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Daytime and nighttime systolic and diastolic BP was recorded in 23-week-old SHR and Wistar
rats by telemetric monitoring. Urine concentrations of sodium, potassium, and calcium were
determined in SHR rats during of light (07.00-19.00 h) and dark hours (19.00-07.00 h) at the
age of 18, 19, 20, 21, 22, and 23 week; 23-week-old Wistar rats were used as the control. At
early stages of the experiment, urine sodium concentration was elevated in SHR rats both
at daytime and at night. Thereafter, this value declined and by 22-23 week was significantly
lower than in normotensive Wistar rats, but only during daytime. Daytime potassium concentration significantly surpassed the control level during weeks 18-19 of the experiment, but
later, a tendency to a decrease in this parameter was observed. Daytime calcium content in
SHR rats did not significantly differ from the control throughout the experiment. At night, this
value exceeded the control level by more than 2 times during weeks 18-19, but then returned
to the level observed in normotensive animals.
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Essential arterial hypertension is a polyethiological disease and hereditary predisposition is one of the key
pathogenetic factors. In recent years, a growing number
of papers appeared on the role of polymorphisms of
genes encoding individual components of functional
systems responsible for vascular tone regulation. Different lines of hypertensive animals make possible investigation of the mechanisms of arterial hypertension
development in isolated genetically conditioned process. Thus, in inbred spontaneously hypertensive SHR
rats, a persistent BP increase is associated mainly with
impaired renal mechanisms of vascular tone regulation
[6,7], but it is difficult to identify specific factors triggering this process. According to some data, the prime
cause is damage to arterioles supplying the juxtaglomerular cortex, which manifested as impairment of their
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functional self-regulation and wall hypertrophy [4]. It
should be noted that changes in water—electrolyte metabolism play an important role in arterial hypertension
development in SHR rats. In particular, disrupted interaction of angiotensin receptor type II with angiotensin
III leads to a decrease in the natriuresis intensity [1].
Some recent studies also give evidence of the important
role of biological rhythms in mechanisms of systemic
blood pressure regulation, mediated by sodium and potassium excretion [2,8,9]. At the same time, changes
in the electrolyte balance in the body at early stages of
essential arterial hypertension, including the chronobiological component, remain poorly studied.
We analyzed specific features of electrolyte (sodium, potassium, and calcium) excretion at the initial
stages of genetically determined arterial hypertension.

MATERIALS AND METHODS
Experiments were carried out on male SHR rats and
male Wistar rats (control) in two parallel series. All
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manipulations were carried out in accordance with the
Order No. 755 of the Ministry of Health of the USSR
(August 12, 1977) and European Convention for Protection of Vertebrates used for Experimental and Other
Scientific Purposes (Strasbourg, 1986).
In series I, BP was continuously recorded over
24 h by telemetric monitoring using Data Sciences
International equipment in 23-week-old SHR (n=5)
and Wistar (n=5) rats. To this end, radiotransmitters
(TL11M2-C50-PXT) were implanted into the abdominal aorta under general anesthesia; the data were
transmitted to sensors and stored on a computer. During the experiment, the animals were housed in individual cages under artificial light regimen: light from
07.00 to 19.00 h and darkness 19.00-07.00 h. The
data were processed with Dataquest ART 4.2 Gold.
The following parameters were evaluated: mean daytime and mean night systolic BP, mean daytime and
mean night diastolic BP. In series II, urine concentrations of sodium, potassium, and calcium was assessed
in SHR (n=5) rats at the age of 18, 19, 20, 21, 22, and
23 weeks separately during the light and dark time of
the day. The control group consisted of Wistar rats
(n=5) at the age of 23 weeks. Urine was collected in
metabolic cages for rats AE0906 (Open Science) and
electrolyte concentration in the urine was assessed
by capillary electrophoresis on a Kapel-105M device
using the technologies and reagents of RMA Lumex.
The data were processed using Statistica 6.0 (StatSoft Inc.). For each parameter, the mean and error of
mean were calculated. Significance of differences was
assessed using Mann—Whitney U test (the difference
between the means was significant at p≤0.05).

RESULTS
In SHR rats, systolic and diastolic BP were significantly higher than in controls (Table 1), which is indicative
of severe arterial hypertension. At the same time, there
were no significant differences in mean daytime and
night values of systolic and diastolic BP in control and
experimental animals.
The night and day diuresis in SHR rats was stable
at all experimental terms and did not differ from the

reference values. In 18-week-old SHR rats, sodium
concentration in urine was sharply increased, compared to the control, at daytime and at night (Table
2). During week 19, this parameter decreased relative
to the previous term, but still significantly surpassed
the control level. At the age of 20 and 21 weeks, the
difference from the control group became statistically
insignificant. At the age of 22 and 23 weeks, sodium
content in the urine continued to decrease and reached
a steady level that was significantly below the control, but only during daytime. During night hours, no
statistically significant differences were observed. It
can be assumed that early stages of arterial hypertension in SHR rats are characterized by activation of
some mechanisms aimed at limiting hypertension development through sharp enhancement of natriuresis.
However, at later terms, this effect weakened and the
intensity of urinary sodium excretion decrease, which,
obviously, led to sodium retention in the body. Starting
from weeks 22-23, BP achieved a level that was high
enough for activation of the rennin—angiotensin—
aldosterone mechanism due to ischemia of the renal
parenchyma. The decrease in sodium excretion was
observed only during daytime.
Potassium concentration in the urine of SHR rats
significantly surpassed the control level during weeks
18 and 19 of the experiment, but only during daytime.
At later terms, a tendency to a decrease in this parameter compared to the control group and the initial
18-week term was observed, however, significant differences were noted only for week 22. The increase in
potassium excretion in the daytime at weeks 18 and 19
may be a factor contributing to BP rise. It should be
noted that, according to the data of [3], the circadian
profile of potassium excretion does not depend on the
level of endogenous aldosterone secretion.
Also noteworthy is the fact that the differences
in the daytime and night sodium and potassium concentrations were significant in the control and in the
experimental group at all experimental terms. Thus,
there were no disturbances in the excretion rhythm
of these electrolytes at early stages of arterial hypertension. This characteristic of the kidneys is an
important indicator of their function related to blood

TABLE 1. BP in 23-Week-Old SHR Rats Measured by the Method of Telemetric Monitoring in the Abdominal Aorta (mm
Hg, M±m)
Day

Night

Group
sBP

dBP

sBP

dBP

Wistar rats (control)

115.47±2.90

83.97±2.07

115.75±3.56

83.93±2.73

SHR rats

184.62±7.26*

135.52±4.50*

193.30±7.37*

142.15±4.12*

Note. *p≤0.05 in comparison with the control. sBP and dBP are systolic diastolic BP, respectively.
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TABLE 2. Concentration of Electrolytes in the Urine of SHR Rats of Different Age (mg/dl; M±m)
Sodium

Potassium

Calcium

Parameter
day

night

day

day

night

day

78.06±6.74

23.45±6.85+

169.07±26.82

106.88±13.26

4.18±0.79

0.96±0.11+

18 weeks

208.30±23.58*

95.07±5.95*+

448.20±5.15*

176.69±20.72+

1.49±0.22

2.43±0.07*+

19 weeks

158.75±6.90*

91.41±0.73*+

360.98±17.66*

160.40±1.44+

3.06±0.14

2.06±0.04*+

20 weeks

59.22±4.64

39.62±1.08+

232.74±4.09

34.57±1.30+

2.20±0.09

0.67±0.13+

21 weeks

81.11±3.22

46.42±1.09

+

124.22±1.34

62.03±10.35

+

2.56±0.20

0.62±0.19+

22 weeks

36.42±6.40*

12.93±2.48+

50.24±4.64*

28.69±3.48*+

2.99±0.41

0.75±0.08+

23 weeks

37.62±2.28*

16.33±1.65+

100.00±1.57

49.46±1.37+

1.42±0.09

1.09±0.13

Wistar rats, 23 weeks
(control)
SHR rats

Note. p≤0.05 in comparison with *control, + daytime values.

pressure regulation. Normally, it depends on the synthesis of powerful sodium excretion regulator 20-hydroxyicosatetraenoic acid (20-HETE) controlled by
clock-genes [5].
In SHR rats, calcium content in the daytime did
not significantly differ from the control throughout
the experiment. At the same time, at night hours (the
period of wakefulness in rats accompanied by higher
systolic BP) during weeks 18 and 19, this indicator
exceeded the control value by more than 2 times, but
at later terms it returned to the level observed in normotensive animals. Along with increased nighttime
sodium excretion at the specified terms, increased
calcium excretion can also restrain hypertension development.
Thus, the early stages of genetically determined
arterial hypertension are characterized by a compensatory reaction of the organism manifested in enhanced
natriuresis and increased calcium excretion. At later
stages, on the contrary, sodium retention in the body
is observed. At the same time, the rhythmic component
of electrolyte excretion was not impaired during the
investigated periods.
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