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Abstract
Background. Association of cardiovascular (CVD) risk factors increases the physical morbidity and the overall mortality. The results of a previous investigation on the relationship of the metabolic syndrome and its single components with coronary heart disease, cardiovascular disease, and all-cause mortality suggested that the metabolic syndrome is a marker of CVD risk, but not above and beyond the risk associated with its individual components. The recent data indicate that impaired melatonin production is involved in several cardiovascular pathologies including hypertension and ischemic heart disease. However, the mechanisms of melatonin effect on cardiovascular system are still not completely understood. The activation of melatonin receptors on endothelial and vascular smooth muscle cells and antioxidant properties of melatonin could be responsible for the melatonin effects on vascular tone.

Content Analysis of Literature. Literature research included structured searches of Medline and other publications on the subject of melatonin in relation with cardiovascular risk factors.

CONCLUSION: The data from in vitro studies are still in progress making the explanation of the melatonin in vivo effect on vasculature difficult. In vivo, melatonin attenuates sympathetic tone by direct activation of melatonin receptors. It is a scavenger of free radicals and increases NO availability in the central nervous system. By its central and peripheral antiadrenergic effect, the chronic melatonin has an additional cardioprotective mechanism. Melatonin is a powerful antioxidant and has antilipemic effects. These effects provided by chronic melatonin treatment could lead to improvement of target organ damage in CVD. Further investigation of these melatonin actions should provide additional knowledge about its intervention in cardiovascular diseases.
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Rezumat

Introducere. Asocierea factorilor de risc cardiovascular crește procentul de morbiditate și mortalitate prin boli cardiovasculare. Cercetări recente corelează scăderea secreției de melatonină cu patologia cardiovasculară, incluzând hipertensiunea arterială și boala cardiacă ischemică. Mecanismele prin care melatonina afectează sistemul cardiovascular nu sunt încă complet înțelese. Activarea receptorilor pentru melatonină de pe endoteliul și stratul muscular neted vascular, precum și proprietățile antioxidante ale melatoninei pot explica efectul melatoninei asupra tonusului vascular.

Analiza literaturii. Articolele medicale de specialitate, cu subiectul “melatonina în relație cu factorii de risc cardiovascular” au fost selectate din baza de date Pubmed-Medline.

Concluzii. Studiile in vitro care să explice mecanismele de acțiune ale melatoninei sunt încă în desfășurare, îngreunând astfel interpretarea rezultatelor obținute prin studiile in vivo. In vivo, melatonina scade tonusul simpatic prin acțiunea directă asupra receptorilor. Melatonina leagă radicalii liberi de oxigen și crește biodisponibilitatea oxidului nitric în sistemul nervos central. Datorită efectului antiadrenergic, atât central cât și periferic, administrarea cronică de melatonină are un efect cardioprotector. Melatonina este un puternic antioxidant și are efecte antilipemice. Toate aceste beneficii date de tratamentul cu melatonină pot duce la scăderea afectării de organ țintă în bolile cardiovasculare. Cercetări viitoare ar trebui să ne aducă informații suplimentare despre rolul melatoninei în bolile cardiovasculare și posibilitatea utilizării ei ca tratament.

Cuvinte cheie: melatonină, stres oxidativ, factori de risc cardiovascular, mecanisme de acțiune
Introduction
Cardiovascular diseases (CVDs) are the first cause of death globally: more people die annually from CVDs than from any other cause. An estimated 17.1 million people died from CVDs in 2004, representing 29% of all global deaths. Of these deaths, an estimated 7.2 million were due to coronary heart disease (CHD) and 5.7 million were due to stroke. Low- and middle-income countries are disproportionally affected: 82% of CVD deaths take place in low- and middle-income countries and occur almost equally in men and women. CVD was the leading cause of death in developing countries, as well as developed ones, in 2010. By 2030, almost 23.6 million people will die from CVDs, mainly from CHD and stroke. These are projected to remain the single leading causes of death. The most important behavioural risk factors are unhealthy diet, physical inactivity and smoking and are responsible for about 80% of CHD and cerebrovascular disease. The effects of unhealthy diet and physical inactivity may show up in individuals as raised blood pressure, raised blood glucose, raised blood lipids, and overweight and obesity; these are called 'intermediate risk factors'(1).
The major and independent risk factors for CVD are cigarette smoking of any amount, hypertension (HBP), elevated serum total cholesterol and low-density lipoprotein cholesterol (LDL-C), low serum high-density lipoprotein cholesterol (HDL-C), diabetes mellitus (DM), and advancing age. The quantitative relationship between these risk factors and CVD risk has been elucidated for the first time by the Framingham Heart Study(2). AHA state another two major risk factors: obesity and physical inactivity(3, 4). The adverse effects of obesity are worsened when it is expressed as abdominal obesity, an indicator of insulin resistance(5). HBP and atherosclerosis (ATS) are both insulin resistance conditions, share similar risk factors and are characterized by structural and functional modification at the level of the arterial wall(6, 7). This group of metabolic risk factors in one person form the metabolic syndrome (MetS), also called the insulin resistance syndrome (NCEP according to ATP III criteria). The molecular relationship between insulin resistance and metabolic risk factors aren’t fully understood and appear to be complex and link to endothelial dysfunction (ED). ED is generally defined as the imbalance between growth-promoting and growth-inhibiting factors, proatherogenic and antiatherogenic factors, vasodilators and vasoconstrictors, and procoagulant and anticoagulant factors. Evaluation of ED in patients at risk of developing metabolic syndrome can predict cardiovascular morbidity and mortality(8). Clinical and experimental data demonstrates the involvement of oxidative stress in the development of vascular complications associated with ED and is considered a step by which hyperglycemia promotes and accelerates the development of ATS lesions. The precise molecular mechanisms responsible for the increased production of reactive oxygen species (ROS) are not completely defined(9).
Melatonin was discovered by Lerner et al. in 1958(10) as the hormone of the pineal gland. The hormone received considerably more attention when it was found to regulate and reset circadian rhythms(11, 12) and, in species responding to photoperiodic changes, to be involved in the measurement of daylength, an environmental variable used for seasonal timing of reproduction, metabolism and behavior(13-17). Only many years after then, namely in 2003, it was demonstrate its implication in the regulation of cardiovascular system(18, 19), blood pressure(20), myocardial contractility(21) and increasing the antioxidant reserve(22). Melatonin receptors were discovered in the heart(23) and arteries(24). Moreover, decreased melatonin levels were find in various pathological conditions including hypertension with non-dipper pattern(25), impairment of heart failure(26), ischemic heart disease(27), after acute myocardial infarction(28). Therefore, melatonin is coming to the cutting edge of cardiovascular research and its effects on cardiovascular system in clinical situation are being discussed. The mechanisms behind melatonin influence on cardiovascular system are still not completely understood.
Background
Melatonin is the major neurohormone secreted during the dark hours at night by the vertebrate pineal gland, located in the center of the brain but outside the blood-brain barrier (Figure 1). The only requirement for increased melatonin production is darkness at night. The precursor for melatonin biosynthesis is tryptophan, taken up from the circulation, and converted into serotonin. Serotonin is converted into N-acetylserotonin by the enzyme arylalkylamine-N-acetyl transferase (AANAT), the limiting enzyme, and N-acetylserotonin is metabolized into melatonin by the enzyme hydroxyindole-O-methyltransferase (HIOMT)(29). Unlike other endocrine organs, the pineal, does not store melatonin for later, release after it is synthesized. Rather, melatonin quickly diffuses out of the pinealocytes into the rich capillary bed within the gland and possibly directly into the cerebrospinal ﬂuid (CSF) of the third ventricle(30). As a result, blood and CSF levels rise at night and the concentration of melatonin in these ﬂuids is generally accepted as an index of its concurrent synthesis within the pineal gland; circulating nocturnal levels of melatonin are commonly 10–20 times higher than concentrations measured during the day. Melatonin is a highly lipophilic molecule, as well as

having hydrophilic properties. Melatonin is metabolized primarily in the liver but also in the kidney, undergoing hydroxylation and then conjugation into sulfate and glucuronide. In humans the main metabolite is 6-sulfatoxymelatonin (aMT6s). However, several studies have confirmed the existence of additional sites of melatonin synthesis, including, in humans: the retina, the gut and bone marrow(31, 32). Melatonin has receptor-mediated and receptor-independent ways by which it inﬂuences the physiology of the organism. Besides its classical endocrine effects, melatonin has autocrine and paracrine actions and also functions as a direct scavenger of free radicals.

In humans, based on their binding affinity and chromosomal localization (chromosome 4q35 or 11q21–22)(33), two melatonin receptor subtypes have been identified: MT1 and MT2. MT1 mRNA has been detected in the suprachiasmatic nucleus (SCN) of the hypothalamus, which controls the rhythmic production of melatonin by the pineal gland(34, 35). Both MT1 and MT2 receptors have been found in the cerebellum(36) and in retinal rods, horizontal amacrine, and ganglion cells(33, 37). In addition, a protein that is 45% identical to the MT1 and MT2 receptors is found in the human hypothalamus and pituitary. It is encoded by a G-protein coupled receptor (H9) with an unknown ligand, which was cloned from the human pituitary(38). Outside of the CNS, human melatonin receptors have been localized in lymphocytes(39, 40), in prostate epithelial cells(41), in granulosa cells from preovulatory follicles(42), in spermatozoa(43), in the mucosa/submucosa layer of the colon(44) and in blood platelets(45). Even in the absence of receptors, the highly difusible melatonin molecule exerts systemic effects at the most basic cellular level, by modulating cytoskeletal and mitotic functions through binding with calmodulin(46, 47), as well as acting as a free-radical scavenger.

Melatonin and age
Many scientific papers have reported that plasma melatonin concentration declines with age. Most of them compare groups of humans with different ages by comparing melatonin plasma concentration in elderly (60-90 years old) and young subject (20-30 years old). The rate of the decrease in the elderly is on average by 40-50% (range 20-80%)(48-59). Claustrat et al(60), Cowen et al(61) failed to find any age related decline in melatonin secretion in elderly. Zeitzer et al tried to explain the differences obtained by them by suggesting that the other studies might not have been controlled the use of melatonin-suppressing drugs (β-blockers, aspirin, non-steroidal anti-inflammatory agents), the light-dark cycle or the medical conditions(62). The mechanism by which melatonin levels appear to fall with ageing is not yet fully understood.
Melatonin and smoking
Schernhammer shows that current heavy smokers had signiﬁcantly lower aMT6s levels than non-smokers in the multivariate analyses (mean aMT6s: 17.3 ng/mg versus 3.4 ng/mg creatinine; p<0.0001)(63). This large study is limited by the fact that few smokers were included in the study. The pack-years of cigarette smoking were inversely associated with aMT6s levels (P = 0.035). The aMT6s levels of past heavy smokers were similar to those of individuals who had never smoked(64, 65).
Melatonin and obesity
Melatonin was found to be involved in energy metabolism and body weight control in small animals. Many studies show that chronic melatonin supplementation reduces body weight and abdominal fat in experimental animals, especially in the middle-aged rats(66). It is important that the weight loss effect of melatonin does not mean that the animals eat less or were more physically active. A potential mechanism is that melatonin promotes the recruitment of brown adipose tissue as well as enhances its activity(67). This effect would raise the basal metabolic rate by stimulating thermogenesis, heat generation through uncoupling oxidative phosphorylation in mitochondria. 
Three clinical studies found an association of higher BMI with lower nocturnal urinary aMT6s levels(68). Travis et al. observed a statistically signiﬁcant inverse correlation between aMT6s levels and BMI in women younger than 50 years (P =0.04)(69). In a large study, women with a BMI less than 21 had have the mean aMT6s levels of 21.8 (95%CI: 18.4-26.0), comparing with women with a BMI of 29 or greater, whose mean aMT6s level was 12.8 (95%CI: 11.0-14.9; p <0.0001)(63).
Melatonin as an antioxidant
Free radicals are continuously produced in cells by oxidative phosphorylation in mitochondria and by fatty acid oxidation in peroxisomes. There is an excess production of free radicals in atherosclerosis, diabetes, Alzheimer’s disease, cancer(70). The aggressive oxygen species, which are: hydroxyl radicals (HO·), superoxide radicals (O₂··), hydrogen peroxide (H₂O₂) and singlet oxygen (¹O₂), can damage all of the biochemical components of the cells: DNA, RNA, proteins, carbohydrates, unsaturated lipids. Cells have a protective mechanism: enzyme (superoxide dismutase SOD, catalase CAT, glutathione peroxidase GPx), vitamins (vitamin C, E, A and carotene), glutathione, uric acid(71). The extremely short half-life of free radicals, around 10⁻⁹ s, not allow us to directly investigate their activity, so that we can obtain information only indirect, measuring antioxidant levels (glutathione, antioxidant enzymes, vitamins).
Reiter et al, in their review published in 2000, describe melatonin as an antioxidant molecule(72). Melatonin is a direct scavenger of the highly toxic hydroxyl radical by electron donation, becoming itself a radical - melatonyl cation radical, but less toxic(73-75). Melatonin does not undergo redox cycling and its primary, secondary and tertiary metabolites also posses high free radical scavenging activity(72). In vitro, melatonin activate antioxidant enzymes (SOD, CAT, GPx)(76, 77) and inhibit the activity of the pro-oxidative enzyme nitric oxide synthase (NOS), reducing NO formation(78). Melatonin is present in the lipid bilayers of the cell membranes and it is a local free radical scavenger(79). Garcia et al in 1997 show that melatonin stabilizes cell membrane fluidity, which is essential in cell function(80).

Melatonin and hypertension
Melatonin receptors are located on all levels of the cardiovascular system. There melatonin has different functions:
· At cardiac ventricular wall level: modulation of beta-adrenergic receptor-mediated cAMP signaling; negative inotropic effects; stimulation of voltage-activated calcium current(81, 82)
· In coronary arteries: animal studies suggest that melatonin can have dual effects on the vasculature, dependent on the receptor activated: vasoconstriction after MT1- and vasodilatation after MT2-activation(24). The mechanism is linked to the melatonin modulation of noradrenergic and/or NO-effects.

· In aorta: both types of MT-receptors are present(81, 83) and melatonin has vasodilatatory effects(84). This effect is endothelium dependent, and probably mediated by the elevation of NO, stimulation of acetylcholine-, and/or inhibition of noradrenaline effects(85).
· In systemic arteries: in rats melatonin is involved in thermoregulation mechanisms(86). Human studies showed that administration of melatonin during the day decreases core body temperature via selective vasodilatation in distal body regions and induction of sleep(87, 88). Intravenous administration of melatonin leads to an increase in peripheral blood flow(89). These studies confirmed the hypothesis that melatonin in humans is involved in the circadian variation of body temperature and induction of sleep.

There is a well-known diurnal variation in human cardiovascular function, with lower blood pressure, heart rate and cardiac output and higher peripheral vascular resistance at night, when melatonin levels are high, relative to the day(90). Moreover, there is increased risk of myocardial infarction and stroke in the early morning, coinciding with the fall in melatonin levels(91, 92). 
In pinealectomized rats melatonin production decreases, causing vasoconstriction(93), unchanged cardiac output(94) and temporary hypertension in adult rats(95, 96). Administration of melatonin reversed pinealectomy-induced hypertension(97).

In spontaneously hypertensive rats (SHR), melatonin production was shown to decline with aging more rapidly than in normotensive rats(98). The treatment with melatonin for five days in adult SHR resulted in graduate decrease of blood pressure, heart rate and plasma renin activity(98). In some studies melatonin administration to SHR reduce arterial pressure only partially(99), but the effect was more pronounced than the effect of the antioxidant N-acetylcysteine(100) and was comparable with the effect of spironolactone(101).

In another experiment, Girouard et al. administred melatonin to SHR and demonstrate the reduction of blood pressure and heart rate associated with increased endothelium-dependent vasodilatation and increased sensitivity to NO-synthase inhibitor, suggesting improved NO signaling(102). Decreasing blood pressure and improving baroreflex in SHR, correlated with improving antioxidant capacity after long-term melatonin administration suggest the association of antioxidant melatonin properties with its ability to decrease sympathetic tone(22). K-Laflamme et al. demonstrate that acute administration of melatonin to SHR lowered blood pressure and reduced norepinephrine blood levels(103).
In clinical studies melatonin lowers blood pressure in healthy women receiving contraception(104), in postmenopausal women on hormonal substitution therapy(105) and in healthy men(20). The reduction of blood pressure after acute melatonin administration was associated with reduced norepinephrine levels and pulse index(106); the heart rate remained unchanged meaning that the blood pressure decrease by attenuation of  the peripheral resistance achieved potentially by increased NO formation(105).
Guzzetti et al. and Nakano et al. observed that hypertension is associated with impaired circadian rhythm of autonomic tone(107, 108). This phenomenon was associated with disturbed neurotransmission in suprachiasmatic nucleus as demonstrated the post-mortem research on humans(109), which is the common regulatory center both for melatonin secretion(110) and autonomic tone(111, 112). Decreased nocturnal melatonin concentrations were observed in patients with non-dipping blood profile(113). Chronic 3-week melatonin administration reduced blood pressure and amplified the night time blood pressure decrease(114). The long-term regular intake before sleep supported normal rhythm in melatonin concentrations and was therefore effective in restoring circadian variability in blood pressure(114). Improving NO production and decreasing oxidative stress after melatonin administration(115) may lead to prevention of endothelial structural alterations. Most promising results were obtained in models with altered metabolic conditions, which produce pronounced endothelial damage. In rats on high-fat diet, melatonin administration attenuated atheromatous changes in arteries along with the normalization of blood pressure, body weight, blood glucose, improvement of antioxidant capacity and lipid profile(116). In hypertriglyceridemic rats, melatonin prevents intimal infiltration by foam cells induced by cholesterol, in association with modified plasmatic fatty acid composition(117). The prevention of endothelial damage may help to explain more effective blood pressure reduction in type 1 diabetic patients than in controls(118).
Conclusion
Although melatonin was discovered more than 40 years ago, the data on the physiological role of this hormone in humans are still in progress; melatonin could play the role of a universal endogenous synchronizer for all physiological functions which had a circadian organization. The data from in vitro studies are still in progress making the explanation of the melatonin in vivo effect on vasculature difficult. In vivo, melatonin attenuates sympathetic tone by direct activation of melatonin receptors, is a scavenger of free radicals and increase NO availability in the central nervous system. The central and peripheral antiadrenergic action of chronic melatonin treatment might eliminate the mechanisms counter-regulating decreased blood pressure, providing thus additional cardioprotective mechanism. Melatonin is a powerful antioxidant and has antilipemic effects. These mechanism could lead to improvement of target organ damage by chronic melatonin treatment. Further investigation of these mechanisms should provide novel knowledge about mechanisms of action of melatonin in cardiovascular diseases.
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