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Abstract: Diabetes mellitus is a leading reason for morbidity and death worldwide, with an approximated 346 

million grownups being impacted in year 2011. The occurrence is anticipated to double in between years 2005 and 

2030. A systematic review of published studies reporting the effects of melatonin on diabetes mellitus was 

undertaken in accordance with the Preferred Reporting Items for Systematic reviews and Meta-Analyses 

(PRISMA) statement for systematic reviews of interventional studies. A three staged comprehensive search of the 

literature was conducted in the following databases; PubMed (U.S. National Library of Medicine, USA),  and 

SciVerse Scopus (Elsevier Properties S.A, USA) for studies published before October 2016. The data discussed in 

this review shed new light on melatonin as a hormone which acts on diverse physiological processes in mammals 

and, particularly, on pancreatic islet functions. General agreement exists that the physical effects of melatonin are 

mediated through the activity of two known membrane receptor isoforms, MT1 and MT2, which belong to the 

large family of G-protein-coupled receptors. Numerous studies support the notion that activation of either 

receptor isoform leads to a reduction in second messenger cAMP or, in the case of the MT2, also to cGMP levels, 

due to a coupling of the receptor with G-proteins which inhibit AC activity. 
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1.   INTRODUCTION 

The number of people with diabetes and pre-diabetes are significantly increasing worldwide due to population 

development, aging, urbanization, unhealthy consuming practices, increasing occurrence of weight problems and physical 

lack of exercise (1). Diabetes mellitus is a leading reason for morbidity and death worldwide, with an approximated 346 

million grownups being impacted in year 2011 (2). The occurrence is anticipated to double in between years 2005 and 

2030, with the best boosts anticipated in low- and middle-income establishing nations of the African, Asian, and South 

American areas (2,3). At present, 80% of the worlds population with diabetes reside in low- and middle-income nations 

(2,4).  

Diabetes is an endocrine illness, include insulin resistance, a lessened pancreatic beta-cell function, unusually high 

glucagon levels and a minimized incretin result (5). Diabetes is categorized into 2 primary classifications: type 1 (an 

autoimmune illness of more youthful clients with an absence of insulin production triggering hyperglycemia) and type 2 

(a metabolic condition arising from the body's failure to produce sufficient or correctly make use of insulin thus clients 

have hyperglycemia). Altering way of life patterns such as a propensity to nocturnality and consumption of exceedingly 

abundant diet plans, trigger disruption of the sleep/wake cycle together with other body clocks (6). Variance in circadian 

patterns prefers the incident of diabetes (7).  

Irregular information have actually been reported worrying the result of pineal hormonal agent on the secretion of insulin, 

on blood sugar and carb metabolic process. Melatonin (N-acetyl-5-methoxytryptamine), a tryptophan obtained little 

indolic particle, is primarily produced by the pineal gland in your area in numerous other tissues (8,9). Speculative proofs 

proposed the diurnal profiles of blood sugar due to melatonin and increased insulin levels in diabetic animals and people 

(10). Pinealectomy of rodents triggers hyperinsulinemia (11). Diabetes is paired with lower melatonin levels as decrease 
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in serum melatonin and greater insulin level is observed in type 2 diabetic Goto Kakizaki rats (10). Genome-wide 

association research studies has actually revealed that details single-nucleotide polymorphisms of the melatonin receptor 2 

(MTNR1B) locus is related to an increased blood sugar concentration and type 2 diabetes (12,13,14,15,16,17). Melatonin 

can be able to bring anti-hyperglycemic result either by enhancing insulin sensitization or by enhancement of insulin 

secretion, or both.  

Melatonin is referred to as the hormonal agent of darkness, is an indoleamine with the chemical name N-acetyl-5-

methoxytryptamine. Distributing plasma concentrations are produced by the pineal gland. In mammals, the concentration 

in plasma throughout night was discovered to be (80 - 100 pg/mL) and low levels throughout the day (10 - 20 pg/mL) 

(18). It keeps homeostasis in the body, assists change the timing or enhances oscillations of the body clock (19). Its 

synthesis consisted of 2 actions, at first the conversion of amino acid tryptophan into serotonin (5-hydroxytryptamine, 5-

HT), additional acetylation by arylalkylamine N-acetyltransferase (AA-NAT), the rate-limiting action in melatonin 

biosynthesis, prior to lastly being transformed into melatonin by hydroxyindole-O-methyltransferase (HIOMT) (20). 

Pinealocytes in the pineal gland produce melatonin. Figure 1 shows melatonin secretion and signaling path through 

melatonin receptors in keeping body clock within the cell. The pineal gland is triggered or shut off by light direct 

exposure to the eyes. Throughout the day, melatonin production is prevented while at the night time, it is promoted. when 

melatonin binds with melatonin receptors it activates Gi and Gq proteins which in turn inhibit adenylate cyclase/cAMP 

pathway and activates phospholipase C/IP3 pathway respectively. Due to phosphorylating activity of protein kinases, 

CREB and MSK1 regulates expression of Clock genes and thus maintain circadian rhythm. 

 

Figure 1: (A) Schematic representation of the melatonin secretion and signaling mechanism in maintaining 

circadian rhythm within the cell. MT1: melatonin receptor type 1A; MT2: melatonin receptor type 1B; Gi: guanine 

nucleotide binding protein (adenylate cyclase inhibitor); Gq: phospholipase C activator; AC: adenylate cyclase; 

PLC: phospholipase C; cAMP: cyclic adenosine monophosphate; DAG: diacyl glycerol; PKA: protein kinase A; 

PKC: protein kinase C; MSK1: MAPK signaling pathway; CREB: cyclic AMP responsive element binding protein; 

Clock genes include Per, Cry, Dec, Rev-erba, Bmal1, Clock, Dbp; > -indirect effect. (B) Graphical representation of 

variation in melatonin level at different time of the day. 
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We aimed by this systematic review to overview the roles of melatonin effects and relation to the diffrent types of 

diabetes and evaluate the previous evidance based studies which were concerned about this topics, therefore we consider 

the updated evidance in our study. 

2.    METHDOLOGY 

A systematic review of published studies reporting the effects of melatonin on diabetes mellitus was undertaken in 

accordance with the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) statement for 

systematic reviews of interventional studies (21). A three staged comprehensive search of the literature was conducted in 

the following databases; PubMed (U.S. National Library of Medicine, USA),  and SciVerse Scopus (Elsevier Properties 

S.A, USA) for studies published before October 2016. 

During the first stage the above databases were searched using the following search criteria. The PubMed database was 

searched using the MeSH (Medical Subject Headings) term diabetes mellitus and keywords melatonin, diabestes mellitus, 

diabetes type 2 and. The Web of Science database was searched using search terms diabetes mellitus, melatonin, and 

melatonin therapy in article topic. In the SciVerse Scopus database the search terms diabetes mellitus and melatonin in 

article title, abstract or keywords was used as the search criteria. Results were not limited to studies on humans but also 

studies of rats were included, published in English. conference proceedings, editorials, commentaries and book 

chapters/book reviews were excluded.  

In the second stage the total hits obtained from searching the databases using the above search criteria was screened by 

reading the article title and abstracts. Studies not satisfying the inclusion criteria were excluded at this stage. In the third 

stage individual manuscripts were screened, and those not satisfying inclusion criteria were excluded. To obtain additional 

data a manual search of the reference lists of articles selected in stage three was performed. Wherever possible forward 

citations of the studies retrieved during the literature search was traced and screened for possible inclusion. 

3.    RESULTS AND DISSCUSION 

Our search identified more than 310 studies disccusing the relation between melatonin and diabetes mellitus we included 

38 studies in our review at the final stagy or our search stratgy. Data have been collected concerning melatonin signaling 

by means of MT1 receptors in β-cells and islets, the practical value and signaling of the MT2 receptor still stays mainly 

enigmatic. Stumpf et al. (51,52) were the very first to show that melatonin hinders the cGMP path in INS-1 rat insulinoma 

β-cells. This procedure includes modulation of protein kinase G (PKG) activity by means of soluble guanylate cyclases 

(sGCs), which is a recognized function of MT2 receptors (53). A current research study (54) examined MT2 signaling in 

genetically customized INS-1 cells overexpressing the human MT2 (hMT2) (Figure2). The authors verified the 

repressive, intense action of melatonin on insulin secretion, which, in their cellular system, was mostly due to MT2-driven 

decrease of cAMP and cGMP levels, with an unfavorable effect on insulin secretion. Knockdown of the MT1 receptor in 

INS-1 cells considerably decreased the repressive result of melatonin and showed that, a minimum of in rodent β-cells 

and islets, most of melatonin-elicited impacts are sent by means of the MT1 isoform (55). At the end of the cAMP 

signaling waterfall, melatonin likewise adversely regulates CREB phosphorylation in INS-1 cells (56). Type of receptors 

differs from types to types. From the research studies carried out in low vertebrates, birds and reptiles, it is reported that 

there are 3 receptors MT1, MT2 and Mel1c. In mammals, MT1 and MT2 are plainly revealed from the research studies 

(22), another G-protein combined receptor 50 (GPR50) is the ortholog of Mel 1c (23). Melatonin villain luzindole and 

guanosine 5-O- (3-thiotrisphosphate) analogue of guanosine 5-triphosphate (GTP), on pancreatic neonatal rats, both 

which obstruct the impact of melatonin on insulin secretion. This is validated using molecular strategies by another 

research study, showing that melatonin receptor mRNA similar to that cloned from the rat brain is revealed in pancreatic 

tissue of newborn rats (22). Hence, showing that a melatonin receptor was found on neonate rat pancreas and melatonin 

has impact over it. It is apparent that melatonin apply its impact through G protein paired receptors, i.e., MT1 and MT2. 

The research studies reported that melatonin (MT1) receptors on beta cells, promote Gi-coupled adenylate cyclase 

activity, consequently adversely regulating incretin-induced increases in cAMP (22). MT2 receptors hinder cGMP 

signalling path and as a result insulin secretion (23). Melatonin causes phosphorylation of tyrosine moieties of IRS1 and 2 

in rat islets and INS-1 cells triggering the protein kinase B and mitogen activated protein kinase (MAPK) path (24). It is 
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mentioned that there is boost in the insulin secretion and minimize in melatonin synthesis (24). In line with some research 

studies, alternative of melatonin appears to stop the age boost of insulin (25). This provides strong proof that alternative 

of melatonin assists to avoid diabetes. Current examinations exposed, single nucleotide polymorphisms (SNPs) in the 

gene (MTNR1B) of MT2 at a locus rs10830963, a close link is associated in prognostic danger to establish T2DM, in a 

European (26), and Han Chinese people (27). SNPs at a locus rs10830961 and rs4753426 of the very same gene is 

connected accountable for greater fasting plasma glucose concentration and lowered insulin release in German mate 

research study (28). 

There is beneficial proof that the body clock of melatonin affects insulin secretion and the endocrine pancreas (29,30). A 

lot of research studies conclude that the pineal gland has a suppressive impact on the activity of the β-cell, (Figure2) due 

to the fact that melatonin decreases insulin levels in rats (31,32,33) and these results remain in contract with a decrease in 

glucose tolerance (34,35). Based upon these findings, and the awareness that an increased insulin level puts in a repressive 

impact on the pineal gland and melatonin (36,37), a practical antagonism in between insulin and melatonin needs to be 

presumed. This truth is a lot more striking when taking into consideration that high levels of insulin have actually 

constantly been determined when melatonin concentration was decreased, i.e., throughout the day; contrary to the 

circumstance of low levels of insulin in addition to high melatonin and glucose levels throughout the night (38). In 

accordance with these outcomes are rat research studies which showed that the synthesis of melatonin decreases with 

increasing age, whereas the synthesis of insulin and leptin boosts (31), which melatonin has the ability to stop the age-

related insulin boost (33). Complementary to these findings are publications reporting that melatonin levels are decreased 

in diabetic hamsters (36,37,39). On the other hand, there is proof for a diabetes-preventing impact of melatonin, whereas 

pinealectomy increases the danger (40,41). More information show that melatonin straight affects both glucose metabolic 

process and insulin secretion from the β-cell (42,43,44,45). 

That insulin secretion is managed by circadian systems is supported by research studies of human beings with circadian 

misalignment, who are reported to reveal extensive perturbations of glucose and insulin levels (46). The idea is supported 

by the presumption that there is a circadian clock in pancreatic islets (47). There are indicators that the diurnal secretion of 

melatonin is modified in diabetes, especially when neuropathy is apparent (48). Peschke et al. (10) reported minimized 

flowing melatonin levels and raised insulin levels in type 2 diabetic clients, with a statistically considerable unfavorable 

connection in between both particles. Nighttime melatonin levels are minimized in the Goto-Kakizaki (GK) rat, a design 

of type 2 diabetes (10). The quantities of mRNA of the melatonin manufacturing enzymes, such as HIOMT, are modified 

under diabetic conditions. In addition, the concentrations of all precursors of melatonin, consisting of tryptophan and 

serotonin, are decreased in the pineal glands of diabetic GK rats, and the pineal glands of diabetic GK rats consist of less 

noradrenaline and produce less melatonin in response to noradrenaline in vitro (49). Confusingly, animal designs of type 

1 diabetes, i.e., streptozotocin- and alloxan-treated rodents, show either raised (50) or reduced (51) levels of melatonin. 

These observations recommend a practical correlation in between melatonin and insulin, and might suggest a decrease of 

melatonin in the genesis of diabetes (10). In this context, unique outcomes have actually reported that melatonin-enhanced 

insulin receptor kinase. Melatonin villain luzindole and guanosine 5-O-( 3-thiotrisphosphate) analogue of guanosine 5-

triphosphate (GTP), on pancreatic neonatal rats, both of which obstruct the result of melatonin on insulin secretion. 

Hence, showing that a melatonin receptor was found on neonate rat pancreas and melatonin has impact over it. Based on 

these findings, and the awareness that an increased insulin level puts in a repressive result on the pineal gland and 

melatonin (36,37), a practical antagonism in between insulin and melatonin has actually to be presumed. In accordance 

with these outcomes are rat research studies which showed that the synthesis of melatonin decreases with increasing age, 

whereas the synthesis of insulin and leptin boosts (31), and that melatonin is able to stop the age-related insulin boost 

(33). These observations recommend a practical correlation in between melatonin and insulin, and might suggest a 

decrease of melatonin in the genesis of diabetes (10). activity increased insulin receptor substrate 1 (IRS1) 

phosphorylation, thus suggesting the potential existence of a signalling pathway cross-talk between melatonin and insulin 

(52). Furthermore, melatonin also increased the activity of phosphatidylinositol 3-kinase (PI-3-kinase), whereas 3’,5’-

cyclic adenosine monophosphate-activated protein kinase (AMPK), another important glucose transport stimulatory 

mediator (via an insulin-independent pathway), was not influenced by melatonin application (53). Therefore, melatonin 

stimulates glucose transport to skeletal muscle cells through the IRS1/PI-3-kinase pathway, which implies, at the 

molecular level, a putative role in glucose homeostasis and possibly in diabetes (53). Additionally, it was speculated that 
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aging and the exposure to light at night, both of which lower melatonin levels, may contribute to the incidence and/or 

development of diabetes (53). 

 

Figure2:  The pineal hormone melatonin acts on the pancreatic β -cell via two receptor isoforms (MT1 and MT2) 

which transmit their signals through guanosine triphosphate (GTP)-binding proteins (G-proteins). The inhibitory 

action of melatonin on insulin secretion is transmitted by activation of the Gi-protein signaling cascade involving 

cyclic adenosine monophosphate (cAMP) (MT1-dependent signaling) or cAMP and cyclic guanosine 

monophosphate (cGMP) as second messengers (MT2). Melatonin downregulates adenylate or guanylate cyclase 

activity, leading to reduced second messenger levels and attenuated protein kinase A (pKA) or protein kinase G 

(pKG) activity. Consecutively insulin secretion is reduced. As a secondary effect, phosphorylation and activation of 

the cAMP-modulated transcription factor cAMP response element-binding protein (CREB) is downregulated. In 

addition, the MT1 receptor is also known to alternatively couple to Gq-proteins and thus modulates cell-internal IP3 

and Ca 2+ 

One of our identified studies showed that the the insulin receptor mRNA of the pineal gland was found to be reduced in 

type 2 diabetic rats, suggesting a functional interrelationship between melatonin and insulin (10). In this context, recent 

results are important which reported that melatonin-enhanced insulin-receptor kinase activity increases insulin-receptor 

substrate-1 (IRS1) phosphorylation, suggesting the potential existence of signaling pathway cross-talk between melatonin 

and insulin, possibly also in the pinealocytes (50,57). The insulin-melatonin interactions are summarized in a synoptic 

presentation (Figure 3, left side). In a relatively early stage of type 2 diabetes, insulin secretion is increased and melatonin 

is decreased a pattern that is observed in rats and humans. It was hypothesized that catecholamines, especially 

norepinephrine, which decrease insulin levels and stimulate melatonin synthesis, trigger the antagonistic insulin-

melatonin interactions (58,59). 
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Figure3: Synoptic presentation of the insulin–melatonin antagonism in relation to the importance of melatonin for 

type 1 and type 2 diabetes, including interactions with glucagon and catecholamines. At a relatively early stage of type 

2 diabetes (left side), insulin secretion is increased while melatonin synthesis is decreased. These reactions were 

observed in type 2 diabetic Goto Kakizaki (GK) rats and humans. In contrast, under type 1diabetic conditions (right 

side), insulin was greatly reduced and, subsequently, melatonin was significantly increased. These reactions were 

observed in streptozotocin (STZ)-treated Wistar (WR) rats, as well as in LEW.1AR1-iddm rats, a spontaneous animal 

model of human type 1 diabetes mellitus. 

4.    CONCLUSION 

Recent advances in the elucidation of melatonin receptor expression, function and signaling have changed this situation 

dramatically. The data discussed in this review shed new light on melatonin as a hormone which acts on diverse 

physiological processes in mammals and, particularly, on pancreatic islet functions. General agreement exists that the 

physical effects of melatonin are mediated through the activity of two known membrane receptor isoforms, MT1 and 

MT2, which belong to the large family of G-protein-coupled receptors. Numerous studies support the notion that 

activation of either receptor isoform leads to a reduction in second messenger cAMP or, in the case of the MT2, also to 

cGMP levels, due to a coupling of the receptor with G-proteins which inhibit AC activity. Within endocrine cells, like the 

pancreatic β-cells, a reduction in cAMP levels is accompanied by reduced insulin secretion, at least in rodent β-cell lines 

and islets. In contrast, secretion of glucagon from α-cells is increased, which may indicate a coupling of the melatonin 

receptor with a different type of G-protein. Thus, the interplay between the different cell types of the pancreatic islet and 

their respective secretion products needs to be studied in more detail. 
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