
Â³ñíèê ïðîáëåì á³îëîã³¿ ³ ìåäèöèíè – 2017 – Âèï. 3, òîì 1 (137)82

Á²ÎËÎÃ²ß

ÓÄÊ 613-615.092.044:616.099.036

Êðàòåíêî Ð. ².

Á²ÎËÎÃ²×Í² ÅÔÅÊÒÈ 15-ÊÐÀÓÍ-5 ÏÐÈ Ä²¯ ÍÀ ÀÊÒÈÂÍ²ÑÒÜ ÑÈÑÒÅÌÈ 

Ì²ÊÐÎÑÎÌÀËÜÍÎÃÎ ÎÊÈÑÍÅÍÍß ÒÀ Â²ËÜÍÎÐÀÄÈÊÀËÜÍ² ÏÐÎÖÅÑÈ Ó 

Ï²ÄÃÎÑÒÐÎÌÓ ÅÊÑÏÅÐÈÌÅÍÒ²

Õàðê³âñüêèé íàö³îíàëüíèé ïåäàãîã³÷íèé óí³âåðñèòåò ³ìåí³ Ã.Ñ. Ñêîâîðîäè (ì. Õàðê³â)

royalspear@ukr.net
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Âñòóï. Êðàóí-åòåðè ÿâëÿþòü ñîáîþ ìàêðîãåòå-
ðîöèêë³÷í³ ñèñòåìè ç 9 – 60 àòîìàìè â öèêë³, ç ÿêèõ 
òðåòèíó ñêëàäàþòü àòîìè åòåðíîãî êèñíþ, ðîçä³-
ëåí³ ì³æ ñîáîþ åòàíîâèìè ãðóïàìè [15]. Íàéá³ëüø 
âàæëèâîþ âëàñòèâ³ñòþ ìàêðîöèêë³÷íèõ ïîë³åòåð³â º 
¿õíÿ çäàòí³ñòü óòâîðþâàòè ñò³éê³ êîìïëåêñè ç ñîëÿ-
ìè ëóæíèõ òà ³íøèõ ìåòàë³â, çàëó÷àþ÷è êàòèîí ìå-
òàëó äî ïîðîæíèíè ñâîº¿ ìîëåêóëè [11]. Âëàñòèâ³ñòü 
êðàóí-åòåð³â «êîðîíóâàòè» êàò³îí, à òàêîæ êîðîíî-
ïîä³áíà ìîëåêóëÿðíà ñòðóêòóðà ¿õ ìàêðîöèêëà áóëè 
âèð³øàëüíèì ôàêòîðîì äëÿ àìåðèêàíñüêîãî õ³ì³êà-
îðãàí³êà C.J. Pedersen ïðè ï³äáîð³ íàçâè äëÿ öüîãî 
íîâîãî êëàñó ñèíòåòè÷íèõ ñïîëóê («crown» – êîðîíà) 
[15]. Ðàçîì ç â³äõîäàìè õ³ì³÷íîãî âèðîáíèöòâà êðà-
óí-åòåðè íàäõîäÿòü ó á³îñôåðó òà ìîæóòü âïëèâàòè 
íà çäîðîâ’ÿ íàñåëåííÿ. Äëÿ á³ëüøîñò³ ïðåäñòàâíè-
ê³â êðàóí-ñïîëóê íåìàº ºäèíîãî ñòàíäàðòó ùîäî 
ãðàíè÷íî-äîïóñòèìèõ êîíöåíòðàö³é (ÃÄÊ) ó âîäíèõ 
îá’ºêòàõ òà âèçíà÷åííÿ òî÷íîãî ìåõàí³çìó ¿õ á³îëî-
ã³÷íî¿ ä³¿ íà îðãàí³çì ëþäèíè òà òåïëîêðîâíèõ òâà-
ðèí.

Ìåòà äîñë³äæåííÿ. Âèâ÷èòè âïëèâ 15-êðàóí-5 
íà àêòèâí³ñòü ñèñòåìè ì³êðîñîìàëüíîãî îêèñíåííÿ 
òà â³ëüíî-ðàäèêàëüí³ ïðîöåñè â îðãàí³çì³ ùóð³â ó 
ï³äãîñòðîìó åêñïåðèìåíò³.

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Åêñïåðèìåíò 
ïðîâîäèëè íà á³ëèõ ùóðàõ-ñàìöÿõ ë³í³¿ Â³ñòàð òðüîõ-
ì³ñÿ÷íîãî â³êó. 15-êðàóí-5 ââîäèëè òâàðèíàì ùî-
äåííî ó âèãëÿä³ âîäíîãî ðîç÷èíó ÷åðåç çîíä ó øëó-
íîê ïðîòÿãîì îäíîãî ì³ñÿöÿ ó 1/100 LD
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 òà 1/1000 

LD
50

, ùî ñòàíîâèëî 13,5 òà 1,35 ìêã/êã. Êîíòðîëüí³ 
òâàðèíè îòðèìóâàëè âîäîïðîâ³äíó âîäó. Ïî çàê³í-
÷åííþ ï³äãîñòðîãî åêñïåðèìåíòó ùóð³â îáîõ ãðóï 
çàáèâàëè äåêàï³òàö³ºþ ã³ëüéîòèííèì íîæåì, ïîïå-
ðåäíüî àíåñòåçóþ÷è ò³îïåíòàëîì íàòð³þ (50 ìã/êã 
âíóòð³øíüîïîðîæíèííî) [8].

Ïðîâåäåííÿ åêñïåðèìåíòó çä³éñíþâàëîñü ³ç 
äîòðèìàííÿì ïðèíöèï³â á³îåòèêè, ùî âèêëàäåí³ ó 
Õåëüñèíñüê³é äåêëàðàö³¿ Âñåñâ³òíüî¿ ìåäè÷íî¿ àñîö³-
àö³¿ ïðî ãóìàííå ñòàâëåííÿ äî òâàðèí, à òàêîæ çã³äíî 
äî Çàêîíó Óêðà¿íè «Ïðî çàõèñò òâàðèí â³ä æîðñòîêî-
ãî ïîâîäæåííÿ» â³ä 15.12.2009 ð. ¹ 1759-VI òà «Çà-
ãàëüíèõ åòè÷íèõ ïðèíöèï³â åêñïåðèìåíò³â íà òâàðè-
íàõ» (Êè¿â, 2001).

Îäíèì ³ç íàéá³ëüø ³ñòîòíèõ ôàêòîð³â, ùî âèçíà-
÷àþòü á³îëîã³÷íó àêòèâí³ñòü êñåíîá³îòèê³â, º ¿õíÿ 
á³îòðàíñôîðìàö³ÿ â îðãàí³çì³ [4,7,10]. Çà ñâîºþ 
ìîëåêóëÿðíîþ îðãàí³çàö³ºþ ôåðìåíòíà ñèñòåìà 
ìåòàáîë³çìó êñåíîá³îòèê³â ÿâëÿº ñîáîþ âáóäîâà-
íèé ó ìåìáðàíè ÅÏÐ ãåïàòîöèò³â åëåêòðîííî-òðàí-
ñïîðòíèé ëàíöþã, ÿêèé º ñïåöèô³÷íèì äî ÍÀÄÔÍ

2
 ³ 

çàëó÷àº äî ñåáå, ÿê òåðì³íàëüíó ëàíêó, ãåìîïðîòå¿í 
öèòîõðîì Ð-450. Äî ñêëàäó äàíî¿ ñèñòåìè íàäõî-
äÿòü òàêîæ öèòîõðîì b

5
, ÍÀÄÔÍ-öèòîõðîì Ð-450-

ðåäóêòàçà, ÍÀÄÍ-öèòîõðîì b
5
-ðåäóêòàçà. Îñíîâíó 

ðîëü ó ìåòàáîë³çì³ êñåíîá³îòèê³â âèêîíóþòü ÍÀÄÔÍ-
çàëåæí³ ñèñòåìè òðàíñïîðòó åëåêòðîí³â [1,9]. Ñòàí 
ñèñòåìè ì³êðîñîìàëüíîãî îêèñíåííÿ îö³íþâàëè çà 
äèõàëüíîþ òà ôåðìåíòàòèâíîþ àêòèâí³ñòþ, âì³ñòîì 
öèòîõðîì³â b

5
 ³ Ð-450. Ìåìáðàíè åíäîïëàçìàòè÷íî-

ãî ðåòèêóëóìó âèä³ëÿëè çà ìåòîäîì Komoth, Narayn 
[16] ó ìîäèô³êàö³¿ [12]. Âèçíà÷åííÿ øâèäêîñò³ ñïî-
æèâàííÿ êèñíþ ñóñïåíç³ºþ ì³êðîñîì ïðîâîäèëè çà 
äîïîìîãîþ çàêðèòîãî ïëàòèíîâîãî êèñíåâîãî åëåê-
òðîäó Êëàðêà ïîëÿðîãðàô³÷íèì ìåòîäîì [12]. Øâèä-
ê³ñòü îêèñíåííÿ ÍÀÄÔÍ

2
 âèçíà÷àëè çà äîïîìîãîþ 

ôëþîðèìåòðè÷íîãî ìåòîäó, ùî áàçóºòüñÿ íà âèì³-
ðþâàíí³ øâèäêîñò³ ïàä³ííÿ ôëþîðåñöåíö³¿ ó ïðîöåñ³ 
îêèñíåííÿ. Âèçíà÷åííÿ àêòèâíîñò³ îêñèäîðåäóêòàç 
ïðîâîäèëè ó ïðèñóòíîñò³ àêöåïòîðà åëåêòðîí³â – öè-
òîõðîìó ñ [12]. Ïðèíöèï ìåòîäó áàçóºòüñÿ íà âèçíà-
÷åíí³ çì³íè ïîãëèíàííÿ àêöåïòîðà åëåêòðîí³â ïðè 
ïåðåõîä³ ç îêèñíåíî¿ ôîðìè ó â³äíîâëåíó. Âèì³ðþ-
âàííÿ øâèäêîñò³ â³äíîâëåííÿ öèòîõðîìó ñ ïðîâîäè-
ëè íà äâîïðîìåíåâîìó ñïåêòðîôîòîìåòð³ “Specord 
UV VIS” (ÍÄÐ) ïðè 30° Ñ ïðè äîâæèí³ õâèë³ 550 íì. 
Àêòèâí³ñòü îêñèäîðåäóêòàç ðîçðàõîâóâàëè çà äîïî-
ìîãîþ êîåô³ö³ºíòà ìîëÿðíî¿ åêñòèíêö³¿ öèòîõðîìó ñ, 
ùî ñêëàäàâ 18,5103 ñì-1Ì-1 [12]. Ê³ëüê³ñíå âèçíà÷åí-
íÿ öèòîõðîì³â b

5
 òà Ð-450 ïðîâîäèëè â ñóñïåíç³¿ ì³-

êðîñîì ìåòîäîì äèôåðåíö³éíî¿ ñïåêòðîôîòîìåòð³¿ 
[17], ÿê îïèñàíî ó [12]. Ïðè âèçíà÷åíí³ öèòîõðîìó 
b

5
 âðàõîâóâàëè ð³çíèöþ â ïîãëèíàíí³ îêèñíåíî¿ òà 

â³äíîâëåíî¿ ôîðìè ãåìîïðîòå¿í³â. Ïðè âèçíà÷åíí³ 
öèòîõðîìó Ð-450 âèì³ðþâàëè âåëè÷èíó ïîãëèíàííÿ 
êîìïëåêñó â³äíîâëåíîãî öèòîõðîìó Ð-450 ç ìîíî-
îêñèäîì âóãëåöþ ïðè äîâæèí³ õâèë³ 450 íì. Âì³ñò 
öèòîõðîì³â âèçíà÷àëè çà äîïîìîãîþ äâîïðîìåíå-
âîãî ðåºñòðóþ÷îãî ñïåêòðîôîòîìåòðà “Specord UV 
VIS” (ÍÄÐ). Äëÿ âèçíà÷åííÿ øâèäêîñò³ ðåàêö³¿ îêèñ-
ëþâàëüíîãî äåìåòèëþâàííÿ, ñóáñòðàòîì ÿêî¿ áóâ 
êñåíîá³îòèê ð-í³òðîàí³çîë, ñóñïåíç³þ ì³êðîñîì äî-
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äàâàëè ó ñåðåäîâèùå ³íêóáàö³¿, ³í³ö³þþ÷è ¿¿ âíåñåí-
íÿì ÍÀÄÔÍ. Çóïèíÿëè ðåàêö³þ äîäàâàííÿì ðîç÷èíó 
òðèõëîðîöòîâî¿ êèñëîòè. Ðåàêö³éíó ñóì³ø îáðîáëÿ-
ëè ëóãàìè, çñàäæóâàëè á³ëîê öåíòðèôóãóâàííÿì ³ 
ñïåêòðîôîòîìåòðè÷íî âèçíà÷àëè ð-í³òðîôåíîë ïðè 
äîâæèí³ õâèë³ 436 íì íà ñïåêòðîôîòîìåòð³ ÑÔ-46.

Âèçíà÷åííÿ ä³ºíîâèõ êîí’þãàò³â º ÷óòëèâèì 
òåñòîì íà íàÿâí³ñòü ó á³îëîã³÷íîìó îá’ºêò³ ã³äðî-
ïåðîêñèä³â ïîë³íåíàñè÷åíèõ æèðíèõ êèñëîò. Âîíè 
âèÿâëÿþòüñÿ ñïåêòðîôîòîìåòðè÷íèì ìåòîäîì, áî 
çäàòí³ ïîãëèíàòè â óëüòðàô³îëåòîâ³é îáëàñò³ ñïåêòðà 
( =233 íì). Ïîïåðåäíþ î÷èñòêó ïðîâîäèëè øëÿõîì 
åêñòðàêö³¿ ãåïòàíî-³çîïðîïàíîëîâîþ ñóì³øøþ [6]. 
Ê³ëüê³ñòü ä³ºíîâèõ êîí’þãàò³â ðîçðàõîâóâàëè, âè-
õîäÿ÷è ³ç êîåô³ö³ºíòà ìîëÿðíî¿ åêñòèíêö³¿ 5 
ìîëü-1 -1. 

Âì³ñò ìàëîíîâîãî ä³àëüäåã³äó âèçíà÷àëè çà äî-
ïîìîãîþ ðåàêö³¿ ì³æ ä³àëüäåã³äîì òà ò³îáàðá³òóðî-
âîþ êèñëîòîþ, ÿêà çà óìîâ âèñîêî¿ òåìïåðàòóðè òà 
êèñëîãî ñåðåäîâèùà ïðîò³êàº ç óòâîðåííÿì çàáàðâ-
ëåíîãî êîìïëåêñó, ùî ìàº ìàêñèìóì ïîãëèíàííÿ 
ïðè äîâæèí³ õâèë³ 532 íì [14]. Ê³ëüê³ñòü ìàëîíîâîãî 
ä³àëüäåã³äó ðîçðàõîâóâàëè, âèõîäÿ÷è ç ìîëÿðíîãî 
êîåô³ö³ºíòà åêñòèíêö³¿ 5ìîëü-1 -1.

Óòâîðåííÿ àêòèâíèõ ôîðì êèñíþ òà ïîäàëüø³ 
â³ëüíîðàäèêàëüí³ ïåðåòâîðåííÿ ë³ï³ä³â òà ³íøèõ îð-
ãàí³÷íèõ ñïîëóê º îñíîâîþ êë³òèííî¿ õåì³ëþì³íåñ-
öåíö³¿ [13], òîìó áóëî ïðîâåäåíî îö³íêó ñïîíòàííî¿ 
á³îõåì³ëþì³íåñöåíö³¿ (ÁÕË) òà ñòèìóëüîâàíî¿ ³îíàìè 
â³äíîâëåíîãî çàë³çà é ïåðîêñèäîì âîäíþ ó ñèðîâàò-
ö³ êðîâ³ åêñïåðèìåíòàëüíèõ òâàðèí çà ä³¿ 15-êðàóí-5. 
Âåëè÷èíè öèõ ïîêàçíèê³â âèì³ðþâàëè íà õåì³ëþì³-
íîìåòð³ ÕËÌÖ1 – 01 [13]. Ð³âåíü ñïîíòàííî¿ ÁÕË õà-
ðàêòåðèçóº, ó ïåðøó ÷åðãó, ³íòåíñèâí³ñòü â³ëüíîðà-
äèêàëüíîãî îêèñíåííÿ ë³ï³ä³â [2,3]. Áóëî äîñë³äæåíî 
ð³âåíü ñïîíòàííî¿ õåì³ëþì³íåñöåíö³¿ ãîìîãåíàò³â 
ãîëîâíîãî ìîçêó, ïå÷³íêè òà ñèðîâàòêè êðîâ³ ùóð³â 
ï³ä âïëèâîì 15-êðàóí-5. Ïðîáè ñèðîâàòêè àáî ãîìî-
ãåíàòó ïîì³ùàëè äî êàìåðè, ùî íå ïðîïóñêàº ñâ³òëà, 
³ òåðìîñòàòóâàëè ïðè òåìïåðàòóð³ 38°Ñ. Âèì³ðþâàëè 
ôîí ïðèëàäó ç ïóñòîþ êþâåòîþ. Ïîò³ì âèì³ðþâàëè 
ñïîíòàííó ÁÕË â äîñë³äí³é ïðîá³. Äëÿ îïòèì³çàö³¿ 
óìîâ ðîáîòè õåì³ëþì³íîìåòðó ïðîâîäèëè 10 öè-
êë³â âèì³ðþâàííÿ ôîíó òà ñèãíàëó äîñë³äíî¿ ïðîáè 
ç íàñòóïíèì ðîçðàõóâàííÿì ñåðåäí³õ çíà÷åíü. ²í-
òåíñèâí³ñòü ñïîíòàííî¿ ÁÕË ðîçðàõîâóâàëè øëÿõîì 
â³äí³ìàííÿ ñåðåäíüîãî çíà÷åííÿ ôîíó ³ç ñåðåäíüîãî 
çíà÷åííÿ ñèãíàëó äîñë³äíî¿ ïðîáè.

Ìåòîäè äîñë³äæåííÿ ïðîöåñ³â ïåðåêèñíîãî 
îêèñíåííÿ çà äîïîìîãîþ ³íäóêîâàíî¿ õåì³ëþì³íåñ-
öåíö³¿ áàçóþòüñÿ íà àêòèâàö³¿ ïðîöåñ³â ÁÕË øëÿõîì 
âèêîðèñòàííÿ ðÿäó õ³ì³÷íèõ ðåàãåíò³â [3,13]. Ïîñè-
ëåííÿ öüîãî ïðîöåñó íàäëèøêîì ³îí³â äâîõâàëåíò-
íîãî çàë³çà ïîÿñíþºòüñÿ êàòàë³çîì ðîçùåïëåííÿ 
îðãàí³÷íèõ òà íåîðãàí³÷íèõ ã³äðîïåðîêñèä³â ç óòâî-
ðåííÿì â³ëüíèõ ðàäèêàë³â. Ó çâ’ÿçêó ç öèì, ³íäó-
êîâàíà Fe2+ ÁÕË º â³äîáðàæåííÿì âì³ñòó ó ñèñòåì³ 
ã³äðîïåðîêñèä³â. Äîñë³äæåííÿ Fe2+-³íäóêîâàíî¿ õå-
ì³ëþì³íåñöåíö³¿ ïðîâîäèëè íà ãîìîãåíàòàõ ìîçêó 
òà ïå÷³íêè ³ ó ñèðîâàòö³ êðîâ³. Äî îïòè÷íî ïðîçîðî¿ 
òåðìîñòàòîâàíî¿ ïðè 30°Ñ êþâåòè äîäàâàëè 3,5 ìë 
0,020 Ì ôîñôàòíîãî áóôåðó (ðÍ 7,45), äî ÿêîãî äî-
äàâàëè 0,5 ìë äîñë³äíî¿ ñèðîâàòêè (àáî ãîìîãåíà-

òó), ï³ñëÿ ÷îãî ïåðåì³øóâàëè ðîç÷èí. Îäíî÷àñíî 
ïðîâîäèëè ðåºñòðàö³þ õåì³ëþì³íåñöåíòíîãî ôîíó 
õåì³ëþì³íîìåòðó ïðè çàä³àôðàãìîâàíîìó ÔÅÓ. 
Ïîò³ì â³äêðèâàëè øòîðêó ïðèáîðó, ÷åðåç 1 õâèëèíó 

-2 Ì ðîç÷èíó FeSO
4 2

O òà ðåº-
ñòðóâàëè õåì³ëþì³íîãðàìó ïðîòÿãîì 6 õâèëèí. Äàë³ 
çíîâó äîäàâàëè ðîç÷èí ñîë³ çàë³çà òà âèì³ðþâàëè 
õåì³ëþì³íåñöåíö³þ ùå 4 õâèëèíè. Ï³ñëÿ öüîãî çà-
êðèâàëè øòîðêó ³ ïðîòÿãîì îäí³º¿ õâèëèíè çàïèñó-
âàëè ôîí ïðèáîðó.

Ñèñòåìà Í
2
Î

2
-³íäóêîâàíî¿ ÁÕË äîçâîëÿº îö³íè-

òè åôåêòèâí³ñòü ãåíåðàö³¿, ïåðø çà âñå, ã³äðîêñèëü-
íîãî ðàäèêàëà ç ïåðîêñèäó âîäíþ çàâäÿêè ðåàêö³¿ 
Ôåíòîíà [2,13]. Õåì³ëþì³íåñöåíö³þ, ³íäóêîâàíó 
ïåðîêñèäîì âîäíþ, äîñë³äæóâàëè ó ñèðîâàòö³ êðîâ³ 
òà ãîìîãåíàòàõ ìîçêó ³ ïå÷³íêè. Äî îïòè÷íî ïðî-
çîðî¿ òåðìîñòàòîâàíî¿ ïðè 30°Ñ êþâåòè íàëèâàëè 
5 ìë 0,9% NaCl, ïîò³ì äîäàâàëè 0,5 ìë äîñë³äíî¿ 
ñèðîâàòêè (àáî ãîìîãåíàòó), ï³ñëÿ ÷îãî ïåðåì³øó-
âàëè ðîç÷èí. Îäíî÷àñíî ïðîâîäèëè ðåºñòðàö³þ 
õåì³ëþì³íåñöåíòíîãî ôîíó õåì³ëþì³íîìåòðó ïðè 
çàä³àôðàãìîâàíîìó ÔÅÓ. Ïîò³ì â³äêðèâàëè øòîð-
êó ïðèáîðó, ïðîòÿãîì 20 ñåêóíä çàïèñóâàëè ñïîí-
òàííó õåì³ëþì³íåñöåíö³þ, ïîò³ì äîäàâàëè 0,25 ìë 
2% Í

2
Î

2
 òà ðåºñòðóâàëè õåì³ëþì³íîãðàìó ïðîòÿãîì 

302 ñåêóíä.
Ðåçóëüòàòè äîñë³äæåííÿ òà ¿õ îáãîâîðåííÿ. 

Ó ãåïàòîöèòàõ ùóð³â çà óìîâ âïëèâó 15-êðàóí-5 ó 
1/100 òà 1/1000 LD50 ñïîñòåð³ãàëè ñòàòèñòè÷íî 
äîñòîâ³ðíå ï³äâèùåííÿ ïîêàçíèê³â, ùî õàðàêòå-
ðèçóþòü øâèäê³ñòü ì³êðîñîìàëüíîãî îêèñíåííÿ, 
ïîð³âíÿíî ç êîíòðîëåì, ÿê íà 15-òó, òàê ³ íà 30-òó 
äîáó åêñïåðèìåíòó (òàáë. 1). Ä³ÿ 15-êðàóí-5 òàêîæ 
ïðèçâîäèëà äî ï³äâèùåííÿ øâèäêîñò³ îêèñíåííÿ 
ÍÀÄÔÍ

2
 çà óìîâ âïëèâó 1/100 òà 1/1000 LD

50
 ÿê íà 

15-òó, òàê ³ íà 30-òó äîáó åêñïåðèìåíòó (íà 122% 
³ 161% (1/100 LD

50
) òà 95% ³ 93% (1/1000 LD

50
)) 

(òàáë. 1). 
Ïðî àêòèâàö³þ ñèñòåìè ì³êðîñîìàëüíîãî îêèñ-

íåííÿ â îðãàí³çì³ ùóð³â çà ä³¿ äîñë³äæóâàíî¿ ðå÷î-
âèíè ñâ³ä÷èòü òàêîæ äîñòîâ³ðíå ï³äâèùåííÿ âì³ñòó 
öèòîõðîìó Ð-450 ÿê íà 15-òó, òàê ³ íà 30-òó, ïîð³âíÿ-
íî ç êîíòðîëåì (òàáë. 2) íà 92% ³ 138% â³äïîâ³äíî.

Äîñë³äæóâàíèé êðàóí-åòåð íå âïëèâàâ íà âì³ñò 
öèòîõðîìó b

5
. Öå äîçâîëÿº ââàæàòè, ùî ïåðåíîñ 

åëåêòðîí³â ÷åðåç öèòîõðîì b
5
 íå ÿâëÿº ñîáîþ ë³ì³-

òóþ÷ó ëàíêó â ïåðåòâîðåíí³ êðàóí-ñïîëóê ìîíîîê-
ñèãåíàçíîþ ñèñòåìîþ.

Îòðèìàí³ ðåçóëüòàòè êîðåëþâàëè ç ï³äâèùåí-
íÿì äåìåòèëàçíî¿ àêòèâíîñò³ ì³êðîñîì. Òàê, çà 
óìîâ ä³¿ 15-êðàóí-5 ó 1/100 òà 1/1000 LD

50
 ñòàòèñ-

òè÷íî äîñòîâ³ðíî çðîñòàëè ïðîöåñè äåìåòèëþ-
âàííÿ íà 15 ³ 30-òó äîáó åêñïåðèìåíòó, ïîð³âíÿíî 
ç êîíòðîëüíîþ ãðóïîþ òâàðèí. Äîñë³äæóâàíà ðå-
÷îâèíà òàêîæ ñòàòèñòè÷íî äîñòîâ³ðíî ï³äâèùóâàëà 
ÍÀÄÔÍ- ³ ÍÀÄÍ-öèòîõðîì ñ-ðåäóêòàçíó àêòèâí³ñòü, 
òèì ñàìèì ÷èíèëà âïëèâ íà äâ³ åëåêòðîííî-òðàí-
ñïîðòí³ ì³êðîñîìàëüí³ ñèñòåìè îðãàí³çìó åêñïå-
ðèìåíòàëüíèõ òâàðèí: ÍÀÄÔÍ-öèòîõðîì Ð-450 ³ 
ÍÀÄÍ-öèòîõðîì b

5
 (òàáë. 1). 

Òàêèì ÷èíîì, ìàêðîöèêë³÷íèé åòåð 15-êðàóí-5 â 
îðãàí³çì³ ùóð³â ïðèçâîäèâ äî àêòèâàö³¿ ìîíîîêñè-
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ãåíàçíî¿ ñèñòåìè ãåïàòîöèò³â, ÿê îäíîãî ç îñíîâíèõ 
ãåíåðàòîð³â àêòèâíèõ ôîðì êèñíþ.

Ðåçóëüòàòè äîñë³äæåíü ïîêàçàëè, ùî íà 15-òó ³ 
30-òó äîáó åêñïåðèìåíòó äîñë³äæóâàíà ðå÷îâèíà ó 
1/100 ³ 1/1000 LD

50
 ïðèçâîäèëà äî ï³äñèëåííÿ ïðî-

öåñ³â ÏÎË, äîñòîâ³ðíîãî ï³äâèùóþ÷è âì³ñò ÄÊ ³ ÌÄÀ 
ó ñèðîâàòö³ êðîâ³ åêñïåðèìåíòàëüíèõ òâàðèí (òàáë. 
2).

Óòâîðåííÿ àêòèâíèõ ôîðì êèñíþ òà ïîäàëüø³ 
â³ëüíîðàäèêàëüí³ ðåàêö³¿ ë³ï³ä³â òà ³íøèõ ñïîëóê º 
îñíîâîþ êë³òèííî¿ ÁÕË [2,13], òîìó íàìè áóëî ïðî-
âåäåíî îö³íêó ñïîíòàííî¿ ÁÕË òà ÁÕË, ñòèìóëüî-
âàíî¿ ³îíàìè â³äíîâëåíîãî çàë³çà Fe2+, ïåðåêèñîì 
âîäíþ ó òâàðèí çà ä³¿ 15-êðàóí-5. Ïðè âèì³ðþâàíí³ 
ñïîíòàííî¿ ÁÕË ñèðîâàòêè êðîâ³ áóëî âèÿâëåíî, ùî 
äîñë³äæóâàíà ñïîëóêà ñóòòºâî ï³äâèùóâàëà ³íòåí-
ñèâí³ñòü (íà 76%), ïîð³âíÿíî ç êîíòðîëåì. Ïðè äî-
ñë³äæåíí³ ñïîíòàííî¿ ÁÕË ãîëîâíîãî ìîçêó ñïîñòå-
ð³ãàëîñÿ íåçíà÷íå ï³äâèùåííÿ ³íòåíñèâíîñò³ öüîãî 
ïîêàçíèêà (31%). Äëÿ ïå÷³íêè ³íòåíñèâí³ñòü ñïîíòàí-
íî¿ ÁÕË ìàëà òåíäåíö³þ äî äîñòîâ³ðíîãî ï³äâèùåí-
íÿ çà óìîâ ä³¿ äîñë³äæóâàíî¿ ñïîëóêè (òàáë. 3).

Âïëèâ 15-êðàóí-5 íà ³íòåíñèâí³ñòü ³íäóêîâàíî¿ 
Fe2+  ÁÕË ñèðîâàòêè êðîâ³ ïðèçâîäèëà äî çíà÷íîãî 
ï³äâèùåííÿ öüîãî ïîêàçíèêà – íà 250% ïîð³âíÿíî ç 

êîíòðîëåì. Ï³äâèùåííÿ ÁÕË ãîìîãåíàòó ãîëîâíîãî 
ìîçêó áóëî òàêîæ ñóòòºâèì ó òâàðèí åêñïåðèìåí-
òàëüíî¿ ãðóïè (òàáë. 3). Äëÿ ÁÕË ãîìîãåíàòó ïå÷³í-
êè, äîñë³äæóâàíà ðå÷îâèíà ñòàòèñòè÷íî äîñòîâ³ðíî 
ï³äâèùóâàëà ³íòåíñèâí³ñòü öüîãî ïîêàçíèêà – íà 
100%, ïîð³âíÿíî ç êîíòðîëåì. Ïîñèëåííÿ ³íòåíñèâ-
íîñò³ ÁÕË íàäëèøêîì ³îí³â äâîõâàëåíòíîãî çàë³çà 
ïîÿñíþºòüñÿ êàòàë³çîì ðîçêëàäåííÿ îðãàí³÷íèõ òà 
íåîðãàí³÷íèõ ã³äðîïåðîêñèä³â ç óòâîðåííÿì â³ëüíèõ 
ðàäèêàë³â ³ ïðèñêîðåííÿì â³ëüíîðàäèêàëüíîãî îêèñ-
íåííÿ, òîìó ³íäóêîâàíà Fe2+ õåì³ëþì³íåñöåíö³ÿ â³äî-
áðàæàº âì³ñò ó ñèñòåì³ ã³äðîïåðîêñèä³â. Îòðèìàí³ 
ðåçóëüòàòè ñâ³ä÷àòü ïðî ï³äâèùåíèé âì³ñò ã³äðîïå-
ðîêñèä³â îñîáëèâî ó ñèðîâàòö³ êðîâ³ òà ïå÷³íö³ åêñ-
ïåðèìåíòàëüíèõ òâàðèí çà ä³¿ 15-êðàóí-5 íà 30-òó 
äîáó ñïîñòåðåæåííÿ.

Ðîçêëàäåííÿ ïåðîêñèäó âîäíþ â îðãàí³çì³ çä³é-
ñíþºòüñÿ çàâäÿêè ä³¿ êàòàëàçè, ãëóòàò³îíïåðîêñèäà-
çè, ó ãðàíóëîöèòàõ – çà äîïîìîãîþ ì³åëîïåðîêñè-
äàçè ç óòâîðåííÿì ã³ïîõëîðèòíîãî àí³îíó, à òàêîæ ó 
ðåàêö³¿ Ôåíòîíà. Ðåàêö³ÿ Ôåíòîíà ïðîò³êàº ó ïðèñóò-
íîñò³ ³îí³â ìåòàë³â ïåðåì³ííî¿ âàëåíòíîñò³, çîêðåìà 
äâîõâàëåíòíîãî çàë³çà. Ó ïðîöåñ³ ö³º¿ ðåàêö³¿ ïåðîê-
ñèä âîäíþ ðîçêëàäàºòüñÿ ç óòâîðåííÿì âåëüìè ðåàê-
ö³éíîñïðîì³æíîãî ã³äðîêñèëüíîãî ðàäèêàëó [2,3,4]. 

Òàáëèöÿ 1.

Âïëèâ 15-êðàóí-5 íà ïîêàçíèêè ì³êðîñîìàëüíîãî îêèñíåííÿ ãåïàòîöèò³â  
åêñïåðèìåíòàëüíèõ òâàðèí çà óìîâ ï³äãîñòðîãî åêñïåðèìåíòó (Ì±m, n=10)

Ïîêàçíèê
Äîáà

åêñïåðè-ìåíòó
Êîíòðîëü

15-êðàóí-5

1/100 LD
50

1/1000 LD
50

Øâèäê³ñòü 
ñïîæèâàííÿ êèñíþa

15 1,29±0,10 2,92±0,21* 2,35±0,22*

30 1,40±0,13 3,72±0,36* 2,81±0,26*

Øâèäê³ñòü 
îêèñëåííÿ ÍÀÄÔÍ

2
b

15 3,07± 0,24 6,74±0,52* 5,92±0,55*

30 3,12± 0,30 8,14±0,76* 6,03±0,68*

Öèòîõðîì Ð-450ñ
15 0,86± 0,08 1,65±0,15* 1,25±0,10*

30 0,90±0,08 2,14±0,19* 1,58±0,16*

Öèòîõðîì b
5

ñ
15 0,60± 0,03 0,59±0,06 0,58±0,06

30 0,64± 0,05 0,56±0,04* 0,58±0,04

Äåìåòèëàçàd
15 6,02± 0,59 12,31±1,01* 10,53±1,10*

30 6,23± 0,60 17,32±1,61* 17,32±1,61*

ÍÀÄÔÍ-öèòîõðîì ñ-ðåäóêòàçàe
15 195± 20 296±22* 250±23*

30 202± 20 381±37* 271±17*

ÍÀÄÍ-öèòîõðîì ñ-ðåäóêòàçàe
15 937± 87 1473±141* 1304±101*

30 956± 90 1619±155* 1405±105*

Ïðèì³òêè: a – íìîëü Î
2
/õâ b – íìîëü ÍÀÄÔÍ

2
ñ – íìîëü/ìã á³ëêà, d – íìîëü ð -

íîñíî êîíòðîëþ.

Òàáëèöÿ 2.

Âïëèâ êðàóí-åòåð³â íà âì³ñò ä³ºíîâèõ êîí’þãàò³â ³ ìàëîíîâîãî ä³àëüäåã³äó â ñèðîâàòö³ 
êðîâ³ åêñïåðèìåíòàëüíèõ òâàðèí (Ì±m, n=10)

Ðå÷îâèíà
Äîçà, 
LD50

Ä³ºíîâ³ êîí’þãàòè Ìàëîíîâèé ä³àëüäåã³ä

äîáà ñïîñòåðåæåííÿ
15 30 15 30

Êîíòðîëü 2,76± 2,670,18 0,91± 0,94±

15-êðàóí-5
1/100 5,07± 6,820,23* 3,85± 4,32±

1/1000 4,43± 4,85± 3,04± 3,60±

Ïðèì³òêè: âì³ñò âèðàæåíèé â ìêìîëü/ë; * – ð<0,05 â³äíîñíî êîíòðîëþ.
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åêñïåðèìåíòàëüíèõ òâàðèí, ùî ìîæå áóòè ïîâ’ÿçàíî 
àáî ç á³ëüøîþ êîíöåíòðàö³ºþ íåãåìîâîãî çàë³çà, àáî 
ç á³ëüøîþ ñïðîìîæí³ñòþ äî â³äíîâëåííÿ çàë³çà.

Ìîëåêóëÿðí³ ìåõàí³çìè á³îëîã³÷íî¿ ä³¿ êñåíîá³î-
òèê³â âêëþ÷àþòü äâà âçàºìîïîâ’ÿçàíèõ ïðîöåñè: ïî-
øêîäæóþ÷è ä³þ òîêñèí³â ³ êîìïåíñàö³þ ïîðóøåíü, 
ñïðÿìîâàíèõ íà ï³äòðèìêó ãîìåîñòàçó. Êîìïåíñà-
òîðí³ ïðîöåñè â õ³ì³÷í³é ïàòîëîã³¿ ïîä³ëÿþòüñÿ íà äâà 
òèïè: ïåðøèé âêëþ÷àº ìåõàí³çìè, ïîâ’ÿçàí³ ç ôóíê-
ö³îíóâàííÿì ìîíîîêñèãåíàçíèõ ñèñòåì ãëàäêîãî åí-
äîïëàçìàòè÷íîãî ðåòèêóëóìó é ñóïðÿæåíîþ ç íèìè 
ðåàêö³ºþ êîí’þãàö³¿ [1]. Öå â îñíîâíîìó ìåõàí³çìè 
äåòîêñèêàö³¿ ë³ïîòðîïíèõ ñïîëóê. Äðóãèé òèï ïîºäíóº 
ìîëåêóëÿðí³ ìåõàí³çìè, ëîêàë³çîâàí³ ó öèòîçîë³, ì³-
òîõîíäð³ÿõ, ïåðîêñèñîìàõ ³ ë³çîñîìàõ. Öå ìåõàí³çìè 
äåòîêñèêàö³¿ âîäîðîç÷èííèõ ñïîëóê [4].

Ðåçóëüòàòè åêñïåðèìåíò³â äåìîíñòðóþòü ï³äñè-

ëåííÿ ïðîöåñ³â ì³êðîñîìàëüíîãî îêèñíåííÿ â ïå÷³íö³ 
òâàðèí, ùî ï³äòâåðäæóºòüñÿ çá³ëüøåííÿì øâèäêîñò³ 
ñïîæèâàííÿ êèñíþ ì³êðîñîìàìè, øâèäêîñò³ îêèñ-
ëåííÿ ÍÀÄÔÍ

2
, çðîñòàííÿì äåìåòèëàçíî¿, ÍÀÄ(Ô)

Í-öèòîõðîì ñ-ðåäóêòàçíî¿ àêòèâíîñò³, ï³äâèùåííÿì 
âì³ñòó öèòîõðîìó Ð-450. Óðàõóâàííÿ ÷àñîâèõ õàðàê-
òåðèñòèê äèíàì³êè çì³íè öèõ ïîêàçíèê³â äîçâîëÿº 
çðîáèòè âèñíîâîê ïðî ³íäóêîâàíèé á³îñèíòåç ì³êðî-
ñîìàëüíèõ ôåðìåíò³â ìîíîîêñèãåíàçíî¿ ñèñòåìè. 
15-êðàóí-5 ìîæíà â³äíåñòè äî ³íäóêòîð³â ì³êðîñî-
ìàëüíèõ ìîíîîêñèãåíàç øèðîêîãî ñïåêòðó ä³¿; â³í 
çäàòåí ïðèñêîðþâàòè á³îòðàíñôîðìàö³þ ÷èñëåííèõ 
êñåíîá³îòèê³â, çá³ëüøóþ÷è âì³ñò é àêòèâí³ñòü öèòîõ-
ðîìó Ð-450, à òàêîæ àêòèâóþ÷è ÍÀÄÔÍ-öèòîõðîì 
Ð-450-ðåäóêòàçó. Ï³äñèëåííÿ öèòîõðîìðåäóêòàçíî¿ 
àêòèâíîñò³ ì³êðîñîìàëüíî¿ ôðàêö³¿ ïå÷³íêè åêñïå-
ðèìåíòàëüíèõ òâàðèí âíàñë³äîê ³íäóêóþ÷î¿ ä³¿ êðà-
óí-åòåðó ïðèçâîäèòü äî „íàïðóæåííÿ” ñèñòåìè á³î-
òðàíñôîðìàö³¿ êñåíîá³îòèê³â. 

Àêòèâàö³ÿ ìîíîîêñèãåíàçíî¿ ñèñòåìè ãåïàòîöèò³â 
ñóïðîâîäæóºòüñÿ, ÿê ïðàâèëî, ãåíåðàö³ºþ ñóïåðîê-

Îñê³ëüêè â³ëüí³ ðàäèêàëè óòâîðþþòüñÿ ò³ëüêè ó äâîõ 
îñòàíí³õ ³ç ÷îòèðüîõ ïåðåë³÷åíèõ øëÿõ³â, à ³íòåíñèâ-
í³ñòü ÁÕË âèì³ðþâàëè ó ñèðîâàòö³ êðîâ³ (à âîíà íå 
ìàº ôîðìåíèõ åëåìåíò³â) òà ó ãîìîãåíàòàõ ïå÷³íêè ³ 
ãîëîâíîãî ìîçêó, î÷åâèäíî, çðîñòàííÿ ³íòåíñèâíîñò³ 
ÁÕË ó ðàç³ äîäàâàííÿ åêçîãåííîãî ïåðîêñèäó âîäíþ 
áóëî â³äîáðàæåííÿì äîñòóïíîñò³ ³îí³â ìåòàë³â ç ïå-
ðåì³ííîþ âàëåíòí³ñòþ, çîêðåìà, íàÿâíîñò³ Fe2+. Öå 
ïðèïóùåííÿ ñï³âïàäàº ç ë³òåðàòóðíèìè äàíèìè [13], 
â ÿêèõ ââàæàºòüñÿ, ùî ñèñòåìà Í

2
Î

2
-³íäóêîâàíî¿ 

ÁÕË äîçâîëÿº îö³íèòè åôåêòèâí³ñòü ãåíåðàö³¿, ïåðø 
çà âñå, ÎÍ  – ðàäèêàëà ç ïåðîêñèäó âîäíþ, çàâäÿêè 
ðåàêö³¿ Ôåíòîíà. Ðåçóëüòàòè åêñïåðèìåíò³â ñâ³ä÷àòü 
ïðî ï³äâèùåíó äîñòóïí³ñòü ³îí³â ìåòàë³â ç ïåðåì³í-
íîþ âàëåíòí³ñòþ îñîáëèâî ó ñèðîâàòö³ êðîâ³ òà ïå-
÷³íö³ çà ä³¿ 15-êðàóí-5 íà 30-òó äîáó åêñïåðèìåíòó 
(òàáë. 4).

Á³îõ³ì³÷í³ ìåõàí³çìè ³í³ö³àö³¿, ðîçãàëóæåííÿ òà 
ãàëüìóâàííÿ ëàíöþãîâèõ ðåàêö³é ó á³îëîã³÷íîìó ñå-
ðåäîâèù³ âêëþ÷àþòü ³îíè íåãåìîâîãî çàë³çà, ÿê³ 
ìàþòü íåñïàðåíèé åëåêòðîí, ÿê íåîáõ³äíèé êîìïî-
íåíò öèõ ïðîöåñ³â [2]. Ç îäíîãî áîêó, ³îíè Fe2+ ñïðèÿ-
þòü àêòèâàö³¿ ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â, øëÿõîì 
óòâîðåííÿ íîâèõ ëàíöþã³â çàâäÿêè âçàºìîä³¿ ç ã³äðî-
ïåðîêñèäàìè ë³ï³ä³â òà ãåíåðàö³¿ ã³äðîêñèëüíîãî ðà-
äèêàëà ó ðåàêö³¿ Ôåíòîíà [3,13]. Ç ³íøîãî áîêó, Fe2+ 

ìîæå âçàºìîä³ÿòè ç ðàäèêàëàìè, ïðèâîäÿ÷è äî îáðè-
âó ëàíöþãà. Ïðè íèçüêèõ êîíöåíòðàö³ÿõ ã³äðîïåðîê-
ñèä³â òà íàäëèøêó ³îí³â Fe2+ ç á³ëüøîþ â³ðîã³äí³ñòþ 
áóäóòü â³äáóâàòèñÿ ðåàêö³¿ ç ó÷àñòþ ðàäèêàë³â, òîáòî 
³îíè Fe2+ áóäóòü âèñòóïàòè ó ÿêîñò³ àíòèîêñèäàíòíî¿ 
ñèñòåìè. Ó ðàç³ ð³âíèõ àáî áëèçüêèõ êîíöåíòðàö³é ó 
êë³òèí³ ã³äðîïåðîêñèä³â òà ³îí³â çàë³çà, ³îíè Fe2+ âèêî-
íóþòü ðîëü ñèëüíîãî êàòàë³çàòîðà ïðîöåñ³â ÏÎË [2]. 
Òàêèì ÷èíîì, êîíöåíòðàö³ÿ ³îí³â Fe2+  º ôàêòîì, ñïðî-
ìîæíèì ðåãóëþâàòè ïðîöåñ ïåðîêñèäàö³¿ ë³ï³ä³â. 
Äàí³, ùî õàðàêòåðèçóþòü Í

2
Î

2
-³íäóêîâàíó ÁÕË, ñâ³ä-

÷àòü ïðè á³ëüøó åôåêòèâí³ñòü ãåíåðàö³¿ ÎÍ -ðàäèêàëà 
ç ïåðîêñèäó âîäíþ çàâäÿêè ðåàêö³¿ Ôåíòîíà ó ïå÷³íö³ 

Òàáëèöÿ 3.

Âïëèâ 1/1000 LD
50

 êðàóí-åòåð³â íà ³íòåíñèâí³ñòü ñïîíòàííî¿ òà ³íäóêîâàíî¿ Fe2+ 
á³îõåì³ëþì³íåñöåíö³¿ ñèðîâàòêè êðîâ³ òà ãîìîãåíàò³â îðãàí³â â îðãàí³çì³ ùóð³â  

(Ì±m, n=10)

Ðå÷îâèíà
Ñèðîâàòêà êðîâ³à Ãîëîâíèé ìîçîêb Ïå÷³íêàb

ñïîíòàííà ³íäóêîâàíà ñïîíòàííà ³íäóêîâàíà ñïîíòàííà ³íäóêîâàíà

Êîíòðîëü 4,12± 0,32 84,3± 8,1 58,82± 5,77 321,4± 33,0 46,72± 4,32 266,1± 25,46

15-êðàóí-5 7,28± 0,71* 295,4± 30,0* 77,32± 7,20* 432,8± 38,5* 87,64± 7,95* 533,2± 48,6*

Ïðèì³òêà: à – ³ìï/ñ·ìë ñèðîâàòêè, b – ³ìï/ñ·ã òêàíèíè; * – ð<0,05 â³äíîñíî êîíòðîëþ.

Òàáëèöÿ 4.

Âïëèâ 1/1000 LD50 êðàóí-åòåð³â íà ³íòåíñèâí³ñòü ñïîíòàííî¿ òà ³íäóêîâàíî¿ ïåðîêñèäîì 
âîäíþ õåì³ëþì³íåñöåíö³¿ ñèðîâàòêè êðîâ³ òà ãîìîãåíàò³â îðãàí³â â îðãàí³çì³ ùóð³â 

(Ì±m, n=10)

Ðå÷îâèíè
Ñèðîâàòêà êðîâ³à Ãîëîâíèé ìîçîêb Ïå÷³íêàb

ñïîíòàííà ³íäóêîâàíà ñïîíòàííà ³íäóêîâàíà cïîíòàííà ³íäóêîâàíà

Êîíòðîëü 4,12±0,32 415,6±40,5 58,82±5,77 3158±225 46,72±4,32 2614±217

15-êðàóí-5 7,28±0,71* 728,3±70,9* 77,32±7,20* 4028±401* 87,64±7,95* 3981±377*

Ïðèì³òêà: à – ³ìï/ñ·ìë ñèðîâàòêè, b – ³ìï/ñ·ã òêàíèíè; * – ð<0,05 â³äíîñíî êîíòðîëþ.
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Á²ÎËÎÃ²×Í² ÅÔÅÊÒÈ 15-ÊÐÀÓÍ-5 ÏÐÈ Ä²¯ ÍÀ ÀÊÒÈÂÍ²ÑÒÜ ÑÈÑÒÅÌÈ Ì²ÊÐÎÑÎÌÀËÜÍÎÃÎ ÎÊÈÑ-

ÍÅÍÍß ÒÀ Â²ËÜÍÎÐÀÄÈÊÀËÜÍ² ÏÐÎÖÅÑÈ Ó Ï²ÄÃÎÑÒÐÎÌÓ ÅÊÑÏÅÐÈÌÅÍÒ²
Êðàòåíêî Ð. ².
Ðåçþìå. Â ñòàòò³ ïðåäñòàâëåí³ ðåçóëüòàòè á³îëîã³÷íî¿ ä³¿ 15-êðàóí-5 íà ñèñòåìó ì³êðîñîìàëüíîãî îêèñíåí-

íÿ òà â³ëüíîðàäèêàëüí³ ïðîöåñè. Åêñïåðèìåíò ïðîâîäèëè íà á³ëèõ ùóðàõ-ñàìöÿõ ë³í³¿ Â³ñòàð òðüîõì³ñÿ÷íîãî 
â³êó. 15-êðàóí-5 ââîäèëè òâàðèíàì ùîäåííî ó âèãëÿä³ âîäíîãî ðîç÷èíó ÷åðåç çîíä ó øëóíîê ïðîòÿãîì îäíîãî 
ì³ñÿöÿ ó 1/100 LD

50
 òà 1/1000 LD

50
, ùî ñòàíîâèëî 13,5 òà 1,35 ìêã/êã. Êîíòðîëüí³ òâàðèíè îòðèìóâàëè âîäîïðî-

â³äíó âîäó. Äîñë³äæóâàíèé 15-êðàóí-5 àêòèâóâàâ ïðîöåñè ì³êðîñîìàëüíîãî îêèñíåííÿ çà ðàõóíîê ï³äâèùåííÿ 
øâèäêîñò³ ñïîæèâàííÿ êèñíþ, îêèñíåííÿ ÍÀÄÔÍ

2
, ³íäóêîâàíîãî á³îñèíòåçó öèòîõðîìó Ð-450. Ïðîäóêòè á³î-

òðàíñôîðìàö³¿ êðàóí-åòåðó äîçîçàëåæíî ï³äñèëþâàëè ïðîöåñè â³ëüíîðàäèêàëüíîãî îêèñíåííÿ, ùî ïðîÿâëÿ-
ëîñÿ â àêòèâàö³¿ ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â (íàêîïè÷åííÿ ä³ºíîâèõ êîí’þãàò³â òà ìàëîíîâîãî ä³àëüäåã³äó), 
ï³äâèùåíí³ ð³âíÿ á³îõåì³ëþì³íåñöåíö³¿.

ñèäíèõ ðàäèêàë³â, ïåðåêèñó âîäíþ, îðãàí³÷íèõ ïåðå-
êèñ³â, ïîñèëåííÿì ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â [2]. 

Óòâîðåííÿ ç ïîë³íåíàñè÷åíèõ æèðíèõ êèñëîò ðå-
÷îâèí ç ñóïðÿæåíèìè ïîäâ³éíèìè çâ’ÿçêàìè – ä³ºíî-
âèõ êîí’þãàò³â – º îäíèì ç îñíîâíèì êðèòåð³¿â â³ëü-
íîðàäèêàëüíîãî îêèñíåííÿ. Óòâîðåííÿ ä³ºí³â, à ïîò³ì 
ã³äðîïåðåêèñ³â ë³ï³ä³â ó á³îìåìáðàíàõ ñïðèÿº âèíèê-
íåííþ â ã³äðîôîáíîìó ë³ï³äíîìó á³øàð³ ã³äðîô³ëüíèõ 
êëàñòåð³â, ó ÿê³ ìîæå ïðîíèêàòè âîäà, ñïðèÿþ÷è ðîç-
ðèõëåííþ ìåìáðàíè, à òàêîæ Fe2+, ùî ìîæå ³íäóêóâà-
òè ðåàêö³þ ðîçãàëóæåííÿ ëàíöþã³â ³ ïîñèëåííÿ ïåðå-
êèñíîãî îêèñíåííÿ ë³ï³ä³â.

Ìàëîíîâèé ä³àëüäåã³ä, îäèí ç âòîðèííèõ ïðîäóê-
ò³â ÏÎË, º ïîïåðå÷íî-çøèâàþ÷èì á³ôóíêö³îíàëüíèì 
ðåàãåíòîì, ùî ìîæå âçàºìîä³ÿòè ç àì³íî-âì³ñíèìè 
á³îìîëåêóëàìè (àì³íîêèñëîòàìè, á³ëêàìè, íóêëåî-
òèäàìè, íóêëå¿íîâèìè êèñëîòàìè, àì³íîâì³ñíèìè 
âóãëåâîäàìè é ë³ï³äàìè) ç óòâîðåííÿì âèñîêîìîëå-
êóëÿðíèõ ïðîäóêò³â ç âíóòð³øíüî- òà ì³æìîëåêóëÿð-
íèìè çøèâêàìè òèïó Øèôôîâèõ ñïîëóê. Ìàëîíîâèé 
ä³àëüäåã³ä ðîçãëÿäàºòüñÿ ÿê îäíà ç ìîëåêóë „äèñòàíò-

íî¿ ä³¿”, ÿêà çàâäÿêè ñâî¿é ñòàá³ëüíîñò³ ïðîíèêàº â óñ³ 
ñòðóêòóðè êë³òèíè, â³ääàëåí³ â³ä ì³ñöÿ óòâîðåííÿ, ç 
íàñòóïíèì ¿õ ïîøêîäæåííÿì [14]. 

Âèñíîâêè
1. Äîñë³äæóâàíèé 15-êðàóí-5 ï³äñèëþº ïðîöåñè 

ì³êðîñîìàëüíîãî îêèñíåííÿ çà ðàõóíîê ï³äâèùåííÿ 
øâèäêîñò³ ñïîæèâàííÿ êèñíþ, îêèñíåííÿ ÍÀÄÔÍ

2
, 

³íäóêîâàíîãî á³îñèíòåçó öèòîõðîìó Ð-450.
2. Ïðîäóêòè á³îòðàíñôîðìàö³¿ êðàóí-åòåðó äîçî-

çàëåæíî ï³äñèëþþòü ïðîöåñè â³ëüíîðàäèêàëüíîãî 
îêèñíåííÿ, ùî ïðîÿâëÿºòüñÿ â àêòèâàö³¿ ïåðåêèñíîãî 
îêèñíåííÿ ë³ï³ä³â (íàêîïè÷åííÿ ä³ºíîâèõ êîí’þãàò³â 
òà ìàëîíîâîãî ä³àëüäåã³äó), ï³äâèùåíí³ ð³âíÿ á³îõåì³-
ëþì³íåñöåíö³¿.

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Â ïî-
äàëüøîìó áóëî á ö³êàâî äîñë³äèòè âïëèâ êðàóí-ñïî-
ëóê íà ôîñôîë³ï³äíèé ñêëàä, ðåöåïòîðíèé àïàðàò 
ìåìáðàí êë³òèí òà ïîñòðåöåïòîðíó ëàíêó òðàíñì³ñ³¿ 
âíóòð³øíüîêë³òèííîãî ñèãíàëó â îðãàí³çì³ òåïëîêðîâ-
íèõ òâàðèí.
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ÓÄÊ 613-615.092.044:616.099.036
ÁÈÎËÎÃÈ×ÅÑÊÈÅ ÝÔÅÊÒÛ 15-ÊÐÀÓÍ-5 ÏÐÈ ÄÅÉÑÒÂÈÈ ÍÀ ÀÊÒÈÂÍÎÑÒÜ ÑÈÑÒÅÌÛ ÌÈÊÐÎÑÎ-

ÌÀËÜÍÎÃÎ ÎÊÈÑËÅÍÈß È ÑÂÎÁÎÄÍÎÐÀÄÈÊÀËÜÍÛÅ ÏÐÎÖÅÑÑÛ Â ÏÎÄÎÑÒÐÎÌ ÝÊÑÏÅÐÈÌÅÍÒÅ
Êðàòåíêî Ð. È.
Ðåçþìå. Â ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû áèîëîãè÷åñêîãî äåéñòâèÿ 15-êðàóí-5 íà ñèñòåìó ìèêðîñîìàëü-

íîãî îêèñëåíèÿ è ñâîáîäíîðàäèêàëüíûå ïðîöåññû. Ýêñïåðèìåíò ïðîâîäèëè íà áåëûõ êðûñàõ-ñàìöàõ ëèíèè 
Âèñòàð òðåõìåñÿ÷íîãî âîçðàñòà. 15-êðàóí-5 ââîäèëè æèâîòíûì åæåäíåâíî â âèäå âîäíîãî ðàñòâîðà ÷åðåç 
çîíä â æåëóäîê íà ïðîòÿæåíèè îäíîãî ìåñÿöà â 1/100 LD

50
 òà 1/1000 LD

50
, ÷òî ñîñòàâëÿëî 13,5 òà 1,35 ìêã/êã. 

Êîíòðîëüíûå æèâîòíûå ïîëó÷àëè âîäîïðîâîäíóþ âîäó. Èññëåäóåìûé 15-êðàóí-5 àêòèâèðîâàë ïðîöåññû ìè-
êðîñîìàëüíîãî îêèñëåíèÿ çà ñ÷åò ïîâûøåíèÿ ñêîðîñòè ïîòðåáëåíèÿ êèñëîðîäà, îêèñëåíèÿ ÍÀÄÔÍ

2
, èíäóöè-

ðîâàííîãî áèîñèíòåçà öèòîõðîìà Ð-450. Ïðîäóêòû áèîòðàíñôîðìàöèè êðàóí-ýôèðà äîçîçàâèñèìî óñèëèâàëè 
ïðîöåññû ñâîáîäíîðàäèêàëüíîãî îêèñëåíèÿ, ÷òî ïðîÿâëÿëîñü â àêòèâàöèè ïåðåêèñíîãî îêèñëåíèÿ ëèïèäîâ (íà-
êîïëåíèÿ äèåíîâûõ êîíúþãàòîâ è ìàëîíîâîãî äèàëüäåãèäà), ïîâûøåíèè óðîâíÿ áèîõåìèëþìèíèñöåíöèè.

Êëþ÷åâûå ñëîâà: 15-êðàóí-5, ìèêðîñîìàëüíîå îêèñëåíèå, ñâîáîäíîðàäèêàëüíîå îêèñëåíèå, ìàëîíîâûé 
äèàëüäåãèä, äèåíîâûå êîíüþãàòû, áèîõåìèëþìèíèñöåíöèÿ.

UDC 613-615.092.044:616.099.036
BIOLOGICAL EFFECTS OF 15-CROWN-5 INFLUENCING ON MICROSOMAL OXIDATION SYSTEM ACTIVITY 

AND FREE-RADICAL PROCESSES AT SUB-ACUTE EXPERIMENTS
Kratenko R. I.
Abstract. Crown-ethers structure is represented by macroheterocyclic systems with 9-60 atoms in the cycle. 

One third of the atoms are etherized oxygens which are separated by ethane groups. The most important property of 
macrocyclic polyethers is their capacity of forming stable complexes with salts of alkaline and other metals including 
the metal cation to their molecular niche. 

Objective. Investigation of 15-crown-5 influence upon microsomal oxidation system activity and free-radical 
processes in the rat organism at conditions of sub-acute experiments. 

Object and methods. The experiments were performed using Vistar line white rats (three month of age). The 
experimental animals were administered with 15-crown-5 (water solution) within one month (daily) per orally in 1/100 
and 1/1000 LD

50
 (13.5 and 1.35 mkg/kg). The control group of animals was given water. The state of microsomal 

oxidation was evaluated by respiratory and enzymes activity and cytochromes P
450

 and b
5
 contents. The contents 

of dienic conjugates and malonic dialdehyde as well as the measurement of tissue biochemiluminiscention levels 
signified the development of free-radical oxidation and lipid peroxidation.

Investigation results and their discussion.15-crown-5 1/100 òà 1/1000 LD
50 

action resulted in the elevation 
of NADPH

2
 oxidation velocity and cytochrome P

450
 contents on 15th and 30th experimental days (by 100-110 % on 

average). The investigated crown-ether did not influence cytochrome b
5
 contents, which allows suggesting the latter 

not to be the limiting link in crown-ethers biotransformation by monooxigenase system. The obtained results correlated 
with the increase in demethylase activity of microsomes. The investigated crown-ether also significantly induced 
NADPH- and NADH-cytochrome c-reductase activity, and, thus, influenced two electron-transport microsomal 
chains of experimental animals organism. 15-crown-5 1/100 and 1/1000 LD

50 
action resulted in the augmentation 

of lipid peroxidation pronouncedly increasing dienic conjugates and malonic dialdehyde contents in blood serum of 
experimental animals. The measurement of spontaneous biochemiluminiscence (BCL) displayed the crown-ether to 
increase this index in blood serum (by 76%) and brain (by 31%) compared with the control magnitudes. The xenobiotics 
did not alter the in the liver of experimental animals though. Fe2+-induced BCL of blood serum got elevated by 250%, 
and of brain and liver – by 65 and 100% respectively in the action of 15-crown-5. 

The experimental results demonstrate enhancing the processes of microsomal oxidation in the animals liver, and 
taking into consideration the dynamics of the indexes alterations, one could draw a conclusion about the induction of 
monooxigenase system enzymes synthesis by 15-crown-5. The stimulation of liver microsomal faction cytochrome 
reductase activity leads to straining the xenobiotics biotransformation system. Activation of hepatocyte monooxigenase 
system is accompanied, as a rule, by generation of superoxide radicals and enhancing lipid peroxidation. Formation 
of substances with paired double bonds (dienic conjugates) facilitates appearance of hydrophilic clusters in the 
continuous hydrophobic lipid bilayer, in which water and iron ions may penetrate. The former could stimulate the 
membrane destabilization; the latter might induce the reaction of branching the fatty acid residues chains, and 
stimulate lipid peroxidation further on. Malonic dialdehyde may be considered as a molecule of distant action, which, 
due to its stability, penetrates almost all of cellular structures, bringing up their following destruction. 

Conclusions
1. 15-crown-5 activates microsomal oxidation processes by increasing oxygen consumption velocity, NADPH

2
 

oxidation, and cytochrome P
450

 inductive synthesis. 
2. The crown-ether biotransformation products dose-dependently enhance processes of free radical oxidation, 

which was revealed as lipid peroxidation activation (malonic dialdehyde and dienic conjugates accumulation), and 
biochemiluminescence induction. 

Keywords: 15-crown-5, microsomal oxidation, free-radical oxidation, malonic dialdehyde, dienic conjugates, 
biochemiluminiscence. 

Ðåöåíçåíò — ïðîô. Íåïîðàäà Ê. Ñ.

Ñòàòòÿ íàä³éøëà 10.06.2017 ðîêó
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