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Abstract. Over the past years, close attention of the world scientific community has been directed to the main hormone 
of the pineal gland — melatonin. In the course of many studies, the protective properties of this hormone were found in 
various pathological conditions. Thus, in a chronic inflammatory process, melatonin stimulates the production of anti-in-
flammatory and suppresses the activity of pro-inflammatory cytokines and neuronal NO-synthases and cyclooxygenase-2, 
participates in the removal of reactive oxygen species from the cell, and also optimizes mitochondrial function through 
mitofusin-2. Melatonin performs its antihypertensive function by regulating the renin-angiotensin system, suppressing 
endothelin expression, enhancing the production of nitrosyl radical and endothelial nitric oxide synthase, and also by 
interacting with the central nervous system by modulating melatonin activity due to GABAergic signaling in neurons 
from the suprachiasmatic nucleus to various parts of the central nervous system, including the ventrolateral part of the 
medulla oblongata. In addition, it modulates the SIRT1/mitofusin 2 pathway by reducing the production of reactive oxy-
gen species, deactivates LDL-induced pyroptosis in endothelial cells via the MEG3/miR-223/NLRP3 axis, and inhibits 
serum cholesterol absorption and biosynthesis, thereby achieving a lipid-lowering effect. Another significant function of 
melatonin is participation in the regulation of glycemia and control of insulinemia. It reduces insulin secretion through the 
melatonin 1 receptor by inhibiting the adenylate cyclase — cyclic adenosine monophosphate pathway, and through the 
melatonin 2 receptor it inhibits the guanylate cyclase — cyclic guanosine monophosphate pathway. On the other hand, 
melatonin can also stimulate insulin secretion by releasing inositol triphosphate through interaction with the melatonin 
2 receptor. It should be noted that the antidepressant effect of melatonin is achieved by modulating neuroplastic reactions 
in the hippocampus and stimulating neurogenesis, axogenesis, and dendritogenesis. Thus, melatonin is an important 
protective factor in polymorbid cardiovascular pathology due to its positive effect on lipid metabolism, obesity and insulin 
resistance, correction of arterial hypertension level of glucose, as well as antidepressant action.
Key words: melatonin; polymorbid cardiovascular pathology; lipid metabolism; obesity; insulin resistance; correction 
of arterial hypertension, level of glucose; antidepressant effect.
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Резюме. В прошедшие годы пристальное внимание мирового научного сообщества было направлено на основной 
гормон шишковидной железы — мелатонин. В ходе множества проведенных исследований были обнаружены 
протективные свойства данного гормона при различных патологических состояниях. Так, при хроническом 
воспалительном процессе мелатонин стимулирует продукцию противовоспалительных и подавляет активность 
провоспалительных цитокинов, нейрональных NO-синтаз и циклооксигеназы-2, участвует в удалении активных 
форм кислорода из клетки, а также оптимизирует митохондриальную функцию посредством митофузина-2. 
Антигипертензивную функцию мелатонин осуществляет за счет регуляции ренин-ангиотензиновой системы, 
подавления экспрессии эндотелина, усиления продукции нитрозил-радикала и эндотелиальной синтазы оксида 
азота и, кроме этого, благодаря взаимодействию с центральной нервной системой посредством модулирования 
активности мелатонина за счет ГАМК-эргической передачи сигналов в нейронах от супрахиазматического ядра 
к различным частям центральной нервной системы, в том числе и к вентролатеральной части продолговатого 
мозга. Кроме того, он моделирует путь SIRT1/митофузина-2 путем снижения продукции активных форм кисло-
рода, деактивирует индуцированный липопротеинами низкой плотности (ЛПНП) пироптоз в эндотелиальных 
клетках через ось MEG3/miR-223/NLRP3 и ингибирует абсорбцию и биосинтез холестерина в сыворотке, бла-
годаря чему достигается гиполипидемический эффект. Еще одной значимой функцией мелатонина является 
участие в регуляции уровня гликемии и контроль инсулинемии. Он снижает секрецию инсулина через рецептор 
мелатонина-1, ингибируя путь аденилатциклазы — циклического аденозинмонофосфата, а через рецептор 
мелатонина-2 подавляет путь гуанилатциклазы — циклического гуанозинмонофосфата. В то же время мела-
тонин может также стимулировать секрецию инсулина за счет высвобождения инозитолтрифосфата — через 
взаимодействие с рецептором мелатонина-2. Нельзя не отметить антидепрессивное действие мелатонина, 
которое достигается путем модулирования нейропластических реакций в гиппокампе и стимуляции нейрогенеза, 
аксогенеза и дендритогенеза. Таким образом, мелатонин является важным защитным фактором при поли-
морбидной сердечно-сосудистой патологии за счет положительного влияния на липидный обмен, ожирение и 
инсулинорезистентность, коррекции артериальной гипертензии, гликемии, а также антидепрессивного действия.
Ключевые слова: мелатонин; полиморбидная сердечно-сосудистая патология; липидный обмен; ожирение; 
инсулинорезистентность; коррекция артериальной гипертензии, гликемии; антидепрессивное действие.

rase enzymes (Fig. 2) [23]. Information on light from retinal 
ganglion cells passes through the retinohypothalamic tract 
to the suprachiasmatic nucleus (SCN), then to the upper 
cervical ganglia, and then through the sympathetic nor-
adrenergic nerves reaches the pineal gland and activates 
pinealocytes, suppressing the production and secretion 
of MT. In this regard, the maximum level of MT in human 

Over the last decade, the scientific community has paid 
special attention to a wide range of biological activity of 
melatonin (MT) and its role in intra- and intercellular regula-
tion, intersystem interactions, maintenance of homeostasis 
and protection of the organism in interaction with constantly 
changing environmental factors [23]. An important feature of 
MT is regulating circadian rhythms . It is a high-level func-
tion of the brain that includes physiological, endocrine and 
behavioural changes arising in connection with the change 
of a daily cycle.

MT, or N-acetyl-5-methoxytryptamine, is a highly con-
served indolamine molecule (Fig. 1) that is found in all 
plants, animals [45] and microorganisms [44]. MT is mainly 
synthesised in the epiphysis [12, 17], but it can also be pro-
duced in the retina, thymus, spleen, heart, muscle, liver, 
stomach, pancreas, intestine, placenta, bone marrow, skin, 
hair follicles, cerebral cortex and many other parts of the 
body [4, 42, 49].

The substrate for MT synthesis is tryptophan amino 
acid, which is converted into serotonin by hydroxylation and 
decarboxylation, from which MT is formed with the help of 
N-acetyltransferase and hydroxyindole-O-methyltransfe- Fig. 1. Structural formula of melatonin molecule
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epiphysis and blood is observed at midnight, and the mini-
mum — in the daytime [30]. In turn, the daytime plasma MT 
fraction is of peripheral origin [11]. MT plays a key role in 
regula ting seasonal, circadian rhythms, as well as metabo-
lism, immune response, reproductive function and other vi-
tal physio logical processes [9].

The development of technology does not always lead 
to positive consequences. Thus, the widespread use of 
mobile gadgets, personal computers and other computing 
equipment in the dark time of day has a negative impact 
on the body, causing cartilage destruction due to a de-
crease in MT synthesis. This can further lead to negative 
consequences, such as the formation of various types of 
oncopathology (breast, prostate, endometrial, ovarian, co-
lon, skin, etc.); as well as cardiovascular diseases; diges-
tive disorders; diabetes mellitus; obesity; depression; sleep 
deprivation; cognitive impairment and premature aging [8, 
10, 36].

Besides regulating biological rhythms, MT has many 
different functions [33]. It is known to affect gastrointesti-
nal (GI) motility through membrane receptors that include 
MT receptors (melatonin receptor type 1 (MT 1) and type 2 
(MT 2)) and serotonin (5-HT). At physiological levels, MT 
acts as a serotonin antagonist in the regulation of intestinal 
motility [46]. The immunomodulatory effect of MT is based 
on the endocrine response of circulating immunological 
cells and progenitor cells in the bone marrow that express 
its receptors. Rhythmic synthesis of MT has been found to 
be essential for modulating both circadian and seasonal 
fluctuations in immune functions, as well as for the efficient 

functioning of the immune-pineal axis [25]. MT influences 
growth processes and thyroid hormone synthesis [38]. Its 
antioxidant function is also important to note [23]. It has 
the ability to scavenge free radicals and also induces the 
expression of antioxidant enzymes (superoxide dismutase 
and glutathione peroxidase) with the formation of indirect 
antioxidant effects [3]. Next, we are going to discuss the 
role of MT in various somatic pathologies.

MELATONIN AND INFLAMMATION

The main anti-inflammatory action of MT is enhancing the 
activity of anti-inflammatory cytokines and suppressing the 
production of leptin and pro-inflammatory cytokines such as in-
terleukin-6 (IL-6), monocyte chemotactic protein-1 (MCP-1) and 
tumor necrosis factor-α (TNF-α) [16]. In addition, MT suppres-
sion of pro-inflammatory cytokines can lead to multiple anti-
oxidant effects, removal of reactive oxygen species (ROS), 
inhibition of neuronal NO synthases and cyclooxygenase-2 
(COX-2), and inhibition of Nod-like receptor containing pyrin 
domain 3 (NLRP3) inflammasome formation [24]. Nuclear 
factor kappa-B (NF-κB) and NLRP3 are inhibited through ac-
tivation of the MT-dependent gene for the NAD-dependent 
sirtuin deacetylase-1 (SIRT1) protein (Fig. 3) [18].

Importantly, the anti-inflammatory effect of MT is also 
related to its ability to optimize mitochondrial function. It 
exerts a beneficial effect on mitochondria via mitofusin-2 
(Fig. 4), which modulates the neuronal activity of orexigenic 
agouti-related protein (AgRP) and diet-induced obesity, as 
well as the intrinsic regulation of the apoptotic cascade [41].

Fig. 2. Classical pathway of melatonin synthesis in humans
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A number of experiments have confirmed anti-inflamma-
tory properties of MT. Thus, the results of a clinical study 
conducted at the Second Hospital of Jilin University of 
the People’s Republic of China (PRC) demonstrated that 
MT prevents inflammation-induced hepatocyte damage in 
laboratory mice. It reduces mitochondrial oxidative stress 
through activation of the Akt-SIRT3 pathway involved in an-
tioxidant synthesis, and at the same time regulates reactive 
oxygen species (ROS) formation [34].

MELATONIN 
AND HYPERTENSION

Hypertension (HT) is one of the most common causes of 
mortality in the adult population [2]. Persistent hypertension 
leads to chronic tension of arterial walls, which in turn is 
associated with their stiffness, inflammatory process in the 
intima and atherogenesis.

The positive effect of MT in terms of HT has been known 
for a long time. Thus, in the study of 1976, conducted by 
the Department of Medicines of the county of Herdfordshire 
(UK), it was found that pinealectomy in rats led to a pro-
nounced HT. The findings suggest a positive effect of en-
dogenous MT on blood pressure regulation [19].

It was also found that patients with cardiovascular di-
seases associated with HT have decreased serum MT le-
vels [51]. MT may reduce hypertension through regulation 
of vasoconstriction and vasodilation and interaction with the 
renin-angiotensin system [7]. A study conducted at Suzhou 
University Medical College (PRC) demonstrated that endo-
thelial cells cultured under high blood pressure conditions 
expressed significantly more vasoactive substances includ-
ing endothelin and angiotensin II [37]. Co-incubation of MT 
with these cells resulted in suppression of endothelin and 
angiotensin II and increased nitrosyl radical production and 
endothelial nitric oxide synthase expression [51].

Fig. 3. Reduction of inflammation activity by melatonin through inhibition of NF-κB, NRF2, TLR4, and SIRT1 signaling pathways, 
resulting in suppression of proinflammatory and enhancement of anti-inflammatory cytokines. AFC, reactive oxygen species; IL-6, 
interleukin-6; TNF-α, tumor necrosis factor-α; COX-2, cyclooxygenase-2; BMAL1, aromatic hydrocarbon nuclear translocator-like 
protein-1; MCP-1, monocyte chemotactic protein-1; mTORC1, mammalian target of rapamycin signaling complex; NF-κB, nuclear 
factor kappa-bi; NLRP3, Nod-like receptor containing pyrin domain 3; Nrf2, erythroid 2-dependent nuclear factor; SIRT1, sirtuin 
NAD-dependent deacetylase-1 protein; TLR4, toll-like receptor 4
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The anti-remodeling effect of MT should be empha-
sized as well. A study conducted at Comenius University 
in Bratislava (Slovakia) demonstrated that MT reduced fi-
brosis activity in rats with spontaneous hypertension [40], 
hypertension induced by N-ω-nitro-L-arginine methyl ester 
(L-NAME), and hypertension induced by constant exposure 
to light (Fig. 5) [39].

In addition to its effects on the vascular system, MT 
may also exert antihypertensive effects through interaction 
with the central nervous system (CNS). On the one hand, 
MT release is controlled by sympathetic afferentation to the 
pineal gland, involving the interaction of light with the reti-
na, suprachiasmatic nucleus, paraventricular nucleus and 
stimulation of β1- and α1-adrenoreceptors of the pineal 
gland [39]. On the other hand, transmission of signals by 
GABA from the suprachiasmatic nucleus to various parts 
of the CNS, including the ventrolateral part of the medulla 
oblongata, may be modulated by MT activity, providing a 
protective mechanism against excessive sympathetic ex-
citation [31].

MELATONIN AND HYPERLIPIDAEMIA

Hyperlipidemia is a consequence of an aberrant pro-
cess of increasing levels of low-density lipoprotein (LDL), 
total cholesterol (TC), triglycerides and decreasing levels of 
high-density lipoprotein (HDL). According to the University 
Hospital of the Canary Islands (Spain), an inverse correla-
tion between serum levels of endogenous MT and LDL was 
found in patients with atherosclerosis [13]. In vitro studies 
have also demonstrated the beneficial effects of MT in the 
metabolic function of hepatocytes through modelling the 
SIRT1/mitofusin-2 pathway, by reducing ROS production. 
Pretreatment of HepG2 cell line with MT showed improved 
lipid consumption and activation of PPARα and carnitine 
palmitoyl-CoA transferase 1, which are lipolytic genes es-
sential for metabolism [51].

According to Harbin Medical University (PRC), MT ap-
peared to deactivate LDL-induced pyroptosis in endothelial 
cells via the MEG3/miR-223/NLRP3 axis [52]. It should be 
added that LDLs trigger inflammation activation and pro-
inflammatory factor secretion, whereas MT significantly 
reduces NLRP3-inflammatory production by NLRP3-in-
flammasomes and IL-1 secretion in macrophages [51]. In 
another study conducted by the State University of São 
Paulo (Brazil), healthy laboratory rats were compared with 
rats which undergone pineal gland resection. Thus, the ani-
mals had a significant decrease in serum HDL level after 
surgery, but normalization of the level of this lipoprotein was 
observed when MT was administered [14].

Researchers from the University of Granada (Spain) re-
ported MT positively influenced on overweight and lipid pro-
file in obese and diabetic rats [5]. Prolonged stimulation of 
MT synthesis is able to reduce weight gain [47], inhibit the 
absorption and biosynthesis and serum levels of OX [21], 
and enhance its catabolism [32]. MT reduces cholesterol 
by enhancing the mechanisms of endogenous cholesterol 
clearance through bilirubin acid synthesis and inhibition 
of LDL receptor activity. The hypolipidemic effect of MT is 
also determined by an increase in the level of circulating 
irisin, which enhances the excretion of total cholesterol by 
its clearance into bile [16].

MELATONIN AND DIABETES MELLITUS

The results of a number of foreign studies prove that 
circadian rhythm disturbance may contribute to the develop-
ment of both diabetes and cardiovascular diseases [29]. A 
correlation between MT secretion and insulin at night has 
been described in young patients with metabolic syndrome 
[1]. The large-scale Nurses’ Health Study found an asso-
ciation between MT secretion, assessed by urinary 6-sulfa-
toxymelatonin levels, and the subsequent development of 

Fig. 4. Schematic representation of the inhibitory effect of 
melatonin on the intrinsic, mitochondria-driven apoptotic 
cascade and apoptosis pathways induced by mitofusin-
2-mediated changes in the kidney on the background of 
obesity
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type 2 diabetes mellitus (DM 2). Individuals with the lowest 
levels of MT secretion had a twofold risk of developing DM 2 
compared to subjects with normal or high levels of its secre-
tion [26].

In addition, MT regulates blood glucose levels. Several 
hypotheses are proposed to explain this process. Thus, 
the “Equilibrium Hypothesis” suggests that both increased 
and decreased MT signaling can cause carbohydrate dis-
orders [27]. Another hypothesis suggests a functional an-
tagonism between MT secretion and food intake. Low MT 
levels during the day potentiate normal glycemic tolerance 
after a food load, while high MT levels during overnight 
fasting ensure pancreatic beta-cell recovery. Elevated MT 
concentrations during meal periods result in pathological 
changes in glucose metabolism in both nighttime eaters 
and those awake during dark periods [15]. Despite con-
flicting data and hypotheses, it is clear that the pineal 
hormone performs fine-tuning of carbohydrate metabolism 
through its receptors in the pancreas, liver and adipose 
tissue [28].

Experimental studies have revealed that MT receptors 
in pancreas are associated with several parallel signaling 
pathways affecting insulin secretion. Thus, MT decreases 
insulin secretion via the MT 1 receptor by inhibiting the ade-
nylate cyclase-cyclic adenosine monophosphate pathway, 
and inhibits the guanylate cyclase-cyclic guanosine mono-
phosphate pathway via the MT 2 receptor. In addition, MT 
can also stimulate insulin secretion by releasing inositol tri-
phosphate — through interaction with the MT 2 receptor [28].

It has also been found that patients with DM have a de-
creased number of MT1 and MT2 receptors in beta cells. 
According to a study by King’s College London, MT stimu-
lates glucagon secretion by alpha cells followed by a para-
crine-mediated indirect increase in insulin levels by β cells. 
MT also modulates somatostatin secretion by delta cells in 
both healthy individuals and DM 2 patients [35].

MTNR1B is an important diabetic gene encoding the 
MT2 receptor protein. A decade ago It was associated with 
pancreatic beta-cell dysfunction which gave a huge impe-
tus to research the correlation between pineal hormone 

Fig. 5. Mechanisms of the protective effect of melatonin in hypertension induced by N-ω-nitro-L-arginine methyl ester. Chronic 
administration of L-NAME provokes the development of arterial hypertension, left ventricular (LV) fibrosis, and as a consequence 
of increased hemodynamic load, left ventricular hypertrophy develops. Melatonin reduces free radicals through its antioxidant 
action, improves endothelial function and has a central sympatholytic effect. These actions of melatonin lead to normalization of 
blood pressure, prevention of further myocardial remodeling in the left ventricle
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signa ling, receptor polymorphism and impaired carbohy-
drate metabolism. MTNR1B rs10830963 C > G was associ-
ated with elevated fasting glucose levels in a large cohort of 
individuals of European origin. Moreover, the presence of a 
minor G allele of the same polymorphism was associated 
with an increased risk of DM 2 in a meta-analysis of 18,236 
cases from a cohort of 64,453 patients. The rs10830963G 
allele determines both elevated fasting glucose levels and a 
low early insulin response to glucose loading [28].

In addition, several meta-analyses have shown an as-
sociation between the MTNR1B rs10830963 and the deve-
lopment of gestational diabetes mellitus (GDM). Carriers of 
GG genotype have a 78% higher risk of developing GDM 
compared to SS carriers, regardless of ethnicity [6, 20, 22].

A number of other common polymorphisms of the 
MTNR1B gene also modulate fasting glucose levels and 
early insulin secretion by beta cells, thereby influencing the 
risk of developing DM2 and GDM in different ethnic groups. 
Moreover, the same polymorphisms may determine diffe-
rent effects of lifestyle modification and/or drug treatment in 
metabolic disorders [28].

Taking into account the expression of MT receptors in 
many tissues, studies have revealed the influence of MT 
signaling on glucose metabolic processes in peripheral tis-
sues such as liver, skeletal muscle and pancreas. MT is re-
quired for insulin-stimulated activity of phosphatidylinositol-
3-kinase and protein kinase B. MT mediated glycogen syn-
thesis in hepatocyte cells through insulin receptor substrate 
1 via Gi protein. Notably, MT promotes SIRT 1 expression 
and phosphorylation of signal transducer and activator of 
transcription 3 in rat liver to regulate gluconeogenesis. MT 
also activates the IRS1-PI3K-PKCζ pathway to promote glu-
cose uptake in skeletal muscle [16].

MELATONIN AND DEPRESSIVE 
SPECTRUM DISORDERS

An observational study conducted at Uppsala University 
(Sweden) found a negative correlation between evening MT 
levels and quantitative measures of depressive symptoms in 
young patients seeking psychiatric care. Similarly, patients 
with low MT levels demonstrated worsening of symptoms 
on the MADRS-S scale in a prospective study [43].

A possible mechanism for the antidepressant action of 
MT is its ability to modulate neuroplastic responses in the 
hippocampus. A wide range of meta-analyses points to 
structural and functional abnormalities of the hippocampus 
in depression. In addition, inflammatory processes signifi-
cantly contribute to structural changes in the hippocampus in 
depressive disorders [50]. Preclinical data have shown that 
the hippocampus is one of the main targets for MT action in 
the brain, with MT promoting branching of distal dendrites 

in layers II/III of cortical pyramidal cells [48]. It was also 
found that MT stimulates neurogenesis, axogenesis and 
dendritogenesis of neurons in the limbic region of the 
brain. Disruption of MT expression, which further promotes 
meta-inflammation and decreases the cytoprotective and 
neuroprotective effects of hippocampal cells, may be one 
of the major mechanisms underlying the pathophysiology 
of depression [50].

CONCLUSION

Melatonin has a wide range of protective properties in 
various pathological processes, it has a positive effect on 
lipid metabolism, promotes weight loss in obesity and, as a 
consequence, the degree of severity of insulin resistance. 
Melatonin normalizes blood pressure and elevated glyce-
mic levels and has antidepressant functions, which are 
attribu ted to their role in regulating circadian rhythms, the 
renin-angiotensin system, insulin levels, as well as lipid me-
tabolism and deactivation of chronic inflammation. Although 
melatonin is a neurohormone, it plays a pivotal role in 
modulating oxidative stress through both direct antioxidant 
action and induction by inflammation. Thus, regulation of 
circulating melatonin levels may serve as a potential target 
for reducing the intensity of oxidative stress leading, among 
other things, to meta-inflammation.

So far, there is still no consensus on the possible role 
of melatonin as an adjuvant drug for the treatment of meta-
bolic diseases, although it shows great potential in many 
aspects. The wide range of positive properties of melatonin 
leads us to the conclusion that it is necessary to study the 
use of MT exogenous form as an adjunct to the main thera-
py in various diseases, primarily metabolic and anxiety-de-
pressive spectrum disorders. Exogenous melatonin, as well 
as endogenous one, reduces the level of pro- inflammatory 
cytokines and suppresses the activity of oxidative stress, 
which can be used for prevention and adjuvant treatment of 
polymorbid pathology. Melatonin is relatively safe and has 
few mild side effects such as dizziness, headache, nausea, 
morning drowsiness, which makes it an excellent agent for 
preventing many pathological conditions.
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