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Abstract 

Recent research indicates that disrupted sleeping and eating patterns along with ageing can contribute to the 
development of diabetes mellitus (DM) via effects on circadian rhythms and metabolic control. The use of  
anti-DM drugs alone is insufficient to achieve control of the reduction in β-cell function, insulin resistance, inflam-
matory mediation, oxidative stress and the DM-related complications. To prevent micro- and macrovascular DM 
complications, researchers are exploring the therapeutic potential of melatonin, a hormone secreted from the 
pineal gland with peak at night-time. We searched the Cochrane Library, PubMed and Google Scholar databases 
for relevant articles. Review articles, clinical research and case studies about the impact of melatonin on DM 
complications, the anti-oxidant action of melatonin, anti-inflammatory action of melatonin and the combination 
of melatonin plus DM drugs were included in this review. One hundred three articles that met our selection cri-
teria, published between November 2004 and January 2024 were analyzed. This review aims to summarize the 
literature regarding melatonin’s mechanisms of action and potential as a therapeutic option in the treatment of 
DM complications.
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Introduction

René Descartes described the pineal gland as “the seat of 
the soul.” Today we know that the pineal gland’s main role is 
to receive and convey information about the light-dark cycle 
through the secretion of melatonin, the so-called “darkness 
hormone” [1]. This endogenous hormone’s secretion is reg-
ulated by circadian rhythms [2]. In addition, it plays an im-
portant role in glucose metabolism, along with its anti-aging,  
anti-cancer, and anti-inflammatory properties [3-4]. When 
the circadian rhythm is disrupted, incorrect signals of the cen-
tral circadian timing system are sent and thus disrupting the 
release of melatonin and glucose homeostasis, that can even 
lead to DM mellitus [5-6].

DM mellitus (DM) is a chronic disease characterized by el-
evation in blood sugar concentration (hyperglycemia). There 
are two main types of DM: type-1 DM mellitus (T1DM, trig-
gered by an auto-immune disease) and type-2 DM mellitus 
(T2DM, due to insulin resistance) [7-10]. Interestingly, mela-
tonin has been associated with both types of DM. In T1DM, 
elevated plasma levels of melatonin and reduced insulin lev-
els are observed, whereas T2DM is characterized by lower 
melatonin levels. This is consistent with the finding that mel-
atonin and insulin antagonize each other [3]. This is because 
in T1DM the pancreatic beta (β) cells are destroyed leading 
to decreased insulin production and hyperglycemia, while the 
enzyme activation cascade stimulates melatonin production. 
However, in T2DM low melatonin levels cause higher mRNA 
expression of the melatonin receptors and insulin resistance 
enhances the elevation of insulin, resulting in β-cell exhaus-
tion and elevated glucagon leading to hyperglycemia [11]. Un-
healthy diet and obesity are commonly known risk factors for 
T2DM, while recent studies suggest that shift work and sleep 
disorders can also raise the risk of T2DM by disrupting circadi-
an rhythms [12]. Patients with T2DM are frequently shown to 
have micro- and macrovascular complications [13-14]. 

Chronic and uncontrolled hyperglycemia leads to the for-
mation of advanced glycated end products (AGEs), leading to 
the generation of reactive oxygen species (ROS) and stimu-
lation of inflammatory cascade and resulting in DM compli-
cations [15-16]. Melatonin has anti-oxidant properties and 
emerging evidence suggests it reduces DM complications via 
amelioration of oxidative damage [17]. In addition to its role 
as a ROS scavenger, melatonin can alleviate DM complications 
via several mechanisms described in this review.

Both direct and indirect anti-oxidant properties of mela-
tonin can protect our bodies and maintain health. Addition-
ally, melatonin can have a potential role in the protection of 
mitochondrial action, modulation of the immune system, im-
provement in circadian rhythm control, modulation of the im-
mune system and neuroprotective actions [18]. Unfortunate-
ly, as we age the levels of melatonin in our bodies decrease 

and this decrease is even more pronounced in people with 
insulin resistance-related diseases e.g. DM [19].

In this review we aimed to summarize the literature re-
garding melatonin’s mechanisms of action and potential as 
a therapeutic option in the treatment of DM complications.

    Material and methods

The literature search was performed, during the period 
between November 2023 and February 2024 on databases 
including the Cochrane Library, PubMed and Google Scholar. 
The keywords “melatonin”, “anti-oxidant”, “DM mellitus” and 
“complications” were used separately and in combination. Ar-
ticles about the impact of melatonin on DM complications, 
the anti-oxidant action of melatonin, anti-inflammatory ac-
tion of melatonin, and the combination of melatonin plus DM 
drugs were included in this review. We limited the search to 
articles published in English to ensure that the studies could 
be understood and assessed by the review team. Articles pub-
lished in other languages and irrelevant to the research ques-
tions were excluded. 

    Results and discussion

The initial search returned 200 abstracts. After screening 
the abstracts, we conducted a thorough manual review of the 
153 articles and found 103 that met our selection criteria, 
published between November 2004 and January 2024.

Mechanism of hyperglycemia toxicity

Chronic hyperglycemia can cause damage through sever-
al mechanisms e.g. increased glucose metabolism, decreased 
antioxidant enzyme capacity, protein kinase C (PKC) activa-
tion, irreversible protein glycation, AGE formation and an im-
balance between ROS formation and elimination resulting in 
oxidative stress [20]. Glucose enters the cell and undergoes 
metabolism to generate electron donors used by mitochon-
dria for energy production. However, when the glucose level 
exceeds the mitochondrial capacity, overload electron donors 
will form ROS e.g. superoxide [21]. 

Glutathione is a crucial antioxidant in cells but it needs to 
be reduced by glutathione reductase and this process requires 
a cofactor: nicotinamide adenine dinucleotide phosphate 
(NADPH). Hyperglycemia can lead to depletion of NADPH, 
thus limiting the generation of reduced glutathione and mak-
ing cells susceptible to ROS activity. The increased hexosamine 
pathway flux is one of the associated mechanisms in DM, it 
contributes to complications and also generates ROS [22]. 
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Hyperglycemia increases the formation of diacylglycerol 
(DAG), which activates the PCK pathway, promotes the ex-
pression of endothelial nitric oxide synthase and inhibits en-
dothelin-1, thus supporting vasodilation. As tissues become 
insulin resistant, this pathway decreases the synthesis of ni-
tric oxide and increases the synthesis of vasoconstrictor en-
dothelin-1. Chronic hyperglycemia also directs the glycation 
of intracellular proteins, causing the formation of AGEs and 
affecting vascular function through increasing vascular wall 
stiffness [23].

Chronic hyperglycemia in the past can cause DM-related 
complications such as micro- and macrovascular diseases, 
even after normalizing blood glucose levels. This is due to the 
metabolic memory of tissues, including pancreatic β-cells. 
Thus, in order to control the progression of DM complications, 
it is important to control hyperglycemia [24]. 

Mechanism of anti-oxidative action of 
melatonin

Beyond the role of biological clock synchronizer, mela-
tonin has pleiotropic activity, e.g. as an antioxidant [25]. Be-
cause of its lipophilicity, melatonin can cross the blood-brain 
barrier as well as the cell membrane to enter several tissues. 
It acts as a direct scavenger of reactive oxygen and nitrogen 
species, thus protecting the cell from free radical damage [26].  
Additionally, melatonin has indirect anti-oxidant activity by 
stimulating the expression of several antioxidant enzymes and 
glutathione (a crucial low molecular weight non-enzymatic 
antioxidant) that work cooperatively with other antioxidants 
to enhance the mitochondrial electron transport chain [27]. 
In summary, melatonin and its metabolites inhibit the activity 
or expression of genes involved in free radical generation and 

upregulates the genes involved in free radical detoxification, 
as shown in Table 1. 

Melatonin scavenges free radicals by enhancing antioxi-
dant enzyme activity, therefore it protects the mitochondrial 
cell membrane, improves the electron transport chain activity, 
and enhances adenosine triphosphate (ATP) production [28].  
A consequence of reactive species activity is lipid peroxida-
tion, a naturally occurring metabolic process of alteration in 
the structure and function of the cell membrane, leading to 
a change in membrane fluidity which is the pathomechanism 
of ageing and several diseases. Melatonin is a stabilizer and 
inhibitor of the lipid peroxidation process via its ROS scav-
enger activity [29]. Moreover, melatonin can chelate metals 
such as iron, copper, cadmium, aluminum, zinc and lead, thus 
preventing their oxidative action and regenerating the activity 
of biological proteins such as collagen and insulin [30].

In addition to the anti-oxidant action, melatonin can in-
hibit the activation of nuclear factor-kappa B (NF-kappaB) 
a transcriptional factor which decreases the expression of 
inflammatory mediators such as cyclooxygenase (COX-2), tu-
mor necrosis factor 1 alpha (TNF-1α) and inducible nitric ox-
ide synthase (iNOS) [27]. Thus, melatonin is potentially help-
ful for a range of inflammatory conditions. Melatonin exerts 
anti-inflammatory activity by binding to macrophages and 
lymphocytes, blocking the transcriptional factors that trigger 
proinflammatory cytokines including hypoxia-inducible factor 
(HIF), nuclear factor Erythroid2-related factor 2 (NRF2), cyclic 
adenosine monophosphate (cAMP), cAMP response element 
binding protein (CREB), signal transducer and activator of 
transcription (STAT), peroxisome proliferator-activated recep-
tors (PPARs) and activator protein-1 (AP-1) [31].
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Reactive species that are 
neutralized by melatonin

Anti-oxidative enzymes that 
are stimulated by melatonin

Pro-oxidant enzymes that are 
inhibited by melatonin

Hydrogen peroxide Glutathione peroxidase Nitric oxide synthase

Hydroxyl radical Superoxide dismutase Lipoxygenase

Superoxide anion radical Glutathione reductase Myeloperoxidase

Alkoxyl radical Catalase Eosinophil peroxidase

Nitric oxide Heme oxygenase Cyclooxygenase-2 (COX-2)

Peroxynitrite Glutamyl cysteine ligase Inducible nitric oxide synthase (iNOS)

Singlet oxygen Paraoxonase

Hypochlorous acid 

Table 1. Antioxidant effects of melatonin [32]
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Complications of diabetes 

There are two major types of DM complications: micro- 
and macrovascular. The microvascular complications include 
retinopathy, nephropathy, and neuropathy. Whereas the 
macrovascular complications involve cerebrovascular dis-
ease, coronary artery diseases (CAD) and peripheral vascular 
disease [33-34] (Figure 1).

Chronic and poorly controlled hyperglycemia is the main 
factor that leads to DM complications which impair the qual-
ity of life and if not treated can even be life-threatening [35].  
In addition to uncontrolled hyperglycemia, a sedentary life-
style along with unhealthy diet, smoking, obesity, hyperten-
sion and hypercholesterolemia could increase the likelihood 
of developing micro- and macrovascular DM complica- 
tions [36]. Inflammatory factors and external environmen-
tal factors that disrupt endocrine homeostasis may also play 
a major role in DM complications. As mentioned above, as in-
dividuals age, the secretion of the melatonin decreases, thus 
increasing the risk of DM complications [19].

Melatonin and microvascular complica-
tions

Diabetic retinopathy

Diabetic retinopathy (DR) is the major cause of blindness 
in patients with DM [37]. The pathophysiology of DR is linked 

to oxidative stress, inflammation, and autophagy [37]. The ox-
idative stress in the retina of a patient with DM is character-
ized by an elevation in ROS with a decrease in anti-oxidant en-
zymes e.g. superoxide dismutase. Additionally, hyperglycemia 
with retinal hypoxia resulting in overexpression of NADPH ox-
idase leads to overproduction of ROS. Moreover, the ROS ac-
tivates the NF-kappaB transcriptional factor, which promotes 
the transcription of various genes, including those involved in 
the synthesis of nitric oxide and proinflammatory cytokines. 
Thus, using an anti-oxidant agent that increases the activity 
of superoxide dismutase can prevent the development of DR. 

The other key factor of DR is chronic inflammation in 
which inflammatory cytokines including IL-1β, IL-8, IL-6,  
TNF-1α, and monocytes chemoattractant protein-1 cause 
microvascular cell loss and damage of the blood-retina bar- 
rier [38]. Melatonin indirectly inhibits NF-kappaB and sub-
sequent inflammatory mediators, thus reducing retinal lipid 
peroxidation and nitric oxide activity, inhibiting COX-2 activity 
and neutralizing hydroxyl radicals [39].

In DR, autophagy has dual roles: sustaining the function 
of the retina and also it has deteriorating effects in the pro-
gression of retinopathy. In the early stage of DR, autophagy 
protects neurons and the blood-retinal barrier from damage, 
whereas in advanced stage the overexpression of autophagy 
causes cell death and retinal damage. Hyperglycemia also in-
duces autophagy inside the retinal gliocytes known as Müller 
cells and can also cause lysosomal dysfunction, which hinders 
the autophagy. This dysfunction can lead to the accumulation 

Figure 1. The potential roles of melatonin in DM complications
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of cellular waste and stress within the Müller cells, which can 
result in the release of vascular endothelial growth factor 
(VEGF), a protein crucial for vascular function. Excess VEGF 
can cause abnormal blood vessel growth and leakage, leading 
to retinal damage and the development of DR [40].

In normal conditions, melatonin promotes autophagy for 
regulating cell survival, but during hyperglycemia and oxida-
tive stress, melatonin indirectly inhibits autophagy through 
alleviating oxidative stress, inflammation, and endoplasmic 
reticulum stress and decreasing proinflammatory cytokines 
and VEGF [41-42].

Several clinical trials explored that the levels of mela-
tonin secretion in proliferative DR patients are lower than in 
patients with non-proliferative DR and people without DM  
[43-45]. Wan et al. confirmed the lower level of plasma mel-
atonin in DR and suggested that melatonin could be used as 
a biomarker for diagnosing this disease [46]. Moreover, ad-
ministration of melatonin deactivates the microglia and pre-
vents the death of epithelial cells in the retina via ameliora-
tion of oxidative stress, thus conserving the integrity of the 
inner blood-retinal barrier [47]. 

Diabetic nephropathy 

Diabetic nephropathy (DN) involves kidney deterioration 
due to oxidative stress and is the major cause of end-stage re-
nal disease in patients with DN worldwide [48]. It is character-
ized by glomerular hyperfiltration, nephron enlargement and 
mesangial cell hypertrophy, ultimately resulting in glomeru-
losclerosis [49]. Uncontrolled hyperglycemia with persistent 
ROS generation leads to apoptosis of several types of cells, 
including epithelial cells of the proximal tubule, damaging the 
nuclear DNA and mitochondria’s genetic material that pro-
motes loss of kidney function. Moreover, abnormal activation 
of the renin-angiotensin system (RAS) via various pathways 
such as PKC, adenosine monophosphate kinase (AMPK) and 
transforming growth factor-β (TGF-β) impact renal functions 
and lead to damage [50].

As an anti-oxidant, melatonin can reduce the oxidative 
stress markers of renal injury [51]. However, the nephropro-
tective activity of melatonin includes not only the anti-oxi-
dant properties but is also demonstrated in reducing insulin 
resistance, decreasing blood glucose through improving insu-
lin signaling, regulating glucose uptake by the renal tubules 
through its regulatory effect on glucose transporter (GLUT 1)  
and inhibiting the activation of RAS [52-54]. Therefore, by 
decreasing the loss of podocytes, reducing urinary microal-
bumin excretion, alleviating inflammation and fibrosis of the 
kidney, melatonin may increase renal recovery [42, 55]. Satari 
et al. investigated the positive effect of melatonin on improv-
ing metabolic parameters such as fasting blood glucose, total 
antioxidant capacity, glutathione levels, gene expression of 

peroxisome proliferator-activated receptor gamma (PPAR-γ) 
and high-density lipoprotein (HDL) levels in patients with DN 
after 12 weeks of administration [56]. Additionally, melatonin 
can inhibit renal ischemia-reperfusion injury among renal 
transplant patients by improving kidney function, ameliorat-
ing oxidative stress and inflammation [57].

Diabetic neuropathy

Diabetic neuropathy (DNP) is a nerve damage disorder 
resulting from hyperglycemia that induces oxidative stress, it 
includes autonomic, proximal, focal and peripheral neuropa-
thy. Peripheral neuropathy is the most common and repre-
sents the main cause of altered gait, neuropathic pain, foot 
ulceration, and amputation [58]. Hyperglycemia, dyslipidemia 
and insulin resistance can lead to DNP, which enhance the 
activation of several pathways e.g. PKC, polyol, AGE forma-
tion, poly adenosine diphosphate-ribose polymerase (PARP) 
and loss of insulin signaling [59]. These metabolic alterations 
lead to changes in gene expression, abnormal ion current (in-
creased sodium channel activity and decreased potassium 
channel activity), mitochondrial dysfunction, together with 
inflammation and oxidative stress resulting in nerve damage 
and cell death [60]. The neuroprotective action of melatonin 
occurs via several mechanisms including oxidative scavenger, 
immune-modulator, and anti-nociceptive effects [61].

The anti-apoptotic effect of melatonin in DNP results from 
the stimulation of PKC/NF-kappaB pathways that leads to the 
expression of PTEN-induced putative kinase 1 (PINK1), a pro-
tein that maintains mitochondrial health [62]. In addition to 
the role of melatonin in upregulating antiapoptotic proteins 
such as B-cell CLL/lymphoma (BCL-2), mammalian target of 
rapamycin mTOR, NF-kappaB, and WNT signaling pathways in 
high glucose-treated Schwann cells [63]. Melatonin could in-
hibit the endoplasmic reticulum stress and insulin resistance 
in T2DM through inhibition of apoptosis signal-regulated 
kinase 1 (ASK1), a protein that mediates apoptosis and cell 
death [64]. Additionally, one of the clinical trials assessed the 
efficacy of melatonin as an adjunct to pregabalin (150 mg) 
once daily to relieve the pain of DNP. Participants received 
a daily dose of 3 mg of melatonin for 1 week, followed by 
a daily dose of 6 mg for 7 weeks. The melatonin-treated indi-
viduals showed a significant decrease in DNP pain compared 
to the control group [65].

Melatonin and macrovascular complica-
tions 

Atherosclerosis is the key pathological mechanism of 
cerebrovascular, coronary and peripheral arterial diseases, 
affecting arteries all over the body. It is a condition of plaque 
buildup inside arterial walls leading to the narrowing of  
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arterial lumen, decreasing blood flow, and potentially causing 
macrovascular complications. Hyperglycemia contributes to 
oxidative stress, inflammation, and endothelial dysfunction 
which collectively promote atherosclerosis in patients with 
DM [66]. 

Cerebrovascular disease

Cerebrovascular diseases including cognitive impairment, 
Alzheimer’s disease and dementia are all correlated with DM 
complications, resulting from elevated intracellular glucose 
levels that lead to auto-oxidation of glucose, excessive ROS 
formation, disruption of vascular function and reduction in 
the brain blood flow, leading to neuronal injury and dysfunc-
tion [67]. Additionally, melatonin can neutralize the ROS and 
reduce insulin resistance in the T2DM patient with Alzheimer’s 
disease [41, 68]. Furthermore, atherosclerosis in the cerebral 
arteries can obstruct and reduce blood flow to the brain caus-
ing stroke. A clinical study demonstrated the effectiveness of 
melatonin in improving functional and neurological recovery 
outcomes in patients with acute ischemic stroke when taken 
within 24 hours of the stroke symptom onset [69].

Coronary artery disease

Coronary artery disease (CAD) is considered the 3rd lead-
ing cause of mortality worldwide [70]. DM is a significant 
CAD risk factor in developed countries, with studies showing 
higher incidence of CAD among men and women with DM, 
than those without [71]. DM has a different impact on CAD 
mortality: women have a higher risk of mortality than men. 
Moderate hyperglycemia even without a DM diagnosis can 
increase the risk of CAD [72]. A meta-analysis by Berry et al. 
found significant differences in lifetime risks of cardiovascular 
disease among 257384 participants. ranked by, age, gender 
and race. They concluded that participants with high-risk 
factors (DM, hypertension, smoking, hypercholesterolemia) 
at any age were associated with substantially higher lifetime 
chances of CAD [73].

Atherosclerosis in the coronary arteries involves sever-
al pathological mechanisms, the major one is inflammation 
which triggers the formation of atherosclerotic plaque [74]. 
Deposition of the lipid, oxidative stress, endothelial dysfunc-
tion and differentiation of the vascular smooth muscles con-
tribute to plaque formation [75]. The positive effects of mel-
atonin on insulin resistance and lipid profile render it a good 
mediator for managing coronary artery disease in patients 
with DM [76]. Moreover, a link between melatonin secretion 
and reduction in systolic blood pressure has been shown. 
However no such association was found with diastolic blood 
pressure, indicating that the mechanisms that are not fully 
understood at this time [77].

Peripheral artery disease 

Peripheral artery disease (PAD) is a complete or partial 
occlusion of the peripheral artery in the limb by an athero-
sclerosis plaque. PAD is the main cause of non-healing ulcers, 
limb amputation and mortality, particularly in patients with 
DM [78]. Animal studies have explored the effect of melatonin 
on heat-induced inflammatory and coagulation responses 
and they found that melatonin normalized platelet morphol-
ogy and elevated fibrinogen levels following thermal injury  
[79-80]. In healthy young men, melatonin was associated with 
a significant reduction in fibrinogen levels, but no change in 
factor VII:C (a coagulation regulatory factor) and D-dimer 
levels [81]. Besides, melatonin could attenuate D-dimer ele-
vations, suggesting limited thrombus formation and reducing 
atherothrombotic risk [82].

Platelet hyperactivity, increased prothrombotic coagu-
lation factor activity, and impaired fibrinolysis are the main 
causes of an elevated thrombotic tendency in the context 
of low-grade chronic inflammation. The prothrombotic and 
inflammatory environment commonly observed in athero-
thrombotic disease may be favorably modulated by mel-
atonin, thanks to its anti-inflammatory and antioxidative 
activity [83]. The anti-inflammatory, anti-hypertensive, anti- 
-oxidative and anti-thrombotic properties of melatonin, make 
it a potential therapeutic option for reducing the risk of arte-
rial occlusion in patients with DM. Otamas et al. showed the 
role of melatonin in preventing platelet aggregation and dis-
ruption of the clotting cascade by changing the structure of 
fibrin clots, in addition to promoting fibrinolysis [83].

Melatonin and the treatment of diabetes 
mellitus

The reduction of melatonin levels due to exposure to light 
at night and aging may lead to T2DM [84]. For that reason, the 
diurnal system could be regarded as a target for reducing the 
incidence of insulin resistance and DM [85]. The regulation of 
blood glucose by melatonin occurs through the direct bind-
ing to melatonin receptors (the receptors of melatonin are 
present in the pancreatic β-cells which modulates the secre-
tion of insulin) [86]. Moreover, melatonin receptors are also 
present in other tissues, e.g. adipose, muscle and liver. Bind-
ing to these receptors causes different effects depending on 
the tissue type, e.g. in adipose tissue and muscle melatonin 
modulates the glucose transporters’ expression, thus regulat-
ing glucose absorption by these tissues, while in the liver such 
binding will decrease hepatic gluconeogenesis [87-88].

Several human studies have revealed the efficacy of 
melatonin supplements in controlling fasting blood glu-
cose when administered in low doses and for a short period  
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(about 3 months) [89-91]. According to the evidence, tak-
ing melatonin supplements can improve glycemic control, 
which can enhance the existing DM treatment [37]. A rand-
omized clinical trial on patients with DM and CAD found that 
melatonin improved glycemic control, high-density lipopro-
tein-cholesterol, blood pressure, C-reactive protein, nitric 
oxide, malondialdehyde, glutathione and even mental health 
parameters (measured via Beck Depression Inventory) [90]. 
However, additional studies are needed to evaluate the ef-
fects of long-term administration of high dose melatonin on 
DM.

Although the effectiveness of melatonin in relieving DM 
with associated complications has been described in several 
studies, the use of melatonin remains an adjunctive therapy. 
In contrast to T1DM which is an auto-immune disease that is 
difficult to prevent, the progression of T2DM could be delayed 
by using certain medications [92]. Metformin is considered 
the first line treatment for T2DM due to its effectiveness and 
tolerability for patients [93]. However, metformin alone can-
not control severe hyperglycemia and needs adjunctive thera-
pies [94]. Subsequently, both metformin and melatonin have 
important potential to control DM and its complications, be-
cause melatonin can potentiate the effects of metformin [94]. 
Metformin combined with melatonin enhances renal function 
recovery in patients with DM who have chronic hyperglyce-
mia. Additionally, the co-administration of melatonin-met-
formin improved glycemic control in T2DM patients [95-96].

The combination of melatonin and insulin can be used as 
effective therapeutants to prevent DN in diabetic rats. Mela-
tonin and insulin possess nephroprotective properties by re-
inforcing the anti-oxidant enzymes and acting as free-radical 
scavengers. Renal diseases, such as fibrosis in DM, are trig-
gered by inflammation, cell hypertrophy and kidney cell ded-
ifferentiation. Inflammatory cytokines, e.g. TNF-α, IL-6 and 
monocyte chemoattractant protein-1 are linked to renal com-
plications. In diabetic rats, elevated levels of these cytokines 
indicate altered innate immunity and chronic inflammation 
linked to insulin resistance. Combining melatonin and insulin 
can normalize pro-inflammatory cytokines and improve IL-10  
levels in circulation. Melatonin reduces pro-inflammatory 
cytokines by reducing free-radical damage, while insulin in-
creases anti-inflammatory cytokines, thus preventing DN [97].

The adjunctive action of melatonin and insulin can further 
decrease the hepatic damage along with improving glycemic 
control in diabetic rats [98]. The use of melatonin along with 
sulfonylureas (glibenclamide) shows significant regulation of 
ROS formation. Several animal studies on rats showed the 
role of exogenous melatonin together with glibenclamide in 
cell damage recovery from DM and cell function regulation, 
particularly in the epididymis [99-100]. The combination of 
melatonin with thiazolidinedione will show a potential anti- 

-oxidant effect, due to the potent anti-oxidant properties of 
melatonin for scavenging the ROS and it is ability to decrease 
lipid peroxidation, in addition to the ability of thiazolidinedi-
ones in reducing oxidative stress by reducing hyperglycemia. 
Therefore, this combination might be effective in minimizing 
insulin resistance [101].

In recent years the use of melatonin and dipeptidyl pep-
tidase inhibitors (DPP4-in) has significant therapeutic efficacy 
in DM, both have potent free-radical scavenging activity and 
anti-inflammatory properties. Such combination could over-
come DM complications, particularly DNP and neuropathic 
pain [61]. The co-administration of sitagliptin and melatonin 
could be superior to monotherapy in the management of 
T2DM [102]. The combination of melatonin with sodium-glu-
cose co-transporter inhibitors (SGLT2-in) can alleviate or pre-
vent the ketoacidosis induced by SGLT2-in in patients with 
DM via inhibition of lipolysis and hepatic ketogenesis [6]. Ad-
ditionally, in DM mouse models the combination of melatonin 
and DM therapy improved DM by regenerating β-cells and 
enhancing insulin sensitivity. Melatonin can promote propa-
gation of β-cells, while sitagliptin promotes neogenesis of the 
β-cells, therefore they can promote β-cell redevelopment in 
the pancreas [103]. In Table 2 we summarized the therapeutic 
potential of combining melatonin with DM drugs.

    Conclusions 

Due to the global increase in DM mellitus incidence, it 
is crucial to discover new biologically active molecules that 
can effectively treat DM and its complications. Current treat-
ments fall short of completely addressing insulin resistance, 
oxidative stress, impairment of β-cell function, inflammatory 
mediation and other pathological mechanisms linked to DM. 
Several preclinical and clinical studies demonstrated the role 
of melatonin as a potential DM treatment option to suppress 
microvascular and macrovascular DM complications. Thus, 
melatonin might be a promising therapeutant mainly due to 
its anti-oxidant and anti-inflammatory effects.

Moreover, in this review, we described the roles of exoge-
nous melatonin (particularly when combined with DM medi-
cation) in enhancing and regulating the anti-oxidative process 
and preventing cell damage in the course of DM. Large-scale, 
randomized clinical studies are needed to elucidate the pre-
cise role of melatonin and its signaling pathways in the man-
agement of T2DM and its complications. Additionally, human 
clinical trials are required to assess the effectiveness of exog-
enous melatonin as monotherapy or combinational therapy 
for patients with DM.
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Type of combinational 
therapy Actions References

Melatonin + metformin

In humans

Melatonin potentiates the effect of metformin in managing DM [94]

Reduces HbA1C in patients with chronic DM

[95-96]

Improves renal function recovery

Melatonin + insulin

In rodents

May prevent DM-induced renal damage in diabetic rats [97]

May prevent hepatic damage in diabetic rats

[98]

Improves glycemic control

Melatonin + sulfonylureas

In rodents

Potentiates the anti-oxidant effect and regulate the production 
of reactive oxygen species [99-100]

Melatonin + thiazolidinediones

In rodents

Potentiates anti-oxidant effect

[101]Decreases lipid peroxidation

Reduces insulin resistance

Melatonin + DPP4 inhibitors

In humans

Overcomes DM neuropathy and neuropathic pain [61]

Enhances pancreatic beta cell regeneration [103]

In rodents

Potentiates anti-oxidant and anti-inflammatory activity [102]

Melatonin + SGLT2 inhibitors

In rodents

Alleviates or prevents ketoacidosis in diabetic mice [6]

Table 2. The potential role of melatonin as combined therapy with anti-DM medications
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