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Â³äîìî, ùî ââåäåííÿ 2,4-äèí³òðîôåíîëó âèêëè-
êàº ðîçâèòîê ãîñòðî¿ òêàíèííî¿ ã³ïîêñ³¿ (ÃÒÃ)
[1, 2] ÷åðåç ðîçùåïëåííÿ ïðîöåñ³â îêèñíåííÿ ³
ôîñôîðèëóâàííÿ, ùî ìîæå ïðèçâåñòè äî ðîçëà-
ä³â ôóíêö³¿ íèðîê òà ñóïðîâîäæóâàòèñÿ ïîðó-
øåííÿì ãîëîâíîãî åíåðãîçàëåæíîãî ïðîöåñó –
ðåàáñîðáö³¿ ³îí³â íàòð³þ [3, 4]. Òàê³ çì³íè íà
ïî÷àòêîâèõ åòàïàõ óøêîäæåííÿ ìîæóòü ñóïðî-
âîäæóâàòèñÿ óòâîðåííÿì â³ëüíèõ ðàäèêàë³â é
àêòèâàö³ºþ â³ëüíîðàäèêàëüíîãî îêèñíåííÿ á³î-
ìîëåêóë (á³ëê³â, ë³ï³ä³â, íóêëå¿íîâèõ êèñëîò)
[5]. Ïîïåðåäæóâàòè ðîçâèòîê äàíèõ ðåàêö³é óø-
êîäæåííÿ ìîæå ìåëàòîí³í, ÿêèé º äîíîðîì
åëåêòðîí³â òà ñèíåðã³ñòîì áàãàòüîõ àíòèîêñè-
äàíò³â, çâ'ÿçóº â³ëüí³ ðàäèêàëè, ñòèìóëþº àê-
òèâí³ñòü àíòèîêèñíþâàëüíèõ ôåðìåíò³â, çàõè-
ùàº ÿäðà êë³òèí â³ä ïîøêîäæåííÿ. Ìåëàòîí³í º
ñèëüíèì àíòèîêñèäàíòîì ³ çàáåçïå÷óº çàõèñò
á³ëêîâèõ ìîëåêóë â³ä îêèñíþâàëüíîãî ïîøêîä-
æåííÿ, º îäí³ºþ ³ç ãîëîâíèõ ìîëåêóë ó ñèñòåì³
çàõèñòó îðãàí³çìó â³ä îêèñíþâàëüíîãî ñòðåñó ³
ìîæå âèÿâëÿòè ïðîòåêòîðí³ âëàñòèâîñò³ íà êà-
íàëüö³ íèðîê [6]. Âîäíî÷àñ çàõèñíà ðîëü ìåëàòî-
í³íó íà ñòóï³íü îêèñíîìîäèô³êîâàíèõ á³ëê³â ó
íèðêàõ òà ïå÷³íö³ ùóð³â çà óìîâ ã³ïîíàòð³ºâîãî ðà-
ö³îíó õàð÷óâàííÿ ïðè ÃÒÃ, çóìîâëåí³é ââåäåííÿì
2,4-äèí³òðîôåíîëó, äîñë³äæåíà íåäîñòàòíüî.

Ìåòà äîñë³äæåííÿ: ç'ÿñóâàòè çàõèñíó ðîëü
åêçîãåííîãî ìåëàòîí³íó íà ñòóï³íü îêèñíîìî-

äèô³êîâàíèõ á³ëê³â ó ã³ñòîëîã³÷íèõ çð³çàõ ïå÷³í-
êè òà íèðîê ùóð³â çà óìîâ ã³ïîíàòð³ºâîãî ðàö³î-
íó õàð÷óâàííÿ ïðè ÃÒÃ, çóìîâëåí³é ââåäåííÿì
2,4-äèí³òðîôåíîëó.

Ìàòåð³àë ³ ìåòîäè. Åêñïåðèìåíòè ïðîâå-
äåí³ íà 40 ñàìöÿõ á³ëèõ íåë³í³éíèõ ùóð³â ìàñîþ
0,16-0,2 êã, â ÿêèõ ìîäåëþâàëè ÃÒÃ øëÿõîì ââå-
äåííÿ 0,1% ðîç÷èíó 2,4-äèí³òðîôåíîëó âíóò-
ð³øíüîî÷åðåâèííî â äîç³ 3 ìã/êã îäíîðàçîâî [7].
Ñò³éê³ñòü ùóð³â äî ãîñòðî¿ ã³ïîêñ³¿ îö³íþâàëè
çà ÷àñîì âòðàòè ïîçè íà "âèñîòíîìó ïëàòî"
ãîñòðî¿ ã³ïîáàðè÷íî¿ ã³ïîêñ³¿ ³ ÷àñîì çàãàëüíîãî
ïåðåáóâàííÿ òâàðèí â³ä ìîìåíòó äîñÿãíåííÿ
"âèñîòè" 12000 ì äî ïîÿâè äðóãîãî àãîíàëüíîãî
âäèõó (÷àñ æèòòÿ àáî ðåçåðâíèé ÷àñ), à òàêîæ
çà ÷àñîì â³äíîâëåííÿ ïîçè ç ìîìåíòó ïî÷àòêó
ñïóñêó. Âèä³ëÿëè 3 ãðóïè òâàðèí: âèñîêî-, ñåðåä-
íüî- ³ íèçüêîñò³éê³ [8]. Óñ³ ïîäàëüø³ äîñë³ä-
æåííÿ ïðîâîäèëè íà ñåðåäíüîñò³éêèõ ùóðàõ.
Åêçîãåííèé ìåëàòîí³í ââîäèëè â äîç³ 3,5 ìã/êã
îäíîðàçîâî [6].

Øìàòî÷êè ïå÷³íêè òà íèðîê ô³êñóâàëè
âïðîäîâæ 48 ãîä ó 10% ðîç÷èí³ íåéòðàëüíîãî
çàáóôåðåíîãî ôîðìàë³íó, ï³ñëÿ ÷îãî ïðîâîäèëè
ïðîöåäóðó çíåâîäíþâàííÿ ó âèñõ³äí³é áàòàðå¿
åòàíîëó òà ïàðàô³íîâå çàëèâàííÿ ïðè òåìïå-
ðàòóð³ 580Ñ. Äëÿ îö³íêè îêèñíþâàëüíî¿ ìîäè-
ô³êàö³¿ á³ëê³â çð³çè ã³ñòîõ³ì³÷íî çàáàðâëþâàëè
áðîìôåíîëîâèì ñèí³ì çà Ì³êåëü-Êàëüâî [9].
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ñòóïåíÿ îêèñíîìîäèô³êîâàíèõ á³ëê³â ó íèðêàõ òà ïå÷³íö³ ùóð³â çà êîåô³ö³ºíòîì R/B. Óñòàíîâëåíî
çàõèñíèé âïëèâ åêçîãåííîãî ìåëàòîí³íó íà ñòóï³íü îêèñíîìîäèô³êîâàíèõ á³ëê³â ó íèðêàõ òà ïå÷³í-
ö³ ùóð³â, ÿêèé çìåíøóâàâ ð³âåíü êîåô³ö³ºíòà R/B ó ïðîêñèìàëüíèõ ³ äèñòàëüíèõ â³ää³ëàõ íåôðîíó,
çá³ðíèõ êàíàëüöÿõ ñîñî÷êà íèðîê òà á³ëêîâèõ ìàñàõ öèòîïëàçìè ãåïàòîöèò³â.
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Êîìï'þòåðíó ñïåêòðîìåòð³þ çä³éñíþâàëè çà
äîïîìîãîþ êîìï'þòåðíî¿ ïðîãðàìè ColorPic
(Graphic Art Tools, 2004). Ñïîñ³á ã³ñòîõ³ì³÷íîãî
âèçíà÷åííÿ ñï³ââ³äíîøåííÿ ì³æ îñíîâíèìè òà
êèñëèìè ãðóïàìè á³ëê³â îñíîâàíèé íà âèì³ðþ-
âàíí³ ³íòåíñèâíîñò³ ÷åðâîíîãî ³ ñèíüîãî êîëüî-
ð³â ñïåêòðó ïðè êîìï'þòåðíî-ñïåêòðàëüíîìó
àíàë³ç³ öèôðîâèõ çîáðàæåíü ì³êðîñêîï³÷íèõ
îá'ºêò³â ³ ðîçðàõóíêó êîåô³ö³ºíòà R/B – ñï³ââ³ä-
íîøåííÿ ì³æ ³íòåíñèâí³ñòþ çàáàðâëåííÿ ó
ä³ëÿíö³ ÷åðâîíîãî ñïåêòðó (R) äî ³íòåíñèâíîñò³
çàáàðâëåííÿ ó ä³ëÿíö³ ñèíüîãî ñïåêòðó (B) (ïàò.
¹ 13712 U, 2006). Âñ³ äîñë³äè íà òâàðèíàõ ïðî-
âîäèëè ç äîòðèìàííÿì âèìîã ªâðîïåéñüêî¿ êîí-
âåíö³¿ ç çàõèñòó õðåáåòíèõ òâàðèí, ÿêèõ âèêî-

ðèñòîâóþòü ç åêñïåðèìåíòàëüíîþ òà íàóêî-
âîþ ìåòîþ (Ñòðàñáóðã, 1986). Ñòàòèñòè÷íå
îáðîáëåííÿ îäåðæàíèõ äàíèõ ïðîâîäèëè íà êîì-
ï`þòåð³ çà äîïîìîãîþ ïðîãðàìè "Statgrafics"
òà "Excell 7.0". 

Ðåçóëüòàòè äîñë³äæåííÿ òà ¿õ àíàë³ç. Ã³ñ-
òîõ³ì³÷íå çàáàðâëåííÿ òêàíèí íèðîê òà ïå÷³íêè
áðîìôåíîëîâèì ñèí³ì çà Ì³êåëü-Êàëüâî ïðèç-
âåëî äî ôàðáóâàííÿ á³ëê³â, ùî ì³ñòÿòü êèñë³
ãðóïè, ó ÷åðâîíèé êîë³ð, à îñíîâí³ ãðóïè – ó ñè-
í³é êîë³ð. Â³äíîøåííÿ ³íòåíñèâíîñò³ ÷åðâîíîãî
êîëüîðó äî ñèíüîãî õàðàêòåðèçóº ïåðåâàãó êèñ-
ëèõ á³ëê³â íàä îñíîâíèìè ó òêàíèí³ ³ ñâ³ä÷èòü
ïðî ñòóï³íü îêèñíþâàëüíî¿ ìîäèô³êàö³¿ á³ëê³â.
ßêùî âåëè÷èíà ïîêàçíèêà R/B äîð³âíþº "1",

Òàáëèöÿ
Ñòóï³íü îêèñíþâàëüíî¿ ìîäèô³êàö³¿ á³ëê³â çà êîåô³ö³ºíòîì R/B (óì. îä.) ïðè ã³ñòîõ³ì³÷íîìó àíàë³ç³

çð³ç³â íèðîê òà ïå÷³íêè ùóð³â, îòðóºíèõ 2,4-äèí³òðîôåíîëîì, òà ïðè ä³¿ ìåëàòîí³íó (Õ±Sx)

Ñòðóêòóðà, äå âèì³ðþâàâñÿ
ïîêàçíèê R/B

Ãðóïè äîñë³äæåííÿ

Êîíòðîëü, ³íòàêòí³
òâàðèíè (n=8)

Ââåäåííÿ
2,4-äèí³òðîôåíîëó

(n=8)

Ââåäåííÿ
2,4-äèí³òðîôåíîëó íà
ôîí³ ìåëàòîí³íó (n=8)

Öèòîïëàçìà åï³òåë³þ ïðîêñèìàëüíèõ
êàíàëüö³â 1,08±0,005 1,39±0,009

p<0,001
1,24±0,008
ð1<0,001

Öèòîïëàçìà åï³òåë³þ ìîçêîâèõ òîâñòèõ
âèñõ³äíèõ ÷àñòèí ïåòë³ íåôðîíó 1,04±0,004 1,18±0,007

p<0,001
1,05±0,004
ð1<0,001

Öèòîïëàçìà åï³òåë³þ òðóáî÷îê ñîñî÷êà 1,03±0,004 1,15±0,008
p<0,001

1,04±0,005
ð1<0,001

Á³ëêîâ³ ìàñè öèòîïëàçìè ãåïàòîöèò³â 1,12±0,006 1,26±0,009
p<0,001

1,19±0,008
ð1<0,001

Öèòîïëàçìà åï³òåë³þ æîâ÷íèõ ïðîòîê 0,94±0,005 0,95±0,006 0,93±0,006
Ïðèì³òêà: ð – â³ðîã³äí³ñòü ð³çíèöü ïîð³âíÿíî ç êîíòðîëåì, ð1 – â³ðîã³äí³ñòü ð³çíèöü ïîð³âíÿíî ³ç ââåäåííÿì
2,4-äèí³òðîôåíîëó, n – ÷èñëî ñïîñòåðåæåíü.

Ðèñ. 1. Ê³ðêîâà ðå÷îâèíà íèðêè ùóðà ïðè ã³ñòîõ³ì³÷íîìó çàáàðâëåíí³ á³ëê³â áðîìôåíîëîâèì ñèí³ì
çà Ì³êåëü-Êàëüâî â êîíòðîë³ (À) òà ïðè òîêñè÷íîìó óðàæåíí³ 2,4-äèí³òðîôåíîëîì çà óìîâ

ã³ïîíàòð³ºâîãî ðàö³îíó õàð÷óâàííÿ (Á). Îá. 40õ. îê. 10õ.

À Á
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ñï³ââ³äíîøåííÿ ì³æ îñíîâíèìè òà êèñëèìè á³ë-
êàìè ð³âíå, ÿêùî âåëè÷èíà ïîêàçíèêà âèùå "1" –
ïåðåâàæàþòü êèñë³ á³ëêè (ïàò. ¹ 13712 U, 2006).

Ââåäåííÿ 2,4-äèí³òðîôåíîëó ïðèçâîäèëî
äî ïîñèëåííÿ îêèñíî¿ ìîäèô³êàö³¿ á³ëê³â çà
çðîñòàííÿì ïîêàçíèêà R/B ó ïðîêñèìàëüíèõ êà-
íàëüöÿõ, ìîçêîâèõ òîâñòèõ âèñõ³äíèõ ÷àñòèíàõ
ïåòë³ íåôðîíó, çá³ðíèõ êàíàëüöÿõ ñîñî÷êà íè-
ðîê, ó á³ëêîâèõ ìàñàõ öèòîïëàçìè ãåïàòîöèò³â
çà â³äñóòíîñò³ çì³í ó æîâ÷íèõ ïðîòîêàõ (òàá-
ëèöÿ; ðèñ. 1, 2). Ïðè ââåäåíí³ òâàðèíàì ìåëàòî-
í³íó âèÿâëåíî ãàëüìóâàííÿ îêèñíî¿ ìîäèô³êàö³¿
á³ëê³â çà çíèæåííÿì ïîêàçíèêà R/B ó ïðîêñè-
ìàëüíèõ êàíàëüöÿõ, ìîçêîâèõ òîâñòèõ âèñõ³äíèõ
÷àñòèíàõ ïåòë³ íåôðîíó, çá³ðíèõ êàíàëüöÿõ ñî-
ñî÷êà íèðîê, ó á³ëêîâèõ ìàñàõ öèòîïëàçìè ãåïà-
òîöèò³â çà â³äñóòíîñò³ çì³í ó æîâ÷íèõ ïðîòîêàõ. 

Ââåäåííÿ 2,4-äèí³òðîôåíîëó ïðèçâîäèëî
äî ïîäâ³éíîãî çíèæåííÿ ð³âíÿ ÀÒÔ ó íèðêîâèõ
êàíàëüöÿõ [7] çà ðàõóíîê ðîçùåïëåííÿ îêèñ-
íåííÿ ³ ôîñôîðèëóâàííÿ. Äåô³öèò ÀÒÔ âèêëè-
êàâ àêòèâàö³þ ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â òà
á³ëê³â, ùî ïðèçâîäèëî äî ïîðóøåííÿ ãîëîâíîãî
åíåðãîçàëåæíîãî ïðîöåñó íèðêîâèõ êàíàëüö³â –
ðåàáñîðáö³¿ ³îí³â íàòð³þ [3]. Óøêîäæåííÿ áàð'º-
ð³â êèøå÷íèêó òà ïå÷³íêè íà ôîí³ åíåðãîäåô³-
öèòó ïðèçâîäèëî äî òðàíñëîêàö³¿ åíäîòîêñèíó ç
ïðîñâ³òó êèøå÷íèêó â êðîâ, ÿêèé çóìîâëþâàâ
äîäàòêîâ³ ðåàêö³¿ óøêîäæåííÿ íèðêîâèõ êàíàëü-
ö³â òà ãåïàòîöèò³â. Çàçíà÷åíå ï³äòâåðäæåíî
çðîñòàííÿì îêèñíîìîäèô³êîâàíèõ á³ëê³â çà
êîåô³ö³ºíòîì R/B, ùî ìîæíà ðîçö³íþâàòè ÿê

ïðîÿâ ðàíí³õ ìåõàí³çì³â ðîçâèòêó ïñåâäîãåïàòî-
ðåíàëüíîãî ñèíäðîìó çà óìîâ ââåäåííÿ 2,4-äè-
í³òðîôåíîëó [10].

Îêèñíåííÿ á³ëê³â ï³ä ä³ºþ àêòèâíèõ ôîðì
îêñèãåíó ç óòâîðåííÿì àëüäåã³äî- ÷è êåòîãðóï
[5] º îäí³ºþ ç àäàïòàö³éíèõ ñèñòåì ³ ñòèìóëþº
àêòèâàö³þ ìóëüòèêàòàë³òè÷íèõ ïðîòåàç, ùî âè-
á³ðêîâî ðóéíóþòü îêèñíåí³ ïðîòå¿íè. Ïðè íàä-
ì³ðíîìó óòâîðåíí³ àêòèâíèõ ôîðì îêñèãåíó,
çîêðåìà ïðè îêñèäàòèâíîìó ñòðåñ³, ìîäèô³êàö³ÿ
á³ëê³â çàâåðøóºòüñÿ óòâîðåííÿì êèñëèõ ãðóï
á³ëê³â, ùî ñâ³ä÷èòü ïðî ãëèáîêå ïîðóøåííÿ ð³â-
íîâàãè ïðî- òà àíòèîêñèäàíòíî¿ ñèñòåìè. Ìåëà-
òîí³í çà ðàõóíîê ñâî¿õ àíòèîêñèäàíòíèõ âëàñòè-
âîñòåé âèÿâëÿº çàõèñí³ öèòîïðîòåêòîðí³ âïëèâè
íà êàíàëüö³ íèðîê òà ãåïàòîöèòè, ùî ïðèçâîäèòü
äî çíèæåííÿ êîåô³ö³ºíòà R/B ó ã³ñòîëîã³÷íèõ
çðàçêàõ ïå÷³íêè òà íèðîê ùóð³â ïîð³âíÿíî ç³
çíà÷åííÿì ïðè ³íòîêñèêàö³¿ 2,4-äèí³òðîôåíîëîì. 

Âèñíîâêè. 1. Ó äîñë³äàõ íà á³ëèõ íåë³í³é-
íèõ ñòàòåâîçð³ëèõ ùóðàõ-ñàìöÿõ ïðè ã³ïîíàò-
ð³ºâîìó ðàö³îí³ õàð÷óâàííÿ ÷åðåç 2 ãîä ìîäåëþ-
âàííÿ òêàíèííî¿ ã³ïîêñ³¿ ïðè ââåäåíí³ 2,4-äè-
í³òðîôåíîëó ïîêàçàíî ï³äâèùåííÿ ñòóïåíÿ
îêèñíîìîäèô³êîâàíèõ á³ëê³â ó íèðêàõ òà ïå÷³í-
ö³ ùóð³â çà êîåô³ö³ºíòîì R/B. 2. Óñòàíîâëåíî
çàõèñíèé âïëèâ åêçîãåííîãî ìåëàòîí³íó íà ñòó-
ï³íü îêèñíîìîäèô³êîâàíèõ á³ëê³â ó íèðêàõ òà
ïå÷³íö³ ùóð³â, ÿêèé çìåíøóâàâ ð³âåíü êîåô³-
ö³ºíòà R/B ó ïðîêñèìàëüíèõ, ³ äèñòàëüíèõ â³ä-
ä³ëàõ íåôðîíó, çá³ðíèõ êàíàëüöÿõ ñîñî÷êà íè-
ðîê òà á³ëêîâèõ ìàñàõ öèòîïëàçìè ãåïàòîöèò³â.
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ÎÊÈÑËÈÒÅËÜÍÎ-ÌÎÄÈÔÈÖÈÐÎÂÀÍ-
ÍÛÅ ÁÅËÊÈ Â ÏÎ×ÊÀÕ È ÏÅ×ÅÍÈ ÏÐÈ
ÈÍÒÎÊÑÈÊÀÖÈÈ 2,4-ÄÈÍÈÒÐÎÔÅÍÎ-
ËÎÌ È ÄÅÉÑÒÂÈÈ ÌÅËÀÒÎÍÈÍÀ Â
ÝÊÑÏÅÐÈÌÅÍÒÅ

Ðåçþìå. Â îïûòàõ íà 40 áåëûõ íåëèíåéíûõ
êðûñàõ-ñàìöàõ ïðè ãèïîíàòðèåâîì ðàöèîíå ïè-
òàíèÿ ÷åðåç 2 ÷àñà ìîäåëèðîâàíèÿ òêàíåâîé ãè-
ïîêñèè ïóòåì ââåäåíèÿ 2,4-äèíèòðîôåíîëà ïî-
êàçàíî ïîâûøåíèå ñòåïåíè îêèñëèòåëüíî-ìîäè-
ôèöèðîâàííûõ áåëêîâ â ïî÷êàõ è ïå÷åíè êðûñ
ïî êîýôôèöèåíòó R/B. Ïîêàçàíî çàùèòíîå âëè-
ÿíèå ýêçîãåííîãî ìåëàòîíèíà íà ñòåïåíü îêèñ-
ëèòåëüíî-ìîäèôèöèðîâàííûõ áåëêîâ â ïî÷êàõ
è ïå÷åíè êðûñ, êîòîðûé óìåíüøàë óðîâåíü êî-
ýôôèöèåíòà R/B â ïðîêñèìàëüíûõ è äèñòàëü-
íûõ îòäåëàõ íåôðîíà, ñîáèðàòåëüíûõ êàíàëü-
öàõ ñîñî÷êà ïî÷åê è áåëêîâûõ ìàññàõ öèòî-
ïëàçìû ãåïàòîöèòîâ.
Êëþ÷åâûå ñëîâà: 2,4-äèíèòðîôåíîë, ïî÷êà,
ïå÷åíü, ìåëàòîíèí, îêèñëèòåëüíî-ìîäèôèöèðî-
âàííûå áåëêè.

OXIDATIVELY MODIFIED PROTEINS IN
THE KIDNEYS AND LIVER WHEN INTOXI-
CATED WITH 2.4-DINITROPHENOL AND
THE ACTION OF MELATONIN IN AN
EXPERIMENT

Abstract. An elevation of the degree of oxidative-
ly modified proteins in the kidneys and liver of rats
based on the R/B coefficient has been demonstrat-
ed in experiments on 40 albino non-linear male rats
being on a hyposodium ration of feeding in 2 hours
of simulating tissue hypoxia upon introducing
2.4-dinitrophenol. A protective effect of exogenons
melatonin has been established on the degree of
oxidatively modified proteins in the kidneys and
liver of rats which lowered the level of the R/B
coefficient in the proximal, distal portions of the
nephron, the collecting tubules of the renal papilla
and the protein masses of the cytoplasm of hepato-
cytes. 
Key words: 2.4-dinitrophenol, kidney, liver, mela-
tonin, oxidatively modified proteins.
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