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Ðåçþìå. Ó äîñë³äàõ íà ñòàòåâîíåçð³ëèõ (1,5 ì³ñ.) ³ ñòàòåâîçð³-

ëèõ (5 ì³ñ.) ùóðàõ-ñàìöÿõ ïðîàíàë³çîâàíî åâîëþö³þ öèðêàä³àííî-

ãî á³îðèòìó íàòð³éóðåçó. Óñòàíîâëåíî, ùî â ïðîöåñ³ ñòàòåâîãî

äîçð³âàííÿ ó òâàðèí â³äáóâàºòüñÿ ñòàíîâëåííÿ ³ ïåðåáóäîâà

õðîíîðèòì³â ïîêàçíèê³â ³îíîðåãóëþâàëüíî¿ ôóíêö³¿ íèðîê.

Çðîñòàº ðåòåíö³ÿ ³îí³â íàòð³þ â îðãàí³çì³, çìåíøóºòüñÿ ìåçîð

íàòð³éóðåçó, àêòèâóºòüñÿ ðåàáñîðáö³ÿ ³îí³â íàòð³þ â ïðîêñè-

ìàëüíîìó â³ää³ë³ íåôðîíó. Çì³íþºòüñÿ àðõ³òåêòîí³êà õðîíîðèò-

ìó – àêðîôàçà ïðîêñèìàëüíîãî òðàíñïîðòó ³îí³â íàòð³þ ç

í³÷íîãî ïåð³îäó (2300) ó 1,5-ì³ñÿ÷íèõ  òâàðèí çì³ùóºòüñÿ íà

äåííèé ÷àñ (1500) ó 5-ì³ñÿ÷íèõ.

Êëþ÷îâ³ ñëîâà: íàòð³éóðåç,

öèðêàä³àííèé á³îðèòì, ñòàòåâî-

íåçð³ë³ ³ ñòàòåâîçð³ë³ ùóðè.

Âñòóï

Ó ïðîöåñ³ òðèâàëîãî åâîëþö³éíîãî ðîçâèòêó
ïîðÿä ç ³íøèìè æèòòºâî âàæëèâèìè ãîìåîñòà-
òè÷íèìè êîíñòàíòàìè äëÿ ï³äòðèìêè ñòàëîñò³
îñìîòè÷íîãî òèñêó é îá’ºìó ïîçàêë³òèííî¿ ð³äè-
íè ñòâîðèëèñÿ îñìî- ³ âîëþìîðåãóëþâàëüí³ ñèñ-
òåìè, íåîáõ³äí³ äëÿ íîðìàëüíî¿ æèòòºä³ÿëüíîñò³
îðãàí³çìó [9, 10]. Ñóòòºâå çíà÷åííÿ â ìåõàí³çìàõ
âîëþìî- ³ îñìîðåãóëÿö³¿ íàëåæèòü åâîëþö³éíî
ñôîðìîâàíîìó åôåêòîðíîìó îðãàíó – íèðö³,
îðãàí³çàö³ÿ ä³ÿëüíîñò³ ÿêî¿ â³äáóâàºòüñÿ íà ð³çíèõ
ð³âíÿõ. Ñòàë³ñòü îñìîòè÷íîãî òèñêó ³ îá’ºìó ð³äè-
íè íà ñèñòåìíîìó ð³âí³ ðåãóëþºòüñÿ ãîðìîíîì
êîðè íàäíèðêîâèõ çàëîç àëüäîñòåðîíîì (çàòðèìóº
äëÿ îðãàí³çìó îñíîâíèé îñìîòè÷íî àêòèâíèé ³îí
íàòð³þ), ãîðìîíîì  íåéðîã³ïîô³çó àíòèä³óðåòè÷íèì
ãîðìîíîì (ÀÄÃ) (çàòðèìóº âîäó), òà íàòð³éóðåòè÷-
íèì ãîðìîíîì, ÿêèé ïðè çá³ëüøåíí³ îá’ºìó ïîçàê-
ë³òèííî¿ ð³äèíè â îðãàí³çì³ ñòèìóëþº íàòð³éóðåç [6,
11, 15]. Íà ð³âí³ íèðîê ðåãóëÿö³ÿ çä³éñíþºòüñÿ çà
ó÷àñòþ ðåí³í-àíã³îòåíçèâíî¿ ñèñòåìè, åôåðåíòíèõ
íåðâ³â íèðîê, á³îëîã³÷íî àêòèâíèõ ðå÷îâèí (ïðî-
ñòàãëàíäèíè, ê³í³íè,  äîôàì³í òà ³í.) [9].

Äîñë³äæåííÿ ôóíêö³îíàëüíîãî ñòàíó íèðîê ó
ð³çí³ â³êîâ³ ïåð³îäè ïðîâîäèëèñÿ áàãàòüìà àâòîðà-
ìè, ùî äàëî ìîæëèâ³ñòü âèÿâèòè íèçêó ìîðôî-
ôóíêö³îíàëüíèõ â³äì³ííîñòåé íèðîê ó òâàðèí, ÿê³
çíàõîäÿòüñÿ íà ïåâíèõ åòàïàõ îíòîãåíåçó [1, 3, 4,
14]. Ôîðìóâàííÿ ñòðóêòóð íèðîê, ñòàíîâëåííÿ ¿õ
ôóíêö³é, çîêðåìà â ùóð³â, â³äáóâàºòüñÿ âïðîäîâæ
ïåðøèõ òðüîõ ì³ñÿö³â æèòòÿ [4]. Ôóíêö³îíàëüí³
çì³íè ïîçíà÷àþòüñÿ íà åêñêðåòîðí³é, êèñëîòíîðå-
ãóëþâàëüí³é ³, îñîáëèâî, ³îíîðåãóëþâàëüí³é
ä³ÿëüíîñò³ íèðîê.

Îñê³ëüêè íèðêè – îðãàí ç ÷³òêîþ öèðêàä³àí-
íîþ îðãàí³çàö³ºþ ôóíêö³é [8, 13], ïîðóøåííÿ

ñòðóêòóðè õðîíîðèòì³â ôóíêö³îíàëüíî¿ ä³ÿëü-
íîñò³ íèðîê , ÿê âèÿâèëîñÿ, º îäíèì ³ç ðàíí³õ êðè-
òåð³¿â ðîçâèòêó ïàòîëîã³÷íîãî ïðîöåñó [2, 12]. Íà
æàëü, äî öüîãî ÷àñó íåäîñòàòíüî ç’ÿñîâàí³ îíòî-
ãåíåòè÷í³ îñîáëèâîñò³ öèðêàä³àííî¿ îðãàí³çàö³¿
ôóíêö³é íèðîê ÿê çà óìîâ íîðìè, òàê ³ ïðè ïàòî-
ëîã³¿.

Ìåòà äîñë³äæåííÿ

Âèâ÷èòè îñîáëèâîñò³ öèðêàä³àííîãî á³îðèòìó íèð-
êîâîãî òðàíñïîðòó ³îí³â íàòð³þ ó ùóð³â ð³çíîãî â³êó.

Ìàòåð³àë ³ ìåòîäè

Äîñë³äæåííÿ ïðîâåäåíî íà íåë³í³éíèõ á³ëèõ
ùóðàõ-ñàìöÿõ äâîõ â³êîâèõ êàòåãîð³é: ñòàòåâîíåç-
ð³ëèõ (1,5 ì³ñ., âèõ³äíà ìàñà 60,0-80,0 ã) ³ ñòàòå-
âîçð³ëèõ (5 ì³ñ., âèõ³äíà  ìàñà 180,0-200,0 ã) [7].
Ó êîæí³é ñåð³¿ äîñë³ä³â áóëî ïî 36-42 òâàðèíè, ÿê³
ïåðåáóâàëè â îêðåìèõ êë³òêàõ ïî 6-7 ó êîæí³é.
Äîñë³äæåííÿ ôóíêö³îíàëüíî¿ ä³ÿëüíîñò³ íèðîê
ïðîâîäèëè íà òë³ âîäíîãî ä³óðåçó, óìîâè ÿêîãî
äîçâîëÿþòü ïðîâåñòè ðîçä³ëüíó îö³íêó ôóíêö³¿
ñóäèííî-êëóáî÷êîâîãî àïàðàòó, ïðîêñèìàëüíîãî
òà äèñòàëüíîãî â³ää³ë³â íåôðîíó [11]. Äëÿ öüîãî
òâàðèíàì per os óâîäèëè ÷åðåç çîíä â³äñòîÿíó
âîäîã³ííó âîäó ê³ìíàòíî¿ òåìïåðàòóðè â îá’ºì³
5 % â³ä ìàñè ò³ëà ³ ïîì³ùàëè íà 2 ãîä â ³íäèâ³äó-
àëüí³ êë³òêè äëÿ çáîðó ñå÷³. Ôóíêö³þ íèðîê äîñ-
ë³äæóâàëè âïðîäîâæ äîáè ÷åðåç êîæí³ 2 ãîä: ç 800

äî 1000, 1200-1400, 1600-1800, 2000-2200, 000-0200, 0400-
0600 ïðè ñâ³òëîâîìó ðåæèì³ 12.00Ñ:12.00Ò. Êîí-
öåíòðàö³þ ³îí³â íàòð³þ òà êàë³þ â ñå÷³ ³ ïëàçì³
êðîâ³ âèçíà÷àëè ìåòîäîì ôîòîìåòð³¿ ïîëóì´ÿ íà
ôîòîìåòð³ ÔÏË-1. Íèðêîâèé  òðàíñïîðò ³îí³â
íàòð³þ îö³íþâàëè çà: êîíöåíòðàö³ºþ ³îí³â íàòð³þ
â ñå÷³ òà ïëàçì³ êðîâ³, åêñêðåö³ºþ ³îí³â íàòð³þ,
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ô³ëüòðàö³éíîþ òà  åêñêðåòîðíîþ ôðàêö³ºþ ³îí³â
íàòð³þ, àáñîëþòíîþ òà â³äíîñíîþ ðåàáñîðáö³ºþ
öüîãî êàò³îíó, êîíöåíòðàö³éíèì ³íäåêñîì, êë³ðåí-
ñîì ³îí³â íàòð³þ, íàòð³é/êàë³ºâèì êîåô³ö³ºíòîì,
êë³ðåíñîì áåçíàòð³ºâî¿ âîäè, ïðîêñèìàëüíèì òà
äèñòàëüíèì òðàíñïîðòîì ³îí³â íàòð³þ.

Öèðêàä³àíí³ õðîíîðèòìè òðàíñïîðòó ³îí³â
íàòð³þ õàðàêòåðèçóâàëè çà ïîêàçíèêàìè ìåçîðà,
àêðîôàçè, áàòèôàçè, àìïë³òóäè á³îðèòìó. Åâòàíà-
ç³þ òâàðèí çä³éñíþâàëè äåêàï³òàö³ºþ ï³ä åô³ð-
íîþ àíåñòåç³ºþ. Ïðè ïðîâåäåíí³ åêñïåðèìåíòàëü-
íèõ äîñë³äæåíü äîòðèìóâàëèñÿ âèìîã ªâðîïåéñü-
êî¿ Êîíâåíö³¿  ùîäî çàõèñòó  ëàáîðàòîðíèõ òâà-
ðèí (Ñòðàñáóðã, 1986). Îòðèìàíèé öèôðîâèé
ìàòåð³àë ïðîàíàë³çîâàíî ç âèêîðèñòàííÿì êîì-
ï’þòåðíèõ ïðîãðàì “EXCEL-7”, Statgraphics”
(ÑØÀ) ³ «Êîñèíîð-àíàë³çó» [5] òà ïàðàìåòðè÷íèõ
ìåòîä³â ñòàòèñòèêè ç âèçíà÷åííÿì t-êðèòåð³þ
Ñòüþäåíòà.

Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåííÿ

Ïðîâåäåíå äîñë³äæåííÿ çàñâ³ä÷èëî, ùî äîáî-

âèé õðîíîðèòì ñå÷îâèä³ëåííÿ â ñòàòåâîíåçð³ëèõ
(ÑÍÇ) ³ ñòàòåâîçð³ëèõ (ÑÇ) ùóð³â ìàº ñèíóñî¿äíèé
õàðàêòåð, íèçüêó àìïë³òóäó á³îðèòìó áåç ñóòòºâèõ
â³äì³ííîñòåé ïîêàçíèêà ìåçîðà ïðè ïåðåðàõóíêó
íà 100 ã ìàñè ò³ëà òâàðèí. Àíàë³ç õðîíîðèòì³â
íèðêîâîãî òðàíñïîðòó ³îí³â íàòð³þ â ùóð³â äâîõ
ïîð³âíþâàíèõ â³êîâèõ ãðóï äîçâîëèâ âñòàíîâèòè,
ùî ó ïðîöåñ³ îíòîãåíåçó ñòðóêòóðà õðîíîðèòì³â
íàòð³éóðåçó çàçíàº çì³í.

Çîêðåìà, êîíöåíòðàö³ÿ ³îí³â íàòð³þ â ñå÷³ ÑÇ
ùóð³â ó âñ³ ÷àñîâ³ ïåð³îäè äîáè çíà÷íî íèæ÷à
ïîð³âíÿíî ³ç ÑÍÇ òâàðèíàìè (ðèñ. 1), ùî ïðèçâå-
ëî äî çìåíøåííÿ íå ò³ëüêè âàëîâî¿ åêñêðåö³¿ ³îí³â
íàòð³þ ç ñå÷åþ, à é ó ðîçðàõóíêó â³äíîñíî øâèä-
êîñò³ êëóáî÷êîâî¿ ô³ëüòðàö³¿ (ÊÔ) (ðèñ. 2). Ìåçîð
åêñêðåö³¿ äàíîãî êàò³îíà ó ÑÇ òâàðèí ó 2,7 ðàçà
(Ð<0,01) íèæ÷èé, í³æ ó ÑÍÇ (òàáë.). Çìåíøåííÿ
åêñêðåö³¿ ³îí³â íàòð³þ ç ñå÷åþ ñóïðîâîäæóâàëîñÿ
çàòðèìêîþ éîãî â îðãàí³çì³ ³ çá³ëüøåííÿì êîí-
öåíòðàö³¿ â ïëàçì³ êðîâ³. Ìåçîð ô³ëüòðàö³éíî¿
ôðàêö³¿ ³îí³â íàòð³þ ïðàêòè÷íî íå â³äð³çíÿâñÿ â
îáîõ äîñë³äæóâàíèõ ãðóïàõ òâàðèí. Ó ÑÇ ùóð³â ó
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äåííèé ÷àñ (1200 - 1800 ãîä)
àáñîëþòíà ðåàáñîðáö³ÿ ³îí³â
íàòð³þ çá³ëüøèëàñÿ â 1,5
ðàçà (Ð<0,001).

Ïîð³âíÿíî ç ÑÍÇ òâàðèíà-
ìè êîíöåíòðàö³éíèé ³íäåêñ
³îí³â íàòð³þ â óñ³ ïåð³îäè
äîáè áóâ çíà÷íî íèæ÷èé, ìå-
çîð ðèòìó â 2,5 ðàçà ìåíøèé
ïðè íèçüê³é àìïë³òóä³ á³î-
ðèòìó (òàáë.). Çìåíøåííÿ
åêñêðåö³¿ ³îí³â íàòð³þ ó ÑÇ
òâàðèí ïðèçâåëî äî çíèæåí-
íÿ íàòð³é-êàë³ºâîãî êîåô³ö³º-
íòó. Â³ðîã³äí³ â³äì³ííîñò³ ïî-
êàçíèêà ó ÑÇ ³ ÑÍÇ ùóð³â
ñïîñòåð³ãàëè ç 0800 äî 1800 òà
ç 2400 äî 0200 ãîä. Êë³ðåíñ
³îí³â íàòð³þ ó ÑÇ òâàðèí áóâ
íèæ÷èì ó âñ³ ïåð³îäè äîáè.
Êë³ðåíñ áåçíàòð³ºâî¿ âîäè ïðè
öüîìó â³ðîã³äíî íå â³äð³çíÿâ-
ñÿ â ÑÍÇ ³ ÑÇ ùóð³â.

Íàâåäåíå âèùå ñâ³ä÷èòü
ïðî òå, ùî â ÑÇ ùóð³â åêñêðå-
ö³ÿ ³îí³â íàòð³þ çíà÷íî íèæ-
÷à, í³æ ó ìîëîäèõ òâàðèí ó
ïåð³îä ñòàòåâîãî äîçð³âàííÿ.

Àíàë³ç òðàíñïîðòó ³îí³â
íàòð³þ âïðîäîâæ íåôðîíó
äîçâîëèâ âñòàíîâèòè, ùî ð³-
âåíü ïðîêñèìàëüíî¿ ðåàá-
ñîðáö³¿ êàò³îíà â ÑÇ ùóð³â
çíà÷íî âèùèé, í³æ ó ÑÍÇ
òâàðèí ïðàêòè÷íî â óñ³ ïåð³-
îäè äîáè. Îäíàê, ÿêùî àêðî-
ôàçà ïðîêñèìàëüíî¿ ðåàá-
ñîðáö³¿ ³îí³â íàòð³þ â ÑÍÇ
ùóð³â ïðèïàäàëà íà 2300, òî ó
ÑÇ – íà 1500 äíÿ, òîáòî çì³íè-
ëàñÿ àðõ³òåêòîí³êà õðîíîðèò-
ìó (òàáë.).

Ìåçîð äèñòàëüíîãî òðàíñ-
ïîðòó ³îí³â íàòð³þ â ùóð³â
ïðàêòè÷íî íå â³äð³çíÿâñÿ çà
âèíÿòêîì 1200-1400 ãîä, êîëè
äàíèé ïîêàçíèê ó ÑÇ ùóð³â
áóâ ñóòòºâî íèæ÷èì ïîð³âíÿ-
íî ç ÑÍÇ òâàðèíàìè, à â ïå-
ð³îä ³ç 2400 äî 0200 ãîä, íàâïà-
êè, ïåðåâèùóâàâ àíàëîã³÷-
íèé ïîêàçíèê íà 20 %.

Îòæå, çìåíøåííÿ íàòð³é-
óðåçó â ñòàòåâîçð³ëèõ ùóð³â
îáóìîâëåíî õàðàêòåðîì ô³ëü-
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òðàö³éíî-ðåàáñîðáö³éíèõ ïðîöåñ³â, ÿê³ â³äáóâà-
þòüñÿ â íèðêàõ òâàðèí ó ïðîöåñ³ ñòàòåâîãî äîçð-
³âàííÿ. Ç ³íøîãî áîêó, îäíîìîìåíòí³ ñïîñòåðå-
æåííÿ íå äàþòü ÷³òêî¿ êàðòèíè ðîáîòè ïåâíî¿
ôóíêö³îíàëüíî¿ ñèñòåìè, ùî ïîâèííî âðàõîâóâà-
òèñÿ ïðè ïðîâåäåíí³ ô³ç³îëîã³÷íèõ, ôàðìàêîëîã-
³÷íèõ òà òîêñèêîëîã³÷íèõ äîñë³äæåíü.

Âèñíîâêè

1. Ó ïðîöåñ³ ñòàòåâîãî äîçð³âàííÿ â ùóð³â
â³äáóâàºòüñÿ ñòàíîâëåííÿ  ³ ïåðåáóäîâà õðîíî-
ðèòì³â ³îíîðåãóëþâàëüíî¿ ôóíêö³¿ íèðîê.

2. Ç â³êîì ó ùóð³â çðîñòàº ðåòåíö³ÿ ³îí³â íà-
òð³þ â îðãàí³çì³. Ìåçîð åêñêðåö³¿ ³îí³â íàòð³þ â
ñòàòåâîçð³ëèõ ùóð³â ó 2,7 ðàçà íèæ÷èé, í³æ ó ñòà-
òåâîíåçð³ëèõ òâàðèí.

3. Ó ñòàòåâîçð³ëèõ ùóð³â çì³íþºòüñÿ àðõ³òåê-
òîí³êà õðîíîðèòìó íàòð³éóðåçó, àêòèâóºòüñÿ ðåàá-
ñîðáö³ÿ ³îí³â íàòð³þ â ïðîêñèìàëüíîìó â³ää³ë³
íåôðîíà.

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü

Çì³íè õðîíîðèòì³â íèðêîâîãî  òðàíñïîðòó
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ÂÎÇÐÀÑÒÍÛÅ ÎÑÎÁÅÍÍÎÑÒÈ
ÖÈÐÊÀÄÈÀÍÍÎÃÎ ÁÈÎÐÈÒÌÀ ÍÀÒÐÈÉÓÐÅÇÀ

Ó ÊÐÛÑ

Â. Â. Ãîðäèåíêî

Ðåçþìå. Â îïûòàõ íà íåïîëîâîçðåëûõ (1,5 ìåñ.) è ïîëî-
âîçðåëûõ (5 ìåñ.) êðûñàõ-ñàìöàõ ïðîàíàëèçèðîâàíî ýâîëþ-
öèþ öèðêàäèàííîãî áèîðèòìà íàòðèéóðåçà. Óñòàíîâëåíî,
÷òî â ïðîöåññå ïîëîâîãî ñîçðåâàíèÿ ó æèâîòíûõ ïðîèñõîäèò
ñòàíîâëåíèå è ïåðåñòðîéêà ñóòî÷íûõ õðîíîðèòìîâ ïîêàçà-
òåëåé èîíîðåãóëèðóþùåé ôóíêöèè ïî÷åê. Óâåëè÷èâàåòñÿ
ðåòåíöèÿ èîíîâ íàòðèÿ â îðãàíèçìå, óìåíüøàåòñÿ ìåçîð
íàòðèéóðåçà, àêòèâèðóåòñÿ ðåàáñîðáöèÿ èîíîâ íàòðèÿ â ïðî-
êñèìàëüíîì îòäåëå íåôðîíà. Èçìåíÿåòñÿ àðõèòåêòîíèêà
õðîíîðèòìà – àêðîôàçà ïðîêñèìàëüíîãî òðàíñïîðòà èîíîâ
íàòðèÿ ñ íî÷íîãî ïåðèîäà (2300) ó íåïîëîâîçðåëûõ êðûñ
ñìåùàåòñÿ ó ïîëîâîçðåëûõ íà äíåâíîå âðåìÿ (1500).

Êëþ÷åâûå ñëîâà: íàòðèéóðåç, öèðêàäèàííûé áèîðèòì,
íåïîëîâîçðåëûå è ïîëîâîçðåëûå êðûñû.

AGE-RELATED CHARACTERISTICS OF THE
CIRCADIAN BIORHYTHM OF NATRIURESIS

 IN RATS

V.V. Hordienko

Purpose. The kidneys undergo morphofunctional changes in
the process of ontogenesis. The kidneys are an organ with a clear-
cut circadian organization of the functions (F.I. Komarov, C.I.
Rapaport, 2000). Up till now the ontogenetic features of the circa-
dian organization of the renal function both in health and pathol-
ogy, have been ascertained insufficiently. The paper deals with an
investigation of the specific characteristics of the circadian bio-
rhythms of the renal transport of sodium ions of rats of diverse age.

Methods. The research has been carried out on sexually im-
mature (1.5 months), sexually mature((5 months) male rats. The
renal function was studied against a background of water diure-
sis. The chronorhytms of the renal transport of sodium ions were
registered during the entire circadian period with the light regi-
men – 12.00L : 12.00G. Urine was collected in every 2 hours.

Results. There occurs a formation and a rearrangement of
the circadian biorhythms of the parameters of the functional
activity of the kidneys. With the advancement of age the reten-
tion of sodium ions increases, the mesor of natriuresis decreases,
the reabsorption of sodium ions is activated in the proximal
portion of the nephron in the animals in the process of sexual
maturation. The architectonics of the chronorhytm changes – the
acrophase of the proximal transport of sodium ions from the
23:00d hour in 1.5 – month old animals shifts to the 15:00th hour
in the day-time in 5-month old rats.

Key words: natriuresis, circadian biorhythm, sexually ma-
ture and sexually immature rats.
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