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Abstract: Melatonin is a pineal gland secreted hormone controlling sleep wakefullness. Light is a stimulus and hence this hormone 
exhibits circadian rhythm. Melatonin has pleiotropic effects on carbohydrate and lipid metabolisms. Glycemic variability is defined as 
variations in interstitial glucose levels measured every 15 seconds using a sensor-based technique. It is the result of constant 
carbohydrate metabolism and insulin action. Melatonin also has rhythms that are more akin to a nocturnal hormone. It affects 
glycemic variability. Variability is associated with a very high cardiac risk factor. Melatonin rhythm may be disrupted in night shift 
workers as a result of light exposure during the night, with implications for insulin secretion and glycemic variability. Correlation 
provides greater insight into the rhythmic hormonal activity and altered glucose homeostasis that predispose to diabetes, and thus this 
study was done to establish the correlation. This study was done to evaluate the effect of melatonin levels on altering glycemic control 
among night shift workers. This case control study included 40night shift workers both male and female (cases) aged 25-35years and 
40 healthy controls of same age group. Blood samples for melatonin estimation were collected at 9PM and 6AM (after night shift 
work) by venepuncture  and serum separated. Serum melatonin levels were estimated by ELISA method. Fasting and post prandial 
blood glucose were estimated by GOD-POD method and glycemic variability analyzed by Abbott biosensors. Data was analyzed using 
SPSS package. Night shift workers were found to have decreased melatonin levels and altered blood glucose levels compared to the 
control group. Melatonin has a negative influence on glycemic variability. This fact was evidenced in our study. Hence this study will 
help us to understand and intervene.   
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1. INTRODUCTION 
 
Melatonin (N-acetyl-5-methoxytryptamine), an endocrine 
agent derived from tryptophan, is primarily synthesized by 
the pineal gland and, to a lesser extent, by a variety of other 
tissues1. Melatonin, also known as the "darkness hormone," is 
primarily secreted by the pineal gland, with levels being 
highest at night and lowest during the day2. It has an 
antioxidant effect as well as regulating the circadian cycle. 
Diabetes mellitus is a metabolic disorder caused by insulin 
deficiency or resistance. The majority of cases are diagnosed 
using plasma glucose samples and Hba1c levels. Currently, 
sensor-based assessment of glycemic variability provides 
ambulant monitoring of glucose levels in the interstitial fluid 
24 hours a day, seven days a week. This will greatly assist 
diabetic management in terms of overall glycemic control. 
Melatonin secretion influences the glycemic variability and 
pulsatile nature of insulin secretion, which controls blood 
sugar levels3. This hormone has a circadian rhythm and is 
secreted at its peak at 3 a.m., so it was sampled at that time 
without being exposed to light. Sleep-wake cycle disruption 
reduces melatonin secretion and may be linked to sleep 
disorders and diabetes. Melatonin inhibits the cAMP and 
cGMP pathways, which are mediated by Gi protein-coupled 
MT1 receptors4, and thus reduces insulin secretion. Glucose 
is required as a stimuli for proper insulin secretion by 
pancreatic beta cells. If the melatonin rhythm is disrupted, 
the normal pulsatile insulin response curve may be lost, 
resulting in glycemic variability that fluctuates between high 
and low values5. This is extremely harmful. Ideally, because 
melatonin is expected to be secreted less in night shift 
workers who have turned their nights into days by using 
artificial lights. The study aimed to determine whether night 
shift workers are at a higher risk of developing diabetes or 
complications from diabetes due to extreme glycemic 
variability by correlating their serum melatonin with glycemic 
variability. The circadian rhythm refers to the changing rate 
of activity over each 24-hour period. A person who works at 
night or begins their working day before 6 a.m. is disrupting 
their circadian rhythm. This may put them at risk of 
developing health issues. Many trials have shown, however, 
that microvascular and macrovascular complications are 
primarily or partially dependent on dysglycemia, which has 
two components: chronic sustained hyperglycemia and acute 
glycemic fluctuations from peaks to nadirs6,7. Both 
components contribute to diabetes complications via two 
main mechanisms: excessive protein glycation and oxidative 
stress activation. Light exposure at night shift decrease the 
melatonin production  due to acute suppression of pineal 
melatonin secretion and leads to increased  insulin  secretion 
at night and insulin resistance. With this background this 
study was aimed to  understand the correlation between 
serum melatonin  and glycemic variability (is a better 
reflector of oscillations in glucose levels 24/7) among night 
shift workers. 
 
2. MATERIALS AND METHODS 
 
This case control study was conducted in the Department of 
Biochemistry, Sree Balaji Medical College and Hospital, 
Chrompet, Chennai during the period of January 2019 – 
March 2019. The ground work for the study was started 
after getting clearance from the research committee and the 
Institutional human ethical committee (reference number for 
approval: 002/SBMC/IHEC/2017-931) of Sree Balaji Medical 

College and Hospital, Chrompet, Chennai. This study 
included 40 non diabetic night shift workers both male and 
female (cases) aged 25-35years and 40 age, gender matched 
participants (controls) who had regular sleep pattern at night. 
The night shift workers were in similar work for 2 years. 
Age, gender, height, weight, BMI, general history, family 
history, medications and blood pressure were recorded. 
Routine clinical examination was done. The study was 
explained to the participants and informed consent obtained 
from them before taking the blood sample. Blood samples for 
melatonin estimation were collected at 9PM and 6AM (after 
night shift work)  from participants of both the groups by 
venepuncture  and serum separated. Samples were analyzed 
for 6-Sulfatoxy Melatonin by ELISA method8. Fasting and post 
prandial blood glucose were estimated by GOD-POD 
method. HbA1C was estimated by Immunoturbidimetry 
method9. In both the groups, 24 hours glycemic variability 
was estimated with help of Abbott Biosensors10. 
 
2.1 Inclusion Criteria  
 
● Subjects of age between 25-35 years, both genders 

equal numbers working continuous 7 days of rotating 
night shift with light exposure  each month. 

● The subjects were randomly selected from staff nurses 
and technologists 

● Subjects were investigated by master health check up  
scheme and recruited after found to be healthy 

 
2.2 Exclusion Criteria 
 
● Age group less than 25 years and greater than 35 years 
● Subjects with any acute/chronic illness, Diabetes mellitus, 

Endocrinal disorders, Hypertension, coronary artery 
disease and chronic renal disease. 

 
2.3 Sample Collection 
 
The blood samples were collected from subjects by 
venepuncture under aseptic precautions in specific 
vacutainers. Fluoride tube for blood glucose, plain tube for 
melatonin, EDTA sample for HbA1C were used. Both fasting 
(12 hours overnight fasting) and post prandial samples were 
collected. 
 
3. STATISTICAL ANALYSIS 
 
The characteristics of study participants are summarized 
using mean and standard deviation. The outcome variables 
namely, fasting plasma glucose, postprandial plasma glucose, 
glycated hemoglobin (HbA1c), serum melatonin were 
compared between the cases and controls using independent 
t-test. A two sided p-value less than 0.05 was considered to 
be statistically significant. The analysis was conducted using 
SPSS version 20. 
  
4. RESULTS 
 
The study participants were 40 non diabetic night shift 
workers both male and female (cases) and 40 age, gender 
matched participants(controls) who had regular sleep pattern 
at night All study participants were in the age range of 25-
35years. The normal serum melatonin levels, at night 80–100 
pg/mL and during the day 10–20 pg/mL11. 
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Table 1:  Characteristics of study participants 

 Cases (Mean ± SD) Control (Mean ± SD) 
AGE in  years  23.75 ± 1.05 23.87± 1.88 

 
SD- standard deviation. The mean age of cases was 23.75 ± 1.05 years and the controls 23.87± 1.88. 

 

Table 2:  Comparison of melatonin levels between cases and controls 

 Cases (Mean ± SD) Control (Mean ± SD) p-Value* 

Night (11pm) Melatonin (pg/ml) 19.68 ± 4.12 48.68  ± 6.85 P value < 0.0001 

Morning (6am) Melatonin (pg/ml) 22.20 ± 1.33 26.92  ± 2.46 P value = 0.0007 
 
The mean of serum melatonin levels of cases and controls at 
night were 19.68 ± 4.12 and 48.68  ± 6.85.as suggested in 
table no 2 The mean of serum melatonin levels of cases and 
controls at morning were 22.20 ± 1.33 and 26.92  ± 2.46. 
The mean of serum melatonin levels of cases were found to 
be reduced in night and morning when compared with the 

controls and was significantly different between cases and 
controls with statistically significant  p values  of <0.05.The 
mean glycemic variability as suggested by table no 3 suggests 
that mean glycemic variability among cases ( night shift 
workers )102.56 were higher than controls 91.0 

 

Table 3: Comparison of HbA1C levels and glycemic variability between cases and controls 

 Cases (Mean ± SD) Control (Mean ± SD) p-Value* 
HbA1C 5.86  ± 0.29 5.21  ± 0.21 P value = 0.0010  
Mean glycemic variability 102.56 ± 3.26 91.0  ±  5.83  P value = 0.0002 

 
HbA1c levels in cases were high in cases of about prediabetic range (5.86 ± 0.29). High glycemic variability was observed in cases at night (102.56 ± 

3.26). P- value was statistically significant <0.05. 

 
5. DISCUSSION 
 
Melatonin, also known as the third eye, is produced by the 
pineal gland from the amino acid tryptophan via a series of 
enzymatic reactions and transmethylation reactions from 
serotonin12,13. Melatonin is a lipophilic substance that is 
broken down into several compounds in the liver and the 
central nervous system. Melatonin regulates circadian rhythm 
and phase shift by acting on almost all cells in the body via 
feedback on suprachiasmatic nuclei by MT1 and MT2 
receptors14. In healthy men, the half-life of blood melatonin is 
less than 30 minutes15, and the metabolic clearance is 630 
mL/min. Melatonin receptors are also found in peripheral 
tissues such as the liver, muscle, and pancreas, where they 
help to regulate glucose homeostasis and body weight. 16. 
This study shows the melatonin levels at night among the 
night shift workers had reduced than the controls. Tao Wei 
et al, in their systemic review and meta analysis on 
association between  night shift workers and melatonin has 
mentioned that melatonin levels in night-shift workers was 
significantly lower than in day workers17. Melatonin has an 
effect on diabetes and metabolic dysregulation by regulating 
insulin secretion and scavenging reactive oxygen species. 
Pancreatic -cells are highly vulnerable to oxidative stress and 
have a low antioxidative potential. Diabetes is linked to a 
phase shift in the cardiac circadian clock. Human MT2 
receptor polymorphisms have been linked to an increased 
risk of developing type 2 diabetes 18. Night work has been 
linked to decreased sleep duration. Light exposure at night 
and rotating night shifts reduce melatonin production due to 
acute suppression of pineal melatonin secretion, raising the 
risk of endocrine disorders. Circadian rhythms govern 
sleep/wake cycles, sexual behaviour and reproduction, 
thermoregulation, glucose metabolism, lipid metabolism, 
energy intake/expenditure, and food and water intake19. 
Changes in feeding or sleeping patterns, as well as exposure 
to light at unusual times during the night, known as "light-at-
night pollution," disrupt the circadian clock and cause 

metabolic disruption. This is seen in patients with 
hypertension, diabetes, obesity, and shift workers, all of 
whom have an increased risk of cardiovascular disease. Shift 
workers and time zone travelers experience abrupt changes 
in the light-dark cycle, and the list of associated risks is 
lengthy (increased rate of accidents, decreased alertness and 
performance, gut problems, increased risk for metabolic 
diseases, etc)20. Melatonin deficiency affects the functional 
association between melatonin and insulin, as evidenced by 
the fact that pinealectomy-induced insulin resistance and 
glucose intolerance are linked at the molecular level as a 
deficiency in the insulin-signaling pathway and a decrease in 
GLUT4 gene expression and protein content. Melatonin, 
acting through MT1 membrane receptors, causes rapid 
tyrosine phosphorylation and activation of the insulin 
receptor's tyrosine kinase beta-subunit, overcoming several 
intracellular transduction steps of the insulin-signaling 
pathway 21. Melatonin influences overall metabolism by 
influencing adipose tissue. Melatonin activates MT2 receptors 
in human adipocytes, modulating glucose uptake. This 
explains melatonin's synergistic effect on several other insulin 
actions, such as glucose uptake: insulin-induced leptin 
synthesis and release in isolated adipocytes via MT1-mediated 
melatonin action, and melatonin regulates other aspects of 
adipocyte biology that influence energy metabolism, lipidemia, 
and body weight, such as lipolysis, lipogenesis, adipocyte 
differentiation, and fatty acid uptake. Melatonin stimulates 
glucose uptake in muscle cells via MT2 signalling by 
phosphorylating insulin receptor substrate-1. Hepatocytes 
express MT2 receptors, which promote glycogenesis. 
Another important site of melatonin action in energy 
metabolism regulation is the pancreatic islets, where it 
influences insulin and glucagon synthesis and release22. The 
observation that insulin secretion is inversely proportional to 
plasma melatonin concentration could explain the link 
between melatonin and type 2 diabetes. These two 
hormones, melatonin and insulin, have a circadian rhythm, 
but their synthesis dynamics are negatively correlated. 
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Gluconeogenesis and glyconenolysis have a circadian rhythm 
in type 2 diabetics. The suppression of melatonin secretion 
by nocturnal light exposure may be a risk factor for the 
development of type 2 diabetes23. Hyperglycemic clamps and 
experiments on isolated pancreatic islets have shown that 
glucose induces insulin secretion in a biphasic pattern: an 
initial component (first phase) that develops quickly but only 
lasts a few minutes, followed by a sustained component 
(second phase) 24. Type 2 diabetes mellitus (T2DM) is 
characterised by loss of first-phase secretion and reduced 
second-phase secretion; it is well known that a decrease in 
the first phase of GSIS is found in the early stages of T2DM 
as well as impaired glucose tolerance25. Thus, insulin 
secretion oscillations are most likely caused by intrinsic cell 
mechanisms and influenced by exogenous signals such as 
hormonal and neuronal inputs. Based on previous research 
and our findings, a comprehensive understanding of the 
mechanism of oscillatory insulin secretion, the effects of 
melatonin on glucose and lipid metabolisms, and a clear 
relationship between circadian hormone and glycemic 
variability could be established. As seen in table 3 this 
research supports the findings and hypothesis that there is a 
clear positive relationship between serum melatonin levels 
and glycemic variability. Glycemic variability provides a more 
complete picture of oscillatory insulin dynamics and related 
glucose changes. As a result, biosensor-based interstitial 
glucose monitoring was chosen as a method for determining 
changes in glucose levels that oscillate with the circadian 
rhythm. Subjects were recruited whose oscillatory rhythms 
of melatonin and glucose levels were disrupted due to 
changes in work schedules. According to the findings of this 
study, night shift workers have lower levels of melatonin at 
night and in the morning. In their study, Peplonska et al found 
that working a night shift of six to eight hours or more alters 
the synthesis of melatonin26. As a result, night shift workers 
have altered melatonin circadian rhythms. Diabetes is more 
likely to occur when circadian patterns are disrupted. In the 
current study, night shift workers had higher HbA1C levels in 
the pre-diabetic range of ADA criteria and higher glycemic 
variability at night than controls. In their study, Prokopenko I 
et al discovered that type 2 diabetic patients had low levels of 
circulating melatonin27. This is also clearly demonstrated in 
our study by the fact that night shift workers had altered 
circadian rhythms, as evidenced by altered insulin secretory 
patterns and gross glycemic variability when compared to 
age-matched controls. Moreover, numerous studies have 
found a link between sleep disorders and an increased risk of 
impaired glucose tolerance and type 2 diabetes.28 Self care 
knowledge on diabetes among diabetic patients  is very much 
important for effective blood glucose control 
 

6. CONCLUSION 
 

or illuminated environments during the night, induces insulin 
resistance, glucose intolerance, sleep disturbances and 
metabolic circadian disorganization, and metabolic 
imbalances, aggravating the general health state. Melatonin 
supplementation may have beneficial effects on glucose 
homeostasis. It would advance the current therapeutic 
strategy to overcome the diabetes effects which is currently 
prescribed for sleep and circadian rhythm. This study has 
established an association between serum melatonin and  
glycemic variability .Glycemic variability has an adverse 
influence on cardiovascular system even more than sustained 
high glucose levels in the blood .Since we understand that 
serum melatonin plays a great role in glycemic variability. 
Endocrinologists when faced with challenges of insulin 
resistance should consider the role of melatonin, include 
measurement of serum melatonin as a protocol and plan 
lifestyle modifications and therapeutic interventions 
accordingly 
 
7. AUTHORS CONTRIBUTION STATEMENT 
 
This study was done by Dr. Mary Chandrika Anton under the 
guidance of Dr. B. Shanthi. Sample collection, analysis was 
done by Dr. Mary Chandrika Anton. Review of literature was 
done by Dr. B. Shanthi. 
 
8. ACKNOWLEDGEMENT 
 
We acknowledge the Department of Biochemistry, 
Departments of General Medicine of Sree Balaji Medical 
College and Hospital for giving us support to complete this 
project.  
 
9. ETHICAL STANDARDS 
 
The study involved human participants following the ethical 
standards of the tertiary health care institution where the 
study was conducted.  
 
10. LIMITATIONS OF THE STUDY 
 
The study population shall be enlarged as it was relatively 
less.  
 
11. FUNDING ACKNOWLEDGEMENT 
 
The principle investigator did not get fund from any agencies 
for carrying out this project. 

 
12. CONFLICT OF INTEREST 
 
Conflict of interest declared none. 

The decline in melatonin synthesis associated with shift-work 
 
 
13. REFERENCES 
 
1. Tordjman, S.; Chokron, S.; Delorme, R.; Charrier, A.; 

Bellissant, E.; Jaafari, N.; Fougerou, C. Melatonin: 
Pharmacology, Functions and Therapeutic Benefits. 
Curr. Neuropharmacol. 2017 April, 15 (3), 434–443. 
DOI: 10.2174/1570159X14666161228122115, PMID: 
28503116, PMCID: PMC5405617 

2. Srinivasan, V.; Spence, W. D.; Pandi-Perumal, S. R.; 
Zakharia, R.; Bhatnagar, K. P.; Brzezinski, A. Melatonin 

and Human Reproduction: Shedding Light on the 
Darkness Hormone. Gynecol. Endocrinol. 2009, 25 (12), 
779–785. DOI: 10.3109/09513590903159649 

3. Green, C. B.; Takahashi, J. S.; Bass, J. The Meter of 
Metabolism. Cell 2008, 134 (5), 728–742. DOI: 
10.1016/j.cell.2008.08.022 

4. Browning, C.; Beresford, I.; Fraser, N.; Giles, H. 
Pharmacological Characterization of Human 

https://doi.org/10.2174/1570159x14666161228122115
http://www.ncbi.nlm.nih.gov/pubmed/28503116
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5405617
https://doi.org/10.3109/09513590903159649
https://doi.org/10.1016/j.cell.2008.08.022


 

ijlpr 2022; doi 10.22376/ijpbs/lpr.2022.12.2.L47-52                                                                                                              Biochemistry        

 

L-51 

 

Recombinant Melatonin mt(1) and MT(2) 
Receptors. Br. J. Pharmacol. 2000, 129 (5), 877–886. 
DOI: 10.1038/sj.bjp.0703130 

5. Frontoni, S.; Di Bartolo, P.; Avogaro, A.; Bosi, E.; 
Paolisso, G.; Ceriello, A. Glucose Variability: An 
Emerging Target for the Treatment of Diabetes 
Mellitus. Diabetes Res. Clin. Pract. 2013, 102 (2), 86–95. 
DOI: 10.1016/j.diabres.2013.09.007 

6. DCCT Research Group. The Relationship of a 
Glycemic Exposure (HbA1C) to the Risk of 
Development and Progression of Retinopathy in the 
Diabetes Control and Complications Trial. Diabetes 
1995, 44 (8), 968–983 

7. Klein, R. Hyperglycemia and Microvascular Disease in 
Diabetes. Diabetes Care 1995, 18 (2), 258–268. DOI: 
10.2337/diacare.18.2.258 

8. Middleton, B. Measurement of Melatonin and 6-
Sulphatoxymelatonin. Methods Mol. Biol. 2006, 324, 
235–254 

9. Hamwi, A.; Schweiger, C. R.; Veitl, M.; Schmid, R. 
Quantitative Measurement of HbA1C by an 
Immunoturbidimetric Assay Compared to a Standard 
HPLC Method. Am. J. Clin. Pathol. 1995 July, 104 (1), 
89–95. DOI: 10.1093/ajcp/104.1.89 

10. Cappon, G.; Vettoretti, M.; Sparacino, G.; Facchinetti, 
A. Continuous Glucose Monitoring Sensors for 
Diabetes Management: A Review of Technologies and 
Applications. Diabetes Metab. J. 2019, 43 (4), 383–397. 
DOI: 10.4093/dmj.2019.0121 

11. Lüdemann, P.; Zwernemann, S.; Lerchl, A. Clearance 
of Melatonin and 6-Sulfatoxymelatonin by 
Hemodialysis in Patients with End-Stage Renal 
Disease. J. Pineal Res. 2001, 31 (3), 222–227. DOI: 
10.1034/j.1600-079x.2001.310305.x 

12. Macchi, M. M.; Bruce, J. N. Human Pineal Physiology 
and Functional Significance of Melatonin. Front. 
Neuroendocrinol. 2004, 25 (3–4), 177–195. DOI: 
10.1016/j.yfrne.2004.08.001, PMID: 15589268, Google 
Scholar. 

13. Nichols, D. E. N,N-Dimethyltryptamine and the Pineal 
Gland: Separating Fact from Myth. J. 
Psychopharmacol. 2018, 32 (1), 30–36. DOI: 
10.1177/0269881117736919, PMID: 29095071, 
Google Scholar. 

14. Reppert, S. M.; Weaver, D. R. Melatonin 
Madness. Cell 1995, 83 (7), 1059–1062. 
DOI: 10.1016/0092-8674(95)90131-0, PMID: 
[CrossRef], Google Scholar. 

15. Zlotos, D. P.; Jockers, R.; Cecon, E.; Rivara, S.; Witt-
Enderby, P. A. Cecon E. Rivara S. Witt-Enderby P.A. 
MT1 and MT2 Melatonin Receptors: Ligands, Models, 
Oligomers, and Therapeutic Potential. J. Med. 
Chem. 2014, 57 (8), 3161–3185. DOI: 
10.1021/jm401343c 

16. Owino, S.; Buonfiglio, D. D. C.; Tchio, C.; Tosini, G. 
Melatonin Signaling a Key Regulator of Glucose 
Homeostasis and Energy Metabolism. Front. Endocrinol. 
July 17 2019, 10, 488. DOI: 10.3389/fendo.2019.00488 

17. Wei, T.; Li, C.; Heng, Y.; Gao, X.; Zhang, G.; Wang, 
H.; Zhao, X.; Meng, Z.; Zhang, Y.; Hou, H. Association 
Between Night-Shift Work and Level of Melatonin: 
Systematic Review and Meta-Analysis. Sleep Med. 2020 
November, 75, 502–509. DOI: 
10.1016/j.sleep.2020.09.018 

18. Peschke, E.; Mühlbauer, E. New Evidence for a Role of 
Melatonin in Glucose Regulation. Best Pract. Res. Clin. 
Endocrinol. Metab. 2010 October, 24 (5), 829–841. 
DOI: 10.1016/j.beem.2010.09.001 

19. Kalsbeek, A.; la Fleur, S.; Fliers, E. Circadian Control 
of Glucose Metabolism. Mol. Metab. 2014 March 19, 3 
(4), 372–383. DOI: 10.1016/j.molmet.2014.03.002, 
PMID: 24944897, PMCID: PMC4060304 

20. Olcese, J.; Jockers, R. Editorial. Editorial: Melatonin in 
Health and Disease. Front. Endocrinol. (Lausanne) 2020 
November 26, 11, 613549. DOI: 
10.3389/fendo.2020.613549, PMID: 33324351, 
PMCID: PMC7726200 

21. Anhê, G. F.; Caperuto, L. C.; Pereira-Da-Silva, M.; 
Souza, L. C.; Hirata, A. E.; Velloso, L. A.; Cipolla-Neto, 
J.; Carvalho, C. R. In Vivo Activation of Insulin 
Receptor Tyrosine Kinase by Melatonin in the Rat 
Hypothalamus. J. Neurochem. 2004 August, 90 (3), 
559–566. DOI: 10.1111/j.1471-4159.2004.02514.x 

22. Peschke, E.; Bähr, I.; Mühlbauer, E. Melatonin and 
Pancreatic Islets: Interrelationships Between 
Melatonin, Insulin and Glucagon. Int. J. Mol. Sci. 2013 
March 27, 14 (4), 6981–7015. DOI: 
10.3390/ijms14046981, PMID: 23535335, PMCID: 
PMC3645673 

23. Pourhanifeh, M. H.; Hosseinzadeh, A.; Dehdashtian, E.; 
Hemati, K.; Mehrzadi, S. Melatonin: New Insights on 
its Therapeutic Properties in Diabetic 
Complications. Diabetol. Metab. Syndr. 2020, 12, 30. 
DOI: 10.1186/s13098-020-00537-z 

24. Luzi, L.; DeFronzo, R. A. Effect of Loss of First-Phase 
Insulin Secretion on Hepatic Glucose Production and 
Tissue Glucose Disposal in Humans. Am. J. 
Physiol. 1989, 257 (2 pt. 1), E241–E246. DOI: 
10.1152/ajpendo.1989.257.2.E241 

25. Davis, S. N.; Piatti, P. M.; Monti, L.; Brown, M. D.; 
Branch, W.; Hales, C. N.; Alberti, K. G. Proinsulin and 
Insulin Concentrations Following Intravenous Glucose 
Challenges in Normal, Obese, and Non-Insulin-
Dependent Diabetic Subjects. Metabolism 1993, 42 (1), 
30–35. DOI: 10.1016/0026-0495(93)90168-n 

26. Peplonska, B.; Bukowska, A.; Gromadzinska, J.; Sobala, 
W.; Reszka, E.; Lie, J. A.; Kjuus, H.; Wasowicz, W. 
Night Shift Work Characteristics and 6 Sulfatoxy 
Melatonin (MT6s) in Rotating Night Shift Nurses and 
Midwives. Occup. Environ. Med. 2012, 69 (5), 339–346. 
DOI: 10.1136/oemed-2011-100273 

27. Prokopenko, I.; Langenberg, C.; Florez, J. C.; Saxena, 
R.; Soranzo, N.; Thorleifsson, G.; Loos, R. J.; Manning, 
A. K.; Jackson, A. U.; Aulchenko, Y.; Potter, S. C.; 
Erdos, M. R.; Sanna, S.; Hottenga, J. J.; Wheeler, E.; 
Kaakinen, M.; Lyssenko, V.; Chen, W. M.; Ahmadi, K.; 
Beckmann, J. S.; Bergman, R. N.; Bochud, M.; 
Bonnycastle, L. L.; Buchanan, T. A.; Cao, A.; Cervino, 
A.; Coin, L.; Collins, F. S.; Crisponi, L.; de Geus, E. J.; 
Dehghan, A.; Deloukas, P.; Doney, A. S.; Elliott, P.; 
Freimer, N.; Gateva, V.; Herder, C.; Hofman, A.; 
Hughes, T. E.; Hunt, S.; Illig, T.; Inouye, M.; Isomaa, B.; 
Johnson, T.; Kong, A.; Krestyaninova, M.; Kuusisto, J.; 
Laakso, M.; Lim, N.; Lindblad, U.; Lindgren, C. M.; 
McCann, O. T.; Mohlke, K. L.; Morris, A. D.; Naitza, 
S.; Orrù, M.; Palmer, C. N.; Pouta, A.; Randall, J.; 
Rathmann, W.; Saramies, J.; Scheet, P.; Scott, L. J.; 
Scuteri, A.; Sharp, S.; Sijbrands, E.; Smit, J. H.; Song, K.; 
Steinthorsdottir, V.; Stringham, H. M.; Tuomi, T.; 

https://doi.org/10.1038/sj.bjp.0703130
https://doi.org/10.1016/j.diabres.2013.09.007
https://doi.org/10.2337/diacare.18.2.258
https://doi.org/10.1093/ajcp/104.1.89
https://doi.org/10.4093/dmj.2019.0121
https://doi.org/10.1034/j.1600-079x.2001.310305.x
https://doi.org/10.1016/j.yfrne.2004.08.001
https://doi.org/10.1177/0269881117736919
https://doi.org/10.1016/0092-8674(95)90131-0
https://doi.org/10.1016/0092-8674(95)90131-0
https://doi.org/10.1021/jm401343c
https://doi.org/10.3389/fendo.2019.00488
https://doi.org/10.1016/j.sleep.2020.09.018
https://doi.org/10.1016/j.beem.2010.09.001
https://doi.org/10.1016/j.molmet.2014.03.002
http://www.ncbi.nlm.nih.gov/pubmed/24944897
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4060304
https://doi.org/10.3389/fendo.2020.613549
http://www.ncbi.nlm.nih.gov/pubmed/33324351
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7726200
https://doi.org/10.1111/j.1471-4159.2004.02514.x
https://doi.org/10.3390/ijms14046981
http://www.ncbi.nlm.nih.gov/pubmed/23535335
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3645673
https://doi.org/10.1186/s13098-020-00537-z
https://doi.org/10.1152/ajpendo.1989.257.2.E241
https://doi.org/10.1016/0026-0495(93)90168-n
https://doi.org/10.1136/oemed-2011-100273


 

ijlpr 2022; doi 10.22376/ijpbs/lpr.2022.12.2.L47-52                                                                                                              Biochemistry        

 

L-52 

 

Tuomilehto, J.; Uitterlinden, A. G.; Voight, B. F.; 
Waterworth, D.; Wichmann, H. E.; Willemsen, G.; 
Witteman, J. C.; Yuan, X.; Zhao, J. H.; Zeggini, E.; 
Schlessinger, D.; Sandhu, M.; Boomsma, D. I.; Uda, M.; 
Spector, T. D.; Penninx, B. W.; Altshuler, D.; 
Vollenweider, P.; Jarvelin, M. R.; Lakatta, E.; Waeber, 
G.; Fox, C. S.; Peltonen, L.; Groop, L. C.; Mooser, V.; 
Cupples, L. A.; Thorsteinsdottir, U.; Boehnke, M.; 
Barroso, I.; Van Duijn, C.; Dupuis, J.; Watanabe, R. M.; 
Stefansson, K.; McCarthy, M. I.; Wareham, N. J.; 

Meigs, J. B.; Abecasis, G. R. Variants in MTNR1B 
Influence Fasting Glucose Levels. Nat. Genet. 2009, 41 
(1), 77–81. DOI: 10.1038/ng.290 

28. Donga, E.; van Dijk, M.; van Dijk, J. G.; Biermasz, N. 
R.; Lammers, G. J.; van Kralingen, K. W.; Corssmit, E. 
P.; Romijn, J. A. A Single Night of Partial Sleep 
Deprivation Induces Insulin Resistance in Multiple 
Metabolic Pathways in Healthy Subjects. J. Clin. 
Endocrinol. Metab. 2010, 95 (6), 2963–2968. DOI: 
10.1210/jc.2009-2430 

 

https://doi.org/10.1038/ng.290
https://doi.org/10.1210/jc.2009-2430



