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ABSTRACT 

OBJECTIVE: The present study was designed to test whether 

melatonin has an effect on glucose, lipids, and oxidative stress 

variables in type 2 diabetes mellitus (T2DM) subjects. DESIGN & 

METHODS: Fifty T2DM patients and fifty healthy individuals were 

included in the study. T2DM diagnosis was made according to norms 

laid by American Diabetes Association. Fasting blood sugar (FBS) and 

Lipid profile were quantified by commercial kits. Glycated 

hemoglobin (HbA1c) was estimated by HPLC method. Serum 

malondialdehyde (MDA), total antioxidant capacity, catalase, and 

nitric oxide were determined. Reduced glutathione was also 

determined by the method of Ellman’s. The oxidative stress variables were measured with 

micro-volume spectrophotometer. Melatonin was estimated using the radioimmunoassay kit. 

RESULTS: The authors observed low melatonin and glutathione levels and increased FBS, 

total cholesterol, triacylglycerols, low density lipoproteins, HbA1c, and MDA levels in 

T2DM group compared with healthy controls. Further in the patient group, a positive 

correlation was observed between MDA and FBS (R
2
=0.2681), HbA1C and FBS (R

2
=0.381), 

HbA1C and MDA (R
2
=0.348) and the negative correlation between HbA1c and melatonin 

(R
2
=-0.363). In the control group, we found positive correlation between glutathione and 

melatonin (R
2
=0.569), and negative correlation between HbA1c and melatonin (R

2
=-0.329), 

MDA and melatonin (R
2
=-0.297) respectively. CONCLUSION: We conclude that lipid 

peroxidation increases in patients with T2DM, is due to melatonin deficiency, oxidative stress 

and T2DM. Antioxidant defense system in normal aging is able to compensate for the 
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peroxidation products. However, this compensation mechanism may become insufficient due 

to the decreased melatonin secretion in the aging subjects who are prone to T2DM. 

 

KEYWORDS: Type 2 Diabetes Mellitus, Oxidative stress, Aging, Melatonin, 

Malondialdehyde, Glutathione.  

 

INTRODUCTION 

Type 2 diabetes mellitus (T2DM) is an endocrine disorder of pancreas characterized by 

deficient action of insulin on insulin sensitive tissues and/or relative lack of insulin which 

leads to hyperglycemia. Hyperglycemia subsequently induces dyslipidemia and reactive 

oxygen species (ROS) that implicate oxidative stress and thus, cause selective activation of 

pathways including polyol, protein kinase C, hexosamine, and advanced glycation end 

products which progress pathogenesis of diabetes.
[1,2]

 Many hypotheses exist in the 

development of T2DM including genetic, lifestyle, obesity, and deficiency of melatonin. 

Interestingly, T2DM is considered as an aging disorder
[2]

 and melatonin deficiency occurs 

due to decrease in pineal gland size as the age advances. 

 

Melatonin is useful in insulin action based on the finding that pinealectomy induces insulin 

resistance.
[3]

 Genome-wide studies in French and Han Chinese subjects, identified rs1387153 

variant near MTNR1B (which encode the melatonin receptor 2 (MT2) as a modulator of 

fasting plasma glucose.
[4,5]

 Further in another study on European population, the rs1387153T 

allele is associated with increased fasting plasma glucose and risk of developing T2DM over 

a 9-year period.
[6]

 On the other side, some studies after supplementation of melatonin 

observed improvement in fasting blood sugar, total cholesterol (TC), and malondialdehyde 

(MDA, which is an index of lipid peroxidation) in metabolic syndrome individuals, at 

baseline these variables were altered.
[7]

 Further, melatonin is profoundly known as 

antioxidant hormone for its action at reducing oxidative stress.
[8,9]

 Nevertheless, these 

findings imply that melatonin deficiency leads to hyperglycemia, dyslipidemia, and oxidative 

stress.  

 

The hypothesis of the present study is to test whether melatonin has an effect on glucose, 

lipids, and oxidative stress variables in T2DM subjects.  

 

 

 

MATERIAL AND METHODS 
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The present hospital based study was conducted at Rajiv Gandhi Centre for Diabetes & 

Endocrinology, a tertiary care of Jawaharlal Nehru Medical College, Aligarh Muslim 

University, Aligarh, India. The study protocol was approved and cleared by institution ethics 

review board for human studies and patients have signed an informed consent. Since there is 

no computerized data available; it is a cumbersome task to collect the data manually, 

therefore, the sample size has been confined to fifty T2DM patients. T2DM individuals who 

were on hypoglycemic drugs without complications and not taking supplementations were 

included in the group. The exclusion criteria were type 1 diabetes individuals, less than five 

years of known duration of T2DM, and with complications. The diagnosis of T2DM was 

made according to the norms laid by American Diabetes Association. The inclusion criteria 

for healthy controls (n=50), who were non-diabetic, not taking supplementations, and having 

no other complications. All the ethical norms were carried out while collecting the blood. 

Fasting venous blood (5ml) was drawn into grey (for plasma) and red (for Serum) tops 

vaccutainers for estimation of study variables under all aseptic conditions. Serum/Plasma was 

separated by centrifugation of the blood at 3000 rpm for 20 minutes. Serum samples were 

stored in aliquots at -80˚ C until assayed.  

 

Analytical methods 

Plasma glucose was estimated by GOD-POD Kit method. Glycated hemoglobin (HbA1c) was 

estimated by HPLC method by using HbA1c variant instrument. TC, TAGs and HDL 

cholesterol were quantified by kits, which were obtained from Avantor Performance 

Materials India Limited, Dehradun, Uttarakhand, India. The fasting glucose and lipid 

variables were measured with Lablife chem-master semi-autoanalyser. Thiobarbituric acid 

reacting substances level was measured as an index of MDA production and so lipid 

peroxidation, was achieved by the method of Ohkawa et al., 1979.
[10]

 Total antioxidant 

capacity (TAC) was estimated by the Pohanka et al method.
[11]

 Catalase (CAT) was 

performed by the method of.
[12]

 Nitric Oxide (NO) in serum was determined indirectly 

according to the method of Griess L. et al., 1982.
[13]

 Reduced glutathione (GSH) was 

determined by the method of Ellman’s.
[14]

 The oxidative stress variables were measured with 

MySpec micro-volume spectrophotometer. Melatonin was estimated using the 

radioimmunoassay kit obtained from LDN Labor Diagnostika Nord GmbH & Co. KG with 

the instrument I’acn videogamma/Rack, PC-RIA.MAS STRATEC.  

 

All chemical reagents were of analytical grade purchased from Merck and Sigma agents. The 
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study variables methods for standards and samples were performed in duplicate. The intra-

assay and inter-assay coefficient variations for study methods were between 5%- 10%. 

 

STATISTICAL ANALYSIS 

Results are given as mean±SD. The present study allowed us to estimate the SD and the 

difference between the means. The statistical differences between the groups was determined 

by student ‘t’ test. Pearson correlation was also done to know the association between two 

variables. Linear regression analysis was used as appropriate. A p value of <0.05 was 

considered statistically significant. 

 

RESULTS AND DISCUSSION 

We observed low melatonin (t=10.165,d=98) and GSH (t=3.829,d=98) levels and increased 

FBS (t=6.955,d=98), TC (t=5.043,d=98), TAGs (t=2.419,d=98), LDL (t=3.456,d=98), 

HbA1C (t=10.931,d=98), and MDA (t=14.412,d=98) levels in T2DM group compared with 

healthy controls (Table 1). Further, we observed positive correlation between FBS and MDA 

(R
2
=0.2681,P=0.049), HbA1C and FBS (R

2
=0.381,P=0.006), HbA1C and MDA 

(R
2
=0.348,P=0.013) in T2DM group. Moreover, we also observed a negative correlation 

between HbA1C and melatonin (R
2
=-0.363,P=0.009). These findings suggest that increase in 

ROS generation due to autoxidation of glucose and in addition, dyslipidemia added an insult 

to the antioxidant status, although the authors did not observe correlation between oxidative 

stress variables of the study and the dyslipidemia values. However, significant difference was 

observed in TC, TAGs, and LDL values between T2DM subjects and healthy controls (Table 

1). The lipid peroxidation (MDA, which is an indicator of ROS attack on lipids) in T2DM 

may be caused by hyperglycemia and dyslipidemia resulted ROS. Previous findings also 

demonstrated hyperglycemia and dyslipidemia in T2DM.
[15]

 We suspect that increased lipid 

peroxidation and decreased melatonin and GSH levels in patients with T2DM may be 

responsible for the risk relation between oxidative stress and T2DM and are important factors 

in the development of oxidative stress. This study also shows that increase in oxidative stress 

enhances the non-enzymatic glycation of proteins including hemoglobin.  A study has shown 

that hyperglycemic patients have lower GSH in T2DM.
[16]

 Melatonin was observed to be 

lower in the present study, probably due to clearing up of ROS. Nevertheless, it seems that 

MDA increase alone is not enough for the development of oxidative stress in T2DM.  This 

could imply that the administration of compounds that could raise the levels melatonin and 

GSH may be therapeutically beneficial.   
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Table 1. Findings in patients with T2DM and healthy control group 

 
Note: FBS- fasting blood sugar, TC-total cholesterol, TAGs-triacylglycerols, HDLC-high density 

lipoprotein cholesterol, LDL-low density lipoproteins, HbA1c-glycated hemoglobin, MDA- 

malondialdehyde, TAC-total antioxidant capacity, SOD-superoxide dismutase, CAT-catalase, GSH-

glutathione, NO-nitric oxide; S-significant (<0.05), NS-not significant (>0.05) 

 

The results of the present study show that one of the reasons for oxidative stress in T2DM 

group could be due to melatonin deficiency. Hyperglycemia increases the non-enzymatic 

glycation of proteins
[17]

 that may have impaired the production of antioxidants at the 

molecular level in the present study. Melatonin on the other hand, due to its lower levels in 

the patient group could not synthesize the genes of antioxidant. Melatonin indirectly or 

directly, increases the antioxidant enzymes by enhancing the synthesis of antioxidant gens by 

activating nrf-2 gene and decrease ROS.
[18]

 This means that deficiency in melatonin decrease 

seems to be related to oxidative stress. However, low melatonin levels in T2DM group and 

statistically differences between healthy controls and patient group in our study could explain 

not only by a decrease in melatonin due to hyperglycemia and ROS, but also by a decrease in 

melatonin due to T2DM, which is probably higher as the age advances above 40 years. 

 

It is interesting that a correlation between melatonin and HbA1c was negative in controls and 

T2DM patients respectively. At first it seems contradictory, but possible explanation could be 

that in control group melatonin is higher than in the T2DM group. Therefore, it has been well 

known that melatonin enhances the production of antioxidant genes.  

 

 

Hyperglycemia and ROS can cause low GSH levels. Since T2DM patients in the present 

Variable T2DM group (n=50) Control group (n=50) P- value 

FBS (mg/dL) 132.5±44.9 86.8±11.3 S 

TC (mg/dL) 167.5±27.7 145.6±12.1 S 

TAGs (mg/dL) 158.9±55.3 136.5±21.3 S 

HDLc (mg/dL) 43.7±4.6 45.7±3.4 NS 

LDL (mg/dL) 89.4±7.1 66.2±4.2 S 

HbA1c (%) 7.3±1.4 4.8±0.6 S 

MDA (nmol/mL) 5±0.9 2.3±0.6 S 

Melatonin (pg/mL) 14.4±4.2 35.2±12.8 S 

TAC (µmol/dL) 2.6±0.9 4.2±0.4 NS 

CAT (U/mL) 2.1±0.7 2.4±0.3 NS 

GSH (µmol/L) 18±5.3 24.9±6.1 S 

NO (µmol/mL) 13.6±2.3 11.1±2.9 NS 
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study had low GSH levels, our study thoroughly supports this view. GSH plays a very 

important role in free radical reduction. Several studies have indicated a disruption of GSH 

levels in diabetic patients.
[7,8,19]

 As GSH maintains intracellular redox potential, any change in 

redox couple molecules may hamper the GSH levels. For example, NADPH/NADP ratio that 

is altered due to increased functioning of aldose reductase enzyme in sorbitol pathway, which 

is increased in diabetic patients.
[20]

 Melatonin is a good provider in maintaining redox 

coupling of GSH.
[19]

 The presence of significant lower melatonin and GSH levels in patient 

group may be seen as a remarkable determinant of oxidative stress. 

 

Positive correlation between GSH and melatonin observed in the control group points to the 

balance between oxidant and antioxidant system, and absence of such a correlation in T2DM 

group, which is due to hyperglycemia, dyslipidemia and ROS is the result of oxidative stress. 

Indeed, several reports have indicated oxidative stress in T2DM.
[6,18] 

 

 

We conclude that lipid peroxidation increases in patients with T2DM, is due to melatonin 

deficiency, oxidative stress and T2DM. Antioxidant defense system in normal aging is able to 

compensate for the peroxidation products. However, this compensation mechanism may 

become insufficient due to the decreased melatonin secretion in aged individuals who are 

prone to T2DM. 
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