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ÄÈÍÀÌ²ÊÀ ÃËÎÌÅÐÓËÎ-ÒÓÁÓËßÐÍÎÃÎ
ÁÀËÀÍÑÓ Â Ï²ÄÒÐÈÌÀÍÍ² ÍÈÐÊÎÞ
ÖÈÐÊÀÄ²ÀÍÍÎÃÎ ÐÈÒÌÓ

Ðåçþìå. Â äîñë³äàõ íà ùóðàõ ë³í³¿ Â³ñòàð âñòàíîâëåíî, ùî â
ñâ³òëîâó ôàçó äîáîâîãî öèêëó ïðîöåñè óëüòðàô³ëüòðàö³¿ â
êëóáî÷êàõ ³ òðàíñïîðòó åëåêòðîë³ò³â â ïðîêñèìàëüíîìó ³
äèñòàëüíîìó â³ää³ëàõ íåôðîíó ìàþòü îäíîíàïðàâëåíèé õàðàê-
òåð ç âèñîêèì ñòóïåíåì ñïðÿæåíîñò³. Â í³÷í³ ãîäèíè ì³æ
ô³ëüòðàö³éíèì çàðÿäîì íàòð³þ ³ éîãî äèñòàëüíèì òðàíñïîð-
òîì, ³ ì³æ ïðîêñèìàëüíîþ ³ äèñòàëüíîþ ðåàáñîðáö³ºþ ³îí³â
íàòð³þ êîðåëÿö³éíà ñïðÿæåí³ñòü âòðà÷àºòüñÿ, à äèñòàëüíèé
òðàíñïîðò íàòð³þ çíèæóºòüñÿ. Çðîáëåíî âèñíîâîê ïðî êëþ÷îâó
ðîëü ãëîìåðóëî-òóáóëÿðíîãî ³ òóáóëî-òóáóëÿðíîãî áàëàíñ³â â
ðåàë³çàö³¿ íèðêîþ öèðêàä³àííîãî ðèòìó.

Êëþ÷îâ³ ñëîâà: öèðêàä³àííèé
ðèòì, ãëîìåðóëî-òóáóëÿðíèé ³
òóáóëî-òóáóëÿðíèé áàëàíñ.

Âñòóï
Öèðêàä³àííèé á³îëîã³÷íèé ðèòì êîíòðîëþºòüñÿ

öåíòðàëüíèì ïåéñìåêåðîì, ÿêèì º ñóïðàõ³àçìàòè÷-
íå ÿäðî (ÑÕß) ïåðåäíüîãî ã³ïîòàëàìóñà [10, 11, 14].
Åôåðåíòí³ âïëèâè íà ôóíêö³îíàëüíèé ñòàí îêðå-
ìèõ îðãàí³â ³ ñèñòåì ÑÕß ðåàë³çóþòüñÿ ÿê íåéðàëü-
íèìè, òàê ³ ãóìîðàëüíèìè ìåõàí³çìàìè [8, 9]. Â
ïðîâåäåíèõ íàìè ðàí³øå äîñë³äæåííÿõ âñòàíîâëå-
íî, ùî îñíîâíèìè ãóìîðàëüíèìè ôàêòîðàìè âïëè-
âó íà öèðêàä³àííèé ðèòì ôóíêö³¿ íèðîê âèñòóïàþòü
ìåëàòîí³í ³ àðã³í³í-âàçîïðåñèí [1, 2]. Íåôðîòðîïíà
ä³ÿ ìåëàòîí³íó ´ðóíòóºòüñÿ íà íàÿâíîñò³ â ïðîêñè-
ìàëüíèõ êàíàëüöÿõ ñïåöèô³÷íèõ ìåëàòîí³íîâèõ
ðåöåïòîð³â [12, 15]. Ó ðåçóëüòàò³ âïëèâó ìåëàòîí³íó
íà íèðêó â í³÷í³ ãîäèíè ó ùóð³â ðîçâèâàëàñü ïîë³ó-
ð³ÿ ³ çá³ëüøóâàëàñü åêñêðåö³ÿ ³îí³â íàòð³þ. Ó òîé æå
÷àñ çì³íè øâèäêîñò³ êëóáî÷êîâî¿ ô³ëüòðàö³¿, ³íòåí-
ñèâí³ñòü àöèäîãåíåçó òà ³íø³ àñïåêòè ôóíêö³îíàëü-
íîãî ñòàíó íåôðîíó íå äîñë³äæóâàëèñü, à ¿õí³ ìåõà-
í³çìè çàëèøàþòüñÿ íåâ³äîìèìè.

Âèõîäÿ÷è ç ôàêòó, ùî ñòðóêòóðíî-ôóíêö³î-
íàëüíîþ îäèíèöåþ â íèðö³ âèñòóïàº íåôðîí, ó
ä³ÿëüíîñò³ ÿêîãî ³íòåãðóþòüñÿ ïðîöåñè óëüòðà-
ô³ëüòðàö³¿ â êëóáî÷êàõ, ïðîêñèìàëüíîãî ³ äèñ-
òàëüíîãî òðàíñïîðòó åëåêòðîë³ò³â, ñåêðåö³¿ ³îí³â
âîäíþ òà êñåíîá³îòèê³â, ³íòåðåñ ïðåäñòàâëÿëî
îö³íèòè ñòàí ãëîìåðóëî-òóáóëÿðíîãî ³ òóáóëî-òó-
áóëÿðíîãî áàëàíñó â ð³çí³ ïåð³îäè äîáîâîãî öèê-
ëó. Äîñë³äæåííÿ ãëîìåðóëî-òóáóëÿðíîãî ³ òóáóëî-
òóáóëÿðíîãî áàëàíñ³â íå âòðà÷àþòü ñâîº¿ àêòóàëü-
íîñò³ âïðîäîâæ îñòàíí³õ äåñÿòèë³òü, çîêðåìà ï³ä
êóòîì çîðó ìåõàí³çì³â, ùî ¿õ ðåãóëþþòü [6, 13].

Ìåòà äîñë³äæåííÿ
Â³äïîâ³äíî äî ñôîðìóëüîâàíî¿ íàìè ã³ïîòåçè:

ïàðàìåòðè ãëîìåðóëî-òóáóëÿðíîãî òà òóáóëî-òóáó-
ëÿðíîãî áàëàíñ³â âèñòóïàþòü îá’ºêòèâíèìè ïî-
êàçíèêàìè öèðêàä³àííîãî ðèòìó ôóíêö³¿ íèðîê.
Ïîñòàâëåí³ ïèòàííÿ ñòàëè ïðåäìåòîì íàøîãî
äîñë³äæåííÿ.

Ìàòåð³àë ³ ìåòîäè
Äîñë³äè ïðîâåäåí³ íà 24 ùóðàõ-ñàìöÿõ ë³í³¿

Â³ñòàð, ìàñîþ 140-180 ã. çà 10 äí³â äî åêñïåðè-
ìåíòó òâàðèí àäàïòóâàëè äî ñòàá³ëüíîãî ðàö³îíó
(çåðíî) ³ â³ëüíèì äîñòóïîì äî 1% ðîç÷èíó íàòð³þ
õëîðèäó íà âîäîïðîâ³äí³é âîä³, ùî í³âåëþâàëî
íèçüêîíàòð³ºâèé ðàö³îí. Ó äåíü åêñïåðèìåíòó
òâàðèí â³äñàäæóâàëè â îáì³íí³ êë³òêè äëÿ çáîðó
ñå÷³. Äëÿ äîñë³äæåííÿ ãëîìåðóëî-òóáóëÿðíîãî ³
òóáóëî-òóáóëÿðíîãî áàëàíñ³â âèêîðèñòîâóâàëè
ââåäåííÿ â øëóíîê ï³ä³ãð³òîãî 1% ðîç÷èíó åòèëî-
âîãî ñïèðòó íà äèñòèëüîâàí³é âîä³ â îá’ºì³ 5% â³ä
ìàñè ò³ëà ç ìåòîþ áëîêàäè ðåàáñîðáö³¿ âîäè â çáè-
ðàþ÷èõ òðóáî÷êàõ íèðêè [3, 5]. Äîñë³äè ïðîâîäè-
ëè ç 1100 äî 1300 ³ 2300 äî 100.

Ó ïëàçì³ êðîâ³ ³ ñå÷³ ï³ääîñë³äíèõ òâàðèí âèç-
íà÷àëè êîíöåíòðàö³¿ ³îí³â íàòð³þ ìåòîäîì ïîëó-
ì’ÿíî¿ ôîòîìåòð³¿ ³ åíäîãåííîãî êðåàòèí³íó â ðå-
àêö³¿ ç ï³êðèíîâîþ êèñëîòîþ êîëîðèìåòðè÷íî. Â
ñå÷³ âèçíà÷àëè òàêîæ òèòðîâàí³ êèñëîòè ³ àìîí³é
çà ìåòîäèêîþ Ñ.². Ðÿáîâà (1997). Öèôðîâèé ìà-
òåð³àë ïðîàíàë³çîâàíî ç âèêîðèñòàííÿì êîìï’þ-
òåðíî¿ ïðîãðàìè “Statistica for Windows”, “Version
5” ç âèçíà÷åííÿì t êðèòåð³þ Ñòüþäåíòà.
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Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåííÿ
²ç äàíèõ, íàâåäåíèõ â òàáëèö³ 1, âèäíî, ùî â òåì-

íîâó ôàçó äîáîâîãî öèêëó åêñêðåòîðíà ôóíêö³ÿ íè-
ðîê ñòàòèñòè÷íî çíà÷óùå ï³äâèùóºòüñÿ â ïî-
ð³âíÿíí³ ç ïîêàçíèêàìè â äåíí³ ãîäèíè. Ö³ ðåçóëüòà-
òè äîáðå óçãîäæóþòüñÿ ç äàíèìè ë³òåðàòóðè [2, 7].

Â îñíîâ³ âèÿâëåíèõ çì³í îêðåìèõ ïîêàçíèê³â
ä³ÿëüíîñò³ íèðêè ëåæàòü ÿê ìåõàí³çìè óëüòðà-
ô³ëüòðàö³¿ â êëóáî÷êàõ, òàê ³ ³íòåíñèâíîñò³ êà-
íàëüöåâî¿ ðåàáñîðáö³¿, ùî äîáðå àðãóìåíòóºòüñÿ
ðåçóëüòàòàìè ïåðåðàõóíêó ïîêàçíèê³â íà 1
ìêìîëü åêñêðåòóºìîãî êðåàòèí³íó. Ïðè ñòàíäàð-
òèçàö³¿ ô³ëüòðàö³éíîãî çàâàíòàæåííÿ íåôðîíó
âèÿâëåíî, ùî â í³÷í³ ãîäèíè ëèøå åêñêðåö³ÿ ³îí³â
íàòð³þ ³ òèòðîâàíèõ êèñëîò çàëèøàþòüñÿ ñòàòè-
ñòè÷íî äîñòîâ³ðíî ï³äâèùåíèìè, çàñâ³ä÷óþ÷è
îñîáëèâîñò³ ðåãóëÿö³¿ ôóíêö³¿ êàíàëüöåâîãî àïà-
ðàòó íåôðîíó â òåìíîâó ôàçó äîáîâîãî öèêëó.

Äëÿ äîñë³äæåííÿ ðîë³ ãëîìåðóëî-òóáóëÿðíîãî
òà òóáóëî-òóáóëÿðíîãî áàëàíñ³â â ìåõàí³çìàõ ðå-
àë³çàö³¿ íèðêîâîãî öèðêàä³àííîãî ðèòìó ïðîâåäå-
íî âèâ÷åííÿ ïàðàìåòð³â ôóíêö³¿ íèðîê çà óìîâ
5% âîäíî-åòàíîëîâîãî íàâàíòàæåííÿ (òàáë. 2).

Ðåçóëüòàòè ïðîâåäåíîãî äîñë³äæåííÿ çàñâ³ä÷ó-
þòü, ùî â òåìíîâó ôàçó äîáîâîãî öèêëó ìàº ì³ñöå
çíà÷óùå çá³ëüøåííÿ øâèäêîñò³ ãëîìåðóëÿðíî¿
ô³ëüòðàö³¿ ³ ô³ëüòðàö³éíîãî çàðÿäó ³îí³â íàòð³þ.
Ðåàáñîðáö³ÿ ³îí³â íàòð³þ â ïðîêñèìàëüíîìó
â³ää³ë³ íåôðîíó â í³÷í³ ãîäèíè äîñòîâ³ðíî
çá³ëüøóâàëàñü ÿê â àáñîëþòíèõ âåëè÷èíàõ, òàê ³
ïðîöåíòíîìó â³äíîøåííÿ äî ïðîô³ëüòðîâàíî¿
ê³ëüêîñò³ äàíîãî ³îíó. Â òîé æå ÷àñ ðåàáñîðáö³ÿ
³îí³â íàòð³þ â øèðîê³é ÷àñòèí³ ïåòë³ Ãåíëå ³ äè-
ñòàëüíîìó çâèâèñòîìó êàíàëüö³ â òåìíîâó ôàçó
äîáîâîãî öèêëó ñòàòèñòè÷íî çíà÷óùå çíèæóâàëà-
ñÿ, ùî çóìîâèëî ðîçâèòîê íàòð³óðåçó â äàíèé ïå-
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ð³îä. Ì³æ ô³ëüòðàö³éíèìè çàâàíòàæåííÿìè íå-
ôðîíó ³îíàìè íàòð³þ ³ ¿õ ðåàáñîðáö³ºþ ÿê â ïðî-
êñèìàëüíîìó, òàê ³ äèñòàëüíîìó â³ää³ëàõ íåôðî-
íó â äåíí³ ãîäèíè êîíñòàòîâàíà ÷³òêà ïðÿìà êîðå-
ëÿö³éíà ñïðÿæåí³ñòü (r = +0,999, ð<0,001 ³ r =
+0,804, ð<0,001 â³äïîâ³äíî). Ó öåé ïåð³îä ïðîêñè-
ìàëüíèé ³ äèñòàëüíèé òðàíñïîðòè ³îí³â íàòð³þ
òåæ ìàëè ì³æ ñîáîþ ïðÿìó çàëåæí³ñòü (r =
+0,824, ð<0,001).

Ó òåìíîâó ôàçó äîáîâîãî öèêëó ì³æ ô³ëüòðà-
ö³éíèì çàðÿäîì íàòð³þ ³ éîãî ïðîêñèìàëüíèì
òðàíñïîðòîì çáåð³ãàºòüñÿ âèñîêà ñòóï³íü êîðåëÿ-
ö³éíî¿ çàëåæíîñò³ (r = +0,996, ð<0,001).

Îäíà÷å, â í³÷í³ ãîäèíè, êîëè åêñêðåòîðíà ôóí-
êö³ÿ íèðîê àêòèâóºòüñÿ, êîðåëÿö³éíà çàëåæí³ñòü
ô³ëüòðàö³éíîãî çàðÿäó íàòð³þ ç éîãî äèñòàëüíèì
òðàíñïîðòîì ³ ì³æ ³íòåíñèâí³ñòþ ðåàáñîðáö³¿
³îí³â íàòð³þ â ïðîêñèìàëüíîìó ³ äèñòàëüíîìó
â³ää³ëàõ íåôðîíó âòðà÷àºòüñÿ (r = +0,264, ð<0,05
³ r = +0,195, ð<0,05 â³äïîâ³äíî).

Âèñíîâîê
Ãëîìåðóëî-òóáóëÿðíèé ³ òóáóëî-òóáóëÿðíèé

áàëàíñè â íåôðîí³ âèñòóïàþòü êëþ÷îâèì ìåõàí-
³çìîì ó ðåãóëÿö³¿ öèðêàä³àííîãî ðèòìó ôóíêö³î-
íàëüíîãî ñòàíó íèðîê.

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü
Îòðèìàí³ ðåçóëüòàòè ³ ñôîðìóëüîâàíèé âèñíî-

âîê äèêòóþòü íåîáõ³äí³ñòü äîñë³äæåííÿ ðîë³ ãëîìå-
ðóëî-òóáóëÿðíîãî ³ òóáóëî-òóáóëÿðíîãî áàëàíñ³â â
ÿêîñò³ ñêëàäîâî¿ ÷àñòèíè ³íòðàðåíàëüíîãî ïåéñìå-
êåðà öèðêàä³àííîãî ðèòìó ôóíêö³¿ íèðîê.
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ÁÀËÀÍÑÀ Â ÏÎÄÄÅÐÆÀÍÈÈ ÏÎ×ÊÎÉ

ÖÈÐÊÀÄÈÀÍÍÎÃÎ ÐÈÒÌÀ

Ë.Ã. Äîöþê, Ò.Ì.Áîé÷óê, È.Ã. Êóøíèð, Ã.È. Êîêîùóê
Ðåçþìå. Â îïûòàõ íà êðûñàõ ëèíèè Âèñòàð óñòàíîâëå-

íî, ÷òî â ñâåòëîâóþ ôàçó ñóòî÷íîãî öèêëà ïðîöåññû óëüòðà-
ôèëüòðàöèè â êëóáî÷êàõ è òðàíñïîðòà ýëåêòðîëèòîâ â ïðî-
êñèìàëüíîì è äèñòàëüíîì îòäåëàõ íåôðîíà èìåþò îäíîíàï-
ðàâëåííûé õàðàêòåð ñ âûñîêîé ñòåïåíüþ ñîïðÿæåííîñòè. Â
íî÷íûå ÷àñû ìåæäó ôèëüòðàöèîííûì çàðÿäîì íàòðèÿ è åãî
äèñòàëüíûì òðàíñïîðòîì, è ìåæäó ïðîêñèìàëüíîé è äèñ-
òàëüíîé ðåàáñîðáöèåé èîíîâ íàòðèÿ êîðåëÿöèîííàÿ ñîïðÿ-
æåííîñòü òåðÿåòñÿ, à äèñòàëüíûé òðàíñïîðò íàòðèÿ ñíèæà-
åòñÿ. Ñäåëàí âûâîä î êëþ÷åâîé ðîëè ãëîìåðóëî-òóáóëÿðíî-
ãî è òóáóëî-òóáóëÿðíîãî áàëàíñîâ â ðåàëèçàöèè ïî÷êîé öèð-
êàäèàííîãî ðèòìà.

Êëþ÷åâûå ñëîâà: öèðêàäèàííûé ðèòì, ãëîìåðóëî-òóáó-
ëÿðíûé è òóáóëî-òóáóëÿðíûé áàëàíñ.

UDC 612.017.1:616.61-092
DYNAMICS OF GLOMERULO-TUBULAR BALANCE
IN MAINTAINING KIDNEYS’ CIRCADIAN RHYTM

L.G. Dotsiuk, T.M. Boichuk,
 I.G. Kushnir, G.I. Kokoshchuk

Purpose. Circadian rhytm of kidney function is stable and
important indicator, which is controlled by a central pacemaker
– suprachiasmatic nucleus and intrarenal mechanisms (I.
Kushnir, 2010). The central key in a regulation of biological
rhythm of nephron can serve glomerulotubular balance, the
study of which was the purpose of this research.

Methods. In experiments on rats parameters of
glomerulotubular balance, as described in J.Natochin tech-
nique,1974 were investigated. Forced diuresis after 5%
hydroethanol loading was collected for 2 hours (1100-1300 and
2300-100). Such material was analyzed mathematically.

Results.  In experiments on rats it was established that in
the light phase of daily circadian cycle ultrafiltration in glom-
eruli and electrolits transport into proximal and distal tubule of
nephron have unidirectional nature with strong complementary.
In dark phase of circadian cycle correlative dependence between
filtration loading of natrium and its distal transport and between
proximal and distal reabsorbtion of natrium   ions is lost. Dis-
tal natrium reabsorbtion decreases. We came to the conclusion
that glomerulo-tubular and tubulo-tubular balances play a key
role in realization of the circadian rhytm by kidney function.

Key words: circadian rhythm, glomerulo-tubular and
tubulo-tubular balances.
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