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Abstract 

Diabetes mellitus (DM) is a non-communicable disease and still a health problem in 

the world. Melatonin is responsible to metabolize carbohydrate and regulate blood 

sugar levels. Several studies proved Melatonin is useful in the diabetes therapy and its 

complication by performing antioxidant activity through various signaling pathways. 

The role of the melatonin hormone in the pathogenesis of complications of diabetes 

mellitus is still a lot of controversy. Animal studies are still incomplete to explain the 

mechanism of action of melatonin. Therefore, this review aims to discuss Melatonin 

role administration in DM and its complications. This review was started by searching 

articles using electronic databases such as Google Scholar, Science Direct, 

SpringerLink and Pubmed between 2009-2019. Melatonin increased respiration within 

mitochondria; acted as antioxidant that fight free radical production; and reduced 

oxidative stress. It diminished proinflammatory cytokines in diabetes and prevents 

various DM complications on eyes, cardiac and male reproductive organs through 

antioxidant effects. It inhibited proinflammatory within several signaling Pathways, 

included PI3K/Akt-Nrf2,cGMP-PKG, Nrf-2-HO-1 and MAPK, Syk, p38MAPK 

pathways. There are various melatonin roles in diabetes and DM complications as a 

promising new breakthrough of DM treatment. It is necessary to explore Melatonin 

role in other DM complications. Most of this research is on experimental animals, thus 

clinical trial studies should be carried out in humans to make melatonin a promising 

therapeutic or prevention for diabetes and its complications in the future. 
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INTRODUCTION 

 High sugar level or hyperglycemia may be caused by 

cellular insensitivity to insulin in body, called as type 2 

DM (T2DM). DM is one of the non-communicable 

diseases (NCDs) and is still health problem in the world 

with increasing morbidity and mortality incidence. In 

2013, WHO targeted the prevention and control 

programs for NCDs until 2025, successfully reduced 

25% mortality incidence.1 According to 2013 Basic 

Health Research data, DM incidence in Indonesia 

increased from 5.7% to 6.9% of total Indonesian 

population, 250 million people from 2007 to 2013.2  
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 Health Profile of Central Java Province in 2017 noted 

that DM was the second highest non-communicable 

diseases with 19.22% after hypertension in Indonesia, 

becoming a priority for both the world and Indonesia to 

control due to its further complications.3 

 T2DM patients experience abnormalities of hormones 

to metabolize carbohydrate and regulate blood sugar 

levels, one of them is melatonin. The decreasing 

melatonin levels and increasing insulin level in Goto 

Kakizaki rat which is a T2DM experimental animal 

model were found.4 Melatonin is an indolamine hormone 

synthesized from amino acids L-tryptophan, especially in 

pineal gland and some extra pineal tissues such as 

gastrointestinal and lymphocyte. 

 Melatonin interacts with receptors in carrying out its 

functions. Two types of melatonin receptors humans are 
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MT1 and MT2. MT1 is found in human pancreatic alpha 

cells.5 

 

Figure 1. Article selection flowchart of literature 

searching process 

 

 Melatonin regulates insulin secretion by pancreatic 

beta cells both in vitro and in vivo, involving signals of 

intracellular transduction such as cAMP, cGMP and 

IP3.6,7 The effect of the action of the hormone melatonin 

on insulin secretion in pancreatic beta cells, as well as its 

effect on target organs in the periphery, is thought to be 

through several mechanisms. Provision of melatonin 

increases abnormalities found in DM through action 

mechanism on mitochondria fat tissues and 

inflammation process. 8,9 

 Uncontrolled blood sugar levels in DM patients causes 

complications for DM patients. Complications attack 

various organs such as the heart, brain, kidney, and eye. 

Studies have proven giving melatonin as an antioxidant 

to DM complications. Melatonin is a free radical 

scavenger to reactive oxygen species (ROS) and reactive 

nitrogen species (RNS), counteracting effectively 

oxidative stress to cause DMCs. Melatonin antioxidant 

effect appears due to its ability to activate glutathione, a 

cellular antioxidant. This mechanism is used to prevent 

or reduce progression of DM complications, for example 

in diabetic cataracts, and diabetic retinopathy. 10,11 Role 

of antioxidant melatonin also involves a variety of 

cellular pathways to mediate in reducing incidence of 

cardiac complications: myocardial ischemia-reperfusion 

(MI/R) injury, myocardial contractile dysfunction, 

diabetic cardiomyopathy, and male reproductive organs-

erectile dysfunction.12–16 In this review, it aims to discuss 

melatonin administration (MA) role in DM incidents and 

DM complications. 

 

MATERIALS AND METHODS 

 Articles were searched through electronic databases 

such as Google Scholar, Science Direct, SpringerLink 

and Pubmed between 2009-2019, This systematic review 

used keywords: “DM, Diabetes Mellitus, Type 2  

Diabetes Mellitus, Type 2  DM, type 2 diabetes, T2DM, 

Diabetic Patients, Non-Insulin Dependent Diabetes 

Mellitus, NIDDM, Insulin resistance, Nephropathy 

diabetes, diabetic nephropathy, Retinopathy diabetes, 

diabetic retinopathy, Neuropathy diabetes, diabetic 

neuropathy, Diabetic Foot ulcer, Diabetic Erectile 

dysfunction, Diabetic cardiovascular problem, Glucose 

intolerance, Macrovascular complication, Microvascular 

complication, Melatonin hormone, Melatonin, Melatonin 

receptor, Circadian rhythm”. 

 The inclusive criteria were quantitative research, 

original articles with observational research designs-both 

animals and humans from 2009-2019, and full text 

accessible resulting twelve remaining articles (Figure 1). 

There was only one publication from twelve used human 

subject. The analysis focuses on melatonin role in DM 

and DMC associated to melatonin work to review 

articles. The articles were identified, filtered, assessed 

their feasibility, and extracted the data into a table with a 

predetermined title. Any discrepancy is discussed by 

authors. 

 

RESULTS  

 Melatonin is a synthesized indolamine hormone from 

amino acids L-tryptophan, especially in pineal gland and 

some extra pineal tissues such as gastrointestinal and 

lymphocytes. 17 Melatonin biosynthesis is triggered by 

releasing norepinephrine from sympathetic axons during 

dark conditions and started from melatonin precursor 

conversion (tryptophan) into 5-hydroxytryptophan by the 

aid of the tryptophan hydroxylase enzyme. Then 5-

hydroxithriptofan is decarboxylated to serotonin by the 

enzyme 5-hydroxithriptofan decarboxylase. Melatonin 

has antioxidant and is free radical scavenger to reactive 

oxygen species (ROS) and reactive nitrogen species 

(RNS) to counteract oxidative stress. 

 

Melatonin Role in Diabetes Mellitus 

 T2DM patients suffered glucose homeostasis 

abnormalities due to degression in pancreatic beta cell 

function and insulin secretion.18 One of the hormones 

having role to metabolize carbohydrate and regulate 

blood glucose levels is melatonin. Melatonin regulates 

insulin secretion by pancreatic beta cells both in vitro and 

in vivo involving signals of intracellular transduction 

such as cAMP, GMP and IP3 signal pathway.6 

 A new theory addressing melatonin therapy for DM 

highlights its role as an antioxidant. Jimenéz et al, 2014 

showed presence of mitochondrial dysfunction in obesity 

and T2DM patients. Mitochondrial dysfunction reduced 

ATP production in oxidative respiration, interfered with 

ROS or RNS formation..8,19 Melatonin increased 

mitochondria respiration, fought free radical production, 

and reduced oxidative stress in various tissues such as the 

brain, liver, heart and skeletal muscles.20–22 This research 

identified melatonin role in fat tissue mitochondrial of 

Searching articles 

from electronic 

database (n=194) 

Excluding 

incomplete 

research 
methods of the 

articles (n=13) 

Excluding duplicated, 

non-quantitative, and 

non-observational 

research (n=136) 

Article included 

in this systematic 

review (n=12) 

Screening title of the 
articles & reviewing 

abstract (n=58) 

Full text article 

review (n=35) 

Irrelevant 

articles were 

excluded (n=23) 
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diabetic mice. Mitochondrial dysfunction in fat tissue 

causes an increase in oxidative stress, apoptosis and 

inflammation resulting in insulin resistance. The results 

showed obese and diabetic rats had a significant increase 

in nitrite, whereas the amount of nitrite in lean rats and 

diabetic rats (ZDF) given by melatonin therapy was 

diminished.  

 Melatonin roles as an antioxidant was investigated by 

Kdziora et al,2009 that analyzed the effects of given 

melatonin to oxidative stress in humans. Theoretically, 

diabetes increases formation of ROS due to 

hyperglycemia, spurring glucose autooxidation, 

activation of sorbitol pathways, and impairing 

antioxidant enzyme activity.23 The parameters included 

malondialdehyde concentration (MDA), superoxide 

dismutase (SOD), morning melatonin concentration, and 

oxidase activity of ceruloplasmin (Cp). T2DM 

respondents were given melatonin 5 mg, 1 hour before 

going to bed for 30 days. The findings showed T2DM 

group had higher erythrocyte MDA level entailed by 

degression of erythrocyte SOD activity, proving lower 

antioxidant activity. Increased MDA levels indicating 

lipid peroxidation process occurred in diabetic 

conditions. Lipid peroxidation reduced membrane 

fluidity; increased nonspecific permeability; and 

deactivated several membrane enzymes leading to worse 

diabetes development.24 Morning melatonin levels were 

found lower on T2DM group. But after 30 days, morning 

melatonin levels increased significantly.  

 Another theory underlying pathophysiology of DM is 

increasing proinflammatory cytokines such as tumor 

necrosis factor-α (TNF-α) and interleukin 1β (IL-1β), 

inducing damage to beta pancreas islet cells.25 DM is a 

result of immune responses to dysregulation. Melatonin 

is considered being capable of inhibiting production of 

proinflammatory cytokines. Ozkaniar et al, 2016 

identified effect of giving melatonin to inflammatory 

parameters and system immune responses of Diabetic 

rats. The results found that in DM group, TNF-α and IL-

1β levels were significantly increased compared to the 

control group. IL-1β levels in the DM group given 

melatonin were lower although it was not significant as 

well as TNF-α levels. TNF-α produced in adipocytes 

triggers insulin resistance by inhibiting tyrosine kinase 

receptor activity. The DM rats group had higher 

neutrophil levels. Neutrophils are markers of 

inflammatory response and indicators of injury 

stimulation. White blood cell (WBC), monocyte and 

neutrophil levels decreased significantly in the DM-Mel 

group. The exact mechanism of melatonin that reduced 

WBC has not been clearly explained, but there is a theory 

that melatonin contributes in reducing hematopoiesis 

process of bone marrow or lymphoid organs.26 Another 

theory suggests antioxidant effects of melatonin having 

role in hematopoietic system, causing a degression 

WBC.27 In conclusion, melatonin might help controlling 

immune system regulation through inhibition of 

proinflammatory production, inhibiting destruction of 

lymphoid organs.  

 Diabetes mellitus with insulin resistance is often 

followed by other conditions such as obesity, fat 

abnormalities, hypertension, which is known as the 

metabolic syndrome. Apparently, treatment of melatonin 

also has an effect on improving the status of patients with 

metabolic syndrome. Study by Bahrami et al, 2019 with 

randomized clinical trial among 70 metabolic syndrome 

patients showed a significant improvement in waist 

circumference, systolic blood pressure (SBP), diastolic 

blood pressure (DBP), HDL on melatonin 6 mg/day for 

12 weeks group compared to placebo group. This 

concluded that melatonin can be a nutritional supplement 

that is beneficial for the improvement of metabolic 

syndrome components.28 The effect of melatonin 

administration in metabolic syndrome animal model 

showed an improvement in NO (Nitric Oxide) end 

products (NOx) and had a beneficial effect on the NO-

ADMA (Asymmetric dimethylarginine) pathway as 

reported by Pasaoglu et al,2020. 29  

 

Melatonin Role on Diabetes Mellitus Complication 

 The condition of hyperglycemia causes excessive 

production of ROS, damaging oxidative proteins and 

lipid peroxidases, associated to pathogenesis of DM 

complication. Here are studies related to melatonin in 

DM complication.. 

Melatonin Role on Diabetic Eyes Diseases 

 Khorsand et al.,2016 proved melatonin preventing 

action in formation of cataract due to DM in mice. A 

cataract is characterized by rubbing eye lens, making 

vision blurred. Diabetic cataract pathogenesis is due to 

hyperglycemia, causing lipid peroxidase and glucose 

metabolic imbalance. Glucose metabolic imbalance 

involves a polyol pathway which requires two enzymes: 

Aldose Reductase (AR), and sorbitol dehydrogenase 

(SDH ).30 AR is an enzyme catalyzing process of 

forming glucose to sorbitol. Sorbitol excessive 

accumulation causes diabetes cataracts. Glutathione 

(GSH) is an endogenous antioxidant located on lens.31 

The results showed levels of AR, SDH, and sorbitol of 

DM group were significantly higher, meanwhile MDA 

level and GSH were lower. The melatonin decreased 

activity of the enzymes. Thus, melatonin has an effect of 

increasing antioxidant parameters and has an inhibitory 

effect on AR and SDH to reduce sorbitol production so 

that the accumulation of these products on lens are 

prevented. 

 Study by Jiang T et al. 2015 successfully explored 

melatonin role on diabetic mouse retina. A previous 

theory also stated melatonin capability to strengthen 

cellular antioxidant role through phosphoinositide-3 

kinase (PI3K)/Akt-Nrf2 SP and inhibitting production of 

proinflammatory cytokines.32 Oxidative stress 

mechanism is measured by GSH and glutamate cysteine 

ligase (GCL) which is a catalytic enzyme in GSH 

biosynthesis. GCL enzyme regulation requires a key 

transcription factor, Nrf2. NRF2 is regulated by a number 

of SPs, including PI3K/Akt.33 This study indicates 

degresion levels of retinal GSH, Akt phosphorylation and 

Nrf2 within group of Streptozotocin-induced (STZ) 

mice. However, after melatonin administration given, it 

can stimulate Akt phosphorylation in vivo to increase 

activity of Nrf2 functioning in GCL regulation. This 

process results to increase GSH production as an 

antioxidant and reduce retinal injury from oxidative 

stress through PI3K/Akt-Nrf2 signaling pathway. Other 

indicators measured were proinflammatory cytokines 

such as TNF-α, IL-1β and inducible nitric oxide synthase 

(iNOS). Melatonin reduces those proinflammatory 
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cytokines in retina. As a conclusion, melatonin 

attenuates inflammation process and oxidative stress in 

retina causing diabetic retinopathy. 

 

Melatonin Role on Diabetic Cardiac Diseases 

 DM causes myocardial ischemia-reperfusion (MI/R) 

injury, an injury because of reperfusion process (blood 

flow return) due to previously occurred myocardium 

ischemia occurred.34 Yu L et al, 2015 identified 

melatonin role in preventing MI/R injury through Silent 

information regulator 1 (SIRT1).35 Degression of SIRT1 

can be found in diabetic experimental animals.36 SIRT1 

is a protein deacetylase functioning in several cellular 

functions such as cell cycle regulation, apoptosis, aging, 

and DNA repair.37 Mice suffering DM had more severe 

cardiac damage caused by an increase in myocardial 

oxidative stress and endoplasmic reticulum (ER) stress. 

The DM group suffering MI/R injury had higher 

myocardial and MDA superoxide levels. The DM+MI/R 

injury group had significantly lower SOD levels. This 

confirms that hyperglycemic conditions exacerbate 

oxidative stress in cardiac tissue of the mice. Melatonin 

given orally by dilution for 1 week at dose 20 mg/kg/day 

improve recovery of cardiac post-MI/R injury. 

Melatonin significantly reduces oxidative stress by 

reducing superoxide generation and MDA levels and 

also increasing SOD. In conclusion, the MA 

significantly increases expression of SIRT1, decreases 

stress ER. MI/R injury process involves Mitogen-

Activated Protein Kinase (MAPK), Nrf-2-HO-1,and 

cGMP-PKGIα as evidenced by Yu L et al, 2017. 

Melatonin is capable of carrying out its function by 

activating membrane receptors and regulating 

intracellular signalling pathaways (SPs) such as Cyclic 

Guanosine Monophosphate (cGMP)-protein kinase G 

(PKG) signaling.38,39 cGMP-PKG interacts with a 

descriptive factors, Nuclear factor-erythroid-2 (NF-E2)-

related factor 2(Nrf-2) regulating expression of 

antioxidant genes and cytoprotective enzymes on 

cardiovascular system. Furthermore, cGMP-PKG 

modulates cascade of MAPK to induce cardiomyocyte 

cell apoptosis, resulting in MI/R injury.40,41 This study 

proved that giving melatonin increased cGMP-PKG, 

seen from increasing PKGIα expression, VASP 

phosphorylation, and cGMP in diabetic mice. 

Melatonin’s role is to stimulate reduction of oxidative 

stress in myocardial cells. 

 Diabetic cardiomyopathy (DC) is a diabetic 

complication with myocardial structure damage and its 

function without being caused by the presence of other 

cardiac diseases such as hypertension, coronary heart or 

heart valve disorders.42 According to American Heart 

Association, 2013, clinical condition of DC was in the 

form of ventricular dysfunction caused by ventricular 

hypertrophy, fibrosis, cardiomyocyte death and disorders 

of cell signaling. Cardiomyocyte death pathogenesis are 

mitochondrial oxidative stress and imbalance of 

endoplasmic reticulum/ ER-Calcium.43,44 Hyperglycemic 

in DM patients may activate Spleen Tyrosine Kinase 

(Syk), a non-receptor protein kinase functioning in signal 

transduction that causing DC. Activating Syk reduces 

activity of mitochondrial complex I (COX-1) to stimulate 

production of cellular ROS and oxidative stress occurs. 

Zhou H et al., 2018 analyzed melatonin role having an 

antioxidant effect in incidence of DC by focusing on the 

Syk pathway.15 The syk pthwys inhibition by melatonin 

in this study involves a degression in anti-inflammatory 

cytokines: TGFβ, IL6, TNFα, MMP9, MCP1, IL8 and 

collagen III. This prevents cardiac inflammation to cause 

DC. 

 Another melatonin cellular function is mediating 

mitochondrial fission process by assistance of dynamin-

related protein 1 (Drp1). The mitochondrial fusion 

improves mitochondrial function and ATP production. 

Conversely, mitochondrial fission is detrimental because 

it reduces mitochondrial function and increases ROS.45,46 

Increased mitochondrial fission in DM patients underlies 

the occurrence of myocardial contractile 

   Table 1. Melatonin Role in Diabetes Mellitus 

No Author

s 

Sample Number of 

samples 

Melatonin 

role in DM  

Results Parameters 

1 Kdziora 
et al, 

2009 23  

Human NIDDM 
(15)/ Con 

(15) 

Incidence 
of DM 

MA increased SOD-1 activity, 
and reduction of MDA level 

and ceruloplasmin (Cp) 

oxidase activity significantly 

Erythrocytic 
malondialdehyde (MDA), 

SOD-1 activity and 

Ceruloplasmin (Cp) oxidase 

activity. 
2 Jimenéz 

et al, 

2014 8 

Zucker 

diabetic 

fatty (ZDF) 

rats 

DM (8)/ 

Con (8) 

Incidence 

of DM 

- Melatonin Lowered 

mitochondrial oxidative 

stress status 

- Melatonin Increased RCR 

in mitochondria. 

- Nitrite (NO) and 

Superoxide dismutase 

(SOD) 

 

3 Ozkanl

ar et al, 
2016  9 

Sprague-

Dawley 
rats 

Con(9)/DM

(9)/Mel(9)/
DM+Mel 

Incidence 

of DM 

MA controlled immune system 

regulation and inhibit 
production of 

proinflammatory cytokines 

and tissue mast cell 

accumulation. Decreased 
WBC, Monocyte, and 

Neutrophil counts 

- Serum interleukin 1β  (IL-
1β) and Tumor necrosis 

factor alpha (TNF-α)  

- hematologic analysis, 

complete blood counts, 
white blood cells (WBC), 

neutrophils (Neut), 

lymphocytes (Lym), and 
monocytes (Mon) 

- Mast Cell activation 
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 dysfunction.  Table 2. Melatonin Role on Diabetes Mellitus Complication 

 

No Author Sample Number of 

samples 

Melatonin 

role in DM  

Results Parameters 

Melatonin Role on Diabetic Eyes Diseases 

1 Khorsand 
et al, 

201610 

Sprague-
Dawely 

Diabetic rats 

DM (34)/ 
Con (34) 

Diabetic 
cataract 

MA delayed cataract progression 
by increasing antioxidant effect 

and and inhibiting Aldose 

Reductase (AR), sorbitol 

dehydrogenase (SDH) enzyme. 

- Glutathione (GSH), Aldose 
Reductase (AR), sorbitol 

dehydrogenase (SDH) 

- Plasma malondialdhyde  
(MDA) 

2 Jiang T et 

al, 201611   
Sprague-

Dawley rats 

NA diabetic 

retinopathy 

MA prevents degression in 

glutathione and Glutamat 

cysteine ligase (GCL) while 
maintaining Nrf2 in the nucleus, 

stimulating Akt phosphorylation 

and inhibiting proinflammatory 

cytokines through the NF-kB 
pathway. 

- Glutathione and CGL 

- interleukin 1𝛽, TNF-𝛼, and 

i NOS 

Melatonin Role on Diabetic Cardiac Diseases 

1 Yu L, 

201535  

High-fat diet-

fed 
streptozotocin 

(HFD-STZ) rat 

DM (150)/ 

Con (60) 

Myocardial 

ischemia–
reperfusion 

(MI/R) 

injury  

MA reduced MI/R injury damage 

and improved cardiac function by 
up-regulating SIRT1 expression, 

reducing oxidative damage, and 

suppressing PERK/eIF2a/ATF4. 

- Silent information regulator 1 

(SIRT1)  

- PERK/eIF2a/ ATF4-mediated 

ER stress 

- myocardial superoxide 

generation  

- Malondialdehyde (MDA), 

- superoxide dismutase (SOD) 

2 Mingming 

Z et al, 
201712 

Mst1  

transgenic  
(Mst1  Tg)  and  

Mst1  knockout  

(Mst1−/−)  

mice 

Con(20)/Con

+Mel(20)/D
M(20)/DM+

Mel 

(20) 

Diabetic 

cardiomyop
athy 

Melatonin alleviates cardiac  

remodeling  and  dysfunction  in  
diabetic  cardiomyopathy  by  up-

regulating  autophagy,  limiting  

apoptosis  and modulating  

mitochondrial  integrity  and  
biogenesis through Mst1/Sirt3  

- ROS production and 

MnSOD activity  

- p62 expression, beclin1, 

Atg5 and LC3-II 

expression 

3 Yu L, et 

al, 201716 

diabetic  

Sprague-

Dawley  rats 

Con (12)/ 

DM(12)/DM

+Sham op 
(24)/ DM+ 

MI/R+Vehic

le treatment 

(24)/DM+ 
MI/R+Mel 

(24) / DM+ 

MI/R+Mel+

KT5823(24)/ 
DM+KT582

3 (12)/ 

DM+MEL 

(12) 

Myocardial 

ischemia–

reperfusion 
(MI/R) 

injury 

MA reduced myocardial 

apoptosis, oxidative stress and 

preserving  cardiac  function by 
modulating cGMP-PKG, Nrf-2-

HO-1 and MAPK  

- PKGIα expression 

- VASP phosphorylation  

- c GMP level 

- SOD ,MDA 

4 Zhou H et 

al,201815 

rats 6 Diabetic 

cardiomyop

athy 

MA delayed DC by suppressing 

spleen tyrosine kinase (Syk). 
- Antioxidant activity (SOD, 

GSH,GPx) 

- Spleen tyrosine kinase 
(Syk) activity 

- Sitokin proinflamatori 

(TGFβ, IL6, TNFα, MMP9, 
MCP1,  IL8 ) and collagen 

III 

5 Ding M, 

et al 
201847 

Diabetic mice DM 

(8)/DM+Mel 
(8)/SIRT-/-

DM (8)/ 

SIRT-/-DM + 

Mel (8) 

Myocardial 

contractile 
dysfunction  

- Melatonin prevents 
mitochondrial fission by 

increasing expression of 

SIRT1 and PGC-1α 

- Melatonin improved 

mitochondrial function and 

cardiac function by 

decreasing dynamin-
related protein 1 (Drp1) 

expression, oxidative 

stress, mitochondrial 

fragmentation, 
cardiomyocyte apoptosis. 

- Cardiac function analysis 
(ejection fraction (LVEF) 

LVFS 

- MDA level  and MnSOD 

- SIRT1 and PGC-1α 
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Melatonin in DM rats decreased expression of Drp1, 

reducing oxidative stress, mitochondrial fragmentation 

and cardiomyocyte apoptosis and resulting in 

amelioration of mitochondrial and cardiac functions.47 

Melatonin slows cardiac dysfunction by preventing 

mitochondrial fission through SIRT1-PGC1α pathway 

associated with Drp1 expression. The role of melatonin 

in heart disease also occurs in controlling blood pressure. 

Results from studies using systematic reviews and 

randomized controlled trials show that melatonin 

supplementation has been shown to significantly reduce 

systolic blood pressure (SBP) and diastolic blood 

pressure (DBP).48 In addition, supplementation of 

melatonin is also useful in preventing atherosclerosis as 

reported by Li HY et al, 2019.49 This study proves the 

role of melatonin as an anti-inflammatory and 

antiproliferative involving VCAM-1 mRNA and TNF-α. 

 

Melatonin Role on Diabetic Male Reproductive 

Diseases 

     Diabetic neuropathy on male reproductive system 

involving neurovascular disorders is erectile dysfunction 

or impotence by inability to achieve or maintain an 

erection. Normally, Nitric oxide (NO) from penile 

nitrergic neurons and vascular endothelium stimulate 

production of cyclic guanosine monophosphate (cGMP), 

causing relaxation of corpus cavernosum and increases 

blood supply. DM patients have neurovascular and 

neuronal nitric synthase (nNOS) activity disorder, 

affecting relaxation function of corpus cavernosum. In 

addition, condition of hyperglycemia in DM also 

stimulates free radicals agents to negatively affect nerve 

cells, smooth muscle, and endothelial function. 

Antioxidant effect of melatonin manages erectile 

dysfunction due to excessive amounts of free radicals. 

Zhang JL et al, 2018 analyzed neuroprotective effects of 

melatonin in erectile dysfunction.13 The study, showed 

that rats given melatonin significantly restoring erectile 

dysfunction condition. An increased SOD activity and 

significantly decreased of MDA was found in Melatonin 

group, proving that Melatonin relieves oxidative stress. 

Melatonin mechanism in repairing erectile dysfunction 

appears to be through p38 mitogen-activated protein 

kinase (p38MAPK) pathway. P38MAPK is a MAPK 

superfamily, activable due to oxidative stress, 

hyperglycemia, and inflammation. Activating MAPK 

triggers diabetic neuropathy. The findings showed p-p38 

levels after MA was significantly decreased, proving that 

melatonin inhibits (p38MAPK) pathways so erectile 

dysfunction can be prevented. 

 Erectile dysfunction mechanism (ED) is actually due 

to multifactorial risk. Several studies identified incidence 

of ED in relation to degression of Endothelial progenitor 

cells (EPCs).14,50 EPC is a progenitor cell functioning in 

neovascularization process and re-endothelialization to 

maintain endothelial integrity. The erection process 

requires excellent endothelial function and structure as 

well as smooth muscle of corpus cavernosum. So if there 

is a degression in EPC it disrupts a man's erection. EPC 

reduction is triggered by the presence of oxidative stress 

interfering EPC mobilization process from bone marrow 

to peripheral circulation. Qiu XF et al, 2012 successfully 

identified role of longterm Melatonin in reducing 

oxidative stress and triggering EPC mobilization to 

prevent ED events. However, 8 weeks of MA showed an 

increase in endothelial density. This showed Melatonin 

role in restoring corpus cavernosum endothelium.14 Thus, 

long-term MA reduces oxidative stress so that EPC 

mobilization increases and improves endothelial 

structure of corpus cavernosum functioning in normal 

erection process. 

 

CONCLUSION 

 Melatonin prevents various DM complication on eyes, 

cardiac, and male reproductive organs through 

antioxidant effects and proinflammatory inhibition. The 

pathways are PI3K/Akt-Nrf2,cGMP-PKG, Nrf-2-HO-1 

and MAPK, Syk, p38MAPK pathway etc. This review 

provides various melatonin roles in diabetes and 

complications to present a promising new breakthrough 

on DM treatment. It is necessary to explore Melatonin 

role in other DM complications. Most of this research is 

on experimental animals, thus clinical trial studies should 

be carried out in humans to make melatonin a promising 

therapeutic or prevention for diabetes and its 

complications in the future. 
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Table 2. Continuous. 

 
Melatonin Role on Diabetic Male Reproductive Diseases 

1 Qiu XF et 

al,2012 14  
Rats Con (10)/DM 

(11)/ Mel (11) 

erectile 

dysfunction 

The chronic MA 

increased circulating 
EPC levels , diminished 

oxidative stress and 

restored endothelium 

structur of corpus 

cavernosum. 

- Malondialdehyde (MDA), 

superoxide dismutase (SOD) 

- endothelial progenitor cells 

(EPCs) by the percentage of 

CD34+/KDR+ EPC cells in the 
peripheral blood 

2 Zhang JL et 

al,201813 

Sprague-

Dawley 

rats 

Con (12)/ DM 

(12)/ Mel (13) 

erectile 

dysfunction 

(ED) 

MA improved erectile 

function and ameliorate 

neuropathy by inhibiting 
p38MAPK pathway 

- Malondialdehyde (MDA), 

superoxide dismutase (SOD) 

- n-Nos expression in DPN and 

MPG 

- p38 and p-p38 levels 
(p38MAPK SP) 
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