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Abstract: Research was conducted on 12 clinically healthy 4-year-old White Nobel goats. Renal activity examinations were carried
out with the use of clearance methods where inulin was used as a testing substance to determine the level of glomerular filtration. The
results allowed determination of inulin clearance, endogenic creatinine, sodium, potassium, and chloride levels. Filtered load, tubular
resorption, and excretion in urine of sodium, potassium, and chlorides were marked. The research revealed diurnal variations of renal
activity in goats. Most of the rhythms’ acrophases occur in the phase of activeness between 1200 and 1600 hours. The resorption rhythm
of potassium in the renal tubule differs from glomerular filtration by 12 h and its acrophases occur in the resting period. The main
reasons for diurnal variations of the electrolyte excretion by kidneys are variations of the glomerular filtration rate. Feeding time does
not affect the diurnal variations of renal activity. Due to the circadian glomerular filtration variations, resorption and secretion processes
in nephrons, and, in consequence, the changes of the final urine composition, the kidneys lead to the organism’s adaptation to changes

in the environment and also in the circadian rhythm.
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1. Introduction

Biological rhythms are one of the examples that living
organisms have adapted to the environment. Of all
biological rhythms, diurnal variations are of most interest
as a sign of living creatures’ adaptation to the environment
and a factor increasing the chance of maintaining
homeostasis (1). Studies on chronobiological aspects of
physiological functions have been carried out mainly on
humans and laboratory animals. A few studies have been
carried out on livestock (2-4).

Kidneys are the main organ regulating the internal
environment. They are responsible for maintaining the
total volume of water and its distribution in particular
water spaces, for electrolyte composition of bodily fluids
and especially extracellular fluid, and for maintaining
acid-base balance. Moreover, kidneys are responsible for
expelling metabolites from the organism, especially for
protein metabolism and other unnecessary and harmful
substances, and at the same time maintaining the necessary
substances in blood (4). Kidneys take part in the synthesis
of hormones or their precursors such as renin, renal
erythropoietic factor, calcitriol, and prostaglandins (5-7).

Renal activity in farm animals has been studied for many
years. The results led to the recognition of the processes
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occurring in kidneys in reference to the regulation of the
water-electrolyte system in animals (6-8). There are no
available studies assessing the renal activity in farm animals
in terms of the chronobiological aspect. Studies on renal
activity diurnal variation have been carried out mainly on
humans (9,10) and laboratory animals (11). A few studies
have been carried out on livestock. Such research carried
out on 4-week-old goats was done by Vogel (12), but he
considered only the renal activity variations between
“daytime”, 0800 hours, and “nighttime”, 2000 hours. The aim
of this study was to examine circadian renal activity in goats
in terms of water-electrolyte homeostasis regulation and the
analysis of the circadian rhythms if such should appear.

2. Materials and methods

The research was carried out on 12 clinically healthy
4-year-old White Nobel goats. The animals were fed twice
a day at 0700 and 1600 hours. The feed ration consisted
of 0.7 kg of concentrated feedstuff (containing 16%-18%
of protein), 0.4 kg of dry beet pulp, hay, and water (ad
libitum). Ten days ahead of the research and during the
research a strict light regime was kept of LD 12:12 (12 h of
light from 0630 to 1830 hours and 12 h of darkness from
1830 to 0630 hours).
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Before the research a polyethylene drain was applied to
the external jugular vein, which allowed for fast and stress-
free blood sampling. The goats were also catheterized with
a balloon catheter.

Renal activity examinations were carried out with the
use of clearance methods, where inulin was used as a testing
substance to determine the level of glomerular filtration.
In the research, due to the relatively fast renal excretion
of inulin after a single injection, we applied a unique
injection method. Inulin was implanted subcutaneously
in the form of retard tablets in order to maintain a stable
concentration of inulin in blood plasma for 48 h. Their
usefulness in clearance examinations was a subject of
previous research where the authors analyzed the kinetics
of testing substance release and its concentration in blood
and urine (13).

Testing began at 0830 hours with collecting blood and
urine samples (“0” samples). Next the inulin retard tablets
were implanted subcutaneously on the neck. The tablets
were prepared in the Department of Pharmaceutical
Chemistry of Graz University (Austria) according to
standard procedure. Eudragit (Rohm Pharma GmbH)
was used as an inulin carrier and was mixed with inulin in
the ratio of 2.5:3. The obtained plastic mass was dried in a
vacuum dryer (1 bar pressure, temperature 20 °C) within
24 h and granulated (the size of the pellets was 200-315
um). Pressure of 10 T was applied to mold the pellets.
Ready tablets were 5.5 g in weight, 3 cm in diameter, and
0.6 cm in height. Directly after the implantation, the goats
were intravenously given an initial dose of inulin in the
amount of 40 mg/kg of body weight in order to saturate
the distribution space.

Clearance (C) examinations were carried out 3 h after
the initial dose of inulin. Urine was collected (within 20
min) in 3-h intervals over 48 h. The blood was sampled
into test tubes with heparin (250 i.m., Heparinum, Polfa)
30 min, 1 h, and 2 h after the initial inulin dose and in
the middle of every urine collection period. The blood
was centrifuged and the plasma, together with the urine
samples, was cooled down to 4 °C. In the urine and plasma
samples, the inulin concentration was marked with the
use of the resorcinol method (14), endogenous creatinine
concentration with the use of the Folin-Wu method,
sodium and potassium concentrations with the use of
the flame emission spectrometry method (Flapho-4), and
chloride concentration with the use of the potentiometric
titration method (Spexon chlorimeter). The results allowed
calculating inulin clearances (C, ), endogenous creatinine
(C_), sodium (C ), potassium (C,), and chlorides (C_,).
Filtered load (F), tubular resorption (TR), and excretion in
urine (UV) of sodium, potassium, and chlorides were also
calculated.
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Renal activity indicators were calculated according to
the following formulas:

C=UV/P
F =P x GFR,
Uv=UxYV,

TR =(F-UV/F) x 100%,
where C is clearance (mL/min), UV is excretion in urine
(pmol min™ m2), P is plasma level (mmol/L), F is filtered
load (mmol/min), GFR is glomerular filtration rate
(mL min! m™2), U is substance concentration in urine
(mmol/L), V is diuresis (mL/min), TR is tubular resorption
(%), and F is filtered load (mmol/min).

The results were standardized per 1 m?* of goats’ body
surface area according to the formula S = 0.105* [ m.c,,
where S is body surface area (m?) and m.c. is body weight
(kg).

The results were then subjected to statistical analysis
with the use of one-way analysis of variance and Duncan’s
multiple range test (Statistica v. 6.0). In order to confirm
the diurnal rhythms and determine the rhythm period and
its acrophase, all the time series were analyzed with the use
of Chronos v. 1.0. (15). The results are presented in Tables
1-4.

3. Results

Inulin concentration and the values of the glomerular
filtration measured with the levels of inulin clearances and
endogenous creatinine are presented in Table 1. In the first
3 h of the experiment, inulin excretion from the blood
was relatively fast and its concentration decreased from
4.02 mg% to 3.09 mg%. From the 6th to the 48th hour,
due to gradual inulin release from the implanted tablets,
its concentration in plasma was relatively stable and
remained at the level of 2.46 mg% to 0.59 mg%. During the
experiment inulin was eliminated from the urine with an
average speed of 0.06 mg/h. C, level was used as an estimate
for the GFR. C,_ levels were highest in the afternoon of day
1 at 1200 hours (62.05 mL min™' m) and day 2 at 1500
hours (59.72 mL min™' m™). The lowest levels of C_ were
observed at night (at 0300 hours) of the first and second
day of the experiment at 46.43 mL min' m~2and 47.15 mL
min~ m, respectively. The differences were statistically
significant at P < 0.01. The GFR rhythm period was 25.88
h with the acrophase at 1340 hours. Circadian changes of
day-night C_ levels were also statistically significant (P <
0.01). The highest C_ levels were observed during the day
at 1500 hours (day 1 - 67.74 mL min™ m2, day 2 - 68.8
mL min™ m™), and the lowest values were respectively
seen at night, at 0600 hours the first night (60.00 mL min™!
m~?) and at 0300 hours the second night (61.34 mL min™
m™). The C_ rhythm period was 22.76 h with acrophase
at 1501 hours. Significant differences between C, and C_
were found in all the clearance periods. C_ levels were
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8.4%-30% (4.85-14.53 mL min™ m™?) higher compared to
C,, levels. The biggest differences between the clearances
of both substances were found at night and early in the
morning.

Sodium concentration in plasma remained relatively
stable, fluctuating between 136.92 mmol/L and 139.42
mmol/L (Table 2) through the whole research period.
F,, in the renal glomerulus was stable and changed
proportionally to the changes of GFR, so its circadian
rhythm was statistically significant (Table 2). The highest
F,, values were observed in the afternoon at 1200 hours
on day 1 and at 1500 hours on day 2 (8.50 mmol min™' m
and 8.32 mmol min' m, respectively). The lowest values
of the filtered load of sodium were observed at 0300 hours
(6.39 mmol min~' m~the first night and 6.47 mmol min™!
m the second night). Rhythm period was 25.07 h with
the acrophase at 1356 hours. TR was high throughout
the research period and it ranged from 99.44% to 99.83%
compared to the filtered load (Table 2). Absorption of this
electrolyte was the highest at 0900 hours on day 1 and
between 0000 and 0300 hours on day 2 and it reached
the levels of 99.72% and 99.83%, respectively. The lowest
values of TR of 99.44% were observed during the day
at 1200 hours on both the first and the second day. The
observed differences were statistically insignificant.
Rhythm period was 26.48 h long with the acrophase at 2153
hours. Circadian changes of urinary excretion of sodium
(UV,,) were found (Table 2). The highest levels of UV
were observed at 1200 hours during the first 2 days (0.048
mmol min~' m~and 0.045 mmol min™ m respectively).
The lowest values of UV occurred at night at 0000 hours
the first night (0.019 mmol min™' m~) and 0300 hours the
second night (0.011 mmol min™ m2). The changes were
statistically confirmed at P < 0.01. The rhythm period
was 25.67 h long with the acrophase at 1220 hours. C
also showed circadian variations (Table 2). The highest
values of C_ were observed at 1200 hours on days 1 and
2 of the experiment and were respectively at the level of
0.35mL min™ m2and 0.3 mL min™ m™ The lowest values
occurred on the first night between 2100 and 0000 hours
(0.14 mL min™ m™) and the second night at 0300 hours
(0.08 mL min' m2). The observed differences between
the minimal and maximal C levels were statistically
significant at P < 0.01. Rhythm period was 25.74 h with
acrophase at 1216 hours.

Potassium concentration in blood plasma remained at
the level of 3.92-4.08 mmol/L (Table 3). Rhythm period
was 23.18 h with acrophase at 1545 hours. During the
experiment, F_ changes were parallel to F and were
proportional to C, changes (Table 3). The highest values
of F, were observed in the first 24 h of the experiment at
1200 hours (0.25 mmol min™ m) and in the second 24 h
at 1500 hours (0.24 mmol min™" m). The lowest F, values
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occurred both on the first and second day at 0300 hours
(0.18 mmol min! m=2and 0.19 mmol min™ m2). The
differences between the observed values were statistically
significant at P < 0.01. Rhythm period was 25.18 h with
acrophase at 1349 hours. TR, showed a diurnal rhythm
(Table 3). The highest levels were observed at 0300 hours
and they reached the value of 82.92% on the first day and
82.16% on the second day. The lowest values of TR, were
observed at 1200 hours (77.07%) on the first day and at
1500 hours (75.94%) on the second day. The observed
differences were statistically insignificant. Rhythm period
was 23.44 h with acrophase at 0204 hours. Diurnal changes
of UV, (Table 3) were observed. Statistically significant
(P < 0.01) differences of diurnal urinary excretion of
potassium were also noted. Maximal excretion appeared
at 1200 hours the first day and at 1500 hours the second,
whereby UV, was respectively at the levels of 56.99 umol
min” m~and 5841 pmol min” m= The lowest renal
excretion of K was observed at 0300 hours; UV, was
respectively at the level of 30.46 pmol min™ mthe first
night and 33.44 pmol min™ m~the second night. Rhythm
period was 24.23 h with acrophase at 1401 hours. F,,
TR,, and UV changes resulted in C, changes (Table 3).
The changes were statistically significant at P < 0.01. The
highest values of C, of 14.24 mL min™ m™ the first day at
1200 hours and 14.40 mL min~ m~ the second day at 1500
hours were reported. The lowest levels of C, were found
at 0300 hours and their values were respectively 7.86 mL
min~ m™ on the first day and 8.38 mL min™ m™ on the
second day. The rhythm period was 24 h and 17 min with
acrophase at 1411 hours.

Chloride concentrations in goats plasma ranged
between 102.08 and 106.17 mmol/L (Table 4) and was
statistically insignificant. The highest F , levels were found
at 1200 hours on the first day (6.40 mmol min~ m2) and at
1500 hours on the second day (6.33 mmol min™' m2). The
lowest values of F , were observed at 0300 hours the first
night (4.72 mmol min~ m=) and 0600 hours the second
night (5.11 mmol min™ m™). F, changes showed diurnal
rhythm and the differences between the highest and the
lowest values were significant at P < 0.01. Rhythm period
was 25.77 h with acrophase at 1257 hours. TR , was stable
during the experiment and ranged between 97.21% and
98.66% compared to filtration rate (Table 4). The observed
differences were statistically insignificant. The lowest levels
of TR , were observed in the mornings of days 1 and 2 at
0900 hours (97.21% and 97.88%, respectively). UV, levels
showed clear diurnal variations (Table 4). The differences
were significant at P < 0.01. The highest chloride excretion
occurred during the day at 1500 hours on the first day at
0.126 mmol min~' m~?and at 1200 hours on the second day
at 0.129 mmol min™' m™ The lowest levels of UV were
observed on the first two days at night at 0300 hours (0.103



MUSZCZYNSKI et al. / Turk ] Vet Anim Sci

'S0 (D) 0090 Pe () 00£0 () 0000 () 00TZ 3 ™1 pue () sIOY OOZT Je " U2aM}aq $OUIYIP JuedyIuSIs — HITA<V suoneuedxyg
ANINTIT ANIWT¢H ‘A< ‘HOIIAD<V ™D ANINTI¢T ANIWTCH AA<d ‘AADCY AN AN NI DIT<d ‘DIAA<Y "I :(10°0 5 d) s90uaagip jueoyrudis

orz1 Lz LT0 600 900 900 60°0 8T°0 910 900 LT°0 110 o €00 80°0 ¥1I'o ST0 S0°0 as+ (- (-urur o)
LT0 9100 80°0 60°0 110 61°0 o €€0 170 0z’0 0T°0 1484 Y10 61°0 LT0 se0 X 0
o7zt o ¥20°0 100 8000 6000 €100 ST0°0 700 6000 €200 9100 L10°0 ¥00°0 100 8100 1200 8000 as+ (e-ur (uru o)
8€0°0 €200 1100 100 S10°0 9200 0€0°0 S¥0°0 6200 L20°0 L20°0 6100 0200 9200 L£0°0 8%0°0 X AN
etz oz €€0 LT°0 1o [4%Y) €10 €€0 sT0 01’0 6€°0 870 0¢’0 S0°0 sT0 ¥T0 97°0 900 as+ (%)
8¥7'66 L9°66 €866 €866 866 99'66 ¥9'66 ¥'66 7566 95°66 LS'66 0L'66 66 99'66 ¥5'66 ¥¥'66 X L
9ce1 105z 0€0 18°0 80 880 690 1s°0 €70 15°0 00 6L0 L0 s8°0 6,0 00 w90 €90 as+ (e-ur (_uTur o)
0¢'L €69 L¥'9 089 9’6 ¥6'L (4% 86'L 8TL 8%'9 6€9 869 . LS'L w08 0s'8 X d
st 0026 (44 LTy voe wy 'y 6T°¢ EER3 Eiad Elad e we 1324 494 66'¢ €9°¢ we as=+ (7/10tT)
L9LET  L98ET  LT'LET  STBET  0S'8CT  80BET  TV6ET  00'8ET  T6LET  80'8ET  L9'LET  €C7LET  TO'LET  THLET  TO9ET  00°LET X d
k! d N W T A [ 1 H O d q a O q v
INO SINOY
0060 0090 00€0 0000 001T 008T 00sT 00cT 0060 0090 00€0 0000 00TC 008T 00sT 00cT
aseydoroe porrad
wydgy wydgy moy
‘suryIAyx

Jo saseydoioe pue spotiad ay) pue (D) adueIes]d pue ‘(A )) dwnjoa Areurin ‘(y],) uondiosqear renqn) () peoj pa1a)y () uonenuaduod ewse[d WNIPOS JO san[eA USIA T d[qe],

459



MUSZCZYNSKI et al. / Turk ] Vet Anim Sci

sInoy (H) 0090 pue ‘(1) 00€0 ‘() 0000 & v_m pue sioy (V) 0021 e v_m U2M)Aq SDUIIPIP Juedyrudis — D JF<V suoneue[dxy
AN ‘NIN¢T ‘DAT<d DIV D {ANIWT[ NI ‘DAT€d DATADCY AN NN ANW<| ‘DT« DJAY "1 :(10°0 S d) $90ua1p1p Juedyruig

I . L9€ 151 L1 651 P 06'T 1T €0T W vhe €0T e sT'E (483 96°¢ wy  as¥ (et - u)
¥8°CI 80°01 8¢'8 66'8 €0'TT 06'CI (Uad! el sl €16 98'L 06'8 0¢'0T1 98'11 8T'CI j(44! X 0
b1 - 8¥°91 S6'L 16°L 8T'L €8S 1€9 9701 801 9¢'1l 6501 89'6 ¥6'Cl 0¥l STCT 0L°GT €881 as=+ (e-ur T o)
S0'Cs 6T°0% ree 89'G¢ SEVY 80°CS 1¥'8S §9'SS 0S'9% °6'Se 9¥'0¢ 86'7¢ 8¢'0¥ €6'LY €L'6% 66'99 X AN
020 ez 0Ty L1 LS'T 69°C LLT e 18°¢ 00 8L'€ seEv Yoy €5'S 6¥'S 00°S 09 99 as=+ (%)
€5°9L 89'6L 91’8 66’18 6¥'6L 6€°LL ¥6'SL YI'9L LT8L 69'08 °6'C8 $9'18 0T°08 L8'8L oT'6L LO'LL X qL
el 81z ¥0'0 €0°0 ¥0'0 €0°0 200 00 00 €0°0 €0°0 €0°0 €0°0 €0°0 €0°0 €0°0 00 €00 as=+ (¢-wr U jourur)
o 0’0 61°0 0’0 o €0 ¥To €0 170 61°0 81’0 61°0 0’0 €0 ¥To S0 X E
. STz €€0 sT0 67°0 o Yo LT0 ¥€0 670 0€’0 S€0 S¥'0 8¢'0 0€’0 1€°0 €0 S€0 as+ (1/10wwr)
€0¥ 86'¢ 86'¢ 96'¢ [41a4 90% SOy S0y €0 e e ¥6'c €6'¢ {4 80% v6'c X d
k! d N W T P! ( I H O d q a 0 d v
InoH SINOH 0060 0090 00€0 0000 001T 008T 00ST 002T 0060 0090 00€0 0000 001T 0081 00sT 002t
aseydoioe pourad
wpAgy wpAyy oy
‘suyIAya jJo

saseydoioe pue sporrad ay) pue (D) ddURIEI[D Pue ‘(A)) SWNJoA ATeULIn (3 ],) uondiosqear renqn) () peo| pa1al[y ¢(J) uonerusouod ewse[d umissejod Jo sanfea UedN *¢ d[qe],

460



MUSZCZYNSKI et al. / Turk ] Vet Anim Sci

(D) sI0Y 0090 PUE () 00£0 () 0000 & °4 pue () smoy a0zT 3¢ °F usamiaq saouaIPIp JueoyruSIs - DY suoneueidxy
N ANIWTICT DITCD ‘DAT¢T °D N ANIWTICT €D Ta¢d “AN ‘de) AN¢[ DAed DAY 1 :(10°0 5 d) seoua1ap1p Jueoyrudig

ceol 881z 90 S0 670 ¥9°0 SS'0 07’0 ¥9°0 €8°0 or'tL €9°0 90 L0 060 €L°0 6L0 ¥L0 as+ (-t urw ur)
vI'l ¥8°0 990 80 80 880 201 €Tl €T1 660 €0'1 0L PI'L €Tl YTl 60T X 0
o — 7500 L5070 0€0°0 €200 7900 0S0°0 890°0 £80°0 80T°0 6900 9900 §S0°0 7800 €00 6L0°0 6L0°0 as+ (-t Ut jourur)
611°0 £80°0 890°0 880°0 £80°0 980°0 601°0 6C1°0 qcro 901°0 €01°0 0110 SIT°0 sero 9210 wro X AN
oze or'sp 980 60T SS0 8T'T S6°0 LL0 70'1 LET L6'T 07’1l 91 111 161 ST1 (41 60T as+ (%)
88°L6 €€'86 99'86 ¥¥'86 75986 6586 0€'86 06°L6 1T°L6 L8'L6 0L°L6 yLL6 98°L6 08°L6 L8'L6 €1'86 X qL
1 L1z S0 650 vL0 i) S0 LE°0 0€0 €S0 0S50 ¥9°0 750 19°0 77’0 6€°0 Sv'o 150 as+ (¢t (_urw jourur)
¥S's 1’5 ST'S 6T'S 89°S 209 €€9 16'S 87'S 667 SLY {24 €€’ 89'G 86'S 079 X LS
681 ot ¥0'¥ a8'g 60°¢ vy 809 &y (304 LTS (VA4 (423 L8°'S 607 89'¢ 6Ty 16v (VA4 as+ (7/10wur)
€8701 05201 76'€01 L1901 £9°90T €8 701 00901 L8701 80°¢0T 80°901 L¥'C0T SL7C01 £9°€0T 80°C0T 80°C0T STe0t X d
A d N W T ;| [ I H D d q a o) d v
oy sImoy
0060 0090 00€0 0000 001¢C 0081 00ST 00¢T 0060 0090 00€0 0000 001¢T 0081 00ST 00<1
aseydoioe pouad
wpdgy  wpigy oy
“suyAya jo

saseydoioe pue spoliad oy} pue (D) adueIed[d pUe (AN) dwnjoa Areurm ‘(3 ],) uondiosqear renqm () peo| pa1al[y ‘(d) suonenuaduod ewse[d spLIO[Yd Jo san[eA Ued § d[qel,

461



MUSZCZYNSKI et al. / Turk ] Vet Anim Sci

mmol min™ m~ and 0.068 mmol min™' m™? respectively).
Rhythm period was 22.52 h with acrophase at 1539 hours.
C,, levels ranged between 0.65 mL min™' m~and 1.24 mL
min~ m~throughout the research (Table 4). The highest
C_, values were observed during the day, at 1500 hours on
the first day (1.24 mL min™' m™) and between 0900 and
1200 hours on the second day (0.123 mL min™' m™). The
lowest values of C_, were found the first night at 0600 hours
(0.99 mL min™ m) and the second night at 0300 hours
(0.65 mL min" m™). The differences were statistically
confirmed at P < 0.01. Rhythm period was 21.88 h with
acrophase at 1636 hours.

4. Discussion
Renal activity in goats shows diurnal activity variations.
Acrophases of most rhythms appear in the active phase of
the animal from 1200 to 1600 hours. GFR diurnal rhythm
in the renal glomerulus in goats occurred with the use of
inulin as well as with endogenous creatinine. The highest
GFR levels measured with inulin clearances were found
during the day and the lowest at night. Similar tendency of
GFR variations measured with inulin clearance in 4-week-
old calves was found by Skrzypczak et al. (16) (C_ 1000
hours = 60.39 mL min™ m™ C,_ 2200 hours = 49.99 mL
min~' m). Our results confirm the results of the research
conducted by other authors on humans (17-19). Stribrna
and Brodan (20) claimed that high GFR levels in the
afternoon occur due to higher blood pressure, which may
lead to the increase of the GFR. In the presented research,
the highest C_ levels were also found during the daytime;
however, there was 1 h of difference in acrophases. The
results correspond to the results of the research conducted
on humans by Buzio et al. (21). Koopman et al. (17) found
the circadian rhythm of C_ in humans, but only in 60%-
70% of the analyzed group. Similar results were obtained
by Van Acker et al. (8), who found circadian rhythm of C
in 65% of the analyzed population. In the group similar C,_
and C_ daily rhythms and similar acrophases were found.
In the conducted experiment, it was found that C_
levels were higher than C_ levels throughout the day.
Bigger differences were found during the night. This
confirms the data on tubular secretion of creatinine and
shows that its clearance cannot always be an objective
measure of glomerular filtration. Despite the differences
in the level of both clearances, their rhythms and phases
coincided. Similar results were found by Koopman et
al. (2), who proved coinciding GFR rhythms’ phases
measured with the level of C_ and C_ . Our results, as well
as the results of Koopman et al. (2) and Van Acker et al.
(8), show that tubular secretion of endogenic creatinine
(measured with creatinine and inulin clearance rates) is
the highest at the time of bathyphase of GFR rhythm (C, )
and the lowest at the time corresponding to the acrophase
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of the rhythm. Different results were found by Sirota et al.
(22). They found that C,_and C_ levels did not show any
circadian differences and the C_ levels were lower than C
levels (C_/C_ =0.95).

The results of many experiments showed that the
feeding time and the diet (especially the amount of
protein) modify renal activity (17-21). It is known that the
protein intake leads to renal hypoperfusion and plasma
hyperfiltration in renal glomerulus. Among others, Luke et
al. (23) found convergence of GFR levels’ diurnal changes
and the feeding time in rats. The authors also found a lack
of GFR rhythms in a rat population with permanent food
access.

In our research, a modifying effect of food (feeding
time) on diurnal renal activity changes was not found.
This can be confirmed by the levels of C__and C_ in the
afternoon hours, when the levels were lowered despite the
feeding time at 1600 hours. The results are not, however,
inconsistent with the literature, as they do not eliminate
the possibility of renal plasma filtration increase in the
examined animals after feeding.

The relation of F_ and UV levels from GEFR circadian
variations found in the experiment is the result of the
stable level of this electrolyte in blood plasma. At the
same time, it is related to its constant resorption in renal
tubules. That is why C_  shows a circadian rhythm at
the time and acrophase similar to GFR rhythms. Similar
relations between the filtered load concentrated in plasma,
resorbed and excreted with urine, and the GFR level
appear for chlorides, which, apart from sodium, are the
most osmotically active electrolyte of the extracellular
fluid. For diurnal variations of potassium concentration
in blood plasma, as well as the variable that shows
circadian rhythm, its resorption in renal tubule modifies
the influence of glomerular filtration on excreting the
electrolyte from plasma. It is worth paying attention to the
relation between potassium excretion from the organism
and the amount of the electrolyte reaching the tubules.
The rhythm’s acrophase of potassium resorption in the
renal tubule corresponds to the rhythm’s bathyphase of
glomerular filtration. With a decreasing level of filtered
load, the “net” resorption in the tubule is more efficient, as
it leads to lower urinal excretion of potassium.

Circadian variations in Na, K, and CI excretion were
found in humans (2,9,10,19), in rats (23), and in dogs (24).
Circadian rhythms of sodium, potassium, and chloride
excretion observed in this research are confirmed by the
research conducted by Aizman and Velikanov (25) on
humans, which found that the excretion rhythm period of
Na, K, and Cl is respectively 23.80 h, 23.50 h, and 23.30 h
long. Skrzypczak et al. (26) found the day-night differences
in renal activity of sodium, potassium, and chloride balance
in 2-week-old calves. F, TR, and UV change tendencies
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of Na and Cl ions were similar, whereas the changes in
renal potassium conservation were opposite. The authors
observed higher Na and Cl resorption during the day and
lower rates at night. Especially high TR at night was the
reason for the decrease in urinal excretion of the ion.

Aslanin et al. (27) found that circadian rhythms of
plasma filtration from main osmotically active electrolytes
in humans changed significantly depending on the
season. They suggested that when analyzing diurnal renal
activity, this factor should be taken into consideration. In
our research, we did not find any significant influence of
the feeding time on the existence of urinary electrolytes’
excretion circadian rhythms. Aslanin et al. (10) proved,
however, that the amplitudes of the rhythms depend on the
feeding times, which was also confirmed by the research
done by Markovitz et al. (28).

An alternate occurrence of “light” and “dark” periods
is undoubtedly an outer synchronizer of the diurnal renal
activity, including electrolytes’ excretion. If cyclic “light-
dark” phases do not occur, feeding time can be a potential
synchronizer of the circadian variations (10). Thus, it
seems that the observed circadian variations of Na, K,
and Cl excretion are related to the animals’ activity. This is
confirmed in the literature by Markovitz et al. (28).

Animal physical activity influences circadian rhythms
of hormones’ synthesis and release. The hormones directly
regulate the absorption and secretion of the electrolytes’
processes (5-7).

Bultasova et al. (9) in their research on humans
found that UV changes diurnally and it increases in
the morning (after awakening), reaching its maximum
between 1200 and 1400 hours and decreasing later
on, which corresponds to the circadian variations of
aldosterone levels. The observed Na and K excretion
rhythms’ acrophases coincided with the GFR rhythm’s
acrophase, whereas UV, rhythm acrophase had occurred
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