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ÖÈÐÊÀÄ²ÀÍÍÎÃÎ ÐÈÒÌÓ ÃËÎÌÅÐÓËÎ-
ÒÓÁÓËßÐÍÎÃÎ ÁÀËÀÍÑÓ Â ÍÅÔÐÎÍ²

Ðåçþìå. Â åêñïåðèìåíòàõ íà ùóðàõ ïîêàçàíî, ùî áëîêàäà

öåíòðàëüíîãî ïåéñìåêåðà (ÑÕß) òðèâàëèì ïîñò³éíèì îñâ³òëåí-

íÿì ñóïðîâîäæóºòüñÿ äåïðåñ³ºþ ïîêàçíèê³â åêñêðåòîðíî¿

ôóíêö³¿ íèðîê, õî÷à ãëîìåðóëî-òóáóëÿðíèé áàëàíñ ³ òóáóëî-

ãëîìåðóëÿðíèé çâîðîòí³é çâ’ÿçîê çáåð³ãàþòüñÿ. Ï³äâèùåííÿ

ð³âíÿ äîôàì³íó ï³ä âïëèâîì ñåëåã³ë³íó, ñåëåêòèâíîãî ³íã³á³òîðà

ìîíîàì³íîêñèäàçè-Â, çíèæóº ÷óòëèâ³ñòü ðåöåïòîð³â macula

densa äî êîíöåíòðàö³¿ ³îí³â íàòð³þ ³ çìåíøóº åôåêò òóáóëî-

ãëîìåðóëÿðíîãî çâîðîòíîãî çâ’ÿçêó .

Êëþ÷îâ³ ñëîâà: öèðêàä³àííèé ðèòì

ãëîìåðóëî-òóáóëÿðíîãî ³ òóáóëî-

òóáóëÿðíîãî áàëàíñó, äîôàì³í.

Âñòóï

Âîäíî-ñîëüîâèé ãîìåîñòàç âèñòóïàº öåíòðàëü-
íîþ ëàíêîþ â çàáåçïå÷åíí³ ôóíêö³îíàëüíîãî ñòà-
íó âñ³õ îðãàí³â ³ ñèñòåì. Íèðêà êîíòðîëþº ³ ï³ä-
òðèìóº îñíîâí³ ïàðàìåòðè âíóð³øíüîãî ñåðåäî-
âèùà çàâäÿêè îñîáëèâîñòÿì ¿¿ ñòðóêòóðíî-ôóíê-
ö³îíàëüíî¿ îðãàí³çàö³¿, çîêðåìà ôóíêö³îíóâàííþ
íåôðîí³â ç ¿õ ãëîìåðóëî-òóáóëÿðíèì áàëàíñîì ³
òóáóëî-ãëîìåðóëÿðíèì çâîðîòí³ì çâ’ÿçêîì (tubulo-
glomerular feedback (TGF)). Ñïðÿæåí³ñòü ôóíêö³¿
êëóáî÷êîâîãî ³ êàíàëüöåâîãî àïàðàòó íåôðîíó ³
îö³íêà ¿¿ åôåêòèâíîñò³ ïðåäñòàâëÿþòü ñîáîþ «äè-
íàì³÷íó, íåçáàãíåíó, ìàòåìàòè÷íî àíàë³çóþ÷ó
ñèñòåìó, äå îêðåì³ äàí³ ïðî öþ âçàºìîä³þ ôðàã-
ìåíòàðí³ ³ íåïåðåêîíëèâ³» [19]. Êëþ÷îâîþ ³íòðà-
ðåíàëüíîþ ñòðóêòóðîþ, ùî âèçíà÷àº åôåêòèâ-
í³ñòü ðîáîòè íåôðîíó º åï³òåë³é ù³ëüíî¿ ïëÿìè
(macula densa (MD)) â äèñòàëüíîìó çâèâèñòîìó
êàíàëüö³. Âåëè÷èíà ô³ëüòðàö³éíîãî çàâàíòàæåí-
íÿ ïðîêñèìàëüíîãî êàíàëüöÿ âïëèâàº íà ïðîêñè-
ìàëüíèé òðàíñïîðò ³îí³â íàòð³þ, ùî âèçíà÷àº
ê³ëüê³ñòü ³îí³â äàíîãî åëåêòðîë³òó, ÿê³ ïîñòóïàþòü
ó øèðîêó ÷àñòèíó ïåòë³ Ãåíëå ³ äèñòàëüíèé êàíà-
ëåöü. Åôåêòèâí³ñòü ðåàáñîðáö³¿ ³îí³â íàòð³þ â
äèñòàëüíîìó â³ää³ë³ íåôðîíó «îö³íþºòüñÿ» åï³-
òåë³ºì MD, ÿêèé çàïóñêàº ìåõàí³çìè TGF, ùî
âïëèâàº íà òîíóñ a. afferens ³ ñåêðåö³þ ðåí³íó
êë³òèíàìè þêñòàãëîìåðóëÿðíîãî àïàðàòó (ÞÃÀ).
Âñòàíîâëåíî, ùî ïðè ï³äâèùåíí³ êîíöåíòðàö³¿
³îí³â íàòð³þ â îáëàñò³ MD ïðèãí³÷óºòüñÿ TGF,
àêòèâóþòüñÿ À-àäåíîçèíîâ³ ðåöåïòîðè, ðîçøè-
ðþºòüñÿ a. afferens, ï³äâèùóºòüñÿ ïðîêñèìàëüíèé
(TpNa+) ³ çíèæóºòüñÿ äèñòàëüíèé (TdNa+) òðàíñ-
ïîðò ³îí³â íàòð³þ [8, 20, 22]. Â îñòàíí³ ðîêè êîí-
ñòàòîâàíî, ùî â íèðö³ åêñïðåñóþòüñÿ ÿê ì³í³ìóì

À
1
 ³ À

2
-àäåíîçèíîâ³ ðåöåïòîðè, ïðè÷îìó àêòèâà-

ö³ÿ À
1
-ðåöåïòîð³â ïðèçâîäèòü äî çíèæåííÿ ðåàê-

òèâíîñò³ TGF, à ñòèìóëÿö³ÿ À
2
- ðåöåïòîð³â ñóïðî-

âîäæóºòüñÿ àêòèâàö³ºþ TGF, ðîçøèðåííþ
v. afferens ³ çá³ëüøåííþ âåëè÷èíè ô³ëüòðàö³éíîãî
çàâàíòàæåííÿ íåôðîíó [8]. Ó ïîøóêàõ äîäàòêîâèõ
ìåõàí³çì³â ðåãóëÿö³¿ TGF ìè çâåðíóëè óâàãó íà
ìîæëèâó ðîëü äîôàì³íó, ÿêèé ðîçãëÿäàºòüñÿ ÿê
«³íòðàðåíàëüíèé êëþ÷ â ³íòåðàêòèâí³é ðåãóëÿö³¿
íàòð³ºâîãî ìåòàáîë³çìó» [7]. Äîôàì³í àêòèâíî
ñèíòåçóºòüñÿ íèðêîâîþ ïàðåíõ³ìîþ [14], ñòèìó-
ëþº íàòð³óðåç, áëîêóþ÷è Na+/K+ÀÒÔàçó. Âàæëè-
âî çàçíà÷èòè, ùî â îñòàíí³ 10 ðîê³â ó ë³òåðàòóð³
äèñêóòóºòüñÿ ïèòàííÿ ïðî íàÿâí³ñòü ó êîæíîìó
îðãàí³ ñâî¿õ ëîêàëüíèõ ïåéñìåêåðíèõ ñèñòåì, ÿê³
ðåàãóþòü íà á³îõ³ì³÷íå ì³êðîîòî÷åííÿ, ìàþ÷è ñâ³é
öèðêàä³àííèé ðèòì àêòèâíîñò³ ãåíåòè÷íîãî àïàðà-
òó Per-1, Per-2, Cry-1, Cry-2, Bmal-1 [5, 18]. Êîíñòà-
òîâàíî, ùî äîôàì³í ìîæå âïëèâàòè íà àêòèâí³ñòü
Per-2 ÷åðåç àêòèâàö³þ D

1
 i D

2
-ðåöåïòîð³â [11]. Ì³æ

àêòèâí³ñòþ ãåí³â Per-1 ³ Per-2 òà äîáîâèì ðèòìîì
ñåêðåö³¿ äîô³íó âèÿâëåí³ ðåöèïðîêí³ âçàºìèíè [6].
Ðàí³øå íàìè ïîêàçàíî, ùî â íèðö³ çáåð³ãàºòüñÿ ãëî-
ìåðóëî-òóáóëÿðíèé áàëàíñ ³ ïðè áëîêàä³ öåíòðàëü-
íîãî ïåéñìåêåðà [3], õî÷à ðîëü á³îëîã³÷íèõ àì³í³â:
äîôàì³íó ³ ñåðîòîí³íó â äàí³é ðîáîò³ íå âèâ÷àëàñü.

Ìåòà äîñë³äæåííÿ

Âèÿñíèòè ïåéñìåêåðíó ðîëü äîôàì³íó â ðåãó-
ëÿö³¿ öèðêàä³àííîãî ðèòìó ôóíêö³îíàëüíîãî ñòà-
íó ãëîìåðóëî-òóáóëÿðíîãî áàëàíñó.

Ìàòåð³àë ³ ìåòîäè

Äîñë³äè ïðîâåäåí³ íà 24 ùóðàõ-ñàìöÿõ ë³í³¿
Â³ñòàð, ìàñîþ 150-180 ã, ÿêèõ óòðèìóâàëè íà ïî-
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ñò³éíîìó õàð÷îâîìó ðåæèì³ (çåðíî) ïðè â³ëüíîìó
äîñòóï³ äî 1% ðîç÷èíó íàòð³þ õëîðèäó íà âîäî-
ïðîâ³äí³é âîä³, ùî í³âåëþâàëî íèçüêî íàòð³ºâèé
ðàö³îí. Òâàðèí àäàïòóâàëè 10 ä³á äî óìîâ åêñïå-
ðèìåíòó, ï³ñëÿ ÷îãî â ñïåö³àëüíèõ îáì³ííèõ
êë³òêàõ çáèðàëè ä³óðåç çà äâ³ ãîäèíè â ñåðåäèí³
äíÿ (1100 äî 1300) ³ â ñåðåäèí³ íî÷³ (2300 äî 100),
ï³ñëÿ âèêîðèñòàííÿ 5% âîäíî-åòàíîëîâîãî âíóò-
ð³øíüîøëóíêîâîãî íàâàíòàæåííÿ. Áëîêàäó öèð-
êàä³àííîãî ðèòìó ÑÕß çä³éñíþâàëè øëÿõîì óò-
ðèìóâàííÿ òâàðèí çà óìîâ 10 äåííîãî ïîñò³éíî-
ãî îñâ³òëåííÿ (500 ëþêñ) [4].

Ç ìåòîþ ï³äâèùåííÿ ð³âíÿ äîôàì³íó â íèðêàõ ³
êðîâ³ âèêîðèñòàëè ñåëåã³ë³í – ñåëåêòèâíèé ³íã³á³òîð
ìîíîàì³íîêñèäàçè-Â [9, 12, 15]. Ïðåïàðàò ââîäèëè
â äîç³ 2,5 ìã/êã âíóòðøíüî÷åðåâíî î 900 òà 2100.

Ó ïëàçì³ êðîâ³ ³ ñå÷³ òâàðèí äîñë³äæóâàëè êîí-
öåíòðàö³þ åíäîãåííîãî êðåàòèí³íó êîëîðèìåò-
ðè÷íî ç ï³êðèíîâîþ êèñëîòîþ òà ³îí³â íàòð³þ ³
êàë³þ ìåòîäîì ïîëóì’ÿíî¿ ôîòîìåòð³¿. Òèòðîâàí³
êèñëîòè ³ ñîë³ àìîí³þ â ñå÷³ âèçíà÷àëè çà ìåòîäè-
êîþ Ñ.². Ðÿáîâà òà ñï³âàâò. (1979) [2]. Ñòàí ãëîìå-

ðóëî-òóáóëÿðíîãî ³ òóáóëî-ãëîìåðóëÿðíîãî çâîðîò-
íîãî çâ’ÿçêó îö³íþâàëè çà ðîçðàõîâàíèìè ïàðà-
ìåòðàìè: ô³ëüòðàö³éíîãî çàðÿäó íàòð³þ (FNa+),
ïðîêñèìàëüíîãî òðàíñïîðòó (TpNa+) ³ ïðîêñè-
ìàëüíî¿ ðåàáñîðáö³¿ íàòð³þ (RðNa+), çàâàíòàæåí-
íþ äèñòàëüíîãî êàíàëüöþ ³îíàìè íàòð³þ
(LDNa+), äèñòàëüíèì òðàíñïîðòîì (TdNa+) ³ ðåàá-
ñîðáö³ºþ íàòð³þ (RdNa+), êîíöåíòðàö³ºþ ³îí³â
íàòð³þ â îáëàñò³ macula densa (CMDNa+).

 Öèôðîâèé ìàòåð³àë ïðîàíàë³çîâàíî ç âèêîðè-
ñòàííÿì êîìï’þòåðíî¿ ïðîãðàìè “Statistica for
Windows”, “Version 5” ç âèçíà÷åííÿì t êðèòåð³þ
Ñòüþäåíòà.

Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåííÿ

Ó ðåçóëüòàò³ ïðîâåäåíèõ åêñïåðèìåíòàëüíèõ
äîñë³äæåíü êîíñòàòîâàíî, ùî ï³ñëÿ áëîêàäè á³î-
ðèòì³÷íî¿ àêòèâíîñò³ ÑÕß ï³ä âïëèâîì òðèâàëîãî
ïîñò³éíîãî îñâ³òëåííÿ îñíîâí³ ïàðàìåòðè öèðêà-
ä³àííîãî ðèòìó ãëîìåðóëî-òóáóëÿðíîãî áàëàíñó
çáåð³ãàþòüñÿ: â «ñóá’ºêòèâíó» òåìíîâó ôàçó äîáî-
âîãî öèêëó ìàº ì³ñöå ï³äâèùåííÿ øâèäêîñò³ ãëî-
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ìåðóëÿðíî¿ ô³ëüòðàö³¿ ³ ô³ëüòðàö³éíîãî çàðÿäó
íàòð³þ íà òë³ àêòèâàö³¿ TpNa+ , ùî íå ïðèçâîäèëî
äî çì³íè ïîêàçíèêà LDNa+. Ðåàáñîðáö³ÿ ³îí³â íà-
òð³þ â äèñòàëüíîìó êàíàëüö³ RdNa+ ð³çêî çðîñòà-
ëà ïàðàëåëüíî ³ç çá³ëüøåííÿì àáñîëþòíèõ âåëè-
÷èí éîãî òðàíñïîðòó (TdNa+), ùî ïðèçâîäèëî äî
ñóòòºâîãî çíèæåííÿ êîíöåíòðàö³¿ ³îí³â íàòð³þ â
îáëàñò³ macula densa ç 0,113 ± 0,016 äî 0,036 ±
0,003 ìêåêâ/ìêë. Òàê³ çì³íè ôóíêö³îíàëüíîãî ñòà-
íó ãëîìåðóëî-òóáóëÿðíîãî áàëàíñó íà òë³ áëîêàäè
öåíòðàëüíîãî ïåéñìåêåðà ïðèçâîäèëè äî äåñèíõ-
ðîíîçó åêñêðåòîðíî¿ ôóíêö³¿ íèðîê, çîêðåìà âòðà-
òè àêðîôàçè ïîêàçíèê³â ä³óðåçó ³ åêñêðåö³¿ ³îí³â
íàòð³þ â «ñóá’ºêòèâíó» òåìíîâó ôàçó äîáîâîãî
öèêëó. Ðàí³øå íàìè ïîêàçàíî, ùî äåïðåñ³ÿ ïàðà-
ìåòð³â åêñêðåòîðíî¿ ôóíêö³¿ íèðîê ï³ä ä³ºþ òðè-
âàëîãî ïîñò³éíîãî îñâ³òëåííÿ ìîæå áóòè çóìîâëå-
íà åôåêòàìè ñåðîòîí³íó òà äîôàì³íó [1]. Ï³ñëÿ
ââåäåííÿ òâàðèíàì ñåëåã³ë³íó, ÿêèé ñåëåêòèâíî
áëîêóþ÷è ìîíîàì³íîêñèäàçó-Â, ï³äâèùóº ð³âåíü ó
êðîâ³ ³ òêàíèíàõ äîôàì³íó, êîíñòàòîâàíî, ùî â
«ñóá’ºêòèâíî» òåìíîâó ôàçó äîáîâîãî öèêëó øâèä-
ê³ñòü êëóáî÷êîâî¿ ô³ëüòðàö³¿ ³ ô³ëüòðàö³éíîãî çà-
ðÿäó íàòð³þ çíèæóºòüñÿ, ïàäàº ïîêàçíèê TpNa+,
ÿêèé ïðè çáåðåæåíí³ ³íòåíñèâíîñò³ ðåàáñîðáö³¿
íàòð³þ â ïðîêñèìàëüíîìó ñåãìåíò³ íåôðîíó ïðè-
âîäèâ äî çìåíøåííÿ ïîêàçíèêà íàâàíòàæåííÿ äè-
ñòàëüíîãî êàíàëüöÿ LDNa+ ³îíàìè íàòð³þ. Ó ðå-
çóëüòàò³ ³íòåíñèô³êàö³¿ ³îí³â íàòð³þ â äèñòàëüíîìó
êàíàëüö³ êîíöåíòðàö³ÿ äàíîãî åëåêòðîë³òó â îá-
ëàñò³ macula densa çíèæóâàëàñü (òàáë.).

Â³äîìî, ùî ï³äâèùåííÿ ð³âíÿ äîôàì³íó â íèð-
êîâ³é ïàðåíõ³ì³ ïðèçâîäèòü äî çíèæåííÿ ÷óòëè-
âîñò³ åï³òåë³þ macula densa ³ ïðèãí³÷åííþ åôåêò³â
TGF[13, 14, 17]. Ó ðåçóëüòàò³ çíèæåííÿ ÷óòëè-
âîñò³ åï³òåë³þ macula densa ³ çìåíøåííÿ åôåêò³â
TGF íà êë³òèíè ÞÃÀ âòðà÷àºòüñÿ ðåàêö³ÿ v.
àfferens íà çìåíøåííÿ CDMNa+, íå çá³ëüøóºòüñÿ
øâèäê³ñòü ãëîìåðóëÿðíî¿ ô³ëüòðàö³¿ ³ ô³ëüòðàö³é-
íîãî çàðÿäó íàòð³þ. Ñòèìóëÿö³ÿ D

1
-ðåöåïòîð³â

äîôàì³íîì ïðèçâîäèòü äî çá³ëüøåííÿ ñèíòåçó
ðåí³íó, ùî ìîæå ïðèçâåñòè äî àêòèâàö³¿ ðåí³í-
àíã³îòåíçèí-àëüäîñòåðîíîâîãî ìåõàí³çìó ñòèìó-
ëÿö³¿ ðåàáñîðáö³¿ ³îí³â íàòð³þ â äèñòàëüíîìó êà-
íàëüö³ ³ çíèæåíí³ éîãî åêñêðåö³¿ ³ç ñå÷åþ ÿê â
«ñóá’ºêòèâíó» ñâ³òëîâó, òàê ³ â «ñóá’ºêòèâíî» òåì-
íîâó ôàçè äîáîâîãî öèêëó.

Âèñíîâêè

1. Ãëîìåðóëî-òóáóëÿðíèé, òóáóëî-òóáóëÿðíèé
áàëàíñ ³ òóáóëî-ãëîìåðóëÿðíèé çâ’ÿçîê â íåôðîí³
çáåð³ãàþòüñÿ ³ íà òë³ áëîêàäè á³îðèòì³÷íî¿ àêòèâ-
íîñò³ öåíòðàëüíîãî ïåéñìåêåðà.

2. Äîôàì³í âèñòóïàº âàæëèâèì ðåãóëÿòîðîì
÷óòëèâîñò³ ðåöåïòîð³â åï³òåë³þ macula densa äî

êîíöåíòðàö³¿ ³îí³â íàòð³þ, çóìîâëþþ÷è çíèæåí-
íÿ ÷óòëèâîñò³ TGF.

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü

Çâàæàþ÷è íà âèñîêó íåôðîòðîïíó àêòèâí³ñòü
ñåðîòîí³íó, íàÿâí³ñòü ðåöèïðîêíèõ âçàºìèí ñåðî-
òîí³íó ³ äîôàì³íó â ðåãóëÿö³¿ ðåàáñîðáö³¿ ³îí³â
íàòð³þ â íåôðîí³, ïåðñïåêòèâíèì º ïîäàëüøå
âèâ÷åííÿ ðîë³ ñåðîòîí³íó ³ äîôàì³íó â ðåãóëÿö³¿
ãëîìåðóëî-òóáóëÿðíîãî áàëàíñó ³ TGF.
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ÐÎËÜ ÄÎÔÀÌÈÍÀ Â ÐÅÃÓËßÖÈÈ
ÖÈÐÊÀÄÈÀÍÍÎÃÎ ÐÈÒÌÀ ÃËÎÌÅÐÓËÎ-

ÒÓÁÓËßÐÍÎÃÎ ÁÀËÀÍÑÀ Â ÍÅÔÐÎÍÅ

Ë.Ã. Äîöþê1, Ã.È. Êîêîùóê1, Ò.Ì.Áîé÷óê2, È.Ã. Êóøíèð 1

Ðåçþìå. Â ýêñïåðèìåíòàõ íà êðûñàõ ïîêàçàíî, ÷òî áëî-
êàäà öåíòðàëüíîãî ïåéñìåêåðà (ÑÕß) äëèòåëüíûì ïîñòîÿí-
íûì îñâåùåíèåì ñîïðîâîæäàåòñÿ äåïðåññèåé ïîêàçàòåëåé
ýêñêðåòîðíîé ôóíêöèè ïî÷åê, õîòÿ ãëîìåðóëî-òóáóëÿðíèé
áàëàíñ è òóáóëî-ãëîìåðóëÿðíàÿ îáðàòíàÿ ñâÿçü ñîõðàíÿåòñÿ.
Ïîâûøåíèå óðîâíÿ äîôàìèíà ïîä âëèÿíèåì ñåëåãèëèíà,
ñåëåêòèâíîãî èíãèáèòîðà ìîíîàìèíîêñèäàçè-Â ñíèæàåò
÷óâñòâèòåëüíîñòü ðåöåïòîðîâ macula densa ê êîíöåíòðàöèè
èîíîâ íàòðèÿ è óìåíüøàåò ýôôåêò òóáóëî-ãëîìåðóëÿðíîé
îáðàòíîé ñâÿçè .

Êëþ÷åâûå ñëîâà: öèðêàäèàííûé ðèòì ãëîìåðóëî-òóáó-
ëÿðíîãî è òóáóëî-òóáóëÿðíîãî áàëàíñà, äîôàìèí.

 UDC 612.017,1: 616.61-092

ROLE OF DOPAMINE IN REGULATION OF
CIRCADIAN RHYTHM OF GLOMERULOTUBULAR

BALANCE IN THE NEPHRON

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

Purpose. Glomerulotubular balance (GTB) and tubulo-
glomerular feedback (TGF) are the basic regulation mechanisms

of kidney function (Thomson S. et al., 2007). A key structure that
physiologically supports the justified balances between glom-
erular filtration rate and tubular reabsorbtion is the receptors of
epithelium macula densa, which determine the TGF. Research
of the circadian rhythm under the influence of dopamine in the
litherature is not investigated.

Methods. In experiments on rats we investigated the influ-
ence of dopamine on TGB and TGF in intact animals and those
with blocked by central pacemaker means of steady-state light-
ing the suprachiasmatic nucleus (SCN). Selegilin was injected
intraperitonealy at 9 a.m. and 21 p.m. Forced diuresis after 5%
hydroethanol loading was collected for 2 hours (11 a.m.-13 p.m.
and 23 p.m.-1 p.m.). GTB and TGF were determined according
to the parameters: FNa+, TpNa+, RðNa+, LDNa+, TdNa+, RdNa+

and CMDNa+. Such material was analized mathematically.
Results. GTB and TGF both in intact and blocked SCN

remained. Selegilin reduced FNa+, TpNa+ and LDNa+. RdNa+

increased that led to a decrease of CMDNa+. Decrease of
natrium concentration in the region of macula densa did not led
to activation of TGF and increasing FNa+.

Conclusion. GTB and TGF are important factors in regu-
lating the function of the nephron both in intact and blocked
central pacemacker. Dopamine decreases sensitivity of macula
densa and thus affects circadian rhythm of GTF.

Key words: circadian rhythm of glomerulotubular and
tubulotubular balance, dopamine.
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