 2013. – 85.5. – P. 689-703.

6. Linden D.R. Hydrogen sulfide signaling in the gastrointestinal tract / D.R. Linden // Antioxidants & redox signaling. – 2014. – 20.5. 
– P. 818-830.

7. Magierowski M. Gaseous mediators nitric oxide and hydrogen sulfide in the mechanism of gastrointestinal integrity, protection 
and ulcer healing / M. Magierowski // Molecules. – 2015. – 20.5. – P. 9099-9123.

8. Naito Y. Multiple targets of carbon monoxide gas in the intestinal inflammation / Y. Naito // Archives of biochemistry and biophysics. 
– 2016. – 595. – P. 147-152.

9. Powell D.R. Neutrophils in the tumor microenvironment / D.R. Powell, A. Huttenlocher // Trends in immunology. – 2016. – Jan 31; 
37 (1). – P. 41-52.

10. Predmore B. Hydrogen Sulfide in Biochemistry and Medicine / B. Predmore, D. Lefer, G. Gojon // Antioxid Redox Signal. – 2012. 
– July 1; 17 (1). – P. 119–140. 

11. Sagach V. Hydrogen sulfide donor inhibits oxidative and nitrosative stress, cardiohemodynamics disturbances and restores cNOS 
coupling in old rats. In: Cardiovascular Research / V. Sagach, N. Dorofeyeva, K. Drachuk // Great Clarendon St, Oxford Ox2 6dp, 
England: Oxford Univ Press, 2016. – P. S22-S23.

12. Singh U.P. Chemokine and cytokine levels in inflammatory bowel disease patients / U.P. Singh, E. Murphy, R.L. Price, R. Fayad,  
M. Nagarkatti, P. Nagarkatti // Cytokine. – 2016. – Jan 31; 77. – P. 44-49.

13. Striz I. Cytokine networking of innate immunity cells: a potential target of therapy / I. Striz, E. Brabcova, L. Kolesar, A. Sekerkova // 
Clinical science. – 2014. – May 1; 126 (9). – P. 593-612.

14. Sulaieva O. Gaseous mediator-based anti-inflammatory drugs / O. Sulaieva, J.L. Wallace // Current opinion in pharmacology. – 
2015. – 25. – P. 1-6.

15. Turner M. Cytokines and chemokines: at the crossroads of cell signalling and inflammatory disease / M.D. Turner, B. Nedjai,  
D. Hurst, D.J. Pennington // Biochimica et Biophysica Acta (BBA)-Molecular Cell Research. – 2014. – Nov 30 1843 (11). –  
P. 2563-2582.

16. Wallace J.L. Mechanisms, prevention and clinical implications of nonsteroidal anti-inflammatory drug-enteropathy / J.L. Wallace 
// World J Gastroenterol. – 2013. – 19 (12). – P. 1861-1876. 

17. Wallace J.F. Hydrogen Sulfide: An Endogenous Mediator of Resolution of Inflammation and Injury / J.F. Wallace, J. Ferraz,  
M.N. Muscara // Antioxid Redox Signal. – 2012. – July 1; . – P. 58-67.

18. Wallace J.L. Prostaglandins, NSAIDs, and gastric mucosal protection: why doesn’t the stomach digest itself? / J.L. Wallace // 
Physiological reviews. – 2008. – 88.4. – P. 1547-1565.

19. Wallace J. Influence of Hydrogen Sulfide-releasing aspirin on mucosal integrity of esophageal and gastric mucosa / J. Wallace, 
I. Pshyk-Titko, M. Muscara, N. Bula, Y. Pavlovsky, E. Gavriluk, O. Zayachkivska // Proc. Shevchenko Sci. Soc. – 2015. – 43. –  
P. 63-74.

20. Wu D. Therapeutic application of hydrogen sulfide donors: the potential and challenges / D. Wu, U. Qingxun, Y. Zhu // Frontiers of 
medicine. – 2016. – 10.1. Ð. 18-27.

21. Wuyts A. The CXC chemokine GCP-2/CXCL6 is predominantly induced in mesenchymal cells by interleukin-1  and is down-
regulated by interferon- : comparison with interleukin-8/CXCL8 / A. Wuyts // Laboratory investigation. – 2003. – 83.1. – P. 23-34. 

22. Yang C.T. A novel pH-controlled hydrogen sulfide donor protects gastric mucosa from aspirin-induced injury / C.T. Yang // Journal 
of Cellular and Molecular Medicine, 2017.

23. Zanardo R.C. Hydrogen sulfide is an endogenous modulator of leukocyte-mediated inflammation / R.C. Zanardo // FASEB J. – 
2006. – Oct; 20 (12). – P. 2118-2120. 

24. Zayachkivska Î. Effect of hydrogen sulfide-releasing aspirin on esophageal and gastric mucosa compromised by stress injury / 
Î. Zayachkivska, N. Bula, Y. Pavlovskiy, I. Pshyk-Titko, O. Gavriluk, O. Grushka, J.L. Wallace // Ukr. Biochem. J. – 2017. – Volume 
89, Special Issue. – P. 93-101.

25. Zayachkivska O. Cytoprotective Effects of Hydrogen Sulfide in Novel Rat Models of Non-Erosive Esophagitis / O. Zayachkivska,  
O. Havryluk, N. Hrycevych, N. Bula, O. Grushka, J. Wallace // PLoS ONE. — 9 (10): e110688. 



Â³ñíèê ïðîáëåì á³îëîã³¿ ³ ìåäèöèíè – 2017 – Âèï. 3, òîì 1 (137)110

ÊË²Í²×ÍÀ ÒÀ ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÀ ÌÅÄÈÖÈÍÀ

ÓÄÊ: 612.014.484:615.276]:616.155.3-097.37-092.9
EÊÑÏÐÅÑ²ß GCP-2 ² IL-6 ßÊ ²ÍÑÒÐÓÌÅÍÒ ÎÖ²ÍÊÈ ÂÏËÈÂÓ Ã²ÄÐÎÃÅÍ ÑÓËÜÔ²Ä-ÀÑÎÖ²ÉÎÂÀÍÎÃÎ 

ÍÀÏÐÎÊÑÅÍÓ ÄÎ ² Ï²ÑËß ²ÍÄÓÊÖ²¯ ÑÒÐÅÑÓ (ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÅ ÄÎÑË²ÄÆÅÍÍß)
Áóëà Í.
Ðåçþìå. Äîñë³äæóâàëè çì³íè åêñïðåñ³¿ GCP-2 ³ IL-6 ó ñèâîðîòö³ êðîâ³ çà ä³¿ Í

2
S-çáàãà÷åíîãî ïîõ³äíîãî 

ÍÑÏÇÏ (Í
2
S-ÍÑÏÇÏ) ÀÒÂ-346 (Í

2
S-íàïðîêñåí) â³äïîâ³äíî äî ä³¿ íàïðîêñåíó. Âñòàíîâèëè, ùî çì³íè ñåêðåö³¿ 

GCP-2 òà ²L-6 ìîæóòü áóòè ³íñòðóìåíòîì àíàë³çó ñòàíó åíäîòåë³é-çàëåæíèõ âàçîòðîïíèõ ðåàêö³é. Çíèæåííÿ 
ïðèðîäíîãî ñèíòåçó Í

2
S óíàñë³äîê áëîêóâàííÿ ïðèðîäíüîãî òðàíñôóëüôóðóâàííÿ ñïðèÿº ïîñèëåííþ ïðî-

çàïàëüíèõ ðåàêö³é, àñîö³éîâàíèõ ç³ çì³íî¿ âëàñòèâîñòåé åíäîòåë³þ. Âèêîðèñòàííÿ íîâ³òíüî¿ ñóáñòàíö³¿ ÀÒÂ-
346, ùî â³äíîñèòüñÿ äî Í

2
S-ÍÑÏÇÏ, ñïðèÿº çì³í³ åêñïðåñ³¿ GCP-2 òà ²L-6 çà ðàõóíîê äîíîðñüêîãî âïëèâó 

ñ³ðêîâîäíÿ, ùî ðåàë³çóºòüñÿ âèðàçíèì âàçîïðîòåêòîðíèì òà ïðîòèçàïàëüíèì åôåêòîì.
Êëþ÷îâ³ ñëîâà: åíäîòåë³é, çàïàëåííÿ, õåìîê³íè, GCP-2 ³ IL-6, ñ³ðêîâîäåíü, ÍÑÏÇÏ, Í

2
S-íàïðîêñåí.

ÓÄÊ: 612.014.484: 615.276]: 616.155.3-097.37-092.9
ÝÊÑÏÐÅÑCÈß GCP-2 È IL-6, ÊÀÊ ÈÍÑÒÐÓÌÅÍÒ OÖÅÍÊÈ ÂËÈßÍÈß ÂÎÄÎÐÎÄÀ CÓËÜÔÈÄ-

ÀÑÑÎÖÈÈÐÎÂÀÍÍÎÃÎ ÍÀÏÐÎÊÑÅÍÀ ÄÎ È ÏÎÑËÅ ÈÍÄÓÊÖÈÈ CÒÐÅÑÑÀ (ÝÊÑÏÅÐÈÌÅÍÒÀËÜÍÎÅ 
ÈÑÑËÅÄÎÂÀÍÈÅ)

Áóëà Í.
Ðåçþìå. Èññëåäîâàëè èçìåíåíèÿ ýêñïðåññèè GCP-2 è IL-6 â ñûâîðîòêå êðîâè çà äåéñòâèÿ Í2S-

îáîãàùåííîãî ïðîèçâîäíîãî ÍÏÂÏ (Í2S-ÍÏÂÏ) ÀÒÂ-346 (Í2S-íàïðîêñåí) â ñîîòâåòñòâèè ñ äåéñòâèåì íà-
ïðîêñåíà. Óñòàíîâèëè, ÷òî èçìåíåíèÿ ñåêðåöèè GCP-2 è IL-6 ìîãóò áûòü èíñòðóìåíòîì àíàëèçà ñîñòîÿíèÿ 
ýíäîòåëèé-çàâèñèìûõ âàçîòðîïíûõ ðåàêöèé. Ñíèæåíèå åñòåñòâåííîãî ñèíòåçà Í2S âñëåäñòâèå áëîêèðî-
âàíèÿ åñòåñòâåííîãî òðàíñôóëüôóðóâàííÿ ñïîñîáñòâóåò óñèëåíèþ ïðî-âîñïàëèòåëüíûõ ðåàêöèé, àññîöèè-
ðîâàííûõ ñ èçìåíåíèåì ñâîéñòâ ýíäîòåëèÿ. Èñïîëüçîâàíèå íîâåéøåé ñóáñòàíöèè ÀÒÂ-346, îòíîñÿùèéñÿ ê 
Í2S-ÍCÏÂÏ, ñïîñîáñòâóåò èçìåíåíèþ ýêñïðåññèè GCP-2 è IL-6 çà ñ÷åò äîíîðñêîãî âîçäåéñòâèÿ ñåðîâîäî-
ðîäà, ðåàëèçóåìîãî ñ âûðàçèòåëüíûì âàçîïðîòåêòîðíûì è ïðîòèâîâîñïàëèòåëüíûì ýôôåêòîì.

Êëþ÷åâûå ñëîâà: ýíäîòåëèé, âîñïàëåíèå, õåìîêèíû, GCP-2 è IL-6, ñåðîâîäîðîä, ÍÑÏÂÏ, Í
2
S-

íàïðîêñåí.

UDC: 612.014.484: 615.276]: 616.155.3-097.37-092.9
EXPRESSION OF GCP-2 AND IL-6 IS A TOOL ASSESSMENT OF HYDROGEN SULFIDE-ASSOCIATED 

NAPROXEN BEFORE AND AFTER INDUCTION STRESS (EXPERIMENTAL STUDY)
Bula N.
Abstract. We investigated changes in expression changes GCP-2 and IL-6 in the blood serum under the in-

fluence H2S-enriched derivative NSAID (H2S-NSAIDs) ATB-346 (H2S-naproxen) under the action of naproxen. 
Established that changes in the secretion of GCP-2 and IL-6 may have the possibility of analysis of vasotropic 
endothelium-depended reactions. Reducing natural biosynthesis of H2S due to blocking of its enzyme activities 
enhances inflammatory reactions associated with changes in the properties of the endothelium. Our hypothesis 
was to test the latest ATB-346 substance relating to the H2S-NSAIDs vs classical naproxen (NPX) on expression of 
GCP-2 and IL-6, key chemokines of evaluation endothelian functions.

Aim. To determine the expression of serum GCP-2 and IL-6 under effects endogenous H
2
S biosynthesis modi-

fication, effects of ATB-346 without and with stress-associated injury.
Methods. Rats with single and 28-days pretreatment of NPX (30 mg/kg) and ATB-346 (14,5 mg/kg, Antibe 

Therapeutics Inc) per os without and with 3,5 h water immersion and restraint stress received i.p. injection of ve-
hicle (1,0 ml 0.9% saline), cystathionine -lyase inhibitor, DL-propargylglycine (PAG, 25 mg/kg i.p.), cystathionine 

-synthetase inhibitor, Î-carboxymethylhydroxylamine (ÑÍÍ 20 mg/kg i.p.), at 0,5 h prior to stress, after animals 
were anaesthetized with ketamine (60 mg/kg-1). All experimental procedures were approved by Bioethical commit-
tee. The level of serum GCP-2 and IL-6 was evaluated by ELISA with their specific kits (Multi-Analyte ELISArray® 
Kit; Cedarlane Labs, Canada).

Results. Effects of H2S synthesis modification by blocker PAG has shown significantly increased level of GCP-2 
in twice, while IL-6 – 70% (p 0,05); using CHH was without any significant changes in CC. Action NPX had led to 
the increased of GCP-2 to 10,18 ± 4,70 pg / ml (30% from control, p 0,05), and IL – 15,47 ± 0,35 pg / mL (50% p 

0,05). Administration of ATB-346 had caused a twofold reduction of GCP-2 (p 0,05) compared to the group of 
animals treated with naproxen. The level of IL-6 was – 9,72 ± 0,55 pg / ml (p 0,05). Induction of stress were signifi-
cantly rise of the GCP-2 and IL-6 compared to normal – 29,30 ± 0,25 pg/ml and 72,36 ± 0,55 pg/ml, respectively, 
with bloking biosynthesis of H2S (PAG and CNS) there were marked increase of chemokines at 18% and 30%, 
respectively.

Conclusion. These results indicate that expression of GCP-2 and IL-6 could be novel endogenous biomarkers of 
endothelial disfucntion which is important for vasoprotection. H

2
S plays a protective role in vasoprotection, mark-

edly improved endothelial-related CC expression. These findings have important implications for new mechanism 
of effects H2S-NSAIDs which could be novel potent anti-inflammatory drugs.

Keywords: endothelium, inflammation, chemokines, GCP-2 and IL-6, hydrogen sulfide, NSAIDs, Í
2
S-naproxen.
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