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Introduction: Circadian rhythm is a  rhythm that refers to 
any biological process that has 24 h periodicity. Circadian 
rhythmicity affects all living organisms. In humans, central and 
peripheral cell clocks oscillate and are able to synchronize with 
surrounding environmental influences, enabling the body to 
predict and synchronize its physiological processes and behavior 
according to periodic daily changes in the environment. 
However, disturbance of circadian rhythms, either in the brain 
(central clock) or in peripheral tissues (peripheral clock), can 
impact human health. For example, interruption of circadian 
rhythms in modern life, such as shift work or travel through 
multiple time zones, is a  significant risk factor for many 
cardiovascular diseases, which in turn suggests that some aspects 
of cardiovascular disease intervention may be time dependent. 
Cardiovascular functions have pronounced circadian 
characteristics. Furthermore, circadian fluctuations are apparent in 
non-invasively measurable physiological parameters such as blood 
pressure and heart rate. Circadian rhythm in electrophysiological 
parameters (eg., RR, PQ and QT interval, QRS complex, ST 
segment shifts, and P, R, and T amplitude), electromechanical 
parameters of the heart (e.g., time index of left ventricular 
ejection [LVETI], total electromechanical systole index [QS2I], and 
pre-ejection periodic index [PEPI]), in the onset of symptoms of 
cardiovascular disease, mortality and morbidity have also been 
described. This suggests that these cardiovascular parameters 
are largely synchronized with the rest-activity cycle, and can be 
characterized according to expected changes over a 24 h period.

Blood pressure
Blood pressure primarily depends on external influences such 
as cyclical physical activity, including the sleep-wake cycle. 
However, there are also endogenous factors, such as circadian 
variation in autonomic nervous system activity, variations in 
humoral factors, including renin-angiotensin, catecholamine and 
cortisol, or circadian variation in arterial blood tone, which can 
significantly affect circadian blood pressure fluctuations.
The acrophase (the maximum value of a given function over a 24 
h period) of systolic and diastolic blood pressure in normotensive 
subjects is approximately 12:00 – 14:00 hours. An association 
between daily blood pressure variation and predisposition to 
disease has been found, not only in hypertensive patients, but 
also in normotensive individuals. Based on day and night blood 
pressure ratios, patients can be categorized into one of four groups: 
nondippers (ratio <10%); dippers (ratio 10% – 20%); extreme 
dippers (ratio >20%); and inverse dippers (ratio <0%). Secondary 
hypertension and endothelial dysfunction, as well high risk for 
cardiovascular events, including myocardial infarction and heart 
failure, among others, have been associated with nondipper ratios.
Consider hypertension, one of the most common cardiovascular 
diseases worldwide. The chronobiological perspective points to the 

fact that the circadian rhythm of blood pressure in hypertensive 
patients is at higher levels but, nevertheless, parallel to circadian 
rhythm of blood pressure in normotensive individuals. Similarly, 
circadian rhythm of blood pressure, in both normotensive and 
hypertensive patients, is influenced by both psychological and 
physical activity and, although levels change, rhythm is not 
disturbed. The circadian rhythm of blood pressure in patients 
with primary hypertension is the same as in normotensive 
subjects; however, in patients with secondary hypertension, the 
night-time drop is reduced and exhibits a smoother curve. The 
circadian rhythm of blood pressure is maintained even after 
the administration of antihypertensive drugs. The main steps in 
the mechanism of blood pressure regulation are dependent on 
circadian rhythm, which suggests that the pharmacokinetics and 
effects of antihypertensive drugs also posess a circadian time 
dependence. For example, administration of isradipine in the 
evening–but not in the morning–has been shown to significantly 
reduce and normalize night-time blood pressure variations in 
hypertensive patients with chronic renal failure.
Therefore, from a chronobiological perspective, the correct 
diagnosis of hypertension cannot be based on a single blood 
pressure value measured at some random point in the day. Ideally, 
measurements should be obtained over the course of an entire 
day to accurately reflect a  true curve of changes in blood pressure. 
It is then likely that a patient‘s health depends on the acrophase 
value derived from the all-day curve. The rhythm thus found may 
not only be the most important indication of the patient‘s health 
but also represents crucial data for assessing treatment efficacy. 
With regard to the chronobiological approach to monitoring 
changes in blood pressure over a 24 h period, circadian 
rhythm of blood pressure is probably independent of 
regulatory interventions of the autonomic nervous system. In 
patients with suspected or proven autonomic cardiovascular 
system failure, the rhythm persists, even at a fixed heart rate 
(e.g., after pacemaker implantation in patients with complete 
atrioventricular block). Blood pressure has been reported to 
reach its lowest value(s) at 01:00 h and gradually increases 
until rousal at 07:00 h and, because heart rate decreases during 
this period, it is believed that heart rate and blood pressure are 
controlled by seperate mechanisms. 
In terms of developmental biology, circadian rhythm of blood 
pressure is detectable in the first few days after birth, with 
a periodicity of 19 h  to 25 h and acrophase in the morning. 
This confirms the hypothesis regarding the congenital circadian 
rhythm of blood pressure, which, in the early postnatal 
period, is not yet sufficiently synchronized with exogenous 
influences. The circadian rhythm of blood pressure has also 
been substantiated in premature newborns, but with lower 
amplitude and greater dispersion of group data. The circadian 
rhythm of blood pressure has been found in four-day-old 
newborns, but only in boys, and persists in the elderly (60 
years of age and older) but with a  lower amplitude.
In conclusion, studies investigating circadian rhythms of 
the cardiovascular system provide evidence that contributes 
to the knowledge base of circadian principles that inform 
the development and application of novel therapies to treat 
cardiovascular diseases.
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Introduction: Pineal hormone melatonin is implicated in the 
control of different rhythmic aspects of physiology, including the 
cardiovascular system. Most studies have been focused on blood 
pressure (BP) lowering effects of melatonin. A meta-analysis of 
the efficacy and safety of exogenous melatonin  in ameliorating 
nocturnal BP  in hypertensive patients proved the potential of 
this compound in BP lowering. Both systolic  (-6.7 mmHg) 
and diastolic (-3.5 mmHg) BP decreased significantly with 
controlled-release melatonin but not with the standard  
fast released compound (2). In comparison with standard 
antihypertensive drugs melatonin exhibits its effects only after 
longer time of administration, suggesting that remodelling of 
vessels or changes in set points in control systems governing BP 
can participate in the mechanism of melatonin action.
Melatonin can control BP in several ways but exact mechanisms 
are still not understood. Melatonin is a highly lipophilic 
compound that can pass through biological membranes, 
scavenge free radicals, interact with orphan nuclear receptors 
and modulate gene transcription (7). Physiological effects of 
melatonin are mediated via its specific membrane receptors 
MT1 and MT2. Both subtypes are members of the seven-
transmembrane G protein-coupled receptor family. It has 
been reported that the MT1 melatonin receptor is coupled to 
different G proteins that mediate adenylyl cyclase inhibition 
and phospholipase C beta activation. The MT2 receptor is also 
coupled to inhibition of adenylyl cyclase and additionally it 
inhibits the soluble guanylyl cyclase pathway (1). However, 
the post-receptor signalling pathways were studied mostly 
under in vitro conditions with transformed cell lines and using 
recombinant melatonin receptors (6). Physiological functions 
and reciprocal action between MT1 and MT2 are frequently 
mentioned in literature but experimental data are rather limited. 
Receptor-mediated effects of melatonin on vessels are based 
mostly on results from the caudal artery of rats (3). However, 
distribution of melatonin receptors in different types of blood 
vessels and their layers, as well as physiological significance of 
receptors localization, are mostly unknown. Therefore, in our 
studies we explore the presence of both types of melatonin 
receptors in different layers of the thoracic aorta and mesenteric 
artery (MA) and in perivascular adipose tissue of rats.
Materials and methods: Normotensive mature male Wistar rats 
were used in our study. Localization of MT receptors in the 
vessel wall of the aorta and mesenteric artery, as well as in the 
perivascular adipose tissue was determined by immunofluorescence 
microscopy on paraffin sections using different antibodies. Protein 
content was quantified by Western blotting. Since specificity of 
antibodies for G-protein coupled receptors is often questioned, we 

analysed also mRNA for both receptors by real time PCR (4). In 
physiological experiments, we used isolated superior mesenteric 
artery (MA) to estimate effects of melatonin on neurogenic 
contractions with or without perivascular adipose tissue according 
to a procedure described elsewhere (5).
Results and Discussion: We proved the presence of MT1 but not 
MT2 type receptors in both types of vessels. Distribution of MT1 
receptor differed between both vessels. The endothelial layer 
expressed the receptor in both vessels. MT1 density was high 
in the tunica media of MA while this receptor was not found 
in this structure of aorta. In contrast, high density of MT1 was 
found in the adventitia of aorta but not in MA. For the first time 
we demonstrated MT1 receptor in perivascular adipose tissue 
although the density was rather low. Different distribution of 
melatonin receptors in both vessels suggest that melatonin effects 
depend on the vessel type. Higher density of MT1 receptor in 
adventitia of aorta suggests that melatonin may protect vessels 
from the outer site. We hypothesize, that melatonin in adventitia 
can interfere with sympathetic nerve endings or with reactive 
oxygen species generated by neutrophils and macrophages 
invading this structure. In long term, melatonin can protect 
in this way against remodelling of vessels, development of 
fibrosis and an increase of the stiffness of the aorta. On the 
other hand, in the resistance mesenteric artery melatonin can 
directly modulate vasoactive functions. In contrast with BP 
lowering effects observed at the system level, melatonin in MA 
should promote via MT1 receptors vasoconstriction effects. 
Therefore, the vasoconstriction should be contra-balanced 
either by central control mechanisms or by vasorelaxing 
substances released from the perivascular tissue as suggested 
by our ex vivo studies. Altogether, our study demonstrates 
that melatonin is involved in the control of vascular tone in 
a complex way which can be vessel specific.

This study was supported by grants APVV-0291-12 and VEGA 
1/0557/15.
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Introduction: High levels of body mass index are considered 
to be an important risk factor contributing to cardiovascular 
impairment. However, recent studies have brought some 
noteworthy findings that moderately increased amount of 
body fat is beneficial with respect to prognosis of patients with 
heart and vessel diseases impairment (1-3). The aim of this 
study was to analyse the relationship between the level of body 
adiposity/weight and adrenergic contractions of mesenteric 
artery in normotensive and in hypertensive rats, with special 
attention paid on vasomodulatory action of perivascular 
fat. Perivascular adipose tissue (PVAT) is known to have 
predominantly anticontractile properties in healthy individuals; 
this effect is mediated through the production and release 
of many substances like adipokines, cytokines/chemokines, 
gaseous molecules (nitric oxide, hydrogen sulphide), 
angiotensin 1-7, methyl palmitate, etc. (4-6). We would like 
to investigate whether the paradoxical effect of increased 
adiposity on cardiovascular system in rat could be caused at 
least partially by PVAT which can decrease the arterial tone 
and peripheral vascular resistance and this way it might reduce 
the hemodynamic load of cardiovascular system.
Methods: Experiments were performed on adult male Wistar-
Kyoto rats (WKY) and spontaneously hypertensive rats 
(SHR). Twelve-week-old rats received 10% fructose solution 
(experimental group) or tap water (control) to drink ad libitum 
for 8 weeks. Systolic blood pressure was measured weekly by 
tail-cuff method. After 8 weeks of treatment, the rats were 

sacrificed, the weight of their heart, liver and retroperitoneal 
fat were determined, and plasma concentration of triglycerides 
was measured. Paired rings of endothelium-intact superior 
mesenteric arteries with or without PVAT were prepared. Arterial 
rings were suspended in organ baths containing modified Krebs 
solution and connected to a  force-displacement transducer for 
the recording of isometric tension. Neurogenic contractions were 
elicited by electrical stimulation of perivascular adrenergic nerves.
Results: Administration of fructose caused increase in systolic 
blood pressure in WKY (114.7±2.1 mm Hg in control vs. 
121.1±1.6 mm Hg in fructose-administered WKY; p<0.05) as 
well as in SHR (200.3±7.6 mm Hg in control vs. 222.1±3.6 mm 
Hg in fructose-administered SHR; p<0.05), without change in 
their heart rate. In SHR, higher values of relative heart weight 
were found after fructose feeding. Both fructose-fed groups 
had heavier retroperitoneal fat and liver and higher levels 
of plasma triglycerides when compared to their respective 
controls. However, whole body weight was increased due to 
fructose administration only in SHR.
Contractile responses to exogenous noradrenaline were reduced 
after fructose administration only in WKY mesenteric arteries 
– in preparations with PVAT intact as well as PVAT removed; 
the reduction in contraction due to fructose was more evident 
in arteries with preserved PVAT (Figure 1). In contrast, the 
fructose-induced anticontractile effect was not seen in SHR 
arteries; the only change detected after fructose administration 
was the increase in contraction in response to the highest 
noradrenaline concentration in PVAT-intact arteries (Figure 1).
When considering the neurogenic contractions to transmural 
electrical stimulation (TES) the effect of fructose treatment 
was detected only in WKY arteries without PVAT; in these 
preparations, the contractile responses were significantly 
smaller in comparison with arteries from control WKY. In 
SHR, fructose administration did not induce any changes in 
arterial responses to TES (Figure 2).

Figure 1   Concentration-dependent contractile responses to exogenous noradrenaline in mesenteric arteries from control and fructose-
-treated WKY and SHR – in preparations with PVAT removed (A) and PVAT intact (B). +p<0.05; ++p<0.01; +++ p<0.001 fructose-treated 
vs. control WKY/SHR.
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Figure 2 Frequency-dependent neurogenic contractile responses to transmural electrical 
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Consclusion: High fructose intake caused modest blood 
pressure increase in normotensive as well as in hypertensive 
rats. On the other hand, the fructose-induced moderate 
growth in adipose tissue enhanced the anticontractile action 
of PVAT in normotensive WKY rats which might attenuate 
the pathological increase in vascular tone during gaining 
weight. This effect could be considered to be similar to the 
paradoxical beneficial effect of overweight on cardiovascular 
function in humans. In contrast, in SHR which exhibit 
substantial impairments of arteries and of their regulation 
by PVAT in control conditions, the fructose-induced 
increase in adiposity does not lead to the improvement of 
PVAT function and to the reduction in arterial sensitivity to 
adrenergic stimuli.

The study was supported by VEGA grant No. 2/0202/17.
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Figure 2   Frequency-dependent neurogenic contractile responses to transmural electrical stimulation in mesenteric arteries from control 
and fructose-treated WKY and SHR – in preparations with PVAT removed (A) and PVAT intact (B). +p<0.05 fructose-treated vs. control 
WKY.
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