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Ïåòëüîâ³ ä³óðåòèêè – ãðóïà ë³êàðñüêèõ çàñîá³â, 
ÿêà âêëþ÷àº ôóðîñåì³ä, òîðàñåì³ä, åòàêðèíîâó 
êèñëîòó, áóìåòàí³ä, êñ³ïàì³ä, ï³ðåòàí³ä. Òðàäèö³é-
íî âîíè âèêîðèñòîâóþòüñÿ, ÿê ñå÷îã³íí³ ïðåïàðàòè 
ïðè ë³êóâàíí³ íàáðÿêîâîãî ñèíäðîìó, çóìîâëåíîãî 
ãîñòðîþ òà õðîí³÷íî¿ ñåðöåâîþ íåäîñòàòí³ñòþ, çà-
õâîðþâàííÿìè íèðîê, ÿê êîìïîíåíò äåòîêñ³êàö³éíî¿ 
ôîðñîâàíî¿ ä³óðåòè÷íî¿ òåðàï³¿ ïðè îòðóºííÿõ âîäî-
ðîç÷èííèìè ñïîëóêàìè. Ìåõàí³çì ä³¿ öèõ ïðåïàðà-
ò³â ïîëÿãàº â áëîêóâàííÿ Na+2Cl-K+-êîòðàíñïîðòåðà 
(NKCC). ²ñíóþòü äâ³ ³çîôîðìè NKCC1 òà NKCC2. 
Åêñïåðñ³ÿ NKCC2 îáìåæóºòüñÿ íèðêàìè, ³ ÿêðàç 
áëîêóâàííÿ ö³º¿ ³çîôîðìè òðàíñïîðòåðà â ïåòë³ 
Ãåíëå çàáåçïå÷óº ñå÷îã³ííó ä³þ. Â òîé æå ÷àñ, NKCC1 
ôóíêö³îíóº ó ãëàäåíüêèõ ì’ÿçàõ, íåéðîíàõ, åï³òåë³-
àëüíèõ êë³òèíàõ. Íà äîäàòîê äî áëîêàäè Nà+2Cl-K+-
êîòðàíñïîðòåðà, ôóðîñåì³ä áëîêóº ÃÀÌÊ-A ðåöåï-
òîðè. Ï³ä âïëèâîì ïåòëüîâèõ ä³óðåòèê³â íà NKCC1 òà 
ÃÀÌÊ-A-ðåöåïòîðè âèíèêàþòü åôåêòè, ùî íå ìàþòü 
í³ÿêîãî â³äíîøåííÿ äî ä³óðåòè÷íîãî åôåêòó. Òîáòî 
ïåòëüîâ³ ä³óðåòèêè âîëîä³þòü øèðîêèì ñïåêòðîì 
ôàðìàêîäèíàì³÷íèõ åôåêò³â, ä³óðåòè÷íèõ òà íåä³-
óðåòè÷íèõ. ² â êë³í³÷í³é ïðàòèö³ ¿õ åôåêòè ìîæóòü áóòè 
ÿê êîðèñíèìè, òàê ³ øê³äëèâèìè. 

Òàê, ôóðîñåì³ä çà ðàõóíîê áëîêàäè Na+2Cl-K+ 
êîòðàíñïîðòíî¿ ñèñòåìè â áðîíõ³àëüíîìó åï³òåë³¿ 
çíèæóº áðîíõîêîíñòðèêö³þ, ³íäóêîâàíó íåïðÿìè-
ìè ñòèìóëàìè [8]. Ïîð³âíÿííÿ áðîíõîäèëÿòóþ÷î¿ 
åôåêòèâíîñò³ ôóðîñåì³äó ³ òîðàñåì³äó ïðîâåäåíî 
ó ïîäâ³éíîìó-ñë³ïîìó ðàíäîì³çîâàíîìó ïëàöåáî-
êîíòðîëüîâàíîìó äîñë³äæåíí³ [8]. ²íãàëÿö³éíå ââå-
äåííÿ ôóðîñåì³äó ïîêàçàëî âèùó çäàòí³ñòü çíèæó-
âàòè ³íäóêîâàíó áðîíõîêîíñòðèêö³þ, í³æ òîðàñåì³ä. 
Ïðè öüîìó ³íãàëÿö³éíî ââåäåíèé òîðàñåì³ä, íà â³ä-
ì³íó â³ä ôóðîñåì³äó, ïðîÿâèâ ä³óðåòè÷íèé åôåêò. 
Âïëèâ ïåòëüîâèõ ä³óðåòèê³â íà äèõàëüí³ øëÿõè äî 
ê³íöÿ íå âèâ÷åíèé. Ïðè÷îìó åôåêò âèíèêàº ùå äî 
âèíèêíåííÿ ä³óðåòè÷íî¿ ä³¿ àáî áåç íå¿ [10]. 

Îñê³ëüêè, ïðè õâîðîá³ ã³àë³íîâèõ ìåìáðàí ó íî-
âîíàðîäæåíèõ ñïîñòåð³ãàºòüñÿ ëåãåíåâèé çàñò³é, 
ã³ïåðâîëåì³ÿ ìàëîãî êîëà êðîâîáîãó, ïåðèôåðè÷í³ 
íàáðÿêè, òî ä³óðåòèêè ç óñï³õîì âèêîðèñòîâóþòüñÿ ó 
òåðàï³¿ öüîãî çàõâîðþâàííÿ [2]. Åôåêòèâí³ñòü ôóðî-
ñåì³äó ïðè ãîñòð³é ëåãåíåâ³é ïàòîëîã³¿ íîâîíàðîäæå-
íèõ âèâ÷àëàñü ó äåê³ëüêîõ äîñë³äæåííÿõ. ¯õ óçàãàëü-
íåí³ ðåçóëüòàòè âêàçóþòü íà ïîêðàùåííÿ ëåãåíåâî¿ 
ôóíêö³¿ áåç äîâãîòðèâàëîãî ïîçèòèâíîãî åôåêòó 
[1]. Ïðèçíà÷åííÿ ôóðîñåì³äó ä³òÿì ç õðîí³÷íèìè 
çàõâîðþâàííÿìè ëåãåíü ïðèâîäèëî äî ïîêðàùåííÿ 
ìåõàí³÷íèõ âëàñòèâîñòåé ëåãåíü, çíèæåííÿ PCO2 òà 
ïîêðàùåííÿ îêñèãåíàö³¿ [6, 13, 19]. Ïðîòå, âêàçàí³ 
åôåêòè íå âèíèêàëè ïðè âèêîðèñòàíí³ íåïåòëüîâîãî 

ä³óðåòèêà àëüäàêòàçèäó, íåçâàæàþ÷è íà ïðîäóêîâà-
íèé íèì ä³óðåòè÷íèé åôåêò. Êð³ì öüîãî, ïîçèòèâíèé 
åôåêò ôóðîñåì³äó íå çàâæäè êîðåëþâàâ çà ÷àñîì 
ç ä³óðåòè÷íèì åôåêòîì [19]. Öå âêàçóº, ùî âïëèâ 
ôóðîñåì³äó íà ëåãåí³, ìîæå áóòè íå ò³ëüêè íàñë³ä-
êîì ñå÷îã³ííî¿ ä³¿, à é âèêëèêàòèñÿ íåä³óðåòè÷íèìè 
åôåêòàìè. Ïîêðàùåííÿ ãàçîîáì³íó, ìîæëèâî, áóëî 
çóìîâëåíå ïðîäóêö³ºþ òà çâ³ëüíåííÿì ïðîñòàãëàí-
äèí³â íèðêàìè òà ñóäèííèì åíäîòåë³ºì [5, 11]. 

Íåùîäàâíî âèÿâëåíèì íåä³óðåòè÷íèì åôåê-
òîì åòàêðèíîâî¿ êèñëîòè º ¿¿ çäàòí³ñòü áëîêóâàòè 
Wnt/-êàòåí³íîâó ïåðåäà÷ó. Ââàæàºòüñÿ, ùî íàäì³ð-
íà àêòèâàö³ÿ Wnt/-êàòåí³íîâî¿ ñèãíàëüíî¿ ñèñòåìè 
ïðèçâîäèòü äî äåôåêòó àïîïòîçó â êë³òèíàõ äåÿêèõ 
ïóõëèí, â òîìó ÷èñë³ â êë³òèíàõ õðîí³÷íîãî ë³ìôî-
ëåéêîçó. Â äîñë³äàõ ³n vitro åòàêðèíîâà êèñëîòà ïðè-
ãí³÷óâàëà åêñïðåñ³þ Wnt/-êàòåí³íîâèõ òàðãåòíèõ 
ãåí³â, âêëþ÷àþ÷è LEF-1, öèêë³í D1 òà ô³áðîíåêòèí. 
Çà ðàõóíîê öüîãî ìåõàí³çìó àêòèâóºòüñÿ àïîïòîç òà 
çàãèáåëü êë³òèí õðîí³÷íîãî ë³ìôîëåéêîçó [9]. Òîìó, 
äî ïîêàç³â äëÿ åòàêðèíîâî¿ êèñëîòè, ùî íå ïîâ’ÿçàí³ 
ç ä³óðåòè÷íèìè åôåêòàìè, â³äíîñÿòü îíêîëîã³÷í³ 
çàõâîðþâàííÿ. 

Ïðè ë³êóâàíí³ ãîñòðî¿ ë³âîøëóíî÷êîâî¿ íåäîñòàò-
íîñò³ ó äîðîñëèõ ï³ñëÿ âíóòð³øíüîâåííîãî ââåäåííÿ 
ôóðîñåì³äó ñïîñòåð³ãàºòüñÿ øâèäêèé ðåãðåñ êë³í³÷-
íî¿ ñèìïòîìàòèêè ç³ çíèæåííÿì òèñêó íàïîâíåííÿ 
ë³âîãî øëóíî÷êà òà íàðîñòàííÿì ºìêîñò³ âåíîçíîãî 
ðóñëà, â ìåæàõ 5-15 õâèëèí ï³ñëÿ ³í’ºêö³¿. Ïðîòÿãîì 
öüîãî ÷àñó íå ñïîñòåð³ãàëîñÿ çì³íè ïðîäóêö³¿ ñå÷³, 
ðèòìó ñåðöÿ, ôðàêö³¿ âèêèäó ë³âîãî øëóíî÷êà òà ñèñ-
òåìíîãî àðòåð³àëüíîãî òèñêó [20]. Âàçîäèëàòóþ÷èé 
åôåêò ïåòëüîâèõ ä³óðåòèê³â, îïèñàíèé íà òâàðèííèõ 
åêñïåðèìåíòàëüíèõ ìîäåëÿõ, âèíèêàº ÿê â àðòåð³ÿõ, 
òàê ³ ó âåíàõ, âêëþ÷àþ÷è ëåãåíåâ³ ñóäèíè. Ïðîòå, âè-
ðàæåí³ñòü âàçîäèëàòàö³¿ âèùà â âåíàõ, ùî, ìîæëèâî, 
ïîâ’ÿçàíî ç á³ëüøîþ ù³ëüí³ñòþ Na+2Cl-K+- êîòðàí-
ñïîðòåðà ó âåíàõ [22]. ²ñíóþòü ÿê ì³í³ìóì äâà íåä³-
óðåòè÷íèõ ìåõàí³çìè âàçîäèëàòóþ÷î¿ ä³¿ ôóðîñåì³-
äó. Ïåðøèé, ïîâ’ÿçàíèé ç áëîêóâàííÿì NKCC1, ùî 
ôóíêö³îíóº â ñóäèíàõ [14]. Öå ïðèâîäèòü äî ã³ïåð-
ïîëÿðèçàö³¿ òà ðåëàêñàö³¿ ãëàäåíüêèõ ì’ÿç³â ñóäèí. 
²íøèé ìåõàí³çì âàçîäèëàòàö³¿ ïîâ’ÿçàíèé ç ä³ºþ 
âàçîäèëàòóþ÷èõ ïðîñòàãëàíäàí³â, ïðîäóêîâàíèõ â 
íèðêàõ òà ñóäèííîìó åï³òåë³¿ [11]. 

Ðîçøèðåííÿ àðòåð³àëüíî¿ ïðîòîêè ï³ä âïëèâîì 
ôóðîñåì³äó ïîêàçàíî â äîñë³äæåíí³ íà ùóðàõ [23], 
äå äîêàçàíî ó÷àñòü, ÿê ì³í³ìóì äâîõ ìåõàí³çì³â òà-
êîãî âïëèâó ôóðîñåì³äó íà àðòåð³àëüíó ïðîòîêó. 
Öå ï³äòâåðäæóºòüñÿ òèì, ùî, îäíî÷àñíå ç ôóðîñå-
ì³äîì, ââåäåííÿ ³íäîìåòàöèíó (áëîêàòîðà ñèíòå-
çó ïðîñòàãëàíäèí³â) çìåíøóâàëî, àëå ïîâí³ñòþ íå 
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í³âåëþâàëî âàçîäèëàòóþ÷èé åôåêò ôóðîñåì³äó íà 
àðòåð³àëüíó ïðîòîêó. Â äîñë³äæåíí³ Green [12] ïî-
êàçàíî ï³äâèùåííÿ ðèçèêó ôóíêö³îíóâàííÿ â³äêðèòî¿ 
àðòåð³àëüíî¿ ïðîòîêè ó íåäîíîøåíèõ íîâîíàðîäæå-
íèõ ç ðåñï³ðàòîðíèì äèñòðåñ-ñèíäðîìîì ïðè âèêî-
ðèñòàíí³ ôóðîñåì³äó. Çà ³íôîðìàö³ºþ Suarez [16], 
âàçîäèëàòóþ÷èé åôåêò íà àðòåð³àëüíó ïðîòîêó ïðè-
òàìàííèé ôóðîñåì³äó, àëå íå áóìåòàí³äó. 

Ïåòëüîâ³ ä³óðåòèêè âïëèâàþòü íà öåíòðàëüíó íå-
ðâîâó ñèñòåìó ÷åðåç ìîäóëÿö³þ ÃÀÌÊ-A õëîðèäíèõ 
êàíàë³â [3]. Êîíöåíòðàö³ÿ ³îí³â õëîðó â íåéðîí³ ðåãó-
ëþºòüñÿ ê³ëüêîìà ìåõàí³çìàìè: Na+2ClK+–êîòðàí-
ñïîðòåðîì (NKCC1), K+Cl-êîòðàíñïîðòåðîì (KCC2) 
òà õëîðíèìè êàíàëàìè, ùî ðåãóëþþòüñÿ ÃÀÌÊ-A-
ðåöåïòîðàìè. Ôóíêö³îíàëüíà àêòèâí³ñòü NKCC1 â 
íåçð³ëèõ íåéðîíàõ âèðàæåí³øà, í³æ KCC2. Öå ïðè-
âîäèòü äî ï³äâèùåííÿ âíóòð³êë³òèííî¿ êîíöåíòðàö³¿ 
Cl, ³ ïðè àêòèâàö³¿ ÃÀÌÊ-A-ðåöåïòîð³â âèíèêàº âè-
õ³äíèé ïîò³ê õëîðó ÷åðåç êàíàëè ³ äåïîëÿðèçàö³ÿ. Â 
çð³ëèõ íåéðîíàõ ôóíêö³îíàëüíî ïåðåâàæàº KCC2, 
ùî âèêëèêàº çíèæåííÿ âíóòð³êë³òèííî¿ êîíöåíòðàö³¿ 
Cl. Â öüîìó âèïàäêó àêòèâàö³ÿ ÃÀÌÊ-A-ðåöåïòîð³â 
ïðèâîäèòü äî â³äêðèòòÿ Cl-êàíàë³â ³ âèíèêíåííÿ 
âõ³äíîãî òîêó õëîðó ç íàñòóïíîþ ã³ïåðïîëÿðèçàö³ºþ. 
Òîìó ðå÷îâèíè, ùî âïëèâàþòü íà ÃÀÌÊ-A-ðåöåïòîðè 
(ïåòëüîâ³ ä³óðèòèêè â òîìó ÷èñë³), â çàëåæíîñò³ â³ä 
òîãî, àêòèâí³ñòü ÿêîãî òðàíñïîðòåðà â êë³òèí³ ïåðå-
âàæàº, ìîæóòü ïðèâîäèòè â îäíîìó âèïàäêó äî àê-
òèâóþ÷îãî, à ³íøîìó – äî ³íã³á³òîðíîãî åôåêòó. Öå 
íàçèâàþòü åôåêòîì ÃÀÌÊ-ïåðåìèêà÷à [7]. Âèùà 
àêòèâí³ñòü NKCC1 ó íåçð³ëîìó ìîçêó ïðèâîäèòü äî 
íàäì³ðíî¿ çáóäëèâîñò³, ùî ìîæíà ïîâ’ÿçàòè ç âè-
íèêíåííÿì ñóäîì ó íîâîíàðîäæåíèõ. À áëîêóþ÷èé 
âïëèâ áóìåòàí³äó íà NKCC1 òà ÃÀÌÊ-A-ðåöåïòîðè 
ïîÿñíþº ìåõàí³çìè àíòèêîíâóëüñàíòíî¿ ä³¿ áóìåòà-
í³äó ïðè ñóäîìíîìó ñèíäðîì³ íîâîíàðîäæåíèõ [7]. 
Òîìó, ìîæëèâå âèêîðèñòàííÿ áóìåòàí³äó â ÿêîñò³ 
àíòèêîíâóëüñàíòà ÿê ïðåïàðàòà äëÿ òåðàï³¿ ñóäîì ó 
íîâîíàðîäæåíèõ [4]

Â äîñë³äæåíí³ Tyzio et al. [15] äîêàçàíî âàæëè-
â³ñòü ÃÀÌÊ-ïåðåìèêà÷à äëÿ ïðîòåêö³¿ ìîçêó íîâî-
íàðîäæåíî¿ äèòèíè â³ä ã³ïîêñè÷íîãî óøêîäæåííÿ 
ï³ä ÷àñ ïîëîã³â. Ï³äâèùåííÿ ÃÀÌÊ-àêòèâíîñò³ ó íå-
çð³ëîìó ìîçêó ñóïðîâîäæóºòüñÿ àêòèâàö³ºþ éîãî 
ñòðóêòóð òà çðîñòàííÿ åíåðãåòè÷íèõ çàòðàò. Â äî-
ñë³äæåíí³ íà ùóðàõ [7] âèÿâëåíî ãàëüìóâàííÿ ÃÀÌÊ-
çàëåæíèõ ïðîöåñ³â çà 1-2 ãîäèíè äî íàðîäæåííÿ 
îêñèòîöèíîì, ÿêèé âèä³ëÿºòüñÿ îðãàí³çìîì ìàòåð³ 
ï³ä ÷àñ ïîëîã³â òà áëîêóº ÃÀÌÊ-ðåöåïòîðè. Òàêèé 
ô³ç³îëîã³÷íèé ìåõàí³çì çàõèùàº ìîçîê íîâîíàðî-
äæåíîãî â³ä ³øåì³÷íîãî ïîøêîäæåííÿ. Îêð³ì öüîãî 
ô³ç³îëîã³÷íîãî ìåõàí³çìó, ³ñíóº ùå îäèí, ôàðìàêî-
ëîã³÷íèé ï³äõ³ä, íàïðàâëåíèé íà áëîêóâàííÿ ÃÀÌÊ-
ðåöåïòîð³â, ç íàñòóïíèì çìåíøåííÿì àêòèâíîñò³ 
ìîçêîâèõ ñòðóêòóð ³ ¿õ åíåðãåòè÷íèõ çàòðàò – öå âè-
êîðèñòàííÿ ïåòëüîâèõ ä³óðåòèê³â. Ó äîñë³äàõ in vitro 
ï³äòâåðäæåíî öåðåáîïðîòåêòèâíó àêòèâí³ñòü áóìå-
òàí³äó ó íîâîíàðîäæåíèõ. 

Ïåòëüîâ³ ä³óðåòèêè çá³ëüøóþòü ïðîäóêö³þ ïðî-
ñòàãëàíäèí³â, çà ðàõóíîê öüîãî âïëèâàþòü íà ãëà-
äåíüê³ ì’ÿçè ñóäèí, äèõàëüíèõ øëÿõ³â, àðòåð³àëü-
íîãî ïðîòîêó òà, òåîðåòè÷íî, íà ØÊÒ. Êð³ì öüîãî, 

åôåêòè ñå÷îã³ííèõ ç áîêó ØÊÒ ïîâ’ÿçàí³ ç âïëèâîì 
íà ÃÀÌÊ-A-ðåöåïòîðè, ÿê³ òàêîæ ëîêàë³çóþòü â ØÊÒ. 
Àêòèâàö³ÿ ¿õ ïðèâîäèòü äî ð³çíèõ åôåêò³â, ÿê³ çàëå-
æàòü â³ä ðîçòàøóâàííÿ [25]. Êð³ì öüîãî, ñòèìóëÿ-
ö³ÿ ÃÀÌÊ-A-ðåöåïòîð³â îïîñåðåäêîâàíî ï³äâèùóº 
òîíóñ ïàðàñèìïàòè÷íî¿ ñèñòåìè òà âèêëèêàº çðîñ-
òàííÿ àêòèâíîñò³ íåàäðåíåðã³÷íèõ, íåõîë³íåðã³÷íèõ 
(NANC) ³íã³á³òîðíèõ ìîòîíåéðîí³â, öå ïðèâîäèòü äî 
ð³çíîíàïðàâëåíîãî, â ð³çíèõ â³ää³ëàõ ØÊÒ, åôåêòó: 
ðîçñëàáëåííÿ àáî ñêîðî÷åííÿ ãëàäåíüêèõ ì’ÿç³â. Â 
äåê³ëüêîõ ðåòðîñïåêòèâíèõ äîñë³äæåííÿõ âèÿâëåíî 
âçàºìîçâ’ÿçîê ì³æ çàñòîñóâàííÿì ôóðîñåì³äó òà 
ãàñòðîåçîôàãåàëüíèì ðåôëþêñîì [17, 21, 24]. Àëå 
(êð³ì ä³óðåòèêà) ïàö³ºíòè, âêëþ÷åí³ ó äîñë³äæåí-
íÿ, îòðèìóâàëè äîôàì³í, îï³î¿äè, êîôå¿í, ñóðôàê-
òàíò, ãëþêîêîðòèêîñòåðî¿äè, áðîíõîäèëÿòàòîðè. Öå 
óñêëàäíþâàëî òðàêòóâàííÿ ìåõàí³çìó âèíèêíåííÿ 
ãàñòðîåçîôàãåàëüíîãî ðåôëþêñà. Àëå, îñê³ëüêè äî-
ñòîâ³ðíî ïðîãíîçóâàòè âïëèâ ïåòëüîâèõ ä³óðåòèê³â 
íà ìîòîðèêó ØÊÒ íåìîæëèâî, ïðè ³ñíóþ÷èõ ðåçóëü-
òàòàõ ðåòðîñïåêòèâíèõ äîñë³äæåíü, âèêîðèñòàííÿ 
öèõ ïðåïàðàò³â, âñå æ òàêè, ñë³ä ðîçö³íþâàòè, ÿê 
ôàêòîð ðèçèêó ãåñòðîåçîôàãåàëüíîãî ðåôëþêñà. 

Âèñíîâêè. Ïåòëüîâ³ ä³óðåòèêè áëîêóþòü Na+2Cl-

K+-êîòðàíñïîðòåð 1 òà 2 òèïó, ÃÀÌÊ-A-ðåöåïòîðè, 
çá³ëüøóþòü ïðîäóêö³þ ïðîñòàãëàíäèí³â. Ä³óðåòè÷-
íèé åôåêò çàáåçïå÷óºòüñÿ áëîêàäîþ Na+2Cl-K+-
êîòðàíñïîðòåðà 2 òèïó. Âïëèâ íà ³íø³ ì³øåí³ ïðîÿâ-
ëÿºòüñÿ íåä³óðåòè÷íèìè åôåêòàìè:

 – Ôóðîñåì³ä, çà ðàõóíîê áëîêàäè Na+2Cl-K+-
êîòðàíñïîðòíî¿ ñèñòåìè â áðîíõ³àëüíîìó åï³òåë³¿, 
çíèæóº áðîíõîêîíñòðèêö³þ, ³íäóêîâàíó íåïðÿìèìè 
ñòèìóëàìè;

 – Åòàêðèíîâà êèñëîòà ïðèãí³÷óº åêñïðåñ³þ Wnt/
-êàòåí³íîâèõ òàðãåòíèõ ãåí³â, âêëþ÷àþ÷è LEF-1, öè-
êë³í D1 òà ô³áðîíåêòèí. Çà ðàõóíîê öüîãî ìåõàí³çìó 
àêòèâóâàºòüñÿ àïîïòîç òà çàãèáåëü êë³òèí õðîí³÷íî-
ãî ë³ìôîëåéêîçó;

 – Çá³ëüøåííÿ ïðîäóêö³¿ ïðîñòàãëàíäèí³â ï³ä 
âïëèâîì ôóðîñåì³äó ïðèâîäèòü äî ðîçøèðåííÿ àð-
òåð³àëüíî¿ ïðîòîêè;

 – Çá³ëüøåííÿ ïðîäóêö³¿ ïðîñòàãëàíäèí³â ï³ä 
âïëè âîì ïåòëüîâèõ ä³óðåòèê³â ïðèâîäèòü äî âàçîäè-
ëàòóþ÷îãî åôåêòó (ïåðåâàæíî âåíîäèëàòàö³ÿ), ùî 
çàáåçïå÷óº çìåíøåííÿ ñèìïòîìàòèêè ãîñòðî¿ ë³âî-
øëóíî÷êîâî¿ íåäîñòàòíîñò³, ùå äî âèíèêíåííÿ ä³-
óðåòè÷íîãî åôåêòó. 

 – Áëîêóþ÷èé âïëèâ áóìåòàí³äó íà NKCC1 
òà ÃÀÌÊ-A-ðåöåïòîðè çàáåçïå÷óº àíòèêîíâóëü-
ñàíòíó ä³þ áóìåòàí³äó ïðè ñóäîìíîìó ñèíäðîì³ 
íîâîíàðîäæåíèõ;

 – Áëîêóâàííÿ ÃÀÌÊ-ðåöåïòîð³â â íåçð³ëèõ ñòðóê-
òóðàõ ìîçêó ïåòëüîâèì ä³óðåòèêîì ïðèâîäèòü äî 
âèíèêíåííÿ ïðîöåñ³â ãàëüìóâàííÿ, ç íàñòóïíèì 
çìåíøåííÿì àêòèâíîñò³ ìîçêîâèõ ñòðóêòóð ³ ¿õ åíåð-
ãåòè÷íèõ çàòðàò, ùî çàáåçïå÷óº öåðåáðîïðîòåêòîð-
íèé åôåêò ïðè íàðîäæåíí³;

 – Âïëèâ ïåòëüîâèõ ä³óðåòèê³â íà ÃÀÌÊ-A-
ðåöåïòîðè, ëîêàë³çîâàí³ â ó ØÊÒ, âèêëèêàº ð³çíîíà-
ïðàâëåí³ åôåêòè, àëå âñå-òàêè ¿õ âèêîðèñòàííÿ ñë³ä 
ðîçãëÿäàòè, ÿê ôàêòîð ðèçèêó âèíèêíåííÿ ãàñòðîå-
çîôàãåàëüíîãî ðåôëþêñà. 
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ÓÄÊ 615. 035. 1
ÍÅÄ²ÓÐÅÒÈ×Í² ÅÔÅÊÒÈ ÏÅÒËÜÎÂÈÕ Ä²ÓÐÅÒÈÊ²Â
Ñòîï³í÷óê Î. Â. 
Ðåçþìå. Ïåòëüîâ³ ä³óðåòèêè áëîêóþòü Na+2Cl-K+-êîòðàíñïîðòåð 1 òà 2 òèïó, ÃÀÌÊ-A-ðåöåïòîðè, çá³ëüøó-

þòü ïðîäóêö³þ ïðîñòàãëàíäèí³â. Ä³óðåòè÷íèé åôåêò çàáåçïå÷óºòüñÿ áëîêàäîþ Na+2Cl-K+-êîòðàíñïîðòåðà 2 
òèïó. Âïëèâ íà ³íø³ ì³øåí³ ïðîÿâëÿºòüñÿ íåä³óðåòè÷íèìè åôåêòàìè. Ôóðîñåì³ä çà ðàõóíîê áëîêàäè Na+2Cl-

K+-êîòðàíñïîðòíî¿ ñèñòåìè â áðîíõ³àëüíîìó åï³òåë³¿ çíèæóº áðîíõîêîíñòðèêö³þ, ³íäóêîâàíó íåïðÿìèìè 
ñòèìóëàìè. Åòàêðèíîâà êèñëîòà ïðèãí³÷óº åêñïðåñ³þ Wnt/-êàòåí³íîâèõ òàðãåòíèõ ãåí³â, âêëþ÷àþ÷è LEF-
1, öèêë³í D1 òà ô³áðîíåêòèí, ç íàñòóïíîþ àêòèâàö³ºþ àïîïòîçó òà çàãèáåë³ êë³òèí õðîí³÷íîãî ë³ìôîëåéêî-
çó. Çá³ëüøåííÿ ïðîäóêö³¿ ïðîñòàãëàíäèí³â ï³ä âïëèâîì ôóðîñåì³äó ïðèâîäèòü äî ðîçøèðåííÿ àðòåð³àëüíî¿ 
ïðîòîêè. Çðîñòàííÿ ïðîäóêö³¿ ïðîñòàãëàíäèí³â ï³ä âïëèâîì ïåòëüîâèõ ä³óðåòèê³â ñïðè÷èíÿº âàçîäèëàòóþ-
÷èé åôåêò (ïåðåâàæíî âåíîäèëàòàö³þ), ùî çàáåçïå÷óº çìåíøåííÿ ñèìïòîìàòèêè ãîñòðî¿ ë³âîøëóíî÷êîâî¿ 
íåäîñòàòíîñò³, ðàí³øå í³æ âèíèêàº ä³óðåòè÷íèé åôåêò. Áëîêóþ÷èé âïëèâ áóìåòàí³äó íà NKCC1 òà ÃÀÌÊ-A-
ðåöåïòîðè çàáåçïå÷óº àíòèêîíâóëüñàíòíó ä³þ áóìåòàí³äó ïðè ñóäîìíîìó ñèíäðîì³ íîâîíàðîäæåíèõ. Áëîêó-
âàííÿ ÃÀÌÊ-ðåöåïòîð³â â íåçð³ëèõ ñòðóêòóðàõ ìîçêó ïåòëüîâèì ä³óðåòèêîì âèêëèêàº ïðîöåñè ãàëüìóâàííÿ, 
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ç íàñòóïíèì çìåíøåííÿì àêòèâíîñò³ ìîçêîâèõ ñòðóêòóð ³ ¿õ åíåðãåòè÷íèõ çàòðàò, ùî çàáåçïå÷óº öåðåáðî-
ïðîòåêòîðíèé åôåêò ïðè íàðîäæåíí³. Âïëèâ ïåòëüîâèõ ä³óðåòèê³â íà ÃÀÌÊ-A-ðåöåïòîðè, ëîêàë³çîâàí³ ó ØÊÒ, 
ìàº ð³çíîíàïðàâëåí³ åôåêòè, àëå âñå-òàêè, ¿õ âèêîðèñòàííÿ ñë³ä ðîçãëÿäàòè, ÿê ôàêòîð ðèçèêó âèíèêíåííÿ 
ãàñòðîåçîôàãåàëüíîãî ðåôëþêñà. 

Êëþ÷îâ³ ñëîâà: ïåòëüîâ³ ä³óðåòèêè, ä³óðåòè÷íèé åôåêò, íåä³óðåòè÷í³ åôåêòè, Na+2Cl-K+-êîòðàíñïîðòåð, 
ÃÀÌÊ-A-ðåöåïòîðè. 

ÓÄÊ 615. 035. 1
ÍÅÄÈÓÐÅÒÈ×ÅÑÊÈÅ ÝÔÔÅÊÒÛ ÏÅÒËÅÂÛÕ ÄÈÓÐÅÒÈÊÎÂ
Ñòîïèí÷óê À. Â. 
Ðåçþìå. Ïåòëåâûå äèóðåòèêè áëîêèðóþò Na+2Cl-K+-êîòðàíñïîðòåð 1 è 2 òèïà, ÃÀÌÊ-A-ðåöåïòîðû, 

óâåëè÷èâàþò ïðîäóêöèþ ïðîñòàãëàíäèíîâ. Äèóðåòè÷åñêèé ýôôåêò îáåñïå÷èâàåòñÿ áëîêàäîé Na+2Cl-K+-
êîòðàíñïîðòåðà 2 òèïà. Âëèÿíèå íà äðóãèå ìèøåíè ïðîÿâëÿåòñÿ íåäèóðåòè÷åñêèìè ýôôåêòàìè. Ôóðîñåìèä 
çà ñ÷åò áëîêàäû Na+2Cl-K+-êîòðàíñïîðòíîé ñèñòåìû â áðîíõèàëüíîì ýïèòåëèè ñíèæàåò áðîíõîêîíñòðèêöèþ, 
èíäóöèðîâàííóþ êîñâåííûìè ñòèìóëàìè. Ýòàêðèíîâàÿ êèñëîòà ïîäàâëÿåò ýêñïðåññèþ Wnt/-êàòåíèíîâûõ 
òàðãåòíûõ ãåíîâ, âêëþ÷àÿ LEF-1, öèêëèí D1 è ôèáðîíåêòèí, ñ ïîñëåäóþùåé àêòèâàöèåé àïîïòîçà è ãèáåëè 
êëåòîê õðîíè÷åñêîãî ëèìôîëåéêîçà. Óâåëè÷åíèå ïðîäóêöèè ïðîñòàãëàíäèíîâ ïîä âëèÿíèåì ôóðîñåìèäà 
ïðèâîäèò ê ðàñøèðåíèþ àðòåðèàëüíîãî ïðîòîêà. Óâåëè÷åíèå ïðîäóêöèè ïðîñòàãëàíäèíîâ ïîä âëèÿíèåì 
ïåòëåâûõ äèóðåòèêîâ ñîïðîâîæäàåòñÿ ñîñóäîðàñøèðÿþùèì ýôôåêòîì (ïðåèìóùåñòâåííî âåíîäèëàòà-
öèåé), ÷òî îáåñïå÷èâàåò óìåíüøåíèå ñèìïòîìàòèêè îñòðîé ëåâîæåëóäî÷êîâîé íåäîñòàòî÷íîñòè äî âîç-
íèêíîâåíèÿ äèóðåòè÷åñêîãî ýôôåêòà. Áëîêèðóþùåå âëèÿíèå áóìåòàíèäà íà NKCC1 è ÃÀÌÊ-A-ðåöåïòîðû 
îáåñïå÷èâàåò àíòèêîíâóëüñàíòíîå äåéñòâèå ïðè ñóäîðîæíîì ñèíäðîìå íîâîðîæäåííûõ. Áëîêàäà ÃÀÌÊ-
ðåöåïòîðîâ â íåçðåëûõ ñòðóêòóðàõ ìîçãà ïåòëåâûì äèóðåòèêîì ïðèâîäèò ê âîçíèêíîâåíèþ ïðîöåññîâ òîð-
ìîæåíèÿ, ñ ïîñëåäóþùèì óìåíüøåíèåì àêòèâíîñòè ìîçãîâûõ ñòðóêòóð è èõ ýíåðãåòè÷åñêèõ çàòðàò, îáåñïå-
÷èâàåò öåðåáðîïðîòåêòîðíûé ýôôåêò ïðè ðîæäåíèè. Âëèÿíèå ïåòëåâûõ äèóðåòèêîâ íà ÃÀÌÊ-A-ðåöåïòîðû, 
ëîêàëèçèðîâàííûå â ÆÊÒ, âûçûâàåò ðàçíîíàïðàâëåííûå ýôôåêòû, íî âñå æå èõ èñïîëüçîâàíèå äîëæíî ðàñ-
öåíèâàòüñÿ êàê ôàêòîð ðèñêà âîçíèêíîâåíèÿ ãàñòðîýçîôàãåàëüíîãî ðåôëþêñà. 

Êëþ÷åâûå ñëîâà: ïåòëåâûå äèóðåòèêè, äèóðåòè÷åñêèé åôôåêò, íåäèóðåòè÷åñêèå åôôåêòû, Na+2Cl-K+-
êîòðàíñïîðòåð, ÃÀÌÊ-A-ðåöåïòîðû. 

UDC 615. 035. 1
Nondiuretic Effects of the Loop Diuretics
Stopinchuk À. V. 
Summary. The article is a review of studies of nondiuretic effect of the loop diuretics. Loop diuretics – a group of 

drugs that includes furosemide, torasemid, ethacrynic acid, bumetanide, xipamide, piretanide. Traditionally, they are 
used as diuretics in the treatment of edema syndrome caused by acute and chronic heart failure, kidney diseases. 
The mechanism of action of these drugs is to block Na+2Cl-K+-cotransporter (NKCC). There are two isoforms of 
NKCC: NKCC1 and NKCC2. Expression of NKCC2 limited to the kidneys, and just blocking this transporter isoform in 
the Henle’s loop provides diuretic effect. At the same time, NKCC1 functions in smooth muscle, neurons, epithelial 
cells. Loop diuretics block the GABA-A receptors, in addition to the blockade of Na+2Cl-K+-cotransporter. Under 
the influence of loop diuretics on NKCC1 and GABA-A-receptor nondiuretic effects occur. Furosemide blocks 
NKCC1 in the bronchial epithelium and reduces bronchoconstriction induced by indirect stimulus. Comparison 
of bronchodilator effectiveness of furosemide and torasemid conducted in a double-blind, randomized, placebo-
controlled study. Inhalation of furosemide showed a higher ability to reduce induced bronchoconstriction than 
torasemid. Effect of loop diuretics on airway is not fully understood. Effectiveness of furosemide in acute lung disease 
of newborns has been studied in several trials. Their results indicate a generalized improvement in lung function with 
long-term positive effect. Furosemide resulted in improved mechanical properties of the lungs, decreased PCO2 
and improve oxygenation in children with chronic lung disease. Moreover, the positive effect of furosemide is not 
always correlated in time with the diuretic effect. This indicates that the effect of furosemide on lung may not only 
be the result of diuretic action, but also caused nondiuretic effects. Improved gas exchange may have been caused 
by production and release of prostaglandin in kidney or vascular endothelium. Newly diagnosed nondiuretic effects 
of ethacrynic acid is its ability to block Wnt/-katenin transmission. Through this mechanism activates apoptosis 
and cell death of chronic lymphocytic leukemia. Loop diuretics decrease symptoms of acute left ventricular failure 
within 5-15 minutes after intravenous injection, before diuretic effect, by vasodilation which caused by blocking of 
NKCC1 and increasing of prostaglandins production. Green showed an increased risk of open ductus arteriosus 
in premature infants with respiratory distress syndrome after the using of furosemide. Loop diuretics affect on the 
central nervous system through modulation of GABA-A chloride channel. The concentration of chloride ions into 
the neuron is regulated by several mechanisms: Na+2Cl-K+-cotransporter (NKCC1), K+Cl--cotransporter (KCC2) 
and chloride channels regulated by GABA-A-receptors. Functional activity of NKCC1 in immature neurons is higher 
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than KCC2. This leads to increased intracellular concentrations of Cl-, and in the activation of GABA-A-receptor 

occurs the output stream of chlorine through the channels and depolarization. In mature neurons are functionally 

dominant KCC2, which lowers the intracellular concentration of Cl-. In this case, activation of GABA-A-receptor 

leads to opening of Cl- channels and the emergence of the input current of chlorine. Therefore, agents that affect 

GABA-A-receptors (loop diuretics included), depending on which transporter activity in the cell prevails, may lead 

in one case to activating and otherwise – to the inhibitory effect. This effect is called GABA switch. Higher activity 

of NKCC1 in immature brain leads to excessive excitability. A blocking of NKCC1 and GABA-A-receptor explains 

antyconvulsant effect of bumetanide in newborn. The study Tyzio et al. proved the importance of GABA switch for 

protection of the brain from newborn hypoxic damage during delivery. Increased GABA activity in the immature 

brain is accompanied by activation of its structures and rising energy costs. In a study in rats found inhibition of 

GABA-dependent processes for 1-2 hours before the birth of oxytocin released by the mother during labor and 

blocks GABA receptors. This physiological mechanism protects newborn brain from ischemic injury. In addition to 

this physiological mechanism, there is another, a pharmacological approach aimed at blocking GABA receptors, 

with subsequent decrease in the activity of brain structures and their energy costs. Cerebroprotestive effect of 

bumetanide in newborns confirmed in experiments in vitro. Loop diuretics increase the production of prostaglandins, 

due to this effect on vascular smooth muscle, respiratory, arterial duct and, theoretically, the gastrointestinal tract. 

In addition, the effects of diuretics on the gastrointestinal tract associated with effects on GABA-A-receptors which 

are localized in the gastrointestinal tract, also. Several retrospective studies found the relationship between the use 

of furosemide and gastroesophageal reflux. 

Key words: loop diuretics, diuretic effect, nondiuretic effects, Na+2Cl-K+-cotransporter, GABA-A-receptor. 
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